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PREDMLUVA A PODEKOVANI

Predkladana habilita¢ni prace je komentovanym souborem 28 publikaci autorky vztahujicich
se k problematice neuropatické bolesti. V tivodu obsahuje komplexni ptehled problematiky
soucasné klasifikace a diagnostiky neuropatické bolesti zahrnujici v relevatnich mistech odkazy
na jednotlivé komentované publikace. Druhou ¢ést predstavuji vlastni komentované prace.
Zaver habilitacni prace pak tvofi souhrn piinosu autorky k jednotlivym krokim diagnostického

procesu neuropatické bolesti, resp. metodam vyuzivanym v této diagnostice.

Autorka prace dekuje:

- vedoucim pracovnikiim Neurologické kliniky LF MU a FN Brno, pfedev$im panu prof.
MUDr. Josefu Bednatikovi, CSc. a také panu prim. MUDr. Stanislavu Vohaiikovi, CSc. a
panu prof. MUDr. Zdenku Kadankovi, CSc. za mnohaletou mimofadnou podporu a
spolupréci, vytvotreni vysoce nadstandartnich podminek pro védeckou ¢innost i podnétnou

diskuzi k jejim vysledkiim a cenné profesionalni rady

- spolupracujicim koleglim a svym doktorandiim z Neurologické kliniky LF MU a FN Brno
(zejm. MUDr. Ivé Srotové, MUDr. Sarce Divisové — Bur§ové, Ph.D., doc. MUDr. Blance
Adamové¢, PhD., MUDr. Jan¢ Raputové, MUDr. Aneté Rajdové, MUDr. Ivané Kovalové,
Ph.D., MUDr. Soné¢ Kincové, MUDr. Marii Hnoj¢ikové, MUDr. Miroslavu Skorfiovi,
MUDr. Davidovi Kecovi a MUDr. Romanovi Kopacikovi) za produktivni spolupraci pfi
ptipravé a realizaci projektil, podil na naboru a vySetfovani pacient a zpracovani vysledka

Vv jednotlivych dil¢ich projektech

- panu prof. RNDr. Petru Dubovému, DrSc. z Anatomického ustavu LF MU Brno za

spolupraci na problematice koznich biopsii

- pani prof. Claudii Sommer, MD a prof. Nurcan Ugeyler, MD z Neurologické kliniky
Univerzitni nemocnice ve Wiirzburgu (Némecko) za zauceni v metodice koznich biopsii a
naslednou intenzivni, vstficnou a podnétnou spolupraci na navazujicich mezinarodnich

projektech.

- zdravotnim sestram a laborantkdm Neurologické kliniky FN Brno a pfedevSim jeji

elektrofyziologické laboratofe (zejm. pani Jané Novohradské, Marii Sestakové, Melanii
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Svestkové, Marting Spi¢akové a Marii Voborné) za spolupréci pii vysetienich pacientd,
pomoc s organizaci projekt a zavadéni jednotlivych diagnostickych metod

laborantkam Ustavu patologie FN Brno (pani Hané Rychtecké a Jané Zaoralkové),
Anatomického ustavu LF MU Brno (pani Bc. Jitce Mikulaskové a Dan¢ Kutéjové) a
Neurologické kliniky Univerzitni nemocnice ve Wiirzburgu (Némecko) (pani Barbate
Gado, Barbare Broll, Barbate Dekant a Hiltrude Kliipfel) za pomoc pfi zpracovani vzorki

koznich biopsii.

institucim, poskytujicim finan¢ni podporu pro jednotlivé dil¢i projekty, tedy:

1. Interni grantové agentutfe Fakultni nemocnici Brno (grant Neuropatie tenkych vlaken
&. 15/2000 + institucionalni podpora FN Brno z MZ CR — RVO: FNBr - 65269705)

2. Ministerstvu Skolstvi, mlddeze a telovychovy a Lékatské fakulté Masarykovy
univerzity (Vyzkumny zamére MSMT 0021622404 + projekt Specifického vyzkumu
z programu podpory studentskych projektii na Masarykove univerzité v letech 2011 a
2014 -2017)

3. Evropskeé neurologické spolecnosti (vyzkumny grant European Neurological Society
pro ucely pulro¢ni zahrani¢ni stdze na Neurologické klinice Univerzitni nemocnice
v némeckém Wiirzburgu)

4. Interni grantové agentufe Ministerstva zdravotnictvi CR (grantové projekty & NS
9667-4 ,, Bolestiva diabetickd neuropatie®, fesitel prof. MUDr. Josef Bednaftik, CSc.,
a NT 13823-4 ,Specifické charakteristiky neuropatické bolesti centralniho a
periferniho typu®, fesitel Eva VIckova)

5. Evropské unii (mezinarodni kolaborativni projekt vznikly v ramci 7. ramcového
programu EU - FP7 Health.2013.2.2.1-5: Understanding and controlling pain: ,, Non-
coding RNAs in neurogenic and neuropathic pain mechanisms and their application
for risk assessment, patient stratification and personalised pain medicine
(ncRNAPain)“, fesitel prof. Michaela Kress, MD, PhD.)

6. Stfedoevropskému technologickému institutu (CEITEC, interni zdroje)

Vv neposledni fadé¢ vSem pacientim a zdravym dobrovolnikiim, participujicim na

jednotlivych projektech

nejveétsi podékovani patii rodin€ (zejména moji mamince) za obdivuhodnou trpélivost a

jeji celozivotni maximalni podporu mé védecke 1 klinické prace.



ABSTRAKT

Neuropaticka bolest je v souladu s aktualni definici bolest vznikajici disledkem Iéze nebo
nemoci postihujici somatosenzitivni nervovy systém. Jedna se o zavazny klinicky syndrom,
jehoz prevalence dosahuje podle epidemiologickych studii v Evropské populaci kolem 7-8 %.
Neuropatickd bolest mize byt projevem tady neurologickych onemocnéni, kromé toho je
neuropaticka komponenta bolesti pfitomna také u vyznamné Ccasti pacientli s bolesti
vertebrogenni a nadorovou. V ramci diagnostiky neuropatické bolesti 1ze v souladu s recentné
revidovanym klasifikacnim schématem stanovit pravdépodobnost, s niz je bolest u ptislusného
pacienta bolesti neuropatickou. Spravna diagnostika neuropatické bolesti je pfitom velmi

vyznamna mj. s ohledem na terapii, ktera je zasadné odli$na od jinych algickych stavii.

Zakladni podminkou pro stanoveni diagnézy ,,mozné neuropatické bolesti“ podle vyse
popisované¢ho schématu je anamnéza odpovidajicich klinickych obtizi. Za odpovidajici
anamnestickd data jsou povazovany relevantni deskriptory (popisné charakteristiky bolesti),
k jejichz hodnoceni je kromé zakladni anamnézy mozné (a zejména pro nespecialisty vysoce

doporucené) vyuzit specializované dotazniky.

Diagnéza ,,pravdépodobné neuropatické bolesti vyzaduje (kromé naplnéni podminek pro
stanoveni ,,mozné neuropatické bolesti*) zhodnoceni klinického ndlezu s prikazem poruchy
citlivosti v identické neuroanatomicky plauzibilni distribuci a to pomoci bézného jednoduchého
klinického (bedside) vysetieni nebo (v fad¢ pfipadii pfesnéji) pomoci metod kvantitativniho

testovani senzitivity.

Pro stanoveni ,,potvrzené (jisté) neuropatické bolesti“ je navic pozadovan priikkaz 1éze nebo
onemocnéni somatosenzitivniho nervového systému, které ma potencial vysvétlit bolest (a to 1
Z hlediska anatomické distribuce a charakteru léze/onemocnéni), pomoci odpovidajiciho
diagnostického paraklinického testu. Takovym testem mohou byt zobrazovaci metody, kozni
biopsie prokazujici redukci intraepidermélni hustoty tenkych nervovych vldken,
neurofyziologické testy (napt. elektromyografie, evokované potencialy a to zejména
v modalitach vedenych spinothalamickymi trakty, reflexy asociované s bolesti a neptimo také

testy autonomniho nervového systému) ¢i molekularné-biologické metody.

Predkladana habilitacni prace je souborem 28 komentovanych autorskych ¢i spoluautorskych
praci autorky, zaméfenych na jednotlivé vySe zminéné metody, nezbytné pro diagnosticky
proces neuropatické bolesti, na jejich zavedeni v Ceském jazykovém prostredi a v fad¢ pripadi

I V mezinarodnim méfitku, tvorbu normativnich dat (vétsinou vékové stratifikovanych) a/nebo



jejich aplikaci v praktické diagnostice tohoto klinického syndromu. Jednotlivé prace jsou
zaméfeny na problematiku dotaznikli zalozenych na vyskytu typickych deskriptori a
vyuzivanych v diagnostice neuropatické bolesti, vySetfeni senzitivity vcetn¢ jeho
kvantitativnich a dynamickych aplikaci, kozni biopsii a fadu neurofyziologickych metod
umoznujicich hodnoceni funkce periferniho nervového systému, somatosenzitivnich drah i
autonomniho nervového systému. Prezentovany soubor publikaci tak reflektuje téméf vSechny
diagnostické metody, uzivané v této souvislosti a vyznamnym zplsobem piispiva

k problematice diagnostiky neuropatické bolesti.
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ABSTRACT

Neuropathic pain is currently defined as ,,pain arising as a direct consequence of a lesion or
disease affecting the somatosensory system®. Based on the epidemiological studies, the
prevalence of this clinical syndrome ranges between 7 and 8% of the European population.
Neuropathic pain represents an important symptom of many neurological diseases.
Furthermore, neuropathic pain component is frequently confirmed in spondylogennic and
cancer pain syndromes. Recently revised grading system allows the classification of patients
into the categories of possible, probable, and definite neuropathic pain. The level “probable”
should usually be sufficient to initiate treatment according to neuropathic pain guidelines,
which is markedly different from the nociceptive pain treatment.

The diagnosis of possible neuropathic pain is based on history, including pain descriptors and
the presence of non-painful sensory symptoms suggestive of pain being related to lesion of
somatosensory nervous system. Several focused questionnaires were developed for the purpose
of this step and should be used mainly by non-specialists.

The sensory signs in the same neuro-anatomically plausible distribution are required for the
diagnosis of probable neuropathic pain. This step is thus based on the clinical examination and
eventually on so-called quantitative sensory testing, which allows more precise evaluation of

most of the sensory modalities.

The diagnosis of definite neuropathic pain means the probable neuropathic pain with confirmed
lesion or disease of somatosensory nervous system, which is able to explain the pain. Imaging
methods, skin biopsy with the evaluation of intra-epidermal nerve fiber density, genetic tests or
several neurophysiological methods (e.g. nerve conduction studies, pain-related evoked
potentials, pain reflexes or microneurography) may serve as confirmatory tests for the purpose

of this step.

This habilitation thesis represents a collection of 28 previously published scholarly papers
published by the author (as a main or corresponding author or co-author) with commentary, all
of them focused on particular methods used for the diagnosis of neuropathic pain. Each of the
commented papers reflects the introduction of particular diagnostic test in Czech and/or even
international conditions, the setting of normal limits (mostly age-stratified) and/or their
application in diagnostic process of this syndrome in clinical practice. Particular papers are
focused on the diagnostic questionnaires based on typical neuropathic pain descriptors, sensory

examination including quantitative sensory testing and its dynamic applications, skin biopsy
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with the evaluation of intra-epidermal nerve fiber density and several neurophysiological tests
reflecting the function of peripheral nervous system, somatosensory pathway and autonomic
nervous system (closely related to neuropathic pain). This collection of papers therefore reflects
almost all the diagnostic modalities used for the diagnosis of neuropathic pain and thus
represents an important contribution to the neuropathic pain diagnostic process both in Czech,
and international conditions.
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I. PREHLED PROBLEMATIKY
1. DEFINICE NEUROPATICKE BOLESTI A JEJi KLINICKY VYZNAM
1.1. Definice bolesti a jejich zakladnich typi

Bolest je podle platné definice Mezinarodni asociace pro studium bolesti (International
Assciation for the Study of Pain, IASP) ,,neptijemny smyslovy a emo¢ni prozitek spojeny se
skutecnym ¢i potencidlnim poskozenim tkané, nebo popisovany vyrazy pro takové poskozeni*
(Bednaiik 2008, Rokyta 2017, Rokyta 2018, Merskey et al. 1979, Loeser a Treede 2008). U
akutnich stavli ma bolest vétSinou signalni vyznam (brani dal§imu poskozeni tkang) a jde tedy
vzéasad¢ o ochranny fenomén. Chronicka bolesti naopak zminény biosignalni vyznam ztraci a
jedna se o ptiznak vyznamné negativné ovliviujici kvalitu zivota pacienta. Chronicka bolest
pfitom postihuje primérmné 30 % obyvatelstva, ve vyspélych zemich je udavan dokonce az 50%

vyskyt (Rokyta 2017).

Z patofyziologického hlediska je rozliSovana bolest neuropaticka a nociceptivni (Merskey et al.
1979, Loeser a Treede 2008, Treede et al. 2015). U nékterych diagnostickych jednotek mize
dochazet ke kombinaci obou typt bolesti (typickym piikladem jsou vertebrogenni onemocnéni
s kompresi nervovych struktur) (Baron a Binder, 2004). V tomto piipad¢ je nékterymi autory
pouzivan termin smiSena bolest (mixed pain). K rozvoji bolesti dochazi u téchto pacientt
kombinaci postizeni riznych struktur (napt. vazi, kloubt, svali a souc¢asné nervovych kotentt)
a ruznych patofyziologickych mechanismu, znichz nékteré vedou ptedevsim k rozvoji
nociceptivni komponenty bolesti a jiné k rozvoji bolesti neuropatické. VSechny zminéné
mechanismy jsou vSak vyvolany stejnym typem onemocnéni (napf. degenerativnim
onemocnénim patete).

Specifickou kategorii pak ptedstavuji nékteré hrani¢ni diagndzy, nespliiujici kritéria pro zadny
z téchto typt bolesti. Jedna se napf. o pacienty s fibromyalgii, syndromem drazdivého tracniku

¢1 chronickou difuzni bolesti (chronic widespread pain) (Treede et al. 2015).

Oba zakladni typy bolesti (neuropaticka a nociceptivni) se 1iS§i mechanismem vzniku, klinickou

manifestaci a také moznostmi terapeutického ovlivnéni (Finnerup at al. 2016, Treede et al.
2015).

Nociceptivni bolest je fyziologickou odpovédi na stimulaci nociceptora (receptorti pro bolest)

pii poskozeni tkani (napf. zanétem, traumatem apod.). Generatorem nociceptivni bolesti je tedy
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primarni poskozeni neneurondlnich tkani a podminkou jejiho rozvoje je intaktni funkce
nociceptivnich drah somatosenzitivniho nervového systému. Pfi kontinudlni stimulaci
nociceptorti dochazi nicméné k uréitym zménam funkce téchto drah na urovni zadnich rohti
misnich pfipadné mozku v ramci tzv. centralni senzitizace, coz usnadnuje rozvoj chronickych
bolestivych stavii. Kromé této skutecnosti mize byt klasifikace bolesti na vySe uvedené
zakladni typy komplikovana také skuteCnosti, ze pacienti mohou mit soucasné rtzné druhy

bolesti.

Aktualné platna definice neuropatické bolesti (neuropathic pain, NeuP) byla vytvofena
v ramci konsenzu odbornikid v rdmci IASP a jeji specialni skupiny zamétené na neuropatickou
bolest (Special Interest Group on Neuropathic Pain, NeuPSIG). Podle této definice je NeuP
vymezena jako bolest, vznikajici dusledkem 1éze nebo nemoci postihujici somatosenzitivni
nervovy systém (Treede et al. 2008). Jedna se tedy o typ bolesti, ktera vznika jako pfimy
dasledek postizeni somatosenzitivniho nervového systému a aktivace nociceptorti neni
podminkou jejiho rozvoje, i kdyz jejich soucasna stimulace mize bolest zdiraziiovat (napf.
v ramci hyperalgezie, tedy klinického ptiznaku, pti némz dochazi ke zvySené bolestivosti
percipovanych algickych podnéttl). Zminéna aktualni definice (Treede et al. 2008) nahradila
puvodni definici neuropatické bolesti jako bolesti vyvolané ¢i zpusobené 1ézi ¢i dysfunkei
nervového systému (Merskey a Bogduk 1994). Divodem pro tpravu definice byla snaha o jeji
maximalni zptesnéni, usnadiujici identifikaci pacienti s neuropatickou bolesti v klinické praxi
i védeckych ¢i klinickych studiich.

Zménou oproti puvodni definici je predevsim:

(1) akcent na postizeni somatosenzitivniho (a nikoli obecné nervového) systému.
Podkladem této zmény je skutecnost, ze postizeni mnoha drah a oblasti nervového
systému (napf. mozecku nebo frontalniho kortexu) nevede K rozvoji neuropatické
bolesti (Jensen et al. 2012, Treede et al. 2008). Podobné napi. muskuloskeletalni bolest
u diagnostickych jednotek, postihujicich vyhradn€ motoricky systém (napt. onemocnéni
motoneuronu), je podminéna nefyziologickou zatézi pohybového systému pii
zakladnim onemocnéni a/nebo spasticitou a nespliiuje tedy kritéria bolesti neuropatické
(Finnerup et al. 2016).

(2) nahrazeni terminu ,, dysfunkce “ konkrétnéjsimi terminy ,, léze nebo nemoc ““. Tato zména
vychézi ze zlepSujicich se patofyziologickych poznatkli. Prakticky u vSech klinickych
jednotek, které se projevuji neuropatickou bolesti, je v soucasnosti mozné definovat

konkrétni onemocnéni ¢i 1ézi vedouci k postiZzeni urCitych ¢asti somatosenzitivniho
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nervového systému. Rada téchto patofyziologickych poznatkil piitom v minulosti
k dispozici nebyla znama, a proto byl pouzivan zastesujici termin ,,dysfunkce®. Navic
V soucasnosti nartista uroven poznani o patofyziologii bolesti nociceptivni véetné vyse
zminénych neuroplastickych zmén nociceptivniho nervového systému, které vznikaji
pfi jeho excesivni stimulaci. Tyto zmény jsou pak podkladem urcité zmény funkce
somatosenzitivniho nervového systému i u bolesti nociceptivni. Z téchto diivodu neni
termin dysfunkce v definici neuropatické bolesti optimalni, protoze neumoznuje jeji
exaktni vymezeni viic¢i bolesti nociceptivni (Jensen et al. 2012, Treede et al. 2008). Jako
neuropaticka tak podle soucasné definice nemulize byt oznacena bolest provazejici
onemocnéni, ktera nevedou k prokazatelnému postizeni somatosenzitivniho nervového
systému (Jensen et al. 2012, Treede et al. 2015, Finnerup et al. 2016). Typickym

ptikladem je fibromyalgie nebo komplexni regiondlni bolestivy syndrom I. typu.

1.2. Rozdily v klinické manifestaci neuropatické a nociceptivni bolesti a vyznam jejich odliseni

Neuropatickd a nociceptivni bolest se 1iSi charakterem bolesti, ktery je reflektovan tzv.
deskriptory (tedy popisnymi charakteristikami, které pacienti uzivaji pro bliz§i popis a
specifikaci algickych symptomt — tyto dekriptory budou niZze uvedeny podrobné v samostatné
kapitole). Odlisné jsou mezi obéma typy bolesti také faktory, které bolest vyvolavaji a/nebo
naopak vedou ke zmirnéni obtizi: u pacientli s nociceptivni bolesti je napf. Castd akcentace
bolesti pohybem a tleva v klidu a zejména ve spanku. Naopak bolest neuropaticka je typicky
klidova, noc¢ni a tedy vice interferujici s odpo¢inkem a spankem pacientti. V neposledni fad¢ se
oba typy bolesti zasadn¢ se 1isi z hlediska mozného terapeutického ovlivnéni: u nociceptivni
bolesti je Casty efekt nesteroidnich antirevmatik ¢i béZnych analgetik. U pacientll s bolesti
neuropatickou jsou tyto 1éky neti¢éinné a k ovlivnéni bolesti je nutné vyuzit preparaty ze skupiny
tzv. adjuvantnich analgetik (kam patii zejména né€ktera antiepileptika a antidepresiva), ptipadné

opioidy (Finnerup et al. 2015, Attal et al. 2010, Bednatik et al. 2012).

Odliseni bolesti neuropatické od bolesti nociceptivni je proto velmi vyznamné jak na urovni
experimentalni (vzhledem k odliSnému patofyziologickému podkladu obou typt bolesti) tak
zejména v bézné klinické praxi (s ohledem na odlisSnou klinickou manifestaci a predevsim
zéasadné jiny terapeuticky piistup k pacientliim s nociceptivni a neuropatickou bolesti). Striktni
rozliSeni obou typu bolesti je pfitom v fad¢ pfipadi nesnadné a za urcitych okolnosti miize

dokonce dochézet k jejich urcitému prekryvu ¢i kombinaci obou typu bolesti u téhoz
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pacienta (Treede et al. 2008). V pfipad¢ dostatecné silné nociceptivni stimulace (napf. u
pacienti se zanétlivou bolesti) mlze totiz dochazet k vySe popsanym sekunddrnim
neuroplastickym zméndm v nociceptivnich drahdch somatosenzitivniho nervového systému
v ramci mechanismu tzv. centralni senzitizace. U pacientd s fadou neurologickych onemocnéni
manifestujicich se mj. neuropatickou bolesti muze naopak dochazet 1 k rozvoji
muskuloskeletalni ¢i jiné nociceptivni bolesti (Treede et al. 2008). Ptikladem mohou byt
pacienti s centralni neuropatickou bolesti po iktech ¢i pfi roztrousené sklerdze, kdy je
v disledku soucasné ptitomnych paréz ¢i poruchy koordinace pohybovy systém vystaven
nefyziologickému typu zatéze, ktery mize vést Krozvoji sekundarniho poskozeni

muskuloskeletalniho systému a s nim souvisejici bolesti nociceptivni.

1.3. Epidemiologie neuropatické bolesti

Podle epidemiologickych studii dosahuje prevalence neuropatické bolesti v Evropské populaci
kolem 7-8 % (Torrance et al. 2006, Bouhassira et al. 2008). Podobné prevalenéni udaje jsou
k dispozici i pro populaci mimoevropskou (6-10 %) (Harifi et al. 2013, de Moraes Vieira et al.
2012). Neuropaticka bolest je soucéasti klinické manifestace Sirokého spektra neurologickych
onemocnéni postihujicich centralni ¢i periferni nervovy systém (Finnerup et al. 2016) a jeji
prevalence u pacientl sruznymi neurologickymi onemocnénimi vyznamné pievysuje
prevalenci popula¢ni. Recentné publikovana prace, ktera zahrnovala pfiblizn€ 1,5 milionu
pacientll s riznymi neurologickymi jednotkami v radmci velkého epidemiologického Setfeni
provedeného v kanadské populaci, uvadi vyskyt neuropatické bolesti az u 36 % téchto pacienti
(Cragg et al. 2018). Vyznamna neuropaticka komponenta je ¢asto pfitomna u onemocnéni
vertebrogennich a také u bolesti nddorové: podle recentnich studii jsou symptomy neuropatické
bolesti prokazatelné u vice nez 40 % pacientl se stfedné silnou ¢i silnou nadorovou bolesti a
jejich vyskyt zvySuje negativni vnimani bolesti 1 jeji vliv na bézné denni aktivity u téchto
pacientdi (Oosterling et al. 2016). U vétSiny zminénych pacientli pfitom neni tato skutecnost

zohlednéna v terapii.

Neuropatickd bolest tedy pfedstavuje velmi vyznamny, pomé&mné Casty a potencialné¢ dobie

terapeuticky ovlivnitelny klinicky syndrom, coZ akcentuje nutnost jeji spravné diagnostiky.
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2.

KLASIFIKACE NEUROPATICKE BOLESTI

2.1. PUVODNI KLASIFIKACNI SYSTEM VYCHAZEJICI Z |ASP/INEUPSIG DEFINICE

Definice neuropatické bolesti, kterd byla publikovana v r. 2008 a vychazi z konsenzu odborniki

v ramci IASP a NeuPSIG (Treede et al. 2008), je dosud platna a Vv klinické i experimentalni

praxi Siroce pfijimana. Autofi tohoto konsenzu navrhli také klasifika¢ni systém, umoziujici

stratifikaci pacientd s NeuP na bolest moznou, pravdépodobnou a jednozna¢nou (potvrzenou).

Pro stanoveni miry diagnostické jistoty neuropatické bolesti je v ramci tohoto klasifika¢niho

systému u kazdého pacienta nutné stanovit pfitomnost nasledujicich kritérii:

1.

2.

3.

4.

Anatomicky plauzibilni distribuce bolesti (tedy bolest v oblasti korespondujici
S inervacnim teritoriem periferniho nervu/kofene/plexu, ptfipadné kombinace téchto
struktur nebo v misté s topografickou reprezentaci odpovidajici ptislusné oblasti
centralniho nervového systému, kde je lokalizovana léze).

Anamnéza odpovidajici léze nebo onemocnéni periferniho ¢i  centralniho
somatosenzitivniho nervového systemu (ptislusna léze nebo onemocnéni by méla byt
znamd moznou asociaci s neuropatickou bolesti a anamnesticky by méla byt pfitomna i
Casovd souvislost mezi vznikem potizi a pfislusnou 1ézi, typickd pro dany typ
onemocnéni ¢i 1éze).

Pritkaz postizeni somatosenzitivniho nervového systému v oblasti bolesti pomoci
alespon jednoho konfirma¢niho testu: v ramei klinického neurologického vySetieni jde
o priukaz ptiznakd senzitivni dysfunkce (pozitivnich ¢i negativnich) v anatomické
oblasti bolesti. Klinické vysetieni senzitivity mize byt doplnéno o laboratorni vySetieni
a dalsi objektivni testy k ozfejméni subklinickych abnormit.

Pritkaz odpovidajici léze nebo onemocnéni somatosenzitivniho nervového systému
nejméné jednim konfirmacnim testem. Tento test prokazuje 1ézi nebo onemocnéni
centralniho nebo periferniho nervového systému, zvaZzovanou jako pravdépodobna

etiologie v bodé¢ 2 této klasifikace, a jeho volba zavisi na typu této 1éze ¢i onemocnéni.

Pacienti spliujici vSechna 4 kritéria pak splni podminky pro diagnézu jednoznaéné (potvrzené)

neuropatické bolesti.

Pti splnéni kritérii 1 + 2 a soucasné 3 nebo 4 jde o pravdépodobnou neuropatickou bolest.

Pacienti spliiujici kritéria 1 + 2 (ale nikoli 3 ani 4) jsou klasifikovani jako jedinci S moznou

neuropatickou bolesti (Treede et al. 2008).
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Na rozdil od vlastni definice nebyl tento klasifika¢ni systém tak Siroce akceptovan a byl uzivan
jen v mensim rozsahu (Finnerup et al. 2016). Z celkem 731 publikaci citujicich Treedeho praci,
které byly publikovany v rozmezi let 2008 a 2015, byla vysSe zminéna klasifikace pouzita pouze

v 9 % (Finnerup et al. 2016).

2.2 REVIDOVANY (A V SOUCASNOSTI DOPORUCOVANY) KLASIFIKACNI SYSTEM

Z vyse uvedenych diivodu byl systém stratifikace pacientli S neuropatickou bolesti v r. 2016
revidovan s cilem zajisténi lepsi praktické pouzitelnosti klasifikaéniho schématu (Finnerup et
al. 2016). Tato revize piedstavuje urcitou pravu z predchoziho klasifika¢niho systému, z jehoz
logiky nadale vychazi. Jejim cilem je urcit miru pravdépodobnosti, S niz je bolest u ptislusného
pacienta bolesti neuropatickou, a to zejména jako podklad pro ptfipadnou Upravu terapie této
bolesti. Mira pravdépodobnosti neuropatické etiologie bolesti u daného pacienta je stanovena
to na urovni ,,mozné“, ,pravdépodobné“ a ,potvrzené (jisté)“ diagnodzy. Splnéni kritérii
»pravdépodobné neuropatické bolesti“ by pritom mélo byt ve vétsiné piipadi dostacujici pro
zahajeni terapie neuropatické bolesti v souladu s aktualné platnymi doporu¢enimi (Attal et al.
2010, Bednatik et al. 2012, Finnerup et al. 2015). Diagnéza ,,potvrzené (jisté) neuropatické
bolesti“ je dilezita piedevsim pro specialisty pro potieby klinickych studii a dalSich
vyzkumnych projektii a ma klicovy vyznam také v situacich, kdy je znama kauzalni lécba

zakladniho onemocnéni, které je podkladem rozvoje bolesti.

Stratifikace pacientli v rdmci tohoto systému vychézi z blokového diagramu, ktery je uvedené
ve Schématu 1, a probiha v postupnych nasledujicich krocich od mozné ptes pravdépodobnou

az po jistou diagnézu.
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Schéma 1: Blokovy diagram zobrazujici klasifikacni systém vyuzitelny ke stanoveni miry

pravdépodobnosti neuropatické bolesti (Finnerup et al. 2016).

Dominujici potize pacienta

1. Anamnéza

2. Klinické

vySetieni

3. Konfirmac¢ni

test

Bolest
ANO

Anamnéza relevatni 1éze nebo onemocnéni
somatosenzitivniho nervového systému
+ bolest v neuroanatomicky plauzibilni

distribuci s ohledem na zakladni dg.

Nepravdépodobna
neuropaticka
bolest

ANO

MozZna neuropaticka
bolest

Bolest je asociovana s poruchami citlivosti
Vv identické neuroanatomicky plauzibilni
distribuci

ANO

Pravdépodobna
neuropaticka bolest

Diagnosticky test, potvrzujici 1ézi nebo
onemocnéni somatosenzitivniho nervového
systému, ktera vysvétluje bolest.

ANO

Potvrzena (jista)
neuropaticka bolest

19



2.2.1. Stanoveni diagnozy ,,mozné neuropatické bolesti“

Zéakladni podminkou pro stanoveni diagnozy ,,mozn¢ neuropatické bolesti* podle popisované¢ho
schématu je anamnéza odpovidajicich klinickych obtizi (Finnerup et al. 2016). Pro potieby této
klasifikace jsou za odpovidajici anamnesticka data povazovany relevantni deskriptory bolesti,
pfitomnost nebolestivych senzitivnich symptoma (brnéni, mravenceni) a faktory zmiriiujici
nebo naopak zhorSujici bolest, které odpovidaji postizeni nervového systému a nikoli jinym
moznym pfic¢inam bolesti, jako jsou zanét nebo postizeni neneuronalnich tkéni. Relevantnimi
deskriptory bolesti jsou napft. bolest paliva, bolest charakteru elektrickych Soku ¢i vystielujici
nebo bodavd a/nebo bolest vyvolanda chladem ¢i dotekem. Zminéné deskriptory jsou
charakteristické, ale nikoli specifické pro neuropatickou bolest. Vysokou diskriminaéni
hodnotu v odliseni neuropatické a nociceptivni bolesti ma pak zejména jejich kombinace, coz
je vyuzivano Sirokym spektrem dotaznikl, vytvofenych cilené za ucelem diagnostiky
neuropatické bolesti. Tyto dotazniky jsou explicitné zminény jako jedna z moznych cest
hodnoceni deskriptort bolesti i Vramci tohoto diagnosticko-klasifikacniho schématu.
Podrobné;jsi informace k deskriptoriim neuropatické bolesti a dotaznikim, vyuZzivanym pro jeji

diagnostiku a/nebo detailné&jsi fenotypizaci pacientil s neuropatickou bolesti, véetné jejich vyctu

jsou dale uvedeny v samostatné kapitole.

Pro stanoveni ,,mozné neuropatické bolesti* je dale nutné naplnéni dvou nésledujicich kritérii:

A. Anamnéza léze nebo onemocnéni somatosenzitivniho nervového systému, které je
znamé moznou asociaci s neuropatickou bolesti (orientaéni piehled takovych
onemocnéni/ 1ézi je uveden v bodu 2 téchto kritérii). Podminkou naopak neni casovd
souvislost vzniku této léze/onemocnéni s rozvojem bolesti. Prukaz uzké Easové
souvislosti mezi témito okolnostmi vSak velmi vyznamné zvysuje klinické podezieni na
relevanci této 1éze v rozvoji bolesti a tedy jeji potencialni neuropaticky charakter. Bolest
se nejcastéji objevuje bezprostiedné po vzniku neurogenniho postizeni a/nebo béhem
nékolika tydnl poté, jeji rozvoj vSak miiZze byt opozdén i o nékolik mésicii (napt. u
pacientil s poiktovou bolesti) ¢i dokonce mnoho let (typicky u bolestivé diabetické
neuropatie). V nékterych ptipadech mohou byt pravé subjektivni senzitivni symptomy
veetné bolesti prvnim a/nebo jedinym ptiznakem ukazujicim na rozvoj onemocnéni
somatosenzitivniho nervového systému: tato klinicka situace je Castd napt. u pacientli

s diabetickou polyneuropatii nebo S paroxysmalni bolesti v ramci neuralgie trigeminu.
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B. Distribuce bolesti, odpovidajici ocekavané anatomické oblasti postizeni V ramci
znamé nebo suspektni 1éze/onemocnéni somatosenzitivniho nervového systému,
zvazované jako potencialni pii¢ina neuropatické bolesti (tj. bolest v anatomicky
plauzibilni distribuci). Na individudlni Grovni muze bolest ponckud presahovat
inervacni kritérium pfislusného periferntho nervu nebo nervového kotfene a/nebo
somatotopickou reprezentaci postizené oblasti centralniho nervového systému, nebo
muze postihovat mensi oblast uvnitf tohoto inervacniho teritoria. V kazdém piipadé by
vsak bolest méla byt v distribuci typické pro onemocnéni /1€ézi, kterd je predpokladanym

podkladem bolesti, tedy:

a. U bolestivych polyneuropatii v ponozkové/podkolenkové distribuci (s
moznym S$ifenim proximalné&ji na oblast stehen a/nebo na HKK, kde je
typické postizeni v rukavicové distribuci).

b. u lézi perifernich nervii vV inervaénim teritoriu pfislusného nervu (typicky
distaln¢ od mista traumatu, chirurgického zékroku ¢i komprese).

C. U bolestivych radikulopatii v pruhovité distribuci na n¢které z koncetin nebo
na trupu v dermatomu zasobeném ptislusnym nervovym kotenem.

d. upacientl s neuralgii trigeminu Vv distribuci n¢které z vétvi n. trigeminus na

e. U pacientd s postherpetickou neuralgii jednostranné v distribuci jednoho ¢i
vice dermatoml a/nebo v distribuci n. trigeminus (nejCastéji n.
ophthalmicus), kde anamnesticky doslo k vysevu pasového oparu

f. u fantomové (postamputacni) bolesti v chybéjici ¢asti koncetiny a/nebo
V zachovalém zbytkovém segmentu této koncetiny.

U pacientll S bolesti po misnich traumatech v a/nebo pod irovni misni 1éze.
U centralni poiktové bolesti u oblasti kontralateralni mistu 1éze centralniho
useku somatosenzitivni drahy (s vyjimkou lateralnich medullarnich infarkti,
kde mtZe distribuce zahrnovat i ipsilateralni stranu obliceje).

I. u pacientl s centralni neuropatickou bolesti asociovanou s roztrousenou
sklerézou je mozna analogicka distribuce, jako je popisovana u centralni
poiktové bolesti a/nebo u bolesti po traumatech michy (pfipadné jejich

kombinace).
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Specificky typ postizeni z hlediska distribuce pfedstavuji poruchy iontovych kanald,
manifestujici se neuropatickou bolesti (tzv. kanalopatie) — u téchto pacienti miize byt
distribuce bolesti atypickd, méla by vSak odpovidat pfisluSnému onemocnéni.
Ptikladem muze byt familiarni epizodicky bolestivy syndrom, u né¢hoz je bolest obvykle

lokalizovéana na hrudi a/nebo proximaln¢ na pazich.

113

2.2.2. Stanoveni diagnozy ,, pravdépodobné neuropatické bolesti

Pro diagnézu ,,pravdépodobné neuropatické bolesti“ je (krom¢ naplnéni podminek pro
stanoveni ,,mozné neuropatické bolesti) nutné zhodnoceni klinického ndlezu s prikazem
poruchy citlivosti v identické neuroanatomicky plauzibilni distribuci. Senzitivni zmény mohou
(anemuseji) byt v ramci klinického vysetfeni doprovazeny alteraci motorickych a vegetativnich

funkeci.

Pro prikaz senzitivnich zmén je mozné vyuzit nejen bézné jednoduché klinické (bedside)
vySetfeni, které je pro fadu senzitivnich modalit méné spolehlivym zpisobem hodnoceni, ale
také metody kvantitativniho testovani senzitivity (Quantitative Sensory Testing, QST) (Rolke
et al. 2006a, Rolke et al. 2006b, Vickovd a Srotovd 2014) umoznujici podrobné a kvantitativni
¢i alespon semikvantitativni zhodnoceni percepce fady senzitivnich a algickych modalit a je
blize uvedeno v samostatné kapitole. Detailni piehled informaci o vysetfeni senzitivity byl
publikovén v ¢asopise Ceska a slovenska neurologie a neurochirurgie formou minimonografie

a je piilohou této prace (Vickova a Srotova 2014).

Oblast prokazatelnych senzitivnich zmén nemusi byt zcela identicka s oblasti, v niZ pacient
pocituje bolest. Mtize ji pfesahovat nebo byt naopak prokazatelna pouze v uzsim anatomickém
regionu uvnitt bolestivé oblasti. Toto klinické kritérium obecné piedpoklada prikaz ztraty ¢i
sniZzeni senzitivni percepce nékteré ze senzitivnich modalit (tedy negativni senzitivni
Symptomy, abnormita typu ,loss*). Tyto symptomy mohou byt do urcité miry patrné i u
pacientll s bolesti nociceptivni, kde vSak nemaji zfetelné neuroanatomické hranice a jsou

omezen¢ reprodukovatelné (Geber et al. 2008).

Pozitivni senzitivni abnormity (typu ,.gain“, zvyseni percepce nekteré senzitivni modality,
pfedevSim modalit algickych a/nebo alodynie) maji v prikazu neuropatického typu bolesti
mensi diagnostickou validitu a to zejména pokud nejsou prokazovany pouze v anatomicky
plauzibilni distribuci. V rdmci jednoduchého klinického vySetfeni (tzv. bedside vySetfeni,

vySetieni u lizka pacienta) vSak mohou byt jedinou prokazatelnou abnormitou (napf.

22



mechanické ¢i termicka alodynie). Podobné jako negativni senzitivni symptomy nejsou ani

pozitivni symptomy specifické pro neuropatickou bolest a jsou v ramci klinického vySetieni

prokazovany i u fadu dalSich klinickych stavii a onemocnéni. Casté jsou napf. u pacientli

S bolesti zanétlivou, u jedinci s fibromyalgii, tizkosti a spankovou deprivaci (Schuh-Hofer et

al. 2013). Zejména algicka percepce mize byt ovlivnéna také stressem a negativnimi emocemi

obecné.

Specifickymi jednotkami z hlediska priikazu senzitivnich abnormit jsou:

1.

Neuralgie trigeminu, u niz nejsou v ramci bézného (bedside) klinického vySetieni
obvykle zadné zmény senzitivni percepce patrné. Mezi senzitivni abnormity lze proto u
téchto pacientl zaradit i anamnesticky zjistény trigger fenomén (existenci spoustové zony
bolesti). Trigger fenomén je klinicky piiznak odpovidajici alodynii, kdy nebolestivé
podnéty (obvykle jemna taktilni stimulace, napt. dotek odévu nebo stravy pfi kousani,
pripadné dokonce ovanuti vétrem) vyvolaji zachvat bolesti. U nékterych jedinci je jeho
existence objektivizovatelna béhem klinického vySetieni, kdy 1ze pfislusnou nebolestivou
stimulaci vyvolat u pacienta bolestivou grimasu.

Poruchy iontovych kanalii, manifestujici se neuropatickou bolesti, kterd je casto
paroxysmalni a vySetieni senzitivity mize byt v mezidobi mezi jednotlivymi atakami zcela
vnormé. U téchto pacientd je ke stanoveni diagnézy ,,pravdépodobné neuropatické
bolesti“ postacujici typickd anamnéza a soucasné¢ prikaz 1éze nebo nemoci
somatosenzitivniho nervového systému pomoci piislusSnych diagnostickych testi (viz
nasledujici bod 3).

Fantomova bolest, u niZ neni mozné provést senzitivni testovani v miste bolesti. V tomto
ptipad¢ je pro stanoveni diagnézy ,,pravdépodobné neuropatické bolesti* postacujici sama

anamnéza bolesti v distribuci chybé&jici koncetiny.

Hodnoceni senzitivnich funkci je obtizné také v oblasti vnitinich organti a hlubokych tkani —

bolest v této distribuci je proto obvykle mozné klasifikovat maximalné jako ,,moznou

neuropatickou bolest*.

2.2.3. Stanoveni diagnozy ,, potvrzené (jisté) neuropatické bolesti*

Poslednim krok klasifika¢niho schématu se vztahuje k paraklinickym diagnostickym metodam.

Pro stanoveni ,,potvrzené (jisté) neuropatické bolesti“ je tak u pacienta s pravdépodobnou

neuropatickou bolesti pozadovéan prikaz 1éze nebo onemocnéni somatosenzitivniho nervového
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systému, které ma potencial vysvétlit bolest (a to i z hlediska anatomické distribuce a charakteru
1éze/onemocnéni), pomoci odpovidajiciho diagnostického testu. Ptikladem takového testu

mohou byt:

a. Zobrazovaci metody: pocitacova tomografie (Computer Tomography, CT),
magneticka resonance (Magnetic Resonance, MR) a dalsi techniky, uzivané
K potvrzeni cévnich mozkovych piihod v relevantni distribuci, roztrousené
skler6zy ¢i misniho traumatu, piipadné k verifikaci 1ézi perifernich nervi (kde
je mozné vyuzit také ultrazvuk).
b. Kozni biopsie prokazujici redukcei intraepidermalni hustoty tenkych nervovych
vldken
c. Neurofyziologické testy, jako jsou napf.:
I. elektromyografie v¢. kondukénich studii perifernich nervi
Ii. evokované potencialy a to:
1. somatosenzorické evokované potencidly (Sensory Evoked
Potentials, SEP)
2. evokované potencialy se vztahem k bolesti (Pain-Related
Evoked Potentials, PREPS), tedy vyvolané kontaktnim teplem
(Contact Heat Evoked Potentials, CHEPS) nebo laserem (Laser
Evoked Potentials, LEPs), pfipadn€ povrchovou elektickou
stimulaci umoziujici preferencni aktivaci koZnich nociceptori
(Surface Electrode Pain-Related Evoked Potentials, SE-PREPS)
iii. reflexy asociované s bolesti (napt. R1 blink reflex)
iv. mikroneurografie
d. Molekularné-biologické metody, umoziujici napf. potvrzeni geneticky
podminénych forem erytromelalgie (autozomalné-dominantné dédi¢ného
onemocnéni, jehoZ podkladem je mutace, vedouci ke zméné funkce sodikového
kanalu).
e. U pacientli po amputaci a/nebo v ptipad¢ chirurgem jednoznacné€ potvrzené 1éze
periferniho nervu v rdmci operace/traumatu jsou tyto informace postacujici pro
stanoveni diagnézy ,,potvrzené (jist¢) neuropatické bolesti* a jiné konfirmacni

texty nejsou pozadovany.

Dosazeni Grovné priikazu ,,potrvzené (jisté) neuropatické bolesti vSak nemusi vzdy

jednozna¢né€ znamenat kauzalni souvislost a nevylucuje jiny typ bolesti u daného
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pacienta. Pacienti mohou mit v teritoriu postizeného periferniho nervu (nebo v oblasti
jejiz reprezentace odpovidd mistu 1éze centralniho nervového systému) i bolest
nociceptivni. Piikladem muze byt bolest v disledku spasticity pod mistem inkompletni
misni 1éze nebo bolest pii postizeni rotdtorové manzety ramene u pacienta s postizenim
centralnich senzitivnich drah pro tuto oblast v rdmci cévni mozkové piihody, ptipadné
zangtliva bolest v oblasti léze perifernich nervli po thorakotomii ¢i herniotomii. V téchto
(a dalSich) pripadech tak bolest miize splnit vSechna vySe zmiflovana kritéria, piesto se
vSak nejedna o bolest neuropatickou. Ani splnéni kritérii ,,potvrzené (jisté¢) neuropatické
bolesti*“ proto spolehlivé nevyluuje moznost, ze bolest mize byt (alesponn ¢astecn¢)
podminéna jinymi okolnostmi, napt. zdnétlivym postizenim pfislusnych tkani, a neni
tedy nezpochybnitelnym prikazem kauzality. U kazdého pacienta by tak (navzdory
splnéni kritérii) mély byt zvazovany jiné piiCiny bolesti, které mohou potencialné

vysvétlit obtize pacienta, nebo se na nich ¢aste¢né podilet.

2.2.4. Specifické typy diagnoz nespliujici kritéria neuropatické bolesti v ramci soucasného

diagnosticko-klasifikacniho schématu

Popsana definice neuropatické bolesti a na ni navazujici klasifikacni systém neumoziuji
klasifikovat jako neuropatickou takovou bolest, ktera provazeji onemocnéni nevedouci
k prokazatelnému postizeni somatosenzitivniho nervového systému (Jensen et al. 2012, Treede
et al. 2015, Finnerup et al. 2016), i kdyz klinicka manifestace nékterych z téchto jednotek

neuropatickou bolest velmi pfipomina.

Za typicky ptiklad takové klinické jednotky byla povazovana fibromyalgie. Podle nékterych
nov¢jsich studii je vSak u Casti pacientl, zahrnovanych aktualné pod tuto diagnostickou
jednotku, prokazovéana neuropatie tenkych vlaken jako moZny podklad klinické symptomatiky
(Uceyler et al. 2013b, Uceyler et al. 2013c). Tito pacienti by pak vzasadé diagnosticka kritéria
neuropatické bolesti splnili. Popsana troven prukazu vSak neni podle recentnich doporuéeni
dostate¢na k jednoznacné klasifikaci bolesti u fibromyalgie jako bolesti neuropatické (Finnerup

et al. 2016).

Dalsi podobnou jednotkou s komplikovanou klasifikaci je komplexni regionalni bolestivy
syndrom (Complex Regional Pain Syndrome, CRPS). Toto onemocnéni zahrnuje dva odlisné
typy postizeni. Podminkou pro dg. CRPS II. typu je postizeni periferniho nervu a pacienti
s touto dg. tedy spliuji predpoklady pro diagndézu neuropatické bolesti. U pacienti s CRPS .
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typu nejsou na zaklad¢ definice této jednotky periferni nervy postizeny a tito pacienti tak
kritéria neuropatické bolesti nesplni, 1 kdyz tato bolest vykazuje fadu charakteristik, které jsou
pro neuropatickou bolest typické. Moznym vysvétlenim této skute¢nosti je fakt, Zze klinické
symptomy jsou u CRPS 1. typu podminény pfedevSim zanétlivymi zménami, které mohou
vyznamné poskodit i nociceptory. Priikaz postizeni terminalnich zakon¢eni perifernich nerva
je vsak u téchto pacienti dosud pouze omezeny a vysledky publikovanych studii nejsou
konzistentni, takZe neopraviiuji klasifikovat bolest u pacienti s CRPS 1. typu jako

neuropatickou.

Takeé bolest u pacientti s Parkinsonovou nemoci predstavuje z klasifika¢niho hlediska hrani¢ni
jednotku. Stejné jako v pripadé fibromyalgie bylo recentné publikovano nékolik studii,
prokazujicich redukeci intraepidermalni inervace u pacientl s timto onemocnénim (Nolano et al.
2008, Kass-lliyya et al. 2015, Nolano et al. 2017a), které poukazuji na moznost neuropatie
tenkych vlaken jako podkladu potizi u téchto pacientii. Ani tento prikaz vSak neni sam o sobé
dostateény, aby umoznil spolehlivou klasifikaci bolesti u téchto pacientd jako bolesti

neuropatické (Finnerup et al. 2016).

Podobné zatim neni prokazano postizeni somatosenzitivniho nervového systému u pacientii
S cluster headache a migrénou. Ani bolest u téchto jednotek tak také nelze povazovat za

neuropatickou (Finnerup et al. 2016).
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3. DIAGNOSTIKA NEUROPATICKE BOLESTI

V souladu s aktualni definici a klasifikaénim schématem se v diagnostice neuropatické bolesti
uplatnuji predevsim:
1. anamnéza zamétena na:

a. typické deskriptory neuropatické bolesti. Pro usnadnéni diagnostiky a/nebo
blizsi popis a specifikaci téchto symptomi a piipadné hodnoceni jejich intenzity
je mozné vyuzit nékteré ze specializovanych dotazniki, cilen¢ vytvoienych pro
tento ucel.

b. anamnesticky pritkaz léze nebo onemocnéni somatosenzitivniho nervového

systému.

2. Klinické neurologické vysetreni, zahrnujici mj. detailni vySetfeni riznych senzitivnich
funkei, které umozni prokazat poruchy citlivosti v oblasti bolesti. Tyto zmény lze
prokézat:

a. orientaén€¢ vramci bezného klinického vysetreni (kdy jsou vSak moznosti
hodnoceni fady modalit pomérné omezené).

b. pomoci metod tzv. kvantitativniho testovani senzitivity, které poskytuji
podrobny a kvantifikovany ptehled o citlivosti pro Siroké spektrum testovanych

modalit.

3. diagnostické testy, potvrzujici lézi nebo onemocnéni somatosenzitivniho nervového
systému, kterd vysvétluje bolest. Piikladem takovych testli mohou byt:
a. zobrazovaci metody
b. kozni biopsie
c. neurofyziologické testy

d. genetické testy

rowr

Jednotlivé diagnostické modality budou v nasledujici ¢asti prace zminény podrobnéji.
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3.1. ANAMNEZA VC. SPECIALIZOVANYCH SKAL A DOTAZNIKU

Klicovym krokem v diagnostice neuropatické bolesti je anamnéza, zamétena zejména na rozbor
subjektivnich senzitivnich obtizi pacienta. V ramci aktualné doporucovaného klasifika¢niho
schématu se jedna o zékladni podminku, nutnou jiz pro splnéni prvniho klasifika¢niho stupné

(tedy diagndzy ,,mozné neuropatické bolesti) (Finnerup et al. 2016).

3.1.1. Senzitivni symptomy

Senzitivni symptomy lze obecné d€lit na 2 zakladni velké skupiny, t.j. na symptomy negativni
a pozitivni (Bednaiik 2004). Podkladem obou typi senzitivnich symptomil je postizeni

somatosenzitivnich drah a to na kterékoli jejich urovni.

|.  Negativni senzitivni symptomy piedstavuji ztratu senzitivni funkce pro nékterou ze
senzitivnich modalit. Jedn4 se o:
a. Hypestezii = sniZzeni percepce pfislusné senzitivni modality, tedy zvyseni
senzitivniho prahu pro pfisluSnou modalitu. Senzitivni prah je definovan jako
nejniz§i intenzita podnétd daného typu, kterou je jiz pacient schopen vnimat.

b. Anestezii = Giplnou ztratu citlivosti pro ptisluSnou modalitu.

Pfi popisu negativnich senzitivnich symptomu je nutné specifikovat, pro kterou konkrétni
senzitivni modalitu je citlivost sniZena (napf. termickad ¢i algickd hypestezie, taktilni
hypestezie, pallhypestezie — tedy porucha vibra¢niho ¢iti apod.). Specifikace senzitivnich
modalit pak poukaze na dysfunkci konkrétni somatosenzitivni drdhy: pro postiZeni tractus
spino-thalamicus je typicka alterace termické a algické percepce, zatimco pro 1éze tractus
spino-bulbo-thalamicus (draha zadnich provazcl) je charakteristické postizeni vibra¢ni

citlivosti a také polohocitu, pohybocitu a diskrimina¢nich funkci.
Negativni senzitivni symptomy mohou byt subjektivni 1 objektivni:

A. Subjektivné pacienti Casto popisuji ztratu citlivosti V postizené distribuci.
Ptikladem jsou distalni polyneuropatie manifestujici se neuropatickou bolesti, u
kterych fada pacientll zmiiiuje soucasné ztratu citlivosti a to nejcastéji akralné na
koncetinach (zejména dolnich). Pacienti mohou upozornit vysetfujiciho napf. na
skutecnost, ze nerozpoznaji teplotu vody na nékterych ¢astech téla nebo si nejsou

védomi ciziho predmétu (kaminku) v boté, coz muze byt podkladem rozvoje
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nebolestivych poranéni, rizikovych napf. z hlediska rozvoje ulceraci u pacienti

s diabetickou polyneuropatii.
V tad¢ piipadi si vSak pacienti nejsou subjektivné poruch citlivosti védomi.

B. Hodnoceni objektivnich negativnich senzitivnich piiznakti v ramci klinického
neurologického vysetfeni (a pfipadné kvantitativniho testovani senzitivity) je
soucasti navazujiciho kroku v rdmci diagnostiky neuropatické bolesti a umoziuje
jeji zpiesnéni na uroven ,,pravdépodobnou‘ (Finnerup et al. 2014) (viz kapitoly
Klinické neurologické vySetfeni a Kvantitativni testovani senzitivity). Rozvoj
negativnich senzitivnich symptoma je vSak relativné pozdnim indikatorem

dysfunkce somatosenzitivnich drah (Bednatik 2004).

Podrobné informace o moznostech vySetieni citlivosti pro jednotlivé senzitivni modality jsou
uvedeny v minimonografii Vysetieni senzitivity (Vickovd a Srotova 2014) a v publikaci
snazvem Validace ceské verze komplexniho protokolu kvantitativniho testovani senzitivity

(Srotovd et al. 2015a), které jsou piilohami této prace.

Il. Pozitivni senzitivni symptomy Se V ramci rozvoje dysfunkce senzitivnich drah objevuji
casnéji (Bednaiik 2004). Jedna se o symptomy, generované v ramci somatosenzitivnich
drah ,,navic®, nad rdmec jejich bézné funkce. Podkladem jejich rozvoje je zejména
abnormalni spontanni generovani elektrické aktivity v misté poskozeni senzitivni drahy
(kompresi, ischémii, traumatem apod.) a vznik tzv. ektopickych impulzii. Podilet se mohou
i dal$i mechanismy, napft. centralni senzitizace ¢i tzv. efapticka transmise, pii niz dochézi
Kk pfenosu vzruchii mezi riznymi typy vlaken v ramci periferniho nervu v misté poskozeni
(typicky jde o ptenos vzruchu mezi vlakny nebolestivymi a bolestivymi, ktery je jednim

z ptedpokladanych mechanismu, podilejicich se na rozvoji alodynie).

Podobné jako symptomy negativni lze i pozitivni senzitivni symptomy délit na:

b. subjektivni symptomy, k nimz patii spontanni bolest, parestezie ¢i dysestezie

C. objektivni pfiznaky, jako jsou alodynie ¢i hyperalgezie
Jiné (i kdyz do urcité miry souvisejici) hledisko je mechanismus vzniku pozitivnich
senzitivnich symptomu. Podle tohoto kritéria se pozitivni senzitivni Symptomy d¢li na:

A. spontanni

B. evokované
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Mezi typické subjektivni senzitivni symptomy patii (modifikovano z Bednaiik 2004):

Parestezie = nebolestivé abnormalni senzitivni vjemy (vétSinou charakteru brnéni, pichani
¢i mravenceni), vznikajici spontdnné nebo vyvolané stimulem (obvykle nebolestivym,

napft. dotykem piikryvky ¢i odévu, ptipadné tlakem ¢i chladem).

Dysestezie = abnormalni senzitivni vjemy podobné paresteziim, av$ak nepfijemné az

bolestivé
Bolest = ktera muze byt:

- Vyvolana a to VvétSinou podnétem potencialné poskozujicim tkané (napf.
pichnutim Spendlikem ¢i podnétem vysoké teploty) a tedy slouzici jako
fyziologicky fenomén k ochrané organismu pted poskozenim. Mize vsak jit i 0
fenomén patologicky (napft. v rdmci alodynie)

- Spontanni, tedy vznikajici bez zfejmé zevni stimulace. Tato bolest je pozitivnim
senzitivnim fenoménem analogickym paresteziim a podle mechanismu vzniku se
dale déli na bolest:

- Nociceptivni (vyvolanou stimulaci nociceptori za piedpokladu
intaktni funkce somatosenzitivniho nervového systému)

- Neuropatickou (vznikajici v dusledku 1éze nebo onemocnéni
somatosenzitivniho nervového systému — blize viz vyse v kapitolach

zaméfenych na definici a klasifikaci neuropatické bolesti).

K objektivnim senzitivnim symptomim jsou fazeny nasledujici symptomy:

Hyperestezie = zvyseni citlivosti vi¢i né€které ze senzitivnich modalit (tedy snizeni
senzivniho prahu pro tuto modalitu). Jedna se o pfiznak, ktery je v klinické praxi malo
Casty a je obtizné identifikovatelny. Spolehlivéjsi diagnostiku tohoto symptomu
poskytuje kvantitativni testovani senzitivity: ve vétSiné pfipadl je vSak vzhledem

k siroké popula¢ni normé obtizné stanovit jednoznacnou abnormitu v tomto smyslu.

Hyperalgezie = zvySeni bolestivé percepce nékteré z algickych modalit. Jedna se tedy
sniZeni algického prahu (pacient vnima ptisluSnou modalitu jako bolestivou jiz pii nizsi
intenzit¢ podnétu, nez je populacné bézné) ¢i zvyseni senzitivity pro danou algickou
modalitu (pacient udava abnormalné zvySenou bolestivost algickych podnéti nizké

intenzity, béZn¢ percipovanych jen jako nepiijemné ¢i mirn€ bolestivé).
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Alodynie = bolestiva percepce podnétu, ktery bolest bézné nevyvolava (napi. dotyku, chladu
atd.) — typicky po kontaktu s piikryvkou ¢i odévem apod.

