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SANTRUMPOS

o-syn —  alfa-sinukleinas

ALSFRS-R —  Soninés amiotrofinés sklerozés funkciné vertinimo skalé
(angl. The revised amyotrophic lateral sclerosis functional
rating scale)

AMN —  apatinis motorinis neuronas

ANS —  autonoming nervy sistema

CNS —  centriné nervy sistema

COMPASS-31 - sudétiné autonominiy simptomy skalé-31
(angl. Composite Autonomic Symptom Score-31)

DN —  diafragminis nervas

DNSP —  diafragminio nervo skerspjiivio plotas

ENMG —  elektroneuromiografija

GSS —  gilioji smegeny stimuliacija

M —  juodoji medziaga

KF —  kvépavimo funkcija

KMI —  kiino mases indeksas

KN —  klajoklis nervas

KNSP —  klajoklio nervo skerspjiivio plotas

KNUG —  klajoklio nervo ultragarsinis tyrimas

LEDD —  levodopos ekvivalentiné dienos/paros dozé

NfL —  neurofilamento lengvosios grandinés

NIV —  neinvaziné ventiliacija

NL —  neurodegeneracinés ligos

NSP —  nervo skerspjuvio plotas

p-syn —  fosforilintas a-sinukleinas

PL —  Parkinsono liga

SAS —  Soniné amiotrofiné sklerozé

SRV —  Sirdies ritmo variabilumas

TKS —  transkranijiné sonografija

uG —  ultragarsas

VMN —  virSutinis motorinis neuronas

Vs —  lot. versus



IVADAS

Neurodegeneracinés ligos (NL) — tai nervy sistemos ligy grupé, kurioms
biidingas progresuojantis neurony nykimas ir jy funkcijos sutrikimas, suke-
liantis progresuojancius atminties, kalbos, judéjimo, koordinacijos bei auto-
nominés nervy sistemos funkcijy sutrikimus. Pastaraisiais deSimtmeciais, dél
visuomenés sen¢jimo ir ilgéjancios gyvenimo trukmes, $iy ligy paplitimas
pasaulyje sparciai didéja [ 1]. Nepaisant pazangiy vaizdiniy tyrimy, molekuli-
niy Zymeny ir genetiniy tyrimy, ankstyva neurodegeneraciniy ligy diagnosti-
ka i$lieka itin sudétinga. Daznai ligy simptomai ankstyvoje stadijoje gali buti
nespecifiniai, persidengiantys tarp skirtingy ligy, o patikimy bioZymeny
klinikingje praktikoje vis dar triiksta [2].

Pasaulio sveikatos organizacija nurodo, kad neurologinés ligos, iskaitant
ir NL, kelia milziniska ekonoming nastg visame pasaulyje, kuri apima tiesio-
gines sveikatos priezitiros i$laidas, netiesiogines i$laidas dél prarasto produk-
tyvumo, bei socialinés globos kastus. NL yra pagrindiné ligotumo ir negalios
priezastis pasauliniu mastu, paveikiancios daugiau nei trecdalj pasaulio
gyventojy [1].

Atsizvelgiant | did¢jantj NL paplitima ir jy sukelta visuomening bei
ekonoming nasta, vis daugiau démesio skiriama patogeneziniams mechaniz-
mams, galintiems padeéti identifikuoti ankstyvus, kliniskai pritaikomus ligos
zymenis. Pastaryjy deSimtmeciy tyrimai rodo, kad neurodegeneracijos proce-
sai néra apsiriboje vien centrine nervy sistema, bet daznai apima ir periferine
nervy sistema, ypac ligos ankstyvosiose stadijose. Tokie periferiniai pokyc¢iai
gali atspindéti pirminius neurodegeneracinius mechanizmus ir suteikti gali-

Neuropatologiniai tyrimai rodo, kad Soninés amiotrofinés sklerozes
(SAS) metu gali bati nustatomi diafragminio nervo (DN) ir klajoklio nervo
(KN) struktiiriniai pokyciai, susije su aksony degeneracija ir glialiniy Igsteliy
pakitimais. Histologiniuose tyrimuose aprasoma ,,nykstancio* (angl. ,,dying-
back®) tipo distaliné aksony atrofija, kuriai buidingas aksony nykimas nuo
distaliniy segmenty link neurono kiino. Sis procesas laikomas svarbiu SAS
patogenetiniu mechanizmu ir siejamas su sutrikusiu aksonaliniu transportu
bei uzdegiminiais procesais. Be SAS, distalinis aksony paZzeidimas gali biiti
biidingas ir kitiems neurologiniams sutrikimams, ypac periferinéms polineu-
ropatijoms, tokioms kaip diabeto sukelta simetriska sensorimotoriné polineu-
ropatija, kai kurioms toksinéms polineuropatijoms, atsirandanc¢ioms dél
cheminiy ar medikamentiniy veiksniy poveikio, taip pat paveldimoms
aksonopatijoms, pavyzdziui, Charcot-Marie—Tooth ligos 2 tipas, kurioms



biidingas pirminis distaliniy aksony nykimas ir proksimaliai progresuojantys
simptomai [5].

Pagal anterogradinés neurony degeneracijos (angl. ,,dying-forward®)
hipotezg, neurodegeneracijos procesas prasideda centrinéje nervy sistemoje,
ypa¢ smegeny Zievés neurony kiinuose, ir anterogradiniu buidu plinta per
aksonus j periferines nervy sistemos struktiiras [6]. Sis patogenezés modelis
pabrézia centrinés kilmeés eksitotoksiniy (perteklinio neurony suzadinimo
sukelty) procesy bei sutrikusio glutamato perdavimo svarba ligos pradzioje ir
ligos progresavime [7, 8]. ,,Dying-forward* mechanizmas placiausiai nagri-
néjamas SAS patogenezéje [6], tatiau taip pat apra$omas ir Alzheimerio ligos
[9], Parkinsono ligos (PL) [10] bei kai kuriy frontotemporalinés demencijos
formy patogenezése [11], kur pirminis neurodegeneracijos procesas siejamas
su neurony kiiny disfunkcija ir vélesne aksony degeneracija.

Aksony degeneracija daznai lydi mielino dangalo paZeidimas ir Schwan-
no lasteliy adaptaciné bei degeneracing hiperplazija kompensacinio lastelinio
atsako metu. Ankstyvosiose stadijose Schwanno lastelés gali perduoti poliri-
bosomas aksonui, siekdamos palaikyti vieting baltymy sintez¢ [12, 13]. Nors
Sie procesai vyksta mikroskopiniu lygmeniu ir tiesiogiai ultragarsu neverti-
nami, ultragarsiniai tyrimai leidzia nustatyti jy struktiirines pasekmes — nervo
atrofija. Sergantiesiems SAS, diafragminio nervo skerspjivio plotas (DNSP)
yra reikSmingai sumazgj¢s abipus, palyginti su kontrolinémis grupémis [14],
kas laikoma létinés aksonalinés degeneracijos makroskopiniu pozymiu.

Pastaraisiais metais PL patogenezés tyrimuose vis daugiau démesio
skiriama periferinés nervy sistemos, ypa¢ KN ir autonomingés nervy sistemos
(ANS), struktiriniams ir molekuliniams pokyciams. Moksliniai tyrimai rodo,
kad NL serganciy pacienty periferinéje nervy sistemoje — jskaitant KN bei
virSkinimo sistemos nervy pluostus — gali buti aptinkami fosforilinto
a-sinukleino (p-syn) kaupimosi zidiniai, ypa¢ tais atvejais, kai centringje
nervy sistemoje (CNS) jau nustatomi neurodegeneraciniai pazeidimai [10,
11, 15]. Tai rodo, kad periferiné p-syn infiltracija gali pasireiksti dar prie$
atsirandant pazeidimui CNS. Be to, naujausi tyrimai patvirtina vadinamajj
somatingés pradzios (angl. ,,body-first™) a-sinukleino (a-syn) plitimo modeli,
kai patologinis procesas prasideda Zarnyne ar parasimpatinéje sistemoje ir per
KN plinta j CNS — tai gali buti laikoma vienu i§ PL progresavimo mecha-
nizmy [15-18]. Didelés apimties autopsiniy tyrimy duomenys rodo, kad iki
89 proc. PL serganciyjy KN nustatomas p-syn sankaupos, o net 46 proc.
atsitiktinés Lewy kiineliy ligos (angl. incidental Lewy body disease) atvejy
taip pat nustatomos p-syn sankaupos KN, leidzian¢ios manyti, kad patolo-
ginis procesas gali prasidéti periferijoje [15].

ANS gali biiti pazeidZziama sergant jvairiomis neurodegeneracinémis
ligomis. Jos veiklos sutrikimai yra vieni i$ ryskiausiy PL nemotoriniy pozymiy.
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ANS veiklos sutrikimas, sergant PL, gali pasireiksti visose ligos stadijose ir
reikSmingai bloginti gyvenimo kokybe, sukelti ortostating hipotenzija, Slapini-
mosi, virSkinimo, termoreguliacijos bei lytinés funkcijos sutrikimus [19-21].
ANS pazeidimo sunkumas sergant PL gali buti siejamas su lokaliais a-syn
kaupimosi procesais, kurie gali parodyti ligos progresavima. [19, 22, 23]. SAS
laikyta tik motorinj neurong pazeidziancia liga, taciau vis gaus¢ja duomeny ir
apie ANS funkcijos sutrikima, nes sergantiesiems SAS gali pasireiksti
sumaz¢jes Sirdies ritmo variabilumas (SRV), kraujospiidZio labilumas, virski-
nimo ir $lapinimosi sutrikimai [1, 24]. Klinikinéje praktikoje tikslinga derinti
struktiirizuota simptomy vertinima su objektyviais funkciniais tyrimais. Siuo
tikslu placiai taikomas klausimynas — sudétiné autonominiy simptomy
skalé-31 (angl. Composite Autonomic Symptom Score-31), leidzianti greitai ir
patikimai jvertinti ANS simptomy spektra bei jy sunkuma [25, 26].

Kardiovaskulinés ANS sutrikimo vertinimui itin svarbi SRV analizé tiek
ramybés biisenoje, tiek gilaus kvépavimo metu. Sis neinvazinis tyrimas
leidzia jvertinti parasimpatings ir simpatinés nervy sistemos veiklos pusiau-
svyra bei nustatyti galimus jos reguliacijos sutrikimus. Tyrimai rodo, kad
sergant PL SRV rodikliai daznai nustatomi sumazéje, tai siejama su ortosta-
tinés hipotenzijos ir kity ANS funkcijos sutrikimy pasireiSkimu [27, 28].
Panasiis SRV poky¢iai stebimi ir sergantiesiems SAS. Jiems nustatomas
sumazéjes SRV tiek ramybés biisenoje, tiek gilaus kvépavimo metu, o tai
patvirtina kardiovaskulinj ANS sutrikima [29, 30]. Siy metody derinimas
suteikia galimybe standartizuotai, neinvaziskai ir pakankamai jautriai nusta-
tyti ANS pazeidimg tiek sergantiesiems PL, tick SAS, bei padeda atskirti jj
nuo gretutiniy veiksniy poveikio ir individualizuoti gydymo strategija [27,
29, 30].

Tarptautiniuose tyrimuose vis daugiau démesio skiriama ankstyviems,
neinvaziniams biozymenims, jskaitant periferiniy nervy ultragarsa (pvz., KN
ultragarsinius parametrus sergant PL) [31, 32] bei DN ultragarsinio tyrimo
vertinima sergant SAS [33]. Be to, SRV vis dazniau naudojamas kaip neinva-
zinis ANS funkcijos rodiklis sergant PL ir SAS [14].

Miisy tyrimas prisideda prie tarptautinés neinvaziniy bioZymeny paies-
kos krypties, nes ultragarsiniu tyrimu sistemiskai jvertinti DN struktiiriniai
poky¢iai sergant SAS bei KN pakitimai sergant PL ir SAS. Pirma karta
pasaulyje Sie periferiniy nervy struktiiriniai pakitimai buvo analizuoti ir
lyginti su ANS funkcijos rodikliais — SRV, siekiant prisidéti prie ankstyvos,
neinvazinés neurodegeneraciniy ligy diagnostikos modelio kiirimo. Ankstyva
ir tiksli neurodegeneraciniy ligy diagnostika yra itin svarbi tiek paciento
gyvenimo kokybei, tiek galimybei laiku taikyti ligos progresavima létinan-
Cias terapijas.
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DARBO TIKSLAS IR UZDAVINIAI

Darbo tikslas

Ivertinti klajoklio ir diafragminio nervy ultragarsinius parametrus pa-
cientams, sergantiems Sonine amiotrofine skleroze ir Parkinsono liga, bei
nustatyti jy ry$j su autonomings nervy sistemos funkcijos sutrikimais.

Darbo uzdaviniai

1. Nustatyti diafragminio nervo ultragarsiniy parametry pokyc¢iy ypatumus
pacientams sergantiems Sonine amiotrofine skleroze ir palyginti su
kontroline grupe.

2. Nustatyti klajoklio nervo ultragarsiniy parametry poky¢iy ypatumus
pacientams sergantiems Sonine amiotrofine skleroze ir palyginti su
kontroline grupe.

3. Nustatyti klajoklio nervo ultragarsiniy parametry pokyciy ypatumus
pacientams sergantiems Parkinsono liga ir palyginti su kontroline grupe.

4. Ivertinti autonominés nervy sistemos funkcijos sutrikimus ir jy s3sajas
su ultragarsiniais nervy pokyciais pacientams, sergantiesiems Sonine
amiotrofine skleroze ir Parkinsono liga.

5. Ivertinti klajoklio nervo ultragarsinio tyrimo parametry diagnosting
reikSm¢ pacientams, sergantiems Parkinsono liga ir Sonine amiotrofine
skleroze.

Darbo naujumas ir mokslinis aktualumas

Neurodegeneracings ligos (NL) yra viena didZiausiy Siuolaikinés neuro-
logijos problemy dél savo progresuojancios eigos, riboty gydymo galimybiy
ir reikSmingo poveikio pacienty funkciniam savarankiSkumui bei gyvenimo
kokybei. Pastaraisiais deSimtmeciais, senéjant visuomenei ir ilgéjant
gyvenimo trukmei, Siy ligy nasta sveikatos apsaugos sistemoms nuosekliai
didé¢ja visame pasaulyje [1]. Nepaisant spartaus neurologijos mokslo progre-
so, ankstyvas NL nustatymas islieka sudétingas, nes pirmieji ligy simptomai
daznai biina nespecifiniai, persidengiantys su kity ligy simptomais, o
patikimy ir lengvai pritaikomy biozymeny klinikin¢je praktikoje vis dar
truksta [2].

Siame darbe pirma karta pasaulyje sistemingai istirti DN ir KN
ultragarsiniai poky¢iai sergant SAS ir PL bei jvertintos jy sasajos su ANS
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funkcijos sutrikimais. Tyrimas iSsiskiria tuo, kad nervy ultragarsiniy para-
metry pokyciai buvo lyginami su klinikiniy ir funkciniy tyrimy rodikliais,
siekiant nustatyti ligas kuo ankstyvesnése stadijose, kadangi ANS sutrikimai
sergant Siomis ligomis gali pasireik$ti anks€iau nei motoriniai simptomai
[34]. Gauti rezultatai palyginti su kitais ANS funkcijos sutrikimo rodikliais —
SRV parametrais ir sudétine autonominiy simptomy skale-31 (angl. Compo-
site Autonomic Symptom Score-31, COMPASS-31) bei nustatytos sasajos su
klinikiniais ANS paZeidimo poZymiais; kartu jvertinti antropometriniai
duomenys (figis, svoris, kiino masés indeksas — (KMI), liemens apimtis,
kluby apimtis); nustatyta DN ir KN ultragarsinio tyrimo parametry diagnosti-
né reik§mé pacientams, sergantiesiems PL ir SAS.

Naudotas aukstos raiskos ultragarsinis tyrimas yra neinvazinis, greitas ir
lengvai prieinamas metodas, tod¢l Sio tyrimo rezultatai turi tiesioging prak-
ting verte — jie gali buti integruoti j multidisciplininj pacienty vertinima,
padedantj anksciau jvertinti ligos progresavimg ir tiksliau taikyti individuali-
zuotas prieinamas terapijas.

Atsizvelgiant j SAS ir PL epidemiologine reikime, didelj sergamuma bei
poveikj gyvenimo kokybei, Sio darbo rezultatai prisideda prie naujy diag-
nostiniy ir ligos eigos progresavimo priemoniy kiirimo, plecia klinikinés
neurologijos Zinias ir atveria galimybes tolimesniems tarpdisciplininiams
tyrimams.

Darbo praktiné reik§mé

Atliekant tyrimus, nagrin¢janc¢ius KN ir DN ultragarsinius pokycius
sergant SAS ir PL, atveriamos naujos galimybés ankstyvai diagnostikai ir
diferencinei diagnostikai. Didelés raiskos ultragarsinio tyrimo matavimai —
skerspjiivio plotas, echogeniSkumas, homogeniskumas — derinami su kliniki-
niu i§tyrimu bei SRV tyrimais, leidZia nustatyti periferiniy nervy morfolo-
ginius poky¢ius dar ankstyvose ligos stadijose. Sio darbo rezultatai gali
prisidéti prie ankstyvesnés ir tikslesnés PL bei SAS diagnostikos, naujy
biozymeny paieskos, kurie galéty tapti papildomais jrankiais stebint ligos
progresavimg ir vertinant gydymo efektyvuma, taip pat prie multidiscipli-
ninio poziiirio stiprinimo (neurology, pulmonology, kardiology ir ANS
specialisty bendradarbiavimo), siekiant individualizuoti pacienty prieziiirg.
Be to, klinikinéje praktikoje Sie rezultatai gali praplésti ultragarsinés diagnos-
tikos taikyma, nes tai yra prieinamas, neinvazinis ir pakankamai greitas
metodas, tinkamas tiek moksliniams tyrimams, tiek praktinei veiklai neuro-
logijos klinikoje.
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1. LITERATUROS APZVALGA

1.1. Soniné amiotrofiné sklerozé

1.1.1. Soninés amiotrofinés sklerozés apibrézimas

SAS — tai progresuojanti neurodegeneraciné liga, pazeidzianti virutinius
ir apatinius motorinius neuronus, dél kuriy atsiranda raumeny silpnumas,
sunki negalia ir letali i$eitis [35-37]. Daugeliu atvejy SAS prieZastis licka
nezinoma. Apie 90-95 proc. atvejy yra sporadiniai, o genetiniai veiksniai pa-
tvirtinami 5-10 proc. pacienty [38, 39]. Naujausiais duomenimis, sergamu-
mas svyruoja nuo 0,6 iki 3,8 atvejy 100 000 gyventojy, o pasaulinis vidurkis
siekia apie 1,6-1,76 atvejo 100 000 gyventojy [39—42]. Pagrindinis SAS
centras Lietuvoje, veikiantis Lietuvos sveikatos moksly universiteto ligoni-
nés Kauno klinikose, kasmet nustato apie 20 naujy atvejy. SAS gali pasireiks-
ti bet kuriame amziuje, taciau sergamumas didéja su kiekvienu gyvenimo
deSimtmeciu, ypa¢ po 40 mety. Dazniausiai liga diagnozuojama vyresnio
amziaus pacientams — dazniausiai tarp 51 ir 66 mety [43—45]. Visose amZiaus
grupése SAS dazniau pasitaiko vyrams nei moterims. DidZiausias sergamu-
mo pikas vyrams fiksuojamas tarp 85-89 mety, o moterims — tarp 8084
mety. Manoma, kad motoriniy neurony degeneracijai jtakos turi daugybé
patofiziologiniy mechanizmy. Standartizuotas vyry ir motery santykis
padidéjo nuo 1,22 (1990 m.) iki 1,25 (daugiau nei 1 reiskia daznesnj pasireis-
kimg vyrams). [vairls patogeniniai veiksniai lemia platy klinikiniy pozymiy
ir simptomy spektra sergant SAS, todél diagnozé tampa sudétinga [46—48].

SAS biidinga virSutiniy ir apatiniy motoriniy neurony degeneracija,
sukelianti raumeny silpnuma, atrofija ir palaipsniui progresuojantj funkciniy
gebéjimy praradimg. Kliniking SAS iraiska yra heterogening, tadiau pagrin-
diniai simptomai kyla dél motoriniy neurony nykimo ir neuroraumeninés
sistemos sutrikimo [50]. Vienas ankstyviausiy ir dazniausiy SAS simptomy
yra progresuojantis raumeny silpnumas, kuris daznai prasideda lokalizuotai —
vienoje galiingje ar konkreCioje raumeny grup¢je — ir ligai progresuojant
plinta j kitas kiino sritis. Sj procesg lydi raumeny atrofija, atsirandanti dél
motoriniy neurony denervacijos ir sumazéjusio raumeny aktyvumo [51].
Raumeny silpnumas paprastai progresuoja asimetriskai, o tai yra vienas i$
klinikiniy poZymiy, padedané¢iy atskirti SAS nuo kity neuroraumeniniy ligy.

14



Kitas biidingas SAS simptomas yra raumeny fascikuliacijos, kurios atsi-
randa d¢l apatiniy motoriniy neurony pazeidimo ir denervacijos procesy bei
daznai matomos dar prie$ rySkig raumeny atrofija [50]. Nors fascikuliacijos
néra specifinis, tik sergantiesiems SAS biidingas simptomas, tadiau derinys
su progresuojanc¢iu raumeny silpnumu gali turéti diagnostine reikSme.

Virdutiniy motoriniy neurony (VMN) pazeidimas SAS atveju paprastai
pasireiSkia centrinio motoneurono pazeidimo simptomatika — padidéjusiu
raumeny tonusu, hiperrefleksija ir patologiniais refleksais. Sie simptomai
daznai gali pasireik$ti kartu su AMN pazeidimo pozymiais, sudarydami
biidingg misry klinikinj vaizda ir yra vieni i§ pagrindiniy SAS diagnostiniy
kriterijy [36].

Ligai progresuojant, daliai pacienty iSsivysto bulbariniai simptomai (di-
zatrija, disfagija), susij¢ su galvos smegeny kamieno motoriniy branduoliy
pazeidimu, o tai gali reikSmingai bloginti paciento gyvenimo kokybe bei
didinti aspiracijos ir mitybos nepakankamumo rizikg [51, 52]. Bulbariné
simptomatika gali pasireiksti tiek ligos pradzioje, tiek iSsivystyti vélesnése
ligos stadijose.
rodo, kad daliai pacienty gali pasireiksti ir kognityviniai bei elgesio pokyciai.
Sie simptomai apima vykdomuyjy funkcijy sutrikimus, elgesio poky¢ius ir
emocinj labiluma, o kai kuriais atvejais gali atitikti frontotemporalinés de-
mencijos kriterijus [36, 50].

Kveépavimo raumeny silpnumas kaip pirmasis simptomas pasireiskia tik
nedidelei daliai SAS pacienty, nes kvépavimo funkcijos sutrikimas dazniau
iSsivysto vélesnése ligos stadijose ir yra susijes su blogesne ligos prognoze
[53, 54].

1.1.3. Soniné amiotrofiné sklerozé ir autonominés nervu sistemos
sutrikimas

Nors SAS yra motoriniy neurony pazeidimo liga, tatiau vis daugiau
tyrimy rodo, kad ligos eigoje gali biiti pazeidZziamos ir nemotorinés nervy
sistemos struktiiros, jskaitant ANS. ANS yra atsakinga uz organizmo neva-
lingy funkcijy reguliavima, tokiy kaip Sirdies ritmo ir kraujospiidzio kontrole,
virSkinimas, Slapinimasis, prakaitavimas, vyzdziy reaktyvumas bei kvépa-
simptomai: ortostatin¢ hipotenzija su galvos svaigimu ar alpimu, Sirdies ritmo
sutrikimai, virSkinimo trakto motorikos poky¢iai, Slapimo puslés funkcijos
sutrikimai, prakaitavimo ir termoreguliacijos sutrikimai bei seksualinés dis-
funkcijos [55-57].

15



ANS sutrikimai SAS sergantiems pacientams daZniausiai pasireigkia be
aiSkiy klinikiniy simptomy, taciau objektyviis tyrimai atskleidzia reikSmin-
gus simpatinés ir parasimpatinés nervy sistemos reguliacijos sutrikimus.
Moksliniai tyrimai rodo, kad sergantiems SAS pacientams nustatomi
kardiovaskulinés autonominés kontrolés pakitimai, tokie kaip sumazgjes
SRV ir sutrikes barorefleksinis atsakas, rodantys pakitusj simpatinés ir para-
simpatinés nervy sistemos balansg [58]. Vélesni elektrofiziologiniai tyrimai,
verting simpatinés odos reakcijos ir SRV parametrus, patvirtino, kad ANS
sutrikimai sergantiems SAS pacientams yra dazni ir gali pasireiksti jau
ankstyvose ligos stadijose, nepriklausomai nuo motoriniy simptomy sun-
kumo [59].

Sie simptomai gali turéti reik§minga neigiama poveikj pacienty gyve-
nimo kokybei ir ligos prognozei, tod¢l jy sistemingas vertinimas tampa vis
svarbesnis klinikinéje praktikoje ir moksliniuose tyrimuose.

1.1.4. Soninés amiotrofinés sklerozés diagnostika

SAS diagnozuojama remiantis Soninés amiotrofinés sklerozés diagnosti-
niais kriterijais (angl. Gold Coast) [60], kurie buvo sukurti siekiant supa-
prastinti ir standartizuoti diagnozés patvirtinima. SAS diagnozé patvirtinama,
kai stebimas progresuojantis virSutiniy ir apatiniy motoriniy neurony pazei-
pozymiais ir ligos eigos stebéjimu, jvairiis diagnostiniai testai gali padidinti
vertinimo tikslumg ir sumazinti klaidy tikimybe [61]. Tik nedidelé dalis
serganéiyjy SAS atvejy yra paveldimi ir siejami su geny mutacijomis, tokio-
mis kaip SOD1, C9orf72 ir TARDBP [62]. Nors elektroneuromiografija
(ENMG) yra diagnostikos aukso standartas nustatant SAS, jos jautrumas néra
absoliutus ir gali priklausyti nuo specialisto patirties. Sis apribojimas ypa&
ryskus SAS atvejais, kai dominuoja VMN pazeidimas, ypa¢ kai liga prasi-
deda bulbarine forma. Vis délto ENMG islieka naudinga nustatant subklini-
kinius apatiniy motoriniy neurony (AMN) pazeidimus, pateikdama svarbiy
duomeny klinikinei SAS diagnozei pagristi [63].

1.1.5. Klajoklio ir diafragminio nervo poky¢iai sergant Sonine
amiotrofine skleroze

Sergant SAS gali biiti nustatomi ne tik KN [64—66], DN [14], bet ir
galiiniy periferiniy nervy degeneraciniai pokyciai [12]. AukStos raiSkos
ultragarsiniai tyrimai parodé reikSmingg KN atrofija pacientams, kuriems
pasireiSké bulbariniai simptomai, o tai rodo motoriniy skaiduly degeneracija
nervo viduje. Manoma, kad $i atrofija atsiranda del motoriniy neurony dege-

16



neracijos smegeny kamieno branduoliuose, tokiuose kaip dvejiniame bran-
duolyje (lot. nucleus ambiguus), kuris inervuoja rijimo ir kalbos raumenis
[65], todél KN atrofija gali prisidéti prie daznai SAS biidingy bulbariniy
funkcijy sutrikimy, tokiy kaip disfagija ir dizartrija [67].

Sergant SAS periferiniy nervy struktiiriniai poky¢iai apima aksony dege-
neracijg, mielino pazeidimus ir nerviniy skaiduly atrofija, kurie gali pasi-
reiksti dar ankstyvose ligos stadijose [68]. Sie pakitimai siejami su degene-
raciniais ir uzdegiminiais procesais, veikianciais nervo vientisuma, o perife-
riniy nervy strukttros vertinimas, jskaitant skerspjiivio plota ir echostruktiira,
gali suteikti papildomos informacijos apie ligos patofiziologija ir ankstyva
diagnostikg. Kartu su autonominés nervy sistemos disfunkcija, pasireiskian-
¢ia kardiovaskuliniais, kvépavimo, virS§kinimo ir urogenitaliniais sutrikimais
[69], Sie duomenys rodo, kad periferinés ir autonominés nervy sistemos
pazeidimai gali iSryskeéti dar prie§ kliniSkai akivaizdzig raumeny atrofija,
patvirtinamg klinikiniu i§tyrimu ar ENMG tyrimu [70].

1.1.6. Soninés amiotrofinés sklerozés gydymas ir prognozé

SAS vis dar islieka progresuojanti nepagydoma NL. Vieninteliai pa-
tvirtinti vaistai, kurie gali sulétinti ligos progresavima, yra riluzolis. Riluzolio
poveikis atsitiktiniy imciy kontroliuojamuose tyrimuose parodé, kad 12
ménesiy i§gyvenamumo tikimybé iSauga nuo 58 proc. (placebo) iki 74 proc.
(100 mg/d riluzolio) [71] ir buvo jrodyta, jog Sio vaisto poveikis yra
priklausomas nuo dozés [72, 73]. Taip pat gydymui skiriamas edaravonas,
kuris, vertinant pagal pakoreguota SAS funkcinés biklés skale (ALSFRS-R),
parodé létesnj ligos progresavimg ankstyvos ligos stadijos pacientams [74].
Vienas svarbiausiy gydymo metody yra neinvaziné ventiliacija (NIV)—
atsitiktiniy im¢iy kontroliuoto tyrimo duomenimis, pacientams, neturintiems
ryskios bulbarinés disfunkcijos, NIV prailgino iSgyvenamumg vidutiniSkai
205 dienomis ir pagerino gyvenimo kokybés rodiklius. [75—79]. Be to, dide-
lés apimties populiacinis tyrimas, atliktas Airijoje ir Siaurés Airijoje, parode,
kad pacientai, lankantys multidisciplinines SAS klinikas, turi reik§mingai
geresne iSgyvenamumo perspektyva, palyginti su tais, kurie gavo jprasting
bendrosios medicinos prieziiirg [80]. Metodai apimantys kvépavimo sistemos
palaikyma, mitybos priezitra ir koordinuota multidisciplininj specialisty
komandos darba — sudaro tvirtg pagrinda Soninés SAS prieziiirai, net ir esant
vaisty stokai, kurie galéty tiesiogiai veikti ligos eiga. SAS prognozé yra itin
jvairi: vidutine¢ iSgyvenamumo trukmé nuo simptomy pradzios paprastai
siekia 2—5 metus, ta¢iau dalis pacienty iSgyvena deSimtmet;j ar dar ilgiau. Tuo
tarpu vyresnis amzius ligos pradzioje ir bulbarin¢ ligos forma gali buti
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siejamas su trumpesniu i§gyvenamumu, o ligos pradzia pasireiskianti pirami-
dinés sistemos pazeidimu galiinése ir jaunesnis amzius dazniau biina susije
su palankesne ligos eiga ir ilgesniu i§gyvenamumu. Be to, kvépavimo funk-
cijos sutrikimai ir greitesnis funkcinés biiklés blogéjimas taip pat gali biiti
susijes su nepalankesne ligos prognoze [50, 81, 82]. Asmenings rizikos
vertinimas pager¢jo jdiegus amiotrofinés lateralinés sklerozés tyrimy tinklo
(angl. European network to cure ALS, ENCALS) iSgyvenamumo modelj,
kuris integruoja pagrindinius klinikinius ir genetinius rodiklius — amziy, ligos
forma, ALSFRS-R baly maz¢jimo sparta, kvépavimo funkcija bei C9orf72
mutacijos statusg — siekiant sudaryti individualizuotas SAS i§gyvenamumo
prognozes [83]. Taip pat kraujyje ir smegeny skystyje randamos padidéjusios
neurofilamento lengvosios grandinés (NfL) SAS atvejais gali koreliuoti su
greitesniu ligos progresavimu bei trumpesniu iSgyvenamumu, todél NfL
iStyrimas gali biiti naudojamas kartu su klinikiniu i$tyrimu [84, 85].

Apibendrinant galima teigti, kad SAS yra heterogeniné NL, pasizyminti
ne tik AMP ir VMN pazeidimu, bet ir ANS sutrikimu. Nors klinikinéje prak-
tikoje SAS diagnostika daugiausia remiasi motoriniy simptomy vertinimu ir
elektroneuromiografija, vis daugiau duomeny rodo, kad periferiniy nervy
struktiiriniai poky¢iai ir ANS gali pasireiksti ankstyvose ligos stadijose,
nepriklausomai nuo motoriniy simptomy sunkumo. DN ir KN nervy ultra-
garsiniai struktiiriniai pakitimai bei kardiovaskulinés ANS sutrikimai gali
suteikti papildomos informacijos apie ligos patofiziologija, eiga ir prognoze.
Taciau Siy pokyciy sisteminis vertinimas ir jy tarpusavio sgsajy analiz¢ vis
dar iSliecka nepakankamai iStirta sritis, sudaranti prielaidas tolesniems
tyrimams ir naujy neinvaziniy diagnostiniy Zymeny paieskai.

1.2. Parkinsono liga

1.2.1. Parkinsono ligos apibrézimas

PL pirma kartg 1817 m. daktaro Jameso Parkinsono apraSyta ir pavadinta
»~drebulio paralyziumi®, yra ilgalaike, progresuojanti liga, pasizyminti tiek
motoriniy, tiek nemotoriniy funkcijy nykimu. Si liga daro reikiminga poveikj
ja sergantiems asmenims, jy Seimoms ir slaugytojams, nes palaipsniui blogina
judesiy tiksluma bei raumeny koordinacija [86].

PL sergamumas paprastai siekia 10-50 atvejy 100 000 asmeny per me-
tus, o paplitimas — 100-300 atvejy 100 000 gyventojy [87]. Liga pasireisSkia
1 proc. asmeny, vyresniy nei 60 mety. Jaunesniems nei 50 mety asmenims $i
liga pasitaiko retai, taiau vyresnio amziaus gyventojy grup¢je jos paplitimas
padidéja iki 4 proc. Sie duomenys pabrézia aisky amziui priklausoma ligos
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paplitimo pobiidj — vyresniame amziuje stebimas ryskus sergamumo padidé-
jimas [88]. PL reiau pasitaiko Azijoje nei Siaurés Amerikoje, Europoje ir
Australijoje [89].

Aplinkos rizikos veiksniai, tokie kaip rikymas, kavos ir arbatos varto-
jimas bei kontaktas su pesticidais, ypa¢ chlororganiniais insekticidais, yra
siejami su PL. Sie veiksniai pabréZia sudétingg genetiniy ir aplinkos veiksniy
sgveika, lemiancig PL vystymasi [90].

PL vystymasis gali biiti nulemtas genetiniy ir aplinkos veiksniy bei
sen¢jimo procesy saveikos. Nors egzistuoja paveldimos Sios ligos formos,
dauguma atvejy yra idiopatiniai ir neturi aidkiai apibréztos priezasties. Sis PL
etiologijos neapibréztumas paskatino jvairiy galimy rizikos veiksniy tyrimus
[91]. PL placiai pripazistama kaip motorinius jgiidzius veikianti liga, taiau
Ji taip pat stipriai pazeidzia daugel; sistemy, jskaitant ANS. ANS sutrikimai
daznai pasireiSkia dar prie§ motoriniy simptomy atsiradima, pabrézdami
sisteminj PL pobidj [34].

1.2.1.1. Parkinsono ligos motoriniai simptomai

PL kliniskai pasireiskia motoriniy simptomy kompleksu, apibréziamu
kaip parkinsonizmas, kurio pagrindinis ir bitinas diagnostinis kriterijus yra
bradikineze, kuri pasireiskia judesiy sulétéjimu, sumazéjusia judesiy ampli-
tude bei sunkumu pradéti judesj [92]. Bradikineze daznai lydi kiti motoriniai
simptomai, tokie kaip ramybés tremoras, rigidiSkumas bei laikysenos ir
eisenos sutrikimai. Ramybés tremoras paprastai pasireiskia ligos pradzioje
vienoje kiino puséje, yra ryskesnis ramybés buisenoje bei sumazéja atliekant
valingus judesius. Nors ramybés tremoras daznai nustatomas PL sergantiems
pacientams, jis néra privalomas diagnostinis kriterijus ir gali nepasireiksti
visiems pacientams. RigidiSkumas apibiidinamas nuolat padidéjusiu raumeny
tonusu, kuris islieka viso pasyvaus judesio metu ir nepriklauso nuo judesio
greicio; klinikinio iStyrimo metu daznai nustatomas vadinamasis ,,dantracio*
fenomenas [93]. Progresuojant ligai, rySkéja eisenos ir laikysenos sutrikimai,
sumazéja fiziologinés sinkinezés einant, atsiranda sunkumas pradéti judesj,
pasisukti ar atsistoti i§ sédimos padéties, taip pat atsiranda ,,eisenos uzsalimo*
(angl. freezing of gait) epizodai, kurie reikSmingai didina griuvimy rizikg ir
blogina pacienty funkcinj pajéguma bei gyvenimo kokybe, ypac vélesnése
PL stadijose [94].

1.2.1.2. Parkinsono ligos nemotoriniai simptomai

PL pasizymi ne tik motoriniais, bet ir jvairiais nemotoriniais simptomais,
kurie gali pasireiksti dar prie§ motoriniy pozymiy atsiradimg ir reikSmingai
prisidéti prie ligos klinikinés naStos bei gyvenimo kokybés blogéjimo. Vieni
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dazniausiy nemotoriniy simptomy yra kognityviniai sutrikimai, apimantys
démesio, vykdomyjy funkcijy, atminties ir informacijos apdorojimo greicio
pablogéjima; progresuojant ligai, daliai pacienty iSsivysto PL demencija [94].
Ne maziau svarbiis yra afektiniai ir neuropsichiatriniai simptomai, tokie kaip
depresija, nerimas ir apatija, kurie gali pasireiksti bet kurioje ligos stadijoje,
daznai nepriklausomai nuo motoriniy simptomy sunkumo, ir neretai lieka
nepakankamai diagnozuoti [95]. PL sergantiems pacientams taip pat biidingi
miego sutrikimai, jskaitant nemigg, fragmentuota miega, dieninj mieguis-
tumg bei greity akiy judesiy miego sutrikima (angl. rapid eye movement,
REM), kuris laikomas vienu svarbiausiy prodrominiy Parkinsono ligos
pozymiy ir gali pasireiksti daugelj mety prieS motoriniy simptomy pradzia
[96]. Be to, daznai nustatomi sensoriniai ir suvokimo sutrikimai, ypac uoslés
susilpn¢jimas ar praradimas, kuris pasireiSkia didziajai daliai pacienty
ankstyvose ligos stadijose ir laikomas ankstyvu neurodegeneracijos Zymeniu
[97]. Prie nemotoriniy simptomy taip pat priskiriami skausmas, nuovargis,
nuotaikos svyravimai ir kiti nespecifiniai pojuciai, kurie daznai btina létiniai,
sunkiai koreguojami ir daro reikSmingg neigiamg poveikj kasdienei paciento
veiklai bei psichosocialinei savijautai [98].

1.2.1.3. Parkinsono liga ir autonominés nervuy sistemos sutrikimai

PL turi klasikinius motorinius simptomus (tremora, bradikinezg, rigi-
diskuma), taciau ligos metu gali pasireiksti nemotoriniai ANS funkcijos sutri-
kimo simptomai. Pastaraisiais deSimtmeciais ANS sutrikimai gali atsirasti
tiek ankstyvose PL ligos stadijose, tiek progresuojant ligai, ir yra susij¢ su
zymiu pacienty gyvenimo kokybés blogéjimu — ne tik dél tiesioginiy simp-

Patofiziologiskai PL ANS funkcijy sutrikimai yra susij¢ su a-syn poky-
Ciais, kurie yra vieni pagrindiniy ligos neuropatologiy pozymiy. Lewy
kiineliy ir Lewy neurity sankaupos nustatomos ne tik dopaminerginése moto-
rinése struktiirose, bet ir centrinése autonominés reguliacijos srityse, jskaitant
smegeny kamieno branduolius (ypac dorsalini KN branduoli), pogumburyje
bei kituose centrinio autonominio tinklo komponentuose [100, 101]. Be to,
daugelis neuropatologiniy tyrimy parod¢, kad a-syn sankaupos aptinkamos ir
periferinése autonominése struktiirose, tokiose kaip KN, simpatiniai ganglijai
ir enteriné nervy sistema, net ir tais atvejais, kai motoriniai simptomai dar
néra ryskiis [99, 100]. Sie pakitimai sudaro pagrinda vadinamajai ,,body-first*
PL hipotezei, pagal kurig patologinis procesas gali prasidéti periferinéje
autonominéje nervy sistemoje — ypac¢ virSkinimo trakte ar KN aferentinése
skaidulose — ir véliau pereiti ir iSplisti j centrine nervy sistema. Sia hipoteze
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patvirtina autopsiniai tyrimai, kuriuose a-syn patologija nustatoma periferi-
nése struktiirose ankstyvose Lewy kiineliy ligos stadijose, laitkomose pradi-
némis Parkinsono ligos formomis [99, 101, 102]. Nors tai ir nepaaiskina visy
PL fenotipy, ji padeda suprasti ankstyva autonominiy simptomy atsiradima ir
periferinés nervy sistemos vaidmenj ligos patogenezéje.

ANS funkcijos sutrikimai apima kardiovaskuling, vir§kinimo, urogenita-
ling, seksualine bei termoreguliacing funkcijas. Remiantis epidemiologiniais
duomenimis, jvairaus laipsnio ANS disfunkcija skundziasi iki 70-90 proc.
pacienty. [99, 103]. Kardiovaskuliné ANS disfunkcija pasireiskia ortostatine
hipotenzija, kuri yra susijusi su silpnu simpatiniu atsaku ir barorefleksinés
funkcijos sutrikimu, todél gali sukelti galvos svaigima, sinkope bei padidinti
kritimy rizika. Tokia neurogening ortostatiné hipotenzija yra diagnozuojama,
kai sistolinis arterinis kraujospiidis sumaz¢ja bent > 20 mm Hg ar diastolinis
> 10 mm Hg po 3 minuciy stovint [103, 104]. VirSkinimo trakto funkcijos
sutrikimai yra vieni ankstyviausiy ir dazniausiy nemotoriniy PL pozymiy.
Viduriy uzkiet¢jimas, disfagija ir sulétejes skrandzio iSsitustinimas daznai
pasireiskia dar prodrominéje ligos stadijoje ir siejami su enterinés nervy
sistemos, bei KN patologija [99, 103]. Urogenitaliniai ir seksualiniai sutriki-
mai, tokie kaip Slapinimosi daznumo poky¢iai, Slapimo nelaikymas ar erek-
cijos disfunkcija, yra dazni ir daznai nepakankamai jvertinami klinikin¢je
praktikoje. Sie simptomai turi reik§minga psichosocialinj poveikj ir prisideda
prie bendros ligos nastos [98].

Ankstyvas ANS disfunkcijos atpazinimas yra biitinas siekiant efektyvaus
gydymo, nes laiku pradétas valdymas gali reikSmingai pagerinti pacienty
biikle. Gydymas paprastai reikalauja kompleksinio poziiirio, pradedant nuo
galimai simptomus sukelianciy vaisty identifikavimo ir jy nutraukimo.
Individualizuotas, daugiadisciplininis gydymo metodas, kuriame dalyvauja
neurologas, kardiologas ir ANS specialistas, leidzia optimizuoti pacienty
priezitra [105].

1.2.2. Klajoklio nervo poky¢iai sergantiesiems Parkinsono liga

KN inervuoja dauguma rykleés ir gerkly raumeny, biitiny rijimui ir kalbai,
taip pat atlieka svarby vaidmenj kalbos valdyme ir kvépavimo taky apsaugo-
je, reguliuodamas Siy raumeny veikla. Kriitinés Iastoje KN suteikia pagrindi-
ne¢ parasimpating inervacija SirdZiai, dalyvaudamas Sirdies ritmo reguliacijoje
ir skatindamas Sirdies aktyvumo sumazéjima [106, 107], taip palaikydamas
Sirdies ir kraujagysliy sistemos pusiausvyrg ramybés ir virSkinimo metu [ 108,
109].

KN tradiciskai buvo daugiausia tiriamas dél savo poveikio vidaus organy
funkcijy reguliacijai, ypa¢ dél vaidmens kaip simpatinés nervy sistemos
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antagonisto. Dauguma vidaus organy parasimpating inervacija gauna per KN.
Parasimpating ir simpatiné nervy sistemos veikia dinamiskai priesingai, kartu
reguliuvodamos pagrindines ANS funkcijas ir palaikydamos fiziologing
pusmusvyrq [110]. Simpatinés sistemos aktyvacija sukelia krauJagyshq
susiauréjima, bronchy iSsiplétima, Sirdies ritmo padaznéjima bei Zarnyno ir
Slapimo puslés sfinkteriy susitraukimg — tai paruoSia organizma stresui ir
aktyvumui. Tuo tarpu KN uztikrina parasimpating jtakg Sioms sistemoms,
skatindamas atsipalaidavima ir vidaus organy veiklos normalizavimg [111].

Neuropatologiniai tyrimai rodo, kad centrinj ANS tinkla, apimantj sme-
geny zieve, insuliaring zieve, pagumburj, smegeny kamieng ir nugaros
smegenis, pazeidzia tiek neurony nykimas, tiek a-syn sankaupos [112—117].
Periferin¢je ANS taip pat rodo reikSminga neurony nykima bei a-sinukleino
pakitimus sergant PL ypa¢ KN, simpatiniy nerviniy skaiduly ir enteriniy
nerviniy rezginiy. Svarbu, kad a-syn sankaupos Siose periferinése struktiirose
gali kauptis anksc¢iau nei centrinéje nervy sistemoje, o tai leidzia daryti
prielaidg apie galimg ir perifering ligos kilme [117-120].

Senstant KN aferentinése skaidulose atsiranda struktiiriniy pakitimy,
kurie sutrikdo virSkinamojo trakto jutiminj griztamajj rysj ir motorikos
reguliacijg. Taip pat stebimi struktiiriniai (morfologiniai, histopatologiniai ir
neurodegeneraciniai) poky¢iai mazginiuose ir nugaros smegeny ganglijuose
bei KN aferentinése nervinése galiinése virskinimo trakte, dél kuriy blogéja
nerviniy impulsy perdavimas. Sie poky¢iai lemia KN aferentiniy skaiduly
funkcijos silpnéjimg ir prisideda prie virskinimo funkcijos sutrikimy, iskai-
tant virSkinamojo trakto motorikos sutrikimus bei visceralinj hiperjautruma
[121].