Hyperpatie = kombinace hypestezie pro nékterou ze senzitivnich modalit a hyperalgezie
pro tuto modalitu (typicky je u téchto pacientll zvySeny senzitivni prah pro dotykové,
bolestivé ¢i tepelné stimuly, po piekroceni prahu je podnét od pocatku vniman velmi

nepiijemné az bolestive).

Aloestezie = vzacny jev, vyskytujici se zejména u centralnich senzitivnich dysfunkci, tedy
napf. u pravostranné putaminalni 1éze ¢i anterolaterdlnich spinalnich cervikalnich
postizeni. Podstatou fenoménu je, ze taktilni ¢i bolestivy stimulus aplikovany v oblasti

jednostranné ztraty citlivosti je vniman na korespondujicim misté opa¢né poloviny téla.

Z vyse uvedenych definic vyplyva urcity prekryv mezi jednotlivymi senzitivnimi symptomy a
ponékud neostré hranice, jimizZ jsou tyto symptomy navzajem vymezeny. Je napf. obtizné
rozlisit alodynii od dysestezii vyvolanych stimulem. V terminologii pozitivnich senzitivnich
symptomi panuje navic ur€ita nejednotnost — jako parestezie jsou v nékterych piipadech
oznacovany jen spontanni pozitivni symptomy, nebo jsou pod tento termin naopak zahrnovany
vSechny abnormadlni senzitivni vjemy, at’ uz bolestivého ¢i nebolestivého charakteru. Vyse
uvedené definice jsou vSak v souCasnosti nejcastéji pouzivany a pomérn¢ Siroce akceptovany

(Bednatik 2004, Moravcova a Bednarik 2006, Bednatik et al. 2012).
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3.1.2. Hodnoceni senzitivnich symptomi v diagnostice neuropatické bolesti

Detailni rozbor senzitivnich symptomti predstavuje klicovy krok v diagnostice neuropatické
bolesti. Vyskyt relevantnich senzitivnich symptomt je zdkladni podminkou pro jeji
stanoveni a to jiZ na zakladni Grovni, umoZiujici stanovit ,,moZnou neuropatickou bolest*
(a pochopiteln¢ 1 na vSech vyssich stupnich diagnostické jistoty, které predstavuji urcitou

nadstavbu na tuto zékladni Groven).

Anamnestické vySetfeni je pro tento ucel zaméiené piredevsim na charakter bolesti popisovany
pomoci tzv. deskriptorti (popisnych charakteristik, které pacienti pouzivaji k bliz§imu popisu
obtizi) a piitomnost nebolestivych pozitivnich senzitivnich symptomt. Soucasné jsou

zohlednovany faktory vyvolavajici ¢i zhorSujici bolest a/nebo naopak bolest zmirnujici.

- Deskriptory typickymi pro spontanni neuropatickou bolest jsou: bolest paliva, bolest
charakteru elektrickych vybojti, bodava, vystielujici nebo lancinujici (t.j. krutd bolest,
»trhajici™ ¢i ,,rvouci® prislusnou c¢ast téla). Nektefi pacienti S neuropatickou bolesti
popisuji také bolest vyvolanou (alodynii) a to piedevsim chladem ¢i dotekem. Velmi Casté
jsou doprovodné senzitivni symptomy, jako jsou parestezie ¢i dysestezie (nejcastéji

popisované jako mravenceni nebo brnéni).

Uvedené deskriptory jsou charakteristické, ale nikoli specifické pro neuropatickou bolest.
Podobny charakter mlZe mit vfad€ aspektd napf. bolest zanétliva ¢i dalsi typy
nociceptivni bolesti. Pfitomnost Zadného z popsanych deskriptori proto sama o sobé&
neposkytuje s dostate¢nou diagnostickou jistotou oporu pro stanoveni diagnozy
neuropatické bolesti. Vysokou diskrimina¢ni hodnotu v odliSeni neuropatické a
nociceptivni bolesti ma vSak jejich kombinace, coZ je vyuZivano napf. v ramci n€kterych
dotaznikt, pouzivanych v diagnostice neuropatické bolesti (viz dale) (Attal et al. 2018,
Bouhassira et al. 2004, Bouhassira et al. 2005, Bursovd et al. 2012a, Srotovd et al. 2015b).

- Mezi faktory typicky zhorSujicimi neuropatickou bolest a dalsi pozitivni senzitivni
symptomy patii zejména jejich vyskyt ¢i akcentace v klidu, pfi odpocinku a ve ve€ernich
¢i no¢nich hodinach, kdy pacientovi brani usnout a/nebo jej Casto probouzeji. Popsana
interference se spankem patii k velmi vyznamnym komorbiditdm neuropatické bolesti.
Soucasné jde o komorbiditu, na niz je cilena 1 terapeutickd intervence (prvnim krokem
pfi zvladani bolesti je pravé snaha o odstranéni no¢nich obtizi a zajiSténi uspokojivého

odpocinku). Studie, zamétené na hodnoceni efektu preparati ovliviiujicich neuropatickou
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bolest se proto v ramci sekundarnich cilti ¢asto zaméfuji pravé na ovlivnéni poruch
spanku. Na zaklad¢ téchto studii je v soucasnosti piresvédéiveé prokazano, ze fada téchto
latek signifikantné zlepSuje poruchy spanku a upravuje spankovou architekturu (typicky
napi. gabapentin ¢i pregabalin i néktera antidepresiva) a to s velmi vysokou kvalitou
prukazu a silou doporuceni (doporuceni tirovné 1A ¢i IB) (Dworkin et al. 2007, Attal et
al. 2010, Bednatik et al. 2012, Colloca et al. 2017).

U pacientii s alodynii zhorSuje bolest také dotyk (kontakt s pfikryvkou ¢i obuvi nebo
oblecenim), chlad, ev. tlak. Tuto skuteCnost Casto pacienti spontanné popisuji a

zdiiraziuji nutnost vyhybat se zminénym provokacnim faktortim.

- Neuropaticka bolest se naopak casto zmirnuje pohybem (u bolestivych distalnich
polyneuropatii obvykle chtzi), takZze pacienti mohou popisovat nutnost ,,projit“ se po
mistnosti pii probuzeni Vv noc¢nich hodinach nebo ,,protiepat a rozhybat postizenou

koncetinu, coz obvykle ulevi potizim.

Popsané provokacni/ulevujici faktory tak ptfedstavuji diferencialné-diagnosticky vyznamné
informace oproti bolesti nociceptivni, kterd se naopak castéji zhorSuje pohybem a zmiriuje
Vv klidu, pfi odpocinku a v no¢nich hodindch. Ani tento rozdil vSak neni specificky a no¢ni a
klidové bolesti popisuje i fada pacientll s bolesti nociceptivni (zejména zanétlivou). Na
skupinové Urovni je vSak vyskyt klidovych a no¢nich obtiZi, stejné jako vyskyt poruch
spanku (i dalSich komorbidit, jako jsou poruchy ndlady — zejména tizkost nebo deprese)
vyznamné Castéjsi a zavaznost téchto symptom je vyssi u pacientli s neuropatickou bolesti
oproti jedincim s bolesti nociceptivni (Colloca et al. 2017). Vztah bolesti a psychickych
zmén obecné je nicméné komplikovany. Piikladem mulZe byt vzdjemnd vazba bolesti a
deprese, které maji fadu spolecnych patogenetickych mechanismt a podle riznych teorii

mize byt bolest pFi¢inou i disledkem deprese (Stétkarova a Horadek 2016).

Vyskyt a zadvaznost vSech popsanych komorbidit nartsta také s intenzitou neuropatické
bolesti, coz potvrdily i vysledky nasi studie Sensory phenotype and risk factors for painful
diabetic neuropathy: a cross-sectional observational study (Raputova et al. 2017), ktera je

jednou z priloh této prace.
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3.1.3. Kvantifikace intenzity bolesti a dalsich senzitivnich symptomii

Vedle ptritomnosti jednotlivych deskriptorti bolesti a zhorSujicich/ulevujicich faktord jsou
pacienti vV ramci anamnézy rutinné dotazovani také na intenzitu bolesti, ktera je obvykle
hodnocena pomoci jednoduchych kvantitativnich ¢i semikvantitativnich Skal. Hodnoceni
intenzity bolesti neni krokem pfimo zavzatym do jeji diagnostiky ¢i klasifikace, jedna se vSak
o zcela klicovou informaci pro klinicky management pacientil s bolesti (véetné bolesti
neuropatické). Udaj o intenzitd bolesti poskytuje oSetiujicimu 1ékati zasadni informaci o
zéavaznosti subjektivnich potizi pro konkrétniho pacienta a tedy vhodnosti zahajeni terapeutické
intervence, cilené pravé na ovlivnéni bolesti. Nezastupitelnd je pak tato informace pro
longitudinalni sledovani pacienta a hodnoceni efektu ptipadnych terapeutickych intervenci

(Dworkin et al. 2005, Haanpéa et al. 2011).
Mezi nejéastéji vyuzivané jednoduché Skaly umoziujici kvantifikaci neuropatické bolesti patii:

- numericka $kala bolesti (Numeric Rating Scale, NRS). Pii jejim pouziti pacient hodnoti
intenzitu svoji bolesti tak, ze sdéli vySetiujicimu hodnotu na skale od 0 (,,zadna bolest*) do
10, piipadné 100 (v obou piipadech jde o ,nejhorsi predstavitelnou bolest™, pacient je
v uvodu pouziti $kaly instruovan o jejim rozsahu a vyznamu krajnich hodnot), ktera nejlépe
popisuje intenzitu jeho bolesti. Tento zptisob hodnoceni je jednoduchy a pro pacienty
obvykle bezproblémove pouzitelny. Pro urcity segment pacientt je v§ak pouziti numerické
Skaly obtizné a tito pacienti jevi tendenci nahradit ¢iselny tidaj slovnim popisem. Pro tyto
pacienty je pak vhodné&jsi pouziti §kal verbalnich nebo $kal vyuzivajicich zmén vyrazu

obli¢eje (viz nize) (Dworkin et al. 2005).

- vizualni analogova $kala (Visual Analogue Scale, VAS). U této skaly pacient hodnoti
svoji bolest umisténim kurzoru na usecce, jejiz zacatek pifedstavuje ,,zZadnou bolest™ a
konec ,,nejhor$i predstavitelnou bolest“. Na rubové strané $kaly jsou pak uvedeny
odpovidajici ¢iselné hodnoty odpovidajici NRS v typickém rozmezi 0 az 100 (s identickym

vyznamem, jako je uveden vyse) (Dworkin et al. 2005, Haanpia et al. 2011)

- verbalni Skaly (Verbal Rating Scales, VRS). U téchto Skal pacient voli z vybéru
definovanych verbalnich deskriptort intenzity bolesti (kazdému z deskriptorti je nasledné
Casto pfifazena numerickd hodnota, takZze Skdla umoZfuje souCasné urcité
semikvantitativni hodnoceni, vhodné€j$i pro statistické zpracovani). Piikladem je
petibodova Lickertova Skala, kde 0 = zadna bolest, 1 = mirna bolest, 2 = stfedn¢ silna

bolest, 3 = silna bolest, 4 = extrémné¢ silna bolest. Existuji vSak i skaly patnactibodové.
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(Dworkin et al. 2005, Frank et al. 1982, Haanpéi et al. 2011). Skély toho typu jsou pro
fadu pacientii jednodussi nez Skaly Cisté numerické a to zejména s ohledem na slovni popis
intenzity potizi, s nimz se mnohdy identifikuji 1épe nez s Cist¢ numerickou Skalou.
Vyhodou je pfitom moznost urcité kvantifikace obtizi pfevodem na pfifazené Ciselné

hodnoty.

- Skaly bolesti zaloZené na hodnoceni zmén vyrazu obliceje pii nariistajici bolesti (Faces
Pain Scale, FPS) — pacient ma na vybér z né€kolika emotikont (,,smajliki*) s riznymi
vyrazy od usmivajici ho se az po velmi ,trpiciho a ma urcit vyraz obliceje nejlépe
odpovidajici zavaznosti jeho bolesti. Vyhodou této Skaly je predevSim jeji lepsi
vyuzitelnost i u mladSich déti, pro které muze byt obtizné pouziti numerickych ¢i

verbalnich 8kal (Bieri et al. 1990, Hicks et al. 2001).

Pro vSechny uvedené jednoduché skaly plati, Ze interindividualni srovnatelnost jejich vystupti
mohou do jisté miry limitovat individualni rozdily v percepci bolesti a citlivosti viic¢i bolestivym
vjemim. Rizni pacienti tedy mohou intenzitu podobné bolesti hodnotit rizné v zavislosti na
své individualni vnimavosti. Na urovni jednotlivce je vSak spolehlivost hodnoceni bolesti
pomoci téchto skal tradiéné pokladana za uspokojivou a intraindividudlni variabilita hodnoceni
bolesti pomoci vySe popsanych $kal je obvykle povazovana za pomérné nizkou. Pfedpoklada
se tedy, ze stejny pacient pouziva skalu vzdy podobnym zpisobem a srovnatelnou intenzitu
bolesti hodnoti obvykle podobné¢, i kdyz existuji urité vyjimky z tohoto pravidla (viz
nasledujici kapitola, zamétend na hodnoceni vyvoje klinického stavu mj. pomoci opakovaného
pouziti téchto skal).

Zminéné vizualni, numerické ¢i verbalni $kaly mohou byt uzivany samy o sobé&, nebo jsou pro
hodnoceni intenzity bolesti ¢i dalSich symptomii vyuZivany v ramci komplexnéjSich
screeningovych dotaznikovych testl, které kombinuji hodnoceni pfitomnosti typickych

deskriptori s kvantifikaci jejich intenzity (napf. vramci dotazniki Pain Detect nebo

Neuropathic Pain Symptom Inventory - viz ptislusna kapitola nize).

3.1.4. Hodnoceni zmén klinického stavu pacienta a vyvoje intenzity bolesti

Pro hodnoceni zmény intenzity bolesti u téhoZ pacienta (napf. v rdmci longitudinalniho
sledovani ¢i hodnoceni efektu terapeutickych intervenci) je mozné vyuzit opakované vySetieni
vySe popsanych jednoduchych $kal a/nebo Skaly cilené¢ zamétené praveé na popis vyvoje

klinického stavu oproti pfedchozi situaci.
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Jednoduché skaly typu NRS, VAS, VRS ¢i FPS jsou pro hodnoceni bolesti pti longitudinalnim
sledovani bézn¢ vyuzivany a jejich vysledky jsou tradi¢né povazovany za vcelku spolehlivé.
Relativné recentné vSak byly prokazany vyrazné interindividudlni rozdily ve spolehlivosti
jejich pouziti. Urcita ¢ast populace tedy pouziva popsané Skaly predpokladanym konzistentnim
zpuisobem (,,accurate pain reporters®), zatimco nektefi jedinci vykazuji pti opakované pouziti
Skaly vyrazné nekonzistentni vysledky (,,non-accurate pain reporters®). Pravé nekonzistentni
pouziti $kal kvantifikujicich bolest u ur¢itého segmentu pacienti pak bylo identifikovano jako
jeden z nejvyznamnéjSich faktorti limitujicich vystupy klinickych i védeckych studii
zamétenych na neuropatickou bolest (Dworkin et al. 2010). Aktualné proto panuje snaha o
nalezeni identifikatori, umoznujicich rozliSit pacienty vyuzivajici tyto Skaly s rtiznou
spolehlivosti, resp. vybrat jedince hodnotici bolest konzistentnim zplisobem (,,accurate pain

reporters‘) a tedy vhodnéjsi pro pfipadné klinické studie (Treister et al. 2017).

Alternativnim  zptisobem  hodnoceni zmén  klinického stavu je pak vyuziti
verbalnich/numerickych $kal s riiznym poctem stupiiti oznacujicich zménu. Nejcastéji je
uzivana Skala pétibodova (s deskriptory zmény typu: vyrazné zlepSeni — zlepSeni — beze zmén
— zhorSeni — vyrazné zhorSeni), sedmibodova (s hodnocenim zmény na urovni vyrazné — stfedni
— mirné zlepSeni — beze zmén — mirné — Stfedni — vyrazné horSeni) nebo patnactibodova (kdy
pacient prifadi zméné ¢iselnou hodnotu v rozmezi od -7 = velmi vyrazné zhorSeni pres 0 =

Zadna zména po +7 = velmi vyrazné zlepSeni).

3.1.5. Dotazniky vyuzivané v diagnostice a blizsi specifikaci neuropatické bolesti

Kombinace vySe popsanych deskriptorti, pouzivanych typicky pro popis subjektivnich
senzitivnich symptomd, je pomérné specifickym ukazatelem neuropatického charakteru bolesti
a je v soucasnosti rutinné vyuzivana v ramci komplexnéjsich dotaznikovych nastroji. Tyto
dotazniky usnadiuji diagnostiku neuropatické bolesti a/nebo umoziuji jeji blizsi hodnoceni a
diagnostiku tedy zptesiiuji. Jejich rozSiteni v poslednich letech proto vyznamné piispélo ke
zlepSeni managementu a terapie neuropatické bolesti vV obecné populaci (Attal et al. 2018).
Vyhodou jejich pouziti je mj. moznost ziskani standardizovaného (a vétSinou
kvantifikovaného) vystupu, ktery je mozné vyuzit zejména pro ucely klinickych studii 1épe nez

bézné anamnestické a klinické vySetieni pacienta.

Podminkou pouzivani jakéhokoli dotazniku v klinické praxi je pravé jeho standardizace.

V ramci standardizace dotaznikovych nastroji je hodnocena jejich validita (tj. senzitivita a
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specificita nastroje v diagnostice konkrétni klinické jednotky) a reprodukovatelnost a také
naroc¢nost jejich provedeni (napf. ¢asova, ptfipadné nutnost specializovaného vybaveni c¢i
zacviku osob, provadéjicich hodnoceni). Pti pouziti dotaznik ptivodné vyvinutych pro jiné
jazykové oblasti je nutno pievod do matetského jazyka provést metodou zpétného piekladu
(,,forward-backward translation*) (Wild et al. 2005). V ramci tohoto systému je dotaznik
nejprve pielozen z ciziho jazyka do jazyka matetského. Tato jazykova mutace je nasledné jinym
piekladatelem pievedena zpét do piivodniho jazyka a nasledné jsou ob¢ verze (ptivodni a tato
zpétné pielozend) porovnany a zjisténé rozdily jsou vyuzity pfi optimalizaci finalni verze
dotazniku v novém jazyce. Pfeklady dotaznikd pro potieby jejich standardizace by mély byt

provedeny rodilym mluv¢im.
Uzivané dotazniky Ize obecné rozdélit do dvou zakladnich skupin (Attal et al. 2018) a to na:

1. screeningové dotaznikové nastroje urcené pro identifikaci pacienti s neuropatickou
bolesti (zejména pro nespecialisty).
2. dotazniky umoznujici detailnéj$i hodnoceni pfitomnosti a/nebo intenzity jednotlivych

symptom neuropatické bolesti.

3.1.5.1 Screeningové dotaznikové ndstroje urcené pro identifikaci pacientii s neuropatickou

bolesti

Tyto dotazniky jsou primarné koncipovany pro ucely spravné identifikace pacienti
S neuropatickou bolesti a jsou tedy urceny predevS§im pro nespecialisty. Spravné rozpoznani
neuropatického charakteru bolesti (resp. neuropatické komponenty bolesti smiSené) u dané¢ho
pacienta nasledné umozni volbu adekvatni terapie, protoze 1écba neuropatické a nociceptivni
bolesti se navzajem vyrazné lisi (Attal et al. 2018, Bouhassira a Attal 2011, Haanpéi et al.
2011).

Mezi screeningové dotazniky patii napf-.:

- The LANSS Pain Scale: the Leeds assessment of neuropathic symptoms and signs
(Bennett 2001, Bennett et al. 2005)

- Neuropathic Pain Questionnaire (NPQ) (Krause a Backonja 2003)

- Zkracena verze Neuropathic Pain Questionnaire (Backonja a Krause 2003)

- DN 4 (Douleur Neuropathique en 4 Questions) (Bouhassira et al. 2005)

- ID Pain (Portenoy 2006)

- Pain Detect (Freynhagen et al. 2006)
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Jmenované dotazniky byly v poslednich letech cilen¢ vyvinuty jako screeningové testy za
ucelem rychlé a objektivni identifikace neuropatické bolesti na podklad€ pfitomnosti jejich
typickych deskriptori (v nékterych ptipadech v kombinaci s hodnocenim tize bolesti s pouzitim
vySe zminénych jednoduchych numerickych ¢i verbalnich $kal, ptipadné s jednoduchym
klinickym testovanim). Jednd se o Casové nenarocné (v pruméru do 3 minut) a snadno
pouzitelné¢ diagnostické nastroje i pro nespecialisty. VSechny zminéné dotazniky jsou
jednoduché a dobie srozumitelné. VétSina z nich je validovéana i pro pouziti ve formé ,,self-

reported* dotaznikl (pacient je tedy muiize po inicialni instruktazi vyplnit samostatng).

Dotazniky obsahujici kombinaci s kvantitativnimi ¢i semikvantitativnimi §kalami (napt. VAS,
NRS, VRS) umoznuji nejen identifikaci piitomnosti jednotlivych deskriptort, ale také
posouzeni intenzity bolesti piislusného charakteru (pfipadné dalSich hodnocenych symptomu).
Predstavuji tak urcity pfechod ke druhé skupiné dotazniki, pouzivanych pro blizsi hodnoceni

bolesti.

Vsechny vyse uvedené screeningové dotaznik vykazuji vysokou a vzajemné srovnatelnou
validitu v diskriminaci neuropatické a nociceptivni bolesti (Bennett et al. 2007). Pro kazdy
z nich je stanovena limitni (cut-off) hodnota, rozliSujici nejlépe pacienty s neuropatickou a
nociceptivni  bolesti. V provedenych originalnich valida¢nich studiich vykazaly tyto
screeningové dotazniky senzitivitu 67-85 % a specificitu 74-90 % a to vétSinou vici ,,nazoru
experta“ jako zlatému standardu pro identifikaci tohoto typu bolesti (Bennet et al. 2007, Attal
et al. 2018). Pii jejich pouziti je tedy cca 10-20% riziko chybné uréené diagndzy a to zejména
u pacienti se smiSenou bolesti (napi. vertebrogenni ¢i nadorovou). Tyto screeningové
dotazniky nejsou také vhodné u pacientt s difuznimi bolestivymi syndromy (fibromyalgie) ani

S paroxysmalni neuropatickou bolesti (napf. neuralgie trigeminu) (Bouhassira a Attal 2010).

Podle aktualnich doporuceni (Haanpaé et al. 2011, Finnerup et al. 2016, Attal et al. 2018) je
pouziti screeningovych dotaznikli vhodné jako prvni krok v diagnostickém algoritmu
neuropatické bolesti a mélo by byt nasledovano dal§imi kroky v ramci tohoto algoritmu za
i¢elem dosazeni vyssi diagnostické jistoty priikazu neuropatického charakteru bolesti. Rada
studii pfitom prokazuje dobrou az vynikajici pozitivni korelaci mezi priikazem pravdépodobné
¢i potvrzené (jisté) neuropatické bolesti podle aktualniho klasifikaéniho schématu (Finnerup et
al. 2016) a vysledky screeningovych dotaznikt (napt. pro Pain Detect viz Themistocleous et al.
2016).
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Vsechny vyse uvedené dotazniky byly z pivodnich jazykovych verzi pteloZeny do fady dalSich

jazykd. V ¢eském jazyce jsou k dispozici nasledujici dotazniky:

a. Pain Detect - nevalidovana Ceska verze dotazniku je komeréné distribuovana
jednou z farmaceutickych firem, do jejihoz portfolia patii i 1éky cilené na ovlivnéni
neuropatické bolesti — k dispozici na

https://www.pfizerpro.cz/sites/default/files/lyr-2017.02.007_pain_detect_cz.pdf.

b. DN4 — ¢astecna validace ¢eské verze dotazniku (resp. jeho plné i zkracené verze) u
pacientli s ¢asnou diabetickou polyneuropatii byla provedena nasi pracovni
skupinou v ramci publikace Validita a prediktivni hodnota skriningovych testit u
prediabetické a casné diabetické polyneuropatie (Bursova et al. 2012a), ktera je

prilohou této prace.

€. Schopnost diskriminace pacientii s neuropatickou a nociceptivni bolesti mohou mit
1 n¢které dotazniky z nasledujici skupiny, primarné vytvotrené za ucelem hodnoceni
pfitomnosti a/nebo intenzity jednotlivych symptoml neuropatické bolesti.
Pfikladem takového dotazniku je Neuropathic Pain Symptom Inventory (NPSI)
(Bouhassira et al. 2004). Tento dotaznik je v originalni verzi nema cut-off hodnotu,
ktera by umoznila rozlisit pacienty s neuropatickou a nociceptivni bolesti. V ramci
validace nékterych jazykovych verzi se vSak autofi téchto validacnich studii
pokusili zaméfit m.j. 1 na otdzku vyuziti dotazniku v diskriminaci obou typt bolesti.
Némecké valida¢ni studie prokazala na skupinové urovni dobrou diskriminaéni
schopnost mezi neuropatickou a nociceptivni bolesti jiz v zékladni verzi dotazniku
(Sommer et al. 2011). Tato schopnost se dale vyrazn¢ zlepSila pii navrZzené Gpraveé
zpiisobu vypoctu dotazniku (zafazenim specifickych koeficientti, derivovanych pro
jednotlivé polozky na zakladé provedené diskrimina¢ni analyzy). Takto
modifikovany dotaznik prokdzal velmi wuspokojivou diagnostickou validitu
v diskriminaci pacientl s neuropatickou a nociceptivni bolesti a to i na individualni
urovni (Sommer et al. 2011). Podobné vysledky pfinesla v ramci validace ¢eské
verze dotazniku i nase studie (Srotovd et al. 2015b), kterd je jednou

Z komentovanych pfiloh této prace.
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3.1.5.2. Dotazniky umoznujici detailnéjsi hodnoceni pritomnosti a/nebo intenzity jednotlivych

symptomii neuropatické bolesti.

Tyto dotazniky jsou vyuzivany mj. pro Gcel klinickych studii, kde napomahaji monitoraci
odpovédi na terapii. Umoziuji posoudit selektivni vliv terapie na rizné symptomy (napi.
taktilni alodynii) ¢i dimenze bolesti (napf. bolest povrchovou, hlubokou, vyvolanou apod.).

Jejich hodnoceni poskytne tedy piesnéjsi informaci pro monitoraci efektu terapeutickych

intervenci nez hodnoceni celkové intenzity bolesti (Baron et al. 2012).

V ramci vyzkumnych projekti pak tyto dotazniky poskytuji podklad pro detailni fenotypizaci
pacienti (umozni vytvofit profil neuropatickych symptomt). Hledani vztahti mezi
symptomovymi profily a objektivnimi zndmkami tize a charakteru neurogenni 1éze pak muze
pomoci rozkryt patofyziologické mechanismy, podilejici se na vzniku bolesti (napt. centralni
senzitizace) (Baron et al. 2012, Attal et al. 2018). Tyto informace mohou byt také podkladem

pro cilenéjsi vybér pacientl pro potieby klinickych studii (viz nize).
K dotaznikiim z této skupiny patii napf..

- Neuropathic Pain Scale (Galer a Jensen 1997)

- Neuropathic Pain Symptom Inventory (Bouhassira et al. 2004)

- Pain Quality Assessment Scale (Jensen et al. 2006)

- Revidovana a rozsifena verze kratké formy McGillova dotazniku (Short-form
McGill Pain Questionnaire, SF-MPQ-2) (Dworkin et al. 2009)

- Podle recentnich poznatki je pro blizs§iho hodnoceni neuropatické bolesti
vyuzitelny i1 dotaznik PainDetect, vyvinuty primarné jako dotaznik screeningovy,
ale obsahujici tdaje o sedmi deskriptorech bolesti hodnocenych na kategorialni
verbalni Sestibodové Skale a to predev§im v revidované verzi s vynechanim polozek

zaméfenych na distribuci bolesti a jeji Casovy prubéh (Packham et al. 2017).

Prvni dva ze jmenovanych dotaznikli byly vyvinuty cilené pro ucel bliz§i specifikace
neuropatické¢ bolesti, druhé dva jsou vyuzitelné pro hodnoceni bolesti neuropatické i

nociceptivni (Attal et al. 2018).

Podobné¢ jako dotazniky screeningové jsou i tyto dotazniky zaloZeny na kombinaci typickych
deskriptorli bolesti, které mohou byt dale rozdé€leny do riznych kombinaci, pfedstavujicich
odlisné dimenze bolesti, tedy bolest vyvolanou, povrchovou, hlubokou apod. (typicky napf.

v ramci dotazniku NPSI - Bouhassira et al. 2004, Srotova et al. 2015b). Na rozdil od dotaznik
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screeningovych vSak dotazniky zamétené na hodnoceni bolesti neobsahuji polozky, které se
vztahuji ke klinickému neurologickému vysetfeni ani k negativnim senzitivhim symptomum.
Dtivodem je obtizna subjektivni kvantifikace t€chto symptomu. Hypestezie pro rizné senzitivni

modality je proto 1épe hodnotitelna v ramci kvantitativniho testovani senzitivity.

V ceském jazykovém prostiedi je dosud k dispozici validovana verze jediného dotazniku z této
skupiny: jedna se o dotaznik Neuropathic Pain Symptom Inventory, jehoz validace byla
provedena nasi pracovni skupinou v obdobi 2012-2014. Vysledky této studie byly publikovany
Vv ramci prace Validace ceské verze Neuropathic Pain Symptom Inventory (NPSIc) (Srotova et

al. 2015b), ktera je komentovanou ptilohou tohoto textu.

3.1.5.3.Hodnoceni symptomovych profilu vychazejici z popsanych dotaznikovych nastrojii.

Hodnoceni symptomovych profild je velmi aktualnim tématem v oblasti vyzkumnych i
klinickych studii zaméfenych na neuropatickou bolest. Obecné lze fici, ze urcité
charakteristické symptomové profily jsou patrné napri¢ spektrem onemocnéni, které se
mohou projevovat neuropatickou bolesti. Tyto profily tedy nejsou piimo spojeny s konkrétni
vyvolavajici pticinou bolesti (polyneuropatie, mononeuropatie, radikulopatie, roztrousena
skler6za, mis$ni trauma apod.), ale spise s patofyziologickymi mechanismy, které se na rozvoji
konkrétniho fenotypu podileji. Spontanni hluboka ¢&i paliva bolest tak v souladu s timto
konceptem reflektuje poskozeni nociceptivnich drah v perifernim ¢i centralnim useku, zatimco
bolest evokovana (napi. dynamicka mechanicka alodynie) je disledkem pretrvavajici aktivity
zachovanych (a v dasledku postizeni senzitizovanych) nociceptivnich terminal a/nebo
centralnich drah, které na n¢ navazuji (Attal et al. 2018). Soucasné vSak plati, ze se urcité
symptomy ¢i symptomové profily vyskytuji castéji u urcitych konkrétnich klinickych jednotek
a naopak pro jednotlivé klinické jednotky (diabeticka polyneuropatie, bolestiva radikulopatie
apod.) je jiz popsano spektrum typickych symptomovych profild, odpovidajicich riznym

patofyziologickym mechanismiim, které se na rozvoji bolesti u dané jednotky obvykle podileji.

V soucasnosti panuje snaha o vyuziti téchto poznatkt v optimalizaci terapie neuropatické
bolesti a to na individualni urovni i V designu nové koncipovanych klinickych studii.
Predpokladda se totiz, Ze pravé odliSné symptomové profily (reflektujici odlisné
patofyziologické mechanismy rozvoje neuropatické bolesti) by mohly rozliSit rizné skupiny
pacientll z hlediska odpovidavosti na potencidlni terapii 1épe nez zohlednéni vlastnich

vyvolavajicich pficin. Jednd se tak ziejmé o novy koncept ,personalizované mediciny*,
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umoziujici cilenéj$i volbu optimalni terapie neuropatické bolesti u jednotlivych pacientt a

wevr

Zarazeni nékterého z hodnoticich dotaznikii do protokolu klinickych studii s preparaty
ur¢enymi k ovlivnéni neuropatické bolesti proto aktualn¢ doporucuje i Evropskd lékova
agentura (European Medicines Agency, EMA) (European Medicines Agency 2015) a to
dokonce jako primdrni endpoint studii s preparaty a postupy cilenymi k ovlivnéni neuropatické

bolesti.

Hodnoceni symptomovych profild v souladu s aktualnimi trendy obsahuje i zmifiovana
validaéni studie NPSI dotazniku (Srotovd et al. 2015b) a to na pomérné velké skupiné pacientl
s neuropatickou bolesti periferniho a centralniho typu (pfi diabetické polyneuropatii a
roztrousené sklerdze). Prace prokazala ptekryv symptomovych profilti mezi obéma jednotkami,

manifestujicimi se neuropatickou bolesti.
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3.2.  KLINICKE NEUROLOGICKE VYSETRENI ZAMERENE NA VYSETRENI
SENZITIVITY

Klinické neurologické vySetfeni zaméiené zejména na hodnoceni senzitivity (a na n¢j
navazujici kvantitativni aplikace umoziujici detailni hodnoceni citlivosti pro jednotlivé
senzitivni modality) predstavuje dalsi kli¢ovy krok v diagnostickém procesu neuropatické
bolesti. Klinické vySetfeni navazuje na detailni anamnézu a umoziiuje prokdzat poruchu
citlivosti v neuroanatomicky plauzibilni distribuci (odpovidajici oblasti bolesti), coz je
podminkou pro stanoveni diagnozy ,,pravdépodobné neuropatické bolesti v souladu s aktualné

platnym diagnostickym schématem (Haanpaa et al. 2011, Finnerup et al. 2016).

3.2.1. Zakladni klinické vysetreni senzitivity

V bézné klinické praxi je hodnoceni senzitivity obvykle zaloZzené pouze na zékladnich
kvalitativnich metodach. Dle doporuc¢eni NeuPSIG (Haanpdi et al. 2011) by mélo zahrnovat
nasledujici modality: taktilni ¢iti, vibra¢ni Citi, ostrd mechanicky vyvolana bolest (evokovana
pichnutim $pendlikem), chlad a teplo. Dosud ptitom nejsou k dispozici studie hodnotici pfinos
rutinniho klinického vySetfeni senzitivity V diagnostice neuropatické bolesti, tedy napf.
srovnavajici, jak presné je stanoveni diagn6zy neuropatické bolesti na zaklad¢ klinického
vySetfeni ve srovnani s podrobnéj§imi vySetfovacimi metodami. Obecné lze fici, Ze klinické
vySetieni mj. ptispiva k diagnostice zakladniho onemocnéni, které je pficinou léze nebo
onemocnéni senzitivniho nervového systému. Soucasné poskytuje orientacni informaci (typu
norma/abnormita) o pfitomnosti senzitivniho postizeni pro testované senzitivni modality a
umozni tedy odhalit zietelné vyjadiené poruchy citlivosti. Nediagnostikuje vsak jemnéjsi
zmeény senzitivni percepce a je pouze omezené vyuzitelné také pro longitudinalni sledovéani
pacientll, protoZze detekuje az velmi vyrazn€ vyjadiené zmény klinického nélezu (Vickova a
Srotova 2014). Z uvedenych diivodii vzriistd v poslednich letech trend k piesnéjsimu vysetieni
jednotlivych senzitivnich modalit vramci tzv. kvantitativniho testovani senzitivity

(Quantitative Sensory Testing, QST).

3.2.2. Kvantitativni testovani senzitivity

Kvantitativni testovani senzitivity pfedstavuje skupinu psychofyzikalnich metod umoziujicich

komplexné hodnotit funkéni stav somatosenzitivniho nervového systému (Backonja et al.
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2013). Svym psychofyzikalnim charakterem je tedy QST blizké diagnostickym metodam jako
jsou audiometrie ¢i pristrojové vysetieni perimetru nebo vysetifeni zrakové ostrosti pomoci
optotypu, které jsou v klinické praxi rutinné¢ pouzivané a Siroce akceptované jako validni a

spolehlivé diagnostické testy (Backonja et al. 2013).

Ve srovnani s béznym klinickym vySetfenim senzitivity poskytuje QST fadu vyhod: tyto
metody jsou presnéj$i a umozni odhalit i méné klinicky vyjadiené abnormity. Navic jsou
kvantifikované a postup vySetieni je standardizovany, coZz poskytuje lepsi oporu pro inter- i
intraindividualni srovnani pacientd a jejich longitudinalni sledovani (Backonja et al. 2013,

Vickova a Srotova 2014).

Metody QST jsou vyuzivany pro diagnostické ucely a monitoraci pacientli s nc¢kterymi
neurologickymi onemocnénimi. V klinické praxi dominuje vyuziti QST u senzitivnich
neuropatii a to zejména téch, které nejsou prokazatelné béznymi elektrofyziologickymi testy,
tedy pfedevsim u neuropatie tenkych vlaken (Lacomis et al. 2002, Vickova-Moravcova 2008a,
Vickova-Moravcova 2008b, Vickova-Moravcova a Bednarik 2009, Vickova 2011, Haanpéa et
al. 2011, Divisova et al. 2012, Backonja et al. 2013, Potockova et al. 2016).

Klicovou roli hraje QST také v diagnostice a klasifikaci pacientli s neuropatickou bolesti
(Cruccu et al. 2009, Haanpéa et al. 2011, Backonja et al. 2013, Finnerup et al. 2016). Prukaz
senzitivnich abnormit pomoci detailniho vysetieni senzitivity v oblasti bolesti je podminkou
pro stanoveni diagndzy ,,pravdépodobné neuropatické bolesti“ podle aktualné uZzivaného
klasifika¢niho schématu (viz vyse) (Finnerup et al. 2016). Vyznamnou aplikaci QST je moZnost
fenotypizace pacientll s neuropatickou bolesti (tedy urceni jejich senzitivniho profilu
zaloZzen¢ho na zménach citlivosti pro jednotlivé modality detekovatelnych pomoci QST metod)
(viz samostatnd kapitola nize). Opakované hodnoceni senzitivnich profili béhem terapie
poskytne mj. moznost cilené odlisit vliv terapie na konkrétni symptomy (napf. na alodynii,
hyperalgezii apod.). Klasifikace pacientii podle jednotlivych senzitivnich fenotypt poskytuje
také podklad pro jejich cilen€jsi vybér pro ucely klinickych studii. Recentné bylo také
prokazano, ze QST metody a zejména jejich tzv. dynamické aplikace (viz samostatné kapitola
nize) mohou mit u pacientll sbolesti i vyznam prognosticky a umozni napi. predikci
odpovidavosti pacienta na urcity typ terapie ¢i pravdépodobnosti rozvoje pooperacnich bolesti

(Arendt-Nielsen a Yarnitsky 2009, Backonja et al. 2013, Kincova et al. 2016).

V minulosti byly pomoci kvantitativnich (obvykle pfistrojové asistovanych) metod testovany

zejména modality termického Citi (které jsou jinak obtizné€ klinicky hodnotitelné) a to v ramci
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tzv. testovani termického prahu (Thermal Threshold Testing, TTT) (Dyck et al. 1993, Yarnitsky
1997, Moravcova a Bednarik 2003, Moravcova et al. 20050, Bursova et al. 2012c). Spektrum
senzitivnich modalit vySetfitelnych v ramci QST se vSak nasledné¢ vyrazné rozristalo
(Yarnitsky 1997, Rolke et al. 2006a) a v soucasnosti lze timto zptisobem testovat v§echny typy
senzitivnich nervovych vlaken (Backonja et al. 2013, Rolke et al. 2006a, Vickova a Srotovd
2014).

Orientacni piehled senzitivnich modalit véetné typu nervovych vldken, ktera danou modalitu
zprostiedkuji a moznosti jejich vySetfeni pomoci klinickych, QST a paraklinickych metod
poskytuje tabulka 1). Podrobny vycet kvalitativnich, semikvantitativnich i Kvantitativnich
metod hodnoceni jednotlivych senzitivnich modalit véetné dostupnych normativnich dat byl

publikovan formou minimonografie (Vickova a Srotova 2014) a je piilohou této prace.
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Tabulka 1. Sumarizace metod testovani funkce jednotlivych typu nervovych viaken

TYP MODALITA ZPUSOB TESTOVANI
VLAKEN | CITLIVOSTI [joqcq che iiinicke | OST Laboratorni testy
testy (kvalitativni ¢i
semikvantitativni)
Al Dotyk Smotek vaty, stéticka | Freyova filamenta Konduk¢éni
studie
Vibrace Nekalibrovana ladicka | Vibrometrie, senzitivnich
graduovana ladicka nervii, SEP
Ad Bodnuti Neuropen, Spendlik Algometrie, LEPs, CHEPs
kalibrované $pendlliky
Chlad Tip-therm, zkumavky | Termické testovani
Cc Bolest (paleni) Termické testovani Kozni biopsie,
Teplo Zkumavky Termické testovani CCM

Pouzité zkratky:

QST - kvantitativni testovani senzitivity (Quantitative Sensory Testing)

LEPs - laserem evokované potencialy (Laser Evoked Potentials)

CHEPs - evokované potencialy vyvolatelné kontaktnim teplem (Contact-Heat Evoked
Potentials)

CCM - kornealni mikroskopie rohovky (corneal confocal microscopy).
Modifikovano z Cruccu G, Sommer C, Anand P, Attal N, Baron R, Garcia-Larrea L,

Haanpaa M, Jensen TS, Serra J, Treede RD. EFNS guidelines on neuropathic pain
assessment: revised 2009. Eur J Neurol 2010;17:1010-1018 a Vickova 201 1.
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3.2.2.1. Limitace kvantitativniho testovani senzitivity
Podobn¢ jako kazda psychofyzikalni metoda mé i QST fadu omezeni, k nimz patii zejména:

1. Nutnost spoluprdace pacienta: Vysetfeni senzitivity obecné (vCetné QST) patii
k pomémné naroénym soucastem klinického neurologického vySetfeni vyzadujicim
aktivni spolupraci pacienta: vySetfeni tedy nelze provadét u pacient v bezvédomi ¢i u
jedincii nespolupracujicich. Obtizné je také testovani velmi malych déti. U téchto skupin

pacienti tak nelze stanovit diagnézu pravdépodobné neuropatické bolesti.

Vysledky vySetfeni mohou byt také vyznamné ovlivnény tunavou, poruchami
koncentrace, motivaci pacienta, trovni kognitivnich funkci, sugestibilitou pacienta a
jeho tendenci k simulaci ¢i agravaci obtizi. Tyto fenomény, resp. obecné uroven
spoluprace, jsou béhem QST vysetteni testovany (mj. hodnocenim variability odpovédi
na podnéty identické intenzity a/nebo zatfazenim tzv. nulovych stimulii, kdy neni
aplikovéan zZadny podnét, coz by mél pacient spolehlivé rozpoznat, aby mohlo byt jeho
testovani hodnocené jako validni) (Yarnitsky 1997, Moravcova a Bednarik 2003,
Vickova a Srotova 2014, Backonja et al. 2013)

2. Subjektivni charakter testovani: Hodnoceni senzitivnich vjemi vyvolanych
odpovidajici stimulaci v rdmci klinického ¢1 QST vySetfeni je vzdy subjektivni. U
fyziologicky a anatomicky konzistentnich nalezl jsou vSak vystupy QST (podobné¢ jako
napi. audiometrie, perimetrie ¢i hodnoceni zrakové ostrosti) pokladany za validni,
spolehlivy a do znaéné miry za objektivni test (Backonja et al. 2013, Vickovd a Srotova
2014).

3. Absence presné topizacni hodnoty. Pokud je vySetfeni provadéno pouze v jednom mist¢,
nelze sjeho pomoci uréit rozsah postizeni (coz vSak lze zpfesnit testovanim vice
oblasti). Neumoziuje rozliSit ani segment postizeni senzitivniho nervového systému
(centralni x periferni nervovy systém) ¢i pfesné urceni mista léze (miSni, kmenova,
subkortikalni ¢i kortikéalni dysfunkce apod.)

4. Pritkaz abnormit i u bolesti jiného piivodu (neneuropatické) v fadé¢ publikovanych
studii. Prikaz abnormit na QST vySetfeni neni automaticky prikazem neuropatické
bolesti a QST vysetieni tedy samo o sobé neumoznuje odliSit pacienty s neuropatickou
u bolesti od jedinci s bolesti jiné etiologie (Cruccu et al. 2010).

5. Nutnost tréningu vysettujictho (a pfed vlastnim zaCatkem testovani orientacné i

vysetiovaného).
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3.2.2.2. Komplexni protokol kvantitativniho testovani senzitivity

Velmi vyznamnym meznikem ve vyuziti QST pro klinické i experimentalni ucely bylo
vytvofeni a nasledna validace komplexniho protokolu kvantitativniho testovani senzitivity
némeckou pracovni skupinou pro vyzkum neuropatické bolesti (Der Deutsche
Forschungsverbund Neuropathischer Schmerz (DFNS), The German Research Network on
Neuropathic Pain) (Rolke et al. 2006a, Rolke et al. 2006b). Tento komplexni protokol zahrnuje
vySetieni fady senzitivnich modalit a reflektuje funkci riznych typti nervovych vlaken a obou
zakladnich senzitivnich drah (tedy spinothalamické drahy i tractus spino-bulbo-thalamicus, t.j.
drahy lemniskalni). Aktualné je cely protokol téméi bezvyhradné vyuzivan pro hodnoceni
senzitivity ve studiich, zamétenych na fenotypizaci pacientt s neuropatickou bolest rizného
ptavodu (aktualni pocet citaci ¢lanku Rolke et al. 2006a na WOS k VI1/2018 je pies 1000)
(Finnerup et al. 2016, Backonja et al. 2013). Publikovana byla i validovana ¢eska verze
protokolu (Srotovd et al. 2015a) obsahujici detailni vy&et hodnocenych modalit véetnd zptisobu

jejich testovani, ktera je ptilohou této prace.
DFNS protokol poskytuje informace o:

1. ztraté citi pro nékterou ze senzitivnich ¢i algickych modalit (hypestezie ¢i hypoalgezie,
oznacované také jako ,,abnormity typu loss®, tedy piedstavujici snizenou funkci
receptori ¢i navazujicich struktur periferniho ¢i centrdlniho nervového systému,

zGc¢astnénych V percepci prislusného typu senzitivnich nebo algickych podnéti)

2. abnormalné zvysené algické percepci ¢i bolesti evokované podnéty, které jsou za
beznych okolnosti nebolestivé (hyperalgezie ¢i alodynie, oznacované jako ,,abnormity
typu gain“, tedy poukazujici na abnormalné¢ zvySenou funkci nociceptorti i
navazujicich periferné neurogennich struktur ¢i centralnich senzitivnich drah). Tyto
fenomény ptitom obvykle nemaji korelat v elektrofyziologickych metodéach, uzivanych
pro hodnoceni alterace senzitivniho systému (napt. kondukéni studie perifernich nervi
provadéné v ramci elektromyografického vySetfeni ¢i somatosenzitivni evokované

potencialy).

3. casové sumaci percepce bolestivych podnéti (jako jednom z centralnich nocicepénich
mechanismi, jehoz abnormdlni zvySeni se mize podilet na rozvoji fady bolestivych

stavll — viz také nize sekce o dynamickych QST metodach).
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Kli¢ovymi vyhodami DFNS QST protokolu jsou:

1. siroké spektrum hodnocenych modalit

2. moznost rozliseni pozitivnich (,,gain®) a negativnich (,,loss*) senzitivnich fenoménti.

3. standardizace metodiky vySetieni (a to z hlediska vybaveni pro vySetieni jednotlivych
senzitivnich modalit, slovnich instrukci, poskytovanych pacientim v ramci hodnoceni,
1 pouziti validovanych algoritmt testovani)

4. vekove stratifikovana normativni data dostupnd pro fadu lokalizaci a to oddé€lené pro
muze a zeny (Rolke et al. 2006a, Magerl et al. 2010, Pfau et al. 2014).

5. kvantifikace vystupii jako podklad pro interindividudlni srovnani na tirovni individualni
i skupinové i pro srovnani intraindividualni v ramci longitudinalniho sledovani pacientt
(a to pro monitoraci pozitivnich i negativnich fenoméni vcetné diferencovatelné
odpovédi jednotlivych senzitivnich symptomu na aplikovanou terapii).

6. uspokojiva reprodukovatelnost ndlezii a jejich pomeérné nizkd intraindividualni
variabilita u vétSiny pacientil, kterou potvrzuji nalezy fady studii (Yarnitsky et al. 1997,
Rolke et al. 2006a, Rolke et al. 2006b, Backonja et al. 2013) v¢etné praci publikovanych

nasi pracovni skupinou (Moravcovia et al. 2005b, Srotova et al. 2015a).

Protokol tak spliiuje vSechny podminky doporucované pro QST vySetfeni V ramci Sirokého
konsenzu specidlni skupiny zamétené¢ na neuropatickou bolest (Special Interest Group on
Neuropathic Pain (NeuPSIG) pii Mezinarodni asociaci pro studium bolesti (International

Assciation for the Study of Pain, IASP) (Backonja et al. 2013).

3.2.2.3. Kvantitativni testovani senzitivity jako podklad pro hodnoceni senzitivnich profilii

Jednou z nejperspektivnéjSich aplikaci QST metod je jejich vyuZiti pro fenotypizaci pacientd
s neuropatickou bolesti na zdkladé zmény senzitivni percepce detekovanych v ramci
objektivniho vySetieni senzitivity. Jedny se o pfistup analogicky jako v pfipadé€ vySe zminénych
symptomovych profilt zaloZzenych na subjektivnich senzitivnich potizich. Dlivodem pro tento
zpusob vyuziti QST dat je snaha o cilengj$i a ,,patofyziologicky orientovany* pfistup k terapii
neuropatické bolesti. Tento postoj vychazi ze skuteCnosti, ze fada pacientd s neuropatickou
bolesti neni dostatecné UspéSné 1éCena a fada slibnych preparati neni v klinickych studiich
uc¢inna, a to navzdory zlepSujicimu se porozuméni komplexni neurobiologii bolesti (Backonja
et al. 2013, Baron et al. 2017). Neoptimalni vysledky klinickych studii jsou pfitom

pravdépodobné podminény spiSe niz§im podilem respondert (tedy skutecnosti, Zze na terapii
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odpovida pouze urcita ¢ast 1éCenych pacientil) nez nedostatecnym efektem podéavané terapie.
Proto trvd snaha o nalezeni zpiisobu presnéjsi klasifikace pacientii zalozené na
patofyziologickych mechanismech rozvoje bolesti a tedy poskytujici lepsi moznosti predikce
odpovédi na konkrétni terapii. Tato klasifikace by pak piedstavovala podklad pro cileny vybér
vhodnych pacientli, potencialné profitujicich z konkrétniho typu lécby, a to jak v ramci
klinického managementu téchto pacienti, tak pro potfeby expetimentalnich i klinickych studii.
Pacienty 1ze pro tento ucel klasifikovat pomoci vyse uvedenych dotaznikovych néstroji
zaméienych na pfitomnost/intenzitu urcitého spektra subjektivnich senzitivnich symptomu
(Attal et al. 2018, viz vySe) a/nebo pravé na podkladé raznych senzitivnich profild

vychazejicich z klinického vySetieni a/nebo QST metod.

Hodnoceni senzitivnich profilti vychazi z faktu, Ze se na rozvoji bolesti podili n€kolik riznych
patofyziologickych mechanismi (Campbell a Meyer 2006), k nimz patii napt. blok vedeni,
generovani ektopickych impulzi v poskozenych a/nebo zachovalych aferentnich nervovych
vlaknech a periferni ¢i centralni senzitizace (Campbell a Meyer 2006, Baron et al. 2017, Vollert
et al. 2017, Vollert et al. 2018). Vyskyt téchto mechanismu se li$i mezi riznymi pti¢inami
rozvoje bolesti, ale 1 mezi riznymi pacienty s neuropatickou bolesti stejné etiologie. Soucasné
naopak plati, Zze obdobné patofyziologické mechanismy se mohou podilet na rozvoji
neuropatické bolesti zpsobené riznymi pfi¢innymi faktory (Baron et al. 2017). Zminéné
patofyziologické mechanismy nelze vétSinou u pacientl testovat ptimo, predpoklada se vsak,
Ze jsou asociovany s uréitymi zménami senzitivnich funkci (Baron et al. 2017, Vollert et al.
2017, Vollert et al. 2018). Piikladem miiZe byt tepelna hyperalgezie, ktera je spojena s periferni
senzitizaci, nebo hyperalgezie vii¢i ostré mechanicky vyvolané bolesti (pinprick hyperalgesia),
ktera je naopak asociovana se senzitizaci centralni (Baron et al. 2017). Senzitivni profily, které
poskytuji komplexni informaci o celém spektru senzitivnich funkci (hyperalgezie, alodynie,
hypestezie pro rizné senzitivni modality), tak pfedstavuji ur¢ité voditko, reflektujici dysfunkci
patofyziologickych mechanismil zpracovani senzitivni aferentace (Baron et al. 2010, Baron et
al. 2017, Maier et al. 2010). Stratifikace pacientii podle zminénych senzitivnich profili se jevi
jako vhodnéjsi nez diive pouzivana klasifikace dle pfi¢innych faktorli neuropatie a to jak
Z hlediska vybéru vhodné terapie pro ptisluSného pacienta, tak i1 z hlediska vybéru vhodnych
respondert pro potteby klinickych studii. Zatfazeni QST metod do studii zamétfenych na
ovlivnéni neuropatické bolesti proto aktudlné¢ doporucuje 1 Evropskd 1ékova agentura

(European Medicines Agency, EMA) (European Medicines Agency 2015).
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Tento ptistup je podkladem pro nariistajici vyuziti hodnoceni senzitivnich profili u pacientt
s neuropatickou bolesti rizné etiologie. Recentné bylo publikovano nékolik velkych studii
zamétenych na tuto problematiku (Baron et al. 2017, Vollert et al. 2018, Uceyler et al. 2018,
Themistocleous et al. 2016) vetné praci nasi pracovni skupiny zamétené na urceni senzitivnich
profild u pacientt s bolestivou diabetickou polyneuropatii (Raputova et al. 2017) a/nebo u §irsi
skupiny klinickych jednotek (tedy u pacientt s periferni neuropatickou bolesti pfi diabetické
polyneuropatii a jedincii s centralni neuropatickou bolesti u roztrousené sklerézy) (Srotovd et

al. 2015a). Obé prace jsou komentovanymi piilohami tohoto textu.

3.2.2.3.1. Pristupy k hodnoceni senzitivnich profilit pomoci QST metod

Senzitivni profily zalozené na metodach QST mohou byt hodnoceny dvéma moznymi zpisoby.
Prvni moznosti je empirické pieddefinovani ur¢itych profil na zakladé ocekavanych QST
nalezii pfi urcitych patofyziologickych mechanismech a nasledné rozcélenéni pacientii
sledované skupiny podle téchto pfeddefinovanych profilti. Druhym ptistupem je pak clusterova

analyza QST nalez( v hodnocené kohort¢ pacientt.

Ptikladem prvniho piistupu je hodnoceni vyskytu dvou klasicky popisovanych profili, tzv.
deaferenta¢niho profilu a profilu ozna¢ovaného jako ,,iritabilni nociceptor (Fields et al. 1998,
Demant et al. 2014, Themistocleous et al. 2016, Raputovd et al. 2017). U pacienti
s deaferenta¢nim profilem dominuje sniZeni az ztrata senzitivnich funkci zprostredkovanych
riznymi typy nervovych vlaken (ukazujici na snizenou senzitivni aferentaci). Pacienti
s profilem typu ,iritabilniho nociceptoru“ maji naopak zachovalou funkci tenkych
nervovych vlaken (tedy intaktni termickou a algickou percepci) a soucasné znamky
hypersenzitivity (tedy termickou ¢i mechanickou hyperalgezii a/nebo alodynii) (Fields et al.
1998, Demant et al. 2014). Tyto profily lze spolehlivé rozlisit napf. u pacientti s postherpetickou
neuralgii (Fields et al. 1998) a jejich vyuZitelnost byla prokdzana i ve vétSich souborech
pacientll s neuropatickou bolesti variabilni etiologie (Demant et al. 2014). Recentn¢ byly
publikovany 2 prace zaméfené na vyskyt zminénych profilti u pacienti s bolestivou diabetickou
neuropatii a to Vobou piipadech vramci velkych priafezovych observacnich studii
(Themistocleous et al. 2016, Raputova et al. 2017). Obé prace shodné prokazaly dominujici
vyskyt deaferenta¢niho profilu, ktery je prokazatelny u nadpoloviéni vétSiny pacientl této
skupiny. Podil pacientt s profilem ,,iritabilniho nociceptoru® byl naopak v obou hodnocenych

souborech pomérné nizky, coZ naznacuje ponékud odlisné patofyziologické mechanismy
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rozvoje neuropatické bolesti u vétSiny pacientd s bolestivou diabetickou neuropatii ve srovnani
napf. s postherpetickou neuralgii (a tedy pravdépodobné i nutnost odlisné terapie neuropatické
bolesti u téchto jednotek) (Themistocleous et al. 2016, Raputova et al. 2017). Pii tomto zptisobu
hodnoceni zlstava vzdy také Cast pacientll nezatrazena, protoze nespadd do zadné z vyse

zminénych jasné definovanych kategorii.

Druhy piistup hodnoceni senzitivnich profili vyuzivaji v recentné publikované praci napf.
Baron et al. (2017). Tato velka prufezova studie je zaméfena na hodnoceni senzitivnich profilti
ve skupiné vice nez 900 pacientii s neuropatickou bolesti riizné etiologie a to pomoci clusterové
analyzy hodnot 13 zékladnich senzitivnich parametri DFNS QST protokolu. Validita
stanovenych senzitivnich profild a jejich replikovatelnost byly néasledné ovéfeny na mensi
nezavislé skupiné vice nez 200 pacientli zjiné kohorty. Analyza umoznila vytvofeni 3

zékladnich charakteristickych senzitivnich profili:

1. profil ,sensory loss*“ (vyskytujici se pfiblizné u poloviny pacientd S neuropatickou
bolesti) je charakterizovany snizenim funkce tenkych a silnych nervovych vlaken. Tito
pacienti maji tedy snizenou citlivost pro teplo a chlad a soucasn¢ pro vibraéni ¢iti, pro
dotyk hodnoceny pomoci vonFreyovych filament i pro ostrou bolest vyvolanou
mechanicky, tedy pichnutim $pendlikem. Uvedené zmény jsou ve vSech ptipadech
reflektovany zvySenim senzitivnich prahti pro tyto modality a jsou ¢asto kombinovany
s paradoxnim vnimanim chladnych podnétt jako teplych az horkych (Paradoxical Heat
Sensation, PHS). PHS fenomén je tedy v tomto klasifikatnim schématu fazen mezi

negativni senzitivni fenomény podminéné ztratou funkce nervovych vlaken.