1.2.3. Parkinsono ligos diagnostika

Vv —

niy sistemy, 1§ kurlq Siuo metu placiausiai taikomi Judesiy sutrikimy asocia-
cijos (angl. Movement Disorder Society, MDS) kriterijai [92]. Jie pasizymi
didesniu jautrumu ir specifiSkumu, palyginti su anks¢iau naudotais Jungtinés
Karalystés Parkinsono ligos asociacijos smegeny banko (angl. UK Parkin-
son’s Disease Society Brain Bank) kriterijais [122]. Pagal MDS kriterijus, PL
diagnozei patvirtinti svarbios specifinés motoriniy simptomy kombinacijos —
bradikinezija, tremoras ir rigidiSkumas — bei budinga teigiama reakcija ]
gydyma. Papildomi vaizdiniai ar laboratoriniai tyrimai dazniausiai atlickami
siekiant atmesti kitas galimas ligas [92]. Naujesni bioZymenimis grjsti tyri-
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mai rodo daug Zzadancias galimybes. a-syn aptikimas kraujo ir seiliy megi-
niuose, taikant aSyn-SAA metoda, pasiekia aukSta diagnostinj tiksluma —
apie 95 porc. jautrumg ir 92 proc. specifiSkuma — panasy j smegeny skyscio
tyrimy rodiklius, ta¢iau yra maziau invazyvus. Platesnés biozymeny apzval-
gos rodo reikSmingg pazangg smegeny skyséiy, vaizdinimo (angl. neuro-
imaging) ir genetiniy metody srityse [123, 124]. Be to, taikomi ir neinvaziniai
pagalbiniai tyrimai, tokie kaip transkranijiné sonografija (TKS) [125] bei
uoslés funkcijos vertinimas [126]. Taigi, nors $iuo metu PL diagnostika vis

leidzia tikétis tikslesnés ir ankstyvesnés diagnostikos ateityje.

1.2.4. Parkinsono ligos gydymo principai ir prognozé

PL gydymas yra kompleksinis ir individualizuotas, siekiant palengvinti
simptomus bei pagerinti paciento gyvenimo kokybe, kadangi ligos progre-
savimo sustabdyti §iuo metu néra galimybiy. Pagrindinis gydymo principas —
dopaminerginés funkcijos atkiirimas arba kompensacija. Pirmo pasirinkimo
medikamentas dazniausiai yra levodopa kartu su dekarboksilazés inhibito-
riumi, kuris iSlieka efektyviausias simptomy kontrolés biuidas [127]. Kiti
dopaminerginiai preparatai, tokie kaip dopamino agonistai (pvz., pramipek-
solis, ropinirolis) ar monoaminooksidazés B (MAQO-B) inhibitoriai (selegili-
nas, rasagilinas), gali buti skiriami ankstyvose ligos stadijose arba vartojami
kartu su levodopa, siekiant sumazinti motoriniy komplikacijy rizika [128].
Progresuojant ligai, daznai pasireiSkia motorinés fluktuacijos ir diskinezijos,
tode¢l taikomos kombinuotos gydymo schemos, jskaitant COMT inhibitorius
ar levodopos infuzijas [129]. Nemotoriniy simptomy valdymas apima anti-
depresanty vartojimg, ANS sutrikimy korekcija bei kognityviniy simptomy
kontrolg. Chirurginis gydymas — gilioji smegeny stimuliacija (GSS) — taiko-
mas pazengusiose ligos stadijose pacientams, kuriy simptomy nebeimanoma
efektyviai kontroliuoti farmakologinémis priemonémis [130]. Vis daugiau
démesio skiriama nefarmakologiniams metodams: kineziterapijai, ergotera-
pijai, logopedinei pagalbai, psichosocialinei paramai bei naujoms technolo-
gijoms, pavyzdziui, virtualios realybés treniruotéms. Sios priemonés gali pa-
deti iSlaikyti funkcinius gebé¢jimus ir pagerinti kasdienj gyvenimag [131].
Ateityje daug Zzadanti kryptis yra neuroprotekciniai bei ligos progresavimg
modifikuojantys gydymo biidai, kurie $iuo metu dar tebéra klinikiniy tyrimy
stadijoje [94].

PL gydymo prognoz¢ daugiausia susijusi su ilgaamziSkumu ir gyvenimo
kokybe. Tinkamai parinkta dopaminerginé farmakoterapija, DSS bei nuosek-
lus fizinis aktyvumas leidzia ilgus metus iSlaikyti gera funkcijg ir nepriklau-
somybe, nors liga i§licka progresuojanti. Nepalankesne ligos eiga dazniausiai
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prognozuoja vyresnis amzius, vyriskoji lytis, ry$ki motoriné negalia ar aSiniai
simptomai (PIGD fenotipas), dazni kritimai, disfagija, infekcijos, demencija
bei psichozé. giq ,klininiy ribozenkliy* atsiradimas zenkliai didina mirtin-
gumo rizika, o jy kumuliacija ja dar labiau padidina. Ilgalaikéje perspek-
tyvoje GSS patikimai ir ilgalaikiai pagerina motoring funkcija bei gyvenimo
kokybe, taciau nekeicia ligos biologinés trajektorijos — levodopai atsparis
simptomai ir nemotorinés problemos vis tiek progresuoja. Tuo pat metu
reguliarus fizinis aktyvumas iSlieka vienu stipriausiy teigiamy prognostiniy
veiksniy: aukstesnis fizinio aktyvumo lygis siejamas su létesne klinikine eiga
ir geresniais ilgalaikiais rezultatais. Taigi, taikant Siuolaikinj simptominj
gydyma ir reabilitacija, dauguma pacienty gali daugelj; mety iSlaikyti gera
funkcing biikle, tac¢iau sumazejes iSgyvenamumas vis tiek iSlieka, ypac esant
kognityviniams bei aSiniams simptomams ir komplikacijoms, tokioms kaip
kritimai ar infekcijos [132—-138].

Apibendrinant galima teigti, kad PL yra sisteminé NL, pasireiSkianti ne
tik budingais motoriniais simptomais, bet ir placiu nemotoriniy pozymiy
spektru, tarp kuriy ypa¢ svarbiis ANS sutrikimai. Vis daugiau klinikiniy ir
neuropatologiniy duomeny rodo, kad ANS ir periferinés nervy sistemos
pazeidimai, jskaitant KN ir entering nervy sistema, gali atsirasti ankstyvose
ligos stadijose ir kai kuriais atvejais net preceduoti motoriniy simptomy pasi-
reiSkimg. A-syn patologijos nustatymas periferinése ANS strukttirose sudaro
pagrindg ,,body-first” PL patogenezés hipotezei ir pabrézia periferiniy nervy
struktiiros bei ANS funkcijos vertinimo svarbg. Nepaisant to, periferiniy
nervy struktiiriniy pokyc€iy ir ANS funkcijos sutrikimo tarpusavio s3sajos
klinikingje praktikoje iSlieka nepakankamai iStirtos, o neinvaziniy, lengvai
pritaikomy metody ankstyvai diagnostikai vis dar triiksta. Tai pagrindzia
poreikj sistemingai tirti KN strukttirinius poky¢ius ir jy ryS$j su ANS funkcijos
sutrikimais sergant PL.
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2. TIRTAMIEJI IR METODAI

2.1. Tiriamyjy atranka ir grupiu sudarymas

Tyrimas vykdytas Lietuvos sveikatos moksly universiteto Medicinos
akademijos, Medicinos fakulteto (LSMU MA MF) bei Lietuvos sveikatos
moksly universiteto ligoninés Kauno kliniky (Kauno kliniky) Neurologijos
klinikoje 2021-2025 metais. Jo atlikimui buvo gautas Kauno regioninio bio-
medicininiy tyrimy etikos komiteto patvirtinimas (protokolo Nr. BE-2-46).

I tiriamyjy grupe jtraukti Sonine amiotrofine skleroze ir Parkinsono liga
sergantys pacientai, kurie 2021-2024 metais buvo gydyti ir tirti Kauno
kliniky Neurologijos klinikoje. Prie§ atliekant tyrima, visi dalyviai buvo
informuoti apie tyrimo tikslg ir eigg bei pasiras¢ informuoto sutikimo doku-
mentus (informuoto asmens sutikimo forma pateikiama 1 priede).

2.1.1. Tiriamyjy jtraukimo j biomedicininj tyrimag kriterijai

Siekiant uztikrinti tyrimo rezultaty patikimuma ir tiriamyjy grupiy
homogeniSkuma, prie§ jtraukiant pacientus j biomedicininj tyrimg buvo nu-
statyti aiSkis jtraukimo kriterijai. Tiriamyjy atranka vykdyta remiantis klini-
kiniais, diagnostiniais ir instrumentiniais duomenimis, leidZianciais patvir-
tinti PL arba SAS diagnozg ir atmesti kitas galimas neurologines ar neurorau-
menines patologijas, galin€ias turéti jtakos ANS funkcijai ar periferiniy nervy
struktiirai.

I tyrimg buvo jtraukiami pacientai, atitinkantys Siuos kriterijus:

1. Vyresni nei 18 mety pacientai.

2. Gydomi Lietuvos sveikatos moksly universiteto ligoninés Kauno
kliniky (Kauno kliniky) Neurologijos klinikos Nervy sistemos ligy
ambulatoriniame skyriuje ir Neurologijos skyriuje, kuriems diagno-
zuota Parkinsono liga ar Sonin¢ amiotrofiné sklerozé.
kriterijais [92].

SAS patvirtinta remiantis Gold Coast diagnostiniais kriterijais [60].

3. Elektrofiziologiniais ir vaizdiniais tyrimais néra jtariama kita liga:
ropatija, smulkiy skaiduly polineuropatija, Gimi polineuropatija
(Guillain-Barre sindromas, toksiné polineuropatija); nustatyta kita
neurodegeneraciné liga (frontotemporaliné demencija, supranuklea-
rinis paralyzius, iSsetiné skleroz¢, Huntingtono liga), neuroraume-
ninés jungties ligos (generalizuota miastenija).
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Tyrimo kriterijus atitiko 60 PL pacienty ir 32 SAS pacientai, kurie buvo
gydyti Kauno kliniky Nervy sistemos ligy ambulatoriniame ir Neurologijos

skyriuje.

PL pacientams buvo atlickami $ie tyrimai:

1)

2)

3)
4)

klinikinis tyrimas (neurologinis iStyrimas, ligos stadijos patikslini-
mas naudojant Hoehn Yhr skale (2 priedas), jvertinti antropomet-
riniai duomenys, demografiniai rodikliai);

klajoklio nervo ultragarsinis tyrimai atliktas naudojant aukStos rais-
kos ultragarso aparatg ,,Philips EPIQ 7° (Philips Healthcare, Konin-
klijke Philips N.V., Nyderlandai, 2019.04.25) su linijiniu 4-18 MHz
davikliu. Tyrimo metu taikyti auksti dazniai (12—18 MHz), optimi-
zuoti pavirSiniy nervy vizualizacijai, vaizdinimas atliktas B rezimu,
fokusa nustatant tiriamo nervo gylyje (CE 0086);

24 val. trukmés Holterio monitoravimas;

Sudétiné autonominiy simptomy skalé-31 (COMPASS-31).

SAS pacientams buvo atliekami ie tyrimai:

1)

2)

3)
4)

klinikinis iStyrimas (neurologinis iStyrimas, ligos formos patiksli-
nimas, jvertinti antropometriniai duomenys, demografiniai rodikliai
(3 priedas));

klajoklio ir diafragminio nervy ultragarsinis tyrimas atliktas nau-
dojant aukstos raiskos ultragarso aparatg ,,Philips EPIQ 7° (Philips
Healthcare, Koninklijke Philips N.V., Nyderlandai, 2019.04.25) su
linijiniu 4-18 MHz davikliu. Tyrimo metu taikyti auks$ti dazniai
(12-18 MHz), optimizuoti pavirSiniy nervy vizualizacijai, vaizdini-
mas atliktas B rezimu, fokusa nustatant tiriamo nervo gylyje
(CE 0086);

24 val. trukmés Holterio monitoravimas;

Sudétiné autonominiy simptomy skalé-31 (COMPASS-31).

2.1.2. Kontroliné pacienty grupé

Siekiant jvertinti periferiniy nervy ultragarsiniy ir ANS funkcijos rodik-
liy poky¢ius sergant PL ir SAS bei juos palyginti su normatyviniais rodikliais,
1 tyrimg buvo jtraukta kontroliné pacienty grupé. Kontrolinés grupés tiria-
mieji parinkti taip, kad nebiity nustatyta neurologiniy, neurodegeneraciniy ar
neuroraumeninés jungties ligy, galinCiy turéti jtakos periferiniy nervy
struktiirai ar autonominés nervy sistemos funkcijai.
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Buvo jtraukti:

1. Vyresni nei 18 mety pacientai.

2. Asmenys, kuriems klinikinio neurologinio iStyrimo, elektroneuro-
miografijos ir vaizdiniy tyrimy (galvos smegeny magnetinio rezo-
nanso ar kompiuterinés tomografijos) metu nenustatyta polineuro-
patijy, neurodegeneraciniy ar neuroraumenings jungties ligy.

3. Kontroling grupe sudaré tiriamieji, tirti Kauno kliniky Nervy siste-
mos ligy ambulatoriniame ir Neurologijos skyriuje, kuriems atlikus
klinikinj ir instrumentinj iStyrima nenustatyta neurologiné patolo-
gija, galinti turéti jtakos tyrimo rezultatams.

2.2. Klinikinis tyrimas

Kiekvienam pacientui, sergan¢iam PL ir SAS buvo uZpildytas indivi-
dualus klausimynas (2 priedas (PL) ir 3 priedas (SAS)), o surinkti duomenys
jvesti | kompiutering duomeny baze analizei. Klausimyne buvo pateikti klau-
simai apie demografinius ir klinikinius pozymius: lytj, amziy, ligos trukme,
gretutines ligas, vartojamus vaistus; fiziologinius parametrus: tgi, svorj,
KMI, liemens ir kluby apimtj; jvertinta neurologiné bukl¢ (ligos stadija ar
simptomais ir objektyvaus neurologinio iStyrimo duomenimis. Prie§ iStyrima
perzitiréta medicininé dokumentacija, susistemintos Zinios apie ligos pradzia,
vyraujanius simptomus. Jvertinti atlikti tyrimai (elektroneuromiografija,
magnetinio rezonanso tyrimas).

2.2.1. Pagrindinés grupés klinikinés charakteristikos

Siekiant apibuidinti tiriamyjy grupe ir jvertinti galimus klinikinius veiks-
nius, galinCius turéti jtakos tyrimo rezultatams, buvo surinktos ir iSanalizuo-
tos pagrindinés PL ir SAS serganéiy pacienty klinikinés charakteristikos. Sios
charakteristikos apémé demografinius duomenis, ligos pradzios ir eigos
ypatumus, gretutines ligas, Seiming anamneze, autonomings nervy sistemos
funkecijos rodiklius bei taitkomg medikamentinj gydyma.

AmZius ligos pradZioje: ivertintas tiriamojo paciento amzius metais
pasireiSkus pirmiesiems ligos simptomams.

Pirmieji simptomai ligos pradzioje: buvo jvertinta, kokie buvo pirmieji
atveju).

Ligos trukmé: abiejy ligy atvejy ligos trukmé laikytas periodas nuo
diagnozés nustatymo dienos iki jtraukimo j tyrimg. [vertintos gretutinés ligos
nuo ligos nustatymo dienos iki jtraukimo j tyrima.
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Seiminé anamnezé: buvo vertinama neurodegeneraciniy ligy anamnezé
pirmos eilés giminai¢iams (tévams, broliams, seserims). Tais atvejais, kai
tirlamieji neturé¢jo informacijos apie tokiy ligy buvima Seimoje, buvo laiko-
ma, kad Seiminé anamnez¢ yra neigiama.

ANS vertinimas: vertinta naudojant sudétiné autonominiy simptomy
skalé 31 — COMPASS-31 (kartu 1 ir 2 prieduose). Vertinta ortostatinis neto-
leravimas, vazomotoriné, sekreciné, virSkinimo, Slapimo puslés ir vyzdzio
funkcija.

Medikamentinis gydymas: SAS ligos atveju jvertinta ar pacientas gauna
specifinj gydyma riluzoliu ar kitu preparatu.

2.2.2. Kontrolinés grupés charakteristikos

Kontrolinés grupés tiriamiesiems buvo jvertintos demografinés savy-
bés — lytis ir amzius — bei fiziologiniai rodikliai, tokie kaip tigis, svoris, KMI,
liemens ir kluby apimtis. Kontrolinés grupés duomenys buvo surinkti i§ paciy
tiriamyjy bei jy medicininés dokumentacijos, jskaitant informacija apie
nustatytas ligas ir anksciau atliktus tyrimus.

2.3. Ultragarsinis diafragminio ir klajoklio nervy tyrimas

Abiejy nervy — diafragminio ir klajoklio — ultragarsinj tyrimg atliko du
nepriklausomi tyréjai, naudodami aukstos raiSkos ultragarso aparata ,,Philips
EPIQ 7 (Philips Healthcare, Koninklijke Philips N.V., Nyderlandai,
2019.04.25) su linijiniu 4-18 MHz davikliu. Tyrimo metu taikyti auksti
dazniai (12—-18 MHz), optimizuoti pavirSiniy nervy vizualizacijai, vaizdini-
mas atliktas B rezimu, fokusg nustatant tiriamo nervo gylyje (CE 0086). KN
ultragarsinis tyrimas atliktas kaklo srityje, skersin¢je plokstumoje, miego
makstyje tarp bendrosios miego arterijos ir vidinés jungo venos. DN ultra-
garsinis tyrimas atliktas kaklo srityje vir§ raktikaulio, skersinéje plokStumoje,
priekinio laiptinio raumens (lot. m. scalenus anterior) pavirSiuje.

2.3.1. Diafragminio nervo vertinimas

B rezimo ultragarso vaizduose jungiamojo audinio makstyje, ant prieki-
nio laiptinio raumens pavirsiaus, buvo matoma verpstés formos struktiira su
hipoechogenine Serdimi ir hiperechogenine periferija, identifikuota kaip DN.
Buvo vertintas desinysis ir kairysis DN. Siekiant tiksliai atskirti nervg nuo
gretimy kraujagysliy, papildomai buvo naudojamas Doplerio rezimas. [ver-
tintos kiekybinés ir kokybinés nervo savybés: echosandara (homogeniska
arba heterogeniska) ir echogeniSkumas (hipoechogeniskas, izoechogeniskas
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ar hiperechogeniskas). DNSP buvo matuojamas rankiniu buidu, taikant ranki-
nio kontiiravimo (angl. freehand tracing) metodika, apibréziant hipoecho-
gening nervo Serdj hipoechogeniSkumo—hiperechogeniSkumo riboje ir ne-
jtraukiant aplinkinio jungiamojo audinio, vadovaujantis Walter ir kt. (2019)
aprasyta metodika (2.3.1.1 pav. C). Kiekvienas tyréjas kiekviena puse
matavo tris kartus (0,01 mm? tikslumu), apskaiciuotas vidurkis, o véliau —
bendras vidutinis rezultatas. Ultragarsinius nervy tyrimus atliko du nepriklau-
somi tyréjai, turintys klinikinés patirties periferiniy nervy ultragarsiniuose
tyrimuose ir prie§ tyrimo pradzig susipazing su standartizuota tyrimo
metodika. Pagrindinis tyr¢jas turéjo periferiniy nervy ultragarsiniy tyrimy
patirties, jgytos klinikinés stazuotés metu Viurcburge (Vokietija), kuri buvo
perduota antrajam tyréjui prie§ tyrimo pradzia, taikant standartizuota moky-
mo ir metodikos suderinimo procesa. Tyréjai buvo neinformuoti apie vienas
kito gautus duomenis, siekiant uztikrinti vertinimo objektyvuma.

Diafragminis

2.3.1.1 pav. (A) Normalus diafragminio nervo vaizdas sveikam savanoriui.
(B) Diafragminio nervo ultragarso vaizdas SAS (Soninés amiotrofinés
sklerozés) tiriamajam. (C) Metodika, skirta diafragminio
nervo skerspjiivio ploto matavimui
ASM (angl. anterior scalenus muscle) — priekinis laiptinis raumuo. 1IJV (angl. internal

Jjugular vein) — vidiné miego vena. ICA (angl. internal carotid arteria) — vidiné miego
arterija.

Kontrolinéje grupéje desiniojo DNSP vidurkis buvo 1,12 + 0,16 mm?, o
95 proc. referentiniai normos dydziai, apskaiciuotas kaip vidurkis + 1,96
standartinio nuokrypio, sieké 0,80-1,43 mm?. Kairiojo diafragminio nervo
storio vidurkis buvo 1,08 + 0,13 mm?, 0 95 proc. referentinis normos dydis —
0,82-1,33 mm?.

Matavimy patikimumui jvertinti buvo apskaiCiuotas tyréjy precizisku-
mas. Vieno tyréjo pakartotiniy matavimy (intra-rater) patikimumas buvo
labai geras (ICC =0,92; 95 proc. PI: 0,89-0,94), taip pat nustatytas labai geras
dviejy nepriklausomy tyréjy matavimy suderinamumas (inter-rater) (ICC =
0,90; 95 proc. PI: 0,87-0,93). Gauti rezultatai patvirtina aukstg taikomo ultra-
garsinio tyrimo metodo patikimuma.
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2.3.2. Klajoklio nervo vertinimas

B rezimo ultragarsiniuose vaizduose KN buvo vizualizuotas Salia miego
arterijos i$siSakojimo, uz vidinés ir bendrosios miego arterijos jungties. Buvo
vertintas deSinysis ir kairysis KN. KNUG metu jis identifikuotas kaip struk-
tlira su jungiamojo audinio membrana, turinti hipoechogenine vidine dalj ir
hiperechogeninj iSorinj sluoksnj (2.3.2.1 pav.). Nervo skersmuo milimetrais
buvo matuojamas dviejose vietose — ties miego arterijos lempute ir bendro-
sios miego arterijos iSsiSakojimo lygyje. [vertinta nervo struktiira (homoge-
niSka ar heterogeniska) bei echogeniSkumas (hipoechogeniskas, izoecho-
geniskas arba hiperechogeniskas). Klajoklio nervo skerspjtivio ploto (KNSP)
matavimui taikyta skersinés projekcijos metodika, aprasyta Walter (2018),
apibréziant hipoechogening nervo ribg jo hiperechogeniskame pakrastyje.
Kiekvienas tyr¢jas kiekvieng pus¢ matavo tris kartus (0,01 mm? tikslumu);
apskaicCiuoti atskiri vidurkiai, o véliau — bendras vidutinis rezultatas. Ultra-
garsinius nervy tyrimus atliko du nepriklausomi tyr¢jai, turintys periferiniy
nervy ultragarsiniy tyrimy patirties; pagrindinio tyr¢jo patirtis, jgyta
klinikinés stazuotés metu Viurcburge (Vokietija), pries tyrimo pradzig buvo
perduota antrajam tyréjui, taikant standartizuotg mokymo ir metodikos
suderinimo procesg. Abu tyré¢jai dirbo nepriklausomai ir buvo neinformuoti
apie vienas kito gautus duomenis, siekiant uztikrinti vertinimo objektyvuma.
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= Klajoklis nervas

Klajoklis nervas
o

o

2.3.2.1 pav. (A) Normalus klajoklio nervo vaizdas sveikam savanoriui
(hipoechogeniskas, homogeniskas). (B) Metodika klajoklio nervo
skerspjitvio ploto matavimui (izoechogeniskas, homogeniskas).
(C) SAS paciento klajoklio nervo ultragarso vaizdas (hiperechogeniskas,
homogeniskas). (D) SAS paciento klajoklio nervo vaizdas
(hiperechogeniskas, heterogeniskas)

ASM (angl. anterior scalenus muscle) — priekinis laiptinis raumuo. 1IJV (angl. internal
Jjugular vein) — vidiné jungo vena. ICA (angl. internal carotid arteria) — vidiné miego arterija.

Sveiky asmeny desSiniojo KNSP buvo 2,07 £ 0,18 mm? (95 proc. PI:
2,03-2,12), o kairiojo — 1,87 + 0,21 mm? (95 proc. PI: 1,82—1,93). DeSiniojo
klajoklio nervo skerspjuvio ploto reikSmés svyravo nuo 1,76 iki 2,54 mm?,
kairiojo — nuo 1,35 iki 2,38 mm?. Pagal 2,5-97,5 procentiles nustatytos desi-
niojo klajoklio nervo skerspjiivio ploto referentinés ribos buvo 1,77—
2,47 mm?, o kairiojo — 1,41-2,32 mm?.
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2.4. Sirdies ritmo variabilumas

Tyrimas atliktas Kauno kliniky Neurologijos klinikos Nervy sistemos
ligy ambulatoriniame skyriuje ir Neurologijos skyriuje, pacientams, kuriems
diagnozuota SAS ar PL. Tyrimg atliko vienas tyréjas — gydytojas neurologas
laikydamasis rekomendacijy, naudojant keturiy elektrody sistema [139].
Elektrodai buvo tvirtinami ant kriitinés sienos ir priekinio liemens pavirSiaus,
laikantis modifikuotos galiiniy derivacijy schemos, pritaikytos ilgalaikiam
monitoravimui. Trys elektrodai buvo naudojami aktyviems EKG signalams
registruoti, o ketvirtasis elektrodas — kaip referentinis (,,zemés®, angl.
ground) elektrodas, skirtas triukSmui ir judéjimo artefaktams sumazinti. Toks
elektrody iSdéstymas leidzia patikimai registruoti EKG signala kasdienés
veiklos metu, uZztikrina gerg signalo kokybe ir yra placiai taikomas
ilgalaikiame §irdies ritmo ir ritmo variabilumo vertinime [139]. Siame tyrime
SRV buvo apskaiGiuotas naudojant 24 val. Sirdies ritmo monitoravimo
duomenis, gautus i§ SAS pacienty, dévéjusiy ,,Holter” monitorius. Analizuoti
trys pagrindiniai SRV rodikliai: normaliy sinusiniy $irdies diiziy intervaly
standartinis nuokrypis (SDNN), kvadratiniy Sakny vidurkis i§ nuosekliy
normaliy Sirdies duziy intervaly skirtumas (RMSSD) ir procentiné dalis
gretimy NN intervaly, kurie skiriasi daugiau nei 50 milisekundziy (ms)
(pNN50) [140], kurie leidzia neinvaziniu btidu jvertinti ANS, ypa¢ parasim-
patinés — KN reguliacijos biikle bei jvertinti ANS funkcijos sutrikimo laipsni.
SDNN laikomas aukso standartu medicininéje Sirdies rizikos stratifikacijoje,
RMSSD parodo trumpalaikius Sirdies ritmo svyravimus ir yra pagrindinis
laiko srities rodiklis, naudojamas vertinant KN veiklos sukeltus SRV
svyravimus. o pDNN50 fglaudziai susijusi su parasimpatinés nervy sistemos
aktyvumu.

2.5. Sudétiné autonominiy simptomuy skalé-31

COMPASS-31 buvo sukurta kaip sutrumpinta ir klinikinei praktikai
pritaikyta 169 klausimy autonominiy simptomy anketos (angl. Autonomic
Symptom Profile, ASP) versija, iSlaikant psichometrines savybes vertinant
ANS sutrikimus [25]. Skal¢ apima SeSias autonominiy funkcijy sritis — orto-
statinj netoleravima (0—40 baly), vazomotoring (0-5 baly), sekrecing (0—15
baly), vir§kinimo (0-25 baly), Slapimo piislés (010 baly) ir vyzdZzio funkcija
(0-5 baly) — ir leidzia kiekybiSkai jvertinti ANS simptomy pasireiskima.
COMPASS-31 balai apskai¢iuojami ir interpretuojami kaip nuolatinis kinta-
masis, netaikant nustatyty norminiy ar patologiniy riby, o galutinis rezultatas
(0-100) interpretuojamas kaip testinis kintamasis, kur didesnis bendras balas
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rodo didesnj ANS funkcijos sutrikimg, todél skal¢ tinkama grupiniams

Pirminis COMPASS-31 kalbinis validavimas buvo sudarytas i trijy
etapy. Pirmajame etape buvo atlikti du nepriklausomi vertimai i§ originalios
angliSkos COMPASS-31 versijos i lietuviy kalba: vieng vertima atliko profe-
sionalus vertéjas, kita — gydytojas, puikiai mokantis angly kalba. Antrajame
etape buvo atlikti du atgaliniai vertimai i§ lietuviy kalbos | angly kalba,
kuriuos atliko du vertéjai, kuriy gimtoji kalba yra angly, taciau jie taip pat
gerai moka lietuviy kalbg. Se$iy gydytojy eksperty komisija palygino
atgalinius vertimus su originalia versija. Tuomet buvo pasirinktas geriausias
vertimo variantas. Véliau jis buvo galutinai patikslintas eksperty kartu su
vertéjais ir profesionaliu lietuviy kalbos redaktoriumi. Buvo parengta pirminé
COMPASS-31 lietuviska versija, prie kiekvieno COMPASS-31 klausimo
pridétas papildomas klausimas ,,Ar suprantate klausima?“, ir treiajame etape
atliktas pilotinis tyrimas su 20 sveiky kontrolinés grupés asmeny. Visi
klausimai buvo suprantami, jokiy pataisymy neprireikeé, o eksperty grupé
patvirtino galuting COMPASS-31 versijg. Taip pat gautas autoriy leidimas
naudoti skale.

2.6. Amiotrofinés lateralinés sklerozés
funkciné vertinimo skalé

Pacienty funkciné biiklé buvo vertinama naudojant pakoreguotg amiotro-
finés lateralinés sklerozés funkcing vertinimo skalg (angl. Amyotrophic
Lateral Sclerosis Functional Rating Scale — Revised — ALSFRS-R) klausimy-
ng. Tai 12 punkty skalé, skirta jvertinti pagrindines kasdienio gyvenimo
funkcijas, kuriy bendras balas svyruoja nuo 0 iki 48 [141]. Siame tyrime
naudota originali ALSFRS-R skal¢ (4 priedas). Atsakymy surinkimui ir
rezultaty sumavimui buvo pasitelkta internetiné medicininiy skaic¢iuokliy
platforma (angl. MDCalc) [142].

Kaip ir COMPASS-31 skalés, pirminis ALSFRS-R skalés kalbinio
validavimo procesas buvo vykdomas trimis etapais. Pirmojo etapo metu buvo
atlikti du nepriklausomi originalios angliSkos ALSFRS-R skalés vertimai |
lietuviy kalba: vieng vertimg parengé profesionalus vertéjas, o kitg — gydy-
tojas, puikiai mokantis angly kalbg. Antrojo etapo metu du vertéjai, kuriy
gimtoji kalba yra angly ir kurie gerai moka lietuviy kalbg, atliko atgalinj
vertimg 1§ lietuviy kalbos j angly kalba. Gauti atgaliniai vertimai buvo
palyginti su originalia skale SeSiy gydytojy eksperty komisijos. [vertinus
visus variantus, buvo pasirinkta tinkamiausia vertimo versija. Véliau ji buvo
papildomai koreguota eksperty komandos bendradarbiaujant su vert¢jais bei
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profesionaliu lietuviy kalbos redaktoriumi. Parengus pirming lietuviska
ALSFRS-R skalés versija, prie kiekvieno klausimo buvo pridétas papildomas
klausimas ,,Ar suprantate klausima?“. Treciajame etape atliktas pilotinis
tyrimas, kuriame dalyvavo 20 sveiky kontrolinés grupés asmeny. Tyrimo
metu nustatyta, kad visi klausimai buvo aiskis ir suprantami, todé¢l papildomy
pataisymy nereikéjo, o galuting lietuviska ALSFRS-R skalés versija
patvirtino eksperty grupé.

2.7. Statistiné analizé

Statistiné duomeny analize¢ atlikta asmeniniu kompiuteriu naudojant
statistinés analizés programy paketa ,,IBM SPSS Statistics 29.0% (Statistical
Package for the Social Sciences for Windows, JAV). Hipotezéms tikrinti
taikytas statistinio reikSmingumo lygmuo p < 0,05. Duomeny pasiskirstymo
normalumo prielaida tikrinta naudojant Sapiro-Wilko testa. Kiekybiniai
duomenys, atitinkantys normalyjj skirstinj, pateikti kaip vidurkis ir standar-
tinis nuokrypis (vid. (SN)), o neatitinkantys normalumo prielaidos — kaip
mediana, nurodant maziausig ir didziausig reikSmes. Kiekybiniy rodikliy
palyginimui tarp dviejy nepriklausomy grupiy, kai duomenys neatitiko
normaliojo skirstinio, taikytas Mann—Whitney U testas. Esant normaliai
duomeny sklaidai ir lyginant daugiau nei dvi nepriklausomas grupes, naudota
vienfaktoriné dispersiné analizé (One-Way ANOVA). Nustacius statistiSkai
reikSmingus skirtumus, post hoc analizei taikytas Fisher LSD kriterijus.
RySiams tarp kintamyjy ir nepriklausomiems veiksniams, susijusiems su
tirlamuoju pozymiu, jvertinti taikyta binarin¢ logistiné regresija. Priklausomu
kintamuoju pasirinkta grup¢ pagal analizuojamo pozymio buvima, o nepri-
rodikliai, kurie vienfaktor¢je analizéje parod¢ statistiSkai reikSmingus skirtu-
mus arba reikSmingas sasajas (p < 0,05). Binarinés logistinés regresijos rezul-
tatai pateikti apskai¢iuojant $ansy santykj (SS) su 95 proc. pasikliautinaisiais
intervalais (PI). Tiriamy rodikliy diagnostinei vertei jvertinti atlikta ROC
(angl. Receiver Operating Characteristic) analizé, apskaiciuojant plota po
kreive (AUC), jautrumg ir specifiSkumg. StatistiSkai reikSmingais laikyti
skirtumai, kai p reikSmeé buvo maZzesné¢ nei 0,05.
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2.7.1. Imties turio apskaiciavimas

Minimalus reikalingas tiriamyjy skaicius buvo apskaiciuotas remiantis
dviejy nepriklausomy vidurkiy palyginimo formule, naudojant dvipusj
Student t-testa, esant 95 proc. reikSmingumo lygiui (@ = 0,05) ir 80-90 proc.
statistinei galiai (1 — f) Skai¢iavimui taikyta formulé:

kur:

2-(za/2 + zP)*s’p

n= X
n — minimali kiekvienos grupés imtis;
za/2 — standartinés normaliosios skirstinio kritiné reik§mé pagal
pasirinkta reikSmingumo lygj o;
zB — standartinés normaliosios skirstinio kritiné reikSmé pagal
pasirinkta statisting galig (1 — pB);
s?p — jungtiné dviejy grupiy dispersija;
A — tikétinas vidurkiy skirtumas tarp grupiy.

Efekto dydis buvo nustatytas remiantis misy grupés anksciau publi-
kuotais duomenimis apie KNSP ir DNSP SAS bei PL pacientams ir sveikiems
kontrolinés grupés tiriamiesiems [143, 144]:

SAS grupé (DNSP): vidutiniai skirtumai tarp kontrolés ir SAS sieké
~0,30 mm?, esant labai mazam standartiniam nuokrypiui (0,016—
0,02 mm?), todé¢l formaliai reikalinga imtis buty < 10 tiriamyjy kiek-
vienoje grupé¢je. Taciau dél klinikinio heterogeniskumo ir papildomy
tyrimy (ENMG, KF, COMPASS-31) itraukimo, rekomenduota ne
maziau kaip 20 tiriamyjy kiekvienoje grupéje.

SAS grupé (KNSP): nustatytas vidutinis skirtumas tarp kontrolés ir
SAS buvo 0,18-0,21 mm? (SD ~0,20 mm?), atitinkantis didelj efekto
dyd; (Cohen d=0,86-1,07). Apskaiciuota, kad norint pasiekti
80 proc. galig reikia 2226 tiriamyjy kiekvienoje grup¢je, o 90 proc.
galiai — 29-30. Atsizvelgiant | galimus duomeny praradimus, reko-
menduojama imtis padidinta iki ~30-35 asmeny kiekvienoje grupéje.
PL grupé (KNSP): nustatytas skirtumas tarp kontrolés grupés tiria-
myjy ir PL pacienty buvo mazesnis (0,13-0,17 mm?, SD ~0,20 mm?;
Cohen d = 0,6-0,9). Apskaiciuota, kad 80 proc. galios uZztikrinimui
reikia 43-52 tiriamyjy kiekvienoje grupéje, o 90 proc. — 57-60. Todél
PL tyrimui buvo suplanuota ne maziau kaip 60 tiriamyjy kiekvienoje
grupgje.

Planuojant tyrimg buvo nustatyta, kad SAS grupei pakanka ~30-35
pacienty ir tiek pat kontrolinés grupés asmeny, o PL grupei — ~60 pacienty ir
60 kontrolinés grupés tiriamyjy. Tokios imtys uztikrina pakankamg statisting
galig (> 80 proc.) KN ir DN ultragarsiniy rodikliy analizei.
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2.8. Tékmés diagrama

2.8.1. Serganciuy Sonine amiotrofine skleroze pacienty jtraukimo
struktura

2.8.1.1 pav. pateikta SAS serganéiy pacienty atrankos ir jtraukimo j
tyrimg tekmés diagrama. IS viso buvo jvertinti 46 pacientai del tinkamumo
dalyvauti tyrime. Keturiolika pacienty nebuvo jtraukti: 5 pacientai atsisake
dalyvauti tyrime, o 9 pacientai nebuvo itraukti dél gretutiniy ligy (2 tipo
cukrinio diabeto, Sirdies nepakankamumo, skydliaukés hiperfunkcijos,
Galuting tiriamyjy grupe sudaré 32 Sonine amiotrofine skleroze sergantys
pacientai, kurie buvo jtraukti j tyrimg ir analizuoti.

Jvertinti tinkamumui SAS pacientai (n = 46)

Nejtraukti (n = 14)

« Atsisaké dalyvauti (n=5)

« 2 tipo cukrinis diabetas (n=2)

— « Sirdies nepakankamumas (n=3)

- Padidéjusi skydliaukés funkcija (n=1)

- DaugiaZidininé motoriné polineuropatija (n=1)
« PaZintiniy funkcijy sutrikimas (n = 2)

\
Jtraukti j tyrima SAS pacientai (n = 32) |

2.8.1.1 pav. Serganciy Sonine amiotrofine skleroze pacienty
jtraukimo j tyrimgq struktiira.

SAS — Soniné amiotrofiné sklerozé.

2.8.2. Serganciy Parkinsono liga pacienty jtraukimo struktiira

I§ 81 jvertinto Parkinsono liga sergancio paciento 21 nebuvo jtrauktas j
tyrimg. AStuoni pacientai nebuvo jtraukti pirminiame etape (3 atsisaké daly-
vauti, 5 — dél jtariamos kitos neurodegeneracinés ligos), o dar 13 pacienty
nebuvo jtraukti dél gretutiniy ligy, galinCiy turéti jtakos autonominés nervy
sistemos funkcijai (pazintiniy funkcijy sutrikimo, polineuropatijos ar Sirdies
nepakankamumo). Galuting tyrimo imtj sudar¢ 60 Parkinsono liga serganciy
pacienty (2.8.2.1 pav.).
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| Jvertinti tinkamumui PL pacientai (n = 81) |

v

| Atlikus Klinikinj iétyrima |

Nejtraukti (n = 8)
—>| « Atsisaké dalyvauti (n = 3)
« Jtariama kita NL (n =5)

\ 4
Jvertinus ligos istorija

Nejtraukti (n = 13)

« PazZintiniy funkcijy sutrikimas (n = 7)
+ Nustatyta polineuropatija (n = 3)

. Sirdies nepakankamumas (n = 3)

v
Jtraukti j tyrima PL pacientai (n = 60)

2.8.2.1 pav. Parkinsono liga serganciy pacienty jtraukimo
j tyrimgq struktiira

PL — Parkinsono liga. NL — neurodegeneraciné liga.
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3. REZULTATAI

3.1. Diafragminio nervo ultragarsiniy parametry pokyc¢iy ypatumai
sergantiesiems Sonine amiotrofine skleroze

3.1.1. Serganciyjy Sonine amiotrofine skleroze ir kontrolinés grupés
asmeny antropometriniai rodikliai, demografinés ir klinikinés
charakteristikos

I perspektyvinj tyrima buvo jtraukti 32 sergantys SAS pacientai ir 64
kontrolinés grupés dalyviai. Kontrolinés grupés tiriamyjy amziaus vidurkis
buvo 60,84 (SN = 10,67) mety, o sergandiyjy SAS grupéje — 59,34 (SN =
9,93) mety. Tarp serganéiyjy SAS ir kontrolinés grupés tiriamyjy amzius,
lytis, Gigis ir kino svoris statistiSkai reikSmingai nesiskyré (atitinkamai p =
0,508; p = 0,193; p = 0,381 ir p = 0,558). SAS pacienty kluby apimtis (p =
0,003) ir KMI (p = 0,001) buvo statistiSkai reikSmingai mazesn¢, palyginus
su kontrolinés grupés tiriamaisiais, o liemens apimties skirtumo tarp grupiy
nebuvo nustatyta (p = 0,068) (3.1.1.1 lentel¢).

3.1.1.1 lentelé. Serganciy Sonine amiotrofine skleroze pacienty ir kontrolinés
grupés demografiniy charakteristiky ir antropometriniy duomeny palygi-
nimas

Demografiniai ir Kontroliné Serganciuyjy s

antropometriniai rodikliai grupé (n = 64) | SAS grupé (n = 32) p reikimé
Amzius, metais (vidurkis (SN)) 60,84 (10,67) 59,34 (9,93) 0,508
Lytis (V:M) 1:1,37 1,28:1 0,193?
Svoris, kg (vidurkis (SN)) 80,81 (14,48) 72,22 (15,59) 0,558
Ugis cm, vidurkis (SN) 170,56 (9,92) 170,16 (8,98) 0,381
Kluby apimtis, cm (vidurkis (SN)) 103,19 (8,07) 98,97 (13,62) 0,003
Liemens apimtis, cm (vidurkis (SN)) | 92,92 (10,48) 84,84 (13,87) 0,068
b
KMI, kg/m? (mediana (min.—maks.)) a 8,6277:7326, 63) a 8,92;‘:296, 57) 0,001

p reik§més be raidés — Student t-testas; * — Chi-kvadrato testas; ®—Mann-Whitney U testas;
ReikSmes pateikiamos kaip vidurkis (standartinis nuokrypis); KMI — kiino masés indeksas;
SAS — Soniné amiotrofiné sklerozé.

3.1.1.2 lenteléje pateikiami duomenys apie serganéiyjy SAS klinikiniy
formy pasiskirstyma pagal lytj. Nustatyta, kad VMN forma daZniau nustatyta
vyrams (72,2 proc.), palyginti su moterimis (35,7 proc.), o bulbarin¢ /
pseudobulbariné forma dazniau nustatyta moterims (66,7 proc.) nei vyrams
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(33,3 proc.). AMN forma nustatyta panaSiu dazniu abiejy ly€iy tiriamiesiems.
Taciau bendras klinikiniy SAS formy pasiskirstymas tarp vyry ir motery
statistiSkai reik§mingai nesiskyre (p = 0,115).

3.1.1.2 lentelé. Serganciyjy Soninés amiotrofinés sklerozés pacienty pasi-
skirstymas pagal klinikine formq ir lytj.

SAS forma Moterys Vyrai :;illesnl?; p reik§mé
AMN, n (proc.) 3 (60,0) 2 (40,0) 5(15,6)
VMN, n (proc.) 5@35,7) 13(72,2) | 18(56,3) 0.115
Bulbariné/pseudobulbaring, n (proc.) 6 (66,7) 3(33,3) 9(28,1) ’
Visi, n (proc.) 14 (43,8) | 18(56,3) | 32(100)

Reiksmeés pateiktos absoliuciais dydziais (procentai); SAS — Soniné amiotrofiné skleroze;
AMN - apatinis motorinis neuronas; VMN — virSutinis motorinis neuronas.

3.1.2. Diafragminio nervo ultragarsinio tyrimo pokyciai
sergantiems Sonine amiotrofine skleroze pacientams ir
kontrolinéje grupéje

Sergantiems SAS pacientams nustatytas statistiskai reik§mingai mazes-
nis diafragminio nervo skerspjiivio plotas abipus, palyginti su kontroline
grupe. Desiniojo diafragminio nervo skerspjiivio plotas SAS grupéje buvo
0,81 mm? (SN 0,21), kontrolin¢je grup¢je — 1,12 mm? (SN 0,16) (p < 0,001),
o kairiojo — atitinkamai 0,82 mm? (SN 0,18) ir 1,08 mm? (SN 0,13) (p <0,001)
(3.1.2.1 lentel¢).

3.1.2.1 lentelé. Diafragminio nervo ultragarsinio tyrimo skerspjivio ploto
palyginimas tarp serganciyjy Sonine amiotrofine skleroze ir kontrolinés
grupés

. - Kontroliné | Serganéiuyjy SAS N

Diafragminis nervas grupé (n = 64) grupé (n =32) p reikSmé
Desiniojo DNSP, mm? (vidurkis (SN)) 1,12 (0,16) 0,81 (0,21) < 0,001
Kairiojo DNSP, mm? (vidurkis (SN)) 1,08 (0,13) 0,82 (0,18) <0,001

Reikimés pateikiamos kaip vidurkis (SN-standartinis nuokrypis); SAS — §oniné amiotrofing
sklerozé; DNSP — diafragminio nervo skerspjiivio plotas; Grupés lygintos naudojant nepri-
klausomy im¢iy Student t-testa.
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Sergantiems SAS pacientams diafragminio nervo ultragarsinio tyrimo
metu dazniau nustatyti homogeniskumo ir echogeniskumo poky¢iai, paly-
ginti su kontroline grupe. SAS grupéje abipus dazniau stebétas heteroge-
niSkas DN vaizdas, o kontrolinéje grup¢je dazniau nustatytas homogeniskas
DN. Taip pat SAS pacientams daZniau nustatyti izoechogeniski ir hiper-
echogeniski pokyc¢iai, tuo tarpu kontrolingje grupéje dazniau buvo nustato-
mas hipoechogeniski DN poky¢iai. Sie skirtumai buvo statistiskai reik§mingi
(p <0,001) (3.1.2.2 lentele).