Predpokladanym patofyziologickym mechanismem rozvoje spontanni bolesti u
pacientl s timto profilem je ektopicka aktivita generovana v proximalnich segmentech
poskozenych nociceptort (tedy napt. v neuronech senzitivnich ganglii zadnich mi$nich
kotfentt) a/nebo Vv navazujicich neuronech centralniho nervového systému, které

v disledku poSkozeni nociceptort ztratily aferentaci.

2. profil ,thermal hyperalgesia® (asi tfetina pacientd) je typicky zachovalymi
senzitivnimi funkcemi (tedy fyziologickymi senzitivnimi prahy pro teplo, chlad a
mechanické modality) a soucasné hyperalgézii pro teplo a chlad a mirnou mechanickou

dynamickou alodynii.
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Na rozvoji hyperalgezie se u jedinct s timto profilem ziejmé podili zejména periferni
senzitizace (podminénd nadmérnou expresi iontovych kanali a nékterych receptort
Vv ptezivajicich perifernich neuronech). Spontanni bolest je pak u pacientd tohoto
clusteru podminéna predevS§im abnormalné zvySenou spontanni aktivitou Vv téchto
zachovalych funk¢nich nociceptorech. Tato spontanni hyperaktivita muze souc¢asné vést
k urcité centralni senzitizaci na urovni zadnich rohtt mi$nich, v jejimz duasledku ziskaji
taktilni podnéty (vedené A-beta vlakny) schopnost aktivovat centrdlni nociceptivni
neurony. Tento mechanismus je pak podkladem mirné mechanické dynamické alodynie,

detekovatelné u vyznamné ¢asti pacientl s timto profilem.

profil ,,mechanical hyperalgesia“ (nejvyse ¢tvrtina pacientt, ve valida¢ni kohorté pak
jen asi Sestina pacientl) je charakteristicky snizenim funkce tenkych nervovych vlaken
(t.j. zvySenim senzitivnich prahti pro teplé a chladné podnéty, vétSinou vSak méné
vyraznym nez v profilu 1) a soucasné vyskytem mechanické dynamické alodynie a

hyperalgezii pro ostrou mechanicky vyvolanou bolest (evokovanou pomoci §pendliku).

Hyperalgezie je u pacientl tohoto profilu pravdépodobné podminéna piedevsim
centralni senzitizaci (pro kterou je i v experimentalnich animalnich modelech typicka
hypersenzitivita pro mechanické, ale nikoli termické podnéty). Podkladem spontanni
bolesti je ektopicka aktivita generovana v nocicepénim systému (a to na periferni a/nebo

centralni urovni).

Z pravdépodobnych patofyziologickych mechanismi, podilejicich se na rozvoji bolesti u

jednotlivych profild, a pfedchozich studii (animalnich i humannich) zaméfenych na ovlivnéni

jednotlivych mechanisml pomoci riznych preparati uzivanych v terapii bolesti, pak autofti

studie dovozuji potencialni rozdily v reakci pacienti s jednotlivymi profily na moznou terapii

neuropatické bolesti. Pacienti s profilem typu ,,sensory loss* tak podle retrospektivnich studii

vykazuji vyss§i ucinnost peroralnich opiodi. Naopak oxkarbazepin ma u této skupiny pacientt

pravdépodobné efektivitu nizsi a to dokonce v ramci studii prospektivnich (Demant et al. 2014).

Jedinci s profilem typu ,,thermal hyperalgesia“ vykazuji vyssi uc¢innost oxkarbazepinu, lokalné

aplikovaného kapsaicinu a botulotoxinu A a niz$i u¢innost topického lidokainu. U pacientl

s mechanickou hyperalgézii je pak v retrospektivnich studiich prokazovana vysSi ucinnost

1é¢by topickym i intravendznim lidokainem, pregabalinem a lamotriginem (Baron et al. 2017).
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Vsechny popsané clustery se v uvedené studii (Baron et al. 2017) vyskytovaly napfi¢ riznymi
etiologickymi jednotkami, které byly podkladem rozvoje bolesti, ale jejich proporcionalni
vyskyt byl u rdznych pii¢innych faktort odlisny. Napf. posledni profil (,,mechanical
hyperalgesia“) byl nejc¢astéjsi u pacientti s postherpetickou neuralgii (kde byl prokazan téméf u
poloviny vSech hodnocenych pacientd), zatimco u jinych jednotek byl jeho vyskyt velmi
vyznamné niz$i (napf. u radikulopatii a polyneuropatii nedosahoval ani 20 %). Rozdily
V proporcionalnim zastoupeni jednotlivych profili u riiznych etiologickych jednotek jsou tak
zcela v souladu s vyse zminénym odliSnym zastoupenim empiricky stanovenych profila (v
ramci prvniho jmenovaného pfistupu) u pacientii s diabetickou neuropatii a postherpetickou

neuralgii.

Profily v Baronové studii (vytvofené pomoci clusterové analyzy) obecné vykazuji zna¢nou
podobnost s empiricky nastavenymi profily z prvniho jmenovaného pfistupu. Profil ,,sensory
loss*“ odpovida deaferentaci, kdezto profil ,thermal hyperalgesia“ je vzasad¢ v souladu
s profilem ,,iritabilniho nociceptoru® (¢emuz odpovida i jeho pomérné nizky vyskyt ve skupiné
pacientii s neuropatickou bolesti variabilni etiologie). Posledni z hodnocenych profila
oznacovany jako ,,mechanical hyperalgesia® pak ptedstavuje urCity pfechod mezi témito
krajnimi moznostmi, Vnémz se kombinuje mechanickd hyperalgézie jako iritacni ptiznak
surCitou ztratou senzitivnich funkci tenkych (a méné i silnych) vlaken (t.j. ptiznakem
charakteru ,,loss“). Tento posledni profil tak v Cisté formé& neodpovida Zadnému z profild

pfedchoziho schématu.

Vyhodou druhého pristupu k tvorbé symptomovych profild je skutecnost, ze kazdy pacient je
pfifazen Kk uréitému profilu na zakladé nejvyssi miry podobnosti — k nékterému z profila jsou
tak pfifazeni i pacienti, kteti nevykazuji zadné absolutni QST abnormity a jejich percepce vSech
senzitivnich modalit se tedy pohybuje v rozmezi x +.2SD hodnot normativniho souboru pro
piislusnou vékovou kategorii. Tato skutecnost v§ak souc¢asné piedstavuje i uréitou nevyhodu
tohoto pfistupu — jednotlivé profily obsahuji S§irSi spektrum pacienti neZ U prvniho
jmenovaného pfistupu, coz muze byt podkladem mensi uniformity terapeutické odpovédi
Vv takto vybrané skupiné pacientil. Naopak pii pfifazovani pacientll k empiricky stanovenym
profilim na zaklad¢ jasné¢ho vyskytu abnormit jsou takto vytvoiené skupiny pacienti
homogennéjsi (a maji tedy potencial k uniformnéjsi terapeutické odpovédi) a vSichni v nich
zafazeni jedinci vykazuji jasné abnormity. Cést pacienti viak neni mozné piitadit zadnému

z hodnocenych profild (Raputova et al. 2017).
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3.2.2.4. Dynamické metody kvantitativniho testovani senzitivity

Relativné novou aplikaci QST metod predstavuje také problematika tzv. dynamického
kvantitativniho testovani senzitivity (Dynamic methods of Quantitative Sensory Testing,
dQST). Pii tomto zptsobu vySetieni je bolest percipujici systém stimulovan zptisobem, ktery
odhali ur¢ité fyziologické mechanismy fungujici v percepci bolesti (Arendt-Nielsen a Yarnitsky
2009). Metody dynamického QST tak umoznuji objektivizovat funkci tzv. centralnich
modula¢nich mechanizmti algické percepce, jejichz individualni vykonnost odrazi
,,pronociceptivni® ¢i ,,antinociceptivni nastaveni daného jedince a pravdépodobné hraje roli v
rozvoji akutni bolesti i chronickych bolestivych stavii a ma vliv 1 na efekt analgetické terapie

(Arendt-Nielsen a Yarnitsky 2009, Yarnitsky 2010).

K metodam dQST patii zejména testovani mechanismi centralni integrace, jako je ¢asova
sumace (temporal summation, TS), pfipadné sumace prostorova (spatial summation) a testy
descendentnich kontrolnich mechanismu, zejména podminéné modulace bolesti (conditioned
pain modulation, CPM), oznaCované i jako ,,difuzni inhibice nociceptivnich podnéta“ ¢i

,endogenni analgézie“ (Arendt-Nielsen a Yarnitsky 2009, Yarnitsky 2010).

Principem fenoménu ¢asové sumace percepce bolestivych podnéti (také oznacovaného jako
tzv. wind-up fenomén) je narist intenzity bolesti pfi opakované (rychle po sobé nasledujici)
stimulaci podnétem identické modality a intenzity. Tento fenomén ziejm¢e odrdzi piredevsim
centralni integraci percepce algickych podnétli v oblasti zadnich rohti miSnich. Abnormitou,
reflektujici zvySené pronociceptivni nastaveni vySetfené¢ho jedince, je v tomto piipadé
akcentace mechanismu s vyraznéj$im naristem algického vnimani opakovanych podnétii oproti

béznym naleziim (Nie et al. 2005, Arendt-Nielsen a Yarnitsky 2009, Kincova et al. 2016).

Podstatou podminéné modulace bolesti je skuteCnost, Ze bolestivy podnét, aplikovany na
urcitou cast téla (,,podminujici - conditioned stimulus), vyvold difuzni inhibici algické
percepce jiné bolestivé stimulace (testovacich podnétit) na téze i jiné ¢asti téla (Arendt-Nielsen
a Yarnitsky 2009, Yarnitsky 2010, Eisenberg et al. 2010, Kincova et al. 2016). Pokud tedy
béhem podminujici modulace nedojde ke snizeni bolestivosti testovacich podnéti, jednd se o
pronociceptivni abnormitu CPM testu. Tento mechanismus odrézi descendentni inhibi¢ni

modulaéni slozku percepce bolesti a zejména funkci spino-medullo-spinalnich mechanismd.

Abnormalni funkce téchto mechanism byla opakované prokazana predev$im u pacienti tzv.
idiopatickymi  chronickymi bolestivymi stavy (napf. fibromyalgii ¢i idiopatickou

temporomandibularni bolesti), ale také u fady typt bolesti hlavy (t.j. u tenzni bolesti hlavy,
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migrény ¢i cluster headache), nékterych chronickych nociceptivnich bolesti (napft. u osteortrozy
nebo chronickych svalovych bolesti) a také nékterych jednotek manifestujicich se bolesti
neuropatickou (tedy u postherpetické neuralgie, centralni poiktové bolesti ¢i bolesti pfi
polyneuropatii indukované chemoterapii) (Yarnitsky 2010, Yarnitsky et al. 2014). U vétSiny
zminénych stavii bylo pfitom testovani provedeno v oblastech nepostizenych bolesti (Ci
zékladnim onemocnénim). Abnormalni funkce centralnich modula¢nich mechanismi v téchto
studiich tedy odrazi spise celkové nastaveni nocicepce u daného jedince nez zmény algické
percepce vznikajici pfimo v oblasti bolesti nebo z této oblasti pfenesené (Yarnitsky et al. 2014).
Vyse uvedené studie u pacientii s chronickymi bolestivymi stavy vSak neumoziiuji rozlisit, zda
jsou zachycené zmény centralnich modula¢nich mechanisma algické percepce v piicinné
souvislosti s bolesti (i kdyz lze takovy vztah piedpokladat). V piipadé zvazované kauzalni
souvislosti pak nelze spolehlivé rozhodnout, zda je dQST verifikovanad dysfunkce centralnich
modula¢nich mechanismu pii¢inou nebo nasledkem chronického bolestivého stavu (Yarnitsky

et al. 2014). Plauzibilni jsou pravdépodobné ob¢ zminované moznosti.

Podporu prvni z uvedenych hypotéz (tedy dysfunkce modulaénich mechanismii bolesti jako
piicina rozvoje bolestivych stavit) piinasi studie testujici centralni modula¢ni mechanismy
algické percepce jesté pred rozvojem bolesti. Z téchto studii vyplyva, ze funkce zminénych
modulac¢nich mechanisma umoziiuje napfi. predikovat rozvoj chronické pooperacni bolesti, a to
pii testovani v pfedopera¢nim obdobi, kdy pacient jesté Zadné bolesti nema. Pacienti, ktefi maji
pii predoperacnim testovani méné efektivni podminénou modulaci bolesti, tak maji vys$si
pravdépodobnost rozvoje chronickych bolesti po thorakotomii (Yarnitsky 2008), bfisni
chirurgii (Wilder-Smith et al. 2010) ¢i v navaznosti na cisafsky fez. Vstupni pronociceptivni

nastaveni se tedy zda byt predpokladem pro néasledny rozvoj bolesti riizného typu.

Systém modulujici percepci nocicep&nich podnétl v§ak vykazuje i plastické zmény, coZ naopak
podporuje druhou zvaZzovanou hypotézu, tedy zmény téchto mechanismii jako diisledek
chronické bolesti. Také pro tuto hypotézu svéd¢i nékolik provedenych studii. Pacienti
s osteoartrozou kycelniho (a/nebo kolenniho) kloubu, kteti podstoupili ndhradu postiZzené¢ho
kloubu endoprotézou a v této souvislosti u nich doSlo k redukci intenzity plvodnich
chronickych bolesti nebo k jejich vymizeni, vykazovali signifikantni zlepseni funkce
modula¢nich mechanismli bolesti (napt. zvySeni efektivity podminéné modulace bolesti)
(Kosek a Ordeberg 2000, Graven-Nielsen et al. 2012). Podobny efekt byl prokazan u pacientt

S polyneuropatii v navaznosti na farmakologické zmirnéni jejich bolesti (Yarnitsky et al. 2012).
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Mechanismy dQST jsou také potencialné vyuzitelné v predikci terapeutické odpovédi na 1é¢bu
preparaty pouzivanymi v terapii bolesti (a tedy pravdépodobné i pii volbe€ vhodné metody 1é¢by
u daného pacienta ¢i pii vybéru vhodnych pacientd pro potieby farmakologickych studii).
Provedené studie napt. prokazuji, ze s vyuzitim dQST metod je mozné predvidat analgeticky

efekt opioidu (Eisenberg et al. 2010) nebo duloxetinu (Yarnitsky et al. 2012).

3.2.3. Doporuceni pro vyuziti testovani senzitivity vé. QST v diagnostice neuropatické bolesti

Podle aktualnich doporuceni NeuPSIG (Haanpai et al. 2011, Finnerup et al. 2016) and EFNS
(Cruccu et al. 2010) je klinické vySetfeni klicovou soucasti diagnostického procesu
neuropatické bolesti. Jeho cilem je nalezeni pfipadnych senzitivnich abnormit vztahujicich se
k 1ézi somatosenzitivniho nervového systému, ktera je anatomickym podkladem neuropatické

bolesti.

Nejdtlezitéji casti klinického vySetfeni je vySetfeni senzitivity, které by mélo zahrnovat
hodnoceni taktilniho ¢iti, vibra¢niho ¢iti, ostré mechanicky vyvolané bolesti (evokované
pichnutim $pendlikem), chladu a tepla (Haanpaa et al. 2011). Vysetieni senzitivnich funkci by
se melo vzdy fidit diagnézou zédkladniho onemocnéni, které zvazovano jako pficina postizeni
somatosenzitivniho nervového systému a tedy i rozvoje bolesti u daného pacienta (v ramci
diagnostického procesu neuropatické bolesti jde Casto pouze o pracovni diagndzu, ktera je vSak
nejpravdépodobnéjsim vysvétlenim na zakladé do té doby zjisténych informaci)(Haanpaa et al.
2011). K vlastnimu hodnoceni senzitivnich funkci by mél vySetfujici pfistupovat oteviené a
trpé€livé a se snahou ziskat plny rozsah informaci o testovanych senzitivnich modalitach a
funkcich. Vysetfeni je totiz ¢asto komplikovano skuteCnosti, Ze pacientim s neuropatickou
bolesti nejsou ne¢které senzitivni abnormity zjistované béhem vysetieni dosud znamé a je pro
né obtizné je popsat nebo vysvétlit. Zakladni klinické vySeteni pouZzivajici jednoduché néstroje
by mélo vzdy predchazet komplikovanéjSim neurofyziologickym ¢i psychofyzikalnim
technikam vcetné QST. V soucasnosti vSak neni definovan Zadny zlaty standard senzitivnich
abnormit, které by meély byt prokdzany v oblasti bolesti, aby mohla byt 0znacena jako
neuropatickd. Pro stanoveni diagnozy neuropatické bolesti je proto nadale doporuceno spoléhat
se predevSim na expertni hodnoceni zaloZené na komplexnim klinickém vySetfeni a

provedenych paraklinickych metodach (Haanpii et al. 2011).

Kvantitativni testovani senzitivity mize byt v diagnostice neuropatické bolesti vyuzito vedle

klinického neurologického vySetfeni predev§im za Ucelem stanoveni senzitivniho profilu
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(Cruccu et al. 2010, Haanpai et al. 2011). Nema vSak topiza¢ni hodnotu a neumozni tedy
stanovit Urovenl postizeni nervového systému. QST abnormity byly navic vfadé studii
prokazany i u pacientdl s jinou nez neuropatickou bolesti. Zachyt abnormit pii QST vysetieni
tedy nepfedstavuje automaticky prikaz neuropatické etiologie obtizi pacienta (Cruccu et al.
2010). QST vysetieni proto neni spolehlivou metodou vyuzitelnou v diferencialni-diagnostice
bolesti neuropatické a jiné etiologie (doporuceni na Grovni spravné klinické praxe — good
practice point) (Cruccu et al. 2010). Presto jde o vysetfeni vysoce piinosné a to zejména
z divodu moznosti detekce senzitivnich profilti, kterd je vysoce perspektivni oblasti v rdmci
problematiky vyzkumu neuropatické bolesti. Pro budouci studie vyuzivajici QST vySetteni plati
dopoceni, ze by mély optimalné pouzivat komplexni protokoly QST vySetfeni (jako napf.
DFNS protokol) umoziujici stanoveni kompletniho QST profilu. Obecné je pro hodnoceni
mechanické alodynie/hyperalgezie doporuceno vyuzivat jednoduchy Stétec a alesponi jeden
kalibrovany Spendlik a/nebo vlakno vyssi tloustky (a tedy vyssi intenzity aplikovaného podnétu
— napt. 128 mN). Pro hodnoceni termické alodynie ¢i hyperalgezie je nejvhodnéjsi vyuzit
pocitatove asistovanych metod testovani termického Citi. Rutinni méteni termickych praha
(mimo Klinické ¢i vyzkumné studie) vSak neni obligatni soucasti diagnostického procesu
neuropatické bolesti v bézné klinické praxi. Jednoduchy a senzitivni nastroj pro hodnoceni
termické alodynie/hyperalgezie, ktery by byl Siroce dostupny, prozatim neni k dispozici
(Cruccu et al. 2010).

QST testovani by mélo byt provadéno vysetiujicim zaslepenym vici klinickému stavu pacienta.
Na zakladg zjisténych nalezi by pacienti méli byt kategorizovani do skupiny pravdépodobné ¢i
potvrzené (po zohlednéni vysledkt dalSich konfirmacnich testii, vyjimecné i bez nich — napt. u
pacienti po amputaci) neuropatické bolesti v souladu s aktualné platnym stratifikacnim
syst¢tmem (Finnerup et al. 2016). QST muze byt uzite¢né také pro tcely farmakologickych
studii a to zejména pro dokumentaci vlivu 1é¢by na jednotlivé typy ¢i komponenty bolesti
(zejména evokované — tedy alodynii a hyperalgézii) a dalsi senzitivni symptomy (doporuceni
stupné A) (Cruccu et al. 2010, Haanpii et al. 2011). Zvazovanou aplikaci QST je také jeho
mozny piinos v predikci terapeutické u€innosti riznych typl preparati, ktery vSak jesté¢ musi
byt potvrzen prospektivnimi studiemi (Haanpia et al. 2011).

V souladu s vyse uvedenymi doporuc¢enimi jsou klinické vysetteni (a S jedinou vyjimkou, kdy
byli vySetiovani pacienti v kritickém stavu v ramci jednotky intenzivni péée (Skorna et al.
2015)) i QST obligatni soucasti vSech publikovanych studii nasi pracovni skupiny zamétenych

na problematiku neuropatické bolesti a/nebo bolestivych perifernich neuropatii (Vickova-
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Moravcova et al. 2008a, Vickova-Moravcova et al. 2008b, Bednarik et al. 2009, Vickova-
Moravcovad a Bednaiik 2009, Scherens et al. 2009, Divisova et al. 2012, Skorna et al. 2015,
Divisova et al. 2016, Raputova et al. 2017).
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3.3. DIAGNOSTICKE TESTY POTVRZUJICI LEZI NEBO ONEMOCNENI
SOMATOSENZITIVNIHO NERVOVEHO SYSTEMU

Potvrzeni 1éze nebo onemocnéni somatosenzitivniho nervového systému, kterda vysvétluje
bolest, je poslednim krokem v aktualnim diagnosticko-klasifika¢nim schématu neuropatické
bolesti. Tento krok umozni stanoveni diagnozy ,,potvrzené (jisté) neuropatické bolesti*

(Finnerup et al. 2016).

Ve specifickych piipadech nemusi byt pro stanoveni této diagnostické urovné nutny zadny
specificky diagnosticky test. Jedna se o pacienty po amputaci koncetin a/nebo po chirurgickych
zéakrocich ¢i traumatech, u nichz byla chirurgem jasné¢ objektivizovana 1éze periferniho nervu.
Tyto informace jsou povazovany za postacujici pro stanoveni diagnézy ,,potvzené (jisté)
neuropatické bolesti a jiné konfirmacni texty nejsou u téchto pacientll pozadovany (Finnerup

et al. 2016).
V ostatnich ptipadech je nezbytné doplnéni specifickych diagnostickych testt, k nimz patii:

1. Zobrazovaci metody uzivané piedevsim k potvrzeni léze nebo onemocnéni centralniho
segmentu senzitivnich nervovych drah.
2. Kozni biopsie prokazujici redukei intraepidermalni hustoty tenkych nervovych vldken
Kornedlni konfokalni mikroskopie
4. Neurofyziologické testy, napf.:
a. elektromyografie v¢. kondukénich studii perifernich nervi
b. evokované potencialy
c. nekteré reflexy asociované s bolesti
d. mikroneurografie
e. testy autonomnich nervovych funkci

5. Genetické testy

Uvedené diagnostické testy budou v dalSim textu zminény podrobnéji.
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3.3.1. Zobrazovaci vySetieni v diagnostice neuropatické bolesti

Zobrazovaci vySetieni pfedstavuji velmi vyznamnou skupinu diagnostickych metod zejména u
pacient s centralni neuropatickou bolesti, kde jsou metodou volby pro prukaz léze nebo
onemocnéni centralniho useku senzitivnich nervovych drah. Nejcastéji je pro tento ucel
vyuzivana magneticka resonance (MR) nebo pocitacova tomografie (CT), ptipadné dalsi
techniky umoziujici zobrazeni cévnich mozkovych ptihod v relevantni distribuci, roztrousené
sklerdzy ¢i miSnich 1ézi traumatické nebo jiné etiologie (Finnerup et al. 2016, Haanp4i et al.

2011).

3.3.1.1. Nové moznosti zobrazovacich metod perifernich nervovi

Zobrazovaci vysetfeni je mozné vyuzit také k verifikaci nékterych typa postizeni periferniho
nervového systému. Tato diagnostika je v soucasnosti klicky relevantni piedevS§im u
mononeuropatii (ultrazvuk) a plexopatii ¢i radikulopatii (MR nebo CT). MR techniky maji
relativné nove nartstajici vyznam i pro ucely zobrazovani perifernich nervi. Tato tzv. MR
neurografie vyuziva standardni sekvence (napt. T2) i nékteré specializované sekvence, jako
napi. zobrazeni tenzoru difuze (Diffusion Tensor Imaging, DTI) (Rangavajla et al. 2014).
Specifické sekvence v ramci MR zobrazeni poskytuji morfologické informace o studované
anatomické oblasti 1 urcité histologické informace o struktuie vySetfovaného nervu. UmozZni
napf. vizualizovat imunitni aktivitu v oblasti poranéného nervu a monitorovat ji v prubéhu jeho
regeneracniho procesu. DTI metody poskytnou i urcité kvantitativni charakteristiky reflektujici
tizi poranéni piislusSného nervu. Nové jsou k dispozici také publikace zamétené na nalezy
pozitronové emisni tomografie (Positron Emission Tomography, PET) zobrazujici v nevelkych
souborech pacienti periferni nervy prostfednictvim metabolickych zmén, které v nich po
poranéni ¢i poSkozeni probihaji (Rangavajla et al. 2014). Tyto metody jsou vSak zatim spise
vyzkumnou aplikaci a nejsou pro morfologickou diagnostiku postizeni perifernich nervi
rutinné vyuzivany v bézné klinické praxi, kde je zlatym standardem nadale elektrofyziologicka

diagnostika, zejména elektromyografie (Rangavajla et al. 2014).

3.3.1.2. Funkcni zobrazeni mozku

Specifickou kapitolu Vv diagnostice neuropatické bolesti predstavuji metody funkéniho
zobrazovani mozku. PET a funk¢éni magneticka resonance (Functional Magnetic Resonance

Imaging, TMRI) umoziuji méfit riznymi zpisoby prutok krve mozkem a/nebo metabolické
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zmény, které odrazi lokalni synaptickou aktivitu v definovanych oblastech mozku. Takzvané
»aktivaéni“ PET ¢i fMRI studie vySetfuji odchylky v lokélnim pritoku krve vyvolané ur¢itym
ukolem nebo specifickym typem stimulace. Interpretace dat je v ramci funkéniho zobrazovani
zalozena na statistickém srovnani signalu méfeného v riznych klinickych ¢i experimentalnich
situacich, oznaCovanych vétSinou jako ,,aktivacni* a ,,kontrolni* podminky. U experimentalni
bolesti odhalily fMRI a PET studie sit’ oblasti mozku aktivovanych v rdmci reakce na algickou
stimulaci, které jsou oznacovany jako matrice bolesti (pain matrix). K témto oblastem patii
zejména sekundarni somatosenzitivni kortex (S II), inzularni kortex, pfedni cingularni kortex a
mén¢ konstantné i kontralateralni thalamus a primarni senzitivni kortex (Apkarian et al. 2005,
Peyron et al. 2000). VSechny oblasti mozku aktivované algickymi podnéty vSak odpovidaji také
na podnéty nebolestivé a aktivacni vzorce jsou podobné pii nociceptivni i nenociceptivni
stimulaci. PET i fMRI odpovédi na algické podnéty tak museji byt interpretovany s opatrnosti.
Aktualni interpretace téchto dat rozliSuje 2 samostatné a do urcité miry nezavislé sité: Aktivace
lateralniho thalamu, primarniho a sekundarniho senzitivniho kortexu (oblast SI a S II) a zadni
inzuly je spojena se senzitivné-diskriminaénimi aspekty percepce bolesti, zatimco predni a
sttedni cingulum a zadni parietdlni a prefrontdlni kortex se podileji na afektivni slozce

bolestivého vjemu (Apkarian et al. 2005, Peyron et al. 2000).

Jednim z nejkonzistentnéjSich nalezii dosud provedenych studii je asociace jednostranné
Chronické spontinni neuropatické bolesti s poklesem klidové perfuze v kontralateralnim
thalamu, ktera mize byt upravena riznymi typy analgetickych intervenci. Uvedené perfuzni
zmény byly popsdny U periferni i centralni neuropatické bolesti. Zmirnéni periferni
neuropatické bolesti (a Snim souvisejici upravy perfuze kontralateralniho thalamu) bylo
v ptislusnych studiich dosaZeno periferni nervovou blokddou pomoci lokéalnich anestetik. U
centralni neuropatické bolesti byla ke zmirnéni bolesti (reflektovanému zvySenim pritoku krve
protilehlym thalamem) vyuZita thalamicka stimulace, intraven6zni aplikace lidokainu nebo
stimulace motorického kortexu. Tyto nélezy jsou vSak zatim popisovany pouze v rdmci
menSich ptipadovych studii s méné nez 20 vySetfenymi pacienty (Haanpaa et al. 2011, Cruccu
et al. 2010). Vzestup perfuze v oblasti thalamu byl navic prokazan i v ptipad¢, ze pouzita
terapeutickd intervence nebyla u¢inna ve smyslu zmirnéni bolesti. Tyto vysledky naznacuji, ze
uprava thalamické perfuze je pravdépodobné nezbytnou podminkou pro tlevu bolesti, ale nikoli

podminkou jedinou (a samostatné dostacujici).

Urcité zmeny prutoku krve u pacienti se spontanni neuropatickou bolesti byly v nékterych
studiich prokéazany také v dalSich oblastech (v€etné predniho cingularniho kortexu, parietalniho
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kortexu, piedni inzuly a mozecku). Konzistence téchto nalezi vSak neni na trovni, ktera by

opodstatiiovala jejich vyuziti v diagnostice ¢i monitoraci pacientd s neuropatickou bolesti.

U pacientl s provokovanou neuropatickou bolesti (tedy alodynii ¢i hyperalgezii) dosud nejsou
vysledky publikovanych studii jednotné a konkluzivni. Nékteré studie popisuji narast perfuze
V oblasti thalamu, inzuly a primarniho a sekundarniho senzitivniho kortexu (ale nikoli v oblasti
ptedniho cingula). Jiné naopak popisuji snizeni aktivity v oblasti matrix bolesti zodpovédnych
za senzitivné-diskriminacéni slozku algické percepce, tedy v oblasti sekundarniho senzitivniho
kortexu a inzuly (a sou¢asné¢ aktivaci pfedniho cingularniho kortexu u pacientd s alodynii)
(Haanpai et al. 2011). Tyto rozporné nalezy poukazuji na obtize s interpretaci funkcniho
vyznamu PET a fMRI odpovédi na algickou stimulaci u zdravych subjektl i pacient
s neuropatickou bolesti, zejména pifi zohlednéni nejednotnych experimentdlnich designt

provedenych studii a heterogenity skupin pacientii, u nichz byla tato problematika studovana.

Podle doporuceni NeuPSIG proto funkéni zobrazeni mozku neni v soucasné dobé metodou
vyuzitelnou na individudlni Grovni pro tcely diagnostiky neuropatické bolesti v klinické praxi.
Jedna se vSak o zajimavy nastroj pro vyzkum této problematiky (Haanpéa et al. 2011). Jednim
z nejkonzistentnéjsich nalezti v provedenych studiich je zachyt sniZzené aktivity v oblasti
kontralateralniho thalamu u pacienti s chronickou spontanni jednostrannou neuropatickou
bolesti (prikaz urovné B) (Haanpidi et al. 2011). Tento nalez je vhodné potvrdit vySetfenim
vétSich souborl pacientli, protoze je jednim z moznych biomarkerd neuropatické bolesti.
Uprava thalamické perfuze by pak v ramci analgetické terapie mohla byt vyuzivana pro

monitoraci terapeutické odpovédi (Cruccu et al. 2010).
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3.3.2. KozZni biopsie zaméiena na prikaz morfologickych zmén intraepidermalnich tenkych

nervovych vidken

Dalsi konfirmac¢ni metodou, vyuzitelnou pro potvrzeni klasifikaéniho stupné ,,potvrzené (jisté)
neuropatické bolesti“ u pacient s bolestivymi perifernimi neuropatiemi, je hodnoceni
intracpidermalni hustoty tenkych nervovych vladken (IntraEpidermal Nerve Fiber Density,
IENFD) z kozni biopsie. Tato problematika je velmi podrobné zpracovana v dizerta¢ni praci
autorky (Vickova 2011) a v tad¢ publikaci nasi pracovni skupiny, reflektujicich metodickou
stranku vySetieni, tvorbu normativnich dat a vyuziti kozni biopsie v diagnostice neuropatie
tenkych vlaken ¢i bolestivych neuropatii obecné (Moravcova et al. 20058, Vickova-Moravcova
et al. 2008a, Vickova-Moravcova et al. 2008b, Bednarik et al. 2009, Vickova-Moravcova a
Bednarik 2009, Scherens et al. 2009, Bursova et al. 2012b, Bursova et al. 2012d, Divisova et
al. 2012, Skorna et al. 2015, Divisova et al. 2016, Kovalova et al. 2016). Vsechny zminéné
publikace jsou komentovanymi piilohami této prace. Problematika koznich biopsii bude proto
V nasledujicim textu zminéna spiSe orientatné s ddrazem na recentni poznatky V této

problematice.

Podkladem pro vyuziti kozni biopsie v diagnostice neuropatické bolesti je skutecnost, ze
periferni neuropatickd bolest je asociovana s poruchou funkce tenkych nervovych vlaken typu
A-delta a C. Vlakna typu C pak mohou byt vizualizovana v kozni biopsii. Jedna se o jediny typ
nervovych vldken, ktery prochdzi ptes dermo-epidermdlni junkci az do oblasti epidermis
(Haanpaa et al. 2011). Jejich morfologie je snadno hodnotitelna pomoci imunohistochemického

¢i imunofluorescenéniho barveni fezi drobnych koznich vzorkau.

3.3.2.1. Odbér vzorku kozni biopsie

Vzorky kozni biopsie jsou odebirdny pomoci specidlniho néstroje oznacovaného jako
,,pribojnik®. Jedna se o kruhovy nastroj s ostrym okrajem o priméru 2-7 (nejéastéji 3-5) mm.
Odbér je nejcastéji provadén z oblasti distalniho lytka, vzorky je ale mozné odebirat prakticky
z jakékoli lokalizace a bézné jsou vySetfovany napf. oblast stehna, trupu ev. koneckd prsti na

HKK (Lauria et al. 2010b).

Biopsie pfedstavuje minimaln¢ invazivni a bezpecnou proceduru a to dokonce i u pacientl
s diabetem mellitem, t€z$imi perifernimi neuropatiemi ¢i polyneuropatii kriticky nemocnych,

coz potvrzuji ¢etné publikace véetné mnoha studii z naseho pracovisté (Moravcovd et al. 2005a,
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Vickova-Moravcova et al. 2008a, Vickova-Moravcova et al. 2008b, Bednarik et al. 2009,
Vickova-Moravcova a Bednaiik 2009, Scherens et al. 2009, Bursova et al. 2012b, Bursova et
al. 2012d, Divisova et al. 2012, Skorna et al. 2015, Divisova et al. 2016, Kovalova et al. 2016).
Za vice nez 15 let zkuSenosti s touto metodikou a vice nez 1000 zpracovanych vzorkt pro ucely
vySe uvedenych védeckych projekti i klinické diagnostiky neuropatie tenkych vldken jsme na
nasem pracoviSti zaznamenali leh¢i komplikace s hojenim jen u jedné pacientky a jednoho
zdravého dobrovolnika a to v obou ptipadech v disledku nedodrzeni instrukci pro péci o ranu

V prvnich dnech po vlastnim odbéru.

3.3.2.2. Zpracovani a hodnoceni vzorku kozni biopsie

Nervové struktury jsou v ramci histologického zpracovani barveny pomoci protilatky proti
panneurondlnimu margeru PGP 9.5 a néasledné vizualizovdny pomoci metod nepiimé
imunofluorescence ¢i imunohistochemie. Timto zptisobem je proto mozné vizualizovat nervova
vlakna v oblasti epidermis a povrchovych vrstev dermis (véetné vladken zasobujicich cévni
struktury a kozni potni zlazy v této oblasti). Pro t¢ely hodnoceni postizeni tenkych nervovych
vlaken je vyuZzivana predevSim kvantifikace intraepidermdlnich nervovych vldken
(IntraEpidermal Nerve Fibers, IENF). Pro uréeni poétu téchto vlaken v oblasti epidermis byla
stanovena piesna pravidla, zajistujici uspokojivou reprodukovatelnost té€chto nalez a to i mezi
riznymi laboratofemi a hodnotiteli (Lauria et al. 2005, Sommer a Lauria 2007, Vickovd-
Moravcovd et al. 2008a, Lauria et al. 2010b, Lauria et al. 2015, Skorna et al. 2015). Pravidla
pro hodnoceni IENFD byla publikovana 1 formou doporuceni Evropské federace
neurologickych spole¢nosti (European Federation of Neurological Societies, EFNS) (Lauria et
al. 2005 s naslednou revizi v ramci prace Lauria et al. 2010b). Redukce IENFD piedstavuje
spolehlivy morfologicky korelat neuropatie tenkych vlaken (doporuceni urovné A) (Lauria et

al. 2010b).

Kromé IENFD je ve vzorcich koznich biopsii mozné hodnotit hustotu inervace také
subepidermalné (VIickova-Moravcova et al. 2008a, Nolano et al. 2008, Lauria et al. 2011,
Nolano et al. 2014) ¢i v oblasti koznich potnich Zlaz (Nolano et al. 2000, Donadio et al. 2006),
kde vSak neexistuje Siroky konsenzus na metodice hodnoceni, jako je tomu v ptfipadé

intraepidermalni inervace.
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Pti hodnoceni IENFD je nutné vzdy zohlediiovat vék a testovanou lokalizaci (Lauria et al.
2010b). Pro nejc¢astéji hodnocené lokalizace byla béhem poslednich 20 let postupné vytvoiena
validni normativni data a to vcetné publikaci nasi pracovni skupiny. Prvni publikované normy
(McArthur et al. 1998, Kennedy et al. 1996) nebyly vékov¢ stratifikované a vychazely
z pon¢kud odlisné metodiky nez je v soucasnosti nejéastéji pouzivana (napf. jiny zpisob fixace
vzork ¢i jiné tloustka fezil a ne zcela jednotna pravidla hodnoceni). Proto jsme v ramci naseho
pracovisté vytvorili pfi zavedené metodiky vlastni normativni data pro zplsob zpracovani
vzorkll uzivany v nasi laboratoti (Moravcova et al. 2005a), ktery je shodny se zplsobem
aktualn¢ doporu¢ovanym EFNS (Lauria et al. 2010b). Tato data byla vyuZzivana v dalSich
publikacich nasi pracovni skupiny (VIickova-Moravcova et al. 2008a, Vickova-Moravcova et al.
2008b, Bednarik et al. 2009, Vickova-Moravcova a Bednarik 2009), nebyla vSak vékové
stratifikovana. Nasledné bylo publikovano né€kolik souborii normativnich dat (Umapathi et al.
2006, Bakkers et al. 2009) a to véetné dat vékové stratifikovanych, derivovanych v ramci
multicentrické studie ze Sirokého souboru zdravych dobrovolnikti (Lauria et al. 2010a). Tato
data vsak byla vesmés vytvofena pro hodnoceni pomoci svételné (a nikoli fluorescenéni)
mikroskopie, pii¢emz se dlouhodobé piedpokladalo, ze se nalezy pii pouziti obou typu
zpracovani mohou mirné liSit. V nasi laboratofi jsou vzorky zpracovavany pomoci
imunofluorescence a pro tento zpuisob barvéni normativni data nadale nebyla k dispozici. Proto
jsme rozstili soubor zdravych dobrovolnikli vySetfeny na nasem pracovisti, coz umoznilo
vytvofeni veékov€ stratifikovanych normativnich dat pro imunofluorescencni metodiku
(Bursova et al. 2012b). Tato data byla vyuzivana v dal$ich publikacich nasi pracovni skupiny
(Bursova et al. 20124, Divisova et al. 2012, Skorna et al. 2015, Divisova et al. 2016, Kovalova
et al. 2016). Tato data jsou nicméné pii orienta¢nim srovnani velmi blizka publikovanym datim
pro vzorky zpracované pomoci imunohistochemie (a hodnocené pomoci svételné mikroskopie)
(Bakkers et al. 2009, Lauria et al. 2010a). V souladu s tim byla recentné publikovana prace
srovnavajici  hodnoty = IENFD  hodnocené = pomoci  imunofluorescenc¢nich a
imunohistochemickych metod (Nolano et al. 2015a). Prace prokazala minimalni rozdily mezi
obéma zplsoby hodnoceni a tedy vzdjemnou zaménitelnost normativnich dat pii obou
zpiisobech hodnoceni. Soucasné byla stejnou pracovni skupinou publikovana normativni data
specificky ur¢end pro vzorky hodnocené fluorecencni mikroskopii (Provitera et al. 2016). Pro
potieby hodnoceni vzorkii 1ze tedy v soucasnosti vyuzit nékolik setl normativnich dat (ktera
jsou vSak velmi blizka a vzasadé vzajemné zaménitelna) (Umapathi et al. 2006, Bakkers et al.
2009, Lauria et al. 2010a, Bursova et al. 2012b, Provitera et al. 2016).
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3.3.2.3. Méne obvyklé markery umoznujici vizualizaci speficickych populaci nervovych vidaken

Krom¢ standardn¢ hodnocenych parametr kozni biopsie (tedy zejména IENFD pfii zobrazeni
pomoci PGP 9.5) je mozné hodnotit imunotypizacné i ptitomnost jinych proteini a tedy pocet
urcitych specifickych typl nervovych vldken a to cCastéji subepidermalné, ptipadné i
intraepidermalné. Hodnotit 1ze takto napf. autonomni nervova vlakna a to adrenergni (pomoci
protilatek proti dopamin beta hydroxyldze jako specifickému markeru noradrenergnich vldken)
¢i cholinergni (prostiednictvim protilatek proti vasoaktivnimu intestindlnimu peptidu).
Autonomni vladkna jsou prokazatelnd zejména subepidermalné, kde zasobuji cévni struktury,
kozni potni Zlazy a mm. arrectores pilorum (Donadio et al. 2006, Nolano et al. 2015a, Nolano
etal. 2017a).

DalSim perspektivnim markerem je protein asociovany s regeneraci nervovych vlaken
(Growth-Associated Protein 43, GAP-43). Tento marker je za fyziologickych okolnosti
pfitomen ve vSech intra- i subepidermalnich nervovych vlaknech. U pacienti s diabetickou
neuropatii vSak néktera PGP 9.5 pozitivni vlakna nevykazuji imunofluorescenci pii pouziti
protilatek proti GAP-43, coz poukazuje na snizeny regeneracni potencial téchto vlaken jako
marker velmi ¢asného periferné neurogenniho postizeni u téchto pacientl (Bursovd et al.

2012d).

3.3.2.4. Vztah ndlezii kozni biopsie k dalsim diagnostickym metodam

Nalezy IENFD z kozni biopsie koreluji s funkénimi testy, jako jsou evokované potencialy
vyvolané kontaktnim teplem (Contact-Heat Evoked Potentials, CHEPSs), laserem (Laser-
Evoked Potentials, LEPs) a specifickou povrchovou elektrickou stimulaci (Surface Electrode
Pain-Related Evoked Potentials, SE-PREPS) (Chao et al. 2010, Wu et al. 2017, Casanova-Molla
etal. 2011, LaCesa et al. 2018). Metoda koreluje i s nalezy kvantitativniho testovani senzitivity,
neurofyziologickymi testy a nékterymi diagnostickymi Skélami uZzivanymi u pacientl
s polyneuropatiemi (Shun et al. 2004, Vickova-Moravcova et al. 2008a, Vickova-Moravcova et
al. 2008b). U pacienti s neuropatii tenkych vlaken je kozni biopsie pravdépodobné

senzitivnéjsim testem nez QST ¢i LEPs.
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3.3.2.5. Specificita kozni biopsie pro hodnoceni neuropatie tenkych vidaken

Kozni biopsie predstavuje podle soucasné trovné poznani jednotku specifickou pro periferni
neuropatie. Posledni doporuceni EFNS k problematice koznich biopsii (Lauria et al. 2010b)
vSak zduraznuje potiebu ovéfeni specificity metodiky prostiednictvim vySetieni pacientl
s podobnymi klinickymi symptomy, vznikajicimi v dasledku jinych onemocnéni (ktera tedy
mohou imitovat neuropatii tenkych vlaken). V souladu s témto doporuc¢enim byly nasledné
publikovany studie, prokazujici normalni nalezy kozni biopsie u pacientt s pozitivni senzitivni
symptomatikou na DKK pfi roztrouSené skleréze (Herrmann et al. 2010) a spondylogenni

cervikalni myelopatii (Kovalova et al. 2016).

3.3.2.6. Kozni biopsie u jednotlivych diagnostickych jednotek
3.3.2.6.1. Neuropatie tenkych vidken

Hodnoceni intraepidermalni inervace z kozni biopsie je diagnosticky pfinosna zejména u
pacientl s neuropatii tenkych vladken (Small Fiber Neuropathy, SFN), resp. polyneuropatii
obecné. V detekci SFN metoda v soucasnosti predstavuje zlaty standard. Je vyuzitelnd u
pacientu s postizeni diabetické etiologie (Kennedy et al. 1996, Lauria et al. 1998, Sumner et
al. 2003, Shun et al. 2004, Vickova-Moravcova et al. 2008b, Loseth et al. 2008, Tesfaye et al.
2010, Bursova et al. 2012¢, Divisova et al. 2012, Divisova et al. 2016), kde je mozné metodu
pfi longitudinalnim sledovani vyuzit i jako biomarker prub&hu postizeni (Divisova et al. 2016).
Velmi vhodnym diagnostickym markerem reflektujicim periferné neurogenni postiZeni je tato
metoda 1 u pacientdl s prediabetem ¢i casnym diabetem mellitem, kdy je postizeni tenkych
nervovych vlaken Casto prvni znamkou periferné neurogenni dysfunkce (Sumner et al. 2003,
Divisova et al. 2012). Kromé standardné¢ hodnocené intraepidermalni hustoty tenkych
nervovych vldken obarvenych pomoci panneuronalniho markeru PGP 9.5 je v koZni biopsii
mozné dokumentovat napf. i regeneracni potencial nervovych vlaken pti barveni pomoci tzv.
growth-associated protein 43 (GAP-43), ktery je markerem regenerujicich nervovych vlaken a
ukazuje na jejich trvalou remodelaci v kuzi zdravych osob (Bursovd et al. 2012d). Zatimco u
zdravych kontrol jsou prakticky vSechna intraepidermdlni nervova vldkna imunoreaktivni S
GAP-43 i PGP 9.5, u pacientii s ¢asnym diabetem mellitem je podil intraepidermalnich
nervovych vlaken exprimujicich GAP-43 protein niz8§i. Tyto vysledky naznacuji moZnost

naruSené regeneracni kapacity intraepidermalnich nervovych vlaken jako jednu z prvnich zmén
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V ramci rozvoje ¢asné diabetické polyneuropatie (a potencialni moznost vyuziti GAP-43 jako

biomarkeru tohoto postizeni) (Bursova et al. 2012d).

Stejné tak je IENFD piinosna v diagnostice idiopatické neuropatie tenkych vlaken (Holland
etal., 1998, Periquet et al., 1999, Gorson a Ropper, 1995, Gibbons et al., 2006, Moravcova et
al., 2005, Vickova-Moravcova et al., 2008a, Devigili et al., 2008, Koskinen et al., 2005, Lauria
et al., 2010) ¢i u pacientt s potizenim tenkych nervovych vlaken variabilni etiologie (Vickovd-
Moravcova et al. 2008b). Popisované zmény intra- i subepidermalni inervace jsou u téchto
pacientl analogické jako neuropatie diabetické (Holland et al., 1998, Periquet et al., 1999,
Gorson a Ropper, 1995, Gibbons et al., 2006, Vickova-Moravcova et al., 2008a). Vysokou
diagnostickou validitu metodiky v diagnostice neuropatie tenkych vlaken obecné potvrzuje i

recentni metaanalyza s doporu¢enim EFNS/PNS (Lauria et al., 2010).

Postizeni tenkych (senzitivnich i autonomnich) nervovych vlaken bylo prostfednictvim koznich

biopsii prokazano napf. i u pacientt s hereditarnimi neuropatiemi (Nolano et al. 2015b).

Vyrazna redukce poctu tenkych nervovych vlaken byla prokazana i v koznich biopsiich
pacient se syndromem Guillain-Barré (Pan et al., 2003, Martinez et al., 2010, Ruts et al.
2012) a to napfi¢ variantami tohoto onemocnéni véetné ¢isté motorickych postizeni (Ruts et al.
2012). U pacienti se syndromem Guillain-Barré obecné rozvoj postizeni tenkych vlaken
predikuje vznik neuropatické bolesti (Martinez et al., 2010, Ruts et al. 2012) a dlouhodobé
disability (Ruts et al. 2012).

Recentné byly zmény tenkych nervovych vldken, reflektované poklesem intraepidermalni
hustoty tenkych nervovych vldken ve vzorcich koZni biopsie, prokdzany i u pacientd
s polyneuropatii (resp. polyneuromyopatii) kriticky nemocnych (Latronico et al. 2013.,
Skorna et al. 2015). V mensim souboru pacientt v kritickém stavu, vySetfeném v tivodu
postiZeni (v dobé tézkého iktu) a sledovaném v dal$im pribéhu postizeni, ktery byl u vétSiny
pacientli komplikovan rozvojem sepse ¢i multiorgdnového selhdni, byly zmény IENFD
prokazatelné u vétSiny jedinci. S vyjimkou 3 pacientl (z nichZ u 2 nebyl stav komplikovan
sepsi €1 multiorgdnovym selhanim) doSlo u vSech pacienti k vysoce signifikantnimu tj. vice
nez 50% poklesu IENFD pfi kontrolnim vySetfeni s pfiblizné dvoutydennim odstupem. Tyto
nalezy prokazuji, ze postizeni tenkych nervovych vlaken je frekventni soucasti
multisystémového postizeni v ramci polyneuromyopatie kriticky nemocnych (Skorna et al.

2015).
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3.3.2.6.2. Postherpeticka neuralgie

Podle soucasnych doporuceni (Haanpdd et al. 2011) je hodnoceni IENFD jednoznacné
uzitecnym testem také u pacientl s postherpetickou neuralgii, kde vykazuje velmi vysokou
diagnostickou validitu (Rowbotham et al. 1996, Oaklander 2001, Petersen et al. 2010). U
pacienti s postherpetickou neuralgii jsou hodnoty IENFD signifikantné nizs§i nez u pacientil,
ktefi prodélali pasovy opar, ale nerozvinula se u nich nasledné neuropaticka bolest v postizené
distribuci (Oaklander 2010). V souladu s timto zjisténim koreluje IENFD negativné s intenzitou
bolesti (Petersen et al. 2010). Mira poklesu IENFD u pacientl s postherpetickou neuralgii vSak
vykazuje signifikantni inverzni korelaci s alodynii, coz naznacuje, ze je alodynie je u pacientl
s postherpetickou neuralgii pravdépodobné alespon ¢astecné podminéna funkci zachovalych

koznich nociceptori (Rowbotham et al. 1996).

3.3.2.6.3. Nalezy u méné obvyklych diagnostickych jednotek

Signifikantni redukce hodnot IENFD (a soufasné poruchy termického a algického Cditi
objektivizovatelné pomoci QST metod) byly prokézany i u pacientti s Parkinsonovou nemoci
(Nolano et al. 2008, Kass-Iliyya et al. 2015, Haga et al. 2015, Nolano et al. 2017a). Tyto zmé&ny
byly vice vyjadieny v oblastech s vice klinicky patrnou senzitivni symptomatikou (Nolano et
al. 2008, Nolano et al. 2017a). Zmény byly patrné nejen intraepidermalné, ale také
subepidermalné. V oblasti subepidermis byla redukovana inervace koznich potnich Zlaz,
cévnich struktur, hladkych svalti a Meissnerovych télisek (Wang et al. 2013, Nolano et al.
2017a). Podle autorti popsané zmény pravdépodobné vysvétluji ¢asté senzitivni symptomy u
pacientil s Parkinsonovou nemoci a mohou se castecné podilet 1 na rozvoji vegetativnich
symptomu u pacientd s touto diagnézou. Podle soucasnych doporuceni (Finnerup et al. 2016)
v8ak neni mira prikazu prozatim dostate¢na, aby mohla byt bolest u Parkinsonovy nemoci

oznacena jako neuropaticka.

Recentni prace prokazuji v subepidermalnich nervovych strukturach pacientti s Parkinsonovou
nemoci zvySenou depozici alfa-synucleinu (ktery predstavuje hlavni komponentu tzv. Levyho
télisek, prokazovanych centralnich neuronech u pacientt s timto onemocnénim). Tyto zmény
jsou patrné ve vasomotorickych nervech 1 v nervovych vldknech zprosttedkujicich inervaci
koznich potnich zlaz (Wang et al. 2013, Doppler et al. 2014, Haga et al. 2015). Autofi proto
dovozuji, Ze pritkkaz depozit synucleinu by mohl byt zajimavym biomarkerem Parkinsonovy

nemoci s vysokou specificitou, ale pomérné nizkou senzitivitou.
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Popsané¢ zmény intraepidermalni inervace (ani depozita synucleinu v koznich strukturach)
naopak piekvapiveé nebyly prokazany u pacientti s multisystémovou atrofii (Haga et al. 2015).
Iu této jednotky jsou vSak prokazatelné¢ zmény v periferné neurogennich strukturach, vyjadiené

zejména v sudomotorickych nervech v subepidermalni oblasti (Provitera et al. 2014).

Redukce intraepidermalni inervace (stejné¢ jako subepidermélnich nervovych struktur véetné
cholinergnich a adrenergnich) byla prokdzana také u pacienti S amyotrofickou laterialni

sklerézou (Dalla Bella et al. 2016, Nolano et al. 2017b).

Zajimavou problematikou je také postizeni tenkych nervovych vlaken u fibromyalgie. Podle
nekterych novéjsich studii je U Casti pacientli, zahrnovanych aktualné pod tuto diagnostickou
jednotku, prokazovana neuropatie tenkych vlaken jako mozny podklad klinické symptomatiky
(Uceyler et al. 2013b, Uceyler et al. 2013c). Uroveti prikazu tohoto postizeni se viak prozatim
nejevi jako dostatecnd, aby byla mozna jednoznacna klasifikace bolesti u fibromyalgie jako

bolesti neuropatické.

3.3.2.7. Doporuceni pro vyuziti kozni biopsie v diagnostice neuropatické bolesti

Podle souc¢asnych doporuceni EFNS (Cruccu et al. 2010) a NeuPSIG (Haanpaa et al. 2011) je
koZzni biopsie s hodnocenim IENFD doporucena u pacientti s distalnimi senzitivnimi symptomy
a klinicky podezZenim na neuropatii tenkych vlaken (doporuceni irovné B). Metoda je uZite¢na
také v diagnostice postherpetické neuralgie, kde je IENFD obecné redukovanad, ale vysoky
pocet zachovalych vlaken je u téchto pacientii asociovan s alodynii (doporuceni urovné B).
Hodnoty IENFD vykazuji pouze slabou negativni korelaci s intenzitou bolesti a nemohou byt
na individualni urovni vyuZzity k hodnoceni pfitomnosti jako takové. Slouzi tedy pouze
k prukazu zakladni diagnozy, ktera Se neuropatickou bolesti manifestuje, tedy SFN ¢i

postherpetické neuralgie (doporuceni tiidy C).
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3.3.3. Korneadlni konfokalni mikroskopie

Konfokalni mikroskopie rohovky (Corneal Confocal Microscopy, CCM) je nova perspektivni
vySetiovaci morfologicka metoda zobrazeni tenkych nervovych vlaken v oblasti rohovky
(Tavakoli et al. 2010a), jejiz vyuziti v poslednich letech progresivné nartsta.

Rohovka je nejhustéji inervovana tkan lidského téla (az 400krat vice nez lidské ktze) (Ferrari
et al. 2010). Soucasné¢ je velmi dobie dostupna a jako jedina struktura lidského t€la umoziuje
neinvazivni morfologické vysetfeni terminalnich nervovych vétvi (Tavakoli et al. 2010a,
Tavakoli et al. 2010Db). V dobé tvorby aktualnich EFNS a NeuPSIG doporuceni pro diagnostiku
neuropatické bolesti (Cruccu et al. 2010, Haanpaa et al. 2011) nebyla CCM jesté dostateéné
dobie prozkoumana a etablovana, takze v téchto doporucenich neni zahrnuta. Metoda je vSak
svoji podstatou blizk4 kozni biopsii a miize byt vyuzita pro prikaz postizeni tenkych nervovych
vlaken u pacientd s periferni neuropatickou bolesti pti difuznich polyneuropatiich (podobné
jako praveé kozni biopsie, jejiz vyuziti je vSak pon€kud $irsi). Bude proto v nasledujicim textu
kratce zminéna a to navzdory skuteCnosti, ze nefiguruje z vySe uvedenych davodu v

doporucenich EFNS/NeuPSIG.

Metodické detaily vysetieni CCM byly recentné publikovany naSi pracovni skupinou
(Kovalova et al. 2017). Vyhodou CCM oproti biopsii je neivazivita vySetfeni a tedy moznost
vzasadé neomezeného opakovani vySetfeni (coZ pochopitelné neni mozné v piipadé kozni
biopsie). Urcitou nevyhodu naopak piedstavuje skuteCnost, Ze vétSina bolestivych
polyneuropatii vykazuje tzv. vzorec postiZzeni zavislosti na délce (,,length dependent pattern®).
U pacient s touto distribuci postizeni jsou nejdiive postizena nejdelSi nervova vldkna a
klinicky i neuropatologicky nalez je nejvyraznéji vyjadien v distalnich segmentech koncetin.
Nekteré z publikovanych studii tak sice uvadéji v diagnostice senzomotorické diabetické
polyneuropatie podobnou senzitivitu CCM vySetieni a kozni biopsie (Chen et al. 2015), nase
zkuSenosti vSak sveéd¢i spise pro nizsi senzitivitu CCM a to zejména u leh¢ich forem diabetické
polyneuropatie (Kovalova et al. 2017). Otazku korelace CCM a IENFD a srovnani senzitivity

a specificity obou metod bude proto nutné jesté zptesnit pomoci dalsich studii.