3.1.2.2 lentelé. Diafragminio nervo ultragarsiniy pokyciy, echogeniskumo ir
homogeniskumo, palyginimas sergantiesiems Sonine amiotrofine skleroze ir
kontrolinéje grupéje

Kontrolin¢| Serganciyjy Kontrolin¢| Serganciyjy
DNUG parametrai | grupé | SASgrupé | P | grupé |SASgrupe| P
. reikSm — reikSmé
desSiné, proc. kairé, proc.

Homo- Ef;g;‘;ge' 92,2 438 87,5 40,6
genis- Het <0,001 <0,001
kumas | HOteroge: 7.8 56,2 12,5 59,4

niskas

Ig'léﬁl‘;ﬁ;o 75 37,5 78,1 37,5
ECh.‘i' Izoecho-
genis- | o ikas 25 40,6 <0,001| 21,9 34,4 <0,001
kumas |2 -

Hiperecho- 0 21,9 0 28,1

geniskas

ReikSmes pateiktos absoliuciais dydziais (proc.); DNUG — diafragminio nervo ultragarsinis
tyrimas; SAS — Soniné amiotrofiné skleroze; proc. — procentai; Proporcijy lygybei jvertinti
taikytas * testas.

Serganéiyjy SAS grupéje nustatyta statistiskai reik§minga neigiama
sgsaja tarp tirilamyjy amziaus ir kairiojo diafragminio nervo skerspjiivio ploto
(r=-0,428; p=0,015). Tarp kity demografiniy, antropometriniy ir klinikiniy
rodikliy, taip pat ALSFRS-R baly, statistiskai reikSmingy sasajy su DNSP
nenustatyta (p > 0,05) (3.1.2.3 lentele).
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3.1.2.3 lentelé. Diafragminio nervo skerspjiivio ploto sgsajos su antropomet-
riniais rodikliais, demografinémis ir klinikinémis charakteristikomis sergan-
tiesiems Sonine amiotrofine skleroze

Sergantiujuy Sergantiyjuy
Antropometriniai rodikliai, SAS desiniojo SAS kairiojo
demografinés ir klinikinés | Rodiklio reikimé¢ | DNSP (n=32) | DNSP (n =32)
charakteristikos r p r p
reikSmé | reik§mé | reik§mé | reik§mé
Ugis, cm (vidurkis (SN)) 170,16 (8,98) 0,021 | 0,908 | —0,044 | 0,809
Svoris, kg (vidurkis (SN)) 72,22 (15,59) 0,105 | 0,566 | 0,133 | 0,469

KMI, kg/m?

(mediana (min.—maks.)) 27,72 (18,67-36,63)| 0,178 | 0,329 | 0,191 | 0,294

Liemens apimtis, cm
(vidurkis (SN))

Kluby apimtis, cm

(vidurkis (SN))

Amzius, metai

(vidurkis (SN))

Amzius ligos pradzioje, mén.
(mediana (min.—maks.))

84,84 (13,87) 0,107 | 0,560 | 0,101 | 0,582

98,97 (13,62) 0,190 | 0,297 | 0,148 | 0,149

59,34 (9,93) 0,025 | 0,890 | 0,428 | 0,015

57,97 (30-72) 0,276 | 0,126* | 0,314 | 0,080?

Ligos trukmé, mén.
(mediana (min.—maks.))

ALFSR-R, balai
(vidurkis (SN))

p reikSmés be raidés — Pearson koreliacija; * — Spearman koreliacija; reik§més pateikiamos
kaip vidurkis (SN — standartinis nuokrypis); DNSP — diafragminio nervo skerspjiivio plotas;
SAS — $oniné amiotrofiné sklerozé; KMI — kiino masés indeksas; ALSFRS-R — pakoreguota
amiotrofinés lateralinés sklerozés funkciné vertinimo skalé.

15,41 (5-44) 0,083 | 0,653 | 0,087 | 0,635

38,41 (5,86) 0,025 | 0,890 | 0,101 | 0,583

3.2. Klajoklio nervo ultragarsiniy parametry poky¢iu
ypatumai pacientams sergantiems Sonine amiotrofine skleroze
ir palyginimas su kontroline grupe

3.2.1. Klajoklio nervo ultragarsinio tyrimo pokyciai sergantiems
Sonine amiotrofine skleroze pacientams ir kontrolinéje grupéje

Vertinant KNSP, sergantiems SAS pacientams nustatyti statistiskai
reikSmingi skerspjiivio ploto poky¢€iai abiejose pusése. DeSiniojo KNSP
reik§mé SAS grupéje sieké 1,86 mm? (SN = 0,21), o kontrolinéje grupéje —
2,07 mm? (SN =0,18) (p <0,001). Kairéje pus¢je KNSP vidurkis serganciyjy
SAS grupéje buvo 1,69 mm? (SN = 0,21), palyginti su 1,87 mm? (SN = 0,21)
kontrolingje grupéje (p < 0,001) (3.2.1.1 lentele).
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3.2.1.1 lentelé. Klajoklio nervo ultragarsinio tyrimo skerspjiivio ploto paly-
ginimas tarp serganciy Sonine amiotrofine skleroze pacienty ir kontrolinés

grupés

- Kontroliné | Serganéiyjy SAS s

Klajoklis nervas grupé (n = 64) grupé (n = 32) p reikSmé
Desiniojo KNSP, mm? (vidurkis (SN)) 2,07 (0,18) 1,86 (0,21) < 0,001
Kairiojo KNSP, mm? (vidurkis (SN)) 1,87 (0,21) 1,69 (0,21) < 0,001

Reik§meés pateikiamos kaip vidurkis (SN — standartinis nuokrypis); SAS — $oniné amiotrofiné
skleroze; KNSP — klajoklio nervo skerspjtivio plotas; Grupés lygintos naudojant nepriklau-
somy im¢iy Student t-testa.

Sergantiems SAS pacientams klajoklis nervas abiejose pusése dazniau
buvo heterogeniskas, palyginti su kontrolinés grupés tiriamaisiais (p < 0,001).
Vertinant echogeniikuma, serganiyjy SAS grupéje statistiskai reik§mingai
dazniau nustatyti izoechogeniski ir hiperechogeniski klajoklio nervo pokyciai
(3.2.1.2 lentelé).

3.2.1.2 lentelé. Klajoklio nervo ultragarsiniai echogeniskumo ir homogenis-
kumo pokyciai sergantiesiems Sonine amiotrofine skleroze ir kontrolinéje

grupéje

Kontroliné|Sergantiujy Kontrolin¢|Serganciyjy
KNUG . grupé | SAS grupé pv .| grupé | SAS grupé pv .
parametrai . reikSmé — reikSmé
deSiné, proc. kairé, proc.
Homoge-
HOI.nO' nitkas 96,9 37,5 100,0 37,5
genis- Het <0,001 <0,001
L 3,1 62,5 0 62,5
niskas
Hipoecho- |59 o 21,9 100,0 25,0
geniskas
Echo- 1 echo-
genis- Sk 0 50,0 < 0,001 0 34,4 < 0,001
kumas | &eniskas
Hlpgvrecho- 0 28,1 0 40,6
geniskas

ReikSmeés pateikiamos absoliuciais ir procentiniais dydziais; KNUG — klajoklio nervo
ultragarsinis tyrimas; SAS — Soniné amiotrofiné sklerozé; proc. — procentai; Proporcijy
lygybei jvertinti taikytas y? testas.
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3.2.2. Klajoklio nervo poky¢iu sasajos su demografiniais ir

klinikiniais radiniais sergantiesiems Sonine amiotrofine skleroze

Sergantiesiems Sonine amiotrofine skleroze did¢jant kluby apimciai
statistiSkai reikSmingai did¢jo deSiniojo KNSP (r = 0,517; p = 0,002), o
didéjant KMI reikSmingai dide¢jo kairiojo KNSP (r = 0,349; p = 0,049).
Nustatyta, kad didéjant serganéiyjy SAS amziui ir ligos trukmei reik§mingai
mazéjo KNSP (atitinkamai r = —-0,374; p = 0,035 ir r = —0,406; p = 0,021).
Kity demografiniy ir klinikiniy rodikliy statistiskai reikSmingy sasajy su KN
parametrais nenustatyta (3.2.2.1 lenteléje).

3.2.2.1 lentelé. Klajoklio nervo skerspjiivio ploto sqsajos su demografiniais

Sergantiyjy SAS | Sergantiyjy SAS
Antropometriniai rodikliai, desiniojo KNSP | Kairiojo KNSP
demografinés ir klinikinés | Rodiklio reikimé (n=32) (n=32)
charakteristikos r p r p
reikSmé |reikSmé| reik§meé | reik§mé
Ugis, cm (vidurkis (SN)) 170,16 (8,98) -0,092 | 0,617 | 0,086 | 0,642
Svoris, kg (vidurkis (SN)) 72,22 (15,59) 0,328 | 0,066 | 0,356 | 0,045
2
KML, kg/m® 27,72 (18,67-36,63)| 0,294 | 0,103* | 0,349 | 0,049°
(mediana (min.—maks.))
Liemens apimtis, cm
(vidurkis (SN)) 84,84 (13,87) 0,286 | 0,113 | 0,187 | 0,305
Kluby apimtis, cm
(vidurkis (SN)) 98,97 (13,62) 0,517 | 0,002 | 0,307 | 0,088
Amzius, metai
(vidurkis (SN)) 59,34 (9,93) 0,107 | 0,559 | -0,374 | 0,035
Amzius ligos pradzioje, metai | g, g7 3 70y | 133 |0486° | 0443 | 0,385
(mediana (min.—maks.))
Ligos trukmé, mén. a a
. . 57,97 (30-72) 0,116 | 0,526* | —0,406 | 0,021
(mediana (min.—maks.))
ALFSR-R, balai
(vidurkis (SN)) 38,41 (5,806) -0,227 | 0,125 | -0,057 | 0,757

p reikSmés be raidés — Pearson koreliacija; * — Spearman koreliacija; reikSmés pateikiamos
kaip vidurkis (SN-standartinis nuokrypis); SAS — $onin¢ amiotrofiné sklerozé; KNSP —
klajoklio nervo skerspjiivio plotas; KMI — kiino masés indeksas; ALSFRS-R — pakoreguota
amiotrofinés lateralinés sklerozés funkciné vertinimo skalé.
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3.3. Klajoklio nervo ultragarsiniy parametry pokyc¢iuy ypatumai
sergantiesiems Parkinsono liga

3.3.1. Serganciyju Parkinsono liga ir kontrolinés grupés
asmeny antropometriniai rodikliai, demografinés ir klinikinés

charakteristikos

Sergantiems PL pacientams kluby apimtis buvo didesné¢ lyginant su
kontrolinés grupés tiriamaisiais (p = 0,04). Pagal amziy, lytj ir kiino iSmata-
vimus — svori, fig], liemens apimtj ir KMI abi grupés nesiskyré (3.3.1.1 len-

telé).

3.3.1.1 lentelé. Serganciy Parkinsono liga ir kontrolinés grupés tiriamyjy
demografiniy bei klinikiniy charakteristiky palyginimas

(mediana (min.—maks.))

Antropometriniai ir Kontroliné Serganciyjy PL reikimé
demografiniai rodikliai grupé (n = 60) grupé (n = 60) P
Amzius, metai (vidurkis (SN)) 63,62 (10,96) 65,23 (9,22) 0,123
Lytis (V:M) 1,07:1 1:1,31 0,3617
Ugis, cm (vidurkis (SN)) 170,43 (9,553) 170,88 (9,152) 0,905
Svoris, kg (vidurkis (SN)) 80,47 (13,207) 79,07 (14,343) 0,679
Kluby apimtis, cm
(vidurkis (SN)) 92,55 (9,722) 95,00 (12,337) 0,04
Liemens apimtis, cm
(vidurkis (SN)) 103,03 (7,811) 102,30 (8,850) 0,504
2
KML, kg/m 26,93 (19,48-39,5) | 26,93 (18,67-36,57) | 0,258"

p reikdmés be raidés — Student t-testas; * — Chi-kvadrato testas; ®— Mann-Whitney U testas;
ReikSmes pateikiamos kaip vidurkis (SN-standartinis nuokrypis); PL. — Parkinsono liga;

KMI — kiino masés indeksas.

Serganciy PL pacienty pasiskirstymas pagal Hoehn—Y ahr stadijas pateik-
tas 3.3.1.2 lentel¢je. Didzioji dalis tiriamyjy priklausé 3 ligos stadijai, kuri
nustatyta 18 pacienty (30 proc.). Pazengusios ligos stadijos (4-5) sudaré
reikSmingg dalj tiriamosios imties — 25 pacientus (41,6 proc). Ankstyvos
ligos stadijos (1-2,5) buvo nustatytos reciau ir sudaré 36,6 proc. visy tiria-
myjy. Vertinant Hoehn—Yahr stadijy pasiskirstyma tarp lyCiy, statistiSkai
reikSmingy skirtumy nenustatyta (y? testas, p = 0,061).
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3.3.1.2 lentelé. Parkinsono liga serganciyjy pasiskirstymas pagal Hoehn—
Yahr stadijas

Hoehn—Yahr stadijos | Tiriamyjy skaiius| Vyrai (proc.) | Moterys (proc.)| p reik§mé

1 3 305 0(0)

1,5 3 0 3(5
2 6 305 3(5

2,5 5 4 (6,7) 1(L,7) 0,061
3 18 12 (20) 6 (10)
4 14 7(11,7) 7(11,7)
5 11 2(3,3) 9 (15)

viso 60 31 (51,7) 29 (48,3)

¥* testas proporcijy lygybei ivertinti; Hoehn—Yahr stadijos — sistema, apibiidinanti, kaip
progresuoja Parkinsono ligos simptomai; proc. — procentai.

3.3.2. Klajoklio nervo ultragarsinio tyrimo poky¢iai
sergantiesiems Parkinsono liga ir kontrolinéje grupéje

Sergantiesiems PL tiek deSiniojo, tiek kairiojo KNSP buvo statistiSkai
reikSmingai maZesnis, palyginti su kontroline grupe. DeSiniojo KNSP
serganciyjy PL grupéje buvo 1,90 mm? (SN 0,19), o kontrolingje grupéje —
2,07 mm? (SN 0,18) (p < 0,001). Analogiskai mazesnis KNSP nustatytas ir
kair¢je pusé¢je: serganciyjy PL grupéje — 1,74 mm? (SN 0,21), o kontrolinéje
grup¢je — 1,87 mm? (SN 0,22) (p = 0,02) (3.3.2.1 lentele).

3.3.2.1 lentelé. Klajoklio nervo skerspjitvio ploto palyginimas tarp serganciy
Parkinsono liga ir kontrolinés grupés

N Kontroliné | Serganéiuyjy SAS N
Klajoklis nervas grupé (n = 60) grupé (n = 60) p reikSmé
Desiniojo KNSP, mm? (vidurkis (SN)) 2,07 (0,18) 1,90 (0,19) <0,001
Kairiojo KNSP, mm? (vidurkis (SN)) 1,87 (0,22) 1,74 (0,21) 0,02

Reikimés pateikiamos kaip vidurkis (SN-standartinis nuokrypis); SAS — §oniné amiotrofiné
sklerozé; KNSP — klajoklio nervo skerspjivio plotas; Grupés lygintos naudojant
nepriklausomy iméiy Student t-testa.

Serganciyjy PL grupéje deSinysis KN buvo homogeniskas tik 23,3 proc.
pacienty, o kontrolinéje grupéje — 96,7 proc. (p < 0,001). Kairysis KN ser-
ganciyjy PL grupéje buvo homogeniskas 3,3 proc, tiriamyjy, palyginti su
83,3 proc. kontrolinés grupés dalyviy (p < 0,001). Kontrolingje grupéje abie-
jose pusése dominavo hipoechogeniskumas (73,3 proc. desinéje ir 68,3 proc.
kair¢je), o PL grup¢je jis nustatytas atitinkamai tik 16,7 proc. ir 15,0 proc.
atvejy. Duomenys pateikiami 3.3.2.2 lenteléje.
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3.3.2.2 lentelé. Klajoklio nervo echogeniskumo ir homogeniskumo pokyciai
Parkinsono liga sergantiesiems pacientams ir kontrolinéje grupéje

Kontroliné [Serganciyju Kontroliné|Serganciyju
KNUG . X p . X p
. grupé PLgrupé | F | grupé PLgrupée | F |
parametrai . reikSmé — reikSmé
deSiné, proc. kairé, proc.
Homoge-
HOI.nO' nigkas 96,7 23,3 83,3 33
genis- o <0,001 <0,001
kumas | iSteroge- 33 76,7 16,7 96,7
niskas
Hipoecho- 73,3 16,7 68,3 15,0
geniskas
Echo- 1 echo-
genis- o 26,7 63,3 < 0,001 31,7 65,0 < 0,001
umas geniskas
Hiperecho- 0 20,0 0 20,0
geniskas

ReikSmes pateikiamos absoliuciais ir procentiniais dydziais; KNUG — klajoklio nervo
ultragarsinis tyrimas; PL — Parkinsono ligas; proc. — procentai; proporcijy lygybei jvertinti
taikytas y* testas.

Sergantiems PL nustatyta, kad did¢jant kiino svoriui, did¢ja deSiniojo ir
kairiojo KNSP (p<0,001). Didéjant amziui mazéja kairiojo KNSP.
Sergantiesiems PL ilgéjant ligos trukmei mazeja abiejy KNSP (p <0,001),
kairiojo rySys buvo stipresnis (r =—0,413). Taip pat nustatyta, kad did¢jant
treciojo skilvelio plo¢iui mazéja abiejy KNSP (3.3.2.3 lentel¢).

3.3.2.3 lentelé. Klajoklio nervo skerspjitvio ploto sqsajos su antropometri-

liga

Serganciyjy PL Serganciyjy PL
Antropometriniai rodikliai, | oo desiniojo KSNP kairiojo KNSP
demografinés ir klinikinés A (n=60) (n =60)

. reikSmeé
charakteristikos r p r p

reik§meé | reikSmé | reikSmé | reikSmé
Ugis, cm (vidurkis (SN)) 170,88 (9,15) | 0,184 0,159 0,253 0,051
Svoris, kg (vidurkis (SN)) 79,07 (14,34) | 0,296 0,021 0,289 0,025
KMI, kg/m? (vidurkis (SN)) 26,93 (4,00) 0,220 0,092° 0,152 0,245°
Liemens apimtis, cm
(vidurkis (SN))
Kluby apimtis, cm
(vidurkis (SN))

95,00 (12,34) | 0,190 0,145? 0,188 0,151?

102,30 (8,85) | 0,032 0,807 0,123 0,348
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3.3.2.3 lentelés tesinys

Serganciyju PL Serganciyju PL
Antropometriniai rodikliai, | | . desiniojo KSNP kairiojo KNSP
demografinés ir klinikinés (n=60) (n=60)

charakteristikos reiksme r p r p

reikSmeé | reikSmé | reikSmeé | reik§mé

Amzius, metai
(vidurkis (SN))

Ligos trukmé, mén.
(mediana (min.—maks.))

65,23 (7,98) 0,107 0,559 -0,374 0,035

7 (1-20) 0,280 0,030 —0,413 0,001

Uoslé testas, balais

(mediana (min.—maks.)) 6,5 (1-12) 0,157 0,232 0,252 0,052

———
IM plotas deSingje, em 0,29 (0,08) | —0,169 | 0,197 | 0,110 | 0,402

(vidurkis (SN))

IM plotas kairéje, cm? . . | a
(vidurkis (SN)) 0,32 (0,08) 0,067 | 0,609 0,010 | 0,942

IIT skilvelio plotis, cm 3 a | a
(vidurkis (SN)) 0,81 (0,15) 0,287 | 0,026 0,405 | 0,001

p reikSmes be raidés — Pearson koreliacija; a — Spearman koreliacija; Reik§més pateikiamos
kaip vidurkis (SN-standartinis nuokrypis); KNSP — klajoklio nervo skerspjiivio plotas; PL —
Parkinsono ligas; KMI — kiino masés indeksas; JM — juodoji medziaga; TKS — transkranijiné
sonografija; ALSFRS-R — pakoreguota amiotrofinés lateralinés sklerozés funkciné vertinimo
skalé.

3.4. Autonominés nervy sistemos sutrikimo ypatumai pacientams
sergantiesiems Sonine amiotrofine skleroze ir Parkinsono liga

3.4.1. Autonominés nervy sistemos sutrikimo ypatumai
sergantiesiems Sonine amiotrofine skleroze

Sergantiesiems SAS, didéjant bendram COMPASS-31 balui nustatytos
sasajos su kairiojo ir deSiniojo KNSP mazéjimu. Vertinant atskiras
COMPASS-31 subskales, esant didesniems virSkinamojo trakto funkcijos
sutrikimy balams maz¢ja kairiojo KNSP, taip pat nustatyta, kad did¢jant $la-
pimo puslés funkcijos sutrikimy balams mazéja kairiojo KNSP (3.4.1.1 len-
telé).
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3.4.1.1 lentelé. Klajoklio nervo skerspjitvio ploto ir sudétinés autonominiy
simptomy skalés 31 sgsajos sergantiesiems Sonine amiotrofine skleroze

Sergantiyjy SAS | Sergantiyjy SAS
. deSiniojo KNSP kairiojo KNSP
COMPASS-31 Rodiklio (n — 32) (n = 32)
charakteristikos reik§mé
r p r p
reik§meé | reikSmé | reikSmé | reik§mé

Bendras COMPASS-31, balas
(vidurkis (SN)) 8,89 (12,69) | —0,321 0,01 -0,272 0,02
Ortosﬁatmes }ntolerancuos, balas 0 (0-36) 0,042 0.819 | —0.096 | 0,600
(mediana (min.—maks.))
Vazomot0r1n§s funkcijos, balas 0(0-5) 0,059 | 0747 | 0,013 | 0945
(mediana (min.—maks.))
Sekrecinés funkcijos, balas 5(0-15) | —0,187 | 0305 | —0,123 | 0,502
(mediana (min.—maks.))
Virskinamojo trakto funkcijos, B B
balas (mediana (min—maks.)) 2,5(0-14) 0,285 | 0,113 0,358 | 0,044
Slapimo puslés funkeijos, balas | g (o 3y | 0157 | 0391 | -0364 | 0,041
(mediana (min.—maks.))
Vyzdzio funkcijos, balas 1(0-3) | 0,105 | 0566 | 0,022 | 0907
(mediana (min.—maks.))

ReikSmes pateikiamos kaip vidurkis (SN-standartinis nuokrypis) arba mediana (min.—
maks.); COMPASS-31 — sudétiné autonominiy simptomy skalé 31; KNSP — klajoklio nervo
skerspjtivio plotas; Koreliacijos buvo vertinamos taikant Spearman testa.

Sergantiems SAS pacientams tarp deSiniojo ir kairiojo KNSP ir SRV
rodikliy reikSmingy s3sajy nustatyta nebuvo (3.4.1.2 lentel¢).

3.4.1.2 lentelé. Klajoklio nervo skerspjitvio ploto sqsajos su Sirdies ritmo
variabilumo parametrais sergantiesiems Sonine amiotrofine skleroze

. Sergan&iyjy SAS Sergantiyjy SAS
S-lrd.les . . desiniojo KNSP kairiojo KNSP
variabilumo Vidurkis (SN) (Il = 32) (Il = 32)
parametrai . . . .
r reikSmé | p reikSmé | r reikSmé | p reikSmé
SDNN, ms 70,91 (20,39) 0,057 0,975 0,067 0,681
RMSSD, ms 28,94 (13,38) 0,139 0,213 0,161 0,358
pNN50, proc. 2,61 (1,83) 0,109 0,741 —0,193 0,219

ReikSmes pateikiamos kaip vidurkis (SN-standartinis nuokrypis); KNSP — klajoklio nervo
skerspjtivio plotas; SDNN — normaliy sinusiniy $irdies duiziy tarplaikiy standartinis nuokry-
pis; RMSSD — i eilés einan¢iy normaliy Sirdies diiziy skirtumy kvadratiniy vidurkiy Saknis;
PNNS50 — NN50 proporcija, padalinta i§ bendro NN (R—R) intervaly skaiCiaus. Koreliacijos
buvo vertinamos taikant Pearsono testa.
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3.4.2. Autonominés nervy sistemos sutrikimo ypatumai
sergantiesiems Parkinsono liga

Did¢jant bendram COMPASS-31 balui mazéja deSinio KNSP, tuo tarpu,
didéjant ortostatinés intolerancijos balams mazéja tiek deSiniojo, tiek kairiojo
KNSP. Taip pat didéjant vazomotorinés funkcijos sutrikimy balams kairiojo
KNSP mazéja. Vertinant virSkinimo sistemos simptomus, nustatyta, kad

didéjant gastrointestinalinés funkcijos sutrikimy balams mazé¢ja deSiniojo
KNSP (3.4.2.1 lentelg).

3.4.2.1 lentelé. Klajoklio nervo skerspjitvio ploto ir sudétinés autonominiy
simptomy skalés 31 sqsajos Parkinsono liga sergantiems pacientams

Serganciyju PL | Serganciyjuy PL

ot deSiniojo KNSP | kairiojo KNSP
COMPASS-31 Rodiklio

. AV (n = 60) (n = 60)
charakteristikos reikSme
r P r P
reik§me | reik§mé | reik§mé | reikSmé
Bendras COMPASS-31, balas 23,77 B
(vidurkis (SN)) (13.458) 0,257 | 0,047 0,830 0,528

Ortostatinés intolerancijos, balas

(mediana (min.—maks.)) 12 (0-40) | 0,242 | 0,022 | —0,341 | 0,016

Vazomotorinés funkcijos, balas

(mediana (min.—maks.)) 1(0-5) -0,128 | 0,069 | —0,294 | 0,009

Sekrecinés funkcijos, balas

(mediana (min.—maks.)) 8 (0-15) -0,092 | 0,409 | -0,075 | 0,365

Virskinamojo trakto funkcijos,

balas (mediana (min.—maks.)) 12(0-25) 0,365 0,034 | -0,205 0,056

Slapimo piislés funkcijos, balas

(mediana (min.—maks.)) 3 (0-10) -0,141 | 0,329 | -0,256 | 0,237

Vyzdzio funkcijos, balas

(mediana (min.—maks.)) 0(0-4) 0,331 0,635 0,018 0,741

ReikSmes pateikiamos kaip vidurkis (SN — standartinis nuokrypis) arba mediana (min.—
maks.); COMPASS-31 — sudétiné autonominiy simptomy skalé 31; PL — Parkinsono liga;
KNSP - klajoklio nervo skerspjiivio plotas; Koreliacijos buvo vertinamos taikant Spearman
testa.

Sergantiesiems PL nebuvo nustatyta reikSmingy sgsajy tarp desSiniojo
KNSP ir SRV parametry, jskaitant SDNN (r = —0,057; p = 0,667), RMSSD
(r=-0,139; p=10,289) ir pNN50 (r =—0,134; p = 0,306). PrieSingai, did¢jant
RMSSD, mazéja kairiojo KNSP (r = —0,421; p = 0,025). Duomenys pateikti
3.4.2.2 lenteléje.
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3.4.2.2 lentelé. Klajoklio nervo skerspjitvio ploto sqsajos su Sirdies ritmo
variabilumo parametrais sergantiesiems Parkinsono liga

Serganciyjuy PL Serganciyju PL
SRV . Vidurkis (SN) deéinioio KNSP kairioj_o KNSP
parametrai (n = 60) (n = 60)
r reik§mé | p reikSmé | r reikSmé | p reikSmé
SDNN, ms 67,80 (19,422) —0,057 0,667 0,120 0,930
RMSSD, ms 27,82 (11,967) —-0,1390 0,289 —0,421 0,025
PNNS50, proc. 3,73 (2,736) —-0,134 0,306° —0,209 0,109

Reikimeés pateikiamos kaip vidurkis (SN — standartinis nuokrypis); SRV — $irdies variabi-
lumas; PL — Parkinsono liga; KNSP — klajoklio nervo skerspjiivio plotas; SDNN — normaliy
sinusiniy Sirdies diziy tarplaikiy standartinis nuokrypis; RMSSD —i§ eilés einanciy normaliy
Sirdies duziy skirtumy kvadratiniy vidurkiy Saknis; pNN50 — NN50 proporcija, padalinta i$
bendro NN (R—R) intervaly skai¢iaus. Koreliacijos buvo vertinamos taikant Pearsono testg.

3.5. Klajoklio nervo ultragarsinio tyrimo parametry
diagnostiné reik§mé pacientams, sergantiems Parkinsono liga
ir Sonine amiotrofine skleroze

3.5.1. Klajoklio nervo ultragarsinio tyrimo poky¢iy diagnostiné
reik§mé sergantiesiems Sonine amiotrofine skleroze

ROC analizés rezultatai pateikti 3.5.1.1 ir 3.5.1.2 pav. KNSP pasizymi
gera diskriminacine geba vertinant serganéiuosius SAS. Desiniojo KN plotas
po ROC kreive (AUC = 0,779), o optimali ribiné verté buvo 1,89 mm?, kuriai
nustatytas 62,5 proc. jautrumas ir 85,9 proc. specifiSkumas. Kairiojo KN
diskriminaciné geba buvo kiek mazesné (AUC = 0,737), o ribiné verté sieké
1,89 mm?, kuriai nustatytas 84,4 proc. jautrumas ir 54,7 proc. specifisSkumas.
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Dvinarés logistinés regresijos rezultatai parodé, kad vertinant KNSP
sasajas su SAS, abiejy pusiy KNSP sumazéjimas statistiskai reik$mingai
didina SAS tikimybe. Sumazéjus desiniojo KNSP plotui 0,01 mm2, SAS
galimybé padidéja 6,4 proc. (SS = 1,064; 95 proc. PI: 1,033-1,111; p <
0,001), o sumazéjus kairiojo KNSP plotui 0,01 mm? padidéja 4,2 proc. (SS =
1,042; 95 proc. PI: 1,018-1,066; p < 0,001).

Tiriamiesiems, turintiems izoechogeniska desinjjj KN, SAS $ansai buvo
6,319 karto didesni, o turintiems izoechogeniska kairjjj — 3,257 karto didesni,
palyginti su hipoechogeniska nerva turinciais tiriamaisiais.

Nepriklausomi kintamieji, deSiniojo KN heterogeniskumas bei kairiojo
KN heterogeniskumas, buvo statistiskai reikimingi kintamieji SAS galimybei
(gautos p < 0,001).

Lyties ir amziaus nepriklausomi kintamieji nebuvo statistiSkai reikSmin-
gai susije su SAS liga (p = 0,195 ir p = 0,504, atitinkamai) (3.5.1.1 lentel¢).

3.5.1.1 lentelé. Lyties, amziaus, klajoklio nervo skerspjiivio ploto, echoge-
niskumo ir homogeniskumo sgsajos su Sonine amiotrofine skleroze (logistinés
regresijos modelis)

Veiksnys B SS (95 proc. PI) p reik§mé
Lytis (V/M) —0,568 0,566 (0,241-1,337) 0,195
Amzius, metai 0,014 0,986 (0,946-1,027) 0,504
Desiniojo KNSP, mm? —-6,50 1,064* (1,033-1,112) <0,001

Desiniojo KN homogeniskumas

(homo vs hetero) 3,945 51,667 (10,647-250,719) <0,001

Desiniojo KN echogeniskumas

(hipo vs izo) 1,844 6,319 (2,218-18,007) <0,001

Kairiojo KNSP, mm? —4,103 1,042% (1,018-1,066) <0,001

Kairiojo KN homogeniskumas

(homo vs hetero) 4,032 56,364 (11,509-276,036) <0,001

Kairiojo KN echogeniskumas

(hipo vs izo) 1,181 3,257 (1,132-9,370) 0,029

B (beta) koeficientas yra regresinés analizés koeficientas; SS — $ansy santykis; 95 proc. PI —
95 procenty pasikliautinasis intervalas; * — rezultatai pateikiami atvejui kai nervo skerspjivio
plotas sumazéja 0,01 mm?;, KN — klajoklis nervas. KNSP — klajoklio nervo skerspjivio
plotas; homo — homogeniSkas; hetero — heterogeniskas; hipo — hipoechogeniskas; izo —
izoechogeniskas.

Mazesnis abiejy pusiy DNSP yra susijes su didesniais SAS $ansais.
Nustatyta, kad sumazéjus desiniojo DN plotui 0,01 mm?2, SAS $ansai padidéja
16,6 proc. (SS = 1,166; 95 proc. PI: 1,093-1,245; p < 0,001), o sumazéjus
kairiojo— 17,3 proc. (SS =1,173; 95 proc. PI: 1,099-1,252; p<0,001). Abiejy
pusiy DNSP mazéjimas buvo statistiSkai reikSmingai susijes su didesniais
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SAS $ansais (p < 0,001). 3.5.1.2 lenteléje pateikiami DN ultragarsinio tyrimo
rodikliy sasajos su SAS.

Tiriamiesiems, turintiems izoechogeniska diafragminj nerva, SAS $ansai
buvo didesni, palyginti su hipoechogeniska nerva turiniais tiriamaisiais
(desingje — 22,028 karto, kairéje — 3,596 karto).

Be to, abiejy pusiy diafragminio nervo heterogeniskumas buvo statis-
tigkai reik§mingai susijes su didesne SAS galimybe (gautos p < 0,001).

3.5.1.2 lentelé. Lyties, amZiaus, diafragminio nervo skerspjiivio ploto, echo-
geniskumo ir homogeniskumo sqsajos su Sonine amiotrofine skleroze (logis-
tinés regresijos modelis)

Veiksnys B SS (95 proc. PI) p reikimé
Lytis (V/M) -0,568 | 0,566 (0,241-1,337) 0,195
AmZius, metai —0,014 | 0,986 (0,946-1,027) 0,504
Desiniojo DNSP, mm? ~15,389 | 1,166 (1,093-1,245) | <0,001

Desiniojo DN homogeniskumas

(homo vs hetero) 2,761 15,815 (4,087-61,203) | < 0,001

Desiniojo DN echogeniskumas
(hipo vs izo)

Kairiojo DNSP, mm? -15,967 | 1,173%(1,099-1,252) <0,001
Kairiojo DN homogeniskumas
(homo vs hetero)

3,002 | 22,028 (5,434-89,298) | < 0,001

1,478 4,385 (1,775-10,831) < 0,001

Kairiojo DN echogeniSkumas

(hipo vs izo) 1,280 3,596 (1,297-9,972) 0,014

B (beta) koeficientas yra regresinés analizés koeficientas; SS — $ansy santykis; 95 proc. PI —
95 procenty pasikliautinasis intervalas; a — rezultatai pateikiami atvejui kai nervo skerspjtivio
plotas sumazéja 0,01 mm?; DN — diafragminis nervas. DNSP — diafragminio nervo skerspji-
vio plotas. homo — homogeniskas; hetero — heterogeniskas; hipo — hipoechogeniskas; izo —
izoechogeniskas.

3.5.2. Klajoklio nervo ultragarsinio tyrimo parametry diagnostiné
reik§mé pacientams, sergantiems Parkinsono liga

ROC analizés duomenys pateikti 3.5.2.1 ir 3.5.2.2 pav. Nustatyta, kad
KNSP turi viduting diagnostine verte atskiriant PL sergancius pacientus nuo
kontrolinés grupes. DeSiniojo KN plotas po ROC kreive buvo AUC = 0,725
(95 proc. PI: 0,636-0,815; p < 0,001), o nustatyta optimali ribiné verté —
1,93 mm?, kuriai buidingas 55 proc. jautrumas ir 81,7 proc. specifiSkumas.

Kairiojo KN atveju diskriminaciné geba buvo mazesn¢ (AUC = 0,671),
o optimali riba sieke 1,83 mm?; §iai vertei nustatytas 66,7 proc. jautrumas ir
63,3 proc. specifiSkumas.
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Vertinant KNSP sasajas su PL, dvinarés logistinés regresijos rezultatai
parod¢, kad abiejy pusiy KNSP sumaz¢jimas statistiSkai reikSmingai didina
PL Sansus. Sumaz¢jus desiniojo KNSP plotui 0,01 mm?, PL Sansai padidéja
5,0 proc. (SS = 1,050; 95 proc. PI: 1,027-1,096; p < 0,001), o sumazéjus
kairiojo — 2,9 proc. (SS =1,029; 95 proc. PI: 1,010-1,068; p = 0,002).

Tiriamiesiems, turintiems izoechogeniska desinjji KN, PL Sansai buvo
10,450 karto didesni, o turintiems izoechogeniska kairiji — 9,351 karto dides-
ni, palyginti su hipoechogeniska nerva turinciais tiriamaisiais.

Be to, desiniojo ir kairiojo KN heterogeniSkumas buvo statistiSkai reiks-
mingai susij¢s su didesniais PL Sansais (atitinkamai p = 0,005 ir p = 0,04).
Desin¢je pus¢je PL Sansai padidéjo 8,826 karto (95 proc. PI: 1,909-40,813),
o kairéje — 5,118 karto (95 proc. PI: 1,057-24,789).

Lytis ir amZzius nebuvo statistiSkai reikSmingai susij¢ su PL (atitinkamai
p=0,361ir p=0,053) (3.5.2.1 lentelé).

3.5.2.1 lentelé. Lyties, amziaus, klajoklio nervo skerspjiivio ploto, echogenis-
kumo ir homogeniskumo sqsajos su Parkinsono liga (logistinés regresijos
modelis)

Kintamasis i SS (95 proc. PI) p reik¥mé
Lytis (V/M) —-0,335 0,715 (0,349-1,468) 0,361
AmzZius, metai -0,051 1,052 (1,011-1,094) 0,053
Desiniojo KNSP, mm? —4,940 1,050* (1,027-1,096) <0,001

Desiniojo KN homogeniskumas

(homo vs hetero) 2,178 8,826 (1,909-40,813) 0,005

Desiniojo KN echogeniskumas
(hipo vs izo)

Kairiojo KNSP, mm? -2,889 1,029* (1,010-1,068) 0,002
Kairiojo KN homogeniskumas
(homo vs hetero)

2,347 10,450 (4,242-25,740) <0,001

1,633 5,118 (1,057-24,789) 0,04

Kairiojo KN echogeniSkumas
(hipo vs izo)

2,235 9,351 (3,778-23,143) <0,001

B (beta) koeficientas yra regresinés analizés koeficientas; SS — $ansy santykis; 95 proc. PI —
95 procenty pasikliautinasis intervalas; a — rezultatai pateikiami atvejui kai nervo skerspjtivio
plotas sumazéja 0,01 mm?, KN — klajoklis nervas. KNSP — klajoklio nervo skerspjiivio
plotas; homo — homogeniskas; hetero — heterogeniskas; hipo — hipoechogeniskas; izo —
izoechogeniskas.
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4. REZULTATU APTARIMAS

Tai pirmasis tokio pobuidZio tyrimas, kuris analizuoty KN ir DN sgsajas
su neurodegeneracinémis ligomis bei ANS sutrikimais. Siame tyrime siekta
nustatyti ultragarsiniy parametry pokyéius sergant SAS ir PL bei nustatyti jy
sasajas su ANS funkcijos rodikliais ir klinikinémis charakteristikomis.

Jvertinus serganciyjy SAS ir kontrolinés grupés demografinius rodiklius,
nustatyti reik§mingi skirtumai pagal amziy ar lytj. Sergantys SAS pacientai
turéjo mazesni KMI (p = 0,001) bei kluby apimtj (p = 0,002), lyginant su
kontroline grupe, o Sie antropometriniai skirtumai gali biiti siejami su progre-
suojan¢iu raumeny silpnumu, sumaz¢jusiu fiziniu aktyvumu ir sisteminiu
raumeny nykimu, kurie budingi SAS eigai. MaZesnis KMI sergant SAS taip
pat gali atspindéti sumazéjusj mitybos efektyvumg ir energijos disbalansa.
Sie poky¢iai sutampa su literatiiroje aprasytais duomenimis, kuriais remiantis
SAS dazniau paveikia vyresnio amziaus asmenis, $iek tiek dazniau vyrus [35,
145], ir kad mazesnis KMI yra susijes su blogesne ligos prognoze bei
padidéjusiu mirtingumu [146, 147].

Tyrimo metu idaiskéjo, kad serganéiyjy SAS pacienty DNSP buvo reiks-
mingai mazesnis nei kontrolinés grupés, o tai dera su literatliroje apraSytais
duomenimis, rodanciais nervo atrofija dél motoriniy neurony degeneracijos
[33, 66]. Tikétina, kad DNSP dydZio sumaZzéjimas atspindi motoriniy neuro-
ny ir inervuojamy raumeny skaiduly atrofija, kas atitinka Zinomus SAS
patofiziologinius mechanizmus. Sie rezultatai dera su pomirtiniy tyrimy
duomenimis [5], kuriuose nustatytas dideliy mielinizuoty aksony netekimas,
ypac distalinése srityse, bei reikSminga DN aksoniné atrofija. Vienas i§ gali-
my patogenetiniy mechanizmy galéty buti oksidaciné Zala, sukelianti aksony
disfunkcijg ir irimg [ 148]. Oksidacinis stresas, veikdamas jvairius lastelinius
procesus, gali prisidéti prie abipusiy — deSiniojo ir kairiojo — DN degenera-
ciniy poky¢iy.

Papildomai vertinti echogeniskumo ir homogeniSkumo poky¢iai parode,
kad DN heterogeniskumas ir hiperechogeniSkumas dazniau nustatomi
serganéiyjy SAS grupéje, kas rodo galimus struktiirinius nervo pakitimus.
Galima teigti, kad Sie ultragarsiniai pokyciai atspindi degeneracinius proce-
sus, veikian€ius nervines skaidulas ir aplinkinius audinius. Gauti rezultatai
papildo ankstesnius miisy ir kity autoriy duomenis [14] bei leidzia svarstyti
apie DN ultragarsinio tyrimo galima kliniking reik§m¢ kaip papildomo,
neinvazinio SAS vertinimo metodo. Nors homogeniskumo ir echogeniskumo
vertinimas atskleidé reik§mingus skirtumus sergant SAS, $iuo metu litera-
tiroje vis dar triiksta pakankamai tyrimy, leidzian€iy $iuos rezultatus tiesio-
giai palyginti ar standartizuoti.
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Vertinant ALSFRS-R ir COMPASS-31 skales sergantiesiems SAS gauti
rezultatai parodé, kad ALSFRS-R skalés balai reikSmingai koreliavo su DN
skerspjiivio plotu abiejose pusése (p < 0,001), rodydami, kad mazesni DN
matmenys buvo susij¢ su prastesne motorine funkcija. ALSFRS-R skalé
vertina keturias funkcines sritis: virSutiniy ir apatiniy galiiniy motorika,
kalbos ir rijimo funkcijas bei kvépavima. Todél nustatyta koreliacija leidzia
manyti, kad DN morfologiniai pakitimai yra susij¢ su bendru motoriniu
silpnumu, biidingu SAS eigai.

Siame tyrime buvo taikytos dvi kalbiskai validuotos klinikinés vertinimo
skalés — ALSFRS-R ir COMPASS-31 — siekiant jvertinti ry$j tarp pacienty
funkcinés biklés ir DNSP. Nors ALSFRS-R skalés balai Siame tyrime
nekoreliavo su DNSP, nustatyta reikSminga koreliacija tarp deSiniojo DN
skerspjuvio ploto ir COMPASS-31 baly (p < 0,001), tuo tarpu kairiojo DN
koreliacija nepasieké statistinio reik§mingumo (p = 0,089). Sie duomenys
rodo, kad DN struktiiriniai poky¢iai gali biiti labiau susij¢ su ANS funkcijos
sutrikimo pozymiais nei su bendru funkcinés biklés vertinimu pagal
ALSFRS-R skale. Tai leidzia manyti, kad DN morfologiniai pakitimai gali
atspindéti platesnj ANS mechanizmy jsitraukima SAS patogenezéje.
Ankstesnieji tyrimai, nors daugiausiai susitelk¢ ties diafragmos storio ir
respiraciniy funkcijy sasajomis, taip pat parodé, kad motorinés funkcijos
(vertinamos ALSFRS-R) poky¢iai gali biiti susij¢ su ultragarsiniais nervo
parametrais [5]. Taciau dabartinio tyrimo rezultatai rodo, kad ANS funkcijos
vertinimas gali buti jautresnis DN morfologiniy pokyciy atspindys nei
bendroji funkciné skalé.

Apibendrinant, $io tyrimo rezultatai rodo, kad DN ultragarsinis tyrimas
gali buti naudingas neinvazinis metodas vertinant strukttrinius nervy poky-
¢ius sergant SAS. Nustatyta reik§minga sgsaja tarp DNSP ir ANS funkcijos
rodikliy, jvertinty pagal COMPASS-31 skalg, leidzia manyti, kad DN morfo-
loginiai pakitimai gali atspindéti ANS jsitraukima j ligos eiga. Sie rezultatai
pagrindzia DNUG metodo tolesnio tyrimo poreiki platesnése ir prospek-
tyviose imtyse.

Tyrimas atskleidé reikimingus morfologinius KN poky¢ius SAS pacien-
tams, palyginti su sveikais kontrolinés grupés dalyviais. Stebétas KNSP
sumazéjimas rodo §io nervo pazeidziamumg neurodegeneraciniams proce-
sams. EchogeniSkumo ir homogeniskumo variacijos taip pat leidZia jtarti
struktiirinius nervo pokycius, galimai susijusius su ligos patofiziologiniais
mechanizmais. Sie rezultatai atitinka kity autoriy duomenis, kuriuose nusta-
tytas KN skerspjivio ploto sumazéjimas SAS pacientams [64—67], nors kai
kurie tyrimai reikSmingy KN ultragarsiniy poky¢iy nenustaté [149].

Vis délto, kaip rodo ankstesni tyrimai, vien tik KNSP diagnostinis
tikslumas, diferencijuojant bulbaring ir nebulbaring SAS formas, gali biiti
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ribotas [150]. Atsizvelgiant | tai, didesn¢ diagnosting verte galéty suteikti
kombinuotas metodas, jungiantis KNUG parametrus su kitais ANS Zymeni-
mis, pavyzdziui: SRV rodikliais ar sudétiniais autonominiy simptomy balais.
Taip pat papildomi ultragarsiniai parametrai, tokie kaip fascikulinés struk-
tiros analizé ar echogeniSkumo vertinimas, gali suteikti i§samesnés informa-
cijos apie galima ANS paZeidimo lygj sergant SAS. Siy metody diagnostiné
verté turéty biiti toliau vertinama platesniuose tyrimuose.

Tyrimas parodé¢ reikSmingas koreliacijas tarp KNUG parametry (NSP,
echogeniskumo) ir antropometriniy rodikliy, tokiy kaip tigis, svoris, KMI,
liemens ir kluby apimtys, daugumai Siy rodikliy parodzius stiprig statisting
reik§me (p < 0,001). Tadiau reik§mingas KMI sumaZzéjimas SAS pacienty
grup¢je, palyginti su kontroline grupe, leidzia daryti prielaida, kad Sie
poky¢iai gali buti susij¢ su ligos progresavimu ir raumeny masés nykimu, o
ne tik su normaliu kiino dydZzio poveikiu nervo morfologijai.

Pastebétos echogeniskumo variacijos tarp kontrolings ir SAS grupiy
suteikia papildomy izvalgy apie ligos poveiki nervy struktiirai. Ryskesni
homogeniSkumo ir echogeniskumo poky¢iai buvo nustatyti pacientams, ser-
gantiems AMN ir bulbarine SAS forma, tuo tarpu VMN forma §iuo poZiiiriu
neparodé reikSmingy ultragarsinio tyrimo pokyc¢iy. Tai gali rodyti skirtingg
patologiniy procesy israiskg priklausomai nuo klinikinio ligos fenotipo.

Gauta reikSmingy koreliacijy tarp KNUG duomeny ir COMPASS-31
baly. Tai rodo, kad KN morfologiniai poky¢iai yra susije su ANS disfunkcijos
pozymiais, jvertintais pagal COMPASS-31, ir leidzia manyti, jog nervo
struktiiros pakitimai gali biiti susij¢ su iSmatuojamais autonominiais
simptomais. Sie rezultatai pabrézia sudétingg saveika tarp neurologiniy ir
funkciniy ligos aspekty. COMPASS-31 koreliacija su KN morfologija gali
atspindéti ANS taky jsitraukima j SAS eiga, atsizvelgiant | KN vaidmenj
reguliuojant Sirdies ir virSkinimo sistemos funkcijas.

Siame tyrime, kaip ir keliuose kity autoriy darbuose, atskleista, kad
KNUG morfologiniai parametrai (pvz., NSP, echostruktiira) yra susij¢ su
ANS funkcijos sutrikimais. Nustatyta, kad KNSP koreliuoja su parasimpa-
tinés funkcijos parametrais pakreipimo meéginiu (angl. zilt test) ir kitais
autonominiais rodikliais, palaikant ultragarsiniy matavimy potencialg kaip
papildoma autonominés disfunkcijos zymenj neurodegeneracinése ligose
[150, 151].

Tuo tarpu ALSFRS-R skalés balai nereik§mingai koreliavo su KNUG
duomenimis, i§skyrus ribing sasaja su kairiojo KN parametrais (p = 0,125).
Tai rodo, kad nors KN pokyciai yra susij¢ su ANS simptomais, jie gali
tiesiogiai neatspindéti bendresniy motoriniy funkciniy geb¢jimy, vertinamy
pagal ALSFRS-R skalg.
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Nustatyta, kad didéjant serganéiyjy SAS amziui mazéjo kairiojo KNSP,
tuo tarpu deSiniojo KNSP reik§mingos sasajos su amziumi nenustatyta. Taip
pat ilgesné ligos trukmé buvo susijusi su mazesniu KNSP. Tuo tarpu ligos
pradzios amzius reikimingy sasajy su KNSP neturéjo. Sie rezultatai gali
atspindéti su amziumi ir ligos trukme susijusius struktiirinius pokycius
sergant SAS.

Sergan¢iyjy SAS tyrimai isryskino SRV svarbg aiskinantis ligos sukeltg
ANS funkcijos sutrikimg. Daugelyje tyrimy nustatyta, kad SAS pacientams
pasireiskia reik§mingi SRV poky¢iai, rodantys ANS jsitraukima, ypaé para-
simpatines Sirdies ir kraujagysliy reguliacijos srityje. Dazniausiai apraSomas
sumazéjes SRV, palyginti su sveikais asmenimis, kas rodo vagalinés—simpa-
tinés pusiausvyros sutrikima [152]. Siam disbalansui biidinga padidéjusi
ramybés Sirdies susitraukimy daznio verté, sumazéjusi R—R intervaly varia-
bilumo reik§mé bei pakites Zemyjy ir aukstyjy dazniy santykis [153].

Siame tyrime SRV analizé¢ SAS grupéje parodé sumazéjusias SDNN,
RMSSD ir pNN50 reikSmes, atspindin€ias parasimpatinés reguliacijos poky-
¢ius. Tagiau SRV rodikliai nereik§mingai koreliavo su KNSP, kas leidzia
manyti, kad SRV pokygiai gali biti labiau susij¢ su funkciniu ANS regulia-
cijos sutrikimu nei su aiskiai iSreik$tais KN struktiiriniais pakitimais. Tai dera
su ankstesniais duomenimis, rodanciais, jog vagalinés visceralinés Sakos gali
i3likti santykinai i§saugotos net pazengusiose SAS stadijose [67, 153].

Nors KN degeneracija sergant SAS gali buti nustatoma ultragarsu,
Sirdies ritmo reguliacija lemia platesnis simpatiniy ir parasimpatiniy skaiduly
tinklas ANS. Todél SRV poky¢iai gali atspindéti sudétingg ANS disfunkcijos
mechanizmg sergant SAS, nebiitinai tiesiogiai priklausantj nuo vien tik KN
morfologiniy pakitimy.

Misy tyrimo rezultatai dera su naujausiy aukstos raiSkos ultragarso
tyrimy duomenimis, kurie parodé reikSmingg klajoklio nervo atrofija PL
sergantiems pacientams, palyginti su kontrolinés grupés dalyviais [16, 31, 32,
154—-157]. Nustatytas reikSmingas KNSP sumaz¢jimas PL pacientams rodo
galimus bendrus neurodegeneracinius mechanizmus skirtinguose neurologi-
niuose sutrikimuose.

Walter ir kt. nustaté reikSmingag KNSP dydzio sumazéjimg PL pacien-
tams, kuris nekoreliavo nei su ligos trukme, nei su jos sunkumu, kas gali
rodyti, jog KN atrofija pasireiSkia ankstyvesnése neurodegeneraciniy procesy
stadijose [155]. Panasiai Pelz ir kt. teige, kad tiek kairysis, tiek deSinysis KN
buvo reikSmingai plonesni PL pacientams, nepriklausomai nuo klinikinés
ligos stadijos [155].

Vis délto ne visi tyrimai nustaté reikSmingg KN dydZio sumaz¢jima tarp
PL ir kontrolinés grupés [156, 157]. Taciau dauguma S$iy tyrimy nevertino
kiino sudéties ar antropometriniy rodikliy, kurie galéty turéti jtakos KN
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dydziui. Nors kai kurios ankstesnés studijos su sveikais asmenimis parode
reikSmingg KMI koreliacija su KN skerspjiivio plotu [158], miisy tyrime
reikSmingy sasajy tarp KNSP ir Gigio, svorio, KMI ar kity antropometriniy
rodikliy nenustatyta. PanaSiis rezultatai apraSyti ir tyrimuose su pacientais,
serganciais cukriniu diabetu, kuriuose nenustatyta aiSki koreliacija tarp
KNSP ir amziaus, lyties ar kiino masés rodikliy [159].

Be to, miisy tyrime nustatyti rySkiis KN echogeniSkumo skirtumai tarp
PL ir kontrolinés grupés: kontrolinéje grupéje dazniau stebétas hipoechoge-
niskumas, o PL pacientams — padidéjes echogeniskumas. Sie poky¢iai gali
atspindéti nervo audiniy architektiiros pakitimus, susijusius su neurodegene-
raciniais procesais. Neuropatologiniai tyrimai rodo, kad PL atveju virski-
namojo trakto disfunkcija ir autonominés nervy sistemos pazeidimas daznai
siejami su a-syn sankaupomis, aptinkamomis tiek enterinéje nervy sistemoje,
tieck KN nugaros motoriniame branduolyje [160].

Nors autopsijos tyrimy yra nedaug, taciau visi jie parod¢ strukturinius ir
funkcinius poky¢ius jvairiose neurologinése biiklése, jskaitant degeneracines
ligas, tokias kaip PL. Sie tyrimai leidZia manyti, kad aksony degeneracija, a-
syn sankaupos ir parasimpatinés inervacijos praradimas prisideda prie
nustatomy poky¢iy [92]. Be to, aksony degeneracija kartu su nugaros
motorinio branduolio degeneracija iSskiriama kaip pagrindinis veiksnys,
lemiantis nemotoriniy simptomy vystymasi sergant PL [161, 162, 167].
Pazymétina, kad esamoje literatiiroje vis dar pastebima spraga dél konkretaus
echogeniskumo vertinimo vaidmens kaip diagnostinio Zymens neurologi-
niuose sutrikimuose.

Miisy tyrime nagrinéta KN ultragarsiniy parametry ir klinikiniy rodikliy
sasaja PL sergantiems pacientams atskleidé reikSmingas koreliacijas, ypac
desiniojo KN. Desiniojo KNSP reikSmingai koreliavo su paciento svoriu,
treciojo skilvelio plo¢iu bei bendru COMPASS-31 balu. Kairiojo KNSP
reikSmingai koreliavo su svoriu, amziumi, ligos trukme ir treciojo skilvelio
plociu.

Sie rezultatai rodo, kad KN morfologiniai poky&iai gali bati susije ne tik
su periferine ANS disfunkcija, bet ir atspindéti centrinés nervy sistemos
struktiirinius pakitimus. Treciojo skilvelio padidéjimas, kuris anks¢iau buvo
sietas su kognityviniais sutrikimais — Alzheimerio liga, Parkinsono liga ir
i§setine skleroze [166—-169], gali turéti papildomos reikSmés vertinant gali-
mus centrinés neurodegeneracijos poZymius.

Nustatyta statistiSkai reikSminga, nors ir silpna, neigiama koreliacija tarp
COMPASS-31 bendro balo ir desiniojo KNSP (r = —0,257; p = 0,047),
rodanti, kad didéjant ANS simptomy sunkumui, mazéja desiniojo KNSP. Sis
rezultatas leidzia manyti, kad ANS simptomy iSreikStumas gali biiti susijes
su KN morfologiniais poky¢iais. Visgi dél silpnos koreliacijos reikalingi
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tolesni tyrimai Siai sgsajai patvirtinti ir jos klinikinei reikSmei jvertinti.
Pazymétina, kad kai kurie ankstesni tyrimai neparodé reikSmingy sasajy tarp
KN parametry ir ANS neuropatijos, vertinamos COMPASS-31 skale [159].

PL serganciy pacienty grupéje nustatyta viena statistiSkai reikSminga
sasaja tarp KN ultragarsiniy parametry ir SRV rodikliy — neigiama koreliacija
tarp kairiojo KNSP ir RMSSD parametro (r = —0,421; p = 0,025). Sis rysys
rodo, kad maz¢jant kairiojo KNSP, maz¢ja ir parasimpatinés reguliacijos
rodiklis.

Tuo tarpu kiti SRV parametrai, tokie kaip SDNN ir pNN50, reik§mingy
koreliacijy su KN ultragarsiniais rodikliais neparodé. Tai gali atspindéti ANS
isitraukimo ] neurodegeneracinius procesus kompleksiskumg ir rodyti, kad
skirtingi SRV komponentai atspindi nevienodus reguliacinius mechanizmus.

Nors nustatyta sgsaja yra vidutinio stiprumo, jos interpretacija reikéty
vertinti atsargiai dél riboto koreliacijos pobiidzio ir galimy kity veiksniy
jtakos. Sie duomenys leidzia svarstyti KN ultragarsiniy parametry potencialg
kaip papildoma, neinvazinj ANS funkcijos vertinimo metoda sergant PL,
taciau jy klinikiné reikSme turéty biiti patvirtinta tolesniais tyrimais.

Misy tyrimo rezultatai patvirtina, kad KN morfologiniai poky¢iai gali
biiti susij¢ su ANS disfunkcija sergant PL. Nustatytas reikSmingas KNSP
sumazéjimas PL pacientams, palyginti su kontrolinés grupés dalyviais, dera
su ankstesniais aukstos raiSkos ultragarso tyrimais.

Sio tyrimo rezultatai parodé, kad KN ultragarsiniai parametrai turi nevie-
nodg diagnostine verte sergant SAS ir PL, o tai tikétina atspindi skirtingus
periferinés nervy sistemos jsitraukimo mechanizmus §iy neurodegeneraciniy
ligy patogenezéje.

SAS grupéje KNSP ROC analizéje demonstravo gera diskriminacing
geba (AUC desiniojo — 0,779; kairiojo — 0,737), kas rodo palanky jautrumo
ir specifiskumo santykj diferencijuojant pacientus nuo kontrolinés grupés. Sie
duomenys dera su literatiiroje aprasomais KN atrofijos radiniais sergant SAS,
ypac esant bulbarinei ligos formai, kai periferiniy motoriniy skaiduly degene-
racija gali atsispindéti KNSP sumazéjimu [65, 144]. Vis délto binarinés
logistinés regresijos analizéje KNSP nepriklausoma sgsaja su SAS nebuvo
patvirtinta, ypac vertinant kairjjj KN. Tuo tarpu reikSmingesn¢ nepriklauso-
mg s3saja parodé¢ struktiiriniai nervo echoparametrai — padidéj¢s echogenis-
kumas desingje bei pakites homogeniskumas abipus, ypac kairéje puséje. Tai
leidzia manyti, kad SAS atveju diagnosting reik§me gali turéti ne tik nervo
morfometriniai matmenys, bet ir jo mikrostruktiiriniai poky¢iai, atspindintys
aksony degeneracija, mielino struktiiros pakitimus ar jungiamojo audinio
remodeliacija.

Vertinant DN rodiklius, nustatytas statistiSkai reikSmingas DNSP suma-
z¢jimas abipus, taip pat reikSminga desiniojo DN homogeniskumo sasaja su
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SAS. Sie radiniai papildo KN tyrimo rezultatus ir patvirtina, kad periferiniy
nervy struktiiriniai pokyéiai sergant SAS yra sisteminio pobiidzio ir gali turéti
diagnosting reikSme, ypac¢ ankstyvose ar kliniskai neaiSkiose ligos stadijose.
PL grup¢je KNSP ROC analiz¢je taip pat pasizymejo diagnostine verte,
taCiau diskriminaciné geba buvo vidutiné (AUC desSinéje 0,725; kairéje
0,671). Literatiroje pateikiami duomenys apie KNSP pokycius sergant PL
iSlieka heterogeniski: dalis tyrimy nustato nedideli KNSP sumazg¢jima, tuo
tarpu kiti autoriai akcentuoja ribotg Sio parametro diagnosting vert¢ indivi-
dualiam vertinimui [16, 156, 157].

Misy logistinés regresijos analizéje KNSP nepriklausomy sasajy su PL
nenustatyta, taciau reikSminga sasaja demonstravo padidéjes deSiniojo KN
echogeniskumas bei kairiojo KN homogeniskumas. Tai rodo, kad PL atveju
periferinio nervo strukttiriniai pokyciai gali biiti subtilesni ir ne visuomet
atsispindeéti aiSkig KN atrofija, tod¢l kokybiniai ultragarsiniai parametrai gali
biiti jautresni ligos poZymiai nei vien morfometriniai matmenys.

Svarbus §io tyrimo privalumas — neinvaziniy, klinikin¢je praktikoje
lengvai prieinamy ir placiai pritaikomy tyrimo metody taikymas, sudarantis
galimybes gautus rezultatus integruoti j kasdien¢ neurologing praktika.
Tyrimai buvo atlikti taikant standartizuota metodika, dalyvaujant dviems
nepriklausomiems tyréjams, o tai didina matavimy patikimumg ir uztikrina
rezultaty objektyvuma. Be to, tyrime dalyvavo aiskiai apibréztos pacienty ir
kontrolinés grupés, o statistinés analizés metodai buvo parinkti atsizvelgiant
1 duomeny pobudi ir tyrimo tikslus, taip uztikrinant gauty rezultaty patiki-
mumag ir interpretacijos pagristuma.

Vienas pagrindiniy Sio tyrimo trikumy — santykinai nedidelé tiriamyjy
imtis, ypac¢ Sonine amiotrofine skleroze serganciy pacienty grup¢je, kas
gal¢jo sumazinti statisting galig nustatyti silpnesnes sasajas. Taip pat, tyrimas
buvo atliktas viename centre, tod¢l gauty rezultaty apibendrinamumas plates-
nei populiacijai gali buti ribotas.
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ISVADOS

Sergantiesiems Sonine amiotrofine skleroze nustatyti reikSmingi diafrag-
minio nervo ultragarsiniai poky¢iai, pasireiskiantys nervo skerspjiivio
ploto sumazéjimu ir padidéjusiu hipechogeniskumu, heterogeniskumu,
palyginus su kontroline grupe.

Sergantiems Sonine amiotrofine skleroze pacientams nustatytas reiks-
mingas klajoklio nervo skerspjiivio ploto sumazéjimas bei padidéjes
echogeniskumas ir heterogeniskumas, lyginant su kontrolinés grupés
asmenimis.

Sergantiesiems Parkinsono liga nustatyti klajoklio nervo ultragarsiniai
poky¢iai, pasireiSkiantys nervo skerspjuvio ploto sumazé¢jimu ir padi-
déjusiu izoechogeniskumu, palyginus su kontroline grupe.

Sergantiesiems Sonine amiotrofine skleroze nustatyti autonominés nervy
sistemos funkcijos sutrikimai, pasireiSkiantys sumazéjusiais Sirdies ritmo
variabilumo rodikliais bei virSkinamojo trakto ir Slapimo pislés funk-
cijos pakitimais, o sergantiesiems Parkinsono liga — ortostatinés, vazo-
motorinés, virSkinamojo trakto ir Sirdies ritmo variabilumo sutrikimai.
Sie autonominés funkcijos rodikliai buvo susije su klajoklio nervo
ultragarsiniais pokyciais, jskaitant skerspjiivio ploto ir struktiriniy para-
metry pakitimus.

Nustatyta, kad mazesnis klajoklio nervo skerspjtivio plotas, padidéjes
echogeniSkumas ir struktiiros heterogeniSkumas yra statistiSkai reiks-
mingi poky¢€iai pacientams, sergantiems Sonine amiotrofine skleroze ir
Parkinsono liga. Sergant Sonine amiotrofine skleroze nustatyta diafrag-
minio nervo skerspjiivio ploto ir struktiiriniy poky¢iy diagnostine reiks-
mé: mazesnis abiejy pusiy skerspjiivio plotas bei struktiiriniai pakitimai
(izogeniSkumas ir heterogeniskumas) budingi $iai ligai. Klajoklio nervo
skerspjiivio plotas pasizymi gera diskriminacine geba, diferencijuojant
kontroling grupe nuo pacienty, serganciy Sonine amiotrofine skleroze ir
Parkinsono liga.
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PRAKTINES REKOMENDACILJOS

Rekomenduojama taikyti diafragminio ir klajoklio nervy ultragarsinj
tyrimg kaip papildoma, neinvazinj metoda Soninés amiotrofinés sklero-
z¢&s ir Parkinsono ligos diagnostikoje bei ligos progresavimui stebéti.

Rekomenduojama reguliariai atlikti diafragminio nervo ultragarsinj tyri-
ma, siekiant laiku identifikuoti kvépavimo funkcijos blogéjimg ir uztik-
rinti tinkama respiracinés prieziliros pradzig (pvz., neinvazing ventilia-
cija).

Klajoklio nervo ultragarsinis tyrimas turéty buti taikomas pacientams,
sergantiems Parkinsono liga, siekiant anksti nustatyti autonominés
disfunkcijos pozymius. Klajoklio nervo tyrimg rekomenduojama derinti
su Sirdies ritmo variabilumo analize ir klinikiniy simptomy vertinimu,
siekiant individualizuoti gydyma.

Rekomenduojama derinti diafragminio ir klajoklio nervy ultragarsinj
tyrima, Sirdies ritmo variabilumo tyrimus, kvépavimo funkcijos testus ir
elektroneuromiografija, siekiant padidinti diagnostinj tiksluma.

Vertinant ultragarsinio tyrimo parametrus bitina atsizvelgti | paciento
amziy, kiino sudéjima, gretutines ligas ir vartojamus vaistus, nes Sie
veiksniai gali daryti jtakg rezultatams.

Rekomenduojama standartizuoti diafragminio ir klajoklio nervy ultra-
garsiniy matavimy metodika tarp skirtingy centry. Ilgalaikeé pacienty
stebésena gali padéti jvertinti nervy pakitimy progresavima ir jy rysj su
ligos eiga bei prognoze.
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SUMMARY

1. INTRODUCTION

Neurodegenerative diseases (NDs) are a group of disorders of the
nervous system characterized by progressive neuronal loss and dysfunction,
leading to gradual impairment of memory, speech, movement, coordination,
and autonomic nervous system (ANS) functions. In recent decades, due to
population aging and increased life expectancy, the global prevalence of these
diseases has been rapidly rising [1]. Despite advances in neuroimaging,
molecular biomarkers, and genetic research, early diagnosis of NDs remains
highly challenging. In the early stages, symptoms are often nonspecific and
may overlap across different disorders, while reliable biomarkers are still
lacking in clinical practice [2].

The World Health Organization states that neurological disorders, in-
cluding NDs, impose a substantial economic burden worldwide, encompass-
sing direct healthcare costs, indirect costs due to lost productivity, and expen-
ses related to social care. NDs are among the leading causes of morbidity and
disability globally, affecting more than one-third of the world’s population
[1].

Given the increasing prevalence of NDs and their growing societal and
economic burden, significant attention is being directed toward pathogenetic
mechanisms that may help identify early, clinically applicable disease mar-
kers. Research over recent decades suggests that neurodegenerative processes
are not confined to the central nervous system (CNS) but often involve the
peripheral nervous system (PNS), particularly in the early stages of disease.
Such peripheral changes may reflect primary neurodegenerative mechanisms
and offer an opportunity for earlier diagnosis before the onset of overt clinical
symptoms [3, 4].

Neuropathological studies indicate that in amyotrophic lateral sclerosis
(ALS), structural alterations of the phrenic nerve (PN) and the vagus nerve
(VN) can be observed, associated with axonal degeneration and glial cell
changes. Histological findings describe a “dying-back™ pattern of distal
axonal atrophy, characterized by degeneration progressing from distal axonal
segments toward the neuronal cell body. This process is considered an
important pathogenic mechanism in ALS and is associated with impaired
axonal transport and inflammatory processes. In addition to ALS, distal
axonal damage is also characteristic of other neurological disorders, particu-
larly peripheral polyneuropathies, such as diabetic symmetric sensorimotor
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polyneuropathy, certain toxic polyneuropathies caused by chemical or phar-
macological agents, and inherited axonopathies such as Charcot—-Marie—
Tooth disease type 2, which are marked by primary distal axonal degeneration
and proximally progressing symptoms [5].

According to the anterograde neuronal degeneration (“dying-forward”)
hypothesis, neurodegeneration begins in the CNS, particularly in the neuronal
cell bodies of the cerebral cortex, and spreads anterogradely along axons to
PNS structures [6]. This model emphasizes the role of centrally mediated
excitotoxic processes (caused by excessive neuronal excitation) and disrupted
glutamatergic transmission in disease onset and progression [7,8]. The
“dying-forward” mechanism has been most extensively studied in ALS [6],
but has also been described in the pathogenesis of Alzheimer’s disease [9],
Parkinson’s disease (PD) [10], and certain forms of frontotemporal dementia
[11], where the primary neurodegenerative process is associated with neuro-
nal cell body dysfunction followed by axonal degeneration.

Axonal degeneration is often accompanied by myelin sheath damage and
adaptive or degenerative hyperplasia of Schwann cells as part of a compen-
satory cellular response. In early stages, Schwann cells may transfer polyri-
bosomes to axons in order to support local protein synthesis [12, 13].
Although these processes occur at a microscopic level and are not directly
detectable by ultrasound, imaging allows the identification of their structural
consequences — namely nerve atrophy. In patients with ALS, the cross-
sectional area of the phrenic nerve (PNCSA) is significantly reduced bilate-
rally compared to control groups [14], which is considered a macroscopic
sign of chronic axonal degeneration.

In recent years, increasing attention in PD pathogenesis research has
been directed toward structural and molecular changes in the PNS, parti-
cularly the VN and ANS. Studies show that in patients with NDs, phospho-
rylated a-synuclein (p-syn) aggregates can be detected in the PNS — including
the VN and gastrointestinal nerve fibers — especially when neurodegenerative
changes are already present in the CNS [10,11,15]. This suggests that
peripheral p-syn accumulation may occur even before CNS involvement.
Furthermore, recent studies support the “body-first” hypothesis of a-synu-
clein (a-syn) propagation, where pathological processes originate in the gut
or parasympathetic system and spread to the CNS via the VN — representing
one of the mechanisms of PD progression [15-18]. Large autopsy studies
indicate that p-syn deposits are found in the VN in up to 89% of PD patients,
and in 46% of cases of incidental Lewy body disease, suggesting that the
pathological process may originate in the periphery [15].

The ANS may be affected in many neurodegenerative diseases. Its
dysfunction is one of the most prominent non-motor features of PD. ANS
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dysfunction in PD can occur at all disease stages and significantly impair
quality of life, causing orthostatic hypotension, urinary, gastrointestinal, ther-
moregulatory, and sexual dysfunction [19-21]. The severity of ANS invol-
vement in PD may be associated with local a-syn accumulation, reflecting
disease progression [19, 22, 23]. Although ALS has traditionally been consi-
dered a disease affecting only motor neurons, growing evidence suggests
ANS involvement, as patients may exhibit reduced heart rate variability
(HRV), blood pressure lability, as well as gastrointestinal and urinary
dysfunction [1, 24]. In clinical practice, it is important to combine structured
symptom assessment with objective functional testing. For this purpose, the
Composite Autonomic Symptom Score-31 (COMPASS-31) questionnaire is
widely used, enabling rapid and reliable assessment of the spectrum and
severity of autonomic symptoms [25, 26].

Assessment of cardiovascular autonomic function relies heavily on HRV
analysis both at rest and during deep breathing. This non-invasive method
allows evaluation of the balance between parasympathetic and sympathetic
activity and detection of regulatory disturbances. Studies show that in PD,
HRYV parameters are often reduced, which is associated with orthostatic hypo-
tension and other manifestations of autonomic dysfunction [27, 28]. Similar
HRYV changes have been observed in ALS patients, with reduced HRV both
at rest and during deep breathing, confirming cardiovascular ANS dysfunc-
tion [29, 30]. The combination of these methods provides a standardized, non-
invasive, and sufficiently sensitive approach to detect ANS impairment in
both PD and ALS, helping to distinguish it from confounding factors and
enabling individualized treatment strategies [27, 29, 30].

International research increasingly focuses on early, non-invasive bio-
markers, including peripheral nerve ultrasound (e.g., VN parameters in PD)
[31, 32] and PN ultrasound assessment in ALS [33]. In addition, HRV is
increasingly used as a non-invasive indicator of ANS function in both PD and
ALS [14].

Our study contributes to the international field of non-invasive biomarker
research by systematically evaluating DN structural changes in ALS, as well
as VN alterations in PD and ALS, using ultrasonography. For the first time
worldwide, these structural changes in peripheral nerves were analyzed and
compared with indicators of ANS function, namely HRV, with the aim of
contributing to the development of an early, non-invasive diagnostic model
for neurodegenerative diseases. Early and accurate diagnosis of neurodege-
nerative diseases is of great importance both for patients’ quality of life and
for the timely implementation of therapies aimed at slowing disease prog-
ression.
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2. AIM AND OBJECTIVES OF THE STUDY
Aim
To evaluate the ultrasonographic parameters of the vagus and diaphrag-
matic nerves in patients with amyotrophic lateral sclerosis and Parkinson’s

disease, and to determine their association with autonomic nervous system
dysfunction.

Objectives and tasks of the study

1. To determine the characteristics of ultrasound parameter changes of
the phrenic nerve in patients with amyotrophic lateral sclerosis and
compare them with a control group.

2. To determine the characteristics of ultrasound parameter changes of
the vagus nerve in patients with amyotrophic lateral sclerosis and
compare them with a control group.

3. To determine the characteristics of ultrasound parameter changes of
the vagus nerve in patients with Parkinson’s disease and compare
them with a control group.

4. To evaluate autonomic nervous system dysfunction and its associa-
tions with ultrasound-detected nerve changes in patients with amyo-
trophic lateral sclerosis and Parkinson’s disease.

5. To assess the diagnostic value of vagus nerve ultrasound parameters
in patients with Parkinson’s disease and amyotrophic lateral scle-
rosis.

Scientific novelty

Neurodegenerative diseases (NDs) represent one of the major challenges
in modern neurology due to their progressive nature, limited treatment
options, and significant impact on patients’ functional independence and
quality of life. In recent decades, with population aging and increasing life
expectancy, the burden of these diseases on healthcare systems has been stea-
dily rising worldwide [1]. Despite rapid advances in neurological research,
early diagnosis of NDs remains challenging, as initial symptoms are often
nonspecific and overlap with those of other conditions, while reliable and
easily applicable biomarkers are still lacking in clinical practice [2].

In this study, DN and KN ultrasonographic changes in ALS and PD were
systematically investigated for the first time worldwide, and their associa-
tions with ANS dysfunction were evaluated. The study is distinguished by the
fact that changes in the ultrasonographic parameters of the nerves were
compared with clinical and functional assessment findings, with the aim of
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identifying these diseases at the earliest possible stages, as ANS disturbances
in these conditions may manifest earlier than motor symptoms [34].

The obtained results were compared with other indicators of ANS dys-
function, including heart rate variability (HRV) parameters and the Compo-
site Autonomic Symptom Score-31 (COMPASS-31), and their associations
with clinical signs of ANS impairment were evaluated. In addition, anthropo-
metric parameters (height, weight, body mass index (BMI), waist circumfe-
rence, and hip circumference) were assessed. The diagnostic value of PN and
VN ultrasound parameters was determined in patients with PD and ALS.

High-resolution ultrasound, used in this study, is a non-invasive, rapid,
and widely accessible method. Therefore, the results have direct clinical
applicability — they can be integrated into a multidisciplinary patient
assessment to facilitate earlier evaluation of disease progression and more
precise application of individualized therapeutic strategies.

Considering the epidemiological significance, high prevalence, and
impact on quality of life of ALS and PD, the findings of this study contribute
to the development of novel diagnostic and disease progression assessment
tools, expand knowledge in clinical neurology, and open new avenues for
further interdisciplinary research.

Practical value of the study

Studies investigating ultrasound changes of the VN and PN in ALS and
PD provide new opportunities for early and differential diagnosis. High-
resolution ultrasound measurements — such as cross-sectional area,
echogenicity, and homogeneity — combined with clinical assessment and
HRYV analysis enable the detection of morphological changes in peripheral
nerves even at early disease stages.

The results of this study may contribute to earlier and more accurate
diagnosis of PD and ALS, as well as to the identification of novel biomarkers
that could serve as additional tools for monitoring disease progression and
evaluating treatment effectiveness. Furthermore, they support a multidiscip-
linary approach (involving neurologists, pulmonologists, cardiologists, and
ANS specialists) aimed at optimizing individualized patient care.

In clinical practice, these findings may also expand the application of
ultrasound diagnostics, as it is an accessible, non-invasive, and relatively
rapid method suitable for both research and routine neurological practice.
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3. METHODS

3.1. Study population and grouping

The study was conducted at the Lithuanian University of Health
Sciences, Medical Academy, Faculty of Medicine (LSMU MA MF), and the
Department of Neurology at the Hospital of Lithuanian University of Health
Sciences Kauno klinikos (Kauno klinikos) during the period 2021-2025.
Approval for the study was obtained from the Kaunas Regional Biomedical
Research Ethics Committee (protocol No. BE-2-46).

The study group included patients with amyotrophic lateral sclerosis and
Parkinson’s disease who were treated and examined at the Department of
Neurology, Kauno klinikos between 2021 and 2024. Prior to participation, all
subjects were informed about the aim and procedures of the study and
provided written informed consent (the informed consent form is presented
in Appendix No. 1).

3.1.1. Inclusion criteria for participation in the biomedical study

To ensure the reliability of the study results and the homogeneity of the
study groups, clear inclusion criteria were established prior to patient enrol-
ment. Participant selection was based on clinical, diagnostic, and instrumen-
tal data confirming a diagnosis of PD or ALS, while excluding other
neurological or neuromuscular conditions that could affect ANS function or
peripheral nerve structure.

Patients meeting the following criteria were included in the study:

1. Adult patients (> 18 years).

2. Patients treated at the Department of Neurology, Hospital of Lithua-
nian University of Health Sciences Kauno klinikos (Kauno klini-
kos), including both the outpatient unit for nervous system diseases
and the inpatient Neurology Department, with a confirmed diagnosis
of PD or ALS.

PD diagnosis was established according to the Movement Disorder
Society (MDS) clinical diagnostic criteria [92].

ALS diagnosis was established according to the Gold Coast diag-
nostic criteria [60].

3. No evidence of other neurological or neuromuscular diseases based
on electrophysiological and imaging studies, including: multifocal
motor neuropathy, chronic inflammatory polyneuropathy, small
fiber neuropathy, acute polyneuropathy (Guillain—Barré syndrome,
toxic polyneuropathy), other neurodegenerative diseases (fronto-
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temporal dementia, progressive supranuclear palsy, multiple scle-
rosis, Huntington’s disease), or neuromuscular junction disorders
(generalized myasthenia gravis).

The study included 60 patients with PD and 32 patients with ALS.

Study Procedures in PD Patients:

1) Clinical evaluation (neurological examination, disease staging using
the Hoehn and Yahr scale (Appendix No. 4), assessment of anthro-
pometric and demographic data);

2) Ultrasound examination of the VN performed using a high-
resolution ultrasound system (Philips EPIQ 7, Philips Healthcare,
Koninklijke Philips N.V., Netherlands) with a linear 4-18 MHz
transducer. High frequencies (12—18 MHz), optimized for super-
ficial nerve visualization, were applied. Imaging was performed in
B-mode with the focus set at the depth of the examined nerve
(CE 0086);

3) 24-hour Holter monitoring;

4) Composite Autonomic Symptom Score-31 (COMPASS-31).

Study Procedures in ALS Patients:

1) Clinical evaluation (neurological examination, disease phenotype
assessment, anthropometric and demographic data);

2) Ultrasound examination of the VN and PN performed using a high-
resolution ultrasound system (Philips EPIQ 7, Philips Healthcare,
Koninklijke Philips N.V., Netherlands) with a linear 4-18 MHz
transducer. High frequencies (12—18 MHz), optimized for superfi-
cial nerve visualization, were applied. Imaging was performed in
B-mode with the focus set at the depth of the examined nerve
(CE 0086);

3) 24-hour Holter monitoring;

4) Composite Autonomic Symptom Score-31 (COMPASS-31).

3.1.2. Control group

To evaluate ultrasound parameters of peripheral nerves and ANS
function in PD and ALS and to compare them with normative values, a
control group was included in the study. Control subjects were selected to
ensure the absence of neurological, neurodegenerative, or neuromuscular
junction disorders that could affect peripheral nerve structure or ANS
function.
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The following inclusion criteria were applied:

1. Adult subjects (> 18 years).

2. Individuals in whom no evidence of polyneuropathy, neurodegene-
rative disease, or neuromuscular junction disorder was found based
on clinical neurological examination, electroneuromyography, and
imaging studies (brain magnetic resonance imaging or computed
tomography).

3. Control subjects were recruited from the outpatient unit for nervous
system diseases and the Neurology Department of Kauno klinikos.
After comprehensive clinical and instrumental evaluation, no
neurological pathology that could influence the study results was
identified.

3.2. Clinical evaluation

For each patient with PD and ALS, individual questionnaires were
completed (Appendix No. 1 (PD) and Appendix No. 2 (ALS)), and the collec-
ted data were entered into a computerized database for analysis. The question-
naire included items on demographic and clinical characteristics: sex, age,
disease duration, comorbidities, and medications used; as well as physiolo-
gical parameters: height, weight, body mass index (BMI), waist circumfe-
rence, and hip circumference. Neurological status (disease stage or disease
phenotype) was assessed both at the time of diagnosis and at the time of the
study, based on clinical symptoms and findings of the neurological examina-
tion. Prior to the evaluation, medical records were reviewed to obtain detailed
information on disease onset and predominant symptoms. Previously perfor-
med investigations, including electroneuromyography and magnetic resonan-
ce imaging, were also assessed.

3.2.1. Clinical characteristics of the study group

To characterize the study population and evaluate potential clinical
factors that could influence the study results, the main clinical characteristics
of patients with PD and ALS were collected and analyzed. These characte-
ristics included demographic data, disease onset and course, comorbidities,
family history, ANS function indicators, and pharmacological treatment.

Age at disease onset: defined as the patient’s age (in years) at the time of
the first symptoms.

Initial symptoms: assessment of the first clinical manifestations of the
disease (clinical presentation in ALS and the initially affected side in PD).
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Disease duration: defined as the period from the date of diagnosis to
study enrolment for both PD and ALS. Comorbidities present during this
period were also evaluated.

Family history: assessment of neurodegenerative diseases in first-degree
relatives (parents, siblings). In cases where no information was available,
family history was considered negative.

ANS assessment: evaluated using the Composite Autonomic Symptom
Score-31 (COMPASS-31) (Appendices No. 1 and No. 2). The following
domains were assessed: orthostatic intolerance, vasomotor, secretomotor,
gastrointestinal, bladder, and pupillomotor function.

Pharmacological treatment: in ALS patients, it was assessed whether
disease-specific treatment (riluzole or other agents) was administered.

3.2.2. Characteristics of the control group

For control subjects, demographic characteristics (sex and age) and
physiological parameters (height, weight, body mass index (BMI), waist
circumference, and hip circumference) were assessed. Data for the control
group were collected directly from participants and their medical records,
including information on diagnosed conditions and previously performed
investigations.

3.3. Ultrasound examination of the phrenic and vagus nerves

Ultrasound examinations of both the PN and VN were performed by two
independent investigators using a high-resolution ultrasound system (Philips
EPIQ 7, Philips Healthcare, Koninklijke Philips N.V., Netherlands) with a
linear 4-18 MHz transducer. High frequencies (12—18 MHz), optimized for
the visualization of superficial nerves, were applied. Imaging was performed
in B-mode with the focus set at the depth of the examined nerve (CE 0086).
VN ultrasound examination was performed in the cervical region in the
transverse plane, within the carotid sheath, between the common carotid
artery and the internal jugular vein. PN ultrasound examination was
performed in the cervical region above the clavicle in the transverse plane, on
the surface of the anterior scalene muscle (m. scalenus anterior).

3.3.1. Evaluation of the phrenic nerve

In B-mode ultrasound images, a spindle-shaped structure with a hypo-
echoic core and a hyperechoic rim, located within the connective tissue sheath
on the surface of the anterior scalene muscle, was identified as the PN. Both
the right and left PN were evaluated. To accurately differentiate the nerve
from adjacent blood vessels, Doppler mode was additionally applied. Both
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quantitative and qualitative nerve characteristics were assessed: echotexture
(homogeneous or heterogeneous) and echogenicity (hypoechoic, isoechoic,
or hyperechoic). The PN cross-sectional area (PNCSA) was measured ma-
nually using the freehand tracing method by outlining the hypoechoic nerve
core at the boundary between hypoechoic and hyperechoic regions, excluding
the surrounding connective tissue, according to the methodology described
by Walter et al. (2019) (Fig. 3.3.1.1 C). Each investigator performed three
measurements on each side (with an accuracy of 0.01 mm?), after which the
mean value was calculated, followed by the overall average. Ultrasound
examinations were performed by two independent investigators with clinical
experience in peripheral nerve ultrasound. Prior to the study, both investi-
gators were trained in a standardized examination protocol. The primary
investigator had prior experience in peripheral nerve ultrasound acquired
during a clinical traineeship in Wiirzburg (Germany), and this expertise was
transferred to the second investigator through a standardized training and
protocol harmonization process.

The investigators were blinded to each other’s measurements to ensure
objectivity.

Phrenic nerye

Fig. 3.3.1.1. (A) Normal ultrasound image of the phrenic nerve in a healthy
volunteer; (B) ultrasound image of the phrenic nerve in a subject
with ALS; (C) methodology for measuring the cross-sectional area
of the phrenic nerve

ASM — anterior scalene muscle; IJV — internal jugular vein; ICA — internal carotid artery.

74



In the control group, the mean right PNCSA was 1.12 £ 0.16 mm?, and
the 95% reference range, calculated as the mean + 1.96 standard deviations,
was 0.80-1.43 mm?2. The mean left PNCSA was 1.08 £ 0.13 mm?, with a
corresponding 95% reference range of 0.82—1.33 mm?.

To assess measurement reliability, investigator precision was evaluated.
Intra-rater reliability demonstrated excellent agreement (ICC = 0.92; 95% CI:
0.89-0.94), and similarly, inter-rater agreement between two independent
investigators was also excellent (ICC = 0.90; 95% CI: 0.87-0.93). These
findings confirm the high reliability of the applied ultrasound methodology.

3.3.2. Evaluation of the vagus nerve

In B-mode ultrasound images, the VN was visualized near the carotid
bifurcation, posterior to the junction of the internal and common carotid
arteries. Both the right and left VN were evaluated. During ultrasound
examination, the VN was identified as a structure surrounded by a connective
tissue sheath, with a hypoechoic core and a hyperechoic outer layer
(Fig. 3.3.2.1 C). The nerve diameter (in millimeters) was measured at two
locations: at the level of the carotid bulb and at the level of the common
carotid artery bifurcation. Nerve structure (homogeneous or heterogeneous)
and echogenicity (hypoechoic, isoechoic, or hyperechoic) were also assessed.
The VN cross-sectional area (VNCSA) was measured using the transverse
projection method described by Walter (2018), by outlining the hypoechoic
nerve boundary within its hyperechoic rim. Each investigator performed three
measurements on each side (with an accuracy of 0.01 mm?); individual mean
values were calculated, followed by the overall average. Ultrasound
examinations were performed by two independent investigators with
experience in peripheral nerve ultrasound. The primary investigator’s
expertise, acquired during a clinical traineeship in Wiirzburg (Germany), was
transferred to the second investigator prior to the study through a standardized
training and protocol harmonization process. Both investigators worked
independently and were blinded to each other’s measurements to ensure
objectivity.
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Fig. 3.3.2.1. (A) Normal ultrasound image of the vagus nerve in a healthy
volunteer (hypoechoic, homogeneous), (B) methodology for measuring the
cross-sectional area of the vagus nerve (isoechoic, homogeneous);

(C) ultrasound image of the vagus nerve in a patient with ALS
(hyperechoic, homogeneous), (D) ultrasound image of the vagus nerve
in a patient with ALS (hyperechoic, heterogeneous)

ASM - anterior scalene muscle; IJV — internal jugular vein; ICA — internal carotid artery.

In healthy subjects, the mean right VNCSA was 2.07 + 0.18 mm? (95%
CI: 2.03-2.12), while the mean left VNCSA was 1.87 £ 0.21 mm? (95% CI:
1.82—-1.93). The cross-sectional area of the right VN ranged from 1.76 to
2.54 mm?, and that of the left VN ranged from 1.35 to 2.38 mm?. Based on
the 2.5%-97.5" percentiles, the reference range for the right VNCSA was
1.77-2.47 mm?, and for the left VNCSA it was 1.41-2.32 mm?.
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3.4. Heart rate variability

The study was conducted at the outpatient unit for nervous system
diseases and the Neurology Department of the Hospital of Lithuanian
University of Health Sciences Kauno klinikos (Kauno klinikos) in patients
diagnosed with ALS or PD. The examination was performed by a single
investigator — a neurologist — following established recommendations and
using a four-electrode system [139]. Electrodes were placed on the chest wall
and anterior torso according to a modified limb lead configuration adapted
for long-term monitoring. Three electrodes were used to record active electro-
cardiogram (ECG) signals, while the fourth served as a reference (“ground”)
electrode to reduce noise and motion artifacts. This electrode configuration
enables reliable ECG recording during daily activities, ensures high signal
quality, and is widely used in long-term heart rate and HRV assessment [139].
In this study, HRV was calculated using 24-hour heart rate monitoring data
obtained from ALS patients wearing Holter monitors. Three main HRV
parameters were analyzed: the standard deviation of normal-to-normal
intervals (SDNN), the root mean square of successive differences between
adjacent normal intervals (RMSSD), and the percentage of adjacent NN
intervals differing by more than 50 milliseconds (pNN50) [140]. These para-
meters allow non-invasive assessment of ANS function, particularly para-
sympathetic activity mediated by the VN, and enable evaluation of the degree
of autonomic dysfunction. SDNN is considered the gold standard in medical
cardiac risk stratification, while RMSSD reflects short-term heart rate
variability and is the primary time-domain parameter used to assess parasym-
pathetic (vagal) activity. The pNN50 parameter is also closely associated with
parasympathetic nervous system activity.

3.5. Composite Autonomic Symptom Score-31

The COMPASS-31 was developed as a shortened and clinically appli-
cable version of the 169-item Autonomic Symptom Profile (ASP), while pre-
serving its psychometric properties for the assessment of ANS dysfunction
[25].

The scale includes six domains of autonomic function: orthostatic into-
lerance (0—40 points), vasomotor (0—5 points), secretomotor (0—15 points),
gastrointestinal (0-25 points), bladder (0—10 points), and pupillomotor
function (0-5 points), allowing quantitative evaluation of autonomic symp-
toms. COMPASS-31 scores are calculated and interpreted as a continuous
variable, without predefined normal or pathological cut-off values. The total
score (range 0—100) reflects the severity of ANS dysfunction, with higher
scores indicating greater impairment. Therefore, the scale is suitable for
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group comparisons and for analyzing associations with other clinical para-
meters.