CCM lze wvyuzit v diagnostice celého spektra polyneuropatii. NejCastéjsi zkoumanou
diagnostickou jednotkou je diabeticka polyneuropatie. Konfokalni mikroskopie prokazuje
signifikantni redukci rohovkové inervace u pacienti s polyneuropatii pti diabetes mellitus 1. i

2. typu ¢i prediabetu a také u diabetické SFN 1 autonomni diabetické periferni neuropatie
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(Papanas a Ziegler 2015, Tavakoli et al. 2010b, Kovalova et al. 2017). Podle dosud
publikovanych informaci jsou vSak nalezy abnormalni u pacientti s bolestivou i nebolestivou
formou diabetické polyneuropatie (Papanas a Ziegler 2015, Tavakoli et al. 2010b).
Signifikantni morfologické zmény kornedlni inervace byly prokazany také u pacientii S
idiopatickou SFN (Tavakoli et al. 2010a), polyneuropatii indukovanou chemoterapii (Ferrari
et al. 2010) ¢i hereditarni neuropatii Charcot Marie Tooth, typ 1A (Tavakoli et al. 2012).
Zmény inervace rohovky jsou vSak prokazovany také u nékterych neurodegenerativnich
onemocnéni, a to ponékud odlisného charakteru nez v ptipad¢ perifernich neuropatii. Naptiklad
u Parkinsonovy nemoci bylo sice zjisténo snizeni hustoty nervovych vlaken, ale zaroven
zvySeni hustoty jejich vétvi i celkové délky nervovych vlaken, coz je jedine¢ny a klinicky

determinantni nalez (Kass-1liyya et al. 2015).

Pro hodnoceni nélezil je nutné vyuzivat vékovée stratifikovana data pro jednotlivé parametry.
Recentné byla publikovana multicentricka studie poskytujici takovy typ normativnich dat pro

ob¢ pohlavi (Tavakoli et al. 2015). Platnost téchto normativnich dat pro ¢eskou populaci byla
ovéfena v ramci jedné ze studii nasi pracovni skupiny a to prostfednictvim vySetfeni vétsiho
souboru zdravych dobrovolnikli a mensi skupiny pacientt s diabetickou neuropatii (Kovalova
et al. 2017). U pacientu s diabetickou neuropatii byla na skupinové urovni prokazana
signifikantni redukce poc¢tu kornedlnich nervovych vlaken 1 jejich délky a poctu jejich vétvi a
nariist vinutosti (tortuozity) kornedlnich vldken, coz podporuje moznost vyuziti metody
Vv diagnostice diabetické neuropatie. Na individudlni Grovni vSak byla senzitivita vySetfeni

pomérné nizka (Kovalova et al. 2017).

V souhrnu je kornedlni konfokalni mikroskopii mozné vyuzit jako alternativni konfirmacni
metodu neuropatie tenkych vlaken (izolovanou ¢i v rdmci smiSeného postizeni vldken tenkych
a silnych). Nalezy jsou vSak abnormalni i u pacient s nebolestivou formou polyneuropatie,
takze abnormalni CCM ndlez neni specificky pouze pro pacienty s bolestivou formou postizeni
a neni pfimym prikazem bolesti (ale pouze prikazem zékladni diagndzy, kterd je podkladem

bolesti u daného pacienta — tedy neuropatie tenkych vlaken).
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3.3.4. Neurofyziologické testy v diagnostice neuropatické bolesti

Vyznamnou skupinou testil, uzivanou pro konfirmaci postizeni somatosenzitivniho nervového

systému predstavuji neurofyziologické testy.

3.3.4.1. Elektromyograficke vysetreni

Elektromyografické (EMG) vySetfeni a zejména kondukéni studie perifernich nervt jsou Siroce
dostupnou diagnostickou metodou, umoznujici hodnoceni funkce silnych nervovych vlaken
(motorickych typu A-alfa a senzitivnich typu A-beta) (Haanpad et al. 2011). Tyto metody
naopak standardné netestuji funkci tenkych nervovych vlaken (A-delta a C) a to s ohledem na
odli$nou excitabilitu uvedenych typti nervovych vladken (Cruccu et al. 2004). Obecné totiz plati,
ze silnad (nenociceptivni) nervova vldkna maji niz$i prah excitability pii elektrické stimulace
nez vladkna tenka (nociceptivni). Bézna elektrickd stimulace perifernich nerva tak primarné
vzdy aktivuje silnd nervova vldkna (pokud nejsou uzivany specidlni techniky, jako napf.
experimentalni bloky vedeni, nebo nejsou vysetfovany specifické organy, jako napt. rohovka)
(Cruccu et al. 2004).

Podle doporuc¢eni EFNS a NeuPSIG k diagnostice neuropatické bolesti (Cruccu et al. 2004,
Cruccu et al. 2010, Haanpéd et al. 2011) jsou kondukéni studie perifernich nerva (resp.
neuropatii (doporuceni tfidy A) (Cruccu et al. 2004). Umozni potvrdit, lokalizovat a
kvantifikovat dysfunkci perifernich nervli a tedy diagnostikovat onemocnéni, které je
podkladem vzniku neuropatické bolesti u vyznamné casti pacientl. Piikladem muZe byt
diagnostika diabetické polyneuropatie, kde je pfinosné predevS§im hodnoceni senzitivniho
neurogramu. V této indikaci vykazuje vysokou diagnostickou validitu zejména vySetieni n.

plantaris medialis (Kur¢a a Kucera 2002).

EMG je proto vyuzitelné jako konfirmacni test postizeni somatosenzitivniho nervového
systému v ramci aktudlniho klasifikaéniho schématu neuropatické bolesti a umoZzni stanovit
diagnoézu ,,potvrzené (jisté) neuropatické bolesti“ (Finnerup et al. 2016). Nehodnoti vSak funkci
nociceptivnich nervovych vldken (doporuceni tfidy A) (Cruccu et al. 2004). U urcitého
segmentu pacientd (napfi. u jedincl s neuropatii tenkych vldken) je tak ndlez kondukénich studii
Vv norm¢ a to navzdory skutecnosti, Ze se jedné o pacienty s periferni neuropatickou bolesti. U
téchto jedinct je proto pii negativnim EMG nalezu nutné pro stanoveni diagnozy ,,potvrzené

(jisté) neuropatické bolesti* vyuzit jiné konfirmacni metody (napi. kozni biopsii a/nebo QST),
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které potvrdi postizeni tenkych nervovych vlédken (Vickova-Moravcova et al. 2008a, Vickova-

Moravcova et al. 2008b, Haanpaa et al. 2011).

V souladu s vyse uvedenym doporuc¢enim EFNS a NeuPSIG je EMG vySetfeni vyuzivano
rutinné vyuzivano k prukazu/vylouceni polyneuropatie silnych vldken ve vSech studiich nasi
pracovni skupiny, zamétfenych na problematiku periferni neuropatické bolesti ¢i neuropatie
tenkych vlaken (Vickova-Moravcova et al. 2008a, Vickova-Moravcova et al. 2008b, Bednarik
et al. 2009, Vickova-Moravcova a Bednarik 2009, Scherens et al. 2009, Divisova et al. 2012,
Skorna et al. 2015, Divisovd et al. 2016, Kovalovd et al. 2016, Raputova et al. 2017).

Vyznamnou vyhodou EMG je moznost jeho vyuziti pro u¢el monitorace vyvoje postizeni v Case
(a sledovani ptipadného reinervac¢niho procesu) a to pomoci opakovanych vysetieni (Haanpaa
et al. 2011). Nékteré parametry kondukénich studii mohou mit pii longitudinalnim sledovani
dokonce i prognosticky vyznam pro dal$i vyvoj periferné neurogenniho postizeni, jak bylo
recentné prokazano v ramci jedné ze studii nasi pracovni skupiny (Srotovd et al. 2017), ktera je

komentovanou ptilohou této prace.

Elektromyografie je pfitom metodou Siroce dostupnou, bezpe¢nou, S minimem kontraindikaci
(Vickova a Bednarik 2017). Kondukéni studie lze vySetfovat prakticky u vSech pacientd,
vyjimkou je pouze stimulace v bezprostfedni blizkosti kardiostimulatoru (z divodu mozné
interference s jeho funkci) ¢i pfimo v misté trofickych koznich defektu ¢i otevienych poranéni
(z divodu mozného zavlecCeni infekce do téchto ran a také zvySené bolestivosti stimulace).
Ptimo kontraindikovano je pak vySetfeni pouze ve zcela raritnich situacich docasné zevni
kardiostimulace, kdy jsou elektrody stimulatoru zavedeny pfes kizi pfimo do srdce nebo jeho
blizkosti. Omezen¢ hodnotitelné je vySetieni také u pacienti s vyraznymi otoky vySetfované
oblasti (Vickova a Bednarik 2017). Pii vySetieni jehlovou EMG je vhodné zohlednovat
pfipadné poruchy sraZlivosti krve (a to 1 iatrogenné vyvolanych v rdmci antikoagulaéni
pfipadné antiagregacni 1é€by) z dlivodu rizika vzniku intramuskularnich hematomi. Toto riziko
je vSak obecné¢ velmi nizké a EMG jako celek je obecné povazovdna za bezpecnou
diagnostickou metodu (Vickovad a Bednarik 2017). Podrobnéjsi informace ke kontraindikacim
a komplikacim EMG vysetfeni byly publikovany formou piehledného clanku (Vickova a
Bednarik 2017), ktery je jednou z komentovanych ptiloh této prace.
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3.3.4.2. Evokované potencialy

Podobné jako v pfipadé kondukénich studii perifernich nervii plati i pro evokované potencialy,
ze béznou elektrickou stimulaci jsou vzdy preferencné aktivovana nenociceptivni vladkna a na
n¢ navazujici centralni senzitivni nervové drahy. V piipadé evokovanych potenciall pak navic
aktivovana nenociceptivni silna vlakna inhibuji v oblasti zadnich rohti misnich (tedy v oblasti
centrdlni synapse senzitivnich neuronil) input u pfipadnych nociceptivnich aferent
aktivovanych elektrickou stimulaci a blokuji tak aktivaci nociceptivnich drah (Cruccu et al.

2004, Cruccu et al. 2008a).

Bézné somatosenzorické evokované potencialy (Somatosensory Evoked Potentials, SEP)
tedy piedstavuji snadnou a spolehlivou metody umoznujici objektivizaci, topizaci a kvantifikaci
postizeni somatosenzitivnich nervovych drah. Netestuji vSak funkci nociceptivni drahy (tedy
tractus spinothalamicus) a reflektuji tak pouze tzv. drahu zadnich provazca (tractus Spino-
bulbo-thalamicus) (doporuceni tiidy A) (Cruccu et al. 2004, Cruccu et al. 2010, Haanpaa et al.
2011).

Pro testovani nociceptivnich nervovych drah je proto nutné vyuzit jiné modality, oznacované
souhrnnymi terminy ,nociceptivhi evokované potencidly”, ,evokované potencidly
zprostiedkované tenkymi nervovymi vlakny (small-fiber evoked potentials) nebo ,,evokované
potencialy se vztahem k bolesti* (Pain-Related Evoked Potentials, PREPS). Tyto zastiesujici
terminy jsou pouzivany jako souhrnné oznaceni pro nékolik modalit evokovanych potenciali,
které umoznuji selektivni aktivaci nociceptori a navazujicich spino-thalamickych drah
(Haanpéa et al. 2011, Baumgirtner et al. 2012, LaCesa et al. 2018). Jedna se o evokované

potencialy vyvolané:

- laserem (Laser Evoked Potentials, LEPS)

- kontaktnim teplem (Contact Heat Evoked Potentials, CHEPS)

- specifickou elektrickou stimulaci nizké intenzity, umoZiujici preferenc¢ni aktivaci
povrchovych koznich nervovych zakonceni (t.j. tenkych nervovych vldken) pomoci
povrchové koncentrické elektrody (oznacované terminem Surface Electrode Pain-Related
Evoked Potentials, SE-PREPs, tedy nociceptivni evokované potencialy vyvolané
povrchovou elekrickou stimulaci, pfipadné se pro tuto modalitu pouziva termin PREPs

v uzsim slova smyslu) (Katsarava et al. 2006, Uceyler et al. 2013a)
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Na experimentalni irovni byly dale vyvinuty evokované potencialy vyvolané:

- chladem (contact-cold evoked potentials, cCEPS)
- mechanickou algickou stimulaci a to:
- pomoci specialni sondy evokujici pichnuti $pendlikem (pinprick-evoked potentials,
PEPs)
- pomoci kratce pusobiciho silného lokalniho tlaku (pressure-evoked potentials)
- chemicky (Baumgirtner et al. 2012).

Jednotlivé modality umoziiuji testovat rizné podtypy A-delta vlaken a v nékterych piipadech
(napft. pti stimulaci chladem) 1 nenociceptivni senzitivni drahu pro pouzivany typ podnétu.
Narozdil od CHEPs ¢i LEPs a piipadné SE-PREPs vsak ostatni modality nejsou komercéné
dostupné a nejsou zatim §ifeji vyuzivany ani v experimentalni praxi (Baumgértner et al. 2012),
1 kdyz by pravdépodobné umoznily selektivné reflektovat urcité senzitivni symptomy (napf.

chladovou ¢i mechanickou alodynii) a objektivizovat jejich reakci na terapii.

3.3.4.2.1. Laserem-evokované potencialy

Z uvedenych metod je jednoznaéné nejvice zkuSenosti s laserem-evokovanymi potencialy
(LEPs). Moznost selektivni aktivace volnych nervovych zakonceni (typu A-delta a C)
Vv povrchovych vrstvach kiize pomoci laterového paprsku byla poprvé publikovana jiz pted vice
nez 30 lety (Bromm a Treede 1984) a do soucasnosti bylo publikovano témét 1300 studii,
zaméfenych na tuto problematiku. BéZn¢ hodnocené komponenty LEPs reflektuji funkci
tenkych malo myelinizovanych vlaken A-delta (late LEPs). Ojedinélé publikované studie jsou
zaméfeny 1 na velmi pozdni komponenty LEPs odpovédi, reflektujici funkce
nemyelinizovanych (a tedy jesté pomaleji vedoucich) vlaken C (ultra-late LEPS), které jsou

24

2004, Cruccu et al. 2010, Haanpéi et al. 2011).

Rada publikovanych studii prokazala diagnostickou validitu LEPs v hodnoceni postiZeni
periferniho ¢i centralniho segmentu nociceptivnich nervovych drah, kdy dochazi k redukci
amplitudy LEPs. Tyto ndlezy byly potvrzeny u Sirokého spektra onemocnéni periferniho i
centralniho nervového systému (napft. u perifernich neuropatii, neuralgie trigeminu, roztrousené
skler6zy, syringomyelie a kmenovych cévnich 1ézi — napt. u Wallenbergova syndromu) (studie
tiidy 1 a 1) (Cruccu et al. 2004). Recentné bylo prokazano, Zze LEPs odpovéd’ zcela vymizi po

kozni denervaci vyvolané lokalni aplikaci capsaicinu (u pacientd, u nichz byla pted aplikaci
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capsaicinu odpoveéd’ normaln¢ vybavna) (LaCesa et al. 2018). Tento nalez je plné v souladu
s vysledky ptedchozich studii, prokazujicich urcitou korelaci mezi amplitudou LEPs a po¢tem

intraepidermalnich tenkych nervovych vlaken.

Vymizeni LEP odpovédi je také testem objektivizujicim neuropatickou bolest. V této indikaci
maji LEPs lepsi diagnostickou validitu nez jakykoli jiny pouzitelny test a to u pacienti

s periferni i centralni neuropatickou bolesti (studie téidy | a 1) (Cruccu et al. 2004).

Naopak u pacientt s fibromyalgii, myofascialnimi syndromy, chronickou tinavou, chronickou
bolesti zanétlivé etiologie a psychogenni bolesti jsou LEPs odpovédi facilitovany a maji

vétsinou zvySenou amplitudu (studie téidy 11 a I11) (Cruccu et al 2004).

Podle soucasnych doporuc¢eni EFNS (Cruccu et al. 2004, Cruccu et al. 2010) a NeuPSIG
(Haanpad et al. 2011) a také podle doporuceni Mezinarodni federace pro klinickou
neurofyziologii (International Federation of Clinical Neurophysiology, IFCN) (Cruccu et al.
2008a) jsou proto LEPs nejsnaz$i a nejspolehlivéjsi metodou hodnoceni funkce A-delta
asociovanych nociceptivnich nervovych drah (doporuceni urovné A). VSechny provedené
studie prokazuji vysokou specificitu LEPs abnormit, ale pomérné nizkou senzitivitu metodiky
(cca 60-70%, pokud je jako abnormita zohlediiovana pouze absence odpovédi). Metoda je vSak

ekonomicky pomérné naro¢na, coz limituje jeji vyuziti v $irsi klinické praxi.

Pro hodnoceni nocicepce zprostiedkované C vlakny neni dosud k dispozici dostatek podkladui.

3.3.4.2.2. Dalsi modality nociceptivnich evokovanych potencialit

Pro hodnoceni dal$ich modalit evokovanych potenciald (CHEPs a SE-PREPS) byly v dobé
tvorby vyse popsanych doporuceni k dispozici jen omezené pocty studii (3 studie téidy II/IV
pro kazdou z téchto modalit), které neumoznovaly stanoveni validniho zavéru (Haanpéi et al.

2011, Cruccu et al. 2010).

V nésledujicim obdobi v§ak publikovano nékolik dalsich studii, potvrzujicich ptinos uvedenych

modalit evokovanych potencialt v diagnostice neuropatické bolesti.

Evokované potencialy vyvolané kontaktnim teplem jsou odpovédi na kratce trvajici aplikaci
velmi teplého podnétu produkovaného termosondou, ptilozenou na kizi pacieta (Baumgértner
et al. 2012). Podobné¢ jako LEPs odrazeji funkci malo myelinizovanych A-delta vlaken, coz
bylo potvrzeno nalezy recentni studie, prokazujici vymizeni CHEPs odpovédi po denervaci

kaze vyvolané lokalni aplikaci capsaicinu (LaCesa et al. 2018).
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Vyznam metodiky podporuje i skute¢nost, ze za posledni 4 roky byly publikovany Ctyfi prace,
zamétené na vytvoreni normativnich dat pro hodnoceni CHEPS (Lagerburg et al. 2015, Jutzeler
et al. 2016, Granovsky et al. 2016, Rosner et al. 2018), v jednom ptipadé dokonce v ramci
multicentrické studie (Granovsky et al. 2016). Vyuzitelnost téchto normativnich dat pro ¢eskou
popuklaci byla ovéfena v ramci jedné zpraci nasi pracovni skupiny (Raputova et al.,
submitovano). Jako abnormalni Ize tedy hodnotit nejen chybéni odpovédi, ale také prolongaci
latence a/nebo nizkou amplitudou odpovédi (tedy hodnoty mimo normalni rozmezi pro

prislusny parametr v rdmci publikovanych normativnich dat.

V souladu s timto pfistupem byla opakované prokazana alterace parametri CHEPs u pacienti
s periferni neuropatickou bolesti. V mensi studii byla abnormita odpovédi CHEPs (vétSinou
snizena amplituda nebo prolongovana latence) prokazana u 81,3 % pacientd s bolestivou
diabetickou polyneuropatii (a objektivizovanou vyraznou redukci intraepidermdalni hustoty
tenkych nervovych vlaken v kozni biopsii) (Chao et al. 2010). Recentné byla publikovana
prace, zamétend na nalezy CHEPs u velké skupiny 188 pacientli s distdlni senzitivni
polyneuropatii ruzné etiologie klinicky se manifestujici distalnimi pozitivnimi senzitivnimi
symptomy (u 144 pacientt z této skupiny byly potize hodnoceny jako neuropaticka bolest) (Wu
et al. 2017). Také tito pacienti vykazovali vétSinou signifikantni redukci intraepidermalni
inervace Vv koznich biopsiich. Abnormita CHEPs (ve smyslu redukce amplitudy a/nebo
prolongace latence) byla na DKK prokazana u 61,2 % téchto pacienti a to bez ohledu na
ptitomnost bolesti. Velmi podobnou diagnostickou validitu uvadi i diive publikovana studie,
zaméfend na pacienty s bolestivou distalni senzitivni polyneuropatii s postizenim tenkych
vlaken (izolovanym nebo kombinovanym postizenim vlaken silnych) a jasnou abnormitou
v kozni biopsii (Casanova-Molla et al. 2011). Abnormita CHEPs (podobné jako LEPs) byla
Vv tomto souboru prokazana u 60 % pacienti. Amplituda CHEPS piitom ve vSech jmenovanych
studiich prokazala signifikantni pozitivni korelaci s po¢tem intraepidermalnich nervovych

vlaken (Chao et al. 2010, Wu et al. 2017, Casanova-Molla et al. 2011).

Popsané studie tedy prokazuji, ze jsou CHEPs perspektivnim diagnostickym testem funkce
tenkych nervovych vlaken. Validita metodiky je v této indikaci pravdépodobné podobna jako
validita alternativné vyuzitelnych a dosud podrobnéji testovanych LEPs, které jsou
doporuc¢ovany EFNS, NeuPSIG a IFCN jako vhodnéd metoda testovani nociceptivnich funkci
(Cruccu et al. 2004, Cruccu et al. 2008a, Cruccu et al. 2010, Haanpaa et al. 2011). Nalezy
CHEPs koreluji s kozni biopsii jako souasnym zlatym standardem diagnostiky tohoto typu

postizeni. Metoda je pravdépodobné vyuzitelnd i pro hodnoceni navazujicich centrdlnich
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senzitivnich drah, pro validni hodnoceni pfinosu metodiky v této indikaci je vSak dosud

pomérné malo dat (Baumgartner et al. 2012, Wu et al. 2018, Raputova et al., submitovino).

V ramci Ceské republiky byla metoda poprvé zavedena na nasem pracovisti a recentné byla
k publikaci submitovana prace, ktera ovétila moznost pouziti publikovanych normativnich dat
Vv Ceské populaci, poskytla podklady pro volbu optimalniho algoritmu vySetieni a verifikovala
technickou spravnost pouzivané metodiky (Raputova et al., submitovdno). Prace byla zamétena
také a na moznost diagnostického vyuziti CHEPs u pacientli se smiSenou polyneuropatii
s postizenim tenkych nervovych vlaken (bez ohledu na ptipadnou pfitomnost neuropatické
bolesti a dalSich pozitivnich symptomi). Na skupinové urovni byly nalezy CHEPs u téchto
jedincti signifikantn¢ odlisné od souboru zdravych kontrol, na individualni urovni se vSak
CHEPs v uvedené indikaci jevi jako malo senzitivni test (Raputova et al., submitovino).

Zminéna studie je jednou z komentovanych ptilohou této prace.

Evokované potencialy vyvolané specifickou elektrickou stimulaci nizké intenzity, umoziujici
preferenéni aktivaci povrchovych koznich nervovych zakonfeni pomoci povrchové
koncentrické elektrody (SE-PREPS) byly v nékolika studiich vyuzity jako alternativni
diagnosticky test reflektujici nocicepci (Katsarava et al. 2006, Uceyler et al. 2013a). Recentné
vSak bylo prokazano, Ze narozdil od LEPs a CHEPs odpovéd’ pii SE-PREPs nevymizi po
denervaci kiize pomoci kapsaicinu (LaCesa et al. 2018). Tyto nalezy tak naznacuji, ze SE-
PREPs nereflektuji pravdépodobné izolovanou funkci tenkych nervovych vldken, coZz

relativizuje jejich pfinos v této indikaci ((LaCesa et al. 2018).

3.3.4.3. Elektrofyziologické reflexy

3.3.4.3.1. Trigeminové reflexy

Specializované reflexy jsou vyuzivany pfedevSim v diagnostice oblicejovych bolesti (Haanpdi
et al. 2011), nejcastéji u neuralgie trigeminu. V této indikaci jsou diagnosticky piinosné
zejména trigeminové reflexy zprosttedkované A-beta vldkny, tedy blink reflex a masseterovy
inhibicni reflex.

Blink reflex (prakticky neuzivanym c¢eskym ekvivalentem nazvu je ,,mrkaci reflex) je
elektrofyziologickym korelatem kornealniho reflexu (Mazanec 2007). Aferentni Cast
reflexniho oblouku pfedstavuje n. trigeminus, eferentni pak n. facialis. Reflex lze vyuzit pro

objektivizaci funkce obou zminénych nervii a soucasné¢ segmentu kmene, v némz dochazi
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k pfepojeni z aferentni na eferentni ¢ast reflexniho oblouku. Hodnocena je ¢asna komponentou

R1 a pozdni komponenta R2 vybavna ipsi- i kontralaterialn¢ (R2i a R2¢) (Mazanec 2007).

Masseterovy inhibi¢ni reflex je do jisté miry elektrofyziologickym koreldtem nize popisované
kozni periody Gtlumu Vv oblasti hlavovych nervii (Cruccu a Ongerboer de Visser 1999).
Podstatou reflexu je prechodna reflexni inhibice aktivovanych svéract Celisti (tedy m. masseter
a m. temporalis) vyvolana aplikaci mechanickych ¢i elektrickych podnéti do oblasti sliznice
dutiny ustni. Tato inhibice je detekovatelnd na elektromyografickém (EMG) vySetieni jako
Casna a pozdni faze suprese svalové aktivity oznacovana jako silent period 1 a 2 (SP1 a SP2)
(Cruccu a Ongerboer de Visser 1999). Ob¢é komponenty jsou vybavné pii aplikaci podnéti
smiSenych (tedy takovych, které maji bolestivou i nebolestivou komponentu) i zcela
nebolestivych a bylo prokazano, ze aferentni Céast reflexniho oblouku je zprostiedkovana

stfedné myelinizovanymi vlakny A-beta (Cruccu a Ongerboer de Visser 1999).

U pacientll se symptomatickou neuralgii trigeminu jsou prokazovany piedev§im abnormity
¢asné R1 komponenty blink reflexu a ¢asné SP1 komponenty masseterového inhibi¢niho
reflexu. Dle doporuc¢eni Americké neurologické akademie (American Academy of Neurology,
AAN) a Evropské federace neurologickych spole¢nosti (European Federation of Neurological
Societies, EFNS) (Cruccu et al. 2008b) jsou tyto dva reflexy ucinnymi nastroji v detekci
symptomatickych (sekundarnich) forem neuralgie trigeminu a to s vysokou senzitivitou i
specificitou (kolem 90 %). Casna komponenta blink reflexu vykazuje vysokou diagnostickou
validitu i u pacienti s postherpetickou neuralgii v distribuci n. ophthalmicus (Truini et al.
2008). Podle aktualnich doporuceni NeuPSIG (Haanpda et al. 2011) jsou tedy trigeminalni
reflexy zprostiedkované A-beta vlakny uzitecnym diagnostickych néastrojem u trigeminélnich
bolesti (doporuceni tfidy A). Tyto metody prokazuji abnormalni ndlez u pacientd
S prokazatelnym strukturalnim postizenim v distribuci n. trigeminus (v ramci symptomatické
neuralgie trigeminu, trigeminalnich neuropatii a postherpetické neuralgie V oblicejové
distribuci). U pacientii s klasickou (primérni) neuralgii trigeminu jsou naopak nalezy téchto

reflext v normé.

3.3.4.3.2. Dalsi reflexy zvazované pro ucely diagnostiky neuropatické bolesti

Vyznam dalSich reflext v diagnostice neuropatické bolesti dosud piesvedcivé potvrzen nebyl
(doporuceni tfidy C) (Cruccu et al. 2004), Jedna studie testovala vyznam koZni periody utlumu

(Cutaneous Silent Period, CSP) v rozliSeni pacienti s bolestivou a nebolestivou periferni
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neuropatii na HKK (Truini et al. 2009). KoZni perioda utlumu je fyziologicky ochranny misni
inhibi¢ni reflex, pfi kterém dochazi béhem volni kontrakce svalu k pfechodnému snizeni az
vymizeni EMG aktivity v diisledku uréitého typu stimulace (Stétkafova et al. 2017, Stetkarova
a Kofler 2009). Odpovéd je vybavitelna drazdénim smiSeného nervu, kozZnich aferentnich
vlaken ¢i transkranialni stimulaci kortexu. Abnormity CSP jsou prokazovany zejména u
pacientti s mi$ni dysfunkci (napf. s cervikalni myelopatii, syringomyelii a také u dalSich
intramedularnich 16zi) (Stétkafova et al. 2017). Metoda je pravdépodobné vhodnym testem
umoznujicim odliSeni myelopatie a radikulopatie (Leis et al. 2011). Aferentni ¢ast reflexniho
oblouku je tvofena tenkymi malo myelinizovanymi vlakny A-delta, ktera zprostiedkuji
nocicepci. Z téchto divodu bylo zvazovano vyuziti metodiky v diagnostice neuropatické
bolesti. V Truiniho praci (2009) vsak nebylo trvani kozni periody utlumu vyznamné odlisné
mezi jedinci s bolestivou a nebolestivou formou periferni neuropatie (na rozdil od amplitudy
laserem evokovanych potencial, ktera dokazala obé& skupiny pacientd spolehlivé odlisit)
(Truini et al. 2009). Trvani CSP nekorelovalo ani s intenzitou bolesti u pacientd s bolestivou
neuropatii. Uvedené vysledky jsou zcela v souladu s nalezy jiné studie (Leis et al. 2011)
prokazujici dobte vybavnou kozni periodu Gtlumu u tézkych krénich radikulopatii s prokdzanou
abnormalni spontanni aktivitou v kofenovych svalech. V recentni praci (Vasko et al. 2017) byla
prokézana zachovala CSP také u vétSiny pacientli s brachialni plexopatii a to dokonce i pfi
avulzi nervovych kofenti. Uvedené studie tedy sveédci proti moznosti vyuziti CSP v diagnostice
neuropatické bolesti a vtomto smyslu jsou fomulovana i aktualni doporuceni EFNS a
NeuPSIG, podle nichz neni pravdépodobné kozni perioda Gtlumu adekvatnim nastrojem pro
hodnoceni nocicepce ani neuropatické bolesti (doporuceni tiidy B)(Cruccu et al. 2010, Haanpaa
et al. 2011).

Nocicep¢ni flekéni reflex (Nociception Flextion Reflex, NFR, R 111 reflex) (Skljarevski et al.
2002) je fyziologicky polysynapticky reflex, zprostfedkujici uhybnou reakci na algické
podnéty. Jedna se o snadno mefitelny reflex, vyuzZitelny v klinickych 1 experimentéalnich
podminkach jako spolehlivy a objektivni ndstroj pro hodnoceni percepce bolesti na individualni
urovni (Skljarevski et al. 2002). NFR byl Siroce studovan v ramci hodnoceni nocicepce a jejiho
ovlivnéni Sirokou Skalou fakrmakologickych a nefarmakologickych intervenci, nikoli vSak u

pacientl s neuropatickou bolesti (Haanpaa et al. 2011, Cruccu et al. 2004, Cruccu et al. 2010).
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3.3.4.4. Mikroneurografie

Mikroneurografie je jiz téméf padesat let znama minimalné invazivni vySetiovaci technika
umoziujici zdznam elektrické aktivity z jednotlivych axont periferniho nervu u bdélého
pacienta (Hagarth a Vallbo 1969). Metoda muze poskytnout informace o funkci kteréhokoli z
typt nervovych vlaken veetné tenkych nervovych vlaken typu A-deltaa C. Umozni odlisit akéni
potencialy v jednotlivych vladknech periferniho nervu, jedna se tedy v soucasnosti o jedinou
techniku, kterda umoziluje zaznamenat a kvantifikovat pozitivni senzitivni fenomény
zprostiedkované silnymi nervovymi vlakny (parestezie a dysestezie) i malo myelinizovanymi
a nemyelinizovanymi tenkymi nervovymi vladkny (spontanni bolest). V ramci vySetfeni je
soucasné¢ mozné provést intraneurdlni mikrostimulaci jednotlivych vldken, coz miize
pravdépodobné napomoci objektivizovat piimou asociaci mezi aktivitou V pifislusném

nervovém vldkné a vnimanim bolesti (Rice a Casale 1994).

Pokud je mikroneurografie provadéna zkuSenym vySetiujicim, je povazovana za relativné
bezpe¢nou a provedené prospektivni studie neprokéazaly zaddné zjevné ani pretrvavajici

postizeni vysetfovaného periferniho nervu (Eckberg et al. 1989).

Metoda je vSak technicky i Casové naro¢na a predpokladem pro jeji vyuziti je zkuSeny
vySetiujici a spolupracujici pacient. V soucasné dobé jde o vySetieni provadéné jen v nékolika
centrech na svété (a — podle znalosti autorky — rutinné ani na zadném pracovisti v ramci Ceské
republiky). Sir$i vyuziti metodiky limituje také skute¢nost, e dosud nebyla publikovana
normativni data a provedené studie maji pouze charakter nezaslepenych srovnani skupin (studie
tiidy IV). Nélezy mikroneurografie u pacienti s neuropatickou bolesti byly dosud publikovany
jen ojedingle (do soucasné doby jde o mén¢ nez 100 publikovanych pacientll) (Haanpdi et al.
2011, Cruccu et al. 2004, Cruccu et al. 2010). V nov¢jsich studiich je metoda nové vyuzivana
v nékterych zajimavych aplikacich — napf. umoZni odliSeni riznych funkénich subtypt C
vladken (tedy napf. rozliSeni receptort citlivych na mechanickou stimulaci a receptort na tuto
mechanickou stimulaci necitlivych). Dalsi novéjsi aplikaci je mozZnost simultanniho zdznamu
aktivity ve vice nervovych vlaknech, coz zlepSuje diagnostické moznosti metodiky v hodnoceni
abnormalni spontanni aktivity vychdzejici z perifernich nociceptorti (kterd je povazovéana za

moznou piic¢inu spontanni bolesti u pacientl s perifernimi neuropatiemi) (Haanpaa et al. 2011).

Podle soucasnych doporuc¢eni EFNS a NeuPSIG nelze mikroneurografii doporucit jako rutinni
metodiku vyuzitelnou v bézné klinické praxi pro diagnostické ti¢ely u pacienti s neuropatickou
bolesti (doporuceni pouze na trovni spravné klinické praxe - good practice point). V ramci
experimentalnich studii ma vSak tato metoda potencial pfispét k pochopeni patofyziologické
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role spontanni ektopické aktivity pii vzniku symptomut neuropatické bolesti. Perspektivné by
také bylo zajimavé vyuziti mikroneurografie v ramci farmakologickych studii, kde by umoznila
hodnotit efektivitu testovanych perparati na snizeni ¢i vymizeni ektopické spontanni aktivity,

generované v perifernich nociceptorech (Haanpai et al. 2011, Cruccu et al. 2010).

3.3.4.5. Testovani funkce autonomniho nervového systému

Kromé vySe zminénych elektrofyziologickych metod reflektujicich funkci senzitivnich tenkych
nervovych vlaken (a navazujicich centralnich nociceptivnich drah) Ize v diagnostice

neuropatické bolesti do jisté miry vyuzit i testy autonomnich funkci.

Podkladem pro takovy postup je fada anatomickych a funkénich souvislosti a interakci mezi
autonomnim a nociceptivnim systémem a to na tirovni periferni i centralni (Haanpéa et al. 2011,

Nahman-Averbuch a Coghill 2017):

1. Autonomni nervova vlékna patii k tenkym nervovym vidakniim — vegetativni funkce jsou
zprostiedkovany velmi nizce myelinizovanymi vlakny typu B (eferentni pregangliova
nervova vlakna s primérem 3 pm a rychlosti vedeni 5 - 15 m/s) a nemyelinizovanymi
vlakny typu C (eferentni postgangliovd nervova vlakna s primérem 0,5 - 1 um a
rychlosti vedeni 0,5 — 2,5 m/s). U perifernich neuropatii s postizenim tenkych nervovych
vlaken lze tedy piedpokladat potiZeni nejen senzitivnich tenkych nervovych vlaken A-

delta a C, ale i vlaken autonomnich.

2. Existuje jasnd anatomicka souvislost mezi strukturami centralniho nervového systému,
regulujicimi bolest a autonomni funkce: periakveduktalni Sed’, insularni a predni

cingularni kortex, hypothalamus a amygdala se podileji na fizeni obou systémd.

3. Bolestivad stimulace vede ke zméndam aktivity autonomniho nervového systéemu (Koenig

et al. 2014).

4. Zmeny autonomni aktivity mohou ovliviiovat reakci na bolest: zvySeni ¢i naopak sniZeni
aktivace vagu ma napf. vliv na redukci nebo naopak nardst vnimani experimentalni

bolesti (Nahman-Averbuch a Coghill 2017).

5. Negkteré teorie naznacuji roli autonomniho nervového systému v rozvoji ¢i udrzovani
spontanni bolesti. Podkladem pro takové uvahy jsou mj. nalezy biopsii n. suralis
prokazujici zvySenou hustotu eferentnich sympatickych axonil u pacientii s periferni

neuropatickou bolesti ve srovnani s pacienty s nebolestivou periferni neuropatii (Bickel
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et al. 2000). Aplikace norepinefrinu navic evokuje bolest u animalnich modelt
traumatickych neuropatii (Kurvers et al. 1998). Klinickou jednotkou, ktera predstavuje
model signifikantni asociace (a pravdépodobné i patofyziologické interakce) mezi
autonomnim nervovym systémem a spontanni i evokovanou bolesti je komplexni

regiondlni bolestivy syndrom.

V souladu s uvedenymi skute¢nostmi jsou v fad¢ studii, zaméfenych na neuropatickou bolest,
prokazovany i abnormity autonomnich nervovych funkei a to pfi riznych zptsobech jejich
testovani. Prehled autonomnich testli, vyuzitelnych u pacienti s pfedpokladanou centralni
autonomni dysfunkci pii roztrouSené sklerdze (podobné jako pii dalSich onemocnénich mozku
¢i michy, kterd se mohou manifestovat neuropatickou bolesti) byl publikovan formou
piehledného ¢lanku (Srofovd et al. 2016) a je jednou z komentovanych piiloh této prace.
V tomto piehledu je vysvétlena i podstata vétSiny pouzivanych testli, kterd proto nebude

podrobnéji zminéna v nasledujicim textu.

Spektrum diagnostickych testii vyuzitelnych u pacientli s periferni neuropatickou bolesti je
velmi podobné. V ramci studii zamétenych na neuropatickou bolest jsou nejcastéji vyuzivany
testy reflektujici mikrocirkulacni a sudomotorické zmény, zejména u pacientil s neuropatii

tenkych vlaken jsou pak relevantni i testy kardiovaskularnich autonomnich funkei.

3.3.4.5.1. Hodnoceni mikrocirkulacnich zmeén v misté bolesti

Pro hodnoceni mikrocirkulaénich zmén (tkanové perfuze) v postizené oblasti je nejcastéji
vyuzivana laserova doplerometrie (Low et al. 1983b, Gonzalez-Darder a Segura-Pastor 1994).

Ur¢iteé informace k této problematice poskytuje 1 méfeni kozni teploty (Brelsfold et al. 1986).

3.3.4.5.2. Testy sudomotorickych funkci

v

Z test sudomotorickych funkci se jako nejsenzitivnéjsi jevi kvantitativni sudomotoricky test
(Quantitative Sudomotor Axon Reflex Test, QSART) (Low et al. 1983a), ktery ma potencial
prokazat abnormity u vyznamného podilu pacientti s neuropatickou bolesti ¢i perifernimi
neuropatiemi obecné. V jedné z provedenych studii byla napf. u pacientli s bolestivymi
polyneuropatiemi prokazana abnormita QSART prokazana u 69 % pacientd s Cistym
postizenim tenkych nervovych vladken dokonce u 85 % pacienti s kombinovanym postizenim

vlédken tenkych a silnych (Killian et al. 2011). Test vSak sdm o sob¢ samoziejmé neodlisi
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bolestivou a nebolestivou formu neuropatie a je abnormalni u pacienti s polyneuropatiemi

postihujicimi ptislusny typ nervovych vldken bez ohledu na pritomnost bolesti.

Z dalsich sudomotickych testi mohou byt vyuzity napt. termoregulacni potni test, Sympaticka
koZni odpovéd’ (Sympatethic Skin Response, SSR, Kucera et al. 2004), pfipadné ninhydrinovy
test (Haanpad et al. 2011). Senzitivita téchto metod je vSak nizsi, coz prokazuji i nalezy nasi
studie (Vickova et al. 2016) hodnotici nalezy SSR u vétsiho souboru zdravych dobrovolniki a
pacientli s polyneuropatii, ktera je jednou zkomentovanych pfiloh této prace.
Nezopochybnitelny abnormalni nalez testu (tedy nevybavnost odpovédi) jsme v této studii
prokazali pouze u necelych 10 % pacientl s neuropatii s izolovanym postiZzenim tenkych
nervovych vldken a u 33 % pacientl s kombinovanym postizenim vlaken silnych a tenkych.
V ramci zminéné prace (Vickova et al. 2016) jsme také vytvorili vlastni vékové stratifikovana
normativni data pro hodnoceni amplitud a latenci na HKK i DKK. Pfi zohlednéni téchto
parametru byl alespon jeden z nich abnormalni u 33 % pacientl s neuropatii s kombinovanym
postizenim obou typt nervovych vladken au 15 % pacientti s ¢istym postizenim vlaken tenkych
(pocet abnormit ve skupiné pacientl s izolovanym postizenim tenkych nervovych vlaken se
statisticky nelisil od souboru zdravych kontrol). Celkové tak senzitivita SSR vySetfeni
v pritkazu dysfunkce autonomnich tenkych nervovych vlaken doséhla ptiblizné 66 % u pacientti
s kombinovanym postiZzenim silnych a tenkych vlaken, ale pouze 25 % u pacienti s izolovanym
postizenim vlaken tenkych. Hodnocena byla také reprodukovatelnost testu jako dualezity faktor
pro longitudinélni sledovani.

Sympaticka kozni odpoveéd’ byla hodnocena u pacientti i v fad¢ dalSich studii nasi pracovni
skupiny (Vickova-Moravcova et al. 2008a, Vickova-Moravcova et al. 2008b, Vickova-
Moravcova a Bednarik 2009). 1 tyto nalezy potvrzuji vyuzitelnost metodiky v diagnostice

polyneuropatie/neuropatie tenkych vlaken, ale s nizsi diagnostickou validitou.

3.3.4.5.3. Testy kardiovaskularnich autonomnich funkci

V tad¢ studii (zeyména zaméeienych na bolestivé polyneuropatie ¢i pravé neuropatie tenkych
vlaken) jsou pro hodnoceni vegetativniho nervového systému vyuzivany také testy reflektujici
kardiovaskularni autonomni funkce. Nejcastéji hodnocenym parametrem, odrézejicim vliv
autonomnich nervovych funkci na kardiovaskularni systém, je variabilita srde¢ni frekvence
(Ewing a Clarke 1986, Task Force of the European Society of Cardiology 1996). Pro jeji
testovani lze vyuzit metody ¢asové analyzy, ozna¢ované jako Ewingovy testy (Ewing a Clarke,

1986). Software pro tento typ hodnoceni je standardni soucasti fady elektromyografickych
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piistroji. Alternativné lze tento parametr hodnot i prostiednictvim analyzy frekvenéni v ramci
metody oznacCované jako spektralni analyza variability srdecni frekvence (Spectral Analysis Of
Heart Rate Variability, SAHRV) (Task Force of the European Society of Cardiology 1996),
vyzadujici specialni analyzator. Podkladem metodiky (bez ohledu na typ analyzy pouzity
K jejimu hodnoceni) je skuteCnost, Ze srde¢ni frekvence vykazuje pii hodnoceni v delSich
casovych usecich fyziologickou variabilitu, kterda se méni pii dysfunkci autonomniho
nervového systému. Testovani 1ze provadét v klidovych podminkach (vleze, pfi spontdnnim
dychani) nebo pii aktivaci s pouzitim standardizovanych zkouSek se zndmym vlivem na
aktivitu autonomniho nervového systému, jako jsou hluboké dychani, Valsalviiv manévr,
staticky zatézovy test (,,handgrip*) a zejména aktivni vertikalizace (tzv. ortostaticka zkouska),
resp. ortoklinostaticky test (zkouska leh-stoj-leh) (Ewing a Clarke 1986, Task Force of the
European Society of Cardiology, 1996). Oba zptisoby hodnoceni, stejné jako piinos a limitace
vySetieni HRV a faktory, které je nutné zohlediovat pfi interpretaci nalezii, jsou podrobné
popsany v prehledné praci, zaméfené na moznosti testovani autonomniho nervového systému

u pacientll s roztrousenou sklerézou (Srotovd et al. 2016).

Testy kardiovaskularnich autonomnich funkci vyuziva fada studii nasi pracovni skupiny a to
zejména v projektech zamétenych na periferni neuropatie. Vyuzivany jsou metody Casové
(Vickova-Moravcova et al. 2008a, Vickova-Moravcova et al. 2008b, Vickovda-Moravcova a
Bednarik 2009) i frekvenéni analyzy (Divisova et al. 2012, Skornia et al. 2015).

Pro druhy z uvedenych zptisobti hodnoceni jsme vytvofili i vékové stratifikovana normativni
data a hodnotili jsme také reprodukovatelnost metodiky (jako kli¢ovy faktor pfi posuzovani
event. zmén nalezu, danych vyvojem =zakladniho onemocnéni ¢i jeho terapeutickym
ovlivnénim) (Vickova et al 2010). VSechny zminéné studie jsou komentovanymi pfilohami této

prace.

3.3.4.5.4. Souhrn a doporuceni v souvislosti s vyuzitim testit autonomniho nervového systému

V diagnostice neuropatické bolesti

Obecnou nevyhodou test vegetativniho nervového systému je jejich niz§i senzitivita
Vv diagnostice neuropatické bolesti (viz nize), kterd svéd¢i proti vyuziti nékteré z téchto metod
jako izolovaného diagnostického testu konfirmujiciho diagndzu neuropatické bolesti. Tyto testy
vSak rozhodné maji sviij vyznam jako doplikova vySetfeni a mohou napomoci objektivizovat

zmény autonomnich nervovych funkei u téchto pacientt.

87



Podle aktudlnich doporuceni NeuPSIG (Haanpdd et al. 2011) prokazuje nckolik studii, ze
laserova doplerometrie je spolehlivou metodou hodnoceni zmén autonomnich nervovych
funkci u periferni neuropatické bolesti (doporuceni urovné B). Podobné se v této indikaci
ukazal jako uzite¢ny kvantitativni sudomotoricky test (doporuceni urovné B). Hodnoceni kozni
teploty a sympatickd kozni odpovéd’ mohou byt v této indikaci také vyhovujici (doporuceni

urovné B).
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3.3.5. Molekuldrné-geneticka diagnostika u pacientit s neuropatickou bolesti

Prozatim spiSe okrajovym diagnostickym testem u pacientli s neuropatickou jsou molekularné-
genetické metody. V klinické praxi je toto vySetieni (pokud je indikovano) zaméfené na prikaz
genetického podkladu nékterych onemocnéni manifestujicich se neuropatickou bolesti
(Finnerup et al. 2016), tedy pfedevsim u dédi¢nych forem erytromelalgie, ale také z nékterych
bolestivych hereditarnich senzitivnich a autonomnich neuropatii, familiarni amyloidozy ¢i

Fabryho choroby.

Primarni (hereditarni) elektromelalgie je vzacné autozomalné dominantné dédicné
onemocnéni charakterizované kombinaci rekurentnich epizod palivé bolesti koncetin s jejich
zarudnutim a zvySenim lokalni teploty v postizené oblasti (Waxman et al. 2014, Tang et al.
2015). Jedna se o velmi vzacné onemocnéni s incidenci kolem 1 na 100.000. Klinicka
manifestace zacina obvykle jiz v prvni dekad¢ Zivota. Dominujicim symptomem je intenzivni
paliva bolest, ¢asto provokovana fyzickou aktivitou ¢i teplem. Pfiznaky se v prubéhu zivota
obvykle zhorsuji a jsou jen obtizné terapeuticky ovlivnitelné. Komplikujicim faktorem jsou
Casté ulcerace ¢i gangrény v postizené oblasti, které si pacienti obvykle ptivodi sami v dusledku
excesivni expozice chladu ve snaze ulevit intenzivni bolesti. Genetickym podkladem
onemocnéni je mutace v genu SCN9A, ktery koduje Navl.7 podtyp napétové tizeného
sodikového kanélu. Diagnostika je kromé typické klinické manifestace a piipadné pozitivni
rodinné anamnézy zalozena pravé zejména na genetickém priikazu popsané mutace, protozZe
ostatni konfirma¢ni metody uzivané u pacientl s periferni neuropatickou bolesti neprokazi u
pacient s timto onemocnénim abnormalni nalez (Waxman et al. 2014, Tang et al. 2015).
V piipadée této vzacné jednotky je tak genetické vySetfeni jedinym moZnym konfirmaénim
testem, umoziujicim stanoveni diagnozy ,,potvrzené (jisté) neuropatické bolesti* (Finnerup et
al. 2016).

U ostatnich dédi€né podminénych jednotek, které se manifestuji neuropatickou bolesti (tedy
napt. u hereditarnich senzitivnich a autonomnich neuropatii, familiarni amyloidézy ¢i
Fabryho choroby), je mozné pouzit i jiné konfirmacni testy poskytujici prikaz postizeni
senzitivniho nervového systému (napf. elektromyografii a dalsi elektrofyziologické testy nebo
kozni biopsii). Genetické vySetfeni zde tedy nehraje roli testu kliCového pro konfirmaci
periferné neurogenniho postizeni, coz je vSak v soucasnosti vzhledem k novym terapeutickym
moznostem u nekterych z téchto diagnostickych jednotek (familiarni amyloidéza, Fabryho

nemoc) velmi aktudlni otazka.
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Perspektivnim vyuzitim molekularné-genetickych metod u pacientl s neuropatickou bolesti je
také moznost stanoveni genetickych profili predikujicich terapeutickou odpovéd’ pacienta
na urCity typ analgetické terapie. Tento pfistup by byl velmi pfinosny jednak pro ucely
klinickych studii, ale také pro béznou klinickou praxi, kde by bylo mozné vybrat pacientovi
nejvhodnéjsi terapii ,,na miru“ na zaklad¢ jeho genetického profilu. Prozatim vSak neni

k dispozici dostatek informaci pro vyuziti téchto poznatkl v klinické ani experimentalni praxi.
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Prace je zaméiena na pocitaCem asistované stanoveni termického prahu (TTT) jako jednu
Z metod kvantitativniho testovani senzitivity (QST). Metoda je v soucasnosti nezastupitelnou
soucasti komplexnich protokolti kvantitativniho testovani senzitivity (napt. DFNS-QST
protokolu), které jsou velmi Siroce vyuzivany pro fenotypizaci pacientli s neuropatickou bolesti.
TTT je také obligatni soucasti diagnostického procesu neuropatie tenkych vlaken (SFN) jako
jedné z klinickych jednotek, manifestujicich se typicky neuropatickou bolesti.

Piestoze je TTT Siroce rozsifena a akceptovana metoda, bylo v dobé publikace prace k dispozici
jen velmi malo studii, poskytujicich srovnani aktualné dostupnych algoritmi testovani (protoze
vétSina publikovanych praci srovnavala star$i algoritmy, které jiz nejsou soucésti aktualnich
komeréné dostupnych software). Dostupna nebyla ani normativni data pro tyto algoritmy.
Komentovana studie je viibec prvni praci zamétenou na problematiku kvantitativniho testovani
senzitivity, publikovanou v ramci CR. V ramci studie byla vytvofena normativni data pro
jednotlivé aktualné uzivané algoritmy TTT, které byly soucasné srovnany z hlediska casové
narocnosti, vysky zjisténého termického prahu a vlivu fyziologickych proménnych na vysledky
testovani. Prace tedy poskytla podklady pro volbu optimélniho algoritmu, pfizpisobenou
potfebam jednotlivych klinickych studii ¢i rutinni diagnostiky a to v€etn€ normativni dat, ktera
byla vyuZivana v fad€ navazujicich studii (napt. Vickovd-Moravcova et al. 2008, Vickova-

Moravcova et al. 2008 a, Vickova-Moravcova a Bednaiik 2009, Bednaiik et al. 2009).
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PUVODNI PRACE Ces. a slov. Neurol. Neurochir., 66/99, 2003, No. 4, p. 263-269.

Pocéitac¢em asistované stanoveni termického prahu -
normativni data a zdroje variability

Moravcova E., Bednarik J.
II. neurologickd klinika FN Brno — Bohunice

Souhrn

Uvod: Poéitaéem asistované stanoveni termického prahu je psychofyzikalni semikvantitativni metoda
testovani funkece tenkych nervovych vldken. V souéasnosti neni k dispozici dostatek udaji o vliva
fyziologickych proménnych na hodnotu prahu a na intraindividudlni variabilitu testu. Metodika:
Termicky prah pro teplo a chlad byl stanoven ve skupiné 50 zdravych dobrovolniku (25 Zen a 25 muzn),
a to ve dvou lokalizacich (thenar LHK a dorzum PDK). Kazdy jedinec byl vySetfen tfemi riznymi
algoritmy: dvéma metodami reakéniho éasu (reaction time inclusive - nerandomizovana a randomizo-
vana varianta metody Limity) a jednou metodou konstantniho stimulu - randomizovana varianta
metody Urovné). Pro stanoveni intraindividudlni variability byly u 30 jedincti véechny testy zopakova-
ny v pribéhu jednoho tydne a byl stanoven horni normélni limit pro fyziologickou intraindividualni
zménu kazdého testu. Vysledky: Hodnoty termického prahu pro chlad se vyznamné sniZovaly a hodnoty
pro teplo naopak zvy$ovaly p¥i vySetfeni DKK, u muzi a p¥i pouziti metod reakéniho éasu. Vliv véku
na hodnoty termického prahu nebyl statisticky vyznamny. Intraindividualni variabilita hodnot prahu
vyjadiena jako medidn koeficientl intraindividudlni variability se pohybovala mezi 15 a 30 % a nebyla
zavisld na typu testu, vy§etfované oblasti, véku ani pohlavi. Zdvéry: Normalni limity je nutno stanovit
s ohledem na pohlavi, typ algoritmu a lokalizaci termosondy. Intraindividudlni variabilita hodnot
prahu je pFijatelna s ohledem na psychofyzikidlni charakter testu, srovnatelna s dal§imi kvantitativni-
mi testy senzitivniho ¢iti a neni vyznamné ovlivnéna typem provedeného testu ani fyziologickymi
proménnymi.

Kli¢ova slova: testovdni termického prahu, tenkd nervova vlakna, metody reakéniho ¢éasu, metody
konstantniho stimulu

Summary

Moravcova E., Bednarik J.: Computer-assisted thermal threshold testing - normative
data and sources of variability.

Computer-assisted thermal threshold testing is a psychophysical semi-quantitative method of testing
the function of small nerve fibres. At present, there is not enough data available on the effect of
physiological variables on the threshold value and on the intra-individual variability of the test.
Methods: Thermal threshold for heat and cold was determined in a group of 50 healthy volunteers (25
males and 25 females) in two localizations (thenar of the left upper extremity and dorsum of the right
lower extremity). Each individual was examined with three different algorithms: two reaction time
methods (reaction time inclusive - non-randomised and randomised variant of the Limits method) and
one constant stimulus method (reaction time exclusive - randomised variant of the Levels method). To
determine intra-individual variability, all tests were repeated in 30 individuals within one week and
the upper normal limit of physiological intra-individual change of each test was determined. Results:
Values of thermal threshold for cold decreased significantly whereas values for heat increased in
examination of lower extremities, in men, and when using reaction time. The effect of age on thermal
threshold was not significant. Intra-individual variability of threshold values expressed as the median
of coefficients of intra-individual variability fell between 15 and 30% and was independent of test type,
examined location, age or gender. Conclusions: Normal limits have to be determined with respect to
gender, algorithm type and localization of the thermal element. Intra-individual variability of threshold
values is acceptable, considering the psychophysical character of the test, is comparable to other
quantitative tests of sensory perception and is not significantly influenced by test type or by physiolo-
gical variables. :

Key words: thermal threshold testing, small nerve fibres, reaction time methods, constant stimulus
methods
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Poéitadem asistované stanoveni termického a algic-
kého prahu (TAP, z anglického Thermal Threshold
Testing — TTT) je psychofyzikalni semikvantitativni
metoda umoznujici testovani funkce tenkych senzitiv-
nich médlo myelinizovanych a nemyelinizovanych ner-
vovych vldken t¥idy A-delta a C.

Vedle laserem evokovanych SEP (1) jde v soucas-
nosti o jedinou klinicky dostupnou neinvazivni meto-
du stanoveni funkce tohoto typu nervovych vldken,
nebot standardné pouzivané elektrodiagnostické me-
tody (elektromyografie, kondukéni studie) zachyti
pouze postizeni silnych myelinizovanych vlaken tiidy
A. Spole¢né s metodami testujicimi autonomni nervo-
vy systém (napf. sympatickd koZni odpovéd, testovani
variability srdeéni frekvence) tak toto vySetieni hraje
dilezitou roli v diagnostice tzv. neuropatie tenkych
vléken (tedy izolovaného postiZzeni tenkych malo my-
elinizovanych a mnemyelinizovanych senzitivnich
a autonomnich nervovych vlaken).

Metoda je zaloZena na psychofyzickych principech
prahu, tolerance a vztahu nadprahového stimulu
a odpovédi (poznatky Fechnerovy, Stevensovy, von
Freyovy) a Peltierové principu umoznujicim kontakt-
ni termickou stimulaci (2, 3, 4).

Vys&etieni se provadi pomoci termosondy umisténé
na povrchu téla. Teplota termosondy je konstantné
nastavena na 32 °C, tedy na indiferentni teplotu, pii
niz vétsina vysetfovanych subjektd po kratkém kon-
taktu neciti teplo ani chlad.