The initial linguistic validation of the COMPASS-31 consisted of three
phases. In the first phase, two independent translations from the original
English version of the COMPASS-31 into Lithuanian were performed: one
translation was carried out by a professional translator, and the other by a
physician with excellent English language proficiency. In the second phase,
two back-translations from Lithuanian into English were performed by two
translators whose native language is English and who also have good
proficiency in Lithuanian. A committee of six expert physicians compared
the back-translations with the original version. The best translation version
was then selected. Subsequently, it was further refined by the experts together
with the translators and a professional Lithuanian language editor. The
preliminary Lithuanian version of the COMPASS-31 was prepared, and an
additional question, “Do you understand the question?”’, was added to each
COMPASS-31 item. In the third phase, a pilot study was conducted in a group
of 20 healthy control subjects. All questions were found to be understandable,
no corrections were required, and a panel of experts approved the final
version of the COMPASS-31.

3.6. Amyotrophic lateral sclerosis functional rating scale

Patients’ functional status was assessed using the revised Amyotrophic
Lateral Sclerosis Functional Rating Scale (ALSFRS-R) questionnaire. This is
an internationally validated 12-item scale designed to evaluate key activities
of daily living, with a total score ranging from 0 to 48 [141]. In this study, the
original ALSFRS-R scale was used (Appendix No. 3). Data collection and
score calculation were performed using an online medical calculator platform
(MDCalc) [142].

As with the COMPASS-31 scale, the initial linguistic validation process
of the ALSFRS-R scale was carried out in three phases. During the first
phase, two independent translations of the original English version of the
ALSFRS-R scale into Lithuanian were performed: one translation was prepa-
red by a professional translator, and the other by a physician with excellent
English language proficiency. In the second phase, two translators whose
native language is English and who are also proficient in Lithuanian perfor-
med a back-translation from Lithuanian into English. The resulting back-
translations were compared with the original scale by a committee of six
expert physicians. After evaluating all versions, the most appropriate transla-
tion was selected. Subsequently, it was further revised by the expert team in
collaboration with the translators and a professional Lithuanian language
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editor. After preparing the preliminary Lithuanian version of the ALSFRS-R
scale, an additional question, “Do you understand the question?”, was added
to each item. In the third phase, a pilot study was conducted involving 20
healthy control subjects. The study showed that all questions were clear and
understandable; therefore, no further corrections were required, and the final
Lithuanian version of the ALSFRS-R scale was approved by the expert panel.

3.7. Statistical analysis

Statistical data analysis was performed using IBM SPSS Statistics
version 29.0 (Statistical Package for the Social Sciences for Windows, USA).
A significance level of p <0.05 was applied for hypothesis testing. The
normality of data distribution was assessed using the Shapiro—Wilk test.
Quantitative variables with a normal distribution were expressed as mean +
standard deviation (SD), whereas non-normally distributed data were
presented as median with minimum and maximum values. For comparisons
between two independent groups with non-normally distributed data, the
Mann—Whitney U test was applied. For normally distributed data involving
comparisons of more than two independent groups, one-way analysis of
variance (one-way ANOVA) was used. When statistically significant diffe-
rences were identified, post hoc analysis was performed using the Fisher’s
least significant difference (LSD) test. Binary logistic regression analysis was
used to evaluate associations between variables and to identify independent
factors related to the studied outcome. The dependent variable was defined
as group classification based on the presence of the analyzed feature, while
independent variables included demographic, clinical, or ultrasound
parameters that demonstrated statistically significant differences or associa-
tions in univariate analysis (p < 0.05). Results of both univariate and multi-
variate logistic regression analyses were presented as odds ratios (OR) with
95% confidence intervals (CI). Receiver operating characteristic (ROC)
analysis was performed to evaluate the diagnostic performance of the studied
parameters, including calculation of the area under the curve (AUC),
sensitivity, and specificity. Differences were considered statistically signi-
ficant when the p-value was less than 0.05.

3.7.1. Sample size calculation

The minimum required sample size was calculated based on the formula
for comparison of two independent means using a two-sided Student’s t-test,
with a significance level of 95% (a = 0.05) and statistical power of 80-90%

(I =)
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The following formula was applied:

where:

2-(za/2 + zP)*s*p
n= A

n — minimum sample size per group;
za/2 — critical value of the standard normal distribution corre-
sponding to the selected significance level a;
zf3 — critical value corresponding to the desired statistical power
(I-P);
sp? — pooled variance of the two groups;
A — expected difference between group means.

The effect size was estimated based on previously published data from
our group on VNCSA and PNCSA in ALS and PD patients and healthy
controls [143, 144].

ALS group (PNCSA): the mean difference between controls and
ALS patients was approximately 0.30 mm?, with a very small
standard deviation (0.016-0.02 mm?), resulting in a formally
required sample size of fewer than 10 subjects per group. However,
considering clinical heterogeneity and the inclusion of additional
assessments  (electroneuromyography, functional evaluation,
COMPASS-31), a minimum of 20 subjects per group was
recommended.

ALS group (VNCSA): the mean difference between controls and
ALS patients was 0.18-0.21 mm? (SD = 0.20 mm?), corresponding
to a large effect size (Cohen’s d = 0.86—1.07). It was calculated that
22-26 subjects per group would be required to achieve 80% power,
and 29-30 subjects per group for 90% power. Considering potential
data loss, the recommended sample size was increased to approxi-
mately 3035 subjects per group.

PD group (VNCSA): the difference between controls and PD
patients was smaller (0.13-0.17 mm?, SD = 0.20 mm?; Cohen’s d =
0.6-0.9). It was estimated that 43—52 subjects per group would be
required for 80% power and 57-60 for 90% power. Therefore, at
least 60 subjects per group were planned for the PD analysis.

Based on these calculations, the planned sample size included approxi-
mately 30-35 patients with ALS and an equal number of control subjects, and
approximately 60 patients with PD and 60 controls. These sample sizes
ensured sufficient statistical power (> 80%) for the analysis of VN and PN
ultrasound parameters.
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3.8. Flow diagram

3.8.1. Flow of patient inclusion in the amyotrophic lateral sclerosis
group

Fig. 3.8.1.1 presents the flow diagram of patient selection and inclusion
in the ALS group. A total of 46 patients were assessed for eligibility. Fourteen
patients were excluded: 5 declined to participate, and 9 were excluded due to
comorbid conditions, including type 2 diabetes mellitus, heart failure, hyper-
thyroidism, multifocal motor neuropathy, or cognitive impairment. The final
study group consisted of 32 patients with ALS who were included in the study
and analyzed.

Assessed for eligibilty (ALS patients) (n = 46)

Excluded (n = 14)

« Deslined to participate (n =5)

« Type 2 diabetes mellitus (n = 2)

— « Heart failure (n = 3)
 Hyperthyroidism (n = 1)

« Multifocal motor neuropathy (n=1)
» Cognitive impairment (n = 2)

A
Included in the study (ALS patients) (n =32)

Fig. 3.8.1.1. Flow diagram of patient inclusion in the ALS group

ALS — amyotrophic lateral sclerosis.

3.8.2. Flow of patient inclusion in patients with Parkinson’s disease

Of the 81 patients with Parkinson’s disease assessed for eligibility, 21
were excluded from the study. Eight patients were excluded at the initial stage
(3 declined to participate and 5 due to suspected alternative neurodegene-
rative diseases), while an additional 13 patients were excluded due to
comorbid conditions that could affect ANS function, including cognitive
impairment, polyneuropathy, and heart failure. The final study sample
consisted of 60 patients with Parkinson’s disease. The data are presented in
Fig. 3.8.2.1.
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| Assessed for eligility (Parkinson’s disease patients) (n = 81) |

| Initiel clinical assessment |

Excluded (n = 8)

- Declined to participate (n = 3)

« Suspected alternative
neurodegenerative disease (n = 5)

v
Medical history assessment

Excluded (n=13)

+ Cognitive impairment (n =7)
+ Polyneuropathy (n =3)

- Heart failure (n =3)

Y
Included in the study (Parkinson’s disease patients) (n = 60)

Fig. 3.8.2.1. Flow diagram of patient inclusion in patients
with Parkinson’s disease

PD - Parkinson’s disease; ND — neurodegenerative disease.

4. RESULTS

4.1. Changes in ultrasound parameters of the phrenic nerve
in patients with amyotrophic lateral sclerosis

4.1.1. Anthropometric, demographic, and clinical characteristics of
patients with amyotrophic lateral sclerosis and the control group

A total of 32 patients with ALS and 64 control subjects were included in
this prospective study. The mean age of the control group was 60.84 (SD =
10.67) years, while in the ALS group it was 59.34 (SD = 9.93) years. No
statistically significant differences were observed between patients with ALS
and control subjects in terms of age, sex, height, or body weight (p = 0.508,
p =0.193, p = 0.381, and p = 0.558, respectively). Patients with ALS had
significantly lower hip circumference (p = 0.003) and body mass index (BMI)
(p = 0.001) compared to controls, whereas no significant difference in waist
circumference was observed between the groups (p = 0.068) (Table 4.1.1.1).
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Table 4.1.1.1. Comparison of demographic characteristics and anthropo-
metric data between patients with amyotrophic lateral sclerosis and the

control group
Demographic and Control group ALS group
anthropometric variables (n=064) (n=32) p-value
Age, years (mean (SD)) 60.84 (10.67) 59.34 (9.93) 0.508
Sex (M:F) 1:1.37 1.28:1 0.1932
Weight, kg (mean (SD)) 80.81 (14.48) 72.22 (15.59) 0.558
Height, cm (mean (SD)) 170.56 (9.92) 170.16 (8.98) 0.381
Hip circumference, cm
(mre):an (SD)) 103.19 (8.07) 98.97 (13.62) 0.003
Waist circumference, cm
(mean (SD)) ’ 92.92 (10.48) 84.84 (13.87) 0.068
BMI, kg/m? (median (min—max)) | 27.72 (18.67-36.63) | 24.89 (18.99-36.57) | 0.001"

p-values without superscripts were calculated using Student’s t-test; * — chi-square test;
b— Mann—Whitney U test. Values are presented as mean (standard deviation) unless
otherwise indicated. BMI — body mass index; ALS — amyotrophic lateral sclerosis.

4.1.2. Changes in ultrasound parameters of the phrenic nerve in
patients with amyotrophic lateral sclerosis and the control group

Patients with ALS demonstrated a significantly reduced PNCSA
bilaterally compared to the control group. The mean right PNCSA in the ALS
group was 0.81 mm? (SD 0.21), compared to 1.12 mm? (SD 0.16) in the
control group (p < 0.001). The mean left PNCSA was 0.82 mm? (SD 0.18) in
the ALS group and 1.08 mm? (SD 0.13) in the control group (p < 0.001)
(Table 4.1.2.1).

Table 4.1.2.1. Comparison of phrenic nerve cross-sectional area between
patients with amyotrophic lateral sclerosis and the control group

Phrenic nerve parameter COIE:]I‘OJ 6g:)0 up A5S=g;(2);lp p-value
Right PNCSA, mm? (mean (SD)) 1.12 (0.16) 0.81 (0.21) <0.001
Left PNCSA, mm? (mean (SD)) 1.08 (0.13) 0.82(0.18) <0.001

Values are presented as mean (SD — standard deviation). ALS —amyotrophic lateral sclerosis;
PNCSA — phrenic nerve cross-sectional area. Groups were compared using the independent
samples Student’s t-test.

&3




Patients with ALS demonstrated a statistically significant negative
correlation between age and left PNCSA (r = —0.428; p = 0.015). No
statistically significant associations were found between PNCSA and other
demographic, anthropometric, or clinical variables, including ALSFRS-R
scores (p > 0.05) (Table 4.1.2.2).

Table 4.1.2.2. Associations between phrenic nerve cross-sectional area and
anthropometric, demographic, and clinical characteristics in patients with
amyotrophic lateral sclerosis

Anthropometric, Right PNCSA | Left PNCSA
demographic, and clinical Value (n=32) (n=32)
characteristics r-value | p-value | r-value | p-value
Height, cm (mean (SD)) 170.16 (8.98) —0.021 | 0.908 | —0.044 | 0.809
Weight, kg (mean (SD)) 7222(1559) | 0.105 | 0.566 | 0.133 | 0.469
BMI, kg/m?

. . 27.72 (18.67-36.63)| 0.178 | 0.329* | 0.191 | 0.294
(median (min—-max))

Waist circumference, cm 84.84 (13.87) | 0.107 | 0.560 | 0.101 | 0.582

(mean (SD))

Hip circumference, cm

(mean (SD)) 98.97 (13.62) 0.190 | 0.297 | 0.148 | 0.149
Age, years (mean (SD)) 59.34 (9.93) —0.025 | 0.890 | —0.428 | 0.015

Age at disease onset, months

(median (min-max)) 57.97 (30-72) 0.276 | 0.126* | 0.314 | 0.0802

Disease duration, months
(median (min—max))
ALSFRS-R, score
(mean (SD))

p-values without superscripts — Pearson correlation; @ — Spearman correlation. Values are
presented as mean (SD — standard deviation) unless otherwise indicated. PNCSA — phrenic
nerve cross-sectional area; ALS — amyotrophic lateral sclerosis; BMI — body mass index;
ALSFRS-R — Amyotrophic Lateral Sclerosis Functional Rating Scale — Revised.

15.41 (5-44) 0.083 | 0.653 | 0.087 | 0.635

38.41 (5.86) —0.025 | 0.890 | 0.101 | 0.583

4.2. Changes in ultrasound parameters of the vagus nerve
in patients with amyotrophic lateral sclerosis and
comparison with the control group

4.2.1. Changes in ultrasound parameters of the vagus nerve in
patients with amyotrophic lateral sclerosis and the control group

When evaluating VNCSA, patients with ALS demonstrated statistically
significant reductions in cross-sectional area on both sides. The mean right
VNCSA in the ALS group was 1.86 mm? (SD = 0.21), compared to 2.07 mm?
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(SD = 0.18) in the control group (p < 0.001). On the left side, the mean
VNCSA in the ALS group was 1.69 mm? (SD =0.21), compared to 1.87 mm?
(SD =0.21) in the control group (p < 0.001) (Table 4.2.1.1).

Table 4.2.1.1. Comparison of vagus nerve cross-sectional area between
patients with amyotrophic lateral sclerosis and the control group

Vagus nerve parameter COIE:]I‘OJ 6g:)0 up A5S=g;(2);1p p-value
Right VNCSA, mm? (mean (SD)) 2.07 (0.18) 1.86 (0.21) <0.001
Left VNCSA, mm? (mean (SD)) 1.87 (0.21) 1.69 (0.21) <0.001

Values are presented as mean (SD — standard deviation). ALS —amyotrophic lateral sclerosis;
VNCSA — vagus nerve cross-sectional area. Groups were compared using the independent
samples Student’s t-test.

4.2.2. Associations between vagus nerve changes and demographic
and clinical findings in patients with amyotrophic lateral sclerosis

In patients with ALS, a significant positive correlation was observed
between hip circumference and right VNCSA (r=0.517; p=0.002). Additio-
nally, higher body mass index (BMI) was associated with increased left
VNCSA (r = 0.349; p = 0.049). Increasing age and longer disease duration
were both significantly associated with lower VNCSA (r=—0.374; p=0.035
and r = —0.406; p = 0.021, respectively). No statistically significant associa-
tions were found between other demographic or clinical variables and VN
parameters (Table 4.2.2.1).

Table 4.2.2.1. Associations between vagus nerve cross-sectional area and
demographic and clinical characteristics in patients with amyotrophic lateral
sclerosis

Anthropometric, Right VNCSA | Left VNCSA
demographic, and clinical Value (n=32) (n=32)
characteristics r-value |p-value| r-value | p-value
Height, cm (mean (SD)) 170.16 (8.98) —0.092| 0.617 | 0.086 | 0.642
Weight, kg (mean (SD)) 7222 (15.59) | 0.328 | 0.066 | 0.356 | 0.045
BMI, kg/m?

) . 27.72 (18.67-36.63)| 0.294 | 0.103* | 0.349 | 0.049°
(median (min—max))

Waist circumference, cm
(mean (SD))

Hip circumference, cm
(mean (SD))

84.84 (13.87) 0.286 | 0.113 | 0.187 | 0.305

98.97 (13.62) 0.517 | 0.002 | 0.307 | 0.088
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Table 4.2.2.1. Continued

Anthropometric, nght VNCSA Left VNCSA
demographic, and clinical Value (n=32) (n=32)
characteristics r-value |p-value| r-value | p-value
Age, years (mean (SD)) 59.34(9.93) | 0.107 | 0.559 | -0.374 | 0.035
Age at diseasc onset, years 57.97 (30-72) | 0.133 | 0.486* | 0.443 | 0.385°
(median (min—-max))
Disease duration, months 5797
. . .97 (30-72) 0.116 | 0.526* | —0.406 | 0.0212
(median (min—max))
ALSFRS-R, score (mean (SD)) 38.41 (5.86) -0.227] 0.125 | -0.057 | 0.757

p-values without superscripts — Pearson correlation; ® — Spearman correlation. Values are
presented as mean (SD — standard deviation) unless otherwise indicated. ALS — amyotrophic
lateral sclerosis; VNCSA — vagus nerve cross-sectional area; BMI — body mass index;
ALSFRS-R — Amyotrophic Lateral Sclerosis Functional Rating Scale — Revised.

4.3. Changes in ultrasound parameters of the vagus nerve
in patients with Parkinson’s disease

4.3.1. Anthropometric, demographic, and clinical characteristics
of patients with Parkinson’s disease and the control group

Patients with PD had a significantly higher hip circumference compared
to the control group (p = 0.04). No significant differences were observed
between the groups in terms of age, sex, or body measurements, including
weight, height, waist circumference, and BMI (Table 4.3.1.1).

Table 4.3.1.1. Comparison of demographic and anthropometric characte-
ristics between patients with Parkinson’s disease and the control group

Anthropometric and Control group PD group

demographic variables (n=60) (n=60) p-value
Age, years (mean (SD)) 63.62 (10.96) 65.23 (9.22) 0.123
Sex (M:F) 1.07:1 1:1.31 0.3612
Height, cm (mean (SD)) 170.43 (9.55) 170.88 (9.15) 0.905
Weight, kg (mean (SD)) 80.47 (13.21) 79.07 (14.34) 0.679
Hip circumference, cm (mean (SD)) 92.55(9.72) 95.00 (12.34) 0.04
Waist circumference, cm
(mean (SD)) ’ 103.03 (7.81) 102.30 (8.85) 0.504
BMLI, kg/m? (median (min—max)) |26.93 (19.48-39.50)(26.93 (18.67-36.57)| 0.258®

p-values without superscripts — Student’s t-test; * — chi-square test; ® — Mann—Whitney U test.
Values are presented as mean (SD — standard deviation) unless otherwise indicated. PD —
Parkinson’s disease; BMI — body mass index.
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4.3.2. Changes in ultrasound parameters of the vagus nerve
in patients with Parkinson’s disease and the control group

Patients with PD demonstrated significantly lower VNCSA on both sides
compared to the control group. The mean right VNCSA in the PD group was
1.90 mm? (SD 0.19), compared to 2.07 mm? (SD 0.18) in the control group
(p < 0.001). Similarly, the left VNCSA was significantly lower in the PD
group (1.74 mm? (SD 0.21)) compared to the control group (1.87 mm?
(SD 0.22)) (p =0.02) (Table 4.3.2.1).

Table 4.3.2.1. Comparison of vagus nerve cross-sectional area between
patients with Parkinson’s disease and the control group

Vagus nerve parameter Cor;;m:l EJ;) up P(]; Erg(;l)p p-value
Right VNCSA, mm? (mean (SD)) 2.07 (0.18) 1.90 (0.19) <0.001
Left VNCSA, mm? (mean (SD)) 1.87 (0.22) 1.74 (0.21) 0.02

Values are presented as mean (SD — standard deviation). PD — Parkinson’s disease;
VNCSA — vagus nerve cross-sectional area. Groups were compared using the independent
samples Student’s t-test.

Patients with PD demonstrated a significant positive association between
body weight and both right and left VNCSA (p < 0.001). Increasing age was
associated with a decrease in left VNCSA. Additionally, longer disease
duration was associated with a reduction in VNCSA bilaterally (p < 0.001),
with a stronger correlation observed on the left side (r = —0.413). Further-
more, an increase in the width of the third ventricle was associated with
decreased VNCSA on both sides (Table 4.3.2.2).

Table 4.3.2.2. Associations between vagus nerve cross-sectional area and
anthropometric, demographic, and clinical characteristics in patients with
Parkinson’s disease

Anth tric. d hi Right VNCSA Left VNCSA
RATOpOIMeTD (SMOSTAP NG | Value (n = 60) (n = 60)
and clinical characteristics
r-value | p-value | r-value | p-value
Height, cm (mean (SD)) 170.88 (9.15) | 0.184 | 0.159 | 0.253 | 0.051
Weight, kg (mean (SD)) 79.07 (14.34) | 0.296 | 0.021 0.289 | 0.025
BMI, kg/m? (mean (SD)) 26.93 (4.06) 0.220 | 0.092 | 0.152 | 0.2452
Waist circumference, cm . .
(mean (SD)) 95.00 (12.34) | 0.190 | 0.145 0.188 | 0.151
Hip circumference, cm
(mean (SD)) 102.30 (8.85) | 0.032 | 0.807 | —0.123 | 0.348
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Table 4.3.2.2. Continued

Anth ic. d i Right VNCSA Left VNCSA
nt rop.()l.netrlc, emog.ra!o ic, Value (n = 60) (n = 60)

and clinical characteristics

r-value | p-value | r-value | p-value

Age, years (mean (SD)) 65.23 (7.98) 0.107 | 0.559 | —0.374 | 0.035
Disease duration, months 7(1-20) | 0280 | 0.030 | —0.413 | 0.001
(median (min—-max))
Olfactory test, score 6.5(1-12) | 0.157 | 0232 | 0252 | 0.052
(median (min—max))
Substantia nigra area (right), cm? B -
(mean (SD)) 0.29 (0.08) 0.169 | 0.197 0.110 | 0.402
Substantia nigra area (left), cm? B o | .
(mean (SD)) 0.32 (0.08) 0.067 | 0.609 0.010 | 0.942
Third ventricle width, cm . | .
(mean (SD)) 0.81(0.15) | —0.287 | 0.026 0.405 | 0.001

p-values without superscripts — Pearson correlation; @ — Spearman correlation. Values are
presented as mean (SD — standard deviation) unless otherwise indicated. VNCSA — vagus
nerve cross-sectional area; PD — Parkinson’s disease; BMI — body mass index.

4.4. Characteristics of autonomic nervous system dysfunction in
patients with amyotrophic lateral sclerosis and Parkinson’s disease

4.4.1. Characteristics of autonomic nervous system dysfunction
in patients with amyotrophic lateral sclerosis

In patients with ALS, higher total COMPASS-31 scores were associated
with reduced VNCSA on both sides. Analysis of COMPASS-31 subdomains
showed that higher gastrointestinal dysfunction scores were associated with
lower left VNCSA. Additionally, higher bladder dysfunction scores were
associated with reduced left VNCSA (Table 4.4.1.1).
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Table 4.4.1.1. Associations between vagus nerve cross-sectional area and
Composite Autonomic Symptom Score-31 in patients with amyotrophic
lateral sclerosis

COMPASS.31 Right VNCSA Left VNCSA
o Value (n=32) (n=32)
characteristics

r-value | p-value | r-value | p-value
Total COMPASS-31, score
(mean (SD)) 8.89 (12.69)| —0.321 | 0.01 | —0.272 | 0.02
Orthostatic intolerance, score 0(0-36) | 0.042 | 0819 | -0.09 | 0.600
(median (min—max))
Vasomotor, score 0(0-5) | —0.059 | 0.747 | —0.013 | 0.945
(median (min—max))
Secretomotor, score 5(0-15) | —0.187 | 0305 | -0.123 | 0.502
(median (min—max))
Gastrointestinal, score 25(0-14) | —0.285 | 0.113 | —0.358 | 0.044
(median (min—max))
Bladder, score 0(0-3) | —0.157 | 0391 | -0364 | 0.041
(median (min—max))
Pupillomotor, score 1(0-3) | 0105 | 0566 | 0.022 | 0907
(median (min—max))

Values are presented as mean (SD — standard deviation) or median (min—max). COMPASS-31 —
Composite Autonomic Symptom Score-31; VNCSA — vagus nerve cross-sectional area.
Correlations were assessed using Spearman’s test.

No significant associations were found between VNCSA (right or left)
and HRV parameters in patients with ALS (Table 4.4.1.2).

Table 4.4.1.2. Associations between vagus nerve cross-sectional area and
heart rate variability parameters in patients with amyotrophic lateral
sclerosis

HRV Right VNCSA Left VNCSA
Mean (SD) (n=32) (n=32)
parameters
r-value p-value r-value p-value
SDNN, ms 70.91 (20.39) 0.975 —0.057 0.681 —0.067
RMSSD, ms 28.94 (13.38) 0.213 -0.139 0.358 —-0.161
pNNS50, % 2.61 (1.83) 0.741 -0.109 0.219 —0.193

Values are presented as mean (SD — standard deviation). VNCSA — vagus nerve cross-
sectional area; SDNN — standard deviation of normal-to-normal intervals; RMSSD — root
mean square of successive differences; pNN50 — percentage of adjacent NN intervals
differing by more than 50 ms. Correlations were assessed using Pearson’s test.
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4.4.2. Characteristics of autonomic nervous system dysfunction
in patients with Parkinson’s disease

In patients with PD, higher total COMPASS-31 scores were associated
with lower right VNCSA. Additionally, higher orthostatic intolerance scores
were associated with reduced VNCSA on both sides. Increased vasomotor
dysfunction scores were associated with decreased left VNCSA. Analysis of
gastrointestinal symptoms revealed that higher gastrointestinal dysfunction
scores were associated with reduced right VNCSA (Table 4.4.2.1).

Table 4.4.2.1. Associations between vagus nerve cross-sectional area and
Composite Autonomic Symptom Score-31 in patients with Parkinson’s disease

Right VNCSA Left VNCSA

. . Value
characteristics

r-value | p-value | r-value | p-value

Total COMPASS-31, score
(mean (SD))

Orthostatic intolerance, score
(median (min—-max))

23.77 (13.46) | —0.257 | 0.047 0.083 0.528

12 (0-40) -0.242 | 0.022 | -0.341 0.016

Vasomotor, score

(median (min-max)) 1 (0-5) -0.128 | 0.069 | —0.294 | 0.009

Secretomotor, score

(median (min-max)) 8 (0-15) —0.092 | 0.409 | -0.075 | 0.365

Gastrointestinal, score

(median (min-max)) 12 (0-25) -0.365 | 0.034 | —0.205 | 0.056

Bladder, score

(median (min—max)) 3 (0-10) —0.141 0329 | —0.256 | 0.237

Pupillomotor, score

(median (min-max)) 0(0-4) 0.331 0.635 0.018 0.741

Values are presented as mean (SD — standard deviation) or median (min—max). COMPASS-31 —
Composite Autonomic Symptom Score-31; VNCSA — vagus nerve cross-sectional area;
PD — Parkinson’s disease. Correlations were assessed using Spearman’s test.
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4.5. Diagnostic value of vagus nerve ultrasound parameters in patients
with Parkinson’s disease and amyotrophic lateral sclerosis

4.5.1. Diagnostic value of vagus nerve ultrasound parameters
in patients with amyotrophic lateral sclerosis

The results of the ROC analysis are presented in Figs. 4.5.1.1 and 4.5.1.2.
VNCSA demonstrated good discriminative ability in identifying patients with
ALS. The area under the ROC curve (AUC) for the right VNCSA was 0.779,
with an optimal cut-off value of 1.89 mm?, yielding a sensitivity of 62.5%
and a specificity of 85.9%. The discriminative ability of the left VNCSA was
slightly lower (AUC = 0.737), with the same cut-off value of 1.89 mm?,
resulting in a sensitivity of 84.4% and a specificity of 54.7%.

1.0 5

o o o
- (o)} (o)
L L L

True positive rate (sensitivity)

o
N
]

— AUC-0.779
0.0 T i

0.0 0.2 0.4 0.6 0.8 1.0
False positive rate (1 - specificity)

Fig. 4.5.1.1. ROC curve of the right vagus nerve cross-sectional area
in patients with amyotrophic lateral sclerosis
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Fig. 4.5.1.2. ROC curve of the left vagus nerve cross-sectional area
in patients with amyotrophic lateral sclerosis

Evaluation of the associations between VNCSA and ALS using binary
logistic regression showed that a decrease in VNCSA on both sides was
significantly associated with increased odds of ALS. A decrease of 0.01 mm?
in right VNCSA was associated with a fivefold increase in the odds of ALS
(95% CI: 0.000-0.037; p < 0.001), while a decrease in left VNCSA was
associated with a 0.59-fold increase in the odds of ALS (95% CI: 0.002—
0.163; p < 0.001). Subjects with an isoechoic right vagus nerve had 6.319-
fold higher odds of ALS, and those with an isoechoic left vagus nerve had
3.257-fold higher odds, compared to subjects with a hypoechoic nerve.
Heterogeneity of the vagus nerve on both the right and left sides was
identified as a statistically significant independent predictor of ALS (p <
0.001). Sex and age were not significantly associated with ALS in the
regression model (p = 0.195 and p = 0.504, respectively) (Table 4.5.1.1).
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Table 4.5.1.1. Associations of sex, age, vagus nerve cross-sectional area,
echogenicity, and homogeneity with amyotrophic lateral sclerosis (logistic
regression model)

Variable B OR (95% CI) p-value
Sex (M/F) —0.568 0.566 (0.241-1.337) 0.195
Age, years -0.014 0.986 (0.946-1.027) 0.504
Right VNCSA, mm? —6.50 0.002 (0.000-0.037) <0.001
Right VN homogeneity

3.945 51.667 (10.647-250.719) <0.001
(homogeneous vs heterogeneous)

Right VN echogenicity 1.844 6319 (2218-18.007) | <0.001
(hypoechoic vs isoechoic)

Left VNCSA, mm? —4.103 0.017 (0.002—-0.163) <0.001
Left VN homogencity 4032 | 56364 (11.509-276.036) | <0.001
(homogeneous vs heterogeneous)

Left VN echogenicity

(hypoechoic vs isoechoic) 1.181 3.257 (1.132-9.370) 0.029

B — regression coefficient; OR — odds ratio; CI — confidence interval; VN — vagus nerve;
VNCSA — vagus nerve cross-sectional area.

The associations between PNCSA and ALS are presented in Table
4.5.1.2. A decrease of 0.01 mm? in PNCSA on both sides was significantly
associated with increased odds of ALS (p < 0.001). An isoechoic phrenic
nerve, compared to a hypoechoic nerve, was associated with higher odds of
ALS (22.028-fold increase on the right side and 3.596-fold increase on the
left side). Additionally, heterogeneity of the phrenic nerve on both sides was
significantly associated with increased odds of ALS (p <0.001).
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Table 4.5.1.2. Associations of sex, age, phrenic nerve cross-sectional area,
echogenicity, and homogeneity with amyotrophic lateral sclerosis (logistic
regression model)

Variable B OR (95% CI) p-value
Sex (M/F) 0.568 0.566 (0.241-1.337) 0.195
Age, years 20.014 0.986 (0.946-1.027) 0.504
Right PN homogeneity 2.761 15.815 (4.087-61.203) | <0.001
(homogeneous vs heterogeneous)
Right PN echogenicity | 3092 | 22.028 (5.434-89.298) | <0.001
(hypoechoic vs isoechoic)
Left PN homogeneity 1.478 4385 (1.775-10.831) | <0.001
(homogeneous vs heterogeneous)
Left PN echogenicity 1.280 3.596 (1.297-9.972) 0.014

(hypoechoic vs isoechoic)

B — regression coefficient; OR — odds ratio; CI — confidence interval; PN — phrenic nerve;
PNCSA — phrenic nerve cross-sectional area.

4.5.2. Diagnostic value of vagus nerve ultrasound parameters
in patients with Parkinson’s disease

The results of the ROC analysis are presented in Figs. 4.5.2.1 and 4.5.2.2.
VNCSA demonstrated moderate diagnostic accuracy in distinguishing
patients with PD from the control group. The area under the ROC curve
(AUC) for the right VNCSA was 0.725 (95% CI 0.636-0.815; p < 0.001).
The optimal cut-off value was 1.93 mm?, with a sensitivity of 55% and a
specificity of 81.7%. For the left VNCSA, the discriminative ability was
lower (AUC = 0.671), with an optimal cut-off value of 1.83 mm?, corre-
sponding to a sensitivity of 66.7% and a specificity of 63.3%.
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Evaluation of the associations between VNCSA and PD using binary
logistic regression showed that a decrease in VNCSA on both sides was
significantly associated with increased odds of PD. A decrease of 0.01 mm?
in right VNCSA was associated with a 1.43-fold increase in the odds of PD
(95% CI: 0.001-0.076; p < 0.001), while a decrease in left VNCSA was
associated with a 0.18-fold increase in the odds of PD (95% CI 0.009-0.353;
p =0.002).

Subjects with an isoechoic right vagus nerve had 10.450-fold higher odds
of PD, and those with an isoechoic left vagus nerve had 9.351-fold higher
odds, compared to subjects with a hypoechoic nerve.

Heterogeneity of the vagus nerve was also identified as a statistically
significant independent predictor of PD. On the right side, it was associated
with an 8.826-fold increase in the odds of PD (95% CI: 1.909-40.813; p =
0.005), and on the left side with a 5.118-fold increase (95% CI: 1.057-24.789;
p =0.04).

Sex and age were not significantly associated with PD in the regression
model (p =0.361 and p = 0.053, respectively) (Table 4.5.2.1).

Table 4.5.2.1. Associations of sex, age, vagus nerve cross-sectional area,
echogenicity, and homogeneity with Parkinson’s disease

Variable B OR (95% CI) p-value
Sex (M/F) 20335 | 0.715 (0.349-1.468) 0.361
Age, years 0.051 1.052 (1.011-1.094) 0.053
Right VNCSA, mm? 4940 | 0.007(0.001-0.076) | <0.001
Right VN homogeneity 2178 | 8.826(1.909-40.813) |  0.005
(homogeneous vs heterogeneous)
Right VN echogenicity 2347 | 10450 (4.242-25.740) | <0.001
(hypoechoic vs isoechoic)
Left VNCSA, mm? 2889 | 0.056 (0.009-0.353) 0.002
Left VN homogeneity 1.633 | 5.118(1.057-24.789) 0.04
(homogeneous vs heterogeneous)
Left VN echogenicity 2235 | 9351(3.778-23.143) | <0.001

(hypoechoic vs isoechoic)

B — regression coefficient; OR — odds ratio; CI — confidence interval; VN — vagus nerve;
VNCSA - vagus nerve cross-sectional area.
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CONCLUSION

Significant ultrasound changes of the phrenic nerve were identified in
patients with amyotrophic lateral sclerosis, characterized by a reduction
in the phrenic nerve cross-sectional area and increased echogenicity and
heterogeneity compared to the control group.

Patients with amyotrophic lateral sclerosis demonstrated a significant
reduction in vagus nerve cross-sectional area, along with increased
echogenicity and heterogeneity, compared to controls.

In patients with Parkinson’s disease, ultrasound changes of the vagus
nerve were observed, characterized by reduced vagus nerve cross-
sectional area and increased isoechogenicity compared to the control
group.

Patients with amyotrophic lateral sclerosis exhibited autonomic nervous
system dysfunction, reflected by reduced heart rate variability
parameters and alterations in gastrointestinal and bladder function. In
Parkinson’s disease, autonomic dysfunction manifested as orthostatic,
vasomotor, gastrointestinal, and heart rate variability disturbances. These
autonomic parameters were associated with vagus nerve ultrasound
changes, including alterations in cross-sectional area and structural
characteristics.

It was determined that a smaller cross-sectional area of the vagus nerve,
increased echogenicity, and structural heterogeneity are statistically
significant changes in patients with amyotrophic lateral sclerosis and
Parkinson’s disease. In amyotrophic lateral sclerosis, the diagnostic
significance of the cross-sectional area and structural changes of the
phrenic nerve was established: a smaller cross-sectional area on both
sides as well as structural alterations (isoechogenicity and heterogeneity)
are characteristic of this disease. The cross-sectional area of the vagus
nerve demonstrates good discriminatory ability in differentiating the
control group from patients with amyotrophic lateral sclerosis and
Parkinson’s disease.
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PRACTICAL RECOMMENDATIONS

It is recommended to use ultrasonographic examination of the phrenic
and vagus nerves as an additional, non-invasive method in the diagnosis
of amyotrophic lateral sclerosis and Parkinson’s disease, as well as for
monitoring disease progression.

Regular ultrasonographic examination of the phrenic nerve is
recommended in order to identify deterioration of respiratory function in
a timely manner and to ensure the appropriate initiation of respiratory
support (e.g., non-invasive ventilation).

Ultrasonographic examination of the vagus nerve should be applied in
patients with Parkinson’s disease in order to detect early signs of
autonomic dysfunction. Examination of the vagus nerve is recommended
to be combined with heart rate variability analysis and clinical symptom
assessment in order to individualize treatment.

It is recommended to combine ultrasonographic examination of the
phrenic and vagus nerves with heart rate variability assessments, respi-
ratory function tests, and electroneuromyography in order to increase
diagnostic accuracy.

When evaluating ultrasonographic parameters, it is essential to take into
account the patient’s age, body habitus, comorbidities, and medications,
as these factors may influence the results.

It is recommended to standardize the methodology of ultrasonographic
measurements of the phrenic and vagus nerves across different centers.
Long-term patient follow-up may help assess the progression of nerve
changes and their relationship with disease course and prognosis.
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pavadinimas

Protokolo Nr.: 1

Uzsakovas: Lietuvos sveikatos moksly universitetas
Adresas: A. Mickeviciaus g. 9, LT-44307 Kaunas, Lietuva
Tel.: +370 37 327201; el. pastas: rektoratas@lsmuni.lt

Uzsakovo atstovas: Prof. habil. dr. Vaiva Lesauskaité
Atsakingas tyréjas!: Ovidijus Laucius, gydytojas neurologas
Adresas: Eiveniy g. 2, LT-50009 Kaunas, Lictuva

Tel.: + 370 643 13553; el. pastas: ovidijus.laucius@lsmuni.lt

Tyrimo centro pavadinimas: Lietuvos sveikatos moksly universiteto ligoniné, Kauno
klinikos, Neurologijos klinika

Adresas: Eiveniy g. 2, LT-50161 Kaunas, Lietuva

Tel.: 0 37 326675; el. pastas: neurologijos.klinika@kaunoklinikos.It

1. Kokia §io dokumento paskirtis?

Sioje formoje pateikiama Jums skirta informacija apie biomedicininj tyrima, aptariamos
tyrimo atlikimo priezastys, mokslinio tyrimo procediiros, nauda, rizika, galimi nepatogumai
ir kita svarbi informacija. Jei nuspresite dalyvauti, prasysime Jusy pasiraSyti $ig sutikimo
forma, kuria sutinkate tyrimo metu vykdyti gydytojo tyréjo ir tyrimo komandos nurodymus.
Pasirasydami §j dokumenta, sutinkate dalyvauti moksliniame tyrime. Neskubekite ir atidziai
perskaitykite §j dokumenta, jei nesupratote kokio nors zodzio ar teiginio, visus iskilusius
klausimus biitinai uzduokite tyrimo gydytojui ar kitiems tyrimo komandos nariams. Pries§
priimdami sprendima, galite pasitarti su Seimos nariais, draugais ar savo gydytoju.

Svarbu suprasti, kad nors biomedicininio tyrimo metu Jums bus atlieckami sveikatos
patikrinimai ir neinvazinés medicininés procediiros, biomedicininis tyrimas i$ esmés skiriasi
nuo jprastos (kasdienés) klinikinés praktikos. [prastos (kasdienés) klinikinés praktikos tikslas
yra Jus (t. y. konkrety asmenj, pacientg) iSgydyti ir/ar pagerinti Jiisy sveikatos bukle. Pagrin-
dinis biomedicininio (mokslinio) tyrimo tikslas — gauti naujy medicinos mokslo Ziniy, kurios
ateityje padéty kity Sia liga serganciy pacienty sveikatai. Kitaip tariant, pagrindinis §io tyrimo
tikslas néra tiesioginé nauda Jiisy sveikatai.

! Atsakingas tyréjas — tyrimo metu konkrety pacientg, pasirasantj Informuoto asmens sutikimo forma,
prizitirésiantis tyréjas.
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3. Kodél atliekamas §is tyrimas?

Sio tyrimo tikslas — jvertinti klajoklio nervo ultragarsinio tyrimo klinikine verte diagno-
zuojant neurodegeneracines ligas. Parkinsono liga (PL) — létiné progresuojanti neurodege-
neraciné liga, po diagnozés nustatymo iSgyvenamumo mediana siekia 9,1 mety. PL diagnozé
tikslus ir atlikus leisty patvirtinti diagnoze, ypac¢ ankstyvose ligos stadijose, néra. Nors PL
dazniausiai diagnozuojama remiantis jud¢jimo sutrikimo simptomais, taciau prie§ ligai
pasireiskiantjudéjimo sutrikimams sunyksta iki 50 proc. viduriniy smegeny juodosios
medziagos (JM) nerviniy lasteliy ir prarandama iki 80 proc. neurotransmiterio (perduoda
elektrinius signalus i§ vienos nervinés lastelés kitai) dopamino kieko dryzuotajame kiine, kol
iSryskéja pirmieji judéjimo sutrikmo PL simptomai. Todél vis labiau yra palaikomas
ankstyvas judéjimo sutrikimo PL modelis. Daugéja jrodymy, kad uoslés ir miego sutrikimas,
Sirdies laidziosios sistemos sutrikimai (Sirdies daznio pokyciai), Zarnyno veiklos sutrikimas
(viduriy uzkietéjimas), depresija, skausmas gali pasireiksti anksciau nei judéjimo sutrikimo
PL simptomai. Tuo remiantis, buvo keliama hipotezé, kad klajoklio nervo neurony
disfunkcija ir neurony ziitis galéty biiti susijusi su potencialiai maZesniu nervo skersmens
plotu sergant PL. Siuo metu jau yra atlikty darby $ia tema, tadiau néra pateikta tiksliy
duomeny ar funkcija (Sirdies daznio pokyciai)gali biti susijusi su struktiiriniais poky¢iais ir
ar galima teigti, kad struktiiriniai pokyciai susij¢ su ankstyva Parkinsono ligos diagnostika.
Soniné amiotrofiné sklerozé (SAS) — reta progresuojanti liga sukelianti raumeny silpnuma,
negalia ir galiausiai mirtj. Sis sutrikimas, priesingai nei daugiazidinin¢ motoriné polineuro-
patija (DMN) ir kitos polineuropatijos, turi blogesn¢ prastesng prognoze, nes tikétinas
iSgyvenamumas yra 3—5 metai. Ligos progresavimui sulétinti gali bati skiriami ligos eiga
modifikuojantys vaistai (pvz. riluzolas, edaravonas). Atsizvelgiant i gydymo ir iSeiciy
skirtumus, yra labai svarbu diferencijuoti ir patikimai nustatyti diagnoze. Siuo metu DMN,
nimis bei neurofiziologiniy (pvz., elektroneuromiografijos) tyrimy rezultatais. Deja, net ir
remiantis $iais kriterijais, iki 10 proc. SAS diagnoziy biina nustatytos neteisingai. Tolimesniy
tyrimy metu, 1 i§ 5 tokiy atvejy yra nustatoma DMN, viena dazniausiy j SAS panasiy ligy.
Manoma, jog jvairiy galiiniy nervy ultragarsinis tyrimas yra daug Zadantis alternatyvus
metodas patikslinti SAS, DMN ir kity motoriniy neuropatijy diagnozes. Tikimasi, kad bus
gauta daugiau patikimy duomeny ne tik diferencijuoti polineuropatijas nuo neurodegenera-
ciniy ligy, tagiau ir duomeny leisian&iy patikimiau ir grei¢iau nustatyta SAS ankstyvoje ligos
stadijoje ir taikyti gydyma.

4. Kokie asmenys pasirenkami dalyvauti Siame tyrime?

Tiriamyjy jtraukimo j biomedicininj tyrima kriterijai:

1)  vyresni nei 18 mety pacientai;

2) gydomi Lietuvos sveikatos moksly universiteto ligoninés Kauno kliniky (Kauno
kliniky) Neurologijos klinikos Nervy sistemos ligy ambulatoriniame skyriuje ir Neuro-
logijos skyriuje, kuriems diagnozuota Parkinsono liga ar Soniné amiotrofiné skleroz¢;

3) elektrofiziologiniais ir vaizdiniais tyrimais néra jtariama kita liga: daugiazidininé
motoriné polineuropatija, 1étiné uzdegiminé polineurpatija, smulkiy skaiduly poline-
uropatija, Gimi polineuropatija (Guillain-Barre sindromas, toksiné polineuropatija);
nustatyta kita neurodegeneraciné liga (frontotemporaliné demencija, supranuklearinis
paralyzius, i$sétiné sklerozé, Huntingtono liga), neuroraumeninés jungties ligomis
(generalizuota miastenija).
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Kontroling pacienty grupe sudarys:

1) vyresni nei 18 mety pacientai;

2) nesergantys polineuropatijomis, neurodegeneracinémis, neuroraumeninés jungties
ligomis (néra pozymiy Sioms ligoms), kas patvirtinta elektrofiziologiniais ir vaizdiniais
tyrimais;

3) kontroling grupe sudarys savanoriai gydomi Kauno kliniky Nervy sistemos ligy ambu-
latoriniame ir Neurologijos skyriuje;

4) sunkios biiklés pacientai, kuriy nejmanoma apklausti ir atlikti klajoklio nervo
ultragarsinio tyrimo — sergantys sunkiais insultais, nesgmoningi pacientai.

5. Kas atlieka/uZsako §j biomedicinini / klinikinj vaistinio preparato tyrima?

Sio biomedicininio tyrimo uzsakovas yra Lietuvos sveikatos moksly universitetas. Tyrimo
dalyviams iStyrimas bus atlickamas nemokamai gydytojo neurologo, kartu bus renkami
dokumentiniai — anketiniai duomenys, iStyrimas vyks Lietuvos sveikatos moksly universiteto
ligoninés Kauno klinikos Neurologijos skyriuje bei Nervy sistemos ligy ambulatoriniame
skyriuje.

6. Tikimybé patekti i skirtingas tiriamyju grupes ir dalyvavimo Siose grupése ypatybés.
Siame tyrime dalyvaujantys asmenys bus suskirstyti j keturias grupes: pirmaja sudarys
pacientai, kuriems yra diagnozuota Parkinsono liga, antraja — diagnozuota Sonin¢ amiotro-
finés sklerozé, treciajg — kontroling sveiky pacienty grupe sudarys tiriamieji, kuriems néra
diagnozuota polineuropatija, kitos neurodegeneracinés ar neuroraumeninés jungties ligos.
Visi planuojami tyrimai yra neinvaziniai, dél to sveikatos sutrikdymo nesitikima, Jis galésite
laikytis jprasto dienos rezimo, vartoti visus kity specialisty paskirtus medikamentus. Visi
Jums numatomi atlikti tyrimai bus saugiis, neskausmingi ir nemokami.

7. Kiek truks Jiisy dalyvavimas Siame tyrime?

Numatoma bendra tyrimo trukmé — dveji metai. Tyrimas vyks kol surinksime suplanuota
pacienty kiekj arba iki tyrimo termino pabaigos — 2023 mety rugséjo ménesio. Jusy vizito
metu Jums bus atliekami tyrimai, kuriy bendra numatoma trukmé — nuo vienos iki vienos su
puse valandos. SAS pacientams bus atlickama spirometrija, kuri uztruks papildomais 30—
45 min. ir Holterio monitoravimas trunkantis 24 val. Holterio prietaisas Sirdies daznio poky-
Ciams stebéti. Prictaisas su eletrodais dedamas ant kriitinés. Jo pagalba stebimas Sirdies pulso
pokyciai paros bégyje, stebéjimas bus tgsiamas 24 val. Tyrimo tikslas jvertinti paros Sirdies
pulso poky¢ius, kas atspindi klajoklio nervo funkcija. Bus naudojamas licenzijuotas Holterio
aparatas. Tyrimas bus atlickamas namuose, kad geriausiai atspindéty Sirdies daznio poky¢ius
kasdienémis sglygomis, taciau priklausomai nuo paciento biiklés ar galimybés atvykti, buty
planauojama atlikti tyrimg ir gydymosi laikotarpiu neurologijos skyriuje.

8. Kokiose $alyse bus vykdomas §is tyrimas?
Tyrimas bus atliekamas tik Lietuvoje.

9. Kiek tiriamyjy dalyvaus numatyta Siame tyrime?

Tikimasi, kad Siame biomedicininiame tyrime dalyvaus ~120 Zmoniy, priklausomai nuo
atmetimo kriterijy. Planuojama surinkti: kontroliné grupé ~40-50 savanoriy. Serganéiy
neurodegeneracinémis ligomis: Parkinsono liga ~30—40 pacienty. Sonine amiotrofine sklero-
ze ~20-30 pacienty.
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10. Ka Jums reikés daryti?

Jisy bus prasoma leisti naudotis Jisy medicininiais dokumentais (ligos istorija, ambulato-
rinés kortelés duomenimis), kuriais remiantis bus papildomi duomenys apie Jusy liga bei jos
trukme.

Jums bus pateiktas paciento klausimynas, kuriame gaunami duomenys apie demografinius
rodiklius (lytis, amzius), antropometrinius rodiklius (Gigis, svoris, pilvo ir kluby apimtis),
duomenys apie liga (paciento amzius ligos pradzios metu, ligos trukme, eiga, stadija),
duomenys apie gretutines ligas ir vartojamus vaistus (serganius Seimos narius, rizikos
veiksnius, medikamentau), taip pat bus renkami ligos istorijose esantys duomenys apie
atliktus elektrofiziologinius vaizdinius tyrimus ligos diagnozei pagrjsti. Klausimyne uzrasyta
informacija bus koduota, remiantis ja nebus jmanoma tiesiogiai nustatyti Jisy tapatybés.
Klausimyno pildymas uZtruks apie 5-10 min.

Jums bus atliekamas klajoklio nervo ultragarsinis tyrimas, kurio metu, gulint ant nugaros,
atlosus galva, ultragarso daviklis (CE 0086) bus dedamas ant kaklo, pateptas standartiniu
geliu, reikalingu vaizdo raiskai pagerinti, ir matuojamas klajoklio nervo skersmuo, kartu toje
pacioje galvos padétyje iSmatuojamas ir diafragminio nervo skersmuo.

Jums bus atliekamas Holterio monitoravimas 24 val. Naudojamas licenzijuotas Holterio
apartas.

Jei sergate Sonine amiotrofine skleroze Jums bus atliekama spirometrija. Spirometrija tai oro
tirio bei greiCio matavimas iSkveépimo ir jkvépimo metu.

11. Ar dalyvavimas biomedicininiame/ klinikiniame vaistinio preparato tyrime Jums
bus naudingas? / Kokios naudos galite tikétis dalyvaudami Siame tyrime?
Dalyvavimas biomedicininiame tyrime Jums bus naudingas, kadangi kiekvienam tiriamajam
bus atliekamas ultragarsinis klajoklio ir diafragminio nervo tyrimas (Sie tyrimai kasdien¢je
klinikinéje praktikoje pacientams sergantiems neurodegeneracinémis ligomis Siuo metu néra
atlieckami) ir jvertinti galimi nervo struktiiros pokyciai. Taip pat bus atlickamas Holterio
monitoravimas ir jvertinamas Sirdies daznis bei galimi jo poky¢iai.

SAS pacientams atlickama spirmotreija, kuri padés jvertinti ventiliacing paciento plauciy
funkcija, galima plauciy obstrukcijos laipsnj ir kvépavimo raumeny funkcija.

12. Kokia su dalyvavimu Siame tyrime susijusi rizika ir nepatogumai?

Dalyvaudami Siame tyrime Jis galite patirti nepatogumy, susijusiy su sugaistu laiku,
atliekant papildomus neintervencinius tyrimus, bei su sveikatos duomeny tvarkymu susijusia
rizika. Atliekami tyrimai yra saugts, neinvaziniai.

Jei dél nenumatyty aplinkybiy (force majore ar nenugalima jéga, treciyjy asmeny nusikalsta-
mos veiklos ar pasikeitus pandeminei situacijai), kurios tyréjui néra zinomos ir kurioms
jtakos tyréjas negali daryti, konfidenciali informacija tapty prieinama tretiesiems asmenims,
kuriems ja suteikti nebuvote daves sutikimo, tyréjas i§ karto Jus apie tai informuos. Taciau
tyréjas visais biidais stengsis uztikrinti, kad Jisy asmens duomenys, tvarkomi Sio biomedi-
cininio tyrimo tikslu, nebiity prieinami tretiesiems asmenims, kuriems jos suteikti nebuvote
daves sutikimo ir jgyvendins duomeny saugumo priemones, skirtas apsaugoti asmens duo-
menis nuo atsitiktinio ar neteiséto atskleidimo, taip pat nuo bet kokio kito neteiséto tvarkymo.

13. Jei atsitikty kas nors negero? (Informacija apie draudima)

Sio biomedicininio tyrimo metu bus taikomi tik neintervenciniai tyrimo metodai, kurie
nesukelia rizikos Juisy sveikatai, todél biomedicininis tyrimas néra apdraustas biomedicininio
tyrimo uzsakovy ir pagrindiniy tyréjy civilinés atsakomybés draudimu.
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14. Kokias pasirinkimo galimybes turésite, jeigu nesutiksite dalyvauti Siame tyrime
arba atSauksite sutikima jame dalyvauti?

Jei nuspresite pasitraukti i§ tyrimo Siam nepasibaigus, tyréjas pateiks ir paprasys paraSyti
laisvos formos atsisakymo prasyma. Turite teis¢ atsisakyti dalyvauti tyrime, nenurodydamas
priezasciy ir motyvy.

15. Ar galésite nutraukti dalyvavima tyrime?

Tyrimo gydytojas ar uzsakovas bei tyrimg finansuojanti institucija turi teis¢ bet kuriuo metu
sustabdyti tyrima ar Jusy dalyvavimg jame. Jiis nebegalésite dalyvauti tyrime, jei nesilaiky-
site tyréjy nurodymy.

16. Jusu dalyvavimo tyrime nutraukimo aplinkybés ir kriterijai

Tyrime dalyvaujate savanoriskai, todél turite teis¢ atsisakyti, o pradéjes galite bet kada i jo
pasitraukti. Jisy sprendimas atsisakyti dalyvauti ar nutraukti dalyvavima tyrime nedarys
jokios jtakos teikiamai jprastinei sveikatos priezitirai. Sutikimo atSaukimo atveju biomedici-
niniy tyrimy rezultatai, t. y. biomedicininio tyrimo dokumentuose iki sutikimo dalyvauti
biomedicininiame tyrime at§aukimo jrasyti duomenys, bus naikinami. Taip pat, jei dél bet
kokiy priezasciy busite pripazintas neveiksnus, bus apribotas jlisy veiksnumas ar jei jus dél
sveikatos buklés negalésite buti laikomas gebanciu protingai vertinti savo interesus, ir
norésite atSaukti savo sutikima, j tai bus atsizvelgta, bet teisiskai §j sprendima priims sutuok-
tinis, jeigu jo néra — vienas i$ tévy, pilnameciy vaiky, globéjas ar rtipintojas; taip pat, esant
Sioms i§vardintoms aplinkybéms, teis¢ atSaukti jisy sutikima dalyvauti tyrime taip pat turés
jusy atstovai pagal Pacienty teisiy jstatyma.

17. Ar dalyvaudami Siame tyrime patirsite kokiy nors iSlaidy?

Uz dalyvavimg biomedicininiuose tyrimuose atlygis néra mokamas. Dalyvaudami Siame
tyrime negausite finansinés naudos, taciau Jums nemokamai bus atliekamas autonominés
nervy sistemos jvertinimui skirtas klausimynas (angl. COMPASS-31), padedantis issiaiskinti
galimas autonomings (vegetacings — jnervuojancio vidaus organus ir nepriklausancios nuo
valios) nervy sistemos sutrikimus, klajoklio ir diafragminio nervo ultragarsinis tyrimas,
Holterio 24 val. monitoravimas, spirometrijos tyrimas pacientams sergantiems SAS.

18. Ar Juasy asmens duomenys bus konfidencialus?

Biomedicininj tyrimg atliekant gauta sveikatos informacija, leidzianti nustatyti asmens
tapatybe, yra konfidenciali ir gali buti teikiama tik pacienty teises ir asmens duomeny apsau-
ga reglamentuojanciy jstatymy nustatyta tvarka. Duomeny valdytojas yra Lietuvos sveikatos
moksly universitetas, imonés kodas 302536989, adresas: A. Mickeviciaus g. 9. LT-44307
Kaunas, Lietuva. Sickiant apsaugoti duomeny konfidencialuma, Jums bus suteiktas specialus
kodas, kuris bus nurodomas visuose dokumentuose, i$skyrus sutikimo forma (Siame doku-
mente bus nurodyti Jisy asmeniniai duomenys). Kompiuteriai, kuriuose saugomi elektro-
niniai tyrimo dokumentai ir duomenys, apsaugoti slaptazodziu. Prisijungimo kodus zino tik
tyréjai, Sie duomenys atnaujinami kas ménesj. Dokumentai saugomi rakinamoje spintoje,
kurios rakta turi tik tyréjai. Jei sutiksite dalyvauti Siame tyrime, gydytojas tyréjas ir tyrimo
darbuotojai naudos tyrimui atlikti reikalingus Jlisy asmeninius duomenis. Duomenys bus
renkami remiantis Jiisy pateikta informacija bei gydymo jstaigoje saugomais medicininiais
dokumentais. Atliekant $j tyrimg gauta sveikatos informacija nelaikoma konfidencialia ir gali
biti paskelbta be Jiisy sutikimo, jeigu ja paskelbus nebus galima tiesiogiai ar netiesiogiai
nustatyti Jsy tapatybés.
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19. Kas ir kokiu tikslu galés susipaZinti su Jusy asmens duomenimis?

PasiraSydami §ig forma sutinkate, kad tyrimo centro tyréjai, tyrimus kontroliuojancios
institucijos (tokios kaip etikos komitetai) ir jgalioti tyrimo uzsakovo (Lietuvos sveikatos
apie Jus surinkta informacija. Kitiems asmenims ar jmonéms bus teikiami tik uzkoduoti
sveikatos duomenys, neleidziantys tiesiogiai nustatyti Jusy tapatybés. (,,Uzkoduoti reiskia,
kad dokumentuose bus nurodomas ne Jtisy vardas ir pavarde, o specialus numeris, kurj susieti
su Jisy asmeniu galés tik gydytojas tyréjas). Surinktus duomenis tyrimo gydytojai naudos
tik Sio biomedicininio tyrimo tikslais. UZsakovas uzkoduotus sveikatos duomenis gali
naudoti atlikdamas tyrima, pateikdamas praSymus dél mokslinio tyrimo, diagnostikos ar
norédamas kurti medicinines priemones.

Jus turite teis¢ suZinoti, kokie duomenys buvo surinkti, taip pat galite reikalauti iStaisyti ar
sustabdyti savo asmens duomeny tvarkymo veiksmus, jei nuspresite pasitraukti i§ tyrimo
anksc¢iau numatyto laiko.

20. Kiek laiko bus saugomi tyrimo metu surinkti duomenys ir kas uz tai bus atsakingas?
Visa informacija bus uzrasoma specialiai klinikiniam tyrimui sudaromuose elektroniniuose
ir popieriniuose dokumentuose ir tyrimo centre saugoma 2 metus pasibaigus tyrimui. Tiek
laiko saugoti duomenis jpareigoja uzsakovo nustatyta tvarka siekiant uztikrinti duomeny
kokybe ir kontrole. Véliau Jisy asmens duomenys bus sunaikinti tyrimo centro nustatyta
tvarka. UZ dokumenty saugojima tyrimo centre bus atsakingas pagrindinis tyréjas.

21. Kas jvertino $j biomedicininj /klinikinj vaistinio preparato tyrima? / I ka kreiptis,
jeigu iskilty klausimy?

D¢l savo kaip tyrimo dalyvio teisiy galite kreiptis j leidimag atlikti §j biomedicininj
tyrima iSdavusj Kauno regioninj biomedicininiy tyrimy etikos komiteta, Lietuvos sveikatos
moksly universitetas, A. Mickeviciaus g. 9, LT-44307 Kaunas, tel. 8 37 326889, el. pastas:
kaunorbtek@lsmuni.lt.

Jeigu turite klausimy dél Jusy asmens duomeny tvarkymo, kreipkités j tyréja. Tyréjas
Jasy paklausima gali perduoti asmeniui, atsakingam uz asmens duomeny apsaugg (duomeny
apsaugos pareigiinui).

Sj biomedicininj tyrimg atliekan¢iy institucijy duomeny apsaugos pareigiiny kontaktai:

Tyrimo centro duomeny apsaugos pareigiinas: Tomas Kuzmarskas telefono rysSio
numeris: +370 37 326268, el. pasto adresas: tomas.kuzmarskas@kauno.klinikos.lIt, darbo
vietos adresas: Kaunas, Eiveniy g. 2.

Tyrimo uzsakovo duomeny apsaugos pareigiinas: Tomas Kuzmarskas telefono rysSio
numeris: +370 37 326268, el. pasto adresas: tomas.kuzmarskas@kauno.klinikos.lIt, darbo
vietos adresas: Kaunas, Eiveniy g. 2.

Jus turite teis¢ pateikti skundg dél asmens duomeny tvarkymo Valstybinei duomeny
apsaugos inspekcijai. Skunda galite pateikti pastu (adresu: L. Sapiegos g. 17, LT-10312
Vilnius) arba naudodamiesi Valstybinés duomeny apsaugos inspekcijos elektroniniy paslau-
gy sistema: /go.php/lit/Prisijungti/37L. Valstybinés duomeny apsaugos inspekcijos kontak-
tinis telefono numeris 0 5 2127532, el. pastas: ada@ada.lt.
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22. Kita svarbi informacija, kuri gali turéti jtakos Jusu apsisprendimui sutikti ar
atsisakyti dalyvauti biomedicininiame/ klinikiniame vaistinio preparato tyrime.
Sutikdami dalyvauti tyrime Jus prisidedate prie neinvazinio klajoklio nervo ultragarsinio
tyrimo metodo techninés dalies tobulinimo ir jdiegimo ankstyvai ir diferencinei neurodege-
neraciniy ligy diagnostikai, kurie yra aktuallis visuomenés sveikatos labui, klinikinés
praktikos bei mokslo aspektais.

SUTIKIMAS DALYVAUTI BIOMEDICININIAME /
KLINIKINIAME VAISTINIO PREPARATO TYRIME

AS perskaic¢iau Sig Informuoto asmens sutikimo formg ir supratau man pateikta
informacijg.

Man buvo suteikta galimybé uzduoti klausimus ir gavau mane tenkinancius atsakymus.

Supratau, kad galiu bet kada pasitraukti i§ tyrimo, nenurodydama(s) priezas¢iy?.

Supratau, kad asmuo, dél kurio dalyvavimo biomedicininiame tyrime a§ duodu
sutikima, gali bet kada pasitraukti i§ tyrimo, nenurodydamas priezaséiy.?

Supratau, kad norédama(s) atSaukti sutikimg dalyvauti biomedicininiame tyrime, rastu
turiu apie tai informuoti tyréja/kita jo jgaliota biomedicininj tyrima atliekantj asmen;.

Patvirtinu, kad turéjau uztektinai laiko apsvarstyti man suteikta informacija apie
biomedicininj tyrimg. Supratau, kad dalyvavimas Siame tyrime yra savanoriskas.

Patvirtinu, kad sutikima dalyvauti Siame biomedicininiame tyrime duodu laisva valia.

Leidziu naudoti asmens duomenis ta apimtimi ir biidu, kaip nurodyta Informuoto
asmens sutikimo formoje.

Patvirtinu, kad gavau Informuoto asmens sutikimo formos egzemplioriy, pasiraSyta
tyréjo/ kito jo jgalioto biomedicininj tyrima atliekancio asmens.

Asmuo (ar kitas sutikimg turintis teis¢ duoti asmuo)

vardas pavardé atstovavimo parasas pasira§ymo data pasiraS§ymo
pagrindas laikas

Patvirtinu, kad suteikiau informacija apie biomedicininj tyrimg auk$c¢iau nurodytam
asmeniui.

Patvirtinu, kad asmeniui (ar kitam sutikimg duoti turin¢iam teis¢ asmeniui) buvo skirta
pakankamai laiko apsispresti dalyvauti biomedicininiame tyrime, atsizvelgiant |
biomedicininio tyrimo pobudj, taip pat jvertinus kitas aplinkybes, galin¢ias daryti jtaka
priimamam sprendimui.

AS skatinau asmenj (ar kita sutikima turintj teis¢ duoti asmenj) uzduoti klausimus ir j
juos atsakiau.

Tyréjas ar kitas jo jgaliota biomedicininj tyrima atliekantis asmuo

vardas pavardé atstovavimo parasas pasira§ymo data pasiraS§ymo
pagrindas laikas

2 Jei sutikimg dalyvauti tyrime duoda pats asmuo.
3 Jei sutikimg dalyvauti tyrime duoda kitas asmuo.
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2 priedas

DEMOGRAFINIU IR KLINIKINIU CHARAKTERISTIKU ANKETA ,,PL*
Tiriamojo kodas:

1. Lytis:
O Vyras
O Moteris

Amzius m

Ugis cm

Svoris kg

KMI kg/m?
Liemens apimtis cm
Kluby apimtis cm

Parkinsono ligos trukmeé? m

A T

Dominuojanti ranka

O Desiné

O Kaire

10. Pusé, nuo kurios prasidéjo Parkinsono ligos simptomai?
O Desiné
O Kaire

11. Dominuojantis Parkinsono ligos simptomas:

O Tremoras

O Sustingimas

O Eisena

O Posturalinis nestabilumas (bloga pusiausvyra, kritimai)

O Bradikinezija (judesiy létumas)

12.  Siuo metu vartojami vaistai, skirti Parkinsono ligai gydyti

13. Levodopos ekvivalentiné dozé (LED):

14. Gretutinés ligos (depresija, skydliaukés ligos, Zarnyno ligos, urologinés ligos (prosta-
tos), kitos neurologinés ligos, onkologiniai susirgimai...)
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15.

Kiti vartojami vaistai (ne Parkinsono ligos gydymui)?

16.

Ortostazés méginys:
O Teigiamas
O Neigiamas

ULTRAGARSINIU TYRIMU REZULTATAI

Klajoklio nervo matavimo rezultatai:

0] Desiné T Kairé

Klajoklio nervo storis

Homogeniskumas (Homo-Hetero)

Echogeniskumas (Hipo-Izo-Hiper)
Diafragmos nervo matavimo rezultatai:

(0] Desiné T Kairé

Diafragmos nervo storis

Homogeniskumas (Homo-Hetero)

Echogeniskumas (Hipo-Izo-Hiper)

HOLTERIO MONITORAVIMAS
UOSLES TESTAS

PraSome pazyméti kvapo pasirinkima:

1. |Apelsinas Alyvos Zemuogé Ananasas
2. |Alus Benzinas Galanteriné oda Sienas

3. |Medus Vanilé Sokoladas Cinamonas
4. | Cesnakas Pipirméte Egle Svogunas
5. |Braske Bananas Agurkas Stiris

6. |Kumpis Obuolys Citrina Sokoladas
7. | Saldymedis / anyzius | Apelsinas Meéta Alus

8. | Cigareté Kava Vynas Diimai

9. | Gvazdikéliai Cesnakas Cinamonas Petrazolé
10. |Kriause Svogunas Liepa Ananasas
11. |Sokoladas Avieté Rozé Vysnia
12. |Duona Zuvis Stiris Kumpis
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UPLRS - V. Modifikuota Hoehn ir Yahr stadiju skalé

0 stadija | Ligos pozymiy néra.

I stadija | Ligos simptomai vienoje kiino puséje.

1,5 stadija | Vienpusiai ir aksialiniai (aSiniai) simptomai.

2 stadija | Ligos simptomai abiejose kiino pusése, be pusiausvyros sutrikimo.

2,5 stadija | Lengvo laipsnio abipusé liga, pacientui iSsilaikant pastimimo méginio metu.

3 stadija | Lengvo — vidutinio laipsnio abipusé liga su posturaliniu nestabilumu, pacientas
fiziskai nepriklausomas.

4 stadija | Sunki invalidizacija; dar gali eiti ar atsistoti be pagalbos.

5 stadija | Be pagalbos nepasikelia i§ lovos ar vezimélio.
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3 priedas

DEMOGRAFINIU IR KLINIKINIU CHARAKTERISTIKU ANKETA ,,SAS

Tiriamojo kodas:

1. Tyrimo data: /]
Lytis:
O Vyras
O Moteris
3. Amzius m
4.  Ugis cm
5. Svoris kg
6. KMI kg/m?
7.  Liemens apimtis cm
8. Kluby apimtis cm
9. Kada atsirado pirmieji ligos simptomai?

10. Amzius ligos pradzioje (diagnozés nustatymo metu):
11. Ligos trukmé:

12. Simptomai (klinikiné iSraiska) ligos pradzioje:
O Centrinio motorinio neurono pazeidimo pozymiai
O Bulbarinio/pseudobulbarinio pazeidimo pozymiai
O Periferinio motorinio neurono pazeidimo pozymiai
O Misraus pazeidimo poZymiai

13. Ar giminéje yra serganciy motorinio neurono liga ar kitomis neurodegeneracinémis
ligomis?
O Taip
O Ne

14.  Gretutinés ligos (plauciy ligos, endokrininés ligos (CD, skydliaukés ligos), polineuro-
patija, neurodegeneracinés ligos ir kitos):

15. Vartojami vaistai:

16. Ar skiriamas specifinis (neuroprotekcinis, ligo eiga modifikuojnatis) gydymas
Riluzoliu?
O Taip
O Ne
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17.

18.
19.
20.
21.
22.
23.

Elektroneuromiografijos duomenys:
O Diafragmos nervo abipus laidumas (aksono bakl¢):
e Desiné:
o Kairé:
O Raumenyse registruojamos fascikuliacijos:
e Desiné ranka:
Kairé ranka:
Desin¢ koja:
Kaire koja:
Kitur (trapecinis raumuo ir/ar smakrinis raumuo):
O Raumenyse registruojami imios denervacijos simptomai (fibriliacijos, teigiamos
astrios bangos):
e Desiné ranka:
Kairé ranka:
Desin¢ koja:
Kairé koja:
Kitur (trapecinis raumuo ir/ar smakrinis raumuo):

Spirometrija:

Kvépavimo raumeny jéga:
Arterinés kraujo dujos:
Kriitinés lastos rentgenograma:

SSD variabilumas:

ALSFRS-R skalés balas:

KLAJOKLIO NERVO ULTRAGARSINIO TYRIMO DUOMENYS

Klajoklio nervo matavimo rezultatai:

(0] Desiné T (0} Kairé¢ T

Klajoklio nervo storis

Homogeniskumas (Homo-Hetero)

Echogeniskumas (Hipo-Izo-Hiper)

Diafragmos nervo matavimo rezultatai:

(0] Desiné T (0} Kairé¢ T

Diafragmos nervo storis

Homogeniskumas (Homo-Hetero)

Echogeniskumas (Hipo-Izo-Hiper)

HOLTERIO MONITORAVIMAS
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COMPASS-31 KLAUSIMYNAS

Ar per pastaruosius metus jautéte galvos svaigima, pojutj lyg tuoj apalpsite, turéjote
sunkumy greitai atsisédus ar atsistojus i§ gulimos padéties?

O Taip

O Ne (jei pazyméjote Ne, pereikite prie 5 klausimo)

Kaip daznai Jums pasireiSkia minéti simptomati atsistojus?
O Retai

O Retkarciais

O Daznai

O Beveik visada

Kaip apibtudintuméte $iy simptomy sunkuma?
O Nezymus

O Vidutiniai

0O Zymis

Per pastaruosius metus minéti simptomai:
Zenkliai sustipréjo

Nezymiai sustipréjo

Nepakito

Nezymiai pageréjo

Labai pageréjo

Visiskai iSnyko

OoOoOooono

Ar per pastaruosius metus pastebéjote odos spalvos pokycius (raudona, balta, violetiné)?
O Taip
O Ne (jei pazyméjote Ne, pereikite prie 8 klausimo)

Kokiose kiino vietose pastebéjote odos spalvos pokycius? (pazymékite visus tinkancius?
O Rankose
O Kojose

Ar sie odos spalvos pokyciai:
Zenkliai sustipréjo
Nezymiai sustipréjo
Nepakito

Nezymiai pageréjo

Labai pageré¢jo

Visiskai iSnyko

Oooooono

Kokie Jusy kiino prakaitavimo pokyciai, jeigu jie atsirado, per pastaruosius 5 metus?
O Prakaitavimas Zymiai gausesnis nei ankséiau

O Prakaitavimas neZymiai gausesnis nei ankséiau

O Nepastebéjau prakaitavimo poky¢iy

O Prakaitavimas kiek maZesnis nei anks¢iau

O Prakaitavimas Zymiai maZesnis nei anks¢iau

Ar jauciate rySky akiy sausuma?
O Taip
O Ne
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Ar jauciate rySky burnos sausuma?
O Taip
O Ne

Jei skundziatés akiy ar burnos sausumu, ar simptomas, kuris vargina ilgiau:
O Neturiu nei vieno i8 $iy simptomy

O Zenkliai sustipréjo

O NeZymiai sustipréjo

O Nepakito

O Kiek pageréjo

O Labai pageréjo

O Visiskai i$nyko

Ar per pastaruosius metus pastebéjote pilnumo pojiiti pavalgius?
O Pilnumo jausmas atsiranda Zymiai grei¢iau nei ankséiau

O Pilnumo jausmas atsiranda kiek grei¢iau nei ankséiau

O Nepastebéjau pilnumo po valgio pokyc¢iy

O Pilnumo jausmas atsiranda kiek lé¢iau nei anks¢iau

O Pilnumo jausmas atsiranda Zymiai 1&¢iau nei anks¢iau

Ar per pastaruosius metus jautéte Zymesnj pilvo plitimo jausma po valgio?
O Niekada

O Kartais

O Dazniausiai

Ar per pastaruosius metus vémeéte po valgio?
O Niekada

O Kartais

O Dazniausiai

Ar per pastaruosius metus jautéte pilvo skausmus (spazminius, kolikos pobtidzio)?

O Niekada
O Kartais
O Dazniausiai

Ar per pastaruosius metus buvo viduriavimo epizody?
O Taip
O Ne (jei pazyméjote Ne, pereikite prie 20 klausimo)

Kaip daznai viduriavimo epizodai pasireiskia?
O Retai

O Retkarciais

O Daznai k./mén.

O Nuolat

Ar sunkds Sie viduriavimo epizodai?
O Lengvi

O Vidutiniai

O Sunkds
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19.

20.

21.

22.

23.

24.

25.

26.

Ar viduriavimo epizodai tampa:

O Zymiai sunkesni

O NeZzymiai sunkesni

O Nesikeicia

O Kiek lengvesni

O Zymiai lengvesni

O Visiskai iSnyko

Ar per pastaruosius metus buvo viduriy uzkietéjimas?
O Taip

O Ne (jei pazyméjote Ne, pereikite prie 24 klausimo)

Kaip daznai viduriy uzkietéjimo epizodai pasireiskia?
O Retai

O Retkarciais

O Daznai k./mén.

O Nuolat

Ar sunkds Sie viduriy uzkietéjimo epizodai?
O Lengvi

O Vidutiniai

O Sunkis

Ar viduriy uzkietéjimo epizodai tampa:
O Zymiai sunkesni

O NeZzymiai sunkesni

O Nesikeicia

O Kiek lengvesni

O Zymiai lengvesni

O Visiskai iSnyko

Ar per pastaruosius metus pasitaiké $lapimo nesulaikymo epizody?
O Niekada

O Retkarciais

O Daznai k./mén.

O Nuolat

Ar per pastaruosius metus pasitaiké sunkumo Slapintis epizody?
O Niekada

O Retkarciais

O Daznai k./mén.

O Nuolat

Ar per pastaruosius metus pasitaiké sunkumo pilnai pasislapinti epizody?
O Niekada

O Retkarciais

O Daznai k./mén.

O Nuolat
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27.

28.

29

30.

31.

Ar per pastaruosius metus jautéte, kad ryski Sviesa erzinty / varginty akis, esant be

akiniy nuo saulés ar akiniy tamsintais stiklais?

O Niekada (jei pazyméjote Niekada, pereikite prie 29 klausimo)
O Retkarciais

O Daznai

O Nuolat

Ar jautrumas ryskiai Sviesai Zymus?
O Nezymus

O Vidutinis

O Zymus

. Ar per pastaruosius metus turéjote sunkumy ryskiai matyti (fokusuoti zvilgsnj)?

O Niekada (jei pazyméjote Niekada, pereikite prie 31 klausimo)
O Retkarciais

O Daznai

O Nuolat

Ar sunkumas ryskiai matyti Zymus?
O Nezymus

O Vidutinis

O Zymus

Ar labiausiai Jus varginantis akiy simptomas (jautrumas ryskiai Sviesiai, sunkumas

fokusuoti zvilgsnj) tampa:

O Neturiu nei vieno i8 $iy simptomy
O Zenkliai sustipréjo

O NeZymiai sustipréjo

126



4 priedas

ALSFRS-R skalé

SAS Funkcinés Biiklés Vertinimo Skalé — Patikslinta (ALS-FRS-R)

Data:

Paciento vardas, pavardé:

Gimimo data:

Paciento numeris:

Dominuojanti ranka (des./kair.):

1.

5A.

Kalba

4 — Normali kalba

3 — Pastebimas kalbos sutrikimas

2 — Suprantama tik kartojant

1 — Kalba kartu su neverbaline komunikacija

0 — Naudingos kalbos praradimas

Seilétekis

4 — Normalus

3 — Nedidelis, bet aiskus seiliy perteklius; gali biiti naktinis seilétekis
2 — Vidutinis seiliy perteklius; minimalus seilétekis dienos metu
1 — Ryskus seiliy perteklius su seilétekiu

0 — Nuolatinis seilétekis; reikalinga servetélé ar nosiné

Rijimas

4 — Normalis valgymo jprociai

3 — Ankstyvi valgymo sutrikimai — retkarciais springsta

2 — Reikalingas maisto konsistencijos pakeitimas

1 — Reikalingas papildomas maitinimas zondu

0 — Maitinimas tik parenteriniu ar enteriniu bidu (NPO)

RasSymas

4 — Normalus

3 — Létas ar netvarkingas, bet visi zodziai jskaitomi

2 — Ne visi zodziai jskaitomi

1 — Gali laikyti rasiklj, bet negali rasSyti

0 — Negali laikyti rasiklio

Maisto pjaustymas ir jrankiu naudojimas (be gastrostomos)
4 — Normalu

3 — Siek tiek létas ir nerangus, bet pagalbos nereikia

2 — Gali supjaustyti dauguma maisto (>50 proc.), bet létai; reikia Siek tiek pagalbos
1 — Maistg turi supjaustyti kitas asmuo, bet gali valgyti létai pats
0 — Reikia maitinti

127



5B. Maisto pjaustymas ir jrankiy naudojimas (su gastrostoma, jei > 50 proc. maiti-
nama per zonda)
4 — Normalu
3 — Nerangus, bet visas manipuliacijas atlieka savarankiskai
2 — Reikia pagalbos su uzsegimais ir tvirtinimais
1 — Suteikia minimalig pagalba slaugytojui
0 — Negali atlikti jokios uzduoties dalies

6. Apsirengimas ir higiena
4 — Normali funkcija
3 — Savarankiskas ir pilnas apsitarnavimas, bet su pastangomis ar lé¢iau
2 — Reikalinga daliné pagalba arba pakaitiniai metodai
1 — Reikalinga nuolatiné pagalba apsitarnaujant
0 — Visiska priklausomybé

7. Vertimasis lovoje ir patalynés tvarkymas
4 — Normali funkcija
3 — Siek tiek létas ir nerangus, bet pagalbos nereikia
2 — Gali apsiversti ar pakoreguoti patalyne, bet su dideliais sunkumais
1 — Gali inicijuoti judesj, bet negali apsiversti ar pakoreguoti patalynés vienas
0 — Bejégis
8. KEjimas
4 — Normalus
3 — Ankstyvi vaiks¢iojimo sunkumai
2 — Vaiksto su pagalba
1 — Nevaiksto, bet yra funkciniai kojy judesiai
0 — Nera tikslingy kojy judesiy
9. Dusulys
4 —Néra
3 — Atsiranda vaikStant
2 — Atsiranda atliekant vieng ar daugiau veikly: valgant, maudantis, rengiantis
1 — Atsiranda ramyb¢je (sédint ar gulint)
0 — Ryskus dusulys; svarstoma mechaniné kvépavimo pagalba

10. Ortopnéja

4 —Néra
3 — Nedidelis kvépavimo apsunkimas naktj; paprastai nereikia daugiau nei dviejy
pagalviy

2 — Reikia daugiau nei dviejy pagalviy
1 — Gali miegoti tik sédimoje padétyje
0 — Negali miegoti be mechaninés pagalbos

11. Kvépavimo nepakankamumas
4 —Néra
3 — Protarpinis BiPAP naudojimas
2 — Nuolatinis BiPAP naudojimas naktj
1 — Nuolatinis BiPAP naudojimas dieng ir naktj
0 — Invaziné mechaniné ventiliacija (intubacija ar tracheostomija).
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Abstract: Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease that affects
both the upper and lower motor neurons in the nervous system, causing muscle weakness and
severe disability. The progressive course of the disease reduces the functional capacity of the affected
patients, limits daily activities, and leads to complete dependence on caregivers, ultimately resulting
in a fatal outcome. Respiratory dysfunction mostly occurs later in the disease and is associated with
a worse prognosis. Forty-six participants were included in our study, with 23 patients in the ALS
group and 23 individuals in the control group. The ultrasound examination of the phrenic nerve
(PN) was performed by two authors using a high-resolution “Philips EPIQ 7” ultrasound machine
with a linear 4-18 MHz transducer. Our study revealed that the phrenic nerve is significantly smaller
on both sides in ALS patients compared to the control group (p < 0.001). Only one significant study
on PN ultrasound in ALS, conducted in Japan, also showed significant results (p < 0.00001). These
small studies are particularly promising, as they suggest that ultrasound findings could serve as an
additional diagnostic tool for ALS.

Keywords: phrenic; nerve; sonography; structural changes

1. Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease that
affects upper and lower motor neurons, resulting in muscle weakness, severe disability, and
ultimately, a fatal outcome [1-3]. The cause of ALS remains unknown for most individuals
affected by the disease. Sporadic cases account for 90-95% of all cases, while genetic factors
are confirmed in 5-10% [4,5]. Recent data shows that the incidence varies from 0.6 to
3.8 cases per 100,000 population, with a global incidence of approximately 1.6-1.76 cases
per 100,000 population [5-8]. The main ALS center in Lithuania, located in the Hospital
of the Lithuanian University of Health Sciences Kaunas Clinics, identifies approximately
20 new cases per year. ALS can occur at any age, but the incidence increases with each
decade, particularly after the age of 40. The disease is most commonly diagnosed in older
patients, with a peak age at the time of diagnosis of 51-66 years [9-11]. In all age groups,
there is a higher occurrence of ALS in men compared to women. The peak in men is
85-89 years, while for women, it is 80-84 years. Multiple pathophysiological mechanisms
are believed to contribute to motor neuron degeneration [12]. Due to various pathogenic
factors, ALS presents with a wide range of clinical features and symptoms, making the
diagnosis complex and challenging [13]. The diagnosis of ALS is based on clinical criteria
and monitoring the progression of the disease. Additional tests can help avoid diagnostic
errors and provide further insights into the disease. While respiratory muscle weakness is
only observed as the initial symptom in a small number of ALS patients [14], respiratory
dysfunction occurs later in the disease course and is associated with a poorer prognosis [15].
Gradual loss of phrenic nerve (PN) function leads to weakness, paralysis, and ultimately
the death of the patient [16]. Studies using ultrasound and PN conduction can aid in
assessing respiratory function and predicting patient survival [17-20].
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Despite the advancements in innovative technologies and the current diagnostic ca-
pabilities in laboratories and instrumental methods, the existing diagnostic methods for
amyotrophic lateral sclerosis (ALS) do not always ensure early detection, given the com-
plexity of the diagnosis process resulting from a heterogeneous range of clinical symptoms.
These factors drive the search for new and simpler diagnostic methods.

We raised the hypothesis that motor nerve size reduction in ultrasound could be one
of the first signs in the diagnosis of ALS. There is still limited data and debate regarding
which nerves are the most specific and sensitive to be examined by ultrasound. We hope
that, due to the affected respiratory function, the PN might be the first damaged nerve in
ALS disease. PN ultrasound and conduction studies provide hope that structural changes
observed through PN ultrasound may become a diagnostic tool for determining ALS
disease and evaluating respiratory function. This could enable more effective patient
monitoring and care.

We hypothesize that changes of phrenic nerve in terms of cross-sectional area (CSA),
as well as alterations in nerve structure changes such as heterogeneity and in echogenic-
ity, could potentially offer valuable insights and enable early diagnosis and prognosis
assessment of Amyotrophic Lateral Sclerosis (ALS).

2. Materials and Methods
Study Subjects and Ethical Statement

The study was conducted in accordance with the principles of the Declaration of
Helsinki, and informed consent was obtained from all participants. The study protocol was
approved by the Kaunas Regional Biomedical Research Ethics Committee, with bioethical
permission No. BE-2-40, issued on 17 May 2022. An analysis of scientific literature, medical
documentation of participants, as well as laboratory and instrumental research data, was
performed.

All participants were enrolled, and the study was conducted at the Department of
Neurology of the Lithuanian University of Health Sciences. The participants were divided
into two groups: Group 1 consisted of patients with ALS (N = 23), who all met the “Gold
Coast” criteria (Shefner et al. 2020). Group 2 served as the control group (N = 23). Each
participant underwent an interview and filled out questionnaires to collect clinical and
demographic data, including age, gender, height, body mass index (BMI), hip and waist
circumference, duration of illness, and ALS-FRS-R score. All participants underwent a PN
ultrasound examination. In the control group, patients who matched the age and gender
of the ALS patients were invited to participate. The cross-sectional area (CSA) values
of the PN in the control group were determined by measuring personal staff members
and patients who were over 18 years old. Participants who had signs and symptoms of
other neurodegenerative diseases, polyneuropathies, neuromuscular junction disorders,
endocrine disorders, oncological diseases, or other concomitant diseases that could affect
respiratory function, as well as those taking medications that could affect respiration, were
excluded from the study. Both groups were matched by age, gender, height, weight, hip
and waist circumference, and BMI.

3. Ultrasound Examination

The ultrasound examination of the phrenic nerve was performed by two authors using
a high-resolution “Philips EPIQ 7” ultrasound machine with a linear 4-18 MHz transducer
(CE 0086). The transducer was placed in a transverse plane above the level of the clavicle
in the neck region, at the level of the levator scapulae muscle, where the nerve attaches
to the anterior scalene muscle and the neck muscles. In B-mode ultrasound images, a
spindle-shaped structure with a hypoechoic appearance and a more hyperechoic periphery
was visualized in the connective tissue sheath on the anterior surface of the scalene muscle,
which was identified as the PN (Figure 1). To ensure accurate differentiation of the nerve
from vascular structures, a Doppler ultrasound mode was used during the examination.
During the examination, the quantitative and qualitative characteristics of the PN were
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evaluated. The texture of the nerve was assessed based on homogeneity (homogeneous
or heterogeneous) and echogenicity (hypoechoic, isoechoic, or hyperechoic). The cross-
sectional area of the PN was measured in a transverse plane by tracing the hypoechogenic
nerve area at the border of hyperechogenicity using the methodology described by Walter
et al. (2019). The cross-sectional area was measured by two examiners. Each observer
measured one side three times with a 0.01 mm? error margin, and the average of the three
measurements was calculated. Then, the grand average of each side was determined by
the observers. Both examiners were blinded to each other’s examination results.

Phrenic nerve === Phrenic nerve Phrenic nerve
p— — [

Figure 1. (A) Normal phrenic nerve ultrasound in a healthy volunteer. (B) Phrenic nerve ultrasound
in an ALS participant. (C) Methodology for measuring the cross-sectional area of the phrenic nerve.
ASM—anterior scalene muscle. [[V—internal jugular vein. ICA—internal carotid artery.

4. Statistical Analysis

The data analysis involved the use of both descriptive and comparative statistical
analysis methods, namely Microsoft Excel and the IBM SPSS v29 as the statistical software
used in the study Quantitative values within the sample were presented using median,
minimum, and maximum values, as well as the mean of the PN area with the standard
deviation. Non-parametric tests, such as the Mann-Whitney U test, were used to compare
values between groups. Differences in data were analyzed using the Kruskal-Wallis test.
Statistical hypotheses were tested, and significant differences and dependencies were
defined as p < 0.05.

5. Results

A total of 46 participants were included in the study, with 23 patients in the ALS
group and 23 individuals in the control group. In the ALS group, there were 9 women
(39.1%) and 14 men (60.9%). The median age of the ALS group on the day of the PN
ultrasound exam was 57 years (range: 31-70). Among the women in the ALS group, the
median age was 59 years (range: 31-70), and among the men, the median age was 57 years
(range: 46-70). The control group consisted of 11 women (47.8%) and 12 men (52.2%), with
a median age of 58 years (range: 46—65) for the entire group. There were no significant
differences in age, gender, or anthropometric measures between the study groups (p > 0.05).
With the Kruskal-Wallis test used, no statistically significant differences were observed
between the study groups for any of the variables (p > 0.05). The demographic and clinical
characteristics of the study groups are presented in Table 1.

Participants in the ALS group were categorized into four different groups based on
the clinical form in which the disease initially presented. The distribution of clinical forms
and sex in each group is displayed in Table 2. Additionally, the duration of illness and
ALS-FSR-R scores by gender were included in the analysis.

During the ultrasound examination of the PN, heterogeneity was observed on both
sides (43.5% on the right and 52.2% on the left). Among the patients, nerve heterogeneity
was present on at least one side in 14 individuals (60.9%). In the remaining cases, the nerve
showed a homogeneous appearance without any interruptions (13 (56.5%) on the right
and 11 (47.8%) on the left). Changes in echogenicity of the PN were detected bilaterally,
but there were no significant differences in nerve echogenicity between sides. The nerve
was found to be isoechoic in eight patients (34.8%) on the right and seven patients (30.4%)
on the left, hyperechoic in four patients (17.4%) on the right and five patients (21.8%) on
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the left, and hypoechoic in 11 patients (47.8%) on both sides (p > 0.05). The distribution of
ultrasonic features, including homogeneity and echogenicity, of the right and left PNs in

the ALS group is presented as a percentage in Figures 2 and 3.

Table 1. Demographic and clinical characteristics of the study groups.

Variable Control Group ALS Group
Number 23 23

Age years & min/max (range, years) 58 (46-65) 57 (31-70)

Sex = min/max (M:F) 11:12 9:12

Weight cm + min/max (range, Kg) 75 (49-124) 75 (48-102)
Height cm + min/max (range, cm) 170 (155-190) 170 (157-189)

BMI Kg/m2 + min/max (range, Kg/mz) 25.32 (18.67-36.63) 25.35 (18.99-36.57)

Hip circumference cm £ min/max (range, cm) 85 (92-123)

87 (79-121)

Waist circumference cm + min/max (range, cm) 101 (71-125)

101 (60-115)

ALS—amyotrophic lateral sclerosis. BMI—body mass index.

Table 2. ALS group distribution by sex and forms.

Variable ALS group

Female Male All ALS
Sexand Number (N-9) (N-19) (N-23)
UMN, % of form 1(33%) 2 (67%) 3 (13%)
LMN, % of form 3 (33%) 6 (67%) 9 (39%)
Bulbar/pseudobulbar, % of form 3 (43%) 4 (57%) 7 (31%)
Composite, % of form 2 (50%) 2 (50%) 4 (17%)
Duration of illness, months + min/max 12 (6-30) 12 (5-44) 12 (5-44)
ALS-FRS-R, score + min/max 35 (32-46) 40 (24-44) 39 (24-46)

N—number of participants; ALS—amyotrophic lateral sclerosis; %—percentage; UMN—upper motor neuron;
LMN—lower motor neuron. ALS-FRS-R—revised version of the functional status assessment scale for patients

with amyotrophic lateral sclerosis.