Déle je mozZno stanovit:

* prah pro vnimani tepla (,warm sensation® — WS):
obvykle 1-2 “C nad adaptaéni teplotou (zprostied-
kovany C vldkny);

¢ prah pro vnimani chladu (,cold sensation® — CS):
obvykle 1-2 °C pod adaptacni teplotu (A-delta vlak-
na);

* algicky prah pro obé tepelné modality, jehoz hod-
nocenim jsme se v této praci podrobnéji nezabywvali.
Abnormalnim vysledkem testu je prekroceni hodno-

ty termického prahu pro jednu ¢i obé testované tepel-

né modality, u ¢dsti vySetfenych jedinci muze byt
jedinou abnormalitou porucha diskriminace termic-
kych podnéti, tedy obvykle paradoxni vnimdni chlad-

nych podnéta jako tepla (5).

Metody stanoveni termického prahu je mozno roz-
délit do dvou skupin: metody pouzivajici reakéni ¢as
(MRC) a metody nepouzivajici reakéni ¢as, tedy me-
tody konstantniho stimulu (MKS).

U metod reakéniho ¢asu se intenzita aplikovaného
stimulu postupné zvySuje nebo snizuje z vychozi
adaptaéni teploty a vySetfovany subjekt reaguje
(nap¥. stisknutim tlaéitka mysi) v okamziku, kdy sti-
mulus uciti. Reaké¢ni ¢as je zpoZdéni mezi okamzikem
pusobeni stimulu na koZni receptory a reakei subjek-
tu; béhem této doby intenzita podnétu dale narusta,

takZe pro metodu je typicka vyssi hodnota zjisténého
prahu ve srovndni s metodami KS. Pouzivany jsou
rizné rychlosti zmény intenzity stimulu. K metodam
reakéniho éasu patii napt. Limity (obr. 1a, 1b) véetné
jeji randomizované varianty.

U metod konstantniho stimulu je aplikovan stimu-
lus pfedem urcené intenzity a subjekt po jeho skonce-
ni oznadi, zda jej vnimal. Dalsi podnéty jsou aplikova-
ny na zdkladé reakce na stimulus pFedchozi podle
predem uréeného algoritmu (Pokud vySetfovany uda

udd ,ne“, ndsleduje podnét vyssi intenzity). Existuje
nékolik metod, které se lisi zpisobem zmény intenzity
stimulu, kalkulace prahu a ukonéeni testu (napf. me-
toda Urovné, Staircase, 4-2-1 stepping algorithm, for-
ced choice algorithm). Pouzivany jsou také randomi-
zované varianty testl, kdy se nezavisle na sobé
kombinuji 2 sekvence podnéti; tento postup zabrani
vyZetfovanému subjektu odhadovat intenzitu nasle-
dujiciho stimulu, coz pfispivé ke zvySeni spolehlivosti
testu (obr. 2a, 2b).

Uréeni prahu je subjektivni test, vyZadujici spolu-
praci, kterou je tfeba testovat. Mimo jiZ zminéné
kombinace dvou nezévislych sekvenci podnéti u me-
tod konstantniho stimulu je jednou z moznosti zafa-
zeni nulovych (slepych) podnéti. Pokud vySetfovany
subjekt na tyto stimuly reaguje, test je pferusen
a subjekt znovu instruovén, pfi opakované reakeci je
z testovani vytazen. Dal&i metodou testovani spolu-
prace je méreni variability 4 ndslednych méreni, kdy
Yarnitski (10) nasel malou variabialitu u zdravych,
vétsi u nemocnych, ale podstatné vyssi u jedinca, je-
jichz dkolem bylo pfedstirat hypestezii.

Test mize byt ddle ovlivnén fadou vnéjsich para-
metri (pohodli pacienta, rusivé vlivy prostredi, opti-
malni tepelnd pohoda, zptsob instrukei, konkrétni
misto pfripevnéni termosondy), pro kazdou laborator
je tedy vhodné ovéfit pouzitelnost doporucovanych
normativnich dat.

Jednotlivé algoritmy urceni TAP se 1i&1 navzdjem
senzitivitou, specifitou, reprodukovatelnosti, ¢asovou
ndroénosti a naroky na spolupraci vySetfovaného sub-
jektu (7-10). V souéasné dobé neexistuje shoda v tom,
ktery z navrhovanych algoritma je vhodnéjsi. Existuji
i ndzory (11), ze testovdani TAP neni u nemocnych
s NTV uziteéné.
Cilem nasi studie bylo
¢ stanoveni normélnich limitd termického prahu pfi
pouziti nékolika vybranych algoritmi,

* srovndni jednotlivych algoritmu vySetfeni z hledi-
ska ¢asové narocnosti,

¢ ovéfeni vlivu nékterych fyziologickych promén-
nych na hodnotu termického prahu.




Mathod: SBite:
Limits Right Foot Dorsal medial
Dates: Times : Phymsician:
13/Dec/1999 13:24:11
Mod COLD SEN. WARM SEN.
Del 1.7 3.6
Rslt 30.3 35.6
Var 0.1 0.1
Norm26.4 43.5
Rate 1.0 1:0
1] i‘:
32_%!-.1—.—'— ‘-l_-LLL
o—3
30.5 35,2 S
29.7 35.3
30.5 36.1
30.3 35.9
Soubor

Do souboru bylo zafazeno 50 zdravych dobrovolniki (25 Zen,
25 muzi) pramérny vék 44,2 = 11,9 let (rozmezi 20-74 let),
z toho 19 osob bylo mlad&ich 40 let, 31 osob starsich do 40 let.
Vyluéujicim kritériem zafazeni do souboru byly:

* anamnestické éi klinické zndmky difuzniho postizeni perifer-
niho nervového systému,

* znamky léze centrédlniho nervového systému, které by mohly
vést k porude citivosti ve vyZetfované oblasti & uZivani me-
dikace, ovliviiujici pozornost a soustiedéni pacienta,

* piitomnost nékterého z rizikovych faktord, vedouciho poten-
cidlné k periferné neurogenni 1ézi — tedy zejména diabetu
mellitu, chronického abuzu ethanolu, hepatopatie, nefropa-
tie ¢ zdnétlivého onemocnéni pojiva.

Metodika

Vgichni jedinci zafazeni do souboru byli podrobné klinicky
a anamnesticky vySetfeni se zaméfenim na pritomnost vylucu-
jicich kritérii uvedenych vyse a ddle u nich bylo provedeno
detailni vySetieni termického ¢iti pomoci elektrodiagnostické
jednotky Nicolet Viking IV a termosondy a softwaru Thermal
Sensory Analyser 2001 firmy Medoc. Z Fady algoritmi, které
uvedeny software nabizi, byly v korelaci s literdrnimi daji
(7-10, 12) vybrdany nédsledujici algoritmy: 2 metody pouzivajici
reakéni ¢as (metoda Limity a jeji randomizovana varianta Li-
mity 2) a 1 metoda konstantniho stimulu (Urovné).

U nerandomizované (NR) varianty metody Limity jsou apli-
kovany 4 podnéty dané tepelné modality a prédh je uréen jako
primérnd hodnota z téchto 4 pokusu (obr. 1a, b).

Randomizovanou (R) variantou je metoda Limity 2, pfi niZ se
teplé a chladné podnéty ndhodné stfidaji, a ikolem pacienta je
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e thod: Bite:
Limits Left Foot Dorsal medial
Date: '.I.'m 3 Fhysiolian:
3/Jan/2000 13:33:55
Mod COLD SEN. WARM SEN-.
Del 14.0 T3
Rslt 18.0 49.3
Var 0.1 0.3
Norm26.3 43.6
Ratel.0 1.0
so.
3 _E‘:
18.0! 49.6!
17.8! 49.91 *
18.5! 49,0!
17.41 48.5!

Obr. 1a, b. Ukdzka protokolu vygetfeni TAP nerandomizova-
nou variantou metody reakéniho éasu (Limity NR).

Kazdy ze sloupcu grafu piedstavuje jeden aplikovany podnét,
vyska sloupce odpovida teploté, pfi niz subjekt dany stimulus
vysetiovany subjekt vnima danou tepelnou modalitu. Horizon-
tdlni linie uprostied sloupcového grafu predstavuje neutrdlni
adaptaéni teplotu 32 “C, sloupce pod touto linii odpovidaji chlad-
nym podnétum, sloupce nad linii naopak podnétim teplym.
Zleva doprava jsou graficky zobrazeny namérené individudlni
hodnoty prahu pro vaniméni chladu (CS) a tepla (WS) ve °C, pro
kazdou modalitu jsou aplikovany vzdy 4 podnéty, jejichz pramér
je bran jako termicky prah. V horni ¢asti obrazku jsou pak u
kazdé modality na jednotlivych fdadcich uvedeny:

¢ hodnoty absolutniho rozdilu vypoéitaného pramérného pra-
hu oproti neutrédlni teploté 32 °C (,,Del®);

* absolutni hodnota prahu v “C vypoétend jako pramérnd hod-
nota ze 4 naméfenych hodnot (,Rslt);

* variabilita 4 naméienych hodnot (optimalné < 0,3) (,Var®)

* hodnota normalniho prahu, uddvana vyrobcem (,Norm®);
hodnota normélniho limitu je rovnéz vyjadiena graficky formou
horizontdlni linie nad ¢ pod vertikdlnim sloupcovym grafem
znédzorfivjicim naméfené individudlni hodnoty.

Obr. 1laje ukdzkou optimalniho vysledku pii vy$etieni zdravého
jedince, vysledek testu uvedeného na obrazku 1b je abnormalni
s pirekroéenim limitnich hodnot termického prahu pro obé tepel-
né modality.

kromé stanoveni okamziku percepce uréit také tepelnou moda-
litu.

Metoda Urovné je randomizovanou variantou metody kon-
stantniho stimulu kombinujici 2 nezdvislé sekvence podnéta se
zafazenim slepych podnéta. U této metody mé inicidlni stimu-
lus predem uréenou intenzitu, intenzita ndsledujicitho podnétu
je pak bud dvojnasobna (je-li odpovéd na predchézejici stimulus
zapornd), nebo poloviéni (v pripadé kladné odpovédi). Velikost
zmény mezi nislednymi podnéty se tak po kladné odpovédi vidy
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Mathod: Bite:

Levels Right Foot Dorsal medial

Dates: Timaes : Phywsician: Examiner:
25/Dec/1999 _Ll&: 2:161

Adaptation temperature: 32.0
Rate: 1.0, Steps: 3.0, 0.1
Normal: 41.1

Turns: 1

Avg: 37.3, Var: 0.1

Thresholds: 1) 37.7 2) 37.0

IIIIi!IF E i

w
»
olllllll

gL::I"JH!JH"LHILHI uJ'

' | - s W 0 IS AR 2.2 112 2 1 v B S W Il U |

n 35.0n 37.25n 36.96n
***n el 37.25y 37.6n
38.0y 38.0y 36.87n 37.8y
36.5y 36.5n 38.0y 37.7y
35.0n *hup *hin 37.6n
35.75n 36.5n 37.06v

Masthod: Bite:
Levels Right Foot Dorsal medial
Deate: Time: FPhysician: Inun-;n-r:
17/Jan/2000 ‘15:35:59'

Adaptation temperature: 32.0
Rate: 1.0, Steps: 3.0, 0.1

Turns: 1
Avg: 45.9, Var: 0.0
Thresholds: 1} 45.9 2) 45.9%

°.%
33.:0
2. 2 1 222 1121 1 3 i O s i - - 45 R
35.0n 41.0n 47.0y 46.25y 45 n
’iin 44 On iﬁtn tiin tﬂin
35.0n *hip 45.5n 45.87n 46.06y
38.0n 41.0n séan : 46.06y 45.96y
tarn 44.0n 46.25y 45.87n 45.86n
38.0n 47.0y 45.5n 45.96y

Obr. 2. Ukéazka protokolu vysetieni TAP metodou konstantniho stimulu (Urovng) pro teplé podnéty. Graficky jsou znézornény
aplikované podnéty ve formé jednotlivych sloupci sloupcového grafu. V dolni éasti obrdzku je teplota jednotlivych stimuld uvedena
numericky. Mezery v jinak pravidelném sloupcovém grafu predstavuji tzv. nulové neboli slepé podnéty. V horni édsti obrédzku jsou
u obou modalit na jednotlivych fddcich uvedeny:

* Normalni hodnota prahu (,Normal®).

¢ Hodnoty priimérného prahu v 1. a 2. sekvenci (,Thresholds®) a pramér téchto dvou pramérnych hodnot (,Avg®).

Zobrazen je opét optimdlni vysledek testu (2a) ve srovndni s abnorméalnim protokolem (2b).

Podrobny popis grafické podoby protokolu viz obréazek 1.



snizi na polovinu. Test je ukonéen pii poklesu zmény na predem
uréenou drovenl, prameér posledni odpovédi ,ano“ a ,ne” pfedsta-
vuje prah (obr. 2).

Vsemi testy byl stanoven prah termického €iti pro teplo
i chlad, a to na horni i dolni konéetiné, termosonda byla kon-
stantné umisténa na thenaru levé ruky a dorzu pravé nohy (v
oblasti nad m. extensor digitorum brevis). Rychlost vzestupu
teploty stimulu byla ve viech testech 1 stupen za sekundu.

Vysetfeni bylo provadéno v tichém, klidném prostiedi a pfi
maximélnim pohodli pro vy%etfovany subjekt, tak aby byla co
nejméné narusena schopnost jeho koncentrace. Pred provede-
nim kaZzdého testu byli vyZetfovani jedinci vidy podrobné in-
struovani.

Statistické zpracovani bylo provedeno pomoci sotfwaru Sta-
tistica 6.0 firmy Statsoft. Normalni distribuce hodnot byla tes-
tovéana pomoei testi y>-kvadrét a Kolmogorof-Smirnov. Ke zvi-
ditelnéni rozloZeni hodnot byla pouzita robustni sum&rni
statistika (medidn, kvantily). Stanoveni korelaci a rozdila mezi
jednotlivymi testy bylo provedeno pomoci neparametrickych
statistickych testad.

Vysledky

Hodnoty termického prahu nemély ve vétsiné pro-
vedenych testd normadlni distribuci, soubor tedy ne-
splnuje kritéria pro prdci s normdlnim rozloZzenim
jako modelem.

Na zdkladé zjisténych hodnot termického prahu
jsme stanovili normdlni limity prahu pro jednotlivé
testy na drovni 95. percentilu hodnot termického
prahu pro teplo a 5. percentilu v testech pro chlad
(tab. 1). Pro v&echny testy byly hodnoty prahu na
hornich koncetinach statisticky vysoce vyznamné bli-
ze indiferentni teploté neZ na koncetinach dolnich
(p<0,001).

Prahy zjisténé MKS byly ve srovnani s MRC pro obé
lokalizace termosondy a pro obé tepelné kvality vidy
blize neutrdlni teploté (tedy préh pro teplo byl nizsi
a prah pro chlad vyssi). Tyto rozdily byly pro viechny
testy obou tepelnych modalit na HKK i DKK vysoce
statisticky v¥znamné (p<0,001).

Rozdily hodnot termického prahu stanoveného po-
moci randomizované a nerandomizované varianty
MRC nebyly na HKK statisticky vyznamné, na DKK
byly prahy stanovené nerandomizovanou metodou
obecné bliZze neutralni teploté, rozdily viak neptekro-
¢ily jednoprocentni hladinu statistické vyznamnosti
(pro CS p=0,03, pro WS p=0,01).

Hodnoty termického prahu pro teplo byly u Zen
niz8i a hodnoty pro chlad vy$si nez u muza. Tyto
rozdily byly statisticky vyznamné ve viech testech na
HKK (kromé testu Urovné pro teplo, p=0,14) i DKK
(s vyjimkou randomizované varianty testu Limity pro
chlad a testu Urovné pro teplo, p=0,06).

Statisticky signifikantni vliv véku na hodnoty ter-
mického prahu se naopak ve vét&iné testa prokédzat
nepodatilo, piestoZe ve viech provedenych testech byl
pfitomen ofekdvany trend zvySeni hodnoty prahu
s vékem. U muzi jsme vyznamnou korelaci prokdzali
pouze u nerandomizované varianty metody Limity
pro teplo na DKK (p=0,001), kde se také vyznamné

Tab. 1. Normdlni limity vygetfeni TAP.
Test

Normélni limit* vyjadfeny jako
absolutni teplota v °C (rozdil
vaéi adaptaéni teploté 32 °C)

Muzi Zeny
HKK: Limity CS NR | 28,4 (- 3,6) 20,0 (— 3,00 |
Limity CS R 201(-29) | 209(-2,1)
Urovné CS | 306(-14) | 30,9(-11)
Limity WSNR | 359(+39) | 358(+38)
Limity WS R | 349(+29) | 348(+28)
Urovné WS 133,9(+1,9) | 338(+18)
DKK: Limity CSNR | 25,2(-6,8) 27,5 (- 4,5)
Limity CS R | 23,8(-8,2) 254 (— 6,6)
Urovné CS 27,3(-4,7) 27,4 (- 4,6)
Limity WS NR 42,5 (+10,5) | 41,9 (+9.,9)
Limity WS R 43,7 (+11,7) | 40,9 (+8,9)
Urovns WS 40,05 (+ 8,05) | 39,0+ 7,00

TAP — vygetieni termického a algického prahu, WS (,warm
sensation®) — test pro teplo, CS (,cold sensation®) — test pro
chlad, R — randomizovand varianta testu, NR — nerandomizo-
vand varianta testu.

* Normalni limit je stanoven jako 95. percentil individuélnich
hodnot prahu v testech pro teplo a 5. percentil v testech pro
chlad.

lisila hodnota termického prahu ve skupiné jedinci
do a nad 40 let. U Zen s vékem vyznamné korelovaly
prahy zjigténé vemi metodami hodnoticimi prah pro
teplo na HKK (p=0,0001-0,02) a ddle randomizovan4
varianta metody Limity pro chlad na DKK (p=0,01).
V ostatnich testech byl u obou pohlavi zaznamenédn
trend ndristu hodnot termického prahu pro teplo
a jeho poklesu v testech pro chlad s rostoucim vékem
na hranici statistické vyznamnosti.

Testy reakéniho ¢asu byly na hornich i dolnich kon-
éetindch vyznamné kratii ve srovndni s metodami
konstantniho stimulu (p<0,001), v rameci MRC je pak
randomizovand varianta ¢asové naro¢néjsi oproti va-
rianté nerandomizované (p=0,006 na HKK, P<0,001
na DKK). Pro obé skupiny testi a tedy i pro celkovou
dobu vySetfeni pak bylo vySetfeni na horni konéetiné
vzdy méné ¢asové ndroéné ve srovndni s konéetinou
dolni (p<0,001) (tab. 2).

Diskuse

I p#i standardizaci testovacich podminek véetné
zpusobu instruovéni vySetfovanych subjektt existuje
tada faktora, které mohou ovlivnit zjisténou hodnotu
termického prahu. Jde jak o parametry vlastniho tes-
tovacitho algoritmu — hodnota adaptaéni teploty, typ
provedeného testu (7-10, 13, 14), rychlost ristu tep-
loty (9, 13, 15), lokalizace termosondy (9, 13, 14, 16)

Ceska a slovenské neurologie a neurochirurgie
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Tab. 2. Trvani jednotlivych testa.

idedi;n

Test Median

| (maximum) (maximum)

I trvdani na HKK | trvani na DKK

v minutach v minutach

| Limity NR* 1,5(3) 2,0 (6)
Limity R 2,0(5) 2,5(7)
Urovné CS 4,0(8) 4,25 (10)
Urovné WS 4,0 (8) 5,25 (12)

i Celkové trvani vysetieni 11,5(19) 15,25 (27)

#* Metody reakéniho éasu kombinuji v 1 testu teplé i chladné
podnéty, proto je pro tyto metody uvedena v tabulce pouze 1
hodnota v niZ je zahrnuto vy&etieni termického prahu pro teplo
i chlad. V testu konstantniho stimulu je naopak vySetiovdna
vzdy jedna z obou tepelnych modalit.

a jeji velikost (9), tak také o podminky prostredi,
v némz testovani probihd. Vzhledem k tomu, Ze uve-
dené charakteristiky testovani se mezi jednotlivymi
laboratofemi lisi a v rdmci dostupné literatury neni
fada parametra u nékterych studii vibec uvedena,
nelze jednoduchym zptsobem pievzit normalni limity
stanovené v ramci studie provadéné jinou laboratofii,
aniz by podminky vy8etieni byly zcela identické. Proto
jsme stanovili vlastni normélni limity hodnot termic-
kého prahu platné pro vybrané parametry.

Hodnoty termického prahu se lisi pro rtzné lokali-
zace termosondy, coz lze vysvétlit rozdilnou prostoro-
vou distribuci a hustotou receptori, odlignou tloust-
kou vmezeiené tkanové vrstvy a pravdépodobné také
rozdily v pfenosu impulzu a jeho centrdalnim zpraco-
vani (13). Obecné jsou nejnizii hodnoty prahu zjisto-
vany v oblasti tvare, lehce vyssi na HKK a nejvy3sina
DKK (9, 13, 16). V souladu s témito poznatky jsme
v na#i studii nalezli vyznamné rozdily termickych
praht mezi HKK a DKK ve viech provedeny testech,
na zakladé téchto hodnot byly pak pro obé lokalizace
termosondy stanoveny odli¥né normalni limity.

Prahy zjisténé metodami reakéniho ¢asu byly vzdy
vyznamné vySsi ve srovnani s hodnotami prahu sta-
novenymi metodami konstantniho stimulu. Pfi¢inou
uvedeného jevu je zdvislost hodnoty prahu zjisténé
MRC na reakéni dobé, kterd u metod konstantniho
stimulu odpadd. Obdobné rozdily hodnot praht mezi
jednotlivymi algoritmy pro identické rychlosti rastu
teploty podnétu uvadéji i dalsi auto¥i (7-9). Tyto roz-
dily vedou k nutnosti oddélenych normélnich limita
prahu pro obé metody, zatimco absence vyznamnych
rozdili mezi randomizovanou a nerandomizovanou
variantou MRC umoziiuje pouziti identickych norem
pro obé varianty testu.

Variabilni literarni idaje jsou k dispozici také o vli-
vu pohlavi na hodnotu termického prahu. V na&i stu-
dii byly hodnoty prahu u zen téméft ve vSech testech
vyznamné bliZze neutrdlni adaptaéni teploté (tedy sen-
zitivita pro termické podnéty je u zZen pravdépodobné
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lepsi nez u muzi), coz dokazuje potfebu odlidnych
normativnich dat pro obé pohlavi. Obdobné rozdily
v hodnotach termického prahu mezi pohlavimi nalezl
také Doeland (17), trend bez statistické vyznamnosti
byl prokdzéan i v dalsich studiich (14). Naopak fada
autoru vliv pohlavi na hodnotu prahu neprokazuje (7,
18, 19).

S ohledem na psychofyzikdlni charakter metody lze
predpoklddat mirny vzestup hodnot termického pra-
hu se vzrustajicim vékem (10, 13), nebot ve vy3sim
véku muze byt sniZena pozornost a koncentrace pa-
cient a také zpomalena jejich reaktivita a s ni souvi-
sejici prolongace reakéniho ¢asu. PrestoZe néktefi
autoii nalezli predpoklddanou korelaci praht s vé-
kem (17, 18), fada studii statisticky vyznamny vliv
véku na hodnoty termického prahu neprokazuje (13,
14, 19) nebo jej pfipousti pouze pro nékteré parametry
a lokalizace (20). V zadné z publikovanych studii neni
uveden rozdilny vliv véku u muzua a Zen ani odlisné
ovlivnéni percepce jednotlivych tepelnych modalit.
V nasem souboru jsme ve vétsiné testa také neproka-
zali statisticky vyznamnou korelaci hodnot termické-
ho prahu s vékem, oéekdvany trend zvyseni prahu ve
vyssich vékovych skupindch byl viak patrny praktic-
ky ve viech provedenych testech. Hodnoty termického
prahu s vékem lehce narustaly zejména u Zen, a to
vice v testech hodnoticich prdh pro vnimaéani tepla.
K definitivnimu posouzeni vlivu tohoto parametru je
tedy vhodné ovéiit uvedeny trend vySetfenim rozsdh-
lej&tho souboru, zaméfeného zejména na vyssi vékové
skupiny pacientu. V pfipadé potvrzeni trendu by pak
pro testy s prokdzanym vyznamnym rozdilem bylo
nutno pouzivat odli&né limity pro jednotlivé vékové
skupiny, a to pfedev&im u Zen, u nichz byly nalezené
rozdily v zdvislosti na véku vy&&i.

Z praktického hlediska je p¥i vybéru algoritm nut-
no prihliZet také k ¢asové naroénosti jednotlivych me-
tod. Testy reakéniho éasu byly v obou vySetienych
lokalizacich vyznamné kratsi nez metody konstantni-
ho stimulu, obdobné vysledky prokazali i dalsi autofi
(7-9, 21). Dlouhé trvéni testu muZe zpusobit pokles
koncentrace vysetfovaného subjektu a jeho zvysenou
unavitelnost a muze tedy vést ke zkresleni vysled-
nych hodnot termického prahu. Z hlediska ¢asové na-
ro¢nosti je tedy vyhodnéjsi pouziti metod reakéniho
casu.

Metody konstantniho stimulu jsou ¢asové naroénéj-
& a kladou také vét&i ndroky na spolupréci vysetfo-
vaného subjektu. Jimi zjistény prdh se viak vice blizi
redlné hodnoté termického prahu a lze je proto pova-
zovat za presnéjsi. Jako vhodny kompromis mezi na-
roénosti a spolehlivosti testd se tedy prozatim jevi
pouziti kombinace jednoho testu z kazdé z obou sku-
pin algoritmu, v pfipadé diskrepance mezi vysledky
obou metod doplnéné dalsimi testy.

Prdce je podporovdna grantem Interni grantové ageniury
Fakulini nemocnice Brno-Bohunice ¢. 15/2000.
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Vyisledky studie byly édastecné prezentovdny ve formé prednds-
na 48. Spolecném sjezdu slovenské a éeské spoleénosti pro

klinickou neurofyziologii v Novyeh Zdmeich, 25.-27. 10. 2001.
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2. Moravcova E, Bednarik J, Feit J, Sommer C. Hodnoceni intraepidermalni hustoty tenkych

nervovych vidken z kozni biopsie u pacientii s polyneuropatii. Cesk Slov Neurol N 2005a;
68/101: 219-226. IF: 0,070.

Prace je zaméfena na hodnoceni intraepidermalni hustoty tenkych nervovych vldken (IENFD)
Z kozni biopsie jako zcela klicovou diagnostickou metodu neuropatie tenkych vldken (SFN),
resp. bolestivych neuropatii obecné. V diagnostice SFN piedstavuje metoda v soucasnosti zlaty
standard, je vSak vyuzivana také u polyneuropatii s kombinovanym postizeni vldken tenkych a
silnych ¢i pacientl s postherpetickou neuralgii a nové také u nékterych neurodegenerativnich

onemocnéni.

V soucasném diagnosticko-klasifikacnim schématu je kozni biopsie s hodnocenim IENFD
jednou z objektivnich metod, umoznujicich konfirmaci postizeni somatosenzitivniho
nervového systému u pacientli s neuropatii tenkych vlaken ¢i postherpetickou neuralgii. U
téchto jednotek tak metoda piedstavuje podklad pro stanoveni diagndzy ,.jisté (definitivni)

neuropatické bolesti‘.

Komentovana prace byla prvni publikaci zaméfenou na problematiku koznich biopsii v rdmei
CR. Prokézala vysoce signifikantni rozdily v poétu IENFD mezi zdravymi kontrolami a
pacienty s neuropatii tenkych nervovych vlaken a poskytla (v té dobé dosud nepublikovana)
normativni data pro imunofluorescencni hodnoceni IENFD. Pifi pouZiti téchto dat metoda
prokazala uspokojivou vyuzitelnost v diagnostice neuropatie tenkych vlaken, i kdyz se jeji

senzitivita jevi niz8i ve srovnani s TTT.

Normativni data, derivovand v rdmci této studie, byla nasledné¢ vyuzivana v fad¢ dalSich
publikovanych studii (napt. Vickova-Moravcova et al. 2008, Vickova-Moravcova et al. 2008 a,
Vickova-Moravcova a Bednaiik 2009, Bednarik et al. 2009).
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PUVODNI PRACE Ces. a slov. Newrol, Neuvochiv, 684101, 2005, No. 4, p. 219226,

Hodnoceni intraepidermalni hustoty tenkych
nervovych vlaken z koZni biopsie u pacienti
s polyneuropatii

Moraveova E.', Bednaiik I, Feit J.2, Sommer C.2
iNcum]uguukai Klinika LF MU a FN B, *11. patologicko-anatomicky gstav LF MU a FN Bro,
“Meurologische Universitiitsklinik Wileeburg, Germany

Souhrn

Diagnostika polyneuropatie tenkych nervovych vEiken (NTV) je v souéasnosti zaloZena na piitomnosti pozi-
tivnich subjektivnich senzitivnich symptomo a abnormiélniho ndlezu testovimi termického prabu (TTT)
Histologickym korelitem postiZeni tenkyeh nervovich viidken je redukice intraepidermalni inervace, resp.
jeii morfologické abnormality. Nové zavidénon metodon dingnostiky NTV je kvantifikace intraepidermiil-
ni hustoty tenkych nervovych vliken pomoci ko@ni biopsie. Cilem priice bylo zavedeni metody koni biop-
sie, stamoveni normativaich dat a korelace s mnilezy TTT v souboru nemocnych s NTV. Ko#ni biopsie pri-
bojnikem z oblasti distilniho Iytka byla provedena v 17 edravieh kontrol a 76 pacientii s NTV.
Intraepidermiilni tenkd nervovi vidkna byla vizoalizoviing pomeci nepfimé imunofluorescence s pougitim
rhodaminem znatfenych protilitek proti pannesrondilnimoe markern PGP 9.5, Prdmérny podel nervovich
viiken na mm epidermis byl ve skuping zdravych dobrovolnikia viznamné vyE&i eproti pacientim s NTV
(11,54 £ 2,87 oproti 5.98 = 381, p< 0,0001). Z hodnot zjistényeh ve skupiné zdravych dobrovolniki byl sta-
noven dolni normélni limit poltu tenkych nervovich vidken na drovni 6,69/mm epidermis. Redulee poétn
intraepidermiilnich nervovych viiken byla prokizina u 69 % pacientd s klinicky a elektrofyziologicky defi-
novanou NTV. Abnormity kozni biopsie odrifeji strokiurdlni postizeni tenlych nervavyeh vidken a jsou
vhodnou metodou k verifikaci diagnizy NTV zaloiené na subjektivnich symptomech o nalezech TTT.
Vzhledem k nifsi senzitivité (ve srovidni s TTT) a invazivaimu charakteru je kofni biopsie méné vhodni
jako screeningovi metoda. V38 senzilivita TTT (pravdépodobné podminénd schopnosti TTT reflektovat
abnormilni funkei tenkych nervovich viiken ditive nez se rozvinou signifikantni strukturdlni sminy) spo-
lu s neinvazivnim charakterem pireduréuje tuto metodu k pouditi pii sereeningu NTV,

Kli¢ovi slova: neoropatie tenkych vidken, koini biopsie, testoviini termického prahu, intraepidermalni ner-
vovi vlidkna, protein genovy produkt 9.5

Summary

Moraveovi E., Bednafik I, Feit J.. Sommer C.: The Intraepidermal Nerve Fibers Density
Assessment in Skin Biopsies in Polyneuropathy patients

The diagnosis of small fiber neuropathy (SFN) is currently based on the presence of positive sensory
svmptoms and abnormal findings in thermal threshold testing (T'TT). Decreased density of intraepidermal
inmervation {or its structural abnormities) seems to be a morphological correlate of small fiber dysfunction,
Therclore, the assessment of intraepidermal nerve libers (IENFs) density in skin punch biopsies as a new
method for SEN diagnosis is introduced in this study, The aim ol this work was to adopt a method of skin
bivpsy, o establish the reference values of IENFs density, and to correlate the skin biopsy results with TTT
lindings in a gronp of SFN patients. Methods: Skin punch biopsics were obtained from the distal calf of 17
healthy individuals and 76 SFN patients. IENFs were stained with antibodies to panneuronal marker PG
W.5. The correlation between the skin biopsy findings and TTT results was caleulated, Mean [ENFs density
was significatly higher in healthy volunteers il compared with SFN patients. Intraepidemal nerve fibers
counts per millimeter of epidermis were 11.54 & 287 (mean + SI)) and 5.98 £ 3,81, respectively (p< 00001 ),
The reference value for IENFs density was calealated lrom the healthy volunteers findings and set at a value
of 6.69 fibers per millimeter of epidermis (45, percentile). Using this normal limit, decreased intraepidermal
nerve libers density was found in 69% SFN patients. Skin biopsics reflect the structural changes of small
sensory libers and prove to be vseful in the algorithm of SFN diagnosis, based on subjective sensitive
symptoms and abnormal TTT findings at present. With respect to lower sensitivity (compared to TTT) and
invasiveness of this method, the application of skin biopsy as a sereening method is not convenient. Higher
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sensitivity of TTT (probably caused by the ability of TTT to reflect abnormal small fiber neuropathy
function before the development of structural changes) together with its noninvasive character
predetermine this method lor the small fiber neuropathy screening,

Key words: small liber nearopathy, skin biopsy. thermal threshold testing, intracpidermal nerve fibers,

protein gene product 9.5

Uvod

Periferni newropatic mohou predilekeénd & vyhradng
postibovat tenkd, midlo myehnizovand a nemyelinizova-
nil nervovi vidkna typu A-delia a C, a to vlikna somatic-
ki eprostiedkujici percepei tepelnych modalit a bolest,
i vlikna autonomni, PostiZeni somatickych vldken je
aznacoviano jako neuropatic tenkych vidken (NTV) a Kli-
nicky se manifestuje pozitivaimi senzitivnimi svmptomy
churakteru bolest, pareseezii, paleni &i dysestezii lokali-
zovanvmi predilekéné distilng na dolnich eventuding
i hornich kondetindch. PostiZeni autonomnich a somatic-
kych tenkych vidken byva fasto asociovine, u &dst paci-
entl s NTV viak nemusi byl autonomni vldkna postiZe-
ni. Pokud nejsou soulasné postiZena myelinizovani
isilnd) vldkna, vykazoji pacienti s izolovanym postize-
nim tenkych nervovyeh vidken jen minimdlni abnormali-
ty pii klinickém neurologickém vySetfeni a normalni
nalezy kondukénich studii i jehlové EMG. Zakladni dia-
gnostickou metodou pfi evaluaci funkee somatickych
tenkych nervovych vidken je v souCasnosti kvantitativni
testovini termického prahu {thermal threshold testing -
TTT) (1, 2). Jedni se senzitivni a reprodukovatelnou
metodu (21, jejiz uziti je viak vehledem k psychofyzikil-
nimu charakiero testu u cdsu pacientd limitovano.

W poslednich deseti letech se objevily studie prokazu-
jici, #e u pacientl s bolestivou neuropatii lze detekovatl
signifikantni zmény koZni inervace korelujici s piitom-
nosti, pripadné i klinickou 2 postifeni enkyeh nervo-
vych vldken (3, 4). Proto je do diagnostiky NTV zavide-
na metodika hodnoceni hustoty  intraepidermalnich
nervovych vldken (intraepidermal nerve fibers. [ENF)
pomoct koini biopsie (3).

O existenci nervovych viiken v epidermis se zmifiuje
jiz. Langerhans pred vice ne?z 130 lety (6} Arthur
a Shelley pozdéji publikovali ilustrace imtraepidermiil-
nich nervovych vlidken obarvenych pomoct methylenove
modii a popsali jejich bohaté vEtveni pii pritb&ho epider-
mis (7). Piesto byla pii uFiviini klasickych histologic-
kych technik epidermiilni nervovd viikna jen velmi
obtizné vizualizovatelnd a inervace epidermis byla pova-
Fovana za velmi fidkou € (émér neexistujici a nebyl ji
priklidin funkéni vyznam (8), Tradicni pledstava kofni
inervace tedy zahmovala predeviim dvé nervové pletend
v oblast dermis a to ve stratom reticulare a povrchovéji
lokalizovaném stratum papilare.

Zisadni zménu uvedené pledstavy znamenal af rozvaj
imunohistologickyeh technik s modnost vizualizace
Fady newurondlnich markeri, Pomoct téchto metod bylo
umonéno zobrazeni velkého pofin nervovych vliken,
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penetrujich pfes bazilni membrianu az do povichovych
vistev epidermis a 1o jak v zvifecich modeli, ak v biop-
tickych vzorcich lidské kaze (9, 10} Inicidlng byly K bar-
veni epidermiilnich nervovyeh vidken vyuZiviny protikat-
ky proti ndmym antigentim nervovych bunék, jako napf.
substanct P (113, neurofilamentam (127, CGRP (calcito-
nin-gene related peptide) (11, 13), VIP {vasoakiivnimu
intestindlnimu peptidu) (14}, ¢ NSE {(neurospecificks
enolize) (12). Uvedenéd neurondlni markery viak nejsou
ubikvitdrni a umoziuji zobrazeni pouze wditvch popula-
ci nervovych vldken, Vyznamnym piinosem pro moz-
nosti klinického i experimentilniho vyuziti vySetfeni
ko#ni inervace byl proto objev panneurondiniho markeru
ornadéovaného jako protein gene product 9.5 (PGP 9.5)
(13, 15}, Jednd se o cytoplazmaticky protein, enzym kar-
boxy-hydroldzu, vyskyiujici se prakticky ve viech neu-
ronech, jejich vybéZcich a také nevroendoknnnich buri-
kich (13, 15). Ve srovnini s diive uZivanymi markery,

jako jsou neurofilamenta nebo NSE, 1ze prosifednictvim

protikitek proti PGP 9.5 vizualizovat daleko vice nervo-
vych vidken v oblasti epidermis i dermis (12, 16),
Imunohistologické metody vyuzivajicl protilithy prot
PGP 9.5 tedy prokizaly. #e kide je orginem s pomémé
bohatym nervovym zdsobenim. Nejvétdi hustota nervo-
vych vldken je v retikulirmi a subpapilirni dermis, kde
tvoil husté nervoveé pletend, a dale v epidermis (1G).
Viikna v subpapildrni vestvé dermis lefi vétiinou paralel-
né s povrchem kiZe ve svazcich (bundles) a inervuji spe-
cializované orgdny v dermis a  jejich  papilich
(Meissnerova @liska, Merkelovy disky a viasoveé Toliku-
Iv). Ciist téchto vidken zatdci smérem k povrehu kize, pro-
i dermo-epidermilni junkci d vstupuje do epidermis.
Mejpozdéji v misté prichodu pies bazdlni membrinu epi-
dermis ztriicefi nervovid vlikna myelinovy obal, takie
v ablasti pokogky jsou jiF viechna vlidkna nemyelinizova-
nid (16) . V epidermis vlikna proristaji mezi keratinocyty
k povrchu kiiZe ve smér kolmeém k dermo-epidermiilni

junkei, V oblasti mezi stratum comeum a hlubSimi vrsiva-

mi pokodky éast vEiken opét zméni smér a dile probihagi
paralelng s povrechem kiZe pod jeji rohovou vrstvou, Rada
vliken dosahuje aF ke stratum corneum (9, 10), resp. krat-
ce probihd i v 1éto vesivé kde obvykle konci volnym, cibu-
lovité rozsitenym zakoncenim. ¥V pribéhu celou epidenmis
dokonce 27 k termindlnim zakonfenim vldken dochizi
k jejich éastému vétveni (16) (obr 1)

Pocet intraepidermalnich nervovych vldken vyznamné
#ivisi na lokalizaci. U zdravich jedinch je nejvyisi
v oblasti trupu a proximilng na kondetindch a signili-
kantné klesa smérem distdlnim (5. 17). Nejéasi&jsim
mistem odbéru koZnich biopsii je distidni 1¥iko v oblasi
nad maleollus lateralis. Primérmy pocel IENFs v 1éio



Tab. L Primémy pocel IENF o rdravych jedined v oblasti disifnibe ke asi 10 cm nad maleollus Tneralis v nékierych publikovanych
sludiich. Ve viech pFipadech se jednalo o zpracoving ziimeenych Tfeed o sile #-50 mm barvenych prostfednicivim nepiimé imunofluarescen-
ce vywdivagict protifitky prot PGP 9.3 & droboymi vanetami konkretniho histelogickéhin postupa.

Stude MN* %11 SEF {3 N (B) Pornamiy
MeArthur a8 138 0.7 13
Herrmann T 14.7 4580
Halland 203 16,3 il S0 meuvedeni
Chien 55 128 5.3 A.46
Hirui 12 119 2

~ MeCarthy 7 17,84 303
Lauria 5 1,29 (L80 ] Vik da 45 fet
Livuriu 5 [k 63 1;53 Wk nad T et

| Presentovand siudic 17 11,54 257 i, 4 |

Lependa
N{® - poxdet jedined zafazenyeh do studie
% (T = privmérny pocet vidken nis | mlimetr epidermis

SI 1) — smérodaind odehylka podin vidken
NI (&) - odvozend norms poci vidken na | mm epidermis o to vidy na dovii 5. percentilu (v astatnich studiich 5. percentil hodnot ani jinak
edvorend norma nenvedeny )

Obr. 1. Mormibng sitler kodni biopsie v sdrvého jedinee (avesbeni
40x ).

L. Intracpidesmilni nesvove viakno, 2o+ 3, Epidermis {2, straiem bisa-
le, spainosum, granulosum s luckdum, 3, steatm cormesm), 4. Dermis,
5. Dermvo-epidermalnl junkee.

Obr. 2, Abnormdlng ndkezy kodnl hiopsie (zvérEeni 40x).
2aj absence mrmeprdermdlnich vliken + redukee dengdy subepidermialoiho pleas
2} vyraend redukes poltu intesepidermilnich viiken (zachyceno pouze jedne vlikno s parmymi predesenemativoimi sménami®)

Ceski a slovenska neurologie o neurochirurgie

lokalizaci u zdravych jedined v nékolika publikovanych
studiich je uveden v tbulce 1.

VétSing dosud  provedenyeh  studii  neprokdeala
vyznamny vliv véku na hustow intraepidermalni inerva-
ce vyjma vy&iiho podtu IENFs o nejmiadsich jedined
CLO-19 et} (17, 18), Obdobné nebyl prokdzin viiv pohla-
Vi, vysky, hmotnosti & rasy (18]

Spolehlivi mo#nost vizmalizace intraepidermiilnich
nervovych vidken vedla v poslednim desetileti k roziife-
nému vyu#iti koZnich biopsii v experimentilni praxi
i v klinickém hodnoeceni pacienti s periferni neuropatii,
Byly prokdziny vyenamné zmény denzity epidermiinich
ev. dermilnich nervovyceh vliken u fady diagnostickyeh
jednotek, manilestujicich se newropatickou bolesti, pie-
dev&im u diabetické senzitivni neuropatie (4, 11, 14, 19),
polyneuropatie asociované 5 AIDS & aplikaci antiretro-
vitovych prepardta (16, 200, lepry (12), bolestivé neuro-
patie pii Fabryho chorobé (21, postherpetické neuralgic
(22) diabetické trunkilnd neuropatie (23) a take v idiopa-

221




Obr. 3. Mastroj wiivany pii odbému vzorki (pribojnik ) Cab a deel jeho feend hrany (3,

tické bolestivé senzitivni neuropatie (51, AZ na nékieré
recenini price (3) se vaak vétsinou nejednalo o pacienty
s rolovanym postizenim tenkych nervovych vliken.

Dominujici shnormitou prokazovanow v kodnich biopsi-
ich pacientd s bolestivimi perifemimi neuropatiemi je
redukee potm nervovych vlaken prochizejicich pres dermo-
epidermalni junkci na milimetr povrchu epidermis (3, 4, 16-
18, 24) (obr. 2a.b). Tento parametr je nejlépe kvantifikovi-
telny a koreluje s piitomnosti a podle nékteryeh studii take
s klinickou 17 postizeni tenkyeh nervovyeh vidken v nearo-
patickych pacienth (3, 4). Méné Casio byvaji popisoviny
dalsi abnomuality intraepidermilni inervace, jako jsou zmé-
ny celkové délky IENFs (4, 16), abnormilni prostorovi
distribuce viiken (4). sniFeni denzity subepidermuilniho ple-
xu (4 16), redukee inervace kodnich potnich #az (14, 16), ¢
sniZeni nebo naopak zvyieni pocu vévicich se intraepider-
meilnich vidken a z ndj odvorené parameiry (nap. pomér
pocu [ENF k poéu mist, kde dochizi k jejich véiveni — tzv.
branching ratio) (4. 17). Rada popsanych parametrl vykasu-
Je veijemnou souvislost a vétsing z nich koreluje se zdklad-
nim hodnocenym markerem, tj. s poctem [ENFs (4).

Cilem prezentované studie bylo zavést a ovéfit spriiv-
nost metediky stanoveni hustoty intragpidermalnich ner-
vovyeh viidken pomoci koini biopsie a stanovit normi-
tivni dasta vydetfenim kontrolniho  soubory  edravich
dobrovolniki, VySetfenim soubaru nemoenych 5 nevro-
patii tenkych vliken diagnostikovanych na zakladé kli-
nického obrazu a abnormilniho termického prahu pak
stanovit senzitivitu kodni biopsie a korelovat jeji ndlezy
s vysledky TTT a tak optimalizovat diagnosucky algont-
mus u loholo onemocnént.

Soubor

Vo orimel éo studie byla provedena koini biopsie
u kontrolni skupiny 17 adravych dobrovolniki {zamést-
nanca kliniky nebo pacientd hospitalizovanych pro ver-
tehrogenni obtize ¢i bolesti hlavy: 7 muzd, 10 Zen, pri-
mérmy vék 51,61 let, rozmezi 32-76 let) 4 v 76 pacienti
se senzitivini polyneuropatii (42 mudd, 34 Zen, primérny

T2

Obr. 4. Avaematicke nevsitebarelsd Sl Csrovndni velikost jehly
5 hédnon epalkoul,

vEk 57.82 let, rozmezi 25-78 let).

Vylucujicim kritériem zafazeni do kontrolniho soubo-
ru byly anamnestické & Klinické znamky difuzniho
postizeni periferniho nervového systému a pritomnost
nékierého z rzikovych fakiord, vedoucich potencidlng
k periferné neurogenni 1ézi — tedy zejména diabetn mel-
litu, chronického abuzu etanolu, onkologickych onemoc-
néni, hepatopatie. nefropatie ¢ zanétlivého onemocnéni
pojiva. Viichni jedinci zafazeni do studie podepsali
informevany souhlas a jejich spoluprice nebyla honoro-
vilna.

Viichni pacienti se senzitivid neuropatii méli abnor-
milni TTT ndlez korelujici s dysfunkei tenkyeh nervo-
vych vliken a wdivali pozitivni subjektivni senzitivni
piiznaky typu parestezii, pileni & bolestivych dysestezi
predilekéné akrilné na dolnich koncetindch. Podskupina
36 pacientd méla souCasné postizeni silnych nervovych
vliken wverifikované abnormalnim vysledkem EMG
vysetfeni # DKK, ostatni méli EMG ndalez normilni
a jednalo se u nich tedy o polyneuropatii s izolovanym
postiZenim tenkych nervovych vliken,

FProjekt Il selwvdlen etickon komisi FN Brao,

Metodika

Crdbér vaorkn: U vicch pacientil abon soshori byl proveden adbdés
kozni biopsie 2 ablast distdlaiho §vtka, U jedné pacientky byla soucos-
e provedens biopsie m, saralis o veorek byl odebrin ¢ okenje fero pii
neurochirurgickem vykong, Wechmni ostaind méli odbér proveden
pomoci priohogniko o promén 4 & 5 mm (obr 3a,b) vidy ve standard-



i fokalizacs w0 @ istilnibo eka cea 10 cmomwd prascdm: maleollus
Luteralis, Vykon byl providdn za aseptickych koutel v lokilni infiliad-
ni anestezii 1% mesocaimem. Po odbéro byla provedena sutoea 1 oste-
hem pomoci atrammatického pevsiiebatelného 3 (obr, 4, sieh byl
ponechan cen [ 14 dni o po shopeni jievy extrahovin,

Histologické zpracoviniz Bezprostiednd po cdbéra byl veorck nej-
prve fxovan ve 4% puralormaldehydu ve fosiaovém puli po dobo 2-
4 hodin pAi leploté 4 *C, Po opndsobném vymyli ve 0,15 M fosiEio-
vém pulr byls misledné provedens kryoprotekee veorku v 10%
sachirdze ve Fosfitovém pulme (9 weploi 4 °C pies noc. Mdsledujici
den byl e vaorks vylvoien smrndeny tkdfovy blagek, P dalfim epra-
covini byl vzorek v kryostatu pli teplon <20 °C nafesin ma 40 mm sil-
net fey, Kietd byly umistény oo podlodnd sklicka, 7 kaddd Biopsie buly
vylvoreny nejméns 3 prepaciy vidy s nékolika feey. Jeden preparit
sloudil po abarveni hematoxilinen-eosinem ke kontrale spravoé arien-
e vaorkn, drahy prochdzel dalEin hiswologickym sepracovinim
i imunaflusnescencnim barvenim a postedni byl difle schovivin pi
tephing <20 °C jako rezerval pro piipad mmehodnoceni harveného pre-
i,

Preparit uréeny k daliimo histologickému spracovani byl po roz-
mrzEeni ponofen na 10 min, do FO9: acetone, vysuden o pond umisién
da vibiké komircky, v niE byl na vaorky aplikovin 10% hovinni sérovy
ufhamin ve fosfiovem pulro. Po 40 minut treajic inkubasei byl albu-
i odstrunén ana preparity byla ihned aplikoving primami protilitks
(podyklonilni kedlich prod pannearondlnimo markern PGE Y95 - polye-
lominl ralvbit anti humem PGPS 16 firmy UlimClone) v Fedéni 1:5060.
Prepacdity & primdeni protilitkon byly poté ponechiny k inkubaci ve
vihke komiiree pfes noc phi pokojové eploté. Nisledujici den byly po
frojndsalnén vymytl fosfiiovym putrem s NaCl omis@nyg opé do vih-
ké komirky. kde byly po aplikeci sckundirni, luorescencné snadend
profeiatky (Al prodi kedlicim imunog lobulnom enacend rhodaminem
= TAR TRITC muouse anti mabbit 1gG firmy Diansova) v fedéni 1: 100
poncehdny po dobu 2 bodim, Po opétovndm vymyt fosliovym pulfrem
A aplikaci lxadniho retoky (DABCO) byly prepardty prekeyty krveim
skl i dile skladoviing v tmavém prostfedi phi weplod <20 °C,

Mikroskopické hodnoceni: Prepardty byly hodnoveny  pomoci
cpiflucrescencnibio mikroskopu firmy Leica o 1o s wfiim il M21 pi
Hmisohndm evétieni. Na kaFdém » proparanh byln systematicky shod-
macen celd délka epidermis patmd no viech dspéing oharvenych
feeech (pokud nebyly sachoviny alespoii 2 feey vhodné pro hodnoce-
AP, bylo doploéno oharveni sdlofnihe preparite identicksm zplsobem
— vie vydel Ve viech plipadech tak byly shodmoceny nejméng 2 feay
emidermis, V KaFdém zomém poli byl spocitan podet inragpidermiil-
nich nervovyeh vliken v celé tlhondles prepariie o sméfena délka epi-
dermis 2 jejl zeval steany v oblasti pod stratom comenn, PR odnoce-
ni preparity byla pribEind pofizoving forsdokumentace tak, shy byla
wdokumentoving knddé wachyeens viikno, nejlépe v oblasi jelo plo-
chodu pres denmocpidermalni junkei tobr, 1, 2h),

Je-li v nkrene ablast prepariiu vice vldken v lokalizovandch bliz-
ko sebe, jedod se v@Smon o vice v&vi idemtického viiksa, Hodnoceni
poct vliken se v lkovém piipede civiselo no mist® vétveni — pokuod
ke némiu dochazels v oblast pod dermoepidermaing junkei, byln kogdi
#vEvi v epidermis poditing jako samostané vidkno, Polud bylo vé-
veni wrnisténo of nad hranict dermis o epiderniz, byly viechny vElve
hednaceny jen jako jedno intmepidenmilni vlikno. Pa ghodnoeeni
viech ek epidernmis duncho propaein byl vwpodien primémy pocet
vidken na | mm jeji délky.

Vysledky

Vaechny provedend biopsic probéhly bez komplikaci,
pacienti vykon hodnotili juko nebolestivy a hojeni jizvy
bylo ve viech pripadech uspokojivé,

Priméme bylo chodnoceno $.47 £ 2.7 mm epidermis
na jednu koZni biopsii (tedy na | pacienta) irozmezi 3.6
a7 18,7 mm).

Ve skuping zdravyeh dobrovolnikio byl promérny
podet intracpidermilnich nervovyeh vidken na 1 mm epi-
dermis [1.54 = 287 (roemezi 3,71-15,69), Z visledkd
pacienti v tomto souboru byl stanoven doini normalni
lmit poctu intracpidermalnich necvovych vliken na
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drovii 5. percentilu ziskanveh hodnot. Hodnota té1o nor-
my je 6.64 vidken/mm,

Ve skupiné pacienti se senzitivii neuropatii byl pri-
meémy pocel intraepidermdlnich vliken 598 + 3.81 na |
mum epidermis (rozmezi O-14.85), Rowdil oproti shupind
2dravych dobrovolniki je vysoce statisticky vyznamny
(p= (LOOOT) {obr. 2a, b),

Mezi obéma podskupinami pacientl se senzitivai neu-
ropatii (tj. mezi pacienty s izolovanym postiZzenim ten-
kych nervovych vldken a jedinct s kombinaci postizeni
vliken tenkych a silnych) nebyly roedily statisticky
vyznamné (p=(L35)L ¥V prvni podskuping byl priomérny
podet vidken 6.21 £ 3.52, ve druhé 5.69 + 4,12 Fii pou-
Ziti vyse uvedeného normdlniho limite byl abnonndlni
nalez zachycen celkem u 31 ze 76 zhodnocenych vzorki
pacientll se senzitivii neuropatii (senzilivita 67 %),
Z loho u pacientd s izolovanym postizenim tenkych via-
ken u 26 2 40 (65 %) a u pacient s kombinaci postizeni
obou typi vliken u 25 2 36 (69 %). V obou podskupi-
nich neuropatickych pacientl je tedy senzitivita metodi-
ky prakocky identicka,

Diskuse

Mase zkuSenosti potvrzuji, Ze vySetfeni koinich biop-
sif pribojnikem je jednoduchi a pro pacienty bezpecni
metadda, Vykon byl ve viech pipadech velmi dobie tole-
rovin 4 pacienly hodnocen joko zcela nebolestivy.
Nezasnamenali jsme Zidné komplikace ani béhem vlast-
niho odbéru veorku, ani v nasledném obdobi a hojeni
probéhlo ve viech piipadech uspokojivé. Melodu lre
tedy bez problémid zatadit do ratinnibo vySetfovaciho
algoritmu pacienth s newropatii tenkych  vliken.
Vehledem k bezpefnosti vydefieni a jeho minimilni
invisivite jej Lee poudit i opakované a posoudit 1ak zme-
ny nilezu v Case jak v souvislosti s pfipadnym lerapeu-
tickym ovlivnénim, tak 1 v ramci spontanniho pribéhu
onemocnéni, MoZnost provedeni biopsie na riznych
mistech umoiiinje hodnoceni prostorové distribuce
poslizeni, a prenesené tak pfispivd k wréitému | stagin-
gu, 1), hodnocend e polyneuropatie, u ni# s progresi
postizeni dochdzi postupnd K postizeni proximilngjsich
oblasti.

Validit kazde metody je ovlivinéna pougitymi normil-
nimi limity, Prosté pejimini normativaich dat z jinych
studii je problematické, protoZe vysledky publikavanych
souhart zdravych kontrol se noveidjem vyznamnd 15 (4,
18), (tab. 1). Divvedem je zfejmé do jisté miry variabilni
postup pii zpracovini veork( stejng jako ne zeela iden-
ticky zpusob jejich hodnoceni. Jednotlivé studie se lisi
Hoodtkou prepardtd (kterd kolisd mezi 30 a 100 mm),
konkrémim postupem barveni ¢ fixaci. Napi. Mc Arthur
aspol. (18) Txevalt vzorky Formolem, pricemZ jini auto-
i1 uvideji, e tento zplsol Zpracovini veorkd mife vést
k desiukel fdsu vliken a preparity je lépe fixoval
v paraformaldehydu (19, klery uZivame i v nadi studii,
Odiizny zpiisob lixace mide byt davodem vyasi variabi-



lity pociu IENFx a ndsledng niziiho odvozeného normil-
niho limitn v MeArthurové studii ve sroviind 5 jinymi
publikovanymi soubory (tah.]), Obdobné se mohou 1St
detaily pravidel hodnoceni veorki. Neéktefi autofi napf,
zapocitdvaji pouze vldkna, u nichz je spolehlivé deteko-
vatelny prichod pres dermoepidermalni junkei, zatimeo
jiné studie (véetné nadi) zahmuji do hodnoceni 1 vlikna
jasné izolovand. u nich? nelze pledpoklidat, Ze by byly
intraepidermilni vétvi jiného vliikna, aviak prichod pies
dermoepidermiini junkei neni u nich jednognaéné patr-
ny. Nage dosavadni nilezy ve skuping zdravych jedined
koreluji s literdrmimi ddaji o normilni hustoté intraepi-
dermdlnich nervovych vidken v obdobné lokalizaci.

We srovnani s ndlezy v zdravyich jedine jsme o paci-
entl se senzitivini neuropatii prokdzali statisticky vysoce
vyznamnou redukei intraepidermdlni inervace. Pocet
IENFs byl viak prakticky idemicky v obou podskupi-
nich pacienit s neuropatii. Nalezy ko#nich biopsii tedy
odrizelv postizeni tenkych nervovych vidken a nebyly
ovlivnény paralelnim postizenim vliken silnych.