Homogeneity Echogenicity

O ¢

= Homogeneous = Heterogeneous = Hyperechoic = Izoechoic = Hyoechoic

(a) (b)

Figure 2. Ultrasonic features of the right PN nerve in the group of patients diagnosed with amy-

otrophic lateral sclerosis (ALS) (n = 23), showing homogeneity (a) and echogenicity (b). Abbreviations:

ALS—amyotrophic lateral sclerosis; %—percentage.
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Echogenicity Homogeneity

= Hyperechoic = Izoechoic = Hyoechoic = Homogeneous = Heterogeneous

(@) (b)

Figure 3. Ultrasonic features (homogeneity (a) and echogenicity (b)) of the left PN in the group of
patients with amyotrophic lateral sclerosis (ALS) (n = 23). Abbreviations: ALS—amyotrophic lateral
sclerosis; %—percentage.

All participants in the control group exhibited homogeneous structures in both the
right and left PNs. Among individuals in the control group, hypoechogenic structures
were more prevalent (69.6% on the right, 78.3% on the left), while isoechoic structures were
less common (30.4% on the right, 21.7% on the left), and no nerves with hyperechogenic
structures were observed.

Figures 2 and 3 show the distribution of ultrasonographic features (homogeneity and
echogenicity) of the right and left phrenic nerves in the ALS group.

In the control group, the median cross-sectional area of the PN was 1.16 mm? (range:
0.63-1.36) on the right side and 1.09 mm? (range: 0.63-1.20) on the left side. However, in
patients with ALS, it was observed that the cross-sectional area of the PN was significantly
smaller on both the right (p < 0.001) and left (p < 0.001) sides compared to the control group.
Detailed measurements are shown in Table 3.

Table 3. Cross-sectional area of the PN nerve in both groups.

Side of PN Control Group ALS Group p Value
PN right mm? 4 min/max (range, mm?)  1.16 (0.63-1.36) 0.81 (0.58-1,07) <0.001
PN left mm? + min/max (range, mm?)  1.09 (0.63-1.20)  0.81 (0.54-0.95) <0.001

Abbreviations: ALS—amyotrophic lateral sclerosis; PN—phrenic nerve; mm?—square millimeters; p-value—level
of significance.

6. Discussion

Despite the advancements in innovative technologies and the current diagnostic ca-
pabilities in laboratories and instrumental methods, the existing diagnostic methods for
amyotrophic lateral sclerosis (ALS) do not always ensure early detection, given the com-
plexity of the diagnosis process resulting from a heterogeneous range of clinical symptoms.
These factors drive the search for new and simpler diagnostic methods. In recent decades,
the hypothesis of nerve size reduction due to ongoing axonal degeneration has sparked
interest in the use of peripheral nerve ultrasound for ALS diagnosis and disease monitor-
ing [21]. As respiratory system impairment is inevitable due to motor neuron loss in ALS,
previous studies have investigated PN conductivity, diaphragm radiology, and respiratory
functionality to understand the role of the PN in ALS [20,22-29].

Our study revealed that the PN is significantly smaller on both sides in ALS patients
compared to individuals without the disease (p < 0.001). Only one significant study on PN
ultrasound in ALS, conducted in Japan, also showed significant results (p < 0.00001).
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Comparing this study with our own, we noticed that Surat and colleagues recorded
larger PN cross-sectional areas in both the control and ALS patient groups. Upon analyzing
the Japanese study, we concluded that these differences could be attributed to variations
in different PN evaluation sites, ultrasound machine and probe technical differences, and
different researchers involved. We also evaluated and compared the ultrasound parameters
of the PN in ALS patients with individuals in a control group who were matched in age
and gender. There were no significant differences in age, gender, height, waist or hip
circumference, weight, or BMI between the two groups. The median age of the ALS group
corresponded to the age peak of the disease reported in the scientific literature [9-11].

In our study, there was no significant difference in the cross-sectional areas of the
PN (PN) between the right and left sides in ALS patients. This finding is consistent with
our own study results, which showed a median cross-sectional area of 0.81 mm? (range:
0.58-1.07 mm?) on the right side and 0.81 mm? (range: 0.54-0.95 mm?) on the left side.
The observed changes in PN cross-sectional area between the study groups, as reported
by us and Surat et al., are supported by postmortem studies that document significant
loss of large myelinated axons, predominantly in distal regions, and significant distal
axonal PN atrophy [30]. Oxidative damage, which is implicated in the pathogenesis of ALS,
contributes to axonal dysfunction and degradation [31]. Oxidative stress, which affects
diffuse cellular processes, can explain the diffuse degeneration of both the right and left
PNs. Therefore, we believe that significantly reduced PN size in ALS patients may be one
of the indicators of ongoing neurodegeneration.

There is limited data on PN sonography in the literature [32-36]. These studies
primarily focus on the nerve’s anatomical features and the quantitative analysis of its
diameter or cross-sectional area. Surat et al. also measured a larger cross-sectional area of
the right PN (p < 0.01) [37]. In another small ultrasound study, Canella et al. [32] also found
a larger CSA of the right PN, although the difference between the sides was not significant.
To ensure accuracy and avoid errors due to the varying experience of researchers, our
ultrasound study was conducted with two independent researchers to obtain the most
reliable results. In the control group, we found that the right PN was significantly larger
than the left PN 1.16; (range: 0.63-1.36) mm? and 1.09 (range: 0.63-1.20) mm?, respectively;
p <0.05).

Although the nerve appears as a hypoechoic structure with a hyper-echoic border
peripherally on ultrasound, qualitative parameters such as homogeneity and echogenic-
ity are not thoroughly evaluated in studies, making it unclear what the sensitivity and
specificity of PN sonography are. In our study, we found a significant difference in homo-
geneity between the study groups (p < 0.001). However, the results are questionable, as
no heterogenic nerve structures were detected in the control group during the ultrasound
examination. Doubts about the results of this study are reinforced by the knowledge of
morphological changes observed in peripheral and cranial nerves in healthy individuals
due to age-related natural nerve degeneration [38].

We also did not find a significant difference in nerve echogenicity (p > 0.05), which
may be attributed to the small size of our study sample. These findings suggest that the
observed morphological changes are non-specific to the degeneration that occurs with ALS
and are not directly related to the reduction of the phrenic nerve’s cross-sectional area.
Therefore, large-scale studies are necessary to obtain more accurate assessments and draw
significant conclusions.

One of the objectives of this study was to identify the relationship between ultrasound
changes in the PN and clinical characteristics of ALS, such as the form of the disease,
duration, and functional status. However, we did not find any significant correlations
(p > 0.05). Similarly, a study conducted by Surat et al. [37] also found no significant correla-
tion between decreased PN cross-sectional area and any clinical variables, including disease
duration, onset type, and ALS-FRS-R functional score). The authors suggest that the lack of
correlation between reduced PN CSA and disease duration may indicate changes in PN
morphology in the early stages of the disease. This is consistent with evidence of distal
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axonal degeneration occurring before the manifestation of symptoms in animal models of
motor neuron disease.

Although the evaluation of other peripheral nerves showed very small long-term nerve
changes [39], researchers acknowledge that a relatively small change in nerve cross-sectional
area requires a large sample size to obtain significant results and draw conclusions about
the potential of ultrasound examination. However, these studies suggest that ultrasound
measurements could become crucial biomarkers in the future. Due to the limited literature
data and the small sample size of our ALS patient group, we cannot provide clear and
definite conclusions.

This is the first study of its kind in Lithuania to attempt to link ultrasound-observed
changes in the PN to its dysfunction in patients with ALS. Therefore, future studies should
aim to more thoroughly evaluate the relationship between these tests and ultrasound-
observed changes in PN in our study. As mentioned earlier, the limited sample size is one
of the shortcomings of this study that may have affected the reported results.

7. Conclusions

In this context, the results of this small study are particularly promising, as they
suggest that sonographic findings could serve as a diagnostic tool for ALS. However, it is
important to note that further research is necessary to validate these results and determine
the full extent of their diagnostic utility. Continued investigation in this area will help
refine the methodology, improve accuracy, and establish the reliability of sonographic
techniques for ALS diagnosis. Such advancements can lead to a better understanding of
the pathophysiology of ALS and potentially develop more effective treatments for this
debilitating disease.
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Abstract: Background: Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative
disorder, and although the diagnosis is primarily based on clinical criteria, ENMG, as the “gold
standard”, does not always show detectable changes. Therefore, our study suggests that alterations in
echogenicity and heterogeneity of the phrenic nerve (PN) may serve as potential additional diagnostic
tools for ALS. Methods: Our study included 32 patients in the ALS group and 64 individuals in the
control group. Each participant underwent an interview and completed questionnaires to collect
clinical and demographic data, including age, gender, height, body mass index (BMI), hip and waist
circumference, duration of illness, ALS-FRS-R score, comorbidities, and medication use. Ultrasound
examinations of the PN were performed by two authors using a high-resolution “Philips EPIQ 7”
ultrasound machine equipped with a linear 4-18 MHz transducer. The ALS group participants un-
derwent PN sonography and conduction examinations, arterial blood gas (ABG) analysis, respiratory
function tests (RFT), and electroneuromyography (ENMG). Results: The study demonstrated that
the phrenic nerve is significantly smaller on both sides in patients with ALS compared to the control
group (p < 0.01). Changes in the homogeneity and echogenicity of the PN were also observed on
both sides. On the right side, 43.8% of the nerves showed heterogeneity, 40.6% were isoechoic, and
21.9% were hyperechoic. On the left side, 59.4% of the nerves exhibited heterogeneity, 34.4% were
isoechoic, and 28.1% were hyperechoic. Moreover, sonography on both sides showed significant
correlation with ALS-FRS-R, COMPASS-31, and ENMG results. Conclusions: Our study highlights
the importance of phrenic nerve ultrasound as a promising supplementary diagnostic tool for ALS.
The significant differences in phrenic nerve size, echogenicity, and homogeneity between patients
with ALS and the control group demonstrate that ultrasound imaging can detect morphological
changes in the phrenic nerve. Incorporating phrenic nerve ultrasound into routine diagnostic proto-
cols could improve early detection, enhance disease monitoring, and offer a more comprehensive
understanding of the neurodegenerative processes in ALS.

Keywords: phrenic nerve; sonography; ultrasound; amyotrophic lateral sclerosis (ALS)

1. Introduction

In our previous study [1], we hypothesized that the reduction of PN detectable via
ultrasound could be one of the first signs of ALS, potentially offering valuable insights for
early diagnosis and prognosis. In order to strengthen the diagnostic value of PN ultrasound,
the current study aims to compare sonographic changes with functional measurements of
nerve conduction and respiratory function.

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disorder char-
acterized by the degeneration of upper and lower motor neurons leading to muscle weak-
ness, severe disability, and ultimately a fatal outcome [2—4]. The etiology of ALS remains
largely unknown in most cases. Sporadic instances account for approximately 90-95% of
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all cases, whereas genetic factors play a role in 5-10% of occurrences [5,6]. The prevalence
of ALS varies geographically. Regional incidence rates vary from 0.6 to 3.8 per 100,000 indi-
viduals, with a global incidence of approximately 1.6 to 1.76 per 100,000 population [6-9].
In Asian countries, incidence rates range from 0.7 to 2.2 cases per 100,000 population, while
in more developed regions such as Europe and North America, rates are higher, ranging
from 1.5 to 3.8 per 100,000 population [2,4,6,9-12]. Data on ALS within the Lithuanian
population remain inconclusive; however, estimates suggest an incidence of 2 to 3.5 cases
per 100,000 individuals. ALS can manifest at any age of life, with the risk increasing with
each decade, particularly after the age of 40. Typically, the disease is most commonly diag-
nosed in older adults, with the median age at diagnosis between 51 and 66 years [13-16].
Males are slightly more affected than females until the age of 65 [6], with a higher incidence
observed in males across all age groups. The peak prevalence age for males is 85-89 years,
whereas for females, it is 80-84 years. The age-standardized male-to-female ratio increased
from 1.22 (1.19:1.24) in 1990 to 1.25 (1.23:1.28).

Various pathogenic factors of the disease lead to a wide range of clinical features and
symptoms in ALS presentation [16,17]. The diagnosis of amyotrophic lateral sclerosis is
made using the Gold Coast Criteria [18], which have been developed to provide a more
streamlined and standardized approach to diagnosing this condition. According to the
Gold Coast criteria, ALS is diagnosed when there is evidence of both upper and lower
motor neuron degeneration that is progressive and not explained by other conditions.
Although the diagnosis of ALS is primarily based on clinical criteria and the monitoring of
disease progression, various diagnostic tests can enhance the accuracy of patient assessment
and reduce diagnostic errors [19].

The phrenic nerve, originating from the cervical spinal cord (C3-C5), provides
the motor innervation necessary for diaphragmatic contraction, which is essential for
generating negative intrathoracic pressure and facilitating lung inflation during inspi-
ration [20]. Respiratory onset in ALS is uncommon, occurring in fewer than 5% of
cases [21]. However, respiratory involvement typically develops during the course of the
disease, and the progressive decline in phrenic nerve (PN) function leads to respiratory
muscle weakness, paralysis, and ultimately, patient death [22,23]. Several studies have
shown that ultrasound assessment of the PN and nerve conduction can help evaluate
respiratory function and predict patient survival [5,6,24,25]. A more detailed investiga-
tion of the phrenic nerve is crucial due to its vital role in controlling the diaphragm, the
primary muscle involved in respiration.

This study is the first of its kind conducted in Lithuania. We performed a comparative
analysis of the phrenic nerve in terms of cross-sectional area, homogeneity, and echogenicity.
These morphological parameters were evaluated alongside clinical indicators, blood sample
analyses, nerve conduction studies, and assessments using the ALS functional Rating
scale-revised (ALSFRS-R) and the composite autonomic symptom scale 31 (COMPASS-31).
Significant attention is given to respiratory function, as its impairment occurs at various
stages of the disease and is associated with a poorer prognosis [17,26]. This comprehensive
approach allowed us to investigate the correlation between nerve ultrasound characteristics
and various clinical and functional parameters in patients with ALS, with the aim of
suggesting that it could serve as an additional tool in determining diagnosis.

2. Materials and Methods
2.1. Study Subjects

The study was carried out at the Department of Neurology of the Lithuanian Univer-
sity of Health Sciences. Participants in the ALS group were involved in the investigation
between 2022 and 2023. Inclusion criteria for the study included patients diagnosed with
amyotrophic lateral sclerosis according to the Gold Coast diagnostic criteria [18] aged over
18 years, with no other suspected diseases based on electrophysiological and imaging
tests, no other neurodegenerative diseases identified, and no diagnosed neuromuscular
junction disorders. Exclusion criteria involved patients younger than 18 years, lack of pa-
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tient consent, pregnant women, and patients with electrophysiological or imaging findings
suggesting another disease that could influence the study results.

The participants were divided into two groups: Group 1 consisted of patients with
ALS (n = 32), who all met the “Gold Coast” criteria [18]. Group 2 served as the control
group (n = 64). Each participant underwent an interview and filled out questionnaires
to collect clinical and demographic data, including age, gender, height, body mass index
(BMI), hip and waist circumference, duration of illness, ALS-FRS-R score, comorbid illness,
and medication use. ALS group participants underwent a PN ultrasound and conduction
examination, arterial blood gas (ABG), and respiratory functional tests (RFT). Elektroneu-
romyography (ENMG) was performed on all participants with ALS as the gold standard
for confirming the diagnosis [18]. Only 10 patients in the control group underwent the
procedure due to its painful nature. In further stages of the study, we utilized ABG and
RFT reference values published in the literature, corresponding to the age and gender of
individuals in the control group. All participants in the control group were over 18 years
old, with no signs and symptoms of other neurodegenerative diseases, polyneuropathies,
neuromuscular junction disorders, endocrine disorders, oncological diseases, or other con-
comitant diseases that could affect respiratory function, as well as those taking medications
that could affect respiration.

2.2. The Phrenic Nerve Examination

The phrenic nerve ultrasound was conducted by two authors, both of whom are neu-
rologists experienced in carotid artery and peripheral nerve sonography, using a “Philips
EPIQ 7” machine (Arbor Medical Corporation LT, Baltu pr. 145, Kaunas, LT-47125, Lithuani),
Kaunas, Lithuania, Arbor Mediacal Corporation LT, with a 4-18 MHz transducer (CE 0086).
We used the same nerve ultrasound examination technique as in our previous study [1].
The transducer was placed, and a spindle-shaped hypoechoic structure with a more hy-
perechoic periphery was identified as the PN on the anterior scalene muscle (Figure 1).
Qualitative characteristics (homogeneity, echogenicity) and quantitative measurements
(cross-sectional area) were assessed. The area was measured three times by each examiner
with a 0.01 mm? margin of error, then averaged. Both examiners were blinded to each
other’s results.

Phrenic "EEEE’S‘/_ Phrenic nerve Phrenic nerve

LY,

——.

Figure 1. (A) Normal phrenic nerve ultrasound in a healthy volunteer. (B) Phrenic nerve ultrasound
in a participant with ALS. (C) Methodology for measuring the cross-sectional area of the phrenic
nerve. ASM—anterior scalene muscle; IJV—internal jugular vein; ICA—internal carotid artery.

2.3. Electrophysiological Examination

The PN electrophysiological examination was performed using the Nicolet Natus EDX
system, Vilnius, Lithuania, Sormedica (CE 592232). The participants were positioned on
their backs, and the skin of the examination area was cleaned with alcohol. The surface
and recording electrodes (G1, G2) were coated with gel to improve the contact between
the electrodes and the skin. The first electrode (G1) was fixed 5 cm above the sternal
angle, and the second electrode (G2) was placed 16 cm from the first electrode along
the anterior axillary line. Bipolar stimulation was used for stimulation, where the PN
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was stimulated between the clavicular head of the sternocleidomastoid muscle and the
sternal head in the supraclavicular fossa. Electrical stimulation was performed with 0.1 ms
duration pulses [27]. The motor response (M response) was recorded. Measurements were
performed during normal inhalation and exhalation, and data on the conduction of the left
and right PN were obtained—for analysis, the larger response was used, and the amplitude
(ms) and area (mVms) of the motor response were evaluated. Due to the painful nature of
the investigation, only 10 volunteers from the control group were able to participate.

2.4. Examination of Respiratory Function and Analysis of Arterial Blood Gas

To evaluate respiratory function, patients with ALS were referred for a consultation
with a pulmonologist. All participants were evaluated after the diagnosis of ALS was
confirmed. During the visit, all participants underwent a chest organ X-ray examination,
arterial blood gas analysis (ABG), spirometry (Ganshorn Medizin Electronic, Niederlauer,
Germany), and respiratory muscle strength testing (Ganshorn Medizin Electronic, Nieder-
lauer, Germany). The chest X-ray was used to evaluate lung structure, while ABG analysis
assessed arterial blood gas parameters, including acid-base balance (pH), partial oxygen
pressure (pO,), partial carbon dioxide pressure (pCO,), base excess/deficit (SBE), bicar-
bonate concentration (HCO3 ™), and oxygen saturation (SO,). Forced vital capacity (FVC)
and forced expiratory volume in one second (FEV1) were obtained during spirometry. This
test was interpreted according to the American Thoracic Society’s (ATS) recommendations.
Respiratory muscle strength was assessed for maximal inspiration (PI max) and expiration
(PE max) according to international assessment recommendations [28]. PI max reflects the
strength of the diaphragm and internal intercostal muscles, while PE max indicates the
strength of the transverse thoracic, external intercostal, and abdominal muscles. The results
were evaluated, and the pulmonologist provided a conclusion on respiratory function.
Moreover, following confirmation of ALS diagnosis, as pulmonary function, we evaluated
arterial blood gas parameters, including pH, pCO,, pO,, HCO3, BE(b), and sO,. Control
group participants were not included, as there are established international laboratory
ranges for these parameters, eliminating the necessity for control comparisons.

2.5. Statistical Analysis

The data analysis in our previous publications included the application of both descrip-
tive and comparative statistical analysis methods, utilizing Microsoft Excel and IBM SPSS
v29. Normally distributed variables were compared using the two-sided t-test, with means
and standard deviations reported. Non-normally distributed variables were analyzed
using the Mann-Whitney U test, with median values along with minimum and maximum
values provided for group comparison. Statistical hypotheses were tested, and significant
differences and dependencies were identified at a significance level of p < 0.05.

3. Results:
3.1. Demographic and Clinic Data

In a prospective study, 32 patients with ALS and 64 control group participants were
included. Only newly diagnosed patients with ALS were included and subsequently
classified into one of three ALS subgroups, as shown in Table 1. In our comparative analysis
between patients with ALS and the control group, no significant differences were found in
age or sex distribution. The age of disease onset in the ALS group was 57.97 & 9.22 years,
and the disease duration was 15.41 £ 9.04 months. Although the ALS group demonstrated
a lower average height compared to controls (p = 0.009), the difference in weight was not
statistically significant (p = 0.846). Notably, patients with ALS exhibited a significantly
smaller hip circumference (p = 0.002) and a non-significant reduction in waist circumference
(p = 0.113). Furthermore, patients with ALS had a significantly higher BMI (p = 0.001)
compared to controls. Data regarding the demographic and clinical characteristics of the
subjects are shown in Table 1.
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Table 1. Demographic and clinical characteristics of patients with ALS and control group.
Variable Control Group ALS Group p Value ?
Number 64 32
LMN—14
UMN—9
Bulbar—9
Age years, mean + SD 60.84 + 10.67 59.34 +9.93 p=0508
(range, years)
Sex (M:F) 1:137 1.28:1 p=0193°
Weight kg, mean £ SD 80.81 + 14.48 72.22 4 15.59 p=0846
(range, kg)
Height cm, mean + SD 170.56 + 9.92 170.16 + 8.98 p =0.009
(range, cm)
Hip circumference 4 SD 103.19 + 8.07 98.97 + 13.62 p =0.002
(range, cm)
Waist circumference  SD 92.92 + 10.48 84.84 + 13.87 p=0113
(range, cm)
CR
BMIKg/m® £ min/max ;) 1867 3663)  24.89 (18.99-36.57) p =0.001°¢

(range, Kg/m?)

2 Student’s t-test; © X2 test for equality of proportions; ¢ Mann-Whitney U test; BMI—body mass index.
ALS—amyotrophic lateral sclerosis; LMN—Ilower motor neuron; UMN—upper motor neuron.

3.2. Phrenic Nerve Sonography Findings in Patients with ALS and Control Group

In the control group, the average cross-sectional area of the phrenic nerve was
1.12 4+ 0.02 mm?2 on the right side and 1.08 £ 0.016 mm? on the left side. In contrast,
in patients with ALS, there was a significant decrease in the cross-sectional area of the PN,
measuring 0.81 £ 0.02 mm? on the right side and 0.82 & 0.02 mm? on the left side, with
p-values less than 0.01 for both sides compared to the control group.

Changes in the homogeneity and echogenicity of the PN were also observed on both
sides. On the right side, 43.8% of the nerves showed heterogeneity, 40.6% were isoechoic,
and 21.9% were hyperechoic. On the left side, 59.4% of the nerves exhibited heterogeneity,
34.4% were isoechoic, and 28.1% were hyperechoic. More details are shown in Table 2.

Table 2. Phrenic nerve echogenicity and homogeneity changes in patients with ALS and
control group.

Control ALS Control ALS
Group Right p Value Group Left p Value
Right & Left
Homogenous 92.2% 43.8% <0.001 87.5% 40.6% <0.001
Homogeneity
Heterogenous 7.8% 56.2% <0.001 12.5% 59.4% <0.001
Hypoechoic 75% 37.5% <0.001 78.1% 37.5% <0.001
Echogenicity Isoechoic 25% 40.6% <0.001 21.9% 34.4% <0.001
Hyperechoic 0% 21.9% <0.001 0% 28.1% <0.001

X2 test for equality of proportions. Ultrasonic features of the PN nerve in the group of patients diagnosed
with amyotrophic lateral sclerosis (ALS) (n = 32), showing homogeneity and echogenicity. Abbreviations:
ALS—amyotrophic lateral sclerosis; %—percentage.

Homogeneity on both sides of the phrenic nerve suggests that most cases are either
normal or exhibit heterogeneity. Changes observed in the lower motor neuron (LMN) form
of ALS indicate that most alterations are prevalent in LMN cases. Similarly, changes in
echogenicity, comparable to homogeneity, are observed in LMN and also in the bulbar
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form on the left side. Moreover, the right side displays a significantly higher COMPASS-31
score (p < 0.001), and both sides show significant changes in the ALSFRS-R score (p < 0.001).
These findings are shown in Table 3.

Table 3. Phrenic nerve changes associations with demographic, clinic and ultrasound findings in ALS.

Right PN US Left PN US
Patients Nr.—32 Patients Nr.—32
Demographics
Height cm p-0.269 p-0.124
Weight kg p <0.016 p <0.001
BMI kg/m? p <0.026 p-0.004
Waist circumference cm p <0.025 p-0.011
Hip circumference cm p-0.149 p-0.053
Sex p-0.777 p-0.974
Age p-0.894 p-0.348
Age at disease onset p-0.728 p-0.34
Duration of illness p-0.529 p-0.704
Compass-31 p <0.001 p-0.089
ALFSR-R p <0.001 p <0.001

Abbreviations: PN—phrenic nerve; US—ultrasound; BMI—body mass index; Compass-31—composite autonomic
symptom score-31 scale. ALFSR-R—the revised amyotrophic lateral sclerosis functional rating scale. Values except
gender are mean SD. Significance of bold values: p < 0.05.

3.3. Phrenic Nerve Changes Findings Associations with Electroneuromyography Examination

The data comparing electrophysiological parameters between the control and ALS
groups showed no significant differences in nerve conduction velocity, as indicated by
similar latency times for both groups (p = 0.498 for the right side and p = 0.369 for the left
side). However, significant reductions in amplitude and area under the curve are noted in
the ALS group on both sides (p < 0.001 for all). These findings are shown in Table 4.

Table 4. ENMG between ALS and control group.

Control Group ALS Group

Patients Nr.—64 Patients Nr.—32 p Value
Latency right ms & 6.75 (45-7.8) 6.40 (2.5-11.9) 0.498
min/max (range, ms)
Amplitude right mV & 1.25 (0.9-1.9) 0.40 (0.1-1.0) <0.001
min/max (range, mV)
Area right mVms +
min/max (range, mVms) 11.20 (5.4-17.3) 3.80 (0.6-10.2) <0.001
Latency left ms & 7.10 (4.8-8.0) 6.65 (2.7-10.1) 0.369
min/max (range, ms)
Amplitude left mV =+ 135 (1.0-1.8) 0.4 (0.1-6.0) <0.001
min/max (range, mV)
Area left mVms 11.15 (6.2-17) 3.85 (0.9-10.1) <0.001

min/max (range, mVms)

Significance of bold values: p < 0.05.

3.4. Correlations of Phrenic Nerve Changes with Respiratory Function in Patients with ALS

In this study, our analysis specifically aimed to explore potential correlations between
these arterial blood gas parameters and the cross-sectional area of the phrenic nerve, as
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well as to assess any associations with changes in echogenicity and homogeneity. Our
findings indicated that there were no significant correlations between the measured blood
gas parameters and the anatomical and morphological characteristics of the phrenic nerve.

Respiratory parameters, such as FEV1 (L and %), FVC (L and %), FEV1/FVC ratio,
and FEV1/FVC percentage, were also assessed. Our analysis did not reveal any statistically
significant correlations between the cross-sectional area of the phrenic nerve and these
respiratory parameters. Furthermore, comparisons between conducted study results and
respiratory function also showed no significant changes (see Table 5).

Table 5. Correlation between EMG test results and respiratory function.

ALS Patients Nr.—32 FEV11 FEV1 % FVC1 FVC % FEVIFVC  FEVI/FVC %

Right 0.05 0.18 0.13 0.09 011 012

Latency
Left 0.09 022 021 0.15 033 0.37
Right 0.77 0.13 023 0.14 0.62 0.74

Amplitude
Left 1.00 017 0.65 0.14 0.86 0.86
Right 0.94 0.19 048 0.16 093 0.84

Area left
rea’e Left 0.73 015 033 0.16 0.79 091

Significance values: p < 0.05.

4. Discussion

The present study offers a comprehensive evaluation of phrenic nerve (PN) sono-
graphic characteristics and their correlations with clinical neurophysiological parameters
in patients with amyotrophic lateral sclerosis (ALS). This is the first investigation of its kind
conducted in Lithuania, providing valuable insights into the utility of PN ultrasound as a
diagnostic and prognostic tool in ALS.

Patients with ALS showed a significantly reduced hip circumference (p = 0.002) and a
non-significant decrease in waist circumference (p = 0.113), suggesting potential muscle
loss or weight reduction typical in ALS progression. Furthermore, ALS patients had a
significantly lower body mass index (BMI) (p = 0.001) compared to controls, which may
reflect varying degrees of muscle wasting or differential fat distribution as the disease
progresses. Moreover, this condition is associated with an increased risk of death [29,30].

Our findings indicate that the cross-sectional area of the PN is significantly reduced in
patients with ALS compared to the control group. This observation aligns with previous
studies that have demonstrated a reduction in nerve size associated with motor neuron
degeneration in ALS [24,31]. The reduction in PN size likely reflects the atrophy of motor
neurons and muscle fibers, aligning with the pathophysiological mechanisms underlying
ALS. Tt is supported by post-mortem studies [32], which revealed a loss of large, myelinated
axons, predominantly in distal regions, as well as significant distal axonal PN atrophy.
One of the pathogenic mechanisms involves oxidative damage leading to axonal dysfunc-
tion and degradation [33]. Oxidative stress, influencing diffuse cellular processes, may
explain the diffuse degeneration of both the right and left PN. Additionally, we evaluated
echogenicity and homogeneity changes. Heterogeneous and hyperechoic changes in the PN
were observed more frequently in the ALS group, suggesting structural and compositional
alterations within the nerves. These sonographic changes are likely due to the degenerative
processes affecting nerve fibers and surrounding tissues, supporting the potential of PN
ultrasound as a non-invasive biomarker for ALS, as discussed in our recent study [1]. The
assessment of homogeneity and echogenicity revealed significant alterations in patients
with ALS; however, there are no existing studies available for direct comparison.

Despite observing clear morphological differences in PN sonography, our study
did not establish significant correlations between PN size and parameters of arterial
blood gas analysis or various respiratory function parameters. These findings contrast
with those of Heiman-Patterson et al. (2021), who reported that pulmonary function
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decline is associated with a worse prognosis for ALS [34]. This discrepancy suggests
that while PN ultrasound can provide detailed structural insights, it may not directly
reflect the functional respiratory impairment or systemic biochemical changes in patients
with ALS. This highlights the complexity of ALS pathology, where multiple factors
contribute to disease progression and clinical manifestations. It is important to empha-
size that the results of spirometry and respiratory muscle strength tests depend on the
patient’s effort and, in some cases, the form or severity of the disease. In contrast, PN
electrophysiological testing requires less patient involvement.

Electroneuromyography (ENMG) data also revealed significant differences in ampli-
tude and area between patients with ALS and controls, consistent with findings from other
studies that reported amplitude and latency changes in PN conduction studies [26]. These
results align with the established role of ENMG in diagnosing ALS by providing direct
evidence of motor neuron dysfunction. Some authors suggest that ENMG is more sensitive
in assessing respiratory distress in ALS compared to phrenic nerve CSA [20,35]. However,
the painful nature of ENMG limited its application in participants, highlighting the need
for less invasive diagnostic methods, such as ultrasound.

Interestingly, the demographic analysis revealed no significant differences in age or
sex distribution between patients with ALS and controls, although patients with ALS
exhibited a lower BMI. This lower BMI could be reflective of reduced physical activity due
to muscle weakness and paralysis, which is common in ALS. The observed demographic
characteristics are consistent with the known epidemiology of ALS, which predominantly
affects older adults with a slight male predominance.

The analysis revealed significant correlations between phrenic nerve ultrasound find-
ings and clinical scores, particularly for Compass-31 and the ALS functional rating scale-
revised (ALSFRS-R). On the right side, Compass-31 showed strong statistical significance
(p < 0.001), suggesting that autonomic dysfunction, as assessed by Compass-31, may be as-
sociated with changes in phrenic nerve morphology. However, on the left side, Compass-31
did not show a significant correlation (p = 0.089).

For ALSFRS-R, significant correlations were observed on both sides, with p < 0.001 for
both the right and left phrenic nerve ultrasound assessments. This suggests that phrenic
nerve alterations are closely linked to the functional impairments assessed by ALSFRS-
R, which reflects the overall severity of ALS-related motor dysfunction. Our study has
several strengths, including a well-defined cohort, rigorous sonographic evaluation, and a
comprehensive analysis of multiple parameters. However, it also has limitations, such as
the relatively small sample size and the exclusion of certain control participants from ENMG
due to discomfort associated with the procedure. Future studies should consider increasing
the number of patients with ALS to further validate these findings and explore longitudinal
changes in phrenic nerve (PN) ultrasound characteristics, as well as the potential variability
in nerve changes across different age groups and stages of the disease. Longitudinal studies
could also help track the progression of phrenic nerve degeneration and its relationship to
respiratory dysfunction in ALS. Future research should aim to include larger cohorts to
further validate the utility of PN ultrasound in ALS diagnosis and prognosis.

5. Conclusions

Our study highlights the importance of phrenic nerve ultrasound as a promising
supplementary diagnostic tool for ALS. The significant differences in phrenic nerve size,
echogenicity, and homogeneity between patients with ALS and the control group demon-
strate that ultrasound imaging can detect morphological changes in the phrenic nerve.
Incorporating phrenic nerve ultrasound into routine diagnostic protocols could improve
early detection, enhance disease monitoring, and offer a more comprehensive understand-
ing of the neurodegenerative processes in ALS. This tool could be particularly valuable in
cases where ENMG results are inconclusive, making it a useful complement to existing
diagnostic methods. Further research and larger-scale studies are needed to confirm these
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findings and explore the full potential of phrenic nerve ultrasound in clinical practice for
ALS diagnosis and management.
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Abstract: Background and Objectives: Amyotrophic lateral sclerosis (ALS) is a progressive
neurodegenerative disorder characterized by the degeneration of both upper and lower
motor neurons, leading to the rapid decline of motor function. In recent years, dysfunction
of the autonomic nervous system (ANS) has also been increasingly recognized as a con-
tributing factor in various neurodegenerative diseases, including ALS. This study is the
second publication from our ALS research cohort at Kaunas Clinics. Our previous work
examined ultrasonographic changes in the phrenic nerve as a supplementary diagnostic
approach for ALS. Materials and Methods: In the present study, we investigated ultrasono-
graphic alterations of the vagus nerve within the same ALS cohort, aiming to explore
correlations with ANS involvement. We performed high-resolution ultrasonography of the
vagus nerve (VN), collected clinical data, conducted heart rate monitoring, and evaluated
respiratory function. Results: We prospectively included 32 ALS patients meeting “Gold
Coast” criteria and 64 age- and sex-matched control patients. The average onset of ALS
was 57.97 £ 9.22 years, and the duration of the disease was15.41 & 9.04 months. For ALS
patients, we found significantly reduced vagus nerve cross-sectional area (CSA) at the level
of the carotid artery bifurcation bilaterally compared to controls (right VN 1.86 £ 0.21 vs.
2.07 + 0.18 mm?, p <0.001; left VN 1.69 + 0.21 vs. 1.87 £ 0.21 mm?, p <0.001). Reduced
values of the left VN positively correlated with the reduced values of FEV1% and sO,.
Conclusions: Our findings revealed a significant bilateral reduction in vagus nerve size in
ALS patients compared to controls, suggesting that vagal atrophy may serve as a potential
marker of autonomic dysfunction in ALS.

Keywords: vagus nerve; ultrasound; heart rate variability; ALS; autonomic nervous system

1. Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease marked
by muscle weakness and paralysis, ultimately resulting in fatality due to the degeneration
of both upper and lower motor neurons [1-3]. The exact cause of ALS remains largely
unknown in most cases. Approximately 90-95% of ALS cases are sporadic, while genetic
factors account for 5-10% [4,5]. A small percentage of ALS cases are familial and are
associated with mutations in genes such as SOD1, C9orf72, and TARDBP [6].
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While electroneuromyography (ENMG) is the gold standard for diagnosing ALS,
its sensitivity is not absolute and may vary depending on the operator’s expertise. This
limitation is particularly pronounced in ALS cases with predominant upper motor neuron
(UMN) involvement, especially those with initial bulbar onset. Nonetheless, ENMG re-
mains valuable in detecting subclinical lower motor neuron (LMN) involvement, providing
critical evidence to support a clinical diagnosis of ALS [7]. The time to ALS diagnosis is
largely influenced by the initial symptom presentation, which can vary depending on the
affected anatomical region, such as the bulbar, limb, axial, or respiratory systems. This vari-
ability often necessitates differential diagnosis, specialized evaluations, and, in some cases,
consultation with non-neurological specialists, which can delay the diagnostic process and
adversely impact patient outcomes [8]. Efforts to develop faster, more cost-effective, and
accessible diagnostic methods are ongoing.

Several studies have demonstrated the degeneration of peripheral nerves, including
the vagus [9-11], phrenic [12], and peripheral limb nerves [13], during the progression
of ALS. Recent studies indicate that skin innervation alterations, including a progressive
reduction in Meissner corpuscles and intraepidermal nerve fibre changes, correlate with
ALS progression and may serve as a valuable prognostic biomarker [14]. High-resolution
ultrasound studies have detected significant atrophy of the VN in patients exhibiting bulbar
symptoms, suggesting degeneration of motor fibres within the nerve [10]. This atrophy
is believed to result from the degeneration of motor neurons in the brainstem nuclei,
such as the nucleus ambiguus, which are responsible for innervating muscles involved in
swallowing and speech [10]. Consequently, atrophy of the VN may contribute to bulbar
dysfunctions commonly seen in ALS, including dysphagia and dysarthria [15].

Emerging research highlights the potential influence of body composition on periph-
eral nerve structure and function. Greater muscle mass and its associated metabolic activity
may influence local blood flow and the neural microenvironment, potentially contributing
to alterations in nerve architecture [16]. These findings indicate that metabolic and mechan-
ical factors, beyond the primary neurodegenerative processes, might affect peripheral nerve
integrity in ALS. Consequently, assessing peripheral nerve structure and composition could
provide additional insights into ALS pathophysiology and help identify potential biomark-
ers for earlier diagnosis. In conjunction with autonomic dysfunction [17]—manifested by
cardiac abnormalities, respiratory and gastrointestinal disturbances, urinary tract issues,
and erectile dysfunction—these findings suggest that peripheral and autonomic nervous
system involvement may precede the more prominent muscle atrophy typically observed
by patients, clinicians, and through ENMG recordings.

This study is the second publication from our ALS research cohort at Kaunas Clin-
ics. Our previous work examined ultrasonographic changes in the phrenic nerve as a
supplementary diagnostic approach for ALS [12]. In the present study, we investigated
ultrasonographic alterations of the VN within the same ALS cohort and added additional
results from the assessment of respiratory function and heart rate monitoring, which were
not done previously. Our aim was to explore changes of the VN in ALS and find possible
correlations with the involvement of the ANS.

2. Materials and Methods

The study was conducted at the Department of Neurology, Lithuanian University of
Health Sciences, with ALS patients recruited between 2022 and 2023. Participants were
categorized into two groups: the ALS group (N = 32), consisting of individuals meeting the
“Gold Coast” diagnostic criteria for ALS, and a control group (N = 64).

Comprehensive clinical and demographic data were collected through interviews and
standardized questionnaires, including information on age, gender, height, body mass
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index (BMI), hip and waist circumference, disease duration, comorbidities, and medication
use. In ALS patients, ultrasonography of the VN (USVN) was performed to assess its cross-
sectional area (CSA), homogeneity, and echogenicity. These morphological parameters
were analysed in relation to clinical features, respiratory function tests (RFTs), arterial blood
gas (ABG) analyses, heart rate variability (HRV) analysis, and standardized assessments,
including the revised ALS Functional Rating Scale (ALSFRS-R) and the Composite Auto-
nomic Symptom Scale 31 (COMPASS-31). Age- and gender-adjusted normative values for
ABG and RFTs were referenced from published literature. ENMG was conducted in all
ALS patients to confirm the diagnosis based on the “Gold Coast” criteria [18].

Control group patients were selected randomly and underwent USVN. Inclusion
criteria required all control participants to be over 18 years of age and free from neu-
rodegenerative diseases, polyneuropathies, neuromuscular junction disorders, endocrine
disorders, oncological diseases, or any conditions affecting respiratory function. Addition-
ally, none of the control participants were on medications known to influence respiration
or heart rate.

2.1. Ultrasonography of the Vagus Nerve (USVN)

The USVN was performed by two investigators using a high-resolution Philips EPIQ 7
ultrasound system equipped with a linear 4-18 MHz transducer (CE 0086). The transducer
was positioned transversely above the clavicle in the cervical region, aligning with the level
of the levator scapulae muscle where the VN courses along the anterior scalene muscle.
In B-mode ultrasonography, the VN was visualized adjacent to the carotid artery bifurca-
tion, posterior to the confluence of the internal and common carotid arteries. The nerve
was identified within its connective tissue sheath, exhibiting a characteristic sonographic
appearance with a centrally hypoechoic region surrounded by a hyperechoic periphery.

VN diameter was measured in millimetres using cross-sectional imaging at two prede-
fined locations: near the carotid bulb and at the junction where the common carotid artery
bifurcates. Both quantitative and qualitative characteristics of the nerve were evaluated,
including its structural homogeneity (classified as homogeneous or heterogeneous) and
echogenicity (categorized as hypoechoic, isoechoic, or hyperechoic).

The CSA of the VN was determined in a transverse plane by tracing the hypoechoic
nerve region within the hyperechoic border, following the methodology established by
Walter et al. in 2018 [19]. Measurements were obtained independently by two examiners,
each assessing one side three times with a precision margin of 0.01 mm?
of the three measurements was calculated for each side, followed by a grand average
across both sides. To ensure measurement reliability, both examiners were blinded to each
other’s results. The measuring methodology and VN anatomical structure are illustrated
in Figure 1.

. The mean

2.2. Respiratory Function (RF)

To assess RF in ALS patients, participants were referred for a pulmonology consulta-
tion. During this evaluation, all individuals underwent a chest X-ray, ABG analysis, and
spirometry. The chest X-ray was performed to assess lung structure, while ABG analysis
measured key respiratory parameters, including arterial pH, partial pressures of oxygen
(pO») and carbon dioxide (pCO,), base excess (BE), bicarbonate concentration (HCO;-),
and oxygen saturation (sO,).

Spirometry was conducted to determine forced vital capacity (FVC) and forced ex-
piratory volume in one second (FEV1), adhering to the 2022 European Respiratory So-
ciety (ERS) and American Thoracic Society technical standards for lung function assess-
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ment. The pulmonologist analysed the results and provided a clinical interpretation of
respiratory function.

ICA

o,

Vagus nerve™

[=__Vagus nerve

Figure 1. (A) Normal results of the USVN in a healthy volunteer (hypoechoic, homogenic).
(B) Methodology for measuring CSA of the VN by ultrasound (isoechoic, homogenic). (C) USVN
of ALS patient (hyperechoic, homogenic). (D). USVN of ALS patient (hyperechoic, heterogeneous).
SCM—sternocleidomastoid muscle. IJV—internal jugular vein. ICA—internal carotid artery.

2.3. Heart Rate Variability (HRV)

Autonomic dysfunction in ALS can present as sympathetic hyperactivity and sympa-
thovagal imbalance, manifesting at both early and advanced disease stages [20]. In severe
cases, this dysfunction may lead to critical autonomic disturbances, such as autonomic
storms, characterized by profound fluctuations in blood pressure and heart rate, potentially
resulting in sudden death.

HRYV is a key physiological parameter used to assess fluctuations in the time intervals
between consecutive heartbeats, providing valuable insights into neurocardiac function. It
serves as an indicator of the heart’s ability to adapt to physiological and environmental
changes through dynamic interactions between the heart and brain via the ANS [21]. Rather
than being solely a measure of cardiac function, HRV reflects the complex interplay of
multiple regulatory systems operating on different timescales, allowing the organism to
adapt to environmental and psychological fluctuations. HRV serves as a crucial marker of
autonomic regulation, influencing essential physiological functions such as blood pressure
control, respiratory gas exchange, and vascular tone modulation. Additionally, it extends
beyond cardiovascular control, impacting the gastrointestinal and possibly musculoskeletal
systems, thereby providing a broad reflection of autonomic nervous system coherence [22].

In this study, HRV was calculated using 24-h heart rate monitoring data obtained from
ALS patients wearing Holter monitors. Three primary HRV parameters were analysed:
SDNN, RMSSD, and pNN50 [22]. SDNN, the standard deviation of normal sinus beat
interbeat intervals, is considered the gold standard for medical stratification of cardiac
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risk. RMSSD, the root mean square of successive differences between normal heartbeats,
represents short-term variations in heart rate and is the main time-domain metric used
to assess vagally mediated fluctuations in HRV. Lastly, pNN50, the percentage of adja-
cent NN intervals differing by more than 50 milliseconds (ms), is closely correlated with
parasympathetic nervous system activity.

Research on early-stage ALS, particularly cases involving bulbar onset, has identified
significant autonomic alterations even at rest [23]. These findings suggest that autonomic
dysfunction may develop early in ALS, particularly affecting parasympathetic cardio-
vascular control. This is evidenced by reduced overall and high-frequency HRV power,
indicating impaired sinus arrhythmia, as well as altered HRV responses during tilt-table
testing [24]. Such observations highlight autonomic dysregulation as an early hallmark of
ALS, potentially preceding significant motor impairment.

2.4. Composite Autonomic Symptom Scale 31

The Composite Autonomic Symptom Scale 31 (COMPASS-31) represents a significant
advancement in the assessment of autonomic dysfunction. This tool efficiently condenses
the extensive 169-item Autonomic Symptom Profile (ASP) into a streamlined 31-question
instrument, maintaining its effectiveness in evaluating autonomic symptoms across six
domains [25]. Notably, the COMPASS-31 has shown promise in distinguishing Multi-
ple System Atrophy with predominant parkinsonism (MSA-P) from Parkinson’s Disease
(PD) [26]. A study conducted by Kim et al. demonstrated that COMPASS-31 is particu-
larly effective in evaluating autonomic dysfunction in patients with parkinsonism. The
study highlighted its significant correlation with objective autonomic function test results,
showcasing its ability to differentiate MSA-P from PD with high sensitivity and moderate
specificity. This distinction was especially pronounced in drug-naive patients, underscoring
the tool’s potential in early diagnosis. The COMPASS-31’s design allows it to retain the
comprehensive nature of the original ASP while reducing respondent burden, making it a
more user-friendly option for both clinical and research purposes.

3. Statistical Analysis

Statistical analysis was conducted using both descriptive and comparative methods
with Microsoft Excel and IBM SPSS 29.0 software. For the comparison of categorical data in
the tables, the Chi-squared x? test was used. Correlation analyses were carried out using
Pearson’s correlation test for normally distributed data and Spearman’s correlation test for
non-normally distributed data. Statistical significance was determined at a threshold of
p <0.05.

4. Results
4.1. Demographic and Clinical Data

In this study, we included 32 ALS patients and 64 control group patients. ALS patients
were classified into three subgroups: Eighteen (56.3%) with lower motor neuron (LMN)
predominance, five (15.6%) with upper motor neuron (UMN) predominance, and nine
(28.1%) with the bulbar form (Table 1). ALS and control group patients were age- and sex-
matched (age—59.34 & 9.93 and 60.84 + 10.67 respectively, p = 0.508, male to female ratio—
1:1.37 and 1:1.28 accordingly, p = 0.193). The average onset of ALS was 57.97 + 9.22 years,
and the duration of the disease was 15.41 4 9.04 months.
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Table 1. Distribution of ALS patients by the predominant clinical form and sex.

ALS Form)\Sex Female Male All ALS
Overall, n (%) 14 (43.8%) 18 (56.3%) 32 (100%)
UMN, n (%) 3 (60.0%) 2 (40.0%) 5 (15.6%)
LMN, n (%) 5 (35.7%) 13 (72.2) 18 (56.3%)
Bulbar/pseudobulbar,
n (%) 6 (66.7%) 3(33.3%) 9 (28.1%)
Duration of illness, months + min/max 15.43 + [6-30] 15.39 + [5-44] 15.41 + [5-44]

Values are reported using absolute values and percentage. ALS—amyotrophic lateral sclerosis; LMN—Ilower
motor neuron; UMN—upper motor neuron.

4.2. USVN

In the control group, the mean CSA of the VN was 2.07 £ 0.18 mm? on the right
side and 1.87 + 0.21 mm? on the left side. In contrast, ALS patients exhibited a signif-
icant reduction in the CSA of the VN, with measurements of 1.86 £ 0.21 mm? on the
right side (p < 0.001) and 1.69 + 0.21 mm? on the left side (p < 0.001) compared to the
control group (Table 2).

Table 2. Cross-sectional area of the VN between groups.

Side of the VN Control Group ALS Group p Value
Right VN 2.07 +£0.18 1.86 +0.21 <0.001
Left VN 1.87 £0.21 1.69 £0.21 <0.001

Values are reported as mean + SD; x? was used to test for equality of proportions.

Bilateral changes in homogeneity and echogenicity were observed. On the right side,
62.5% of nerves displayed heterogeneity, 50.0% were isoechoic, and 28.1% were hyperechoic.
On the left side, 62.5% of nerves showed heterogeneity, 34.4% were isoechoic, and 40.6%
were hyperechoic (Tables 3-5).

Table 3. Ultrasonographic characteristics of the right VN between groups.

Ultrasonography Characteristics Control Group ALS Group p Value

. Homogeneous 62 (96.9%) 12 (37.5%) <0.001
Homogeneity

Heterogeneous 2(3.1%) 20 (62.5%) <0.001

Hypoechogenic 64 (100.0%) 7 (21.9%) <0.001

Echogenicity Isoechogenic 0 16 (50.0%) <0.001

Hyperechogenic 0 9 (28.1%) <0.001

Values are reported using absolute values and percentages; x*> was used to test for equality of proportions.

Table 4. Ultrasonographic characteristics of the left VN between groups.

Ultrasonographic Characteristics Control Group ALS Group p Value

. Homogeneous 64 (100.0%) 12 (37.5%) <0.001
Homogeneity

Heterogeneous 0 20 (62.5%) <0.001

Hypoechogenic 64 (100.0%) 8(25.0%) <0.001

Echogenicity Isoechogenic 0 11 (34.4%) <0.001

Hyperechogenic 0 13 (40.6%) <0.001

Values are reported using absolute values and percentages; x*> was used to test for equality of proportions.
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Table 5. Correlations of the results of USVN and the clinical features of ALS patients.
Clinical Features Mean + SD Right VN US Left VN US
Height, cm 170.43 £ 9.57 p=0.001 p=0.036
Weight, kg 77.95 £ 15.33 p<0.001 p <0.001
BMI, kg/m? 26.78 + 4.39 p <0.001 p <0.001
Waist circumference, cm 90.23 +12.26 p <0.001 p=0.001
Hip circumference, cm 101.78 £ 10.38 p <0.001 p <0.001
Age, years 60.34 £ 10.39 p=0737 p=0.169
Age at disease onset, years 57.97 £9.22 p=0.468 p=0.011
Duration of illness, months 15.41 +£9.04 p=0.526 p=0.021
Compass31 8.89 +12.69 p=0.01 p=0.02
ALFSR-R 38.41 4 5.86 p=0125 p=0757
Sex - p=0.777 p=0921

Values are reported as mean =+ SD; correlations were assessed using Pearson’s or Spearman’s tests, as appropriate.

The radar chart in Figure 2 represents a greater number of heterogeneous than ho-
mogeneous, and hyperechoic than hypo- or isoechoic vagus nerves that were found in
ALS patients.

Homogenous
70
60
50
40

Isoechoic 20 Heterogenous

Hyperechoic Hypoechoic

e Right Left

Figure 2. Radar chart showing homogeneity and echogenicity of the VN in ALS patients.

These findings suggest potential structural alterations in the VN. The observed varia-
tions in echogenicity levels between the control group and ALS patients may offer valu-
able insights into the impact of the disease. Notably, most changes in homogeneity and
echogenicity were predominantly observed in patients with LMN and bulbar forms of ALS,
with UMN forms being less informative in this context.

4.3. USVN and Clinical Features of ALS Patients

In our study, USVN findings were not statistically significant when compared to the
ALFRS-R scale. However, significant correlations were observed between both USVN
assessments and the COMPASS-31 scale. Specifically, the correlations were significant on
the right side (p = 0.01) and left side (p = 0.02).
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4.4. VN and RF in Patients with ALS

In the evaluation of the VN and RF, USVN of the right side of the VN did not
reveal significant differences in respiratory parameters, including FEV, FEV1%, FVC,
FVC%, FEV1/FVC ratio, and FEV1/FVC%. However, on the left side, significant changes
were noted in the FEV1% parameter. No significant changes were observed in the other
measures (Table 6).

Table 6. Correlations between measurements of the vagus nerve and respiratory parameters.

Resp. Parameters Mean + SD Correlations with Right VN Correlations with Left VN
FEV1 246 +1.07 0.617 0.064
FEV1% 75.84 +24.02 0.640 0.041
FvCl 3.02+1.29 0.762 0.372
FVC% 73.03 &= 23.38 0.827 0.082
FEV1/FVC ratio 81.07 £ 6.32 0.600 0.489
FEV1/FVC% 102.38 £7.71 0.970 0.652

Values are reported as mean + SD; correlations were assessed using Pearson’s or Spearman’s tests, as appropriate.
Statistical significance: p < 0.05; FEV—Forced Expiratory Volume; FVC—Forced Vital Capacity.

ABG analysis, including parameters such as pH, sO,, sCO,, pO,, and HCO;-, was
performed alongside the USVN. The only significant correlation was noted comparing
5O, values with the reduced CSA of the left VN for ALS patients (p = 0.049). No other
significant correlations were found (Table 7).

Table 7. Correlations between measurements of the VN and ABG parameters.

ABG Parameters Mean + SD Correlations with Right VN Correlations with Left VN
pH 7.43 £ 0.03 0.478 0.054
pCO2 3741 £545 0.364 0.261
POz 944 +17.29 0.736 0.625
sOy 96.34 £1.79 0.454 0.049
HCO;- 24.03 £2.87 0.161 0.898
BE 0.38 +2.34 0.059 0.278

Values are reported as mean =+ SD, correlations were assessed using Pearson’s or Spearman’s tests, as appropriate.
Statistical significance: p < 0.05; pH—acidity scale, sO,—oxygen saturation; sCO,—carbon dioxide saturation,
pO,—partial pressure of oxygen, HCO,- —bicarbonate concentration, BE—base excess.

4.5. Vagus Nerve and Heart Rate Variability (HRV)

SDNN values of ALS patients were 70.91 + 20.39 milliseconds (ms), indicating that
they all probably had compromised cardiac health. RMSSD values for ALS patients
were 28.94 + 13.38 ms. The result of pNN50 among ALS patients was extremely low,
at 2.61 & 1.83%. Usually, lower values (below 10%) may suggest reduced HRV, which
could be associated with stress, aging, or poor cardiovascular health. No correlations were
found between HRV and the cross-sectional areas of right or left VN (Table 8).

Table 8. Correlations between measurements of the VN and HRV parameters.

HRV Parameters Mean + SD Correlations with Right VN Correlations with Left VN
SDNN, ms 70.91 & 20.39 0.975 0.681
RMSSD, ms 28.94 +£13.38 0.213 0.358
PNN50, % 2.61+1.83 0.741 0.219

Values are reported as mean + SD; correlations were assessed using Pearson’s or Spearman’s tests, as appropriate.
Statistical significance: p < 0.05; SDNN—standard deviation of the interbeat intervals of normal sinus beats,
RMSSD—the root mean square of successive differences between normal heartbeats, pNN50 is the proportion of
NN50 divided by the total number of NN (R-R) intervals.
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5. Discussion

This study represents the first investigation of its kind in Lithuania. We performed
a comparative analysis of the VN, evaluating its CSA, homogeneity, and echogenicity.
These morphological parameters were assessed alongside clinical indicators, RF tests, ABG
analyses, and clinical assessments using the ALSFRS-R and COMPASS-31 scales. This com-
prehensive approach allowed us to explore the correlation between USVN characteristics
and various clinical and functional parameters in ALS patients, particularly focusing on
respiratory function and heart rate variability.

This study revealed significant morphological changes in the VN of ALS patients
compared to healthy controls. The observed reduction in the CSA of the VN in ALS patients
highlights the nerve’s susceptibility to neurodegenerative processes. Notably, variations
in echogenicity and homogeneity suggest underlying structural alterations, potentially
reflecting the severity and progression of ALS. These findings are consistent with those
of other authors who have also observed reductions in the VN [9-11,15]. However, some
researchers have not identified any ultrasonographic changes of the VN [27].

The diagnostic accuracy of the CSA of the VN alone for distinguishing bulbar from
non-bulbar ALS appears to be limited, as suggested by previous studies [28]. Given these
limitations, a combined diagnostic approach integrating USVN with other autonomic
markers, such as HRV and composite autonomic symptom scores, could enhance its clinical
utility. Additionally, alternative ultrasound parameters, such as VN fascicular structure and
echogenicity, may provide a more comprehensive assessment of autonomic involvement in
ALS. Further research is needed to validate these multimodal approaches and determine
their role in ALS diagnostics.

The study demonstrated significant ultrasonographic associations between the right
and left VN and various body metrics, including height, weight, BMI, waist circumference,
and hip circumference (p < 0.001 for most metrics). These findings suggest that larger
body size, which typically indicates greater muscle and fat mass, might be correlated with
changes in vagus nerve morphology. However, control group patients with a lower mass
index did not show any USVN changes in the CSA.

The observed variations in echogenicity levels between the control group and ALS
patients may offer valuable insights into the impact of the disease. Notably, most changes
in homogeneity and echogenicity were predominantly observed in patients with LMN and
bulbar forms of ALS, with UMN forms being less informative in this context.

Our results also showed significant associations between USVN findings and the
COMPASS-31 scores. This indicates that changes in VN morphology correlate with auto-
nomic dysfunction as measured by the COMPASS-31, suggesting that changes in nerve
structure may manifest in measurable autonomic symptoms in ALS patients, highlighting
the complex interplay between neurological and functional aspects of the disease. The
COMPASS-31 correlation with VN morphology may reflect the involvement of autonomic
pathways in ALS, particularly given the role of the VN in regulating autonomic functions.
The observed relationship could indicate early autonomic dysfunction even in the absence
of significant structural degeneration.

However, ALSFRS-R scores did not show a similar pattern of significant correlations,
except for a marginal association with left-side findings (p = 0.125). This suggests that while
VN changes are linked with autonomic symptoms, they may not directly correlate with
broader functional impairments captured by the ALSFRS-R.

Interestingly, the age at disease onset demonstrated a significant correlation with
the left VN findings, but not with the right-side VN. This could indicate a side-specific
vulnerability of the vagus nerve to early degenerative changes in ALS, or it might reflect
asymmetrical disease progression, which is not uncommon in this condition. It could
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also suggest that the left VN is more significantly impacted by the disease. Additionally,
the duration of illness showed a significant association with the left VN, suggesting that
longer disease duration might be linked to more pronounced ultrasonographic changes,
particularly on the left side.

Examination of RF was almost unremarkable, except for a significant correlation
between the reduction of the left VN and FEV1% parameter, highlighting a potential
asymmetrical involvement of the VN in ALS as well. The observed significant variation
in FEV1% on the left VN measurements might be attributed to the different impact of
ALS on nerve function, which could be associated with atrophy, potentially influencing
respiratory outcomes. However, ABG analysis showed no significant correlation with the
VN assessments, probably suggesting that there is no direct association between the VN
characteristics and oxygen saturation in the blood.

Research in ALS has highlighted the significance of HRV in understanding the dis-
ease’s autonomic dysfunction. Studies consistently show that ALS patients exhibit signif-
icant alterations in HRV, pointing to ANS involvement, particularly in parasympathetic
cardiovascular regulation. For example, ALS patients tend to demonstrate reduced HRV
compared to healthy individuals, indicating vagal-sympathetic imbalance [24]. This imbal-
ance is characterized by an increased mean resting heart rate, reduced standard deviation
of R-R intervals, and an elevated low-frequency to high-frequency (LF/HF) ratio, all sug-
gestive of altered sympathetic and parasympathetic control of cardiac function [29]. Further
investigations have explored HRV variations in ALS patients with different levels of respi-
ratory function. Advanced chaotic global analysis methods revealed increased complexity
in HRV among ALS patients, particularly through chaotic parameters and entropy mea-
sures [29]. This increased HRV complexity underscores the profound impact of ALS on the
ANS, extending beyond its well-known motor dysfunction. In our study, HRV analysis in
the ALS group revealed reduced values of SDNN, RMSSD, and pNN50, consistent with
the probable involvement of the ANS during ALS progression. However, HRV changes did
not correlate with alterations in the USVN, suggesting that vagal autonomic dysfunction in
ALS may be more functional than structural, aligning with previous findings that vagal
visceral branches remain intact in advanced ALS stages [15,24]. Although degeneration of
the VN in ALS may not be severe enough to directly impair heart rate regulation, cardiac
function is modulated by a broader network of sympathetic and parasympathetic fibres
within the ANS. Nevertheless, HRV alterations remain evident in ALS patients, reinforcing
the role of autonomic dysfunction in disease progression.

The limitations of our study primarily include a small sample size and the lack of
respiratory and cardiac function data for control participants, as such assessments are not
routinely performed in healthy individuals. Secondly, ultrasonography of the peripheral
nerves is challenging, and the real diagnostic accuracy might be low compared to other
techniques, e.g., magnetic resonance imaging. A recent study explored high-resolution
ultrasound and magnetic resonance microscopy for the differentiation of upper extremity
peripheral nerve fascicles and concluded that ultrasound is less accurate [30]. The fascicular
anatomy of the VN is complex and varies between individuals and along its length, which
is a factor in correctly measuring CSA and requires experience. Thirdly, we did not observe
the expected significant changes in HRV and did not conduct HRV analysis in the control
group. A comprehensive evaluation of cardiac function was not performed, making it
challenging to determine whether ALS patients were sufficiently homogeneous in this
regard or if some individuals were more severely affected than others. Future studies could
benefit from a multivariate analysis integrating various potential ALS diagnostic methods,
such as ultrasonographic assessment of the vagus and phrenic nerves, RF tests, and HRV
analysis, to identify the most reliable biomarkers.
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6. Conclusions

Our findings underscore the complexity of neural involvement in ALS, as evidenced by
alterations in USVN characteristics. However, the direct correlation between these changes
and functional impairments remains variable. This complexity is further highlighted by the
asymmetrical effects observed between the left and right sides of the body, suggesting a non-
uniform progression of ALS. The study provides important insights into the involvement of
the ANS, reflected through RF, HRV, and VN changes in ALS. Nevertheless, the diagnostic
value of these markers for early ALS detection remains uncertain. Larger, prospective
studies are required to test the hypothesis that these markers, particularly the degeneration
of the VN and reduction in HRV, could aid in the earlier diagnosis of the disease.
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Abstract

Background: Parkinson’s disease (PD) is a progressive neurodegenerative disorder char-
acterized by both motor and non-motor symptoms, including autonomic dysfunction.
Structural alterations in the vagus nerve (VN) may contribute to PD pathophysiology,
though existing data remain inconsistent. Objective: This study aimed to evaluate mor-
phological changes in the VN using high-resolution ultrasound (USVN) and to investigate
associations with autonomic symptoms, heart rate variability (HRV), and clinical char-
acteristics in PD patients. Methods: A cross-sectional study was conducted involving
60 PD patients and 60 age- and sex-matched healthy controls. USVN was performed
to assess VN cross-sectional area (CSA), echogenicity, and homogeneity bilaterally. Au-
tonomic symptoms were measured using the Composite Autonomic Symptom Scale 31
(COMPASS-31). HRV parameters—SDNN, RMSSD, and pNN50—were obtained via 24 h
Holter monitoring. Additional clinical data included Unified Parkinson’s Disease Rating
Scale (UPDRS) scores, transcranial sonography findings, and third ventricle width. Re-
sults: PD patients showed significantly reduced VN CSA compared to controls (right:
1.90 £ 0.19 mm? vs. 2.07 + 0.18 mmz; left: 1.74 + 0.21 mm? vs. 1.87 & 0.22 mmz; p <0.001
and p < 0.02). Altered echogenicity and decreased homogeneity were also observed. Right
VN CSA correlated with body weight, third ventricle size, and COMPASS-31 scores. Left
VN CSA was associated with body size parameters and negatively correlated with RMSSD
(p =0.025, r = —0.21), indicating reduced vagal tone. Conclusions: USVN detects structural
VN changes in PD, correlating with autonomic dysfunction. These findings support its
potential as a non-invasive biomarker for early autonomic involvement in PD.

Keywords: vagus nerve; ultrasound; heart rate variability; Parkinson’s disease (PD);
autonomic nervous system

1. Introduction

Parkinson’s disease (PD), initially identified as “shaking palsy” by Dr. James Parkinson
in 1817, represents a long-term, evolving condition marked by the degradation of both
motor and non-motor functions. This disease profoundly affects individuals diagnosed
with it, along with their families and those caring for them, by progressively impairing
movement and muscle coordination [1].
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PD incidence rate is usually comprised between 8 and 18 per 100,000 person-years [2].
The disease manifests in 1% of the population aged 60 years and above. Its occurrence
is rare in individuals under 50 years of age, with prevalence increasing to 3% among
the elderly people above 80. These findings underscore the age-dependent nature of the
disease’s prevalence, with a substantial rise noted in advanced age groups [3]. PD is less
frequent in Asia than in North America, Europe and Australia [4]. Environmental risk
factors such as cigarette smoking, coffee and tea consumption, and exposure to pesticides,
especially insecticides like organochlorines, have been associated with Parkinson’s disease
(PD). These factors highlight the complex interplay between genetics and the environment
in PD development [5]

PD is widely recognized as a disorder that affects motor skills but also profoundly
impacts multiple systems including the autonomic nervous system [6]. These autonomic
disturbances are often evident well before the motor symptoms manifest, highlighting the
systemic nature of PD [7]. Non-motor features such as olfactory dysfunction, cognitive
impairment, psychiatric symptoms, sleep disorders, autonomic dysfunction, pain, and
fatigue are prevalent in the early stages of Parkinson’s disease leading to a decline in
health-related quality of life [8].

Two fundamental pathological features characterize autonomic dysfunction in PD:
autonomic neuronal degeneration and the accumulation of a-synuclein (xSyn). Neuronal
degeneration manifests as the loss of neurons, degeneration of nerve fibers, and disruption
of synaptic connections. The pathological accumulation of xSyn results in the formation
of Lewy bodies, a hallmark of PD [9]. The central autonomic network, which includes the
cerebral cortex, insular cortex, hypothalamus, brainstem, and spinal cord, is affected by
both neuronal loss and «Syn deposition, as demonstrated in various neuropathological
studies [10-15]. In the peripheral autonomic nervous system, structures such as VN,
sympathetic nerve fibers, and enteric neural plexuses also exhibit significant neuronal
loss and aSyn pathology. Notably, aSyn aggregation in these peripheral structures may
occur earlier than in central nervous system regions, suggesting a potential peripheral
origin of the disease process [15-18]. Moreover, aging induces structural degeneration
in vagal afferents, impairing gut sensory feedback and motility control. Neurons in the
nodose and dorsal root ganglia accumulate inclusions and lose Nissl substance, while
their gastrointestinal terminals, including intraganglionic laminar endings (IGLEs) and
villi afferents, undergo dystrophic changes such as axonal swellings, regression, and
morphological distortions. These alterations likely result from reduced trophic support
due to age-related loss of enteric neurons and interstitial cells of Cajal. The decline in vagal
afferent integrity contributes to gastrointestinal dysfunctions like dysmotility and visceral
hypersensitivity [19].

Early recognition of autonomic dysfunction is essential for effective intervention, as
timely management can significantly improve patient outcomes. Treatment typically in-
volves a multifaceted approach that begins with identifying and discontinuing medications
that may contribute to or exacerbate autonomic symptoms. Patient education plays a
crucial role, empowering individuals to recognize symptom triggers and adopt lifestyle
modifications that can enhance autonomic stability. Non-pharmacological interventions,
such as dietary modifications, physical therapy, compression garments, and fluid/salt in-
take adjustments, are often recommended as first-line strategies. In cases where symptoms
persist or significantly impact quality of life, pharmacologic therapy tailored to the specific
pathophysiological mechanisms involved may be necessary. A personalized, multidisci-
plinary approach incorporating neurologists, cardiologists, and autonomic specialists is
often beneficial in optimizing patient care [20].
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The vagus nerve (VN) has traditionally been studied for its efferent functions, par-
ticularly as the primary parasympathetic counterpart to the sympathetic nervous system,
providing parasympathetic innervation to most organs. The parasympathetic and sym-
pathetic nervous systems work in dynamic opposition, collectively regulating essential
autonomic functions to maintain physiological balance [21]. Sympathetic activation causes
blood vessel constriction, bronchodilation, an elevated heart rate, and the tightening of
intestinal and urinary sphincters, reflecting its role in preparing the body for stress and
heightened activity. In the neck, VN innervates most of the pharyngeal and laryngeal
muscles, which are essential for swallowing and vocalization. It plays a crucial role in
controlling speech and airway protection by regulating relevant muscles. In the thorax,
VN provides the primary parasympathetic input to the heart, contributing to heart rate
regulation by promoting a reduction in cardiac activity. This autonomic function helps
maintain cardiovascular balance, particularly during periods of rest and digestion [22,23].
In PD autonomic dysfunctions such as orthostatic hypotension, which affects up to 58%
of patients [24,25], and decreased heart rate variability, are common [26]. These issues are
strongly associated with a worsening in the overall severity of the disease.

In this study we investigate structural changes in the VN in patients with PD and
their potential association with clinical features of the disease. Using high-resolution
ultrasound imaging, the study aims to evaluate the cross-sectional area, echogenicity, and
homogeneity of the VN in PD patients compared to the control group. By analyzing
these morphological parameters alongside clinical assessments, autonomic function tests,
and neuroimaging findings, the study seeks to determine whether VN alterations can
serve as an early biomarker of neurodegeneration in PD. Understanding these structural
changes may contribute to improved diagnostic accuracy and the development of targeted
interventions for autonomic dysfunction in PD.

2. Materials and Methods

The research adhered to the Declaration of Helsinki guidelines, and all participants
provided informed consent. The protocol received approval from the Kaunas Regional
Biomedical Research Ethics Committee, with the ethical clearance number BE-2-40 dated
17 May 2022. The study involved analyzing data from medical records and results from
instrumental research of the participants.

The investigation was conducted at the Department of Neurology, Lithuanian Univer-
sity of Health Sciences, between 2022 and 2024. The study cohort comprised two groups:
one group included 60 patients diagnosed with PD, and the other group consisted of
60 healthy controls, matched for age and sex with the PD patients. PD patients were adults,
diagnosed according to widely recognized MDS Clinical Diagnostic criteria for PD [27].
Healthy individuals included in the study were also adults, who had no prior diagnoses
of neurodegenerative diseases, polyneuropathies, neuromuscular junction disorders, en-
docrine disorders, cancer, or any other conditions that could influence the study results.
We only excluded PD patients who did not sign the informed consent form.

All participants took part in an interview and completed questionnaires to collect
clinical and demographic information, including age, sex, height, body mass index (BMI),
hip and waist circumference, disease duration, comorbidities, and current medications. In
patients with Parkinson’s disease, the VN was evaluated for cross-sectional area (CSA),
homogeneity, and echogenicity. These morphological characteristics were analyzed in
relation to clinical parameters, Sniffin’ Sticks Screening 12 test, Unified Parkinson’s disease
rating scale (UPDRS), transcranial sonography (TCS) parameters, the Composite Auto-
nomic Symptom Scale 31 (COMPASS-31) and heart rate variability (HRV) metrics. Vagus
nerve ultrasonography (USVN) was performed for the control group patients as well.

162



Biomedicines 2025, 13, 2070

40f12

2.1. Vagus Nerve Ultrasonography

Ultrasound evaluation of the vagus nerve was performed independently by two
examiners using a Philips EPIQ 7 machine (Arbor Medical Corporation LT, Baltu pr. 145,
Kaunas, LT-47125, Lithuania), with a high-resolution 4-18 MHz linear array transducer
(CE 0086). The probe was oriented transversely in the lower cervical region, just above the
clavicle, in line with the levator scapulae muscle, to visualize the nerve as it runs along
the anterior scalene muscle. In B-mode imaging, the vagus nerve was recognized in close
proximity to the carotid bifurcation, positioned posterior to the confluence of the internal
and common carotid arteries, and displayed the characteristic sonographic appearance of a
centrally hypoechoic structure encased by a hyperechoic connective tissue rim.

Measurements of the nerve’s diameter were obtained in millimeters from transverse
images at two distinct sites: in the vicinity of the carotid bulb and at the level of the
common carotid artery bifurcation. Both morphometric and qualitative characteristics were
documented. The internal echotexture was described as either uniform or non-uniform,
and echogenicity was categorized as hypoechoic, isoechoic, or hyperechoic (Figure 1).

_-Vagus nerve ...

Figure 1. (A) Ultrasonography of the vagus nerve (USVN) showing a hypoechoic and homoge-
neous structure in a healthy volunteer. (B) USVN of a PD patient demonstrating an isoechoic
and homogeneous appearance (C) USVN of a PD patient, demonstrating a hyperechoic and het-
erogenous appearance. The dotted circle indicates the cross-sectional area of the vagus nerve.
SCM—sternocleidomastoid muscle; IJV—internal jugular vein; ICA—internal carotid artery;
ECA—external carotid artery.

For CSA measurements, a transverse imaging approach was used to delineate the
hypoechoic nerve boundary against its hyperechoic margin, following the methodology de-
scribed by Walter in 2018 [28]. Each examiner performed three independent measurements
per side, ensuring a measurement precision of 0.01 mm?. The mean of the three values was
calculated for each side, followed by an overall average. To minimize bias, both examiners
conducted their assessments independently and were blinded to each other’s results.

2.2. Heart Rate Variability

Heart rate variability (HRV) refers to the variation in the time intervals between
successive heartbeats and serves as a vital marker of neuro-cardiac function. It reflects
the heart’s capacity to respond and adapt to both internal physiological changes and
external environmental demands through modulation by the autonomic nervous system,
highlighting the continuous interaction between the brain and the heart [29]. HRV is
not only a reflection of cardiac function but also represents the dynamic interplay of
multiple regulatory systems operating across various time scales. This adaptability is
essential for maintaining homeostasis in the face of psychological and environmental
challenges. Through autonomic regulation, HRV influences key physiological functions
such as blood pressure control, respiratory dynamics, and vascular tone. Moreover, it
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extends its regulatory role to other bodily systems, including the gastrointestinal and
musculoskeletal systems, illustrating the widespread impact of autonomic nervous system
activity on overall health and function [30].

In this study, HRV was evaluated using data obtained from 24 h Holter monitoring
in patients with PD. Three key HRV parameters were analyzed: SDNN (normal > 100 ms,
borderline 50-100 ms, abnormal < 50 s), which represents the standard deviation of normal-
to-normal (NN) intervals and serves as a general indicator of overall heart rate variability
and cardiac risk; RMSSD (normal > 42 ms, abnormal < 20-25 ms), the root mean square
of successive differences between NN intervals, which reflects parasympathetic (vagal)
activity; and pNN50 (normal > 15%, abnormal < 3%), the percentage of successive NN
intervals that differ by more than 50 milliseconds, also associated with parasympathetic
nervous system function. Together, these metrics offer valuable insights into autonomic
nervous system regulation.

2.3. COMPASS-31

The Composite Autonomic Symptom Scale 31 (COMPASS-31) is a standardized ques-
tionnaire used to screen and quantify symptoms of autonomic nervous system (ANS)
dysfunction. Adapted from the original 169-item Autonomic Symptom Profile, it condenses
the assessment into 31 targeted questions spanning six domains: orthostatic intolerance,
vasomotor, secretomotor, gastrointestinal, bladder, and pupillomotor function. By provid-
ing a weighted score, it offers a quick yet comprehensive overview of autonomic symptom
burden, facilitating both clinical evaluation and research applications. Total scores range
from 0 to 100 with higher values indicating greater autonomic symptom burden. There is
no strict cut-off value to indicate ANS dysfunction using COMPASS-31 and in the research
field of PD, it is usually treated as a continuous variable [31].

2.4. Statistical Analysis

In this study, both descriptive and inferential statistical analyses were employed. Data
processing was carried out using Microsoft Excel and IBM SPSS Statistics, version 29.0. For
variables with a normal distribution, we applied a two-tailed t-test and presented results
as mean values with corresponding standard deviations. In cases where the data did not
meet the assumptions of normality, the Mann-Whitney U test was used, and results were
reported as medians with minimum and maximum values. To evaluate correlations, the
Pearson correlation coefficient was applied for normally distributed variables, while the
Spearman rank correlation test was used for non-normally distributed data. A p-value of
less than 0.05 was considered statistically significant for all analyses.

3. Results
3.1. Demographic and Clinical Characteristic of PD Patients

In a comparative study examining the demographic and clinical characteristics of PD
and control group patients, each group consisted of 60 participants. The mean age in the
PD group was 65.23 & 9.22 years, compared to 63.62 £ 10.96 years in the control group,
though this difference was not statistically significant (p = 0.123). The gender distribution
(M:F ratio) showed a slight statistically insignificant variation (1.07:1 in controls vs. 1:1.31
in the PD group; p = 0.361). The hip circumference was found to be significantly higher
in the PD group (p = 0.04). Other body measurements, including weight, height, waist
circumference, and BMI, showed no significant differences, suggesting that PD does not
substantially affect these characteristics compared to controls (Table 1).
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Table 1. Demographic and clinical characteristics of patients with PD and control group.

Variable Control Group (SD =n) PD Group (SD =n) p Value 2
Number 60 60

Age years, mean £ SD (range, years) 63.62 (SD = 10.96) 65.23 (SD =9.22) p=0.123
Sex (M:F) 1.07:1 1:1.31 p=0361"
Weight kg, mean + SD (range, kg) 80.47 (SD = 13.207) 79.07 (SD = 14.343) p=0.679
Height cm, mean =+ SD (range, cm) 170.43 (SD =9.553) 170.88 (SD =9.152) p=0.905
Hip circumference 4 SD (range, cm) 92.55 (SD = 9.722) 95.00 (SD = 12.337) p=0.04
Waist circumference 4 SD (range, cm) 103.03 (SD = 7.811) 102.30 (SD = 8.850) p=0.504
BMI kg/m2 =+ min/max (range, kg/mz) 26.93 (19.48-39.5) 27.68 (18.67-36.57) p=0.258¢

2 Student's t-test; ¥ test for equality of proportions; ¢ Mann-Whitney U test; BMI—Body Mass Index.

PD group participants were included at any stage after visiting a neurologist (Table 2).

Table 2. Parkinson’s disease group patients by Hoehn—Yahr stages.

Hoehn-Yahr Stages Number M:F Percentage (%)
1 3 3:0 5
15 3 0:3 5
2 6 33 10
25 5 4:1 8.3
3 18 12:6 30
4 14 7.7 23.3
5 11 2:9 183
60 31:29 100

Hoehn-Yahr stages—system for describing how the symptoms of Parkinson’s disease progress.

3.2. USVN Changes in PD Patients and Association with Clinical Features

In the control group, the average VN CSA measured 2.07 = 0.18 mm? on the right and
1.87 4 0.22 mm? on the left. Among patients with PD, the CSA was significantly smaller,
averaging 1.90 = 0.19 mm? on the right (p < 0.001) and 1.74 & 0.21 mm? on the left (p < 0.02)
when compared with controls (Table 3). When evaluating the relationship between VN CSA
and PD stage, statistically significant associations were observed on both sides. On the right
side, a significant correlation was found using Pearson’s correlation (p = 0.016), while on
the left side, Spearman’s correlation revealed a similarly significant relationship (p = 0.003).
However, when comparing CSA values across PD stages using the Kruskal-Wallis test, no
statistically significant differences were identified between the groups. On the right side,
the p-value was 0.066, and on the left side, 0.069, indicating trends toward significance but
not meeting the conventional threshold (p < 0.05).

Table 3. Cross-sectional area of the vagus nerve between groups.

Side of the VN Control Group PD Group p Value
Right VN 2.07 £0.18 1.90 +0.19 <0.001
Left VN 1.87 £0.22 1.74+0.21 <0.02

Values are stated using mean + SD (standard deviation) values; x? test for equality of proportions.

Significant differences in homogeneity and echogenicity of the VN were observed
between the control and PD groups. The right VN was 96.7% homogenic in control group
versus 23.3% in the PD group patients (p < 0.001). The left VN was 83.3% homogenic in
control group versus 3.3% in PD group (p < 0.001). Hypoechogenicity was predominant in
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controls for both right (73.3%) and left VN (68.3%) compared to the PD group (16.7% and
15.0%, respectively), with isoechogenic and hyperechogenic patterns more prevalent in the
PD group. Additional data are shown in Table 4.

Table 4. Homogeneity and echogenicity of the right and left VN between groups.

A-1. Homogeneity of the Right VN Between Groups

Homogeneity Control Group PD Group p Value
Homogeneous N; % 58; 96.7% 14; 23.3% 0.001
Heterogeneous N; % 2;3.3% 46; 76.7% <0

A-2. Homogeneity of the left VN between groups.

Homogeneity Control Group PD Group p Value
Homogeneous N; % 50, 83.3% 2;3.3% 0.001
Heterogeneous N; % 10; 16.7% 58, 96.7% <0

B-1. Echogenicity of the Right VN Between Groups

Echogenicity Control Group PD Group p Value
Hypoechogenic N; % 44;73.3% 10; 16.7%
Isoechogenic N; % 16;26.7% 38; 63.3% <0.001
Hyperechogenic N; % 0 12;20%
B-2. Echogenicity of the left VN Between Groups.
Echogenicity Control Group PD Group p Value
Hypoechogenic N; % 41;68.3 % 9;15%
Isoechogenic N; % 19; 31.7% 39; 65% <0.001
Hyperechogenic N; % 0 12;20%

Values are stated using absolute values and percentage values; X2 test for equality of proportions. A-1, A-2—
homogeneity of the vagus nerve between groups. B-1, B-2—echogenicity of the vagus nerve between groups.

Weight (p = 0.021, r = 0.296), third ventricle size (p = 0.026, r = 0.021), and COMPASS-31
score (p = 0.047, r = 0.257) showed significant correlations with the right VN measurements.
Other clinical features, including age, gender, BMI, waist and hip circumference, and TCS
measurements, were not significantly associated (p > 0.05). These findings suggest potential
relevance of weight, third ventricle size, and COMPASS-31 score for the measurements of
the right VN (Table 5).

Table 5. Correlations of the results of the right USVN and clinical features of PD patients.

Right USVN

Clinical Features Mean (SD)

p Value r Values
Age, years 65.23 (7.982) p =0.700 r=0.510
Height, cm 170.88 (9.152) p=0.159 r=0.184
Weight, kg 79.07 (14.343) p =0.021 r=0.296
BMI, kg/m? 26.93 (4.062) p=0130° r=0.198
Waist circumference, cm 95.00 (12.337) p=0.145 r=0.190
Hip circumference, cm 102.30 (8.850) p=0.807 r=0.032
TKS right, cm 0.29 (0.073) p=0.197 r=—0.169
TKS left, cm 0.32 (0.082) p=0651P r=—0.060
Third ventricle 0.81 (0.149) p =0.026 r=0.021
Compass31 23.77 (13.458) p =0.047 p =0.257
Gender - p=0271 p=-0.145

Values are stated using mean and standard deviation (SD) values; Pearson and Spearman (®) correlations.
Statistically significant results (p < 0.05) are highlighted in bold.
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Height (p = 0.002, r = 0.384) and weight (p = 0.003, r = 0.378) showed significant
positive correlations with the left USVN, while third ventricle size (p = 0.007, r = 0.343) was
also significantly associated. Other clinical features, including age, gender, BMI, waist and
hip circumference, and TCS measurements, did not show significant correlations (p > 0.05)
with the measurements of VN (Table 6).

Table 6. Correlations of the results of the left USVN and clinical features of PD patients.

Left USVN

Clinical Features Mean (SD)

p Value r Values
Age, years 65.23 (7.982) p=0.081 r=-0227
Height, cm 170.88 (9.152) p =0.002 r=0.384
Weight, kg 79.07 (14.343) p =0.003 r=0.378
BMI, kg/m? 26.93 (4.062) p=0.112 r=0.207
Waist circumference, cm 95.00 (12.337) p =0.065 r=0.240
Hip circumference, cm 102.30 (8.850) p=0.556 r=—0.076
TKS right, cm 0.29 (0.073) p=0.180 r=-0.175
TKS left, cm 0.32 (0.082) p=0.674 r=—0.055
Third ventricle 0.81 (0.149) p =0.007 r=0.343
Compass31 23.77 (13.458) p=0528 p=0.830
Sex - p=0.175 p=0.210

Values are stated using mean and standard deviation (SD = n) values, Spearman correlations. Statistically
significant results (p < 0.05) are highlighted in bold.

No significant correlations were observed between the right USVN and HRV parame-
ters, including SDNN (p = 0.667, r = —0.057), RMSSD (p = 0.289, r = —0.139), and pNN50
(p =0.306, r = —0.134). In contrast, left USVN demonstrated a significant negative correla-
tion with RMSSD (p = 0.025, r = —0.421), indicating a potential association between reduced
vagal activity and left VN measurements. However, no significant correlations were found
between the left USVN and SDNN (p = 0.930, r = 0.012) or pNN50 (p = 0.109, r = —0.209), as
presented in Table 7.

Table 7. Correlations between measurements of right VN and HRV parameters in PD group.

Right USVN
HRYV Parameters Mean (SD)
p Values r Value
SDNN, ms 67.80 (SD = 19.422) 0.667 —0.057
RMSSD, ms 27.82 (SD = 11.967) 0.289 —0.139
PNN50, % 3.73 (SD = 2.736) 0.306 © —0.134
Left USVN
SDNN, ms 67.80 (SD = 19.422) 0.930 0.120
RMSSD, ms 27.82 (SD = 11.967) 0.025 —0.421
PNN50, % 3.73 (SD = 2.736) 0.109 —0.209

Values are stated using mean and standard deviation (SD = n) values; Pearson and Spearman (b) correlations.
Statistically significant results (p < 0.05) are highlighted in bold.

4. Discussion

This study confirms and extends the findings of recent high-resolution ultrasound
studies demonstrating significant atrophy of the VN in PD patients compared to con-
trols [28,32-37]. Our results show a notable decrease in the CSA of the VN in PD patients,
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highlighting similar neurodegenerative mechanisms across different neurological disorders.
Walter et al. reported a significant reduction in the VN caliber in PD patients which did
not correlate with disease duration or severity, suggesting that vagal atrophy is a relatively
early event in neurodegenerative processes [28]. Similarly, Pelz et al. found that both
left and right VN were significantly thinner in PD patients, reinforcing the notion that
neurodegenerative changes in the VN can be detected independently of the clinical stages
of the disease [34]. However, not all studies demonstrate a significant reduction in VN size
on ultrasound between groups [38,39]. Neither of the studies included body measurements,
which could have influenced the outcomes. Furthermore, a previous study on healthy
individuals demonstrated that BMI was significantly correlated with the size of VN, even
between sides [40]. However, other studies suggest that height and weight [41] and other
parameters as age, gender, height, weight, BMI, heart rate, systolic blood pressure, diastolic
blood pressure in patients with diabetes mellitus do not correlate with the size of VN [42].

Our study reveals notable differences in echogenicity, particularly with the higher
incidence of hypoechogenicity in the control group compared to the PD group. This ob-
servation suggests potential underlying differences in tissue architecture that could be
indicative of neurodegenerative processes. Neuropathological research indicates that gas-
trointestinal dysfunction in PD is primarily linked to the accumulation of «Syn inclusions
(Lewy neuritis) in both the enteric nervous system (ENS) and the dorsal motor nucleus
of the VN. A few autopsy studies have been conducted, and both demonstrate structural
and functional changes in various neurological conditions, including degenerative diseases
such as PD. Research suggests that axonal degeneration, xSyn accumulation, and loss
of parasympathetic innervation contribute to its deterioration [27]. Furthermore, axonal
degeneration, along with dorsal motor nucleus degeneration, has been highlighted as a
key factor in the development of non-motor symptoms (NMS) in PD [43-45]. Notably, still
there appears to be a gap in existing literature regarding the specific role of echogenicity
evaluation as a diagnostic marker in neurodegenerative diseases, which our findings begin
to address.

The study on the correlation between USVN and clinical features in patients with
PD provides valuable insights into potential diagnostic and prognostic indicators for
the disease. The significant associations observed between right USVN measurements
and clinical parameters such as weight, third ventricle size, and COMPASS-31 scores
are particularly noteworthy. The left side USVN demonstrated significant associations
between height, weight and third ventricle size. Enlargement of the third ventricle is linked
to cognitive impairment not only in PD but also in other neurodegenerative disorders,
including Alzheimer’s disease and multiple sclerosis [46-49], While it is not a specific
indicator, its assessment using ultrasound adds value as an additional diagnostic tool.

The correlation between COMPASS-31 scores and ultrasound measurements of the
right USVN in patients with PD. The analysis shows a weak positive correlation with an
r-value of 0.257, which is statistically significant (p = 0.047). This suggests that there might
be a relationship between the severity of autonomic symptoms and the anatomical features
of the right VN in these patients. This finding highlights the potential importance of the
VN in autonomic dysfunction in PD and warrants further investigation to explore this
connection more deeply. However, some studies did not show a relationship between the
VN CSA and autonomic neuropathy using COMPASS-31 [42].

The presented data also reveals interesting correlations between USVN measurements
and HRV parameters in the PD group. Notably, the RMSSD parameter showed a significant
negative correlation with left USVN measurements, suggesting a decrease in vagal tone and
autonomic dysfunction in these patients. This correlation implies that structural changes
in the VN, as reflected by ultrasound measurements, may influence HRV, potentially
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affecting autonomic regulation. Conversely, other HRV parameters like SDNN and pNN50
showed no significant correlation, highlighting the complexity of autonomic nervous
system involvement in neurodegenerative diseases. This suggests that while some aspects
of autonomic function (reflected by RMSSD) correlate with VN structure, other dimensions
of HRV might be influenced by additional factors not captured solely by USVN.

Our study has several limitations. Firstly, the sample of our study is rather small
and heterogenous. We gathered PD patients affected by the disease at various stages (as
measured by Hoehn—Yahr stage) and using various PD medications that might influence
HRV. The data regarding the influence of dopaminergic therapy for HRV is inconclusive.
Some studies support the contributory effect of levodopa medication in early PD [50],
while others report no significant change or even further reduction in HRV [51]. Systematic
reviews and meta-analyses, including Heimrich et al. (2021), confirm that HRV is generally
reduced in PD, reflecting impaired autonomic (particularly parasympathetic) control—but
he emphasizes variations across disease stages and modalities [52]. One aim or our study
was to grossly see if morphological changes in the VN could be related to any disruption of
ANS and our study suggests that there are correlations but another study with more PD
patients could answer the question if and how ANS is influenced by specific PD therapy.
We also did not evaluate for specific comorbidities of PD patients that might influence HRV
and other ANS functions.

5. Conclusions

The pronounced contrast in echogenic patterns between the control and PD groups
could provide a foundation for using echogenicity as a non-invasive diagnostic tool. In our
study, the control group exhibited more consistent hypoechogenicity, potentially represent-
ing a normal or less-altered state, whereas the variation observed in the PD group might
reflect pathological changes, such as increased tissue density or gliosis.

Findings of this study highlight the relevance of ultrasonographical examination of
the VN in clinical settings, particularly in the early diagnosis and monitoring of ALS.
Continued research is necessary to further elucidate the mechanisms underlying these
changes and to confirm whether these ultrasonographical markers can effectively predict
disease progression or response to treatment.
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