Pii pou#iti normdlniho limitw odvozeného z vysledkd
v souboru zdravych jedinct jsme zaznamenali signifi-
kantni redukei intraepidermiilni inervace u veéisiny paci-
entl se senzitivni neuropatii, U &sti pacientd tohoto
souboru byly viak ndlezy koZnich biopsii v mezich nor-
my i to 1 pii jasné abnormalnim ndlezy TTT. piitom-
nosti vyraznych pozitivnich senzitvnich piiznaki
a u nékterveh pacientd 1 pfi abnormélnim EMG nilezu
korelujicim s postizenim silnych nervovych vldken.
Ohdobné vysledky uvidi véiSina publikovanych studii
(4. 16), Mapf. u nékterych diabetikd prvniho typu pred
phinovanou transplantaci pankreatu s jasné Klinicky
i paraklinicky definovanou  polyneuropatii  nalezl
Kennedy (4) pocet 1ENFs jesié v oblasti dolniho roz-
mezi normlnich hodnot. Popsand nizii senzitivila
metodiky miaze byt ovlivaéna fadou faktorh. Clstedné
k ni pravdépodobné pfispivi ne zeela optimilni nasta-
veni normativaich dat, faleiné pozitivni nilezy parakli-
nickych vysetfeni (zejména TTT) & odchylky pfi histo-
logickém zpracovini # hodnoceni vzorki. Metoda je
#iavisla na subjektivnim usudkuo a piesnosti hodnotitele,
co? miFe byt zdrojem chyb pii hodnoceni. McArthur
4 spol. viak prokdzali, Ze pii kvalimi edukaci hodnoti-
teld a jejich dostatedné praxi v evaluaci koZnich biopsii
vykazuje metoda minimalni intra- 1 interindividudlng
variahilitu vysledki mezi jednothivym hodnotitel (16,
I8). Viechny nase vzorky byly hodnoceny stejnym
hodnotitelem (EM), ¢ist z nich byla ndsledné nezivisle
piehodnocena druhym hodnotitelem (JF) s prakiicky
identickymi nilezy, Vysledky vyietfeni byly tedy spo-
lehlivé a piipadné drobné odehylky pfi hodnoceni by
nemeély vysledky studie vyvenamnéji ovlivoit

Dalfim divodem niZdi senzitivity metodiky mide
byt pfilis proximdlni misto odb&ru biopsie. Postizeni
tenkych vliken vykazuje obdobné jako jiné polyneuro-
patie vzorec postideni v zidvislosti na délee vldken
{lenzth-dependeni). pfipisovany Wallerové denege-
raci alterovanych axond (.dying back degeneration™)
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(25), Mejvyrazndjsi abnormit intraepidermdlni inerva-
ce lze tedy ofekival v distilnich oblasiech konéetin,
kam také vétsing pacientd lokalizuje senzitivol symp-
tomy (maximum pacientl uddvalo ponoZkovou distri-
buci algoparesterii Ei bolesti od kolen pripadné od kot-
nikin distdlné). V soulado s timio pfedpokladem
prokizaly diive provedené studie, Ze nilezy koZnich
biopsii koreluji s anatomickou distriboei klinickych
symplomia. Intraepidermdini inervace wviak bhyla
vyznamné redukovina dokonce i v oblastech lokalizo-
vanych proximidlngji od mist = klinicky detekovatel-
nym senzitivnim deficitem (3, 5, 18). Pro nasi studii
jsme zvolili oblast cea 10 em nad malleolus lateralis,
Odbér je v tomto misté pro pacienty neobt&zujici, mis-
10 odbéru neni védinou drizdéno obuyi ani jinak
v¥znamnéji mechanicky namihino. Jedni se také
o lokalizact nejéastéji vyuzivanou v kKlimckych studi-
ich a tedy nejlépe umoZiujici srovndni naleza s vysled-
ky jinych soubori. Distribuce pfiznakd o vétiiny
nasich pacientd v korelaci s vysledky popsanych studii
dovoluje piedpoklidal, e v nidmi zvoleném misié
odbéru biopsie by jiZ zmény intraepidermalni inervace
mély byt patné, U malé Sasti pacienta jsou senzitivoi
symptomy limitoviny pouze akrilni éasti DEKK (prsiy
Ci plosky nohou) = tito pacienti by pfipadng mohli mit
normdalni nalezy v kodnich biopsiich proviadényeh
v ablasti Ivtka a bylo by u nich zfejmé vyhodné&jsi pro-
vest biopsii distalnéji (papf. na narto & plosce nohy).
Distidlnéjsi misto odbéru vzorku je viak pro pacienty
podstatné méné komfortni a pro tute lokalizact nejsou
k dispozici dostateéné ddaje o nilezech u zdravyeh
jedined. ¥ budouenu bychom chtéli zhodnotit, zda se
nilezy koZnich biopsii u jedinel s ¢isté akrilni lokali-
zaci senzitivnich symptomi odlifuji od ostitnich paci-
enti a zda mioFe jejich zafazeni do souboru pripadné
ménit diagnostickon validitu metodiky.

Senzitivitu ko#nich biopsii v diagnostice postiZzeni
tenkych vliken moze dile oviiviovat neznalost exakini
klinicko-patologické korelace mezi histologickymi nile-
zy a Klinickymi piiznaky senzitivni neuropatie. Existuji
presvEdéivé dikazy, e IENFs jsou periferni vybéZky
senzitiviich ganglii zadnich kofent (26, 27), jejich pfi-
fazeni ke konkretnimu typu nervovych viiken viuk neni
presné znidmo. K hlizsi specifikaci piyvodu TENFs pfispi-
vitji v experimentilnd praxi rejména studie s capsaicinem
(trans-S-methy l-N-vanillyl-6-nopenamidem), lipofilnim
alkaloidem obsaZenym v paprice, po jehol opakované
topické aplikaci dochizi k signifikantni redukei. resp.
aplnému vymizeni IENFs a soucasné k alteraci senzitivi-
ly pro obé epelné modality a bolest vyvolanou lermic-
kymi i mechanickymi stimuly a méné signifikaniné 1éz
ke zméndm percepes jemného dotyku (28), Typ alterova-
nych senzitivnich modalit tedy sve&d&i pro dominanini
podil tenkych midlo myelinizovanych a nemyelinizova-
nych vidken typu A-delta a C na inervaci epidermis; co?
potvrzuji i ndlezy klinickych studii (24, 26}, Alierace
senzitivity pro jemny dotek viak naznaluje, Ze Cast
IENFs muie mit pivod i v jinych populacich nervovych



vidken o absence jejich postizeni u pacientl 5 izolovanou
neuropati tenkyeh vliken made sniZovat senzitivitu kod-
nich biopsii. V nadi studii jsme nicméné zavislost husio-
ty IENFs na paralelnim postiZeni silnych nervovych vla-
ken neprokazali a oo ovlivoéni  tak  nebude
pravdépodobng piilis vyenamné.

Redukee pocu IENFs neni také jedinou morfologic-
kou gménou detekovatelnou v kodnich hiopsiich pacien-
L se senzitivei neurapatii, U ¢asti jedined nageho soubo-
i hyly patmé uréité zmény nervovych vidken ve smyslu
jejich segmentace & varikozit (obr. 2b) & jejich nerov-
noméma distribuce s tvorbu shlukld nervovyeh vldken,
kontrasijicich s neinervovanymi vmezefenymi oblastni
a to 1 pfi normilnim celkovém poftu IENFs. Obdobné
milezy popisuji i daldi autofi (5, 23) a jsou povazoviny
#a ey, predegenerativii zmény, podporujict diagnozu
neuropatie. Tento typ morfologickych abnormit je viak
ipodobné juko popisované paralelni zmény denzity sub-
epidermilnich nervovyeh plexd) velmi obti#ng kvantifi-
kowatelny o vyzrnamng wivisly na subjektivaim nizor
hodnotitele a kvalitd histologického spracovini veorkil.
Vehledem k uvedenym omezenim nebyly v nasi stodii
(v souladu s daliimi publikovanymi pracemi) popsané
inervacni abnormality hodnoceny jako validni zndmbka
periferné newrogenni léze, prestoZe by zieime dile zvy-
sily senzitivitu metodiky,

Je pravdépodobné, Fe za senzitivoi piiznaky v pacien-
s NTV je zodpovédna jiZ alternce funkee tenkvch ner-
vovvech vliken, kierd zigjmé piedchizi morfologicke
gmény ve smysly redukee jejich podm. Opumdlnim
histologickym korelitem subjektivnich obti# u pacienti
se senzilivol neuropatii by tedy byla moZnost vizualiza-
ce markerd zacasinénych soucasné v patofyziologii neu-
ropatické bolesti. Nadgjng se v tomto smyslu jevi privé
recepior pro capsaicin (28), oznacovany jako vaniloido-
vy receptor typu | (VR1). resp. wransient receplor poten-
tal V1 (TRPV 1), kiery pravdépodobné prispivi k induk-
¢l a modulaci nocicepee a newrogenniho zinétu, Zmény
hustoty & morfologie TPRY [-imunoreaktivnich nervo-
vyech vliken proto pfedstavoyi vhodnou oblast pro dalsi
vyzkum.

W soubrmu nase studie prokdzala beepenost vySetfeni
koznich hiopsii a vyuZitelnost hodnoceni hustoty intrae-
pidermilnich nervovyeh vidken v diagnostice neuropatic
tenkych vldken, Senzitivity metedily pii soucasném zpi-
sobu hodnoceni a zpracovini vzorki je niZsi ned senziti-
vita TTT. Na rozdil od TTT je to viak metoda nevyZadu-
jici spoluprici pacienta a nezivisla na jeho psvehickych
funkcich (juko je pozornost, rychlost reakce. nutnost
presncho porozaméni instrukein, moné ovlivaéni dna-
vou, stressem, olekdvanym vysledkem apod. ), Optimalni
diggnosticky algoritmus NTV tak zahmuje TTT jako
screeningovou metodu, jejiz vysledky by ve spomych
pfipadech (nespolupracujici subjekt, negativni i nekon-
kluzivoi nidlez TTT) bylo moiné zpiesnit kozni biopsii,
Ohjektivizace a kvantifikace postizent NTV pomoci koi-
ni hiopsie bude neocenitelni zejména v terapeutickych
studii,
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Tato prace rozsifuje poznatky o vySe uvedeném testovani termického prahu jako jedné z metod
kvantitativniho testovani senzitivity jako klicového diagnostického testu neuropatie tenkych
vldken. Studie je zaméfena predev§im na reprodukovatelnost jednotlivych testt, jako velmi
dilezity parametr pro hodnoceni ptipadnych zmén nélezu v ramci longitudindlniho sledovani
pacientli. Hodnoti vliv algoritmu testovani, testované lokalizace i1 klinického stavu pacienta na
reprodukovatelnost vysetteni.

Prace prokazala inverzni vztah mezi reprodukovatelnosti vysetieni a vySkou termického prahu
a poskytla tak jako prvni publikovana prace klinickymi daty dokumentované doporuceni pro
volbu nejlépe reprodukovatelnych parametri TTT, optimaln€é vyuzitelnych pro tucely
longitudinalnich studii. Soucasné prioritn€ popsala horsi reprodukovatelnost TTT u pacientl s
neuropatii tenkych vlaken (oproti zdravym kontroldm), coz je klicova informace pro hodnoceni

ptipadnych zmén nalezu v ramci dlouhodobého sledovani pacienti.
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Abstract

To evaluate the test-retest reproducibility of thermal threshold testing (TTT) in small-fibre neu-
ropathy (SFN) patients.

Methods: Thermal thresholds for cold (CP) and warm (WP) perception were repeatedly evaluated
over a period of 1 week in a group of 58 SFN patients and in 30 healthy volunteers. Thermal thresholds
were established in the hand and foot using 3 different algorithms.

The coefficients of repeatability (CR) (expressed as 2 multiple of SD, calculated as o Lo
where n represents the number of all measurements) varied between 0.72° and 1.5°C in the hand and
between 2.2 °C and 3.7 °C in the foot in healthy volunteers and SFN patients respectively. The repro-
ducibility of all the tests in the hand and of CP tests in the foot was higher in healthy volunteers in
comparison with SFN patients. Thermal threshold values in both SFN patients and healthy volunteers
showed higher reproducibility in the hand compared with those in the foot. Cold threshold values
obtained from the foot in the SFN group showed lower reproducibility compared to the warm thresh-
old ones, while the opposite difference was found in healthy subjects. The method of levels displayed
higher reproducibility of cold thresholds in both groups in comparison with the method of limits.

If TTT is intended for use as a method of longitudinal assessment of small-fibre nerve function, dif-
ferent limits for the incidental (i.e. non-significant) intraindividual change of thermal threshold should be
used for patients with and without disturbed thermal perception. The modality tested, type of the test, and
tested region may well display a significant impact on the reproducibility of thermal threshold values.

Key words

Sensory thresholds, Polyneuropathies, Reproducibility of results, Small fibre, Quantitative sensory
testing

INTRODUCTION

The thermal threshold testing method (TTT) is a quantitative sensory test (QST)
commonly used in the assessment of small A-§ and C-fibre function. Several pub-
lished studies have addressed the comparison between various algorithms and the
influence of physiological variables on the thermal threshold values (/-35).

Reproducibilityisamajorconsiderationwhenachoicebetweendifferenttestshas
to be made, as it affects both the sensitivity and the specificity of the measurements
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as well as the statistical power of clinical and epidemiological investigations (4).
Moreover, high reproducibility is vital for longitudinal assessment of threshold
changes resulting either from the natural course of the disease or through treat-
ment. Several studies exist on the reproducibility of quantitative sensory thresh-
old values, including thermal threshold tests (2-/0). There are, however, only
few investigations addressing the issue of the reproducibility of different test-
ing algorithms in subjects with both normal and particularly abnormal thermal
thresholds (/0,11).

The aim of this study was to assess the reproducibility of thermal threshold as-
sessment in patients with small-fibre neuropathy (SFN) in comparison with normal
subjects, utilising different testing algorithms.

MATERIALS AND METHODS

Thermal thresholds for cold and warm perception were examined twice over a period of 1 week in
58 patients with pure or predominant small-fibre sensory polyneuropathy (37 men, 21 women, mean
age 60.3 years, range 23-83) and in a group of 30 healthy volunteers (13 men, 17 women, mean age
54.5 years, range 20-73). The healthy subjects displayed no signs or symptoms of central or peripheral
nerve system involvement, had no risk factors for peripheral nerve dysfunction and showed normal
thermal thresholds in all the introductory tests performed. The reference values for the warm and
cold perception thresholds were obtained from Yarnitsky and Sprecher (12). These authors employed
the same apparatus with thermode size, baseline temperature, and rate of stimulus rise similar to the
present study. All the neuropathic patients suffered from distal symmetrical subacute or chronic clini-
cal symptoms of paresthesias and painful dysesthesias in the lower extremities, displayed a significant
reduction of the number of intraepidermal PGP 9.5 immunoreactive small sensory nerve fibres in
skin biopsy samples from the lateral aspect of the calf compared to the reference data published by
McArthur (13), and showed abnormal thermal thresholds assessed by the first TTT examination.

Thermal thresholds were established using a Nicolet Viking IV electrodiagnostic unit, Thermal
Sensory Analyser software (Medoc TSA 2001), and a rectangular constant thermal probe with a sur-
face area of 5 x 2.5 cm. The starting (adaptation) temperature was 32 °C. In order to prevent thermal
injury, the high temperature limit was set at 50 °C and the low one at 0 °C.

In all the subjects tested, thermal thresholds were examined at two locations: in the thenar of the
left hand (TH) and in the dorsum of the right foot (DF).

At both locations, we used 3 different test algorithms: a random and a non-random variant of the
method of limits (MLI), and one method of levels (MLE). We used the same settings of MLE and the
non-random variant of the MLI, as previously described by other authors (/0).

In the random variant of the MLI method, 5 cold and 5 warm stimuli alternated in random order
and the subject was asked to indicate the onset of sensation and to decide which thermal modality was
perceived to disclose any disturbance of thermal modality discrimination.

In each of the algorithms tested, both cold (CP) and warm (WP) perception thresholds were
assessed. All the tests were performed in exactly the same manner and by the same examiner (EM)
in a quiet room with no distractions.

STATISTICAL METHODS

As a quantitative measure of reproducibility, the standard deviation of the differ-
ences between pairs of repeated measurements of each test (SD,,) was calculated
as 1&=="‘= where n represents the number of all measurements (i.e. two times the
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number of patients examined by the particular test). The coefficient of repeatability
(CR) was expressed as 2 multiple of SD,;:(/4). A variance ratio test (/5) was used
to disclose and quantify differences in the reproducibility of thermal threshold as-
sessment between the different testing algorithms and groups of patients. The re-
lationship between the threshold value and the differences between the repeated
measurements was tested by means of Pearson’s correlation test. A value of p <0.05
was taken as the universal indicative limit for statistical significance.

RESULTS

The greater part of the neuropathic patients (70 %) exhibited disturbed perception
of cold stimuli; they felt cold stimuli as warm or hot (paradoxical sensation), while
warm stimuli were always perceived correctly as being warm. This type of perception
was always presented in both of the repeated measurements and was never observed
in the group of healthy volunteers. Some SFN patients were repeatedly and complete-
ly unable to perceive cold (12 %) and/or warm (9 %) stimuli during RTI tests in both
examinations (they reached the maximum/minimum temperature of 50°/0°C without
reporting any thermal perception at all). The data from patients with anaesthesia for
cold and/or warm thermal stimuli were excluded from further computation.

We found a significant positive correlation between the thermal threshold values
and the differences between repeated measurements in most of the tests, particu-
larly in healthy subjects.

The coefficients of repeatability are summarised in 7able 1. The comparison be-
tween tested groups showed better reproducibility of all tests in TH and in CP tests
in DF in a group of healthy volunteers in comparison with neuropathic patients
(<0.001). The differences in reproducibility of WP tests between healthy and neuro-
pathic subjects in DF were not significant (p= 0.27-0.38).

In both groups, all the tests showed better reproducibility in the TH than in the
DF (p=0.005- <0.001).

The reproducibility of cold thresholds in both groups was higher in the method
of levels in comparison with that of limits. In WP tests the differences between
various algorithms were not significant. No differences were found between random
and non-random variants of MLI.

As far as the influence of tested thermal modality on the reproducibility of the
threshold values is concerned, cold threshold assessment in the DF showed sig-
nificantly lower reproducibility in comparison with warm threshold assessment in
neuropathic patients (p <0.001). Surprisingly, in the group of healthy volunteers
the differences were inverse: cold threshold values in this location (DF) were more
reproducible (p <0.001).

In the subgroup of patients who displayed the “paradoxical sensation” in DF, the
reproducibility was not significantly different from those with normal discrimina-
tion between thermal modalities.
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Table 1
Coefficients of repeatability (CR) expressed as 2 multiple of SD;; This parameter represents 95 %
confidence that the second measurement will lie in the interval defined as the first measurement
+ CR and can be used as the upper normal limit for intraindividual change during repeated tests.

2 SD 4 (°C)
Algorithm and tested location Healthy volunteers | Neuropathic group | p values
TH: MLI NR CP 1.06 2.18 <0.001
MLI NR WP 0.76 1.38 <0.001
MLIR CP 0.71 1.40 <0.001
MLI R WP 0.72 1.56 <0.001
MLE CP 0.48 1.22 <0.001
MLE WP 0.54 1.24 <0.001
Mean of all tests 0.72 1.50
DF: MLI NR CP 1.16 5.74 <0.001
MLI NR WP 3.00 2.84 n.s.
MLIR CP 1.66 5.04 <0.001
MLI R WP 3.98 2.66 n.s.
MLE CP 0.90 3.12 <0.001
MLE WP 2.38 2.62 n.s.
Mean of all tests 2.18 3.68

TH - thenar of the hand; DF - dorsum of the foot; CP - cold perception; WP - warm perception;
R - random variant of the test; NR - non-random variant of the test; MLI - method of limits;
MLE - method of levels; n.s. - non-significant; SDdif. - standard deviation of the differences
- expressed in °C
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DISCUSSION

This is the first study to show lower reproducibility of thermal threshold assess-
ment in a group of small-fibre neuropathy patients compared with normal subjects
and using different algorithms.

In general, there is little published data available to compare the reproducibility
of different groups of subjects and different methods. Moreover, these studies have
shown no general agreement on the issue of difference in the reproducibility of
thermal thresholds between healthy individuals and patients with abnormal thresh-
old values. Several authors (3) have reported similar reproducibility of thermal
thresholds in healthy individuals and patients with diabetes mellitus, while others
(8) found worse reproducibility of the method in diabetic patients. The discrepancy
between the results in previous studies could be caused by different inclusion crite-
ria in various study groups, especially by the different degree of thermal threshold
abnormality. In our group, the involvement of small fibres was documented by skin
biopsy in addition to abnormal thermal thresholds detected by TTT. Another cause
of this discrepancy could be the lack of consensus as to how repeatability should be
defined (3, /7). We used the coefficient of repeatability (/4), also known as “the re-
peatability factor” by others (/, /1,12). It represents 95 % confidence that the results
of two examinations made on the same subject under the same conditions will differ
less than CR and therefore can be used as a limit of the incidental (i.e. non-signifi-
cant) intraindividual change of the thermal threshold on a longitudinal follow-up.

The CRs in our material varied substantially among the different tests, body
regions, thermal modalities, and the two groups tested. In general, reproducibility
was decreased by all factors increasing the value of threshold temperature. The
threshold values were less reproducible in patients with abnormal thresholds in
comparison with healthy individuals and in the foot in comparison with the hands.

Other possible causes of discrepancies between the various studies may lie in
differences between the algorithms employed. Yarnitski and Sprecher (12) reported
a lower reproducibility of the method of limits in comparison with the MLE. Kemler
(10) confirmed this difference in reproducibility in the hands, but not in the feet.
Others, however, reported no such difference (2, 9). In our study, the coefficients of
repeatability of cold perception thresholds were significantly better for MLE than
for MLI. The difference between the tested algorithms probably results from the
influence of reaction time upon the threshold value.

The modality tested also seems to have some influence on the reproducibility of
threshold values. In our group of polyneuropathy patients, we found a significantly
lower reproducibility of cold thermal threshold values in comparison with warm
threshold values. These results are similar to those in diabetic patients reported by
Hilz (8) and Valensi (9) and might be explained by the disturbance of cold modality
discrimination in a major part of our SFN patients. Many of these patients felt cold
stimuli as warm or hot (paradoxical sensation), while warm stimuli were perceived
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correctly as being warm. Similar findings of disturbed cold modality discrimination
have previously been reported by other authors (4, 76). In contrast with the SFN
results, the reproducibility of cold thresholds in our group of healthy volunteers was
even better than of the warm sensation thresholds. Such a difference might be ex-
plained by the above-mentioned positive correlation between the absolute threshold
value and the difference between repeated measurements. In healthy subjects, cold
threshold values were significantly lower in comparison with warm sensation values.
Similarly, no signs of worse reproducibility of cold thresholds in healthy subjects
were found by Doeland (6) and Hilz (8).

In conclusion, the long-term follow-up of thermal threshold changes of small-
fibre polyneuropathy patients should be interpreted carefully. If TTT is intended
to be used as a method for longitudinal assessment of small nerve fibre function,
the thermal threshold value of the patient, localisation of the thermode, and the
algorithm tested should be taken into consideration. The limits for the significant
intraindividual change from healthy individuals cannot be recommended for use in
patients with polyneuropathy, because of significant differences in the reproducibil-
ity of threshold values between healthy subjects and patients with abnormal thermal
thresholds.

From the repeatability point of view, the method of levels and warm sensation
testing are to be preferred
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REPRODUKOVATELNOST HODNOCENI TERMICKEHO PRAHU U NEMOCNYCH S
NEUROPATII TENKYCH VLAKEN

Souhrn

Cilem bylo zhodnotit reprodukovatelnost stanoveni termického prahu u nemocnych s neuropatii
tenkych vlaken.

Metodika: Termicky prah pro chlad a teplo byl opakované stanoven béhem 1 tydne ve skupiné
58 nemocnych s neuropatii tenkych vlaken a u 30 zdravych dobrovolnikt. Prah byl hodnocen na ruce
a noze s pomoci 3 riznych vysetfovacich algoritmd.

Tzv. koeficient reprodukovatelnosti (“repeatability factor” vyjadieny jako dvojnasobek standard-
ni odchylky rozdild SD; vypocitané podle vzorce SD = & =% 'x, kde n pfedstavuje pocet vsech
méfeni) kolisal mezi 0,72° a 1,5 °C na ruce a mezi 2,2 °C a 3,7 °C na noze u zdravych dobrovolniki
a nemocnych s neuropatii tenkych vlaken. Reprodukovatelnost vSech testli na ruce a testi prahu pro
chlad na noze byla vys$si u zdravych dobrovolnikli ve srovnani s nemocnymi s neuropatii tenkych
vlaken. Hodnoty termického prahu jak u nemocnych s neuropatii tenkych vlaken, tak u zdravych
dobrovolniki vykazovaly vyssi reprodukovatelnost na ruce ve srovnani s nohou. Hodnoty prahu pro
chlad ve skupin€ nemocnych s neuropatii tenkych vlaken na noze se vyznacovaly nizsi reproduko-
vatelnosti ve srovnani s hodnotami prahu pro teplo, zatimco ve skupiné zdravych dobrovolnikii byla
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nalezena opaéna zavislost. Hodnoty prahii ziskanych metodou Urovné mély vyssi reprodukovatelnost
ve srovnani s hodnotami ziskanymi metodou Limity.

Pfi pouziti stanoveni termického prahu pro longitudinalni sledovani funkce somatickych tenkych

vlaken u nemocnych s neuropatii tenkych vlaken a poruchou termické percepce je tfeba pouzit rozdil-
nych limitt pro nahodné intraindividualni zmény hodnot termického prahu nez u zdravych jedinci.
Testovana modalita, testovaci algoritmus a testovana kozni oblast maji rovnéz vyznamny vliv na re-
produkovatelnost hodnot termického prahu.
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Studie je zaméfena na hodnoceni postizeni tenkych nervovych vlédken u pacienta s bolestivou
senzitivni neuropatii pfi diabetu mellitu. Vysledky prace prokazaly redukci kozni inervace
prakticky u vSech pacientli s bolestivou diabetickou neuropatii. Komentovana publikace tak
(jako jedna z prvnich studii) poukazala na klicovy vyznam postizeni tenkych nervovych vldken
v patofyziologii bolesti u diabetické neuropatie. Postizeni tenkych vldken bylo v
prezentovaném souboru diabetikli s neuropatickou bolesti na DKK prokézano jak u pacientt se
souCasnym postizenim vldken tenkych a silnych, tak u pacientll s izolovanou abnormitou
termického a algického Citi pifi klinickém neurologickém vySetfeni (a tedy s vyhradnim
postiZzenim tenkych nervovych vldken) a dokonce i u jedinct s absenci klinickych zndmek SFN
(u nichz byla diagnéza SFN podpotena pouze nalezy laboratornich metod, t.j. kozni biopsie a
TTT). Tyto nalezy podpofily vyznam postizeni tenkych nervovych vlaken v patofyziologii
neuropatické bolesti u riiznych typii diabetické distalni polyneuropatie a soucasné zpochybnily
koncept neuropatie tenkych vldken jako izolované diagnostické jednotky, vydélené ze spektra
ostatnich polyneuropatii. Komentovana studie tak jako jedna z prvnich praci nastinila
prezentovanymi daty podpofeny a nyni vSeobecné akceptovany koncept plynulého kontinua
postizeni riiznych typi nervovych vlaken u diabetické periferni neuropatie (kdy postizeni
tenkych vlaken je pravdépodobné inicidlni abnormitou, ¢asto nasledovanou rozvojem postiZeni
vlaken silnych). Mira postizeni tenkych nervovych vldken byla pfitom nejvyraznéjsi u pacientti
s kombinovanym postizenim silnych a tenkych nervovych vlaken a byl obdobna u pacienti s
diabetem mellitem i poruchou glukézové tolerance. Vysledky tak prokazuji, Ze postiZzeni
tenkych nervovych vldken (resp. redukce kozni inervace) je velmi ¢asnou abnormitou v
prabéhu rozvoje bolestivé neuropatie u pacientdl s diabetem mellitem ¢i poruchou glukozové
tolerance a tize tohoto postizeni dale narlista u pacientd s progresi polyneuropatie ve smyslu
rozvoje kombinovaného postizeni silnych a tenkych vlaken. Tyto nalezy jsou tak plné v souladu
s vysledky recentni studie nasi pracovni skupiny (Raputova et al. 2017), kterd prokézala

narustajici pravdépodobnost rozvoje a vyssi intenzitu bolesti s narlstajici tizi polyneuropatie.
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Abstract
Aims To assess small-fibre involvement in diabetic patients with neuropathic pain.

Methods Peripheral nerve function was assessed in 30 patients with Type 2 diabetes mellitus (T2DM, #n = 24) or
impaired glucose tolerance (IGT, # = 6), and clinical symptoms of neuropathic pain in the feet, using nerve conduction
studies, autonomic tests, thermal quantitative sensory testing (T-QST) and quantification of intra- and subepidermal
nerve fibre densities in skin punch biopsies.

Results Clinical signs of isolated small-fibre sensory involvement were present in 13 patients [pure small-fibre neuropathy
(pSEN)], seven patients had isolated positive sensory symptoms without neurological deficits (pPSFN-). Ten patients had
concomitant electrophysiological and/or clinical signs of large-fibre sensory involvement [mixed-fibre neuropathy
(MFN)]. Twenty-seven patients (90%) had both reduced skin innervation and abnormalities of the T-QST parameters.
Two other patients displayed either abnormal skin innervation or T-QST, and only one patient had normal findings
on both tests. The criteria of small-fibre neuropathy (SFN) were met in all 20 patients without large-fibre involvement.
Small-fibre involvement was also present in the 10 MFN patients. Both T-QST and skin biopsy parameters revealed
significant differences between these clinical subgroups, with increased severity of small-fibre involvement in the MFN
group. Autonomic dysfunction was found in 43% of patients and did not correlate with either clinical, T-QST or skin
biopsy data.

Conclusions Although the exact mechanism of neuropathic pain in diabetic patients is not known, pain is almost invariably
accompanied by small-fibre dysfunction and pathology irrespective of autonomic or large-fibre involvement.

Diabet. Med. 25, 692-699 (2008)

Keywords diabetic neuropathy, pain, skin biopsy, small-fibre, thermal threshold

Abbreviations IENFD, intra-epidermal nerve fibre density; IGT, impaired glucose tolerance; MFN, mixed-fibre
neuropathy; PGP, protein gene product; pSEN, pure small-fibre neuropathy; pSFN—-, without pure small-fibre neuropathy;
SENPD, subepidermal nerve plexus density; TIDM, Type 1 diabetes mellitus; T2DM, Type 2 diabetes mellitus; T-QST,
thermal quantitative sensory testing; VAS, visual analogue scale; WHO, World Health Organization

. pain is generated and maintained. Among others, involvement
Introduction . - .
of the Ad and C-fibres mediating pain and temperature, and

Painful distal sensory polyneuropathy constitutes an important
subset of the diabetic neuropathies and affects 7.5-24% of all
patients with diabetes [1-3].

Although many theories have addressed the pathophysiology
of neuropathic pain in diabetes, it remains unclear how the
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also serving autonomic functions, has repeatedly been shown
to play an important role [4,5].

Neuropathies with pure or predominant abnormalities
of these fibres are called ‘small-fibre neuropathy’ (SFN). As
yet, there is no agreement in the literature about the amount
of large-fibre dysfunction that can coexist and still allow a
diagnosis of small-fibre neuropathy. According to current
definitions [6,7], more significant indicators of large-fibre
dysfunction exclude a diagnosis of SFN. Diabetes mellitus
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(DM), including prediabetic states such as impaired glucose
tolerance (IGT), is probably the most frequent cause of SFN.
Patients suffering from SFN typically present with positive
sensory symptoms, such as paraesthesias, painful dysaesthesias
and spontaneous pain [7]. It has therefore been suggested that
the involvement of small fibres is at least partly responsible
for the development of these symptoms. In diabetic patients,
however, both large and small-fibre dysfunction (including
autonomic fibres) may frequently be encountered in the same
patient, and pain is a common symptom in many subtypes and
stages of diabetic neuropathies [8-11].

As patients with SFN may have normal results on a standard
neurological examination, a definition has been proposed,
based on the clinical picture with typical symptoms and signs
(painful dysaesthesias, signs of small-fibre dysfunction on
neurological examination) and abnormalities on specialized
electrodiagnostic testing (e.g. quantitative sensory testing),
or in pathological studies (quantification of intra-epidermal
nerve-fibre density from skin biopsy samples). For research
purposes, three levels of certainty of SFN diagnosis (possible—
probable—definite) based on abnormality in one-two-three
of these conditions have been suggested [7]. We used this
definition to investigate the prevalence of SFN in patients
with DM and painful feet. We further assessed whether large
sensory fibres and autonomic fibres were involved.

Patients and methods

Patients

Between 2000 and 2005, consecutive patients with painful feet
were screened in the Peripheral Neuropathy Outpatient Clinic
of the Brno University Hospital, and those meeting the
following inclusion criteria were included in the study:

1. Diagnosis of Type 2 DM (T2DM) or IGT according to World
Health Organization (WHO) criteria [12].

2. Positive sensory symptoms (painful dysaesthesias or pain) in
the feet for > 3 months with an intensity of at least 3 on a visual
analogue scale (VAS) of 0-10. Other causes of pain in the feet
(both neuropathic and non-neuropathic) such as plantar fasciitis,
Charcot’s joints, osteoarthritis, peripheral vascular disease,
central nervous system dysfunction, tarsal tunnel syndrome and
or peripheral mono- or polyneuropathies were excluded by
history, clinical examination and biochemical, haematological
and immunological blood tests including thyroid hormones,
triglycerides, vitamin B12 and folate levels, serum protein
electrophoresis, carbohydrate-deficient transferrin and auto-
antibodies (antinuclear antibodies, anti-Ro, anti-La, anti-DNA).
Quantification of alcohol consumption as well as further
confirmation of harmful alcohol use and possible alcohol dependence
were performed according to the WHO AUDIT manual.

3. Absence of any symptoms or signs of motor dysfunction in
the feet.

Thirty patients were included (13 women, 17 men), with a
median age of 58 years (range 41-77). Twenty-four patients
had T2DM and six IGT. The median VAS score was 7 (range
3.5-9.5) at the time of enrollment in the study.
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Data from 27 out of 30 patients included in the present study
[those with abnormal thermal quantitative sensory testing
(T-QST)] have been reported in part in a previous study examining
in detail the diagnostic value of a skin biopsy (including a newly
validated parameter—subepidermal nerve plexus density) in a
larger group of patients with painful sensory neuropathy of
diverse origin [13]. The previous study, however, dealt mainly
with morphological findings, was not focused on clinical
signs of neuropathy and included patients with heterogeneous
aetiology of peripheral nerve disease. In contrast, the current
study deals only with the diabetic population, which is more
uniform and may display some characteristic features, at least
some of which may be different from the general neuropathy
population.

Methods

All patients underwent detailed neurological examination,
including assessment of tendon reflexes, muscle strength, skin
condition, sensation to touch, pinprick, warm and cold stimuli,
proprioception and vibration sense.

DM was confirmed by fasting plasma glucose levels and oral
glucose tolerance tests. The mean intensity of neuropathic pain
during the week before clinical and electrophysiological testing
was assessed using a 10-cm VAS, in which 0 cm represented ‘no
pain’ and 10 cm ‘the worst pain I can imagine’. All clinical and
electrophysiological tests were performed at the time of admission
to the clinic, and patients had not received specific treatment for
neuropathic pain previously.

T-QST was performed using thermal sensory analyser software
(Medoc TSA 2001; Medoc, Ramat Yishai, Israel). Thermal
thresholds were examined on the dorsum of the right foot,
using both the method of limits and levels. For analysis, we
used our own normal limits [14]. The methodology has been
described elsewhere in detail [13,14].

Electrophysiological examinations, sympathetic skin response
and cardiovascular tests based on heart rate variability exami-
nation were performed using a Keypoint type Il electromyograph
system (Dantec, Skovlunde, Denmark), following the published
recommendations [15]. The results were processed according
to the reference values related to age and height at the Brno
laboratory [16].

Skin punch biopsy specimens were taken from the distal calf.
The details of skin specimen removal and further processing
have previously been published [13,17] and follow standard
recommendations [18]. Sections of 40 um thickness were
immunostained with rabbit polyclonal antibodies to human
protein gene product (PGP) 9.5 (Ultraclone, Wellow, UK; 1 : 800)
as a primary antibody and goat antirabbit IgG labelled with
cyanine fluorescent probe as a secondary antibody (Amersham
Biosciences, Piscataway, NJ, USA; 1:100). Using Image Pro
Plus 4.0 software (Media Cybernetics, Leiden, the Netherlands),
the intra-epidermal nerve fibre density (IENFD) was quantified
by counting the nerve endings within an accurately measured
length of epidermis [18,19].

Subepidermal nerve plexus density (SENPD) was measured
using a density threshold for PGP 9.5 immunoreactive structures
and expressed as a percentage of the whole subepidermal area
analysed (200 x 50 wm adjacent to the dermo-epidermal junction
in each optical field) [13]. The IENFD was defined as abnormal
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if lower than the cut-off value of 8.8 fibres/mm [13]. Similarly,
the SENPD was defined as abnormal if lower than the cut-off
value of 7.25%. The normal limits used in the current study
were derived from a group of normal individuals, presented in
our previous publication [13].

The protocol was approved by the institutional ethics com-
mittee of the University of Brno, and written informed consent
was obtained from all patients and volunteers.

Standard descriptive statistics were used to summarize the
distribution of the data. Comparison between different subgroups
was performed by univariate #-test or one-way analysis of
variance (ANovA) with a Tukey post-hoc correction. The
value o < 0.05 was taken as the universal limit for statistical
significance.

Results

Clinical data

Duration of sensory symptoms ranged from 3 months to
9 years (median 2.75 years), and duration of DM or IGT
ranged from 19 years before the onset of sensory symptoms to
5.5 years after the onset of symptoms (median 3 years before
onset). In 11 cases (36.7%) the diagnosis of DM/IGT was made
at the onset of sensory symptoms or after it. Mean fasting
plasma glucose level was 8.7 2.6 mmol/l and mean HbA,_
7.4 £1.9% in the DM patients.

Spontaneous pain in the feet was present in all participants
and was described in terms that are typical for neuropathic
pain (burning, tingling, prickling, ‘pins and needles’ or throbbing).
In six patients (20%), pain on light touch (allodynia) was also
present and 13 patients (43 %) reported pain on deep pressure.

Sensory signs that are considered to indicate large-fibre
dysfunction and to exclude SFN according to the definitions of
both Stewart and Lacomis [6,7] were present in six patients
(impaired proprioception in six, knee areflexia in three, and
vibratory loss at or above the ankle in two). All these six
patients, and an additional four, displayed abnormalities on
conventional sensory nerve conduction studies (mixed small-
and large-fibre neuropathy—MFN subgroup).The remaining
20 patients had no or slight large-fibre sensory signs, compatible
with small-fibre neuropathy (ankle areflexia, loss of vibratory
sensation at the toes), and normal conduction studies. Thirteen
patients had clinical symptoms and signs of small-fibre damage
(pure small-fibre neuropathy—pSFN subgroup), whereas
seven had isolated positive sensory symptoms including pain
without any clinical signs of either small- or large-fibre damage
(pSFN=- subgroup, Table 1).

T-QST

Abnormal warm thresholds in at least one of the testing
algorithms used were found in 86.7% of patients, and abnormal
cold thresholds in 60%. Altogether, an abnormal thermal
threshold for at least one thermal modality was found in
93.3% of patients (Table 1).
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Skin biopsy

A reduced IENFD was found in 86.7% of patients and,
similarly, abnormal SENPD was present in 86.7%. Altogether,
at least one abnormal skin biopsy parameter was present in
93.3% of patients (Table 1).

Autonomic dysfunction

An abnormal sympathetic skin response was found in one
patient (3.3%), and cardiovascular tests proved abnormal in
13 patients (43.3%).

Skin biopsy and T-QST data in the clinical subgroups

All 10 patients with additional clinical and/or electrophysio-
logical signs of large-fibre involvement (MFN subgroup)
showed abnormalities on both the skin biopsy and T-QST.

Twelve out of 13 patients with clinical signs of small-fibre
involvement only (pSFN subgroup) showed abnormalities in
both skin biopsy and T-QST findings, and thus met the criteria
of definite SNF [7]. One patient had both normal skin biopsy
and T-QST (possible SEN).

Seven patients had no clinical signs of small-fibre dysfunction
(pSFN=- subgroup): five of them had both abnormal skin
biopsy and T-QST (probable SFN), one had normal T-QST
but abnormal skin biopsy, and one showed a normal skin
biopsy but abnormal T-QST (possible SFN) (Table 1).

Comparison of skin biopsy data between the three subgroups
showed significant differences, with a trend towards an increase
in the degree of abnormality from the pSFN- over the pSFN
to the MFN subgroup (Table 2). A similar trend was found in
thermal threshold data (Table 2). There were no significant
differences in duration of sensory symptoms or diabetes
among these subgroups.

Comparison of DM subtypes

No statistically significant differences in T-QST and skin
biopsy data, or in the duration of T2DM/IGT, in the duration
of sensory symptoms and in the rate of SEN/MFN patients,
were found between the T2DM and IGT subgroups (Table 2).

Discussion

The principal finding of this prospective study is that a reduction
of skin innervation is almost invariably present in painful
sensory neuropathies in patients with IGT and T2DM. Beyond
confirming and extending findings from earlier studies,
we here add a further parameter, quantitative analysis of the
subepidermal nerve fibre density, which gives additional
information on skin innervation, and, similarly to IENFD,
has high diagnostic validity. The degree of small nerve fibre
involvement (assessed both by IENFD/SENPD and T-QST)
increased in concert with the extent of clinical involvement

© 2008 The Authors.
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Table 1 Classification of cases with painful diabetic neuropathy based on clinical and laboratory (conduction study, quantitative sensory thermal threshold testing and skin biopsy) data

Clinical signs  Clinical signs of Nerve

of small-fibre ~ sensory large-fibre  conduction Skin T-QST:  T-QST: Clinical SEN classification ~ Types of glucose
Case involvement involvement studies IENFD SENPD  biopsy* CS WS T-QSTt  classification  acc. to Lacomis} dysmetabolism
1 + + A A A A A A A MFEN Excl. IGT
2 + + A A A A A A A MFN Excl. T2DM
3 + + A A A A A A A MFN Excl. T2DM
6 - - A A A A A A A MFEN Excl. T2DM
19 - - A A A A A A A MFN Excl. T2DM
25 AF - A A A A N A A MFEN Excl. T2DM
27 + + A A A A A A A MFEN Excl. IGT
28 - - A A A A N A A MFN Excl. T2DM
29 AF aF A N A A A N A MFEN Excl. T2DM
30 + + A A A A A A A MFEN Excl. T2DM
4 + - N A A A N A A pSEN Definite IGT
S AF - N A A A N A A pSEN Definite T2DM
8 + - N A N A A A A pSFN Definite IGT
9 + = N N N N N N N pSFN Possible T2DM
10 AF - N A A A A A A pSEN Definite T2DM
12 + - N A A A A A A pSFN Definite T2DM
14 + - N N A A A A A pSEN Definite T2DM
16 AF - N A A A A A A pSEN Definite T2DM
20 + - N A A A A A A pSFN Definite T2DM
22 + - N A A A A A A pSEN Definite T2DM
23 AF - N A A A N A A pSEN Definite T2DM
26 + - N A A A A A A pSFN Definite T2DM
24 + - N A A A N A A pSEN Definite IGT
7 - - N A A A N A A pSFN- Probable IGT
11 - - N A A A N A A pSFN- Probable T2DM
13 - - N A A A A N A pSFN- Probable T2DM
15 - - N A A A N N N pSEN- Possible T2DM
17 - - N A N A N A A pSFN- Probable T2DM
18 - - N A A A N A A pSFN- Probable T2DM
21 - - N N N N A A A pSEN- Possible T2DM
Sensitivity (%) 86.7 86.7 93.3 60.0 86.7 93.3

A, abnormal;

N, normal.

+, present.

—, absent.

IENFD, intra-epidermal nerve fibre density;

SENPD, subepidermal nerve plexus density;

T-QST, quantitative sensory thermal threshold testing;
CS, cold sensation thresholds;

WS, warm sensation thresholds;

MEN, mixed small- and large-fibre neuropathy;
pSFN, pure small-fibre sensory neuropathy (patients with clinical signs of somatic small-fibre involvement);

pSFN-, pure small-fibre sensory neuropathy ‘minus’ (patients with positive sensory symptoms but without clinical signs of somatic small fibre involvement);

Excl., large-fibre signs (clinical and/or electrophysiological) exclusionary for the diagnosis of small-fibre neuropathy according to Lacomis.
*Abnormal skin biopsy means at least one abnormal parameter (i.e. [IENFD or SENPD).

tAbnormal T-QST means abnormal threshold of at least one thermal modality (i.e. cold or warm threshold).

fLacomis D. Small-fibre neuropathy. Muscle Nerve 2002; 26: 173-188.
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Table 2 Comparison of selected biopsy, electrophysiological and clinical data between clinical SEN subgroups and subtypes of glucose dysregulation

Comparison of clinical SFN groups

Comparison of subtypes of glucose dysregulation

MEN group (7 =10) pSEN group (n=13) pSEN- group (n=7) ANOVA (P) IGT (n=6) DM 2 (n=24) t-test (P)
IENFD (fibres/mm) 0.62 (0-14.7) 4. 53 (0.1-14.6) 6. 91 (3.9-9.8) 0.05 4.62 (0.08-7.91) 3. 67( 0-14.66) NS
SENPD (%) 1(0.2-5.7) 0(1.0-14.0) 1(2.0-9.9) 0.001 4.54 (0.22-7.66) 5(0.22-10.87) NS
CS limits (°C) 13.9 (0-30.5) 24 4 (4.0-31.0) 28 7 (21.0-30.4) 0.009 18.7 (0-30.4) 24 2 (0.2-31) NS
CS levels (°C) 19.9 (0-31.5) 26.8 (0-31.45) 28.5(19.4-31.7) 0.04 26.8 (0-31) 26.4 (0-31.7) NS
WS limits (°C) 49.0 (37.3-50.0) 46.2 (38.6-49.7) 44.7 (38.6-49.2) NS 48.7 (45.9-50) 46.7 (37.3-50) NS
WS levels (°C) 47.8 (36.4-50.0) 45.3 (34.2-49.0) 44 3 (34.2-48.3) 0.01 45.9 (43.3-50) 45.8 (34.2-50) NS
Duration of sensory symptoms (years) 3(1-9) 2 (0.25-8) 5 (2-6) NS 4 (0.25-9) 2. 75 (1-8) NS
Duration of DM or IGT (years) 3 ([-5]-1 3 ([-2.5]-14) ([ 51-19) NS 1.5 ([-5.5]-5) .0 ([-2.5]-19) NS

Values are median (minimum/maximum).
MEN, mixed small- and large-fibre neuropathy;
pSEN, pure small-fibre sensory neuropathy;
pSFN-, pure small-fibre sensory neuropathy ‘minus’;
DM, diabetes mellitus;

IGT, impaired glucose tolerance;

IENFD, intra-epidermal nerve fibre density;
SENPD, subepidermal nerve plexus density;
CS, cold sensation;

‘WS, warm sensation;

P, statistical significance;

NS, non-significant (P > 0.05).
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from pure small-fibre to mixed small and large nerve fibre
dysfunction. Another important finding was that the severity
of small nerve fibre disease was similar in patients with IGT
and T2DM. Together with a lack of correlation of small nerve
fibre loss with duration of disease, this indicates that loss of
skin innervation is a very early pathological event in DM.

Despite the pivotal role played by small nerve fibres in the
transmission of pain sensation, only a few studies have addressed
the role of small-fibre damage in the pathophysiology of pain
in diabetic neuropathy. Several studies have shown that people
with diabetes have lower IENFD values in comparison with
age-matched non-diabetic healthy control subjects [20-22].
Lauria et al. [23] showed lower IENFD values in a group of
patients with painful neuropathy that included six with diabetes.
In our cohort of 30 diabetic patients suffering from painful
feet, signs of small-fibre involvement based on at least one
laboratory method recommended for confirmation of SFN
(T-QST or skin biopsy) were detected in all but one patient
(96.7%), and both methods concomitantly confirmed
small-fibre sensory involvement in 27 patients (90%). Our
observation is in concordance with a similar study [24],
which reported abnormal IENFD in all 25 diabetic subjects
with painful neuropathy. Our study thus emphasizes the
importance of small-fibre damage in the pathophysiology of
pain in diabetic polyneuropathy.

Small-fibre damage, however, does not inevitably lead to the
development of pain. Shun ez al. [22] have investigated a group
of 38 patients with T2DM and distal sensory signs and symptoms.
Pain was present in only 23.7% of their patients, but the
IENFD was abnormal in 81.6%, warm detection thresholds in
81.6% and cold thresholds in 57.9%. In another study, there
was a large overlap in IENFD in patients with diabetic neuropathy
with and without pain [24]. Small-fibre abnormalities detected
by T-QST did not predict the presence of pain in diabetic
neuropathy [25]. In a recent study, asymptomatic people with
diabetes had a measurable, length-dependent reduction of
distal epidermal nerves as an indicator of small-fibre involve-
ment [26]. Therefore, factors additional to the loss of somatic
small fibres must contribute to the development of clinically
symptomatic pain in diabetic polyneuropathy.

It is obvious from our data that small-fibre sensory impairment
detected by both T-QST and skin biopsy is almost invariably
present in patients with diabetes and neuropathic pain, irrespective
of the involvement of large sensory fibres and autonomic
fibres, and even in cases without clinical signs of small-fibre
damage. We can therefore assume that in individuals with little
or no sign of neuropathy, abnormalities of small nerve fibres
are very likely to play an important role in the genesis of pain.

On the other hand, pain may also be present in patients with
severe objective signs of neuropathy, i.e. large-fibre neuropathy.
One of the factors contributing to the development of pain in
these patients could be the ratio between the involvement of
fibres of different types and its time course. For example, in the
study by Sorensen [24], patients with pain had lower IENFD
compared with those without pain with the same degree of

© 2008 The Authors.
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large-fibre neuropathy. In our study, no group of patients
without pain was available for comparison, but our patients
with large-fibre neuropathy all had a high degree of small-fibre
involvement (i.e. MFN), corresponding to the patients with
pain in the study by Sorensen [24].

According to current definitions of SFN, the more significant
clinical indicators of large-fibre dysfunction or abnormal
findings on routine nerve conduction studies are considered
exclusionary for its diagnosis [6,7]. The concept of SFN as a
distinct subtype of neuropathy is based, among other things,
on a high proportion of idiopathic cases compared with the
large-fibre type of neuropathy. However, it is obvious that,
at least in diabetic distal sensory neuropathy, both small- and
large-fibre involvement frequently coincide [22]. The question
arises as to whether any definition of SFN based on the exclusion
of concomitant large-fibre involvement is well-founded. One
could speculate as to whether small- and large-fibre sensory
involvement represents a continuum of different stages of the
same lesion (SFN as probable initial target, usually preceding
involvement of large fibres) resulting from the same aetiology
(such as diabetes, but probably also from other causes of
large-fibre neuropathy), and the ratio between small- and
large-fibre involvement could be one of the parameters critical
for the development of pain.

Another factor in the development of neuropathic pain
could be the sequence of dysfunction of different nerve fibre
populations over time. In Sorensen’s study [25], patients were
much more likely to develop pain than sensory loss early after
the onset of diabetes. In another study [27], patients with IGT
had predominantly SFN, compared with patients with DM,
who had more involvement of large nerve fibres. The authors
concluded that small nerve fibres are predominantly affected
in IGT, and their loss may be the earliest detectable sign of
neuropathy in glucose dysregulation.

In our cohort, the number of patients with IGT was too
small for statistical comparison, but the median duration of
diabetes at the onset of pain was 3 years, which is much earlier
than the usual onset of typical diabetic polyneuropathy in the
general diabetic population, i.e. after 8 years [28]. Longitudinal
studies are thus needed to establish the temporal relationship
between IGT or DM and the development of pain and
involvement of different nerve fibre subtypes.

Similar values of T-QST and skin biopsy findings in our
patients with T2DM and IGT suggest that IGT can cause small
nerve fibre loss of a similar extent as in T2DM. In contrast to
our results, Sumner [27] found more severe small fibre
dysfunction in their T2DM group, compared with IGT.
However, patients both with and without pain were included
in his study. According to Sorensen’s results [24], IENFD
counts are significantly lower in T2DM patients with painful
neuropathies compared with painless ones. Even though no
IGT patients were included in Sorensen’s study [24], one may
expect a similar relation between IENFD and presence of pain
in IGT individuals. More severe disease of small nerve fibres in
T2DM patients in Sumner’s study [27] could thus have been
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influenced by the trend to a higher proportion of patients
without pain in the IGT group compared with T2DM (23.1 vs.
6.7%). Our results have extended both Sorensen’s and
Sumner’s data and shown that the severity of small nerve fibre
disease in patients with painful neuropathy is similar in both
IGT and T2DM. Considering the results of the above-mentioned
studies, the presence of pain seems to be a more important
factor predicting the development of small-fibre neuropathy
than the DM subtype. Our findings, however, cannot be
automatically extrapolated to Type 1 diabetes mellitus (T1DM),
because no patients with TIDM were included in our study.
We only included patients with T2DM as we aimed to create
a homogeneous population in which the pathophysiology,
temporal relations between the diagnosis of diabetes and
the beginning of clinical symptoms, as well as clinical and
paraclinical characteristics of the neuropathy were more
uniform than in a population where both types of diabetes
were included.

We have shown that both functional (IENFD vs. SENPD,
cold vs. warmth thresholds) and laboratory parameters (T-QST
and skin biopsy) are complementary in detecting small-fibre
involvement and could be useful in follow-up studies of painful
diabetic neuropathy. These methods are sensitive enough to
detect small-fibre involvement in the early ‘preclinical’ stage of
painful diabetic neuropathy and could be very helpful in
studying the role of small-fibre damage in the development of
neuropathic pain in pre-diabetic states or diabetes over time.
Warm detection threshold assessment had a higher sensitivity
for small-fibre involvement than cold threshold values, which
is in concordance with previous findings [22], as expected,
because warmth is mediated predominantly by C-fibres.
Subepidermal nerve-fibre density further increased the sensitivity
of skin biopsy in detection of small-fibre involvement [13].
Despite the fact that it probably reflects dermal innervation by
both unmyelinated and myelinated fibres, the frequency of
abnormalities in painful diabetic neuropathy was comparable
to that of the IENFD.

Finally, we conclude that:

m Neuropathic pain in patients with diabetes or impaired
glucose tolerance is almost invariably accompanied by
sensory small-fibre involvement, irrespective of the presence
of signs of sensory large-fibre or autonomic small-fibre
involvement.

m Isolated small-fibre involvement in painful diabetic neuropathy
should be considered as an early stage of neuropathy and
a prerequisite for the development of neuropathic pain.

m Quantitative sensory thermal threshold testing and skin
biopsy are complementary in the detection of small-fibre
involvement in diabetic patients, and both tests should
optimally be included in the diagnostic algorithms of these
patients, especially in research studies.
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Tato velkd prospektivni studie byla zamétfena na ptinos hodnoceni koznich biopsii u pacientt s
neuropatii s postizenim tenkych nervovych vlaken (izolovanym a/nebo kombinovanym s
postizenim vladken silnych) a korelaci nalezii této metodiky s fadou dalSich klinickych a
elektrofyziologickych parametri. Vedle standardné hodnocené intraepidermalni hustoty
tenkych nervovych vlaken (IENFD) préace prioritné koncipovala metodiku hodnoceni hustoty
subepidermalniho nervového plexu (SENPD) jako nového diagnostického markeru s ptidatnou
informativni hodnotou v ramci vySetfeni kozni biopsie u pacientll s bolestivou neuropatii.
Prokazala také vysokou diagnostickou validitu obou zminénych parametrii (tedy intra- i
subepidermalni hustoty tenkych nervovych vlédken) v diagnostice bolestivych neuropatii a to
prostiednictvim ROC analyzy jako nové unikatni statistické metody, do té doby v oblasti
diagnostickych metod perifernich neuropatii neuzivané (ale aktudlné velmi rozsitené).

Pomoci zminéné analyzy pak studie prokéazala, Ze intra- a subepidermalni hustota nervovych
vlaken jsou vzdjemné komplementdrni parametry, jejichz vysledky uzce koreluji s
kvantitativnim testovanim senzitivity. Uziti kombinace obou parametrti zvySuje diagnostickou
validitu hodnoceni postiZzeni tenkych nervovych vlaken, kterd je obdobna u vSech pacienti
S bolestivou neuropatii, bez ohledu na to, zda jde o jedince s Cistym postizenim tenkych

nervovych vlaken ¢i o pacienty s kombinovanym postizenim vlaken tenkych a silnych.
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ABSTRACT: In this prospective study, intraepidermal nerve fiber densities
(IENFD) and subepidermal nerve plexus densities (SENPD) were quantified
by immunostaining in skin punch biopsies from the distal calf in 99 patients
with clinical symptoms of painful sensory neuropathy and from 37 age-
matched healthy volunteers. The clinical diagnosis was based on history and
abnormal thermal thresholds on quantitative sensory testing (QST). In pa-
tients with neuropathy, IENFD and SENPD were reduced to about 50% of
controls. Elevated warm detection thresholds on QST correlated with IENFD
but not with SENPD. Using receiver-operating characteristic (ROC) curve
analysis of IENFD values, the diagnostic sensitivity for detecting neuropathy
was 0.80 and the specificity 0.82. For SENPD, sensitivity was 0.81 and
specificity 0.88. With ROC analysis of both IENFD and SENPD together, the
diagnostic sensitivity was further improved to 0.92. The combined examina-
tion of IENFD and SENPD is a highly sensitive and specific diagnostic tool
in patients suspected to suffer from painful sensory neuropathies but with

normal values on clinical neurophysiological studies.
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P.inful sensory neuropathies with exclusive or pref-
erential involvement of small sensory nerve fibers of
the A-delta and C types are commonly encountered
in clinical practice.’?> Among the most prominent
complaints of patients suffering from small-fiber
neuropathy are burning pain and paresthesias, typi-
cally beginning distally in the feet and slowly pro-
gressing proximally in a length-dependent fash-
ion.'221:37 Unless there is associated large-fiber
involvement, patients display few abnormities on
standard neurological examination and nerve con-
duction studies may remain within normal limits.
The functional bedside tests most commonly used
for the assessment of small fibers include the assess-

Abbreviations: ANOVA, analysis of variance; [ENF, intraepidermal nerve
fiber; IENFD, intraepidermal nerve fiber density; MFN, mixed-fiber neuropathy;
MNSI, Michigan Neuropathy Screening Instrument Questionnaire (subscales
1 and 2); NDS, Neuropathy Disability Score; NSS, Neuropathy Symptom
Score; pSFN, pure small-fiber neuropathy; QST, quantitative sensory testing;
ROC, receiver-operating characteristic (curve); SENPD, subepidermal nerve
plexus density; SFN, small-fiber neuropathy; VAS, visual analogue scale
Key words: epidermal nerve fiber density; painful neuropathy; quantitative
sensory testing; skin biopsy; subepidermal nerve fiber density
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ment of thermal detection and pain thresholds,
which can be corroborated by quantitative sensory
testing (QST),!332 and autonomic function tests,
such as the quantitative sudomotor axon reflex
test,2-32 sympathetic skin response,® heart-rate vari-
ability, and other cardiovascular reflexes.?? Further
neurophysiological methods reflecting small-fiber
function (e.g., laser-evoked sensory potentials)!6 are
valuable additions but less frequently available in
clinical practice.

Morphological evaluation of the intraepidermal
innervation in skin biopsies has proven to be both a
useful 418253234 and reproducible method?.2540 for
the diagnosis of small-fiber neuropathy and has now
become a standard tool in the diagnostic evaluation
of sensory neuropathies.??22 However, data on the
sensitivity, the correlation with clinical symptoms
and signs,!:3439 and the diagnostic validity of intra-
epidermal nerve fiber density (IENFD) examination
have revealed variable results between studies.*2®
This also applies to the correlation between skin
biopsy findings and neurophysiological and psycho-
physical examinations, which have shown a wide
range of findings in different studies.!0:14.23,30-33,39.41
Finally, although changes in the subepidermal nerve
plexus have been described in patients with periph-
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Table 1. Clinical characteristics of patients and controls.

Demographic Neuropathy group
characteristics pPSFN MFN Controls
Number of subjects

studied 58 41 37
Male 33 25 20
Median (min/max)

(years) 58 (25/81) 62 (38/83) 57 (27/86)

Symptom duration
Median (min/max)
(years) 2.00 (0.25/10) 2.00 (0.25/13)
Associated relevant diseases (number of subjects)
Diabetes mellitus or
impaired glucose

tolerance 19 12
Alcohol abuse 7 8
Others* 8 13
Undetermined 24 8

PSFN, pure small-fiber neuropathy; MFN, mixed-fiber neuropathy.

*Others: potential etiological factors or cofactors include toxins (anti-cancer
chemotherapy or antituberculous drugs), paraneoplastic syndromes,
monoclonal gammopathy, hyperlipidemia, and amyloidosis.

eral neuropathies,'*26 subepidermal nerve plexus
density (SENPD) has not been quantified before,
and its relations to IENFD, to clinical symptoms, and
to neurological and psychophysical findings have
not been studied systematically. We therefore under-
took a prospective study of patients with painful
neuropathies with the main emphasis on investigat-
ing the diagnostic validity of a combined analysis of
IENFD and SENPD quantification.

PATIENTS AND METHODS

Ninety-nine consecutive patients with painful sen-
sory neuropathy and a prominent complaint of
“burning feet” were included in the study (Table 1).
These patients were prospectively recruited from the
Peripheral Neuropathy Out-patient Clinic, Brno
University Hospital, between September 1999 and
March 2005. The protocol was approved by the in-
stitutional ethics committee, and written informed
consent was obtained from all patients and volun-
teers before inclusion into the study. The following
inclusion criteria had to be met: (1) chronic neuro-
pathic pain, paresthesias, or dysesthesias (described
as electric shock-like, burning, cold, prickling, tin-
gling, or itching) in a distal symmetrical distribution
in the lower extremities; and (2) abnormal thresh-
olds for at least one thermal modality as assessed by
QST. Exclusion criteria were: (1) signs of central
(brain or spinal cord) involvement; (2) any overt
clinical motor signs (weakness, distal muscle atro-
phy, fasciculations); and (3) other diseases or con-
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ditions leading to foot pain (e.g., plantar fasciitis,
tarsal tunnel syndrome, Charcot’s joints, osteoarthri-
tis, peripheral vascular disease). All patients under-
went standard clinical examination, including semi-
quantitative evaluation of the main sensory
modalities of touch, pain, cold and warm, proprio-
ception, and vibration, using hend-held devices.

A detailed medical history was taken from all
patients, and they underwent a thorough clinical
neurological examination. Associated diseases with
potential etiological relevance were explored by his-
tory and routine biochemical, hematological, and
immunological blood tests including thyroid hor-
mones, triglycerides, vitamin By, and folate levels,
serum protein electrophoresis, carbohydrate-defi-
cient transferrin, and a set of autoantibodies (ANA,
anti-Ro, anti-La, anti-DNA). Diabetes mellitus was
confirmed by an abnormal oral glucose tolerance
test and testing for elevated glycated hemoglobin
levels (HbA,.), which were done in all patients in the
neuropathy group. Quantification of alcohol con-
sumption as well as further confirmation of harmful
alcohol use and possible alcohol dependence was
performed according the WHO audit manual.?® For
quantification of the presence and severity of clinical
symptoms and neurological impairment, the Neu-
ropathy Symptom Score (NSS),> Neuropathy Disabil-
ity Score (NDS),° and the Michigan Neuropathy
Screening Instrument Questionnaire (MNSI)® were
employed. The mean intensity of neuropathic pain
during the week before clinical and electrophysio-
logical testing was assessed using a 10-cm visual ana-
logue scale (VAS) (0 cm = “no pain,” 10 cm = “the
worst pain I can imagine”). All the clinical and elec-
trophysiological tests were performed at the time of
admission to the clinic, and no specific treatment for
neuropathic pain had been provided to these pa-
tients previously.

Thirty-seven healthy volunteers matched for age
and body mass index were recruited at the Brno
University Hospital, mainly from among hospital em-
ployees and their relatives (Table 1). These subjects
displayed no signs or symptoms of central or periph-
eral nerve disease, had no risk factors for peripheral
neuropathies in their medical histories (in particu-
lar, diabetes mellitus, alcohol abuse, uremia, thyroid
disorders, malignancy, or exposure to toxins or medi-
cation associated with neuropathy), had normal fasting
blood glucose (i.e., <5.6 mmol/L), and had normal
results at clinical neurological examination and in
QST. In 9 of the volunteers in this group, fasting
plasma glucose was the only test performed to rule out
diabetes mellitus, whereas the remaining 26 had addi-
tional tests performed: 16 had both the oral glucose
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tolerance test and HbA, . performed, 7 had the oral
glucose tolerance test, and 5 had HbA,. assessment.
The results of these tests were normal in all volunteers.

Thermal threshold testing was performed using an
electrodiagnostic unit (Viking IV; Nicolet, Madison,
WI), thermal sensory analyzer software (TSA 2001;
Medoc, Ramat Yishai, Israel), and a rectangular con-
stant thermal probe with a surface area of 5 X 2.5
cm. Before the testing procedure started, standard-
ized instructions were delivered to the patients and
volunteers and they were familiarized with the test by
undergoing several pilot trials. Thermal thresholds
were examined on the dorsum of the right foot.
Stable limb temperature was maintained by a heat
lamp and monitored by a contact temperature sen-
sor throughout the test. The starting (adaptation)
temperature was 32°C. To prevent thermal injury,
the high-temperature limit was set at 50°C and the
low temperature at 0°C. At both locations, three
different test algorithms were used: random and
nonrandom variants of the method of limits and one
method of levels. The main difference between the
methods is that data gained by the method of levels,
in contrast to the method of limits, are independent
of reaction time. The principle of these algorithms
has been described previously in detail 4445 Details of
the settings and testing parameters used in this study
have also been published previously?® and are prin-
cipally the same as those described in an earlier
study.'” In each of the algorithms tested, both cold
and warm sensation thresholds were assessed. Age-
and genderrelated reference values were obtained
from Yarnitsky and Sprecher.*¢ These investigators
employed a similar apparatus to that in the present
study, and their thermode size, baseline tempera-
ture, and rate of stimulus rise were the same as those
used here. Their published results are comparable to
those observed in healthy individuals in our previous
study.?8 All tests were performed in exactly the same
manner and by the same examiner (E.M.) in a quiet
room and with no distractions.

Electrophysiological examinations were performed
using an electromyography system (Keypoint Type
II; Dantec, Skovlunde, Denmark). Motor nerve con-
duction studies of the peroneal and tibial nerves,
including 10 consecutive F-waves, antidromic sen-
sory nerve conduction of the sural and superficial
peroneal nerve with surface electrodes, and concen-
tric needle electromyography from at least two distal
lower extremity muscles, were performed in a stan-
dard manner, following published recommenda-
tions.?6 The results were processed according to ref-
erence values at the Brno laboratory with regard to
age and height.!> Patients were classified as pure
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small-fiber neuropathy (pSFN) if they had no clinical
or nerve conduction signs of large-fiber dysfunction
(n = 58). Those with electrophysiological signs of
large-fiber sensory involvement (abnormal conduc-
tion study from at least two nerves corresponding
with axonal loss, n = 41) were classified as having
mixed-fiber neuropathy (MFN).

Autonomic tests included sympathetic skin re-
sponses and heartrate variability examinations,
which were performed using the Keypoint Dantec
Type II electromyography system. Tests were per-
formed in a quiet room with the ambient tempera-
ture maintained at 24°-26°C, with the patient re-
laxed, lying on a comfortable bed. Sympathetic skin
response was recorded from the palm and sole. Stan-
dard silver—silver chloride electrodes were used, with
the active electrode placed on the center of the palm
or sole and the reference electrode on the dorsum of
the hand or foot, respectively. Electrical stimulation
of the median or medial plantar nerves was used to
elicit the response. Five consecutive stimuli of 0.2-ms
duration and 30-mA intensity were delivered at an
irregular rate, at about 1/min. The shortest latencies
and the largest amplitudes were used for further
analysis, while the elicitability of responses obtained
from the five successive stimuli was also recorded.
Autonomic cardiovascular tests assessing heartrate
variability during resting and deep breathing, heart-
rate response to the Valsalva maneuver, and immediate
heartrate response to fast standing were performed in
a standard manner, following published guidelines.?

Skin punch biopsies were taken from the distal calf,
approximately 10 cm above the lateral malleolus,
using a 4-mm disposable circular punch device
(Stiefel GmbH, Offenhach, Germany). The biopsy
was performed with a sterile technique following
local anesthesia with 1% trimecain hydrochloride
(Mesocain; Zentiva, Prague, Czech Republic). A sin-
gle suture served for adaptation of the wound edges.
Upon removal, the skin specimens were fixed in 4%
phosphate-buffered paraformaldehyde (pH 7.4) for
3—4 hours and cryoprotected in 10% sucrose at 4°C
overnight. Afterwards, the skin samples were embed-
ded in Tissue Tek, frozen in 2-methylbutane cooled
in liquid nitrogen, and stored at —70°C until further
processing. Sections of 40-um thickness were cut on
a sliding microtome and immunostained with rabbit
polyclonal antibodies to human PGP-9.5 (1:800; Ul-
traclone, Wellow, UK) as a primary antibody and
goat anti-rabbit IgG labeled with cyanine 3.18 fluo-
rescent probe (Cy3) as a secondary antibody (1:100;
Amersham Biosciences, Piscataway, New Jersey). The
intraepidermal nerve fibers were counted manually
at X400 magnification using a microscope (Axio-
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phot 2; Zeiss) equipped with a motorized scanning
table (Mdérzhduser, Wetzlar, Germany). Using Im-
agePro Plus 4.0 software (Media Cybernetics, Leiden,
The Netherlands), epidermal length was accurately
measured. The average intraepidermal nerve fiber
density per millimeter of epidermal length was then
calculated. Common counting rules were strictly fol-
lowed.29:22.26 Individual fibers through the entire depth
of the section were counted as they crossed the derm-
al-epidermal junction, while secondary branching
within the epidermis was excluded from the quantifi-
cation. Distinct individual fibers observed within the
epidermis without apparent crossing of the dermal-
epidermal junction were also counted, if a correspond-
ing subepidermal fiber was seen. The entire epidermal
length of three non-adjacent sections was evaluated in
each patient. To assess the reliability of the results, 15
blinded samples were examined twice during 1 week.
Subepidermal nerve plexus density was measured
using ImagePro Plus 4.0 software and a density
threshold for PGP-9.5 immunoreactive structures.
The threshold was derived from the brightness of
intraepidermal nerve fibers in each section. All the
structures of the area analyzed with the brightness
equal to or higher than this pre-set threshold were
marked as immunoreactive and their area expressed
as a percentage of the whole subepidermal area
analyzed (200 X 50 wm adjacent to the dermal-
epidermal junction in each optical field; Fig. 1a,b).
SENPD measurements were made from every third
optical field along the entire epidermal length of
each evaluated section (Fig. 1c) and the mean of all
the obtained values was used for further analysis. Re-
moval of the specimen and fixation procedures were
performed in Brno, while further processing including
cutting the samples, immunostaining, and viewing the
sections were performed in Wiirzburg. All biopsy sam-
ples were first analyzed by a single observer unaware of
the identity of the slides (E.M.) and samples were
cross-checked by C.S. for internal consistency.

Statistical Analysis. Standard descriptive statistics
and the variance ratio Ftest were used to summarize
the distribution of the data. Both the IENFD and
SENPD values showed a normal distribution of the
data within the controls and the group of patients
with neuropathy (variance Fratio 1.38; P = 0.333).
These results justified the use of parametric testing for
further analysis of the data. The univariate #test was
used to compare the various results obtained from the
controls and the group of patients with neuropathy,
whereas comparison between all three groups of indi-
viduals was performed by one-way analysis of variance
(ANOVA) with Tukey’s post hoc correction. With re-
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FIGURE 1. Images depicting the method for evaluation of the
subepidermal nerve plexus on PGP-9.5-immunoreacted 40-pm
cryosections of skin using a density threshold for PGP-9.5—
immunoreactive structures and expressed as a percentage of the
whole subepidermal area analyzed (200 X 50 pm adjacent to the
dermal—epidermal junction in each third optical field). (a) Original
digitized image. (b) Density threshold set for morphometric de-
termination of the nerve fiber area (bar, 50 pm). (¢) An image with
a lower magnification showing the subepidermal area used for
assessment of the subepidermal nerve plexus (bar, 200 pm).

spect to multiple comparisons, o < 0.01 was taken as
the universal limit for statistical significance (based on
Bonferroni’s correction for multiple testing)! to en-
sure an experiment-wide overall a-level of <0.05 for
any individual parameter. The best maximum-likeli-
hood estimates for IENFD and SENPD cutoff values
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Table 2. Results of psychophysical, neurophysiological, and clinical tests in patients and controls and their correlation with [IENFD and
SENPD (Pearson’s correlation).

Neuropathy group Correlation with nerve fiber densities
IENFD SENPD
Test pSFN MFN Controls r P-value r P-value
Thermal thresholds (dorsum of the right foot; °C)

MLI-R CS 231 +7.3 212 + 86 30.0 £ 0.8 0.103 NS 0.125 NS
WS 46.6 £ 2.7 46.4 = 3.2 382 +19 —0.348 0.001 —0.145 NS
Sural SNAP amplitude (nV) 10.6 = 5.0 3.0*x25 12.0 = 4.1 0.213 0.03* 0.634 <0.001

Sympathetic skin response (lower extremities)
Mean latency (ms) 2.1 +0.23 2.2+ 0.26 +0.2 -0.171 NS -0.202 NS
Maximal amplitude (mV) 1.2+1.1 09+0.9 3*+0.9 0.044 NS 0.118 NS
Elicitability (%) 72 =24 53 + 37 81 + 22 0.036 NS 0.170 NS
Heart-rate variability to
deep breathing (%) 17.7 = 10.6 16.4 = 9.9 245+ 10.9 —0.058 NS —0.098 NS
Clinical findings
VAS 6.6 1.8 59+25 —0.220 0.03" 0.042 NS
MNSI 1 7.7 24 8.0*20 -0.382 <0.001 —0.231 0.02*
MNSI 2 08*+1.0 28 1.1 -0.170 NS —-0.470 <0.001
NSS 19=+08 249 + 11 -0.127 NS —0.256 0.01
NDS 3.6 +35 17.0 =118 -0.204 0.04 —0.482 <0.001

Values are mean + standard deviation; MLI, method of limits; R, random variant of the test; CS, cold sensation threshold; WS, warm sensation threshold;

SNAP, sensory nerve action potential. Other abbreviations defined in text.
*Borderline significance with P-values between 0.01 and 0.05.

were obtained from computer-assisted receiver-operat-
ing characteristic (ROC) curve analysis.2” With respect
to optimal combination of sensitivity and specificity,
three different cut-offs were explored for each IENFD
and SENPD to find a value with maximum sensitivity
accompanied by reasonable specificity, and vice versa.
Criteria for pSFN or MFN were used as the “indepen-
dent reference standard” when looking at diagnostic
validity, ROC analysis, sensitivity, and specificity of
IENFD and SENPD. Correlation analyses were carried
out using Pearson’s correlation coefficient.

To assess the reproducibility of IENFD/SENPD
values, two independent evaluations of 15 randomly
selected skin samples were performed and the repro-
ducibility was evaluated according to the standard
methodology proposed by Bland and Altman,?
which is based on the standard deviation of the
differences between pairs of repeated measurements
(SDgir). The test-retest reproducibility assessed by
this method was expressed as confidence limits of
agreement.? Additionally, a standard ANOVA was
employed to assess the proportion of total variability
of the IENFD/SENPD related to the differences be-
tween repeated measurements.

RESULTS

Demographic, Clinical, and Neurophysiological Data.
Demographic patient characteristics did not differ
between groups. Prominent etiological factors of
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neuropathy were impaired glucose metabolism (25
patients with overt diabetes mellitus and 6 with im-
paired glucose tolerance only) and chronic harmful
alcohol use or possible alcohol dependence (15 pa-
tients). The incidence and proportion of particular
etiological factors were similar in both subgroups of
neuropathy patients (Table 1).

Clinical examination revealed signs of small-fiber
dysfunction (i.e., abnormal thermal or pain percep-
tion) in 44 of the 58 pSFN patients. Considering the
fact that all the included patients had subjective
symptoms of small-fiber involvement and abnormal
thermal QST findings, these 44 cases thus complied
with the criteria of probable small-fiber neuropa-
thy,?! whereas the others in the pSFN subgroup com-
plied with the criteria of possible small-fiber neurop-
athy. Thirty-eight of the 41 patients with MFN also
displayed clinical signs of large-fiber sensory involve-
ment (decreased proprioception at the toes, vibra-
tory loss at or above the ankle, and generalized
areflexia) that are considered exclusionary for the
diagnosis of small-fiber neuropathy according to es-
tablished criteria.2!-42

A summary of data from the neurophysiological
and psychophysiological tests is given in Table 2. Cold
and warm detection thresholds were significantly in-
creased in both neuropathic groups compared with
healthy controls, whereas no significant differences
were found between pSFN and MFN patients. The
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Table 3. IENFD (fibers/mm) and SENPD (% of the subepidermal area of the size 200 X 50 wm adjacent to the dermal-epidermal junction):
basic summary statistics.

Groups compared N Mean (SD) Median (min/max values) Statistical test (P-value)
IENFD (fibers/mm)
Controls 37 11.3 (8.0 10.7 (8.2/17.4) <0.001
Neuropathy group 99 5.5(3.9) 4.8 (0.0/14.8)
pPSFN 58 5.9(3.5) 5.2 (0.1/14.8) =0.263
MFN 41 5.0(4.2) 4.5 (0.0/14.7)
SENPD*
Controls 37 9.3 (2.5 9.4 (3.4/14.7) <0.001
Neuropathy group 99 4.5 (2.7) 4.2 (0.2/14.0)
PSFN 58 5.7 (2.4) 5.3 (1.2/14.0) <0.001
MFN 41 2.7 (2.0) 2.0 (0.2/7.4)

Abbreviations defined in text.

*Percent of the subepidermal area of the size 200 X 50 wm adjacent to dermal-epidermal junction.

results obtained by the three QST methods were con-
sistent and values did not differ significantly between
methods.

The reduction of sensory nerve action potential
amplitudes was the most frequent and remarkable
abnormity in the MFN group when compared with
healthy individuals and pSFN patients.

The sympathetic skin response was obtained less
often in patients with MFN compared with both
other groups (no response in the lower extremities
was obtained in 24% of MFN patients, but only in 5%
of pSFN patients and 0% of healthy controls). The
latencies and amplitudes of the sympathetic skin
response were similar in all three subgroups of pa-
tients (Table 2). In both the neuropathy subgroups,
the values of all the cardiovascular autonomic tests
were significantly lower than in healthy controls (Ta-
ble 2).

Reproducibility of IENFD/SENDP Values. Both statis-
tical methods employed (based on standard devia-
tion of differences between pairs of repeated mea-
surements and analysis of variance) confirmed a
sufficient level of reproducibility of both IENFD/
SENPD values. The 95% confidence limits for differ-
ences between pairs of measurement (based on eval-
uation of SD ) varied in the range =0.50 unit for
IENFD and *0.55 unit for SENPD (i.e., +10%-12%
of mean of primary values). Considering the sug-
gested values of cut-off levels, such results for repro-
ducibility are fully acceptable and comparable with
the reproducibility of IENFD recently published else-
where.?40

Using standard ANOVA, the variability of re-
peated measurements represented up to 15%-17%
of total variability of the values, which again shows a
good reproducibility of both the parameters tested
(data not shown).

Skin Innervation in Neuropathies

Diagnostic Performance of Intra- and Subepidermal Fi-
ber Counts. Comparison of the groups demon-
strated a clear reduction in both intra- and subepi-
dermal nerve fiber/plexus density in the patients
with neuropathies compared with the healthy con-
trols (P < 0.001; Table 3). Comparing the subgroups
of patients with neuropathy (i.e., pSFN and MFN),
SENPD values were more reduced in patients with
MFN (P < 0.001; Table 3).

Considering a probable overlap of IENFD and
SENPD values between healthy controls and the
neuropathy groups, the data were further pro-
cessed by exact ROC analysis, which allowed the
estimation of optimized cut-off points associated
with the maximum sensitivity and specificity for
each of the variables. Using a cut-off value of 8.8
fibers/mm, the sensitivity of IENFD examination
in discrimination between patients with painful
neuropathy and normal controls was 0.80 and the
specificity 0.82 (Fig. 2a and Table 4). The same
validity of IENFD examination was found for the
discrimination between normal controls and the
pSEN and MFN subgroups (Table 4). Evaluation of
SENPD values alone reached a sensitivity of 0.81
and a specificity of 0.88 to discriminate between
normal controls and patients with painful neurop-
athy when using 7.25% (percentage of immunore-
active area in the entire subepidermal area ana-
lyzed) as a cut-off point (Fig. 2b and Table 4), and
a slightly lower validity in discriminating between
normal controls and pSFN patients (Table 4).

Despite the close correlation between subepider-
mal and intraepidermal nerve fiber densities, the
ROC curve of the SENPD showed even higher valid-
ity in discrimination between normal controls and
MFN patients and allowed discrimination between
patients with and without additional large-fiber in-
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FIGURE 2. Receiver-operating characteristic (ROC) curves of
IENFD (fibers/mm) (a) and SENPD (percent of the subepidermal
area) (b) focused on discrimination between controls and pa-
tients with neuropathy. Chosen cut-off points are marked by the
intersection of the horizonal and vertical lines.

volvement (Table 4). In some patients, SENPD was
abnormal despite normal IENFD values, showing
that SENPD may be an independent measure of
SFN-associated pathology and thus increases the sen-
sitivity of skin evaluation. This was the case for all of
the 8 MFN patients and in 4 of 12 pSFN patients with
normal IENFD values. When using both IENFD and
SENPD in combination, the overall sensitivity of skin
biopsy evaluation (defined as an abnormal result for
at least one of the IENFD/SENPD values and using
cut-offs with the highest validity expressed as the
area under the curve obtained in ROC analysis; see
Table 4) reached 1.00 in patients with MFN, 0.86 in
patients with pSFN, and 0.92 in the whole painful
neuropathy group.

Correlation of IENFD and SENPD with Clinical and Elec-
trophysiological Data. Neither IENFD nor SENPD
values were related to age or duration of clinical
symptoms in the neuropathy group. Correlation
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analysis of skin biopsy findings with psychophysical
variables revealed an inverse correlation between
IENFD values and warm sensation thresholds and
lack of correlation with cold sensation thresholds
(Table 2). In contrast, SENPD values correlated with
most of the nerve conduction studies, but the corre-
lations with thermal thresholds were not significant.
The amplitude of the sural nerve sensory action
potential yielded the best correlation with SENPD
(Table 2), whereas its correlation with IENFD was
weak with only borderline significance. The auto-
nomic tests showed no significant correlation with
IENFD and SENPD values (Table 2).

Correlation of IENFD and SENPD Values with Pain.
The intensity of neuropathic pain, assessed by the
VAS, varied markedly within each group of neurop-
athy patients, without significant differences be-
tween the two groups. There was a trend toward an
inverse correlation between VAS values and IENFD
(P = 0.03; Table 2).

The values of the NSS and particularly the NDS
were significantly higher in the MFN than pSFN
group. Nevertheless, even in the MFN group the
values were quite low, indicating predominantly sen-
sory pathology in all patients. The scores reflecting
large-fiber involvement often showed an absent, or
at best a weak, correlation with IENFD values,
whereas both the scores and most of their subscales
correlated significantly with SENPD values (Table
2), again underscoring the usefulness of additional
analysis of SENPD.

The MNSI 1 questionnaire more specifically re-
flects symptoms associated with small-fiber pathol-
ogy. As expected, a closer correlation of the MNSI 1
sum score with IENFD compared with SENPD values
was found (Table 2). The individual symptoms as-
sessed by this score were therefore tested alone with
respect to their possible correlation with IENFD.
IENFD was significantly different between patients
with and without a sensation of prickling, a feeling of
numbness, and the presence of trophic skin changes
in the lower extremities. For the items “worsening of
symptoms at night” and “inability to differentiate
between cold and hot water,” IENFD also differed in
the presence or absence of these symptoms (P =
0.03 and 0.02, respectively; Table 5). Taken to-
gether, these MNSI items therefore seem to have a
high predictive value for small-fiber neuropathy.

DISCUSSION

The principal finding of this large, prospective study
on intra- and epidermal nerve fiber densities in
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Table 4. ROC analysis data.

ROC curve Critical test result value
(Maximum likelihood Sensitivity at Specificity at
estimates)* Cut-off point cut-off cut-off
IENFD (fibers/mm) Az 0.89 (0.81; 0.94) =8.80/mm 0.797 0.821
Neuropathy vs. control group a 1.36 (0.97; 1.75)
b 0.69 (0.39; 0.99) =7.77/mm? 0.686 0.95
IENFD (fibers/mm) Az 0.88 (0.78; 0.93)
PSFN vs. control group a 1.40 (0.92; 1.88) =8.80/mm 0.772 0.796
b 0.75(0.39; 1.11)
IENFD (fibers/mm) Az 0.87 (0.77; 0.93)
MFN vs. control group a 1.31(0.80; 1.84) =8.80/mm 0.766 0.811
b 0.63 (0.29; 0.96)
SENPD (%) Az 0.92 (0.85; 0.95) =7.25% 0.811 0.882
Neuropathy vs. control group a 1.81(1.31;2.32)
b 0.90 (0.51; 1.29) =6.30%" 0.780 0.95
SENPD (%) Az 0.90 (0.81; 0.95)
PSFN vs. control group a 1.565(0.99; 2.11) =7.25% 0.782 0.790
b 1.02 (0.58; 1.46)
SENPD (%) Az 0.98 (0.98; 0.99)
MFN vs. control group a 3.10 (1.45; 4.74) =6.64% 0.950 0.892
b 1.17 (0.12; 2.21)
SENPD (%) Az 0.85 (0.77; 0.93)
PSFN vs. MFN a 1.32 (0.82; 1.81) =3.76% 0.761 0.811
b 0.69 (0.39; 0.99)

ROC analysis of IENFD (fibers/mm) focused on discrimination between control data and data from patients with neuropathy, pSFN and MFN; ROC analysis of
SENPD (% of the subepidermal area of the size 200 X 50 um adjacent to the dermo—epidermal junction) between control data and data from patients with
neuropathy, pSFN and MFN, and between pSFN and MFN.

*Parameters of binormal ROC curve: a, vertical of ROC curve; b, slope of the fitted ROC curve when plotted as a straight line on a normal deviate axis; both a
and b given with 95% confidence intervals (in parentheses). Az, area under the ROC curve, given with asymmetric 95% confidence limits for binormal area
estimate (in parentheses). Other abbreviations are defined in text.

*Values resulting from the traditional approach using the 5th percentile are given for comparison.

small-fiber neuropathy is that IENFD and SENPD are an account of a quantitative analysis of SENPD and

highly sensitive and specific diagnostic tools, partic- related these findings to clinical and neurophysio-
ularly if used in combination. Beyond confirming logical parameters. SENPD values are reduced to a
and extending some earlier studies, we have added greater extent in patients with concomitant large-

Table 5. [IENFD findings with relation to the presence or absence of particular symptoms and signs.

Number of patients with

symptom (%) Mean IENFD with symptom ttest
Symptom (in legs or feet) pSFN MFN Absent Present (P-value)
Numbness 26 (45) 34 (83) 6.7 4.7 0.009
Burning pain 26 (45) 19 (46) 5.5 5.5 NS
Increased sensitivity to touch 17 (29) 15(37) 5.6 5.2 NS
Muscle cramps 57 (98) 39 (95) 8.4 5.4 NS
Prickling 54 (93) 37 (90) 9.1 5.2 0.005
Allodynia 13 (22) 11 (27) 5.5 5.5 NS
Thermal sensory loss (hot/cold water) 28 (48) 19 (46) 6.3 4.6 0.03*
Open sore on foot 0(0) 1(©2) 5.6 0.0 NS
Nocturnal worsening 55 (95) 31 (76) 7.9 5.1 0.02*
Painful feet when walking 45 (78) 26 (63) 5.8 5.4 NS
Insensitivity of feet when walking 11 (19) 24 (59) 6.0 4.6 NS
Skin changes (dryness, cracking) 18 (31) 9 (22 6.3 3.4 <0.001
Amputation 0(0) 12 5.6 0.0 NS

Abbreviations defined in text.
*Borderline significance with P-values between 0.07 and 0.05
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fiber involvement and correlate better with nerve
conduction study results, whereas IENFD is better
correlated with warm detection thresholds and with
the presence of certain neuropathy symptoms in the
MNSI.

The evaluation of IENFD has recently become a
standard tool in the diagnosis of small-fiber neurop-
athies. However, sensitivity and specificity of measur-
ing IENFD or the diagnosis of small-fiber neuropa-
thy are not yet clearly delineated, probably because
of the lack of a clinical diagnostic “gold standard.”
Most studies used patients’ complaints and symp-
toms for this purpose. If one sets these as 100%, the
reported sensitivity of IENFD assessment for the di-
agnosis of small-fiber neuropathy ranges from 69%
to 82%, with a specificity of 97%.20-22

In the present study, we utilized a bestfit
method, ROC curve analysis,®?27 to derive first the
normal limits of IENFD values evaluated by fluores-
cence microscopy and then to assess exactly the di-
agnostic validity of this method. ROC curve analysis
of our data demonstrated the high diagnostic validity
of IENFD examination with immunofluorescence in
the assessment of small-fiber sensory neuropathies,
as has been reported previously using brightfield
microscopy.*?® Due to the different approach to
setting cut-off values, the specificity of IENFD for the
diagnosis of sensory neuropathies was slightly lower
in our analysis than reported previously.*2> To better
illustrate the difference between these approaches,
we supplied alternative cut-offs derived with a more
traditional approach. The use of the 5th percentiles
of the values obtained from the controls automati-
cally constitutes a specificity of 95%. Using a cut-off
at the level of the 5th percentile (precisely 7.78
fibers/mm), the specificity of IENFD in the present
study reaches 95% with a sensitivity of 69% and,
similarly, using the 6.3% cut-off (5th percentile of
normal SENPD values) gives a sensitivity of SENPD
of 78% (Table 4). The estimation of cut-offs from
the ROC curve is, in our view, less dependent on the
sample distribution, provides better control of both
the sensitivity and specificity of the test, and allows
both false-positive and false-negative values to be
minimized. Furthermore, the ROC data can be bet-
ter compared between studies and replicated.®:27

IENFD and SENPD probably reflect an involve-
ment of partly different subpopulations of nerve
fibers prone to be involved at different stages and in
different types of neuropathy. SENPD correlates
more closely with large-fiber sensory involvement,
and SENPD values were significantly lower in cases of
mixed neuropathy compared with IENFD. Small my-
elinated fibers, which contribute to the subepider-
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mal plexus, could possibly be the primary target of
some causative factors. We cannot exclude the pos-
sibility that the SENPD abnormality in several
IENFD-normal cases is explained simply by a type II
statistical error.

A comparison of IENFD between the groups
showed no significant difference between the pa-
tients with and without concomitant large-fiber in-
volvement. This finding shows that intraepidermal
nerve fiber (IENF) loss may occur independently of
large-fiber loss, but it may also indicate that IENF
loss is not specific for the small-fiber neuropathy as
an independent entity according to the definition
provided by Stewart et al.*> and Lacomis.?! As may
have been expected, we found a weak or absent
correlation of IENFD values with nerve conduction
studies, including the sural nerve sensory action po-
tential, and confirmed the predominantly small-fiber
origin of IENFs. An absent or at most weak correla-
tion between sural nerve sensory action potential
and IENFD has also been found in previous stud-
ies.142441 Furthermore, in those studies, a broader
spectrum of individuals was studied than in the
present investigation, including patients with severe
clinical symptoms and absent sural nerve sensory
action potentials, as well as those with normal sural
nerve sensory action potentials and no clinical symp-
toms!! or signs?*39 of small-fiber involvement. In
general, the results of a correlation analysis are more
clear-cut when data from individuals with minimal or
no clinical symptoms or signs are included, because
this usually increases the absolute values of correla-
tion coefficients as well as their clinical significance.
From the data reported herein, the diagnostic use-
fulness of standard nerve conduction studies for de-
tecting SFN is again not substantiated.

Similarly, a correlation of IENFD values with
thermal thresholds is more often found when both
individuals with and without neuropathy are in-
cluded in the analysis,3%-3339 than in strictly defined
groups of neuropathy patients with clinical symp-
toms and signs of small-fiber neuropathy.!+32 When
the first type of study is considered, closer correla-
tions with heat pain and warm sensation thresholds
are described rather than with cold sensation.30:33:39
In our neuropathy group, only weak correlations
between IENFD with warm sensation thresholds and
no significant correlations with cold perception were
observed. These findings suggest that these methods
are rather complementary and both of them are
useful diagnostic tools in the evaluation of patients
with SFN.

The lack of correlation between IENFD and age
of patients or duration of symptoms is not surprising
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given the heterogeneity of etiological factors, and
the severity of involvement in our cohort. There is a
considerable interindividual variability of nerve
counts in normal humans, which may be the reason
that a correlation of IENFD and age was more fre-
quently described when the normal group was larger
than in our study,”#% although this was not the case
in all such studies.2®

A poor or absent correlation between the auto-
nomic tests (particularly the sympathetic skin re-
sponse and heartrate variability) and cutaneous
nerve fiber density has been reported previously by
Pan et al3! in patients with Guillain—Barré syn-
drome, whereas a better correlation was reported
with the quantitative sudomotor axon reflex test.29
The reason for this finding could be that epidermal
sensory nerve fibers and autonomic fibers represent
different subpopulations of fibers that are involved
independently by the disease process. Our popula-
tion was restricted to patients with pain and signs of
sensory small-fiber involvement, whereas autonomic
clinical signs and symptoms were rare. Another rea-
son could be a lower sensitivity of both the sympa-
thetic skin response and heartrate variability used
for the assessment of autonomic dysfunction in our
study.

Only a trend toward inverse correlation of
IENFD with the global intensity of neuropathic pain,
as assessed by VAS, was detected, with borderline
statistical significance. Similar findings have been
reported previously, such as in patients with human
immunodeficiency virus infections,!!-3* and might be
explained by the complex origin of neuropathic
pain, which includes a broad spectrum of changes at
several levels in the sensory pathways, such that its
intensity may not be directly related to intraepider-
mal C-nociceptor numbers.

In contrast to the relationships involved in the
intensity of neuropathic pain, the presence of symp-
toms related mainly to smallfiber dysfunction
(MNSI questionnaire) showed a close correlation
with IENFD. Of the individual symptoms, prickling,
feeling of numbness, the presence of trophic skin
changes, and to a lesser extent worsening of symp-
toms at night and inability to differentiate between
cold and hot water in the lower extremities, all
showed a strong association with small-fiber loss and
should be given particular weight in the evaluation
of MNSI questionnaire results in patients with sus-
pected SFN. In contrast to the first part of the ques-
tionnaire, the second part of the MNSI better re-
flects large-fiber function (sensation to touch and
vibration, ankle reflexes). Similar to the neurophys-
iological findings, items from this part of the ques-
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tionnaire correlated better with SENPD than IENFD.
In our hands, the NSS and NDS did not prove useful
in the evaluation of SFN patients, which underscores
the fact that both of these scales relate mainly to
large-fiber dysfunction.533

In conclusion, we have demonstrated a high di-
agnostic validity of both intra- and subepidermal
nerve fiber/plexus density values in patients with
painful sensory neuropathies. These parameters ap-
pear to be complementary to each other and to QST,
and the examination of both of them further in-
creases the sensitivity and specificity of skin biopsy
examination.
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Jedna se o prioritni publikovanou prospektivni studii hodnotici prevalenci velkého mnozstvi
etiologickych faktor neuropatie tenkych vlaken v souboru pacienta s klinicky a paraklinicky
piesveédcive prokazanou SFN a poskytujici srovnani vyskytu téchto faktort s také prospektivné
hodnocenou skupinou kontrolnich asymptomatickych jedincti obdobného véku a pohlavi. Jako
nejvyznamngjsi etiologické faktory SFN prace prokazuje diabetes mellitus a chronicky abusus
alkoholu. Prace také jako jedna z prvnich poukazala na etiologicky vyznam hyperlipidémie,
ktery byl v nasledujicim obdobi potvrzen fadou dalSich studii a nyni je hyperlipidémie
akceptovana jako prokazany etiologicky faktor neuropatie tenkych vlaken. Vyskyt dalSich
etiologickych faktord, které byly zachyceny ve skupiné pacientti se SFN, zde nebyl vyznamné
Cast€j$i nez ve skupiné kontrolni. Vysledky prace dale naznacuji, ze spektrum a proporcionalni
zastoupeni zjiSténych etiologickych faktori SFN ani podil idiopatickych ptipada (cca '4) se
vyznamné neli$i od nalezi popisovanych u pacientll s neuropatii silnych vlaken. Obdobné
nalezy navic studie prokézala i u skupiny pacientli s kombinovanym postizenim tenkych a
silnych nervovych vlaken, coz spolu s vySe uvedenymi nalezy opé&t poskytlo argumenty proti
konceptu neuropatie tenkych vldken jako izolovaného postizeni a naopak podpofilo jeji
zalenéni do kontinualniho spektra polyneuropatii. Tento ptistup je v soucasnosti v odborné

vefejnosti plné€ akceptovan.
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Abstract The aim of this study was to evaluate the etiology in a group of 84 patients
with painful sensory neuropathy with predominant small-fiber dysfunction (54 men and
30 women, median: 58; range: 25-83 years) recruited from a population of the South
Moravian region of the Czech Republic. Involvement of small nerve fibers was verified by
abnormal thermal thresholds and/or reduced intraepidermal nerve fiber densities. Motor
signs or symptoms or significant clinical signs of sensory large-fiber involvement were
exclusionary; 33 patients, however, had sensory nerve conduction abnormalities. For
comparison, the prevalence of risk factors was assessed in a group of 47 asymptomatic
age- and sex-matched controls (30 men and 17 women, median: 59; range: 29-85 years).
The multivariate regression model disclosed that diabetes mellitus (odds ratio [OR] = 4.08),
chronic alcoholism (OR = 5.31), and serum cholesterol levels (OR = 4.51) were the only
parameters independently associated with small-fiber involvement. No possible etiology
was detected in 19 patients (22.6%). In conclusion, the spectrum of risk factors and
proportion of idiopathic cases in geographically defined small-fiber polyneuropathy sample
is similar to that referred in large-fiber polyneuropathy.

Key words: etiology, painful sensory neuropathy, risk factors, small-fiber neuropathy

Introduction

Small-fiber neuropathy (SFN) typically presents
with positive sensory symptoms including peripheral
neuropathic pain and/or symptoms of autonomic
dysfunction (Lacomis, 2002, Devigili et al., 2008) and
is reported to be associated with a wide range of
diseases or conditions (Lacomis, 2002; Hoitsma et al.,
2004, Devigili et al., 2008). Only a few conditions have
a potential causal relationship to SFN while, for most
reported causal disorders, the association is based
on case reports or case series. It is reported that no
specific etiology can be identified in the majority of
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SFN patients, especially in the elderly (Periquet et al.,
1999; Lacomis, 2002; Hoitsma et al., 2004). The aim
of the present study was to investigate the etiology of
SFN in a well-defined group of patients with SFN with
and without abnormalities in nerve conduction studies
(NCS) compared with potential risk factors in control
subjects.

Materials and Methods
Subjects

Patients were prospectively recruited from
consecutive patients referred to the Peripheral
Neuropathy Outpatient Clinic of the Brno University
Hospital between September 1999 and March 2005
from a population of 1 million people in the South
Moravian region of the Czech Republic. They reported
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atleast 6 months of positive painful sensory symptoms
in a distal symmetrical distribution in the lower limbs.
After the exclusion of patients with (1) signs of central
nervous system involvement, (2) other neuropathic
and non-neuropathic diseases or conditions leading to
foot pain, (3) motor nerve dysfunction, or (4) significant
large-fiber sensory loss (decreased proprioception at
the toes, vibratory loss at or above the ankles,
and generalized areflexia), a group of patients with
painful sensory polyneuropathy with predominant
involvement of sensory small nerve fibers (n = 110)
was identified. All underwent clinical examination
including detailed history, semi-quantitative evaluation
of touch, pain, cold and warm, proprioception, and
vibration sensations using hand-held devices. All
were evaluated with the neuropathy symptom score
(NSS), neuropathy impairment score (NIS) (Dyck et al.,
1987), and Michigan neuropathy screening instrument
questionnaire (MNSI) (Feldman et al., 1994). The mean
intensity of neuropathic pain during the week before
clinical and electrophysiological testing was assessed
using a 10-cm visual analog scale (VAS). NCS and
needle electromyography, skin biopsy (Lauria et al.,
2005), and quantitative sensory thermal threshold
testing (Yarnitski, 1997) was performed using standard
methodology. Those patients meeting the criteria of
definite or probable SFN according to Lacomis (2002)
were included. There were 84 subjects (564 men and
30 women) with a median age of 58.5 years (range:
25-83 years). Patients were further classified by NCS
as SFN (those without sensory NCS abnormalities:
n=51, 31 men, 20 women, median age 58.0,
range 38-83years) and as mixed-fiber neuropathy
(MFN) (with additional abnormalities on sensory NCS:
n =33, 23 men, 10 women, median age 64.0, range
25-81 years). The diagnostic aspects of this group and
detailed correlations between laboratory and clinical
signs of small- and large-fiber involvement in a subset
of 30 patients with impaired glucose metabolism
were described elsewhere (Vickova-Moravcova et al.,
2008a; 2008b).

A group of 47 sex- and age-matched, healthy
volunteers from the same region (30 men, 17 women,
median age 58 years, range 29-85) was recruited,
mainly among the hospital employees and their
relatives and partly also from the individuals admitted
to the Department of Neurology of the Brno University
Hospital for headache and/or acute neck and/or low
back pain. Controls had neither positive sensory
symptoms nor signs of peripheral neuropathy.

The protocol was approved by the Ethics
Committee of the University Hospital Brno, and written
informed consent was obtained from all patients and
volunteers before inclusion into the study.
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Clinical data collection

All patients and controls were interviewed about
past medical history, family history, past and present
medications and exposure to environmental toxins,
cigarettes, and alcohol drinking habits.

Quantification of alcohol consumption and confir-
mation of harmful alcohol use and possible alcohol
dependence was performed according to the Alco-
hol Use Disorders Identification Test (AUDIT) manual
(Saunders et al., 1993). A cut-off score of 8 or more
was used as an indicator of harmful alcohol use. The
alcohol intake was further quantified using standard
drinks. According to the Czech version of AUDIT, a
standard drink (s.d.) corresponds to 16 g of alcohol,
whereas the original WHO AUDIT assumes that a s.d.
equivalent is 10 g of alcohol and a UK s.d. is equal
to 8 g of alcohol (Hughes et al., 2004). Furthermore,
we used two cut-offs: 21/14 (men/women) s.d./per
week (corresponding to 48/32 g of alcohol/per day,
i.e., 3/2 Czech standard drinks) and 10.5/7 s.d./week
(24/16 g/day, i.e., 3/2 UK standard drinks). Lastly, an
abnormal AUDIT score or abnormal amount of s.d. was
further combined with positivity of several tests pro-
viding a possible indication of recent excessive alcohol
consumption or misuse: serum gamma-glutamy! trans-
ferase (GGT), carbohydrate deficient transferrin (CDT),
mean corpuscular volume (MCV) of red blood cells and
serum aspartate aminotransferase (AST).

The height and weight were used to calculate body
mass index (BMI).

Blood and other auxiliary tests

Biochemical, hematological, and immunological
tests in the neuropathy group included fasting glu-
cose, oral glucose tolerance test (0GTT), glycosylated
hemoglobin (HbA1C), liver (bilirubin, GGT, AST, alanine
aminotransferase [ALT]), renal (urea and creatinine)
and thyroid (free thyroxine [fT4] and thyroid stimulat-
ing harmone [TSH]) profiles; vitamin B12 and folate
levels; cholesterol and triglycerides (triacylglycerole
[TAG]) (both fasting), complete blood count, serum
protein electrophoresis and immunofixation, antinu-
clear antibodies (ANA), antibodies against glycolipids
and glycoproteins, paraneoplastic antibodies, serologi-
cal tests (antibodies against Borrelia burgdorferi, afzelii
a garinii 1gG and IgM, neuroviruses, HIV, hepatitis B
and C viruses, rapid plasma reagin, and Treponema
pallidum hemagglutination tests), urine analysis, chest
radiogram, and abdominal ultrasound examination.

Cytological, biochemical, and serological examina-
tion of cerebrospinal fluid was performed in all patients
with a history of tick bite or erythema migrans and/or
with positive serum antiborrelia antibodies (n = 30).

The diagnosis of diabetes mellitus (DM), impaired
glucose tolerance (IGT), and impaired fasting glucose
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(IFG) was made according to the recommendation of
the American Diabetes Association (Expert Committee
on the Diagnosis and Classification of Diabetes
Mellitus, 2002).

The control subjects underwent the same clini-
cal and laboratory evaluation as the patients with the
exception of lumbar puncture and chest radiogram and
abdominal ultrasound examination. Four control sub-
jects had cerebrospinal fluid examination performed in
the past in order to exclude suspected neuroborrelio-
sis—in two cases with positive results and followed by
appropriate treatment. As some control subjects were
not willing to undergo oGTT (n = 17), their results were
not analyzed.

Statistical analyses

Quantitative parameters were summarized by
standard parametric and rank statistics: median,
5-95% percentiles, mean, standard error, 95%
confidence limits. Standard univariate statistics were
used to examine the differences between subgroups
of patients or the association between particular
parameters (x2 test for categorical variables, t-test
for continuous variables). The majority of included
laboratory measures suffered from outlying values
or revealed log-normal type of sample distribution,
namely, when categorized into groups. That is why log
transformation of primary values was adopted prior to
any parametric comparisons of groups. Consequently,
geometric mean supported by 95% confidence limits
was estimated within the compared groups.

Both univariate and multivariate logistic regression
strategy was applied to quantify the association of the
examined etiological factors with neuropathy. Odds
ratio (OR) with 95% confidence limits was estimated
and tested in Wald chi-square test. Parameters with
potential risk power (providing at least p < 0.10 in
univariate logistic regression) were further examined
for mutual correlation, and interaction terms were
coded and tested for significantly correlated pairs
of variables. The final set of potential prognostic
factors and interaction terms (coded as binary variables
according to the cut-off points) was subjected to
backward stepwise selection algorithm in multivariate
logistic regression (driven by maximum likelihood ratio
test).

Results

The range and proportions of all evaluated
demographic, clinical, and laboratory variables were
similar in the SFN and MFN subgroups with the only
exception of age that was higher in MFN (data not
shown). Therefore, all presented results compare the
entire group of neuropathy patients with controls.
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DM was a significant risk factor for neuropathy
(Tables 1 and 2) together with glycemia and HbA1C. All
cases were of type 2 with the exception of two cases
of type 1. The association between the presence of
IFG and neuropathy was not significant. IGT detected
by oGTT was found in 12 of 84 patients (14.3%) and in
2 of 30 controls (6.7%).

Hazardous drinking expressed as increased AUDIT
score or increased number of standard drinks
was significantly higher in the male patients only.
Association with neuropathy, however, dramatically
increased when these parameters were combined
with laboratory indicators of alcohol misuse (Tables 1
and 2). CDT and MCV separately increased the risk of
neuropathy.

Serum levels of cholesterol and uric acid occurred
with increased prevalence in the neuropathy group
(Table 1). There was a trend toward higher levels of
triglycerides in the patient group, without statistical
significance.

Multivariate analysis revealed that DM, hazardous
drinking, and cholesterol were the only parameters
independently and significantly associated with the
painful sensory neuropathy group. The other laboratory
parameters inter-correlated with either diabetes
(glycemia, HbA1C, and TAG) or hazardous drinking
(MCV, CDT, GGT, AST, and ALT), or both (uric acid). DM
and hazardous drinking were mutually independent (x?
test: p=0.913) and occurred mostly independently
in the data set (only 3.8% of subjects had both
conditions).

The multivariate logistic regression model revealed
that diabetes, hazardous drinking, and increased serum
cholesterol contributed independently to the risk of
painful sensory neuropathy and constituted a very
significant prediction model for this end-point (Table 3).
Validation of this prediction model showed that it was
able to correctly classify 89.3% cases with neuropathy
and 67.9% of cases without neuropathy (Table 4).

We found several other possible etiological fac-
tors in individuals in our neuropathy group: mon-
oclonal gammopathy (in six patients), malignancy
(eight), chemotherapeutical agents (four), hypothy-
roidism (four), systemic auto-immune disease (two),
neuroborreliosis (confirmed by cerebrospinal fluid
examination according to Halperin et al., 1996) (eight),
but without any statistically significant association
compared with control group.

Cryptogenic cases: No possible etiology was
detected in 19 patients (22.6%); 7 cases belonged
to the MFN subgroup (21.2%) and 12 to the SFN
subgroup (23.5%).

At least one of the possible etiological factors for
neuropathy was present in 23 asymptomatic controls
(48.9%).
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Table 1. Demographic features of studied subgroups
and prevalence of potential risk factors of sensory
small-fiber neuropathy.

Journal of the Peripheral Nervous System 14:177-183 (2009)

Table 2. Significant risk factors of sensory small-fiber
neuropathy found in univariate logistic regression
models.

Healthy controls and neuropathy

patients
Controls Patients p
Parameter (N =47) (N =84) level*
Demographic features and general medical conditions
Age’ 59 (2) 58 (1) 0.915
Male sex 63.8% 64.3% 0.958
BMI (kg/m?) 25.8 (1.9) 26.3 (2.9) 0.282
DM 12.8% 34.5% 0.005
IFG 12.8% 10.7% 0.725
Arterial hypertension 59.6% 51.2% 0.354
Chronic lower limb 19.2% 23.8% 0.534
ischemia
Alcohol intake
AUDIT (standard
drinks)*
Men (s.d.)® 1(0; 10.5) 3(0; 28) 0.048
Women (s.d.)® 01(0;2) 0(0;7.5) 0.303
Men: >10.5 s.d./ 10.0% 35.2% 0.007
week
Women: >7 s.d./ 5.9% 10.0% 0.618
week
AUDIT (score)
Men (score)® 2(1;8) 4(0; 17) 0.132
Women (score)® 1(0; 4) 1(0; 6) 0.101
Men: >8 (score) 16.7% 38.9% 0.029
Women: >8 (score) 5.9% 10.0% 0.618
Laboratory markers 61.7% 63.1% 0.874
of alcohol misuse: 0
Laboratory markers 8.5% 14.3% 0.321
of alcohol misuse: >2
AUDIT (10.5/7) + 11 4.3% 19.1% 0.011
AUDIT (10.5/7) + 21 0% 13.1% 0.001
AUDIT (21/14) + 11 2.1% 10.7% 0.049
AUDIT (21/14) + 21 0% 7.1% 0.019
Laboratory measures’
CHOL 4.9 (0.2) 5.7(0.2) <0.001
>b 1% 34.0% 70.2% 0.001
Glycemia 5.5(0.3) 6.9 (0.4) 0.047
HbA1C 4.1(0.2) 5.1(0.3) 0.034
MCV 86.9 (0.5) 88.9 (0.6) 0.028
CDT 1.9 (0.1) 2.6 (0.3) 0.014
Uric acid 288.6 (10.6) 332.7 (12.0) 0.008

DM, diabetes mellitus; BMI, body mass index; IFG, impaired fasting
glucose; s.d., standard drink; AUDIT, Alcohol Use Disorders Identi-
fication Test; CHOL, cholesterol; HbA1C, glycosylated hemoglobin;
MCV, mean corpuscular volume; CDT, carbohydrate deficient trans-
ferrin.

*The groups were compared using ML goodness-of-fit test (binary
and categorical variables) or by t-test for two independent
samples. Absolute numbers of AUDIT scores were compared using
Mann-Whitney U test.

TQuantitative variables are evaluated as mean supplied with
standard error (in parentheses).

*Standard drink corresponds to 16 g of alcohol.

S AUDIT score and standard drinks evaluated as median supplied
with 5-95% percentiles (in parentheses).

fRate of patients exceeding 7/10.5 (men/women) s.d. or 14/21 s.d./
week + at least one (two) positive laboratory marker of alcohol
misuse (CDT, GGT, MCV, and AST). ** Percentage of patients with
hypercholesterolemia.
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Parameter Odds ratio p-value
DM 3.60 (1.35; 9.56) 0.009
AUDIT (s.d.)* 1.06 (1.00; 1.13) 0.007
AUDIT (score)* 1.09 (1.01; 1.18) 0.043
AUDIT (10.5/7) + 1 5.29 (1.14; 24.49) 0.011
AUDIT (21/14) +1 5.52 (1.01; 38.3) 0.048
CHOL* 1.90 (1.31; 2.77) <0.001
Glycemia* 1.14 (1.01; 1.34) 0.048
HbA1C* 1.37 (1.01; 1.84) 0.021
MCV* 1.09 (1.03; 1.19) 0.027
CDT* 6.19 (1.62; 23.61) 0.001
Uric acid’ 1.08 (1.02; 1.15) 0.005

DM, diabetes mellitus; AUDIT, Alcohol Use Disorders Identification
Test; s.d., standard drink; CHOL, cholesterol; HbA1C, glycosylated
hemoglobin; MCV, mean corpuscular volume; CDT, carbohydrate
deficient transferrin; OR, odds ratio.

*OR calculated for increment +1 U.

TOR calculated for increment +10 U.

Discussion

This study prospectively evaluated the prevalence
of a large list of possible etiological factors for SFN in a
group of well-defined patients with painful sensory
neuropathy and compared it with a prospectively
recruited group of asymptomatic age- and sex-
matched control group using very rigorous statistical
methods. In a cohort of 51 SFN patients, we disclosed
a spectrum of etiological factors and a proportion of
cryptogenic cases similar to that reported in mixed-
fiber polyneuropathy series. Moreover, etiological
factors in a subgroup of 33 patients with additional
large-fiber sensory involvement detected by NCS did
not differ significantly from the SFN group.

We confirmed the importance of DM as the most
frequent and powerful risk factor for SFN (OR = 3.6
in our study) (Smith et al., 2001; Sumner et al., 2003,
Devigili et al., 2008). |GT is a well-identified condition
increasing the risk of SFN (Smith et al., 2001, Sumner
et al., 2003; Smith and Singleton, 2008). Hughes et al.
(2004) found a high, but insignificant prevalence of
IGT in painful cryptogenic polyneuropathy (8 out of 22
cases = 36.4%) and significantly higher 2-h glucose in
patients with pain compared with controls. We found
impaired oGTT in 12 patients (14.3%). If we, however,
add cases with no other risk factor than impaired
oGTT (9 cases) to cryptogenic cases (19 patients), the
proportion of IGT cases will be similar (32.1%) to that
reported by Hughes et al.

Chronic alcohol abuse is a well-recognized cause
of both large- and small-fiber polyneuropathy. Among
98 alcohol-dependent subjects, Zambelis et al. (2006)
found signs of SFN (either isolated or in combination
with large-fiber neuropathy) in 37.7% of subjects; pain
was present in 16.3%. Polyneuropathy was more
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Table 3. Association of potential risk factors with neuropathy as risk end-point in multivariate logistic regression

models.*

Parameters included in model Coefficient (SE; p level)

Model log-likelihood"

Odds ratio* (95% confidence limits)

Null model

Constant by —0.94 (0.35; p =0.006)
Step 1. [CHOL > 5.1] 1.51 (0.44; p < 0.001)
Step 2. [DM] 1.41 (0.56; p =0.011)
Step 3. +[AUDIT (10.5/7) + 1] 1.67 (0.81; p=0.039)

—154.4
~139.7+ 4.51 (1.89;10.8)
~131.9% 4.08 (1.36;12.3)
~126.3* 5.31 (1.07; 26.44)

CHOL, cholesterol; DM, diabetes mellitus; AUDIT, Alcohol Use Disorders Identification Test; OR, odds ratio.
*Multivariate stepwise procedures are driven only by statistical measures (log-likelihood function).
TLog-likelihood ratio with global statistical test of the model: **p < 0.001.

*Multivariate OR values adjusted for all variables entering the model.

Table 4. Validation of multivariate logistic regression
model.

Model equation*: Y = eZ/(1 + %)
Linear predictor Z: —0.94 + 1.51 x [CHOL] + 1.41 x [DM]
+ 1.67 x [AUDIT (7.10.5) + 1]

Cross-validation”

Correctly classified patients  89.3
with neuropathy (%)
Correctly classified patients  67.9

without neuropathy (%)
Model residuals*

Patients without neuropathy Mean: 0.32; median:

0.33; Min/Max: 0.18/0.81
Mean: 0.22; median:

0.22; Min/Max: 0.02/0.67

Patients with neuropathy

CHOL, cholesterol; DM, diabetes mellitus; AUDIT, Alcohol Use
Disorders Identification Test.

*Dependent variable Y = probability of clinical manifestation of
neuropathy.

TCross-validation performed retrospectively on calibration data set
(n=131).

*Quantitative residual summary in absolute values.

frequent in men and correlated significantly with
liver dysfunction and macrocytosis. We also found
an increased risk for SFN in men in the presence
of liver and hematological abnormalities; symptomatic
SFN in our series was found in 19.1% of subjects with
increased intake of alcohol and at least one laboratory
abnormality specific for chronic alcohol intake. The
pathophysiology of SFN in alcoholics is complex.
Some authors speculate on specific mechanisms of
small and large fiber involvement with predominance
of chronic sensory complaints in alcoholics without
thiamine deficiency supporting the role of direct toxic
effects of ethanol on small nerve fibers (Koike and
Sobue, 2006).

Hyperlipidemia has been recently recognized as a
significant risk factor for polyneuropathy. Hughes et al.
(2004) found increased levels of triglycerides in chronic
idiopathic axonal polyneuropathy in comparison with
controls and an even more significant difference in a
subset of painful cases. Similar findings were reported
by Teunissen et al. (2002) for cholesterol levels. In our
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patients, hypercholesterolemia proved to be an inde-
pendent risk factor for SFN while hypertriglyceridemia
correlated with DM. Smith etal. (2008) in a large
series of idiopathic peripheral neuropathy patients
found a significantly higher prevalence of metabolic
syndrome (including hypercholesterolemia and hyper-
triglyceridemia) in neuropathy cases compared with
a published normal population irrespective of the
presence of impaired glucose metabolism. More-
over, normoglycemic neuropathy subjects had signifi-
cantly more features of a metabolic syndrome (other
than hyperglycemia) including hypertriglyceridemia and
hypercholesterolemia than diabetics. These findings
suggest that hyperlipidemia is a significant risk factor
for neuropathy at least partly independent of impaired
glucose metabolism. Further research is required to
show whether specific lipid abnormalities have an
impact on involvement of particular type of nerve
fibers.

A predictive model based on impaired glucose
metabolism, alcohol abuse, and hypercholesterolemia
was able to correctly classify patients with and
without painful sensory neuropathy in 89 and 68%,
respectively. In spite of all the statistics, we cannot
be sure about the causal relationship of our findings.
For example, hypercholesterolemia or chronic alcohol
abuse might be a marker of an unhealthy life, and some
other factors inherent in this condition (not studied by
us) might be underlying the neuropathy.

The other conditions or diseases with possible
etiological impact on SFN development had a low
prevalence in the general population. It is therefore
not surprising that they showed no statistically
significant association with SFN (compared with the
asymptomatic group) and that there are differences
in the prevalence of these rare etiological factors
between published series.

Differences in reports on the spectrum of
etiological factors in patients with SFN may be
influenced by several methodological biases:
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Any geographically limited and hospital-based
cohort analysis (including ours) is not a true epidemi-
ological study, and is prone to referral bias influencing
possibly the spectrum and importance of potential
risk factors, and should be taken into consideration
when comparing with other studies (McManis et al.,
1994, Sorenson and Windebank, 2000). The compar-
atively high proportion of hematological malignancies
in our series influenced by the presence of a hema-
tooncological center in our hospital referring patients
to our Peripheral Neuropathy Center is an example
of such a bias. Another pitfall could be the assess-
ment of associated diseases, conditions, or risk factors
based mainly on coincidence. This is well documented
by the presence of at least one possible etiological
factor for neuropathy in almost half of our control
subjects.

The proportion of cryptogenic SFN cases reported
in the literature varies widely. Periquet et al. (1999)
in a group of 44 cases with burning feet and
decreased intraepidermal nerve fiber density (IENFD)
found associated conditions in 7% of cases only (i.e.,
93% of cryptogenic cases) while De Sousa et al. (2006)
in patients with sensory neuropathy and abnormal
skin biopsy reported 50% of cryptogenic cases. In a
group of 67 retrospectively analyzed patients with pure
SFEN, Devigili reported 41.8% of cryptogenic cases
and additional follow-up decreased the proportion of
cryptogenic cases to 31.4% (Devigili et al., 2008) (i.e.,
very close to our findings: 23.5% in the SFN subgroup
and 21.2% in the MFN subgroup). Moreover, direct
comparison with a subgroup with additional large-fiber
sensory involvement did not change the prevalence
of cryptogenic cases or the spectrum of possible
etiological factors in our study. Our findings are thus in
contrast to the frequently repeated belief that the
etiological spectrum of SFN is specific and partly
different from that of mixed-fiber neuropathies, and
that most SFN cases are cryptogenic (Lacomis, 2002;
Hoitsma et al., 2004).

In conclusion, the main risk factors for SFN in
the South Moravian region of the Czech Republic
are DM and chronic alcohol abuse. The possible
role of elevated serum lipid levels requires further
investigation. About one-quarter of the SFN cases
remained cryptogenic. The spectrum of risk factors and
proportion of cases with unknown etiology in SFN is
similar to that reported in mixed-fiber polyneuropathy.
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Prace je zaméfena na charakteristiku bolestivé neuropatie u pacientii vyssiho véku. Pies
prokazatelné nartistajici prevalenci bolestivé neuropatie ve vyssich vékovych skupinach bylo
dosud publikovano jen minimum praci, selektivné zamétenych na riizné klinické a paraklinické
aspekty bolestivé neuropatie u starSich pacientl. Tyto nalezy byly proto zhodnoceny v této
komentované studii. Prakticky u vSech pacientli popisovaného souboru jedincti vyssiho veéku s
bolestivou neuropatii bylo prokdzano postizeni tenkych nervovych vldken. Oproti mladSim
veékovym skupindm vSak byla u starSich pacientii vyznamné Castéj$i a t€z81 soucasna 1éze vlaken
silnych, coz v relaci s ndlezy experimentalnich studii zfejmé podporuje roli veékove
podminénych neurodegenerativnich zmén v rozvoji neuropatie u pacientii vyssiho véku. Tyto
nalezy tak podporuji vzristajici vyznam klinického vysetieni a kondukénich studii perifernich
nervl v diagnostice bolestivych neuropatii u starSich pacientl, i kdyz (vzhledem k pritkkazu
izolovaného postizeni tenkych nervovych vldken u cca 1/3 hodnoceného souboru pacientil)
nelze v diagnostickém algoritmu opomenout ani metody hodnotici postizeni tenkych nervovych
vlaken (tedy koZzni biopsii a kvantitativni testovani termické a algické senzitivity). Nélezy
prezentované studie navic prokazuji pouzitelnost obou zminénych metod u pacientli vyssiho
véku 1 jejich diagnostickou validitu obdobnou jako u mladsich jedinct, 1 kdyZ soucasné
zdiraznuji nutnost vyuziti vékové stratifikovanych normativnich dat pro vétSinu uzivanych

diagnostickych metod.
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ABSTRACT

Introduction: Painful sensory neuropathies are frequently
encountered in elderly individuals. The pathophysiology of
peripheral nerve dysfunction as well as the clinical picture
and applicable diagnostic methods in senescence may be at
least partly different from those in the general neuropathy
population with respect to the potential role of age-related
neurodegeneration as well as to some specific features of the
elderly population in general.

Patients and methods: Thermal quantitative sensory test-
ing (T-QST), evaluation of intra- (IENFD) and subepidermal
nerve fibre densities in skin biopsy samples, nerve conduc-
tion studies, autonomic nervous system testing, and clinical
neurological examination including detailed assessment of
neuropathic symptoms and pain intensity were performed in
a group of 25 elderly (>65 years) and 74 non-elderly patients
with painful sensory neuropathy. For comparison, data from
37 age-matched healthy individuals (10 elderly and 27 non-
elderly) were used.

Results: The involvement of small nerve fibres documented
by T-QST or IENFD was almost invariably found in both eld-
erly and non-elderly patients and the sensitivity as well as
applicability of both these methods was similar between the
age groups. Nevertheless, an obvious trend to decrease in
nerve fibre counts with age was observed in the healthy con-
trol group. The dysfunction of large nerve fibres (assessed by
nerve conduction studies or clinical examination) as well as
of the autonomic ones was significantly more frequent in eld-
erly neuropathy patients compared to younger age groups.
Moreover, evaluation of the autonomic nervous system could
frequently not be performed in elderly patients with respect
to associated heart diseases or medication.

Conclusions: Painful neuropathy patients almost invariably
display involvement of small nerve fibres regardless of the
patient’s age. In elderly painful neuropathy patients, however,
a more frequent and more extensive dysfunction of large
myelinated fibres and autonomic fibres was found suggest-
ing the increasing role of age-related neurodegeneration in
the development of peripheral neuropathies in old age and
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PAINFUL SENSORY NEUROPATHIES IN THE ELDERLY .

implying the need of age-stratified reference data of most of
the diagnostic tests of small- and large-fibre dysfunction in
peripheral neuropathies.

ABBREVIATIONS USED

AUDIT - alcohol use disorders identification test
IENFD - intraepidermal nerve fibre density
MNSI - Michigan neuropathy screening instrument question-
naire (subscales i and ii)

NDS - neuropathy disability score

NSS - neuropathy symptom score

PGP - protein gene product

T-QST - thermal quantitative sensory testing
SENPD - subepidermal nerve plexus density
SNAP - sensory nerve action potential

VAS - visual analogue scale

INTRODUCTION

Painful sensory neuropathies are frequently encountered in
elderly individuals and may have an important impact on
their sleep and quality of life. Besides an increasing incidence
of neuropathy risk factors in senescence, degeneration of the
peripheral nervous system in old age has repeatedly been
shown in humans as well as in animal models of nervous sys-
tem aging, and seems to play a role in the development of
peripheral neuropathies in the elderly [1, 2]. Both the age-re-
lated degeneration and the involvement of peripheral nerves
by some pathological processes may involve various types of
nerve fibres, and the pattern and proportion (and probably
also the time sequence) of the fibres affected are crucial for
the clinical picture of peripheral neuropathy. Experimental
models [1, 2, 3] suggest that, in contrast to e.g. metabolic
neuropathies, where initial and more pronounced involve-
ment of so-called small non-myelinated and low myelinated
nerve fibres of the classes A-delta and C is usually described,
the age-related degeneration process affects predominantly
large myelinated fibres of A-beta class. The suggested differ-
ent pattern of the affected nerve fibres in the elderly there-
fore indicates that the resulting clinical picture and diagnostic
methods of peripheral neuropathies in senescence may be at
least partly different from those in younger age groups.

Besides more frequent affection of large nerve fibres in se-
nescence, age-related loss of small nerve fibres has also been
described in rodents [2, 3] as well as in some of the human
studies on epidermal innervation reflecting the age-related
changes of small nerve fibre status [4, 5]. The involvement
of these fibres (mediating pain and temperature, and also
serving autonomic functions) has repeatedly been shown to
play an important role in the pathophysiology of neuropathic

http://www.med.muni.cz/biomedjournal/

pain [6, 7], and their dysfunction has been found in most of
the painful neuropathies [8, 9, 10]. A-delta and C fibres can
even be the only nerve fibres affected in some of the painful
neuropathy patients (so-called small fibre neuropathies) [8, 9,
10]. Their involvement, however, is usually underdiagnosed
in clinical practice, because common clinical examination
and nerve conduction studies fail in the verification of their
dysfunction [8], and special diagnostic methods (e.g. exami-
nation of thermal and/or pain sensation on quantitative sen-
sory testing (T-QST) or quantification of intraepidermal nerve
fibre density (IENFD)) have to be used for this purpose [8].
Both of these methods, however, may have some limitations,
particularly in elderly patients. Together with some specific
characteristics of senescence in general, all these facts point
out the possibility that the pathophysiology, the clinical
picture and applicable diagnostic methods of neuropathies
in the elderly are at least partly different from the general
neuropathy population, in particular when pain is a leading
clinical symptom. Only few studies, however, deal with clini-
cal, neurophysiological, and morphological characteristics of
painful peripheral neuropathies in senescence.

The aim of our study was therefore to evaluate selected clini-
cal, morphological, and electro- and psychophysical findings
in older adults with painful sensory neuropathy compared to
younger patients to reveal possible specific features of this
diagnostic unit in the elderly and to assess the diagnostic va-
lidity of several methods used to confirm a peripheral nerve
dysfunction in these patients.

PATIENTS AND METHODS

Twenty-five elderly patients (older than 65 years) with
painful sensory neuropathy and a prominent complaint
of “burning feet” were included in the study (Table 1). For
comparison, data from seventy-four non-elderly individuals
with painful neuropathy complying with the same inclusion
and exclusion criteria (see below) were used (Table 1). All
the patients from both these groups were prospectively re-
cruited from the Peripheral Neuropathy Outpatient Clinic
of the Brno Faculty Hospital between September 1999 and
March 2005. The protocol was approved by the institutional
ethics committee of the University of Brno; written informed
consent was obtained from all patients and volunteers before
inclusion into the study.

The following inclusion criteria had to be met: [1] Positive
sensory symptoms (pain or painful dysesthesias described as
electric shock-like, burning, cold, prickling, tingling, or itch-
ing) in a distal symmetrical distribution in the lower extremi-
ties for more than 3 months and with an intensity of at least 3
on a visual analogue scale (VAS) of 0-10. [2] Abnormal thresh-
olds for at least one thermal modality as assessed by T-QST.
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Table 1

Clinical characteristics of patients and controls. Abbreviations are defined in the text

Neuropathy group Controls

Demographic characteristics

Elderly Non-elderly Elderly Non-elderly
Number of subjects studied 25 74 10 27
Males 13 45 6 11
Signs of large fibre affection 17 24
Age
Median (min/max) (years) 71 (65/83) 55 (25/64) 70 (67/86) 54 (27/64)

Symptom duration

Median (min/max) (years) . 1.50(0.25/6) 2.00(0.25/13) | \
Associated relevant diseases (number of subjects)

Diabetes mellitus or impaired glucose 5 27

tolerance

Alcohol abuse 2 13

Others’ 7 14

Undetermined 11 20

'Others: potential aetiological factors or co-factors include toxins (anticancer chemotherapy or antituberculous drugs), para-
neoplastic syndromes, monoclonal gammopathy, hyperlipidaemia, and amyloidosis

Exclusion criteria were signs of central (brain or spinal cord) in-
volvement and any overt clinical motor signs (weakness, distal
muscle atrophy, fasciculations). Other diseases or conditions
leading to foot pain (both neuropathic and non-neuropathic)
such as plantar fasciitis, Charcot’s joints, osteoarthritis, periph-
eral vascular disease, central nervous system dysfunction, tar-
sal tunnel syndrome, and other peripheral mononeuropathies
were excluded by history and clinical examination.

For comparison of skin nerve fibre densities with the non-
neuropathy population, data from a group of thirty-seven
healthy volunteers matched for age and body mass index
(10 elderly and 27 non-elderly subjects) were used (Table 1).
These individuals were recruited at the Brno Faculty Hospital,
mainly from among hospital employees and their relatives,
and the details about their history and clinical status as well
as their laboratory findings of the parameters with a potential
aetiological relation to peripheral neuropathies were pub-
lished previously in detail [9, 10].

Data from the patients and controls included into the present
study were reported in part in a previous study evaluating in
detail the diagnostic value of skin biopsy (including a newly
validated parameter — subepidermal nerve plexus density)
[9]. The previous study, however, dealt mainly with morpho-
logical findings and was focused neither on the specifications
of painful neuropathies in the elderly nor on the differences
between elderly patients and those of younger age groups.
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In contrast, the current study deals only with characteristic
features of painful peripheral neuropathy in senescence,
which are suggested to be partly different from the general
neuropathy population.

A detailed medical history was taken from all patients, who
underwent a thorough clinical neurological examination, in-
cluding assessment of tendon reflexes, muscle strength, tro-
phism, sensation to touch, pinprick, warm and cold stimuli,
proprioception, and vibration sense. Associated diseases with
potential aetiological relevance were explored by history and
routine biochemical, haematological, and immunological
blood tests including thyroid hormones, triglycerides, vitamin
B,, and folate levels, serum protein electrophoresis, carbohy-
drate-deficient transferrin, and a set of autoantibodies (ANA,
anti-Ro, anti-La, anti-DNA). Diabetes mellitus was confirmed
by fasting plasma glucose levels and oral glucose tolerance
tests. Quantification of alcohol consumption as well as fur-
ther confirmation of harmful alcohol use and possible alcohol
dependence was performed according to the WHO AUDIT
(Alcohol Use Disorders Identification Test) manual [11].

For quantification of the presence and severity of clinical
symptoms and neurological impairment, the Neuropathy
Symptom Score (NSS) [12], the Neuropathy Disability Score
(NDS) [12], and the Michigan Neuropathy Screening Instru-
ment Questionnaire (MNSI) [13] were employed. The mean
intensity of neuropathic pain during the week before clinical

http://www.med.muni.cz/biomedjournal/
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Figures 1a, b

Images depicting the method for evaluation of the intraepidermal nerve fibre density (IENFD) and subepidermal nerve plexus
density (SENPD) on PGP 9.5 immunoreacted 40-um cryosections of the skin. SENPD was measured using a density threshold
for PGP 9.5 immunoreactive structures and expressed as a percentage of the whole subepidermal area analysed (200 x 50 um
adjacent to the dermoepidermal junction in each optical field)

A: Original digitised image. Bar = 50 ym

1+ 2 = epidermis (1 = stratum corneum, 2 = stratum basale, spinosum, granulosum, and lucidum)
3 =dermis

4 = subepidermal nerve plexus

5 = intraepidermal nerve fibre

B: Density threshold set for morphometric determination of nerve fibre area. Bar = 50 um
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and electrophysiological testing was assessed using a 10-cm
VAS, in which 0 cm represented “no pain”and 10 cm “the worst
pain | can imagine”. All the clinical and electrophysiological
tests were performed at the time of admission to the clinic
and no specific treatment for neuropathic pain had been de-
livered to these patients previously.

Quantitative sensory thermal threshold testing (T-QST) was
performed using thermal sensory analyser software (Medoc
Thermal Sensory Analyser 2001). Thermal thresholds were
examined on the dorsum of the right foot; both the method
of limits and levels were used. For evaluation we used our
own normal limits [14]. The methodology was described else-
where in detail [9, 14].

Electrophysiological examinations, sympathetic skin re-
sponse, and cardiovascular tests based on heart rate vari-
ability examination were performed using a Keypoint type
Il electromyograph system (Dantec, Skovlunde, Denmark),
following the published recommendations [15]. The results
were processed according to the reference values related to
age and height at the Brno laboratory.

Skin punch biopsies were taken from the distal calf. The de-
tails of skin specimen removal and further processing were
published previously [9, 16] and follow standard recommen-
dations [17, 18]. Sections of 40 um thickness were immunos-
tained with rabbit polyclonal antibodies to human protein
gene product (PGP) 9.5 (Ultraclone, Wellow, UK; 1:800) as a pri-
mary antibody and goat anti-rabbit IgG labelled with a cya-
nine fluorescent probe as a secondary antibody (Amersham,
Biosciences, Piscataway, NJ; 1:100). Using Image-Pro Plus 4.0
software (Media Cybernetics, Leiden, The Netherlands), the
intraepidermal nerve fibre density (IENFD) was quantified by
counting the nerve endings within an accurately measured
length of epidermis [17, 18] (Figure 1).

Subepidermal nerve plexus density (SENPD) was measured
using a density threshold for PGP9.5 immunoreactive struc-
tures and expressed as a percentage of the whole subepider-
mal area analysed (200 x 50 pum adjacent to the dermoepi-
dermal junction in each optical field) [9] (Figure 1). The IENFD
was defined as abnormal if lower than the cut-off value of 8.8
fibres/mm [9]. Similarly, the SENPD was defined as abnormal
if lower than the cut-off value of 7.25% [9]. The normal limits
were established from the skin biopsy results in the group of
normal individuals and the method settings were described
in our previous publication [9].

Standard descriptive statistics were used to summarise the
distribution of the data. Comparison of continuous data be-
tween both the subgroups was performed by a univariate
t-test, while categorical data were compared using a chi-
square test. The Pearson’s correlation coefficient was used in
correlation analyses. The value a <0.05 was taken as the uni-
versal limit for statistical significance.
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RESULTS

As a matter of course, the age of elderly patients was higher in
comparison with non-elderly ones (p<0.001), while the other
demographic characteristics (i.e. sex and duration of symp-
toms) did not differ between the groups (Table 1). Prominent
aetiological factors of both groups represented impaired
glucose metabolism and chronic harmful alcohol use or pos-
sible alcohol dependence. The incidence and proportion of
the particular aetiological factors did not differ significantly
between the groups, though a trend towards lower incidence
of glucose dysmetabolism (p=0.12) and a higher proportion
of patients with undetermined (i.e. idiopathic) aetiology in
elderly patients (p=0.11) was found (Table 1).

Clinically, impaired proprioception and vibration sense as signs
of large-fibre sensory dysfunction were significantly more fre-
quent in elderly patients (p=0.001 and 0.002, respectively; data
not shown). For other sensory modalities, a trend towards high-
erincidence of abnormities in the elderly group was also found,
though without statistical significance (p= 0.07, 0.05, and 0.10
for sensation to pinprick and pain and thermal perception, re-
spectively; data not shown). In accordance with these findings,
higher values and higher sensitivity of NDS and a second part of
the MNSI questionnaire (as the scales reflecting the presence of
clinical abnormities and in particular large-fibre function) were
found in our group of elderly patients, while only less obvious
and less significant differences were found in the Neuropathy
Symptom Score values (reflecting both the small and large
nerve fibre function) (Table 2).

The intensity of neuropathic pain as assessed by VAS as well
as the presence of clinical symptoms of sensory dysfunc-
tion (evaluated either as particular items or as a summary
score reflecting mainly the dysfunction of small nerve fibres,
i.e. the first part of the MNSI questionnaire) were similar in
both groups of neuropathy patients (Table 2). Accordingly,
the sensitivity of this questionnaire was also comparable in
elderly and non-elderly individuals.

Absolute values of cold and warm detection thresholds, the
number of abnormities of thermal sensation found by the
particular testing algorithms using the age-related normal
values, and also the variability of the responses did not dif-
fer significantly between the groups (Table 2). The results
obtained by the three T-QST methods were consistent and
values did not differ significantly between the methods.

The reduction of sensory nerve action potential (SNAP) ampli-
tudes represented the most significant difference of nerve con-
duction studies between the groups (Table 2). In general, elec-
trophysiological signs of large fibre sensory neuropathy were
more frequent in elderly patients (p = 0.002) (data not shown).
The elicitability of sympathetic skin response was similar in
both groups of patients. In the elderly group, however, slightly
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Table 2

Absolute values and number of abnormities (if applicable) revealed by selected psychophysical, neurophysiological,
and clinical tests in elderly and non-elderly neuropathy patients. Values are mean + standard deviation. Abbreviations
are defined in the text

Absolute values Number of abnormities revealed
Test Elderly Non-elderly FZt\;lef Elderly Non-elderly (fr;;ftlgset)
Thermal thresholds (dorsum of the right foot, °C)
MLI-R CS 20.2+104 21.5+8.8 0.54 14 37 0.60
WS 47.0+34 46.8+2.8 0.73 22 56 0.19
MLE - CS 22.3+10.6 23.3+9.3 0.66 13 38 0.96
WS 444 £ 4.1 442 +35 0.76 22 67 0.72
Nerve conduction studies
Sural SNAP amplitude (uV) 37+33 | 87+55 | <0.001 | 16 \ 20 | <0.001
Sympathetic skin response (lower extremities)
Mean latency (ms)* 2.23+0.28 2.11+£0.22 0.04
Mean amplitude (mV) * 0.41+£0.25 0.73+£0.72 0.04
Elicitability (%) 58 66 0.27 4 8 0.50
Heart rate variability
Heart-rate variability to
|deep breathing (%) 119+58 | 188+103 | 004 | 8 \ 22 \ 0.04
Clinical findings
VAS* 6.14 +£2.56 6.38+2.0 0.62
MNSI 1 7.60 = 2.00 7.93 +£2.29 0.52 19 57 0.91
MNSI 2 248 +1.41 1.35+1.33 < 0.001 20 26 < 0.001
NSS* 2.56+1.16 2.04+£0.83 0.02
NDS* 15.7+£13.7 69+79 < 0.001

*No limit data for discrimination of normal and abnormal findings of this parameter are available
MLI - Method of Limits, MLE — Method of Levels, CS - cold sensation, WS — warm sensation, R — random variant of the test);

other abbreviations are defined in the text

higher latencies and lower amplitudes of the response were
found in the lower extremities (Table 2).

The heart rate variability testing could not be performed or
evaluated in more than a half of the elderly group because
of associated heart disease or medication with potential
influence on the heart rate (56 % compared to 24 % of non-
elderly individuals, p = 0.003). From the evaluable tests, the
vast majority was abnormal in elderly patients, while in the
non-elderly group abnormal results were much less frequent
(72 and 36 %, respectively, p = 0.02). In most of the tests per-
formed, significantly lower heart rate variability values were
thus obtained were thus obtained in elderly individuals in
comparison to younger ones (Table 2).

In the group of healthy individuals, a non-significant trend to
the correlation of the IENFD and SENPD values with age as
well as to higher values in the subgroup of elderly controls
compared to non-elderly ones was found (Table 3). Compari-
son of healthy individuals and painful neuropathy patients
demonstrated a clearreductionin bothintra-and subepidermal
nerve fibre/plexus density in both the elderly and non-elderly

http://www.med.muni.cz/biomedjournal/

subgroups of patients with neuropathies compared to the par-
ticular age-related subgroups of healthy controls (Table 3). In
neuropathy patients, lower values of the SENPD were found
in elderly patients than in non-elderly ones, while the IENFD
values did not differ significantly between the age groups (Table
3). A clear correlation of the [ENFD values with warm thresholds
in T-QST examination and with the scales reflecting particularly
small nerve fibre involvement (i.e. MNSI 1) and lower intraepider-
mal nerve fibre counts in the presence of clinical signs of small
fibre dysfunction were found in both the age subgroups of neu-
ropathy patients, while the SENPD correlated better with SNAP
amplitude and MNSI Il and NDS (as the scales showing mainly
large nerve fibre function) in both elderly and non-elderly indi-
viduals (p from 0.02 to <0.001; data not shown).

DISCUSSION
The principal finding of this prospective study is that the in-

volvement of small nerve fibres is almost invariably present in
elderly patients with painful neuropathies. Despite this fact,
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Table 3

Skin biopsy findings. IENFD (fibres/mm) and SENPD (% of the subepidermal area of the size 200 x 50 pm adjacent to
the dermoepidermal junction): basic summary statistics, comparison of the neuropathy and control groups and elderly
and non-elderly individuals, and correlation with age in the control group of healthy individuals. Abbreviations are

defined in the text

G . Comparison of | Correlation with age in
roups of patients

the groups control group

Elderly | Non-elderly p,-value r | p-value

IENFD (fibres/mm)
Group of patients 4.95+3.02 5.69 +4.08 0.40
Healthy individuals 9.81 +1.61 11.80 + 3.30 0.08 -0.325 0.06
Comparison of the groups (p.-value) <0.001 <0.001
SENPD (%)
Group of patients 3.19+£1.91 4.88 +£2.75 0.006
Healthy individuals 8.20+1.31 9.76 £2.76 0.10 -0.237 0.16
Comparison of the groups (p,-value) <0.001 <0.001

p,-value - comparison of nerve fibre density between elderly and non-elderly individuals in a group of patients (first row) or in

a group of healthy individuals (second row)

p,-value - comparison of nerve fibre density between elderly neuropathy patients and controls (first column) or non-elderly

patients and controls (second column)

a partly different pattern of involvement of the particular nerve
fibre types with a more severe and more frequent dysfunction
of large nerve fibres compared to younger age groups was
found in these individuals showing a probable role of age-
related neurodegeneration in the development of peripheral
neuropathies in the elderly. These findings imply an increas-
ing significance of clinical examination and nerve conduction
studies in the diagnostic algorithm of painful neuropathies in
senescence. Almost all the elderly painful neuropathy patients
however present an involvement of small nerve fibres and in
aremarkable part of them (about 1/3) these fibres were shown
to be the only affected ones. Appropriate diagnostic methods
of small nerve fibre involvement (i.e. thermal quantitative sen-
sory testing and examination of intraepidermal nerve fibre
density) thus still play a pivotal role in the battery of diagnos-
tic tests of painful neuropathies in the elderly, and our findings
prove their applicability in older adults as well as their similar
diagnostic validity compared to younger age groups, though
some particularities (e.g. the need of age-related normal limit
data) should be taken into account.

Painful sensory neuropathies are frequently encountered in
older adults. As in the other types of peripheral nerve affec-
tions, both the clinical picture and applicable diagnostic meth-
ods of painful neuropathies in senescence depend in particular
on the pattern and proportion of the affected types of nerve
fibres. In accordance with the observations in the general pain-
ful neuropathy population [9, 19], dysfunction of small nerve
fibres was almost invariably present in our group of elderly
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painful neuropathy patients. A comparison of the age groups
showed a similar extent of small-fibre affection (proved both
by examination of IENFD and T-QST) as well as an almost iden-
tical spectrum of corresponding clinical symptoms and pain
intensity (as assessed by VAS) in elderly and non-elderly pa-
tients in our study. These findings suggest that, regardless of
the patients’age, a similar extent of small fibre damage leads to
a similar clinical picture, and thus indirectly confirm the role of
small nerve fibre dysfunction in the development of pain and
appropriate clinical symptoms of painful neuropathies.

In contrast to these findings, most of the diagnostic methods
(in particular clinical examination and nerve conduction stud-
ies) proved a more severe and more frequent affection of large
myelinated nerve fibres in our group of elderly neuropathy pa-
tients compared to the younger ones. A similar pattern of nerve
fibre involvement was repeatedly shown in animal models of
age-related degeneration of the peripheral nervous system [1,
2]. In aging rats, more symptoms of disturbed mechanosensa-
tion compared to disturbed nociception were found [2], and
a more severe loss of large and myelinated fibres compared
to smaller ones was shown in sural nerve studies of peripheral
nervous system aging [1]. Our data thus confirm the observa-
tion of more severe age-related degeneration of large and my-
elinated fibres compared to smaller ones and imply that neu-
rodegeneration plays an important role in the development of
painful peripheral neuropathies in the elderly.

Despite these facts, age-related loss of epidermal and der-
mal innervation, involving both sensory and autonomic
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components, was also described in rodents [2, 3]. In hu-
mans, some of the studies [4, 5] suggest a similar decrease
of intraepidermal innervation with age, but there is no clear
agreement on this field and not all the studies show such
a significant negative correlation [20], probably due to the
considerable interindividual variability of epidermal nerve
counts in normal humans. Despite such controversial find-
ings, only few studies are focused on normal skin innervation
in senescence and provide separated limit data of intraepi-
dermal nerve fibre counts in the elderly [21], which may com-
plicate the evaluation and the validity of skin biopsy exami-
nation in older adults.

In our control group of healthy individuals, an obvious trend
to inversed correlation of IENFD/SENPD with age was ob-
served, as well as a trend to lower fibre counts in the sub-
group of elderly controls compared to the younger ones.
Both of these trends were apparent, but none of them was
statistically significant, probably with respect to the small size
of our control group and in particular to the small number
of elderly individuals among our healthy controls (10 out of
37). Our findings nevertheless seem to confirm the age-re-
lated degeneration of intra- and subepidermal nerve fibres
and suggest the need of setting particular normal limits for
elderly and non-elderly individuals. An increased number
of healthy controls and in particular a higher proportion of
elderly individuals are therefore needed in future studies.

In comparison with the age-related subgroups of healthy
controls, a highly significant decrease in IENFD/SENPD val-
ues was found in both the elderly and non-elderly painful
neuropathy patients, confirming the high sensitivity of this
method, regardless of the patients’age. The examination was
well tolerated by all the individuals and no complications of
wound healing were observed in any one of the elderly or
non-elderly patients. Together with a good correlation of the
IENFD with warm thermal thresholds in T-QST examination
and with MNSI | as the methods reflecting mainly small fibre
dysfunction, these findings show that the examination of
the IENFD from skin biopsy is an applicable method in the
evaluation of small fibre damage in older adults, and we can
recommend the inclusion of this method to the diagnostic
algorithm of painful neuropathies in the elderly.

Another method of evaluation of the small nerve fibre dys-
function involved in our study was the examination of ther-
mal thresholds on quantitative sensory testing [8, 22]. In con-
trast to the morphological character of the previous test, T-
QST is a psychophysiological method and therefore requires
concentration, attention, and the ability of fast response [22],
which may be decreased in the elderly. However, when us-
ing the age-stratified reference data, the number of abnor-
mities revealed by the T-QST and the response variability of
the methods used did not differ between younger and older
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neuropathy patients and the results obtained by the three T-
QST methods were consistent and values did not differ sig-
nificantly between the particular algorithms. These findings
suggest that when using the age-stratified reference data,
psychophysiological methods are useful in elderly patients
and provide reliable and reproducible results, fully compara-
ble with younger individuals.

Besides the methods evaluating sensory small nerve fibres,
assessment of autonomic nervous system functions can
also be used for the evaluation of small nerve fibre status in
polyneuropathy patients. Our previous findings [9], however,
suggest that the autonomic nervous system testing is less
sensitive compared to T-QST and skin biopsy in the evalua-
tion of painful neuropathies in general. In elderly patients,
the use of these methods (in particular examination of heart
rate variability) is furthermore complicated by the increasing
number of patients with coincidental heart rate abnormalities
(e.g. atrial fibrillation) and those with implanted pacemakers
or using antiarrhythmics (e.g. beta-blockers) in their regular
medication. Due to these conditions, the heart rate variability
testing could not be performed or evaluated in up to 60% of
elderly patients in our study (but only in about 1/4 of younger
individuals). Among the evaluable tests, a significantly high-
er proportion of abnormalities was found in older patients,
suggesting that the autonomic nerves are more frequently
involved in painful neuropathies in the elderly as compared
with younger age groups. Despite this fact, the sensitivity
of autonomic nervous system assessment did not reach the
value of the T-QST or the IENFD examination and autonomic
tests thus still remain only complementary methods in the
diagnostic algorithm of painful neuropathies in senescence
and we recommend their use in particular for the verification
of autonomic dysfunction in patients with relevant clinical
symptoms. The signs of more severe dysfunction of auto-
nomic fibres in our elderly neuropathy patients compared
to younger age groups are in agreement with the observa-
tion of a significant age-related degeneration of autonomic
nerve fibres in experimental models of nervous system aging
[3] and may again support the hypothesis of the important
pathophysiological role of age-related degeneration in the
development of peripheral neuropathies in the elderly, which
is also corroborated by the diverse pattern of large and small
nerve fibre affection and by the higher proportion of idio-
pathic neuropathies in senescence. Thus, in younger patients
the development of peripheral nerve dysfunction seems to
be in particular the result of peripheral nerve damage caused
by various aetiological factors, while in the elderly, age-relat-
ed nerve degeneration is suggested to play an increasing role
in the development of peripheral neuropathies.

Finally we conclude that painful neuropathies in the elder-
ly display a slightly different pattern of involvement of the
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particular nerve fibre types with a more frequent and more
extensive involvement of large myelinated fibres as well
as of the autonomic ones in comparison with younger age
groups, suggesting the increasing role of age-related neu-
rodegeneration in the development of peripheral neuropa-
thies in senescence. The involvement of small nerve fibres,
however, represents the most frequent and most remark-
able abnormality in elderly painful polyneuropathy patients,
confirming the role of small nerve fibre dysfunction in the
development of painful neuropathy symptoms regardless
of the patient’s age. The assessment of thermal thresholds
on the T-QST and the examination of the IENFD on skin bi-
opsy as methods of evaluation of small fibre status proved
to be applicable and sensitive in older adults and continue
to play a key role in the diagnostic algorithm of painful neu-
ropathies in senescence, despite the increasing sensitivity of
nerve conduction studies and autonomic nervous system
testing in these age groups.
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Prace je zaméfend na hodnoceni funkce a/nebo morfologickych zmén silnych i1 tenkych
nervovych vldken u pacientl s bolestivymi dysesteziemi dolnich koncetin jako potencidlnim
biomarkerem postizeni perifernich nervii. Soucasné byl zhodnocen diagnosticky pfinos
jednotlivych metod, vyuzitelnych pro prikaz periferné neurogenniho postizeni v této klinické
situaci (tedy konduk¢nich studii perifernich nervli, QST a hodnoceni IENFD z koZni biopsie).

U vsech pacientl s bolestivymi dysesteziemi DKK byla prokazana abnormita alesponi v jednom
z uvedenych diagnostickych testti. Nejcastéjsi abnormitou byl priikkaz postizeni ¢i dysfunkce
tenkych nervovych vlaken (u vice nez 90 % pacienti), ptiblizn€ v poloving ptipadl byly patrné
1 zndmky postizeni vldken silnych. Tyto nalezy tak na odliSném souboru pacientl (u jedincl
S postizenim rizné etiologie) v ramci jiné pracovni skupiny prokazuji nalezy pln¢ podporujici
zavery predchozi komentované prace (Vickova-Moravcova et al. 2008b).

Daleko nejsenzitivnéjsi diagnostickou metodou byla v testovaném souboru kozni biopsie, kterd
prokazala snizeni IENFD u 88,1 % pacientll (v€etn¢ nékterych jedincii s normélnim QST).
Abnormity QST a EMG byly zietelné méné casté (35,7 a 54,8 %). Tyto nalezy poukazuji na
skute¢nost, Ze normalni termické prahy v ramci QST vySetieni nejsou spolehlivym ukazatelem
absence postizeni tenkych nervovych vlaken.

Ve skupiné pacientil s bolestivymi dysesteziemi bylo 38 % pacientl se SFN, nejvétsi skupina
pacientli méla kombinované postiZzeni silnych a tenkych vldken a mald skupina jedinca
méla izolované postiZzeni vlaken silnych.

Klicovym piinosem studie je tedy zji$téni, Ze bolestivé dysestezie DKK jsou vysoce prediktivni
pro ptitomnost bolestivé polyneuropatie DKK a to vétSinou postihujici tenkd nervova vldkna
(izolovang nebo v kombinaci s postizenim vlaken silnych). U mensi ¢asti pacienti vSak mutize
Jit 1 o projev neuropatie silnych vlaken. KozZni biopsie, QST a EMG pfedstavuji vzdjemné se
doplnujici baterii diagnostickych metod. Normalni nalez na kterékoli z téchto metod nevylucuje
abnormitu v jiné, coz je vhodné zohlednit v diagnostickém algoritmu (a zatadit pii negativnim

nalezu jedné z téchto metod jiny konfirmaéni test).
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ARTICLE INFO ABSTRACT

Article history:

Dysesthesias of the lower limbs are a common complaint of patients and may be indicative of peripheral
neuropathy. Here we investigated the prevalence and type of neuropathy in patients presenting with this
complaint and compared the diagnostic performance of different diagnostic modalities. Forty-two
patients were recruited prospectively and underwent a clinical examination, nerve conduction studies,
quantitative sensory testing (QST), and skin biopsy at the dorsum of the foot. All patients had a correlate
for their dysesthesias in at least one diagnostic modality. Most patients (>90%) had signs of small fiber
loss or dysfunction. In about half of all patients large fibers were also affected. Nerve conduction studies
were abnormal in 23/42 patients (54.8%). Cold or warm detection thresholds in QST were abnormal in 15/
42 (35.7%) patients. Decreased intraepidermal nerve fiber density (IENFD) was found in 37 patients
(88.1%), including some patients with normal QST findings. Nearly all patients with pathological QST
had a reduced IENFD, indicating a high positive predictive value (93%) of QST in screening for reduced
IENFD as correlate for neuropathy. Therefore in all patients with lower limb dysesthesias of unknown ori-
gin, the non-invasive methods of NCS and QST should be used and potentially complemented by skin
biopsy.
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1. Introduction

Dysesthesias (defined by the IASP as an unpleasant abnormal
sensation, whether spontaneous or evoked) of the lower limbs are
a common complaint and may be a symptom of peripheral neurop-
athy. Patients may experience sensations like tingling, pins and nee-
dles, numbness, burning or electric shocks. If a neuropathy cannot
be positively diagnosed by the finding of corresponding neurologi-
cal deficits and by nerve conduction studies (NCS), it may be difficult
to arrive at a definite diagnosis in patients with dysesthesias. Small-
fiber neuropathy is a subtype of axonal sensory neuropathy affect-
ing distal unmyelinated and thin myelinated fibers, where NCS are
typically normal (Stewart et al., 1992; Lacomis, 2002), and is thus
a differential diagnosis in patients with dysesthesias.

* Corresponding author. Address: Abteilung fiir Schmerztherapie, Berufsgenos-
senschaftliche Kliniken Bergmannsheil - Universitdtsklinik, Biirkle-de-la-Camp-
Platz 1, D-44789 Bochum, Germany. Tel.: +49 234 302 3497; fax: +49 234 302 6367.

E-mail address: andrea.scherens@ruhr-uni-bochum.de (A. Scherens).

Small-fiber neuropathy is defined as a sensory neuropathy with
abnormal sensations that are typically unpleasant or painful (i.e.
dysesthesias), along with abnormal findings of small fiber function
in at least one of the following: neurological examination, special-
ized neurophysiological (e.g. recordings of distal nerve fibers) or
psychophysical (e.g. quantitative sensory testing, QST) testing, or
skin biopsy (Lacomis, 2002).

Here we investigated how many patients presenting with dys-
esthesias as their main complaint had a peripheral neuropathy,
and in which percentage of these this was a neuropathy of the
small fiber type. We prospectively recruited patients who pre-
sented to the Pain Clinic or to the Department of Neurology of
the BG-Kliniken Bergmannsheil with bilateral dysesthesias of the
feet or legs. We used standard neurophysiology, QST according to
the protocol of the German Research Network of Neuropathic Pain
(DFNS) (Rolke et al., 2006b) and quantification of intraepidermal
nerve fiber density (IENFD) in skin punch biopsies (Lauria et al.,
2005; Sommer and Lauria, 2007). Secondary aims were to compare
the diagnostic sensitivity of the methods used for the detection of

1090-3801/$36.00 © 2008 European Federation of Chapters of the International Association for the Study of Pain. Published by Elsevier Ltd. All rights reserved.
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neuropathy and to obtain information on the correlation of these
methods.

2. Material and methods
2.1. Patients

After approval by the regional ethics committees at the Univer-
sities of Bochum and Wiirzburg and after written informed con-
sents, 42 patients (24 males) suffering from bilateral painful or
painless dysesthesias (unpleasant abnormal sensations with burn-
ing, prickling or tingling feelings) in the feet or lower legs and
therefore seen in the Pain Clinic or in the Department of Neurology
of the BG-Kliniken Bergmannsheil were enrolled (61.5+12.1
years; range: 37-82 years). Patients with severe dementia, diseases
of the CNS, traumatic peripheral nerve lesions, systemic neurolog-
ical disorders, skin lesions or coagulation disorders were excluded.
No patients had pareses or total loss of tactile perception. In all
cases pain characteristics, clinical findings, abnormalities in glu-
cose metabolism, sensory profiles (QST), and the results of nerve
conduction studies and of skin biopsy evaluation were docu-
mented. Pain was quantified using a numerical rating scale (NRS)
at study inclusion.

According to the study results, patients were later divided into
three groups (Stewart et al., 1992; Lacomis, 2002): group I with
pure small fiber neuropathy (pSFN; normal NCS, reduction of IEN-
FD, no clinical signs of large fiber dysfunction (loss of vibration
sense at or above the ankles, generalized areflexia); group II with
mixed fiber neuropathy (MFN; abnormal NCS or clinical signs of
large fiber dysfunction, reduction of IENFD) and group IIl with large
fiber neuropathy (LFN; abnormal NCS and normal IENFD). In one
case normal NCS and normal IENFD were found.

2.2. Oral glucose tolerance tests (0GTT)

After determination of fasting blood glucose, an oral glucose tol-
erance test (oGTT) with 75 g glucose (Roche; ACCU-CHEK Sensor
Comfort) was done. A 2-h glucose of <140 mg/dL was considered
normal, 140-199 mg/dl indicated impaired glucose tolerance
(IGT) and >200 mg/dL indicated diabetes (Criteria of the American
Diabetes Association, 2002).

2.3. Neurophysiology

Neurophysiological examinations were performed using a Dan-
tec Keypoint standard EMG device (Dantec Co, Skovlunde, Den-
mark). Motor nerve conduction of one tibial, one peroneal, and
one median nerve, including ten repetitive F-wave examinations,
and sensory nerve conduction of the sural and one ulnar nerve
were performed in a standard manner (International Federation
of Clinical Neurophysiology, IFCN, Recommendations, Stalberg,
1999). The results were processed according to the reference val-
ues at the Department of Neurology in Bochum. Neurophysiology
was considered abnormal, if pathological findings were obtained
in at least one out of five nerves. Pathological findings could be
either reduction of a compound muscle action potential (CMAP)
or amplitude sensory nerve action potential (SNAP) or changes in
nerve conduction velocity (NCV), distal motor latency (DML) or
F-wave-latency, which exceeded the range of normal values de-
fined by mean + 2.5 standard deviations of amplitudes, conduction
velocities and latencies obtained in a collective of healthy subjects.
Neuropathy was classified as demyelinating if sensory or motor
NCV were reduced, or DML or F-wave-latencies were prolonged,
or conduction blocks were present. Neuropathy was classified as
axonal if CMAP after distal motor nerve stimulation or SNAP was

reduced or absent (Stalberg et al., 1999). If both electrophysiolog-
ical features were present, neuropathy was classified as mixed.

2.4. Quantitative sensory testing (QST)

QST was performed at both feet (dorso-lateral) in accordance
with the DFNS standards. A TSA-2001 II (MEDOC, Israel, thermode
3 x 3 cm?) was used for thermal sensory testing, modified von Frey
filaments (Optihair 2-Set, Marstock Nervtest, Germany) for mea-
suring the mechanical detection threshold and pinprick stimula-
tors for the mechanical pain threshold. The standardized QST
battery contained the following measurements:

e Thermal detection thresholds for the perception of cold (CDT),
warm (WDT), number of paradoxical heat sensations (PHS)
and the thermal sensory limen (TSL) for alternating cold and
warm stimuli.

e Thermal pain thresholds for cold (CPT) and hot stimuli (HPT).

e Mechanical detection thresholds for touch (MDT) and vibration
(VDT).

e Mechanical pain sensitivity (MPS) including thresholds for pin-
prick and pressure pain (PPT), stimulus/response-functions for
pinprick sensitivity (MPS) and dynamic mechanical allodynia
(DMA), and pain summation to repetitive pinprick stimuli
(wind-up like pain, WUR).

All subjects were seated in a quiet laboratory with ambient
temperature of 23-24 °C. After standardized information, clinical
examination, QST, and a skin punch biopsy at the dorso-lateral foot
were performed by the same investigator on the same day. All
thermal tests were first demonstrated to the patients over an area
that was not tested later during the QST sessions. Patients were un-
able to watch the computer screen throughout the test.

2.5. Skin biopsy

Skin biopsies were taken by a 3 mm biopsy punch (Stiefel
GmbH, Offenbach, Germany) after subcutaneous administration
of 2% lidocaine at the dorso-lateral right foot under sterile condi-
tion. This very distal biopsy site was chosen because all patients
had complaints at this area, but not all had complaints at the lower
leg, which would be our standard biopsy site. Tissue was fixed in
4% phosphate-buffered paraformaldehyde for 3-4 h and cryopro-
tected in 10% sucrose at 4 °C over night. The skin samples were
then embedded in Tissue Tek®, frozen in 2-methylbutane cooled
in liquid nitrogen, and stored at 70 °C until further processing. Sec-
tions of 40 um thickness were cut on a sliding microtome and
immunostained with rabbit polyclonal antibodies to human PGP
9.5 (Ultraclone, UK, 1:800) as primary antibody and goat anti-rab-
bit IgG labeled with cyanine 3.18 fluorescent probe (Cy3 Amer-
sham, USA, 1:100) as secondary antibody. The intraepidermal
nerve fibers were counted manually in three sections of approxi-
mately 3 mm length each by an examiner who was unaware of
the identity of the slides at 400x magnification with a Zeiss Axiop-
hot 2 microscope adhering to standard counting rules (Kennedy
et al., 2005). Using Image Pro Plus 4.0 software (Media Cybernetics,
Leiden, The Netherlands), the epidermal length was accurately
measured. The average intraepidermal nerve fiber density (IENFD)
per mm of epidermal length was then calculated. Thirty-two
healthy controls from a previous study (VIckova-Moravcova
et al., 2008) with a mean age of 60 years (range: 36-86 years)
who had biopsies at the distal leg (mean IENFD: 12 + 3 fibers/
mm) were used as control group. The [ENFD values were in accor-
dance with data in the literature (Walk et al., 2007), and according
to published data, IENFD does not differ between lower leg and
foot (Johansson et al., 1999; Walk et al., 2007). IENFD was rated
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abnormal in case of reduction of one standard deviation below the
mean.

2.6. Statistical analysis

All QST-data except the numbers of paradoxical heat sensations
during the TSL procedure, cold pain thresholds, heat pain thresh-
olds, and vibration detection thresholds were transformed loga-
rithmically before statistical analysis (Rolke et al., 2006a). To
avoid loss of zero-values, a small constant (0.1) was added to all
pain ratings prior to log-transformation (Magerl et al., 1998). QST
data profiles were transformed via Z-transformation (Rolke et al.,
2006a,b) using the following equation:

Z-score = (Xsingle patient — meancontrols)/SDcontrols~ Z-values above
“0” indicate a gain, Z-values below “0” a loss of sensory function.

Statistical comparison was made to a reference data base of
healthy control subjects (Rolke et al., 2006b). All patient data were
normalized to the respective gender and age group of the healthy
controls [Z = (individual value — meanga¢a pase)/SDdata base]- Signifi-
cance of differences from healthy controls was estimated compar-
ing the patients mean +SD obtained by Z-normalization vs. a
standard normal distribution (i.e. mean+SD =0+ 1) of an equal
number of subjects using a probability calculator (STATISTICA for
Windows, Statsoft, Tulsa, USA).

Table 1
Demographic and clinical profile of patients, nerve conduction studies (NCS)

Unpaired t-test was used for comparing QST results and the
IENF density between groups. Due to the small numbers in each
group, particularly group III, variance analyses were not done. Data
are presented as arithmetical mean * standard deviation. P-val-
ues < 0.05 were considered statistically significant.

3. Results
3.1. Patients

Forty-two patients with an average age of 61.5+ 12.1 years
(range: 37-82 years) suffering from long lasting dysesthesias
(painful, n = 31, painless, n=11) at the feet or lower legs were re-
cruited into the study. Median pain scores (NRS) in the patients
with painful symptoms (n =31) were 6.0 (range 1-10). Abnormal-
ities in glucose metabolism were observed in 17 cases (40.5%, 10
painful, 7 painless) consisting of diabetes mellitus in 13 and im-
paired glucose tolerance (IGT) in four patients (Table 1). NCS were
normal in 19 (45.2%) and abnormal in 23 (54.8%) patients. Twenty-
six patients had clinical (n =3, combined areflexia and abnormal
vibration sense < 5/8) or electrophysiological (n = 23) signs of neu-
ropathy that indicated large fiber dysfunction. Sixteen patients
with dysesthesias had no further clinical or electrophysiological
findings (Fig. 1).

Patient Sex Age (years) Glucose metabolism NCS Duration of disease, y Pain (mean NRS)
1 Female 37 Diabetes, typ IIb Normal 6 0
2 Female 76 Diabetes, typ Il b Normal 3.5 0
3 Female 45 Normal Path. 1 10
4 Male 64 diabetes, typ | Path. 3 10
5 Male 71 Normal Normal 3.5 0
6 Male 61 Normal Path. 4 4
7 Male 47 Normal Normal 15 2
8 Male 52 Normal Normal 10 7
9 Male 51 Diabetes, typ Il a Path. 2 9
10 Male 70 Diabetes, typ IIb Path. 4 8
11 Male 59 Normal Normal 4 10
12 Female 38 Pathological ogTT Normal 1 0
13 Female 53 Diabetes, typl Path. 5 6
14 Male 72 Normal Path. 2 2
15 Male 82 Normal Path. 2 3
16 Male 64 Diabetes, typll a Normal 4 0
17 Female 58 Normal Normal 6 7
18 Male 76 Diabetes, typ IIb Path. 3 3
19 Female 63 Normal Normal 14 1/i
20 Male 70 Normal Normal 20 6
21 Male 65 Diabetes, typ IIb Path. 2 10
22 Male 66 Normal Path. 4

23 Female 59 Normal Normal 4 5
24 Female 59 Normal Normal 6 1
25 Female 81 Diabetes, typ IIb Path. 20 9
26 Male 55 Normal Path. 1/i 0
27 Female 79 Diabetes, typ IIb Path. 4 1/i
28 Female 63 Pathological ogTT Normal

29 Male 73 Normal Path. 2 7
30 Female 63 Normal Normal 5 8
31 Male 53 Normal Normal L/l 0
32 Male 52 Normal Path. 4 0
33 Male 70 Normal Path. 6 0
34 Male 36 Normal Normal 2

35 Male 73 Pathological ogTT Path. 0.5 0
36 Male 67 Pathological ogTT Normal 4 7
37 Male 56 Diabetes, typ IIb Path. 5 9
38 Female 61 Normal Path. 8 7
39 Female 63 Normal Path. 0.5 4
40 Female 77 Diabetes, typ IIb Path. 6 0
41 Female 37 Normal Normal 2 L/l
42 Male 65 Normal Path. 2 4
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Fig. 1. Clinical findings of 42 patients suffering from lower limb dysesthesias. Diagram for classification of subgroups I-III (step 1) in consideration of clinical findings, nerve
conduction studies (NCS) and results of skin biopsy (IENF, intraepidermal nerve fiber density and furthermore after QST (step 2), finally diagnosis showed in step3. One
patient with normal IENFD had abnormal QST values and was classified as ‘probable pure small fiber neuropathy’, dotted line. Details in text.

3.2. Skin biopsy

IENFD was reduced in 15 of the 16 patients with dysesthesias
only, indicating pure small fiber neuropathy (group I, pSFN;
35.7% of all patients). One patient had no clinical or electrophysio-
logical signs of neuropathy and normal IENFD. In 22/26 patients
with large fiber dysfunction IENFD was reduced, indicating a mixed
fiber neuropathy (group II, MEN, 52.4% of all patients). In 4/26 pa-
tients with large fiber dysfunction IENFD was normal (group III,
large fiber neuropathy, LEN; 9.5% of all patients). Within the whole
sample, IENFD was reduced in 37 patients (88.1%) and gave a mean
of 3.97 £ 3.27 fibers/mm in group I and of 2.73 + 3.93 fibers/mm in
group II (n.s.). Thirteen patients (30.1%) had complete IENFD loss
(group I n =3, group Il n =10). IENFD in patients with an abnormal
glucose metabolism (IGT or diabetes, n =17, abnormal NCS in 11
cases) was very low with a mean IENFD of 1.60 + 2.69 fibers/mm.

3.3. QST

Compared to QST reference values, patients had a significant
sensory deficit shown by increased thermal detection thresholds
(CDT, WDT, TSL; Fig. 2a and b). Comparing mean QST data for tem-
perature sensation (CDT, WDT) between our groups I to IIl, there
were no significant differences. The trends of differences between
the three groups are represented in sensory profiles after Z-trans-
formation, with MDT and VDT being less affected in pSFN and more
affected in LFN (Fig. 2a and b). Analyzing data on a single case level,
35.7% (15/42) of all patients had pathological WDT or CDT or both.

Alterations of thermal thresholds were found in 31.2% of pSFN (5/
16) and 45.4% of MFN (10/22) patients. All LEFN patients had normal
thermal thresholds (Fig. 2b). The percentages of pathological QST
findings in each group are demonstrated in Fig 2b. PHS and allo-
dynia, which are almost nonexistent in normal controls (Rolke
et al., 2006b) were increased in nearly all patient groups (PHS: I:
n=8;1In=7; Il n=1; DMA. I. n=6; Il n=8; Ill n=0, Table 2).
The only patient with no clinical or electrophysiological signs of
neuropathy and normal IENFD had pathological QST (CDT and
WDT).

3.4. Correlation between QST, IENFD, and pain

IENFD showed an inverse correlation with WDT (r=-0.373;
P <0.016, Fig. 3). The highest correlation was found in the sub-
group of patients with abnormalities in glucose metabolism
(r=-0.654, P<0.004). No correlations were found for other QST
parameters. Neither a correlation between IENFD and age in the
different three groups nor a correlation between recorded data
(pain, glucose metabolism, duration of disease) and IENFD was
found.

3.5. Diagnostic performance

QST detected a correlate for dysesthesias in 35.7% of patients,
NCS in 55%, and sk