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ABSTRAKT

Kontext: Otrava metanolem je zivot ohrozujici stav, ktery zplsobuje toxickou
neuropatii zrakového nervu s moznymi dlouhodobymi zrakovymi nasledky u osob ptezivsich
otravu.

Cil: Zjistit prevalenci, charakter, dynamiku a klicové determinanty chronickych
morfologickych a funkénich zmén zrakového systému v pribéhu 4 let po akutni optické
neuropatii zpisobené intoxikaci metanolem.

Material a metodika: Celkem 55 pacientd s potvrzenou diagn6zou otravy metanolem
ve veéku 46.7 £ 3.6 let (46 muzi a 9 Zen) a 41 kontrol bylo vySetfeno v ramci prospektivni
longitudinalni kohortové studie. Pacienti byli vysetieni 4.9 + 0.6, 25.0 + 0.6 a 49.9 = 0.5
mesicl po propusténi z nemocnice. Protokol klinického vySetfeni zahrnoval méteni
zrakovych evokovanych potencialtt (VEP), optickou koheren¢ni tomografii tloustky vrstvy
nervovych vladken sitnice (RNFL), magnetické rezonan¢ni vySetfeni mozku (MRI), kompletni
oftalmologické vySetfeni, biochemickd vysetfeni a ureni genotypu apolipoproteinu E
(ApoE).

Vysledky: Ze 42/55 pacientl, ktefi absolvovali vSechna tii kola vySetfeni, abnormalni
tloustka RNFL byla zjiSténa u 13 (31%) a progredujici pokles tloustky RNFL v dobé&
sledovani byl pozorovan u 10 (24%) pacient. Riziko chronického poklesu globalni RNFL
pro pH arterialni krve <7.3 pfi piijmu bylo 11.65 (1.91-71.12; 95% CI) po adjustaci na vék a
pohlavi. Progredujici ztrata zrakovych funkci byla registrovana u 7 z 10 pacientt s chronickou
axonalni degeneraci sitnice. Abnormdlni latence viny P1 evokovaného potencidlu byla
registrovana na 18/42 pravych ocich (OD) a na 21/42 levych ocich (OS), abnormalni
amplituda N1P1 byla pozorovana na 10/42 OD a OS. Primérné zkraceni latence viny P1
v disledku remyelinizace v dobé sledovani bylo 15.0 + 2.0 ms pro OD a 14.9 + 2.4 ms pro
OS. Dalsi pokles amplitudy N1P1 > 1.0 mcV v dobé sledovani byl pozorovéan u 17 z 36
pacientil (47%) s métitelnou amplitudou. Nositelé alely ApoE4 méli mensi tloustku globalni
a temporalni RNFL a delsi latenci viny P1 v porovnani s nositeli jinych alel ApoE (vSechna p
< 0.05). Odds ratio pro abnormalni funkce zrakového nervu bylo 8.92 (3.00 — 36.50; 95% CI)
pro nositelé ApoE4 alely (p < 0.001). Pacienti s abnormélni tlouStkou RNFL méli MRI
znamky poskozeni mozku v 10/13 ptipadech versus 8/29 ptipadii s normalni tlouStkou RNFL
(p=0.003). Byla pfitomna signifikantni pozitivni asociace mezi pfednemocni¢nim podanim
etanolu jako antidota pro prvni pomoc, rychlou korekci acidemie a eliminaci kyseliny
mraven¢i pomoci intermitentni hemodialyzy a lep§im morfologickym nalezem na o¢ni sitnici
1 funkénim stavem zrakového nervu (vSechna p < 0.05).

Zavér: Optickéa neuropatie zplisobend metanolem miize vést k chronické ztraté axont
oc¢ni sitnice v letech nasledujicich po otravé. Vstupni pH arterialni krve je nejvyznamnéjSim
prognostickym faktorem pro dynamiku zmén tloustky RNFL. Signifikantni asociace byla
pfitomna mezi chronickou neurodegeneraci sitnice, progredujici ztratou zrakovych funkci a
nekrotickymi 1ézemi v mozku. ZlepSeni konduktivity zrakového nervu bylo pozorovano u
vice nez 80 % pacientd, avSak amplituda evokovaného potencidlu méla tendenci k dalSimu
poklesu v pribc¢hu 4 let sledovani. Nositel¢ alely ApoE4 méli mensi tloustku RNFL,
prodlouzenou latenci viny P1 a c¢astéjs$i poskozeni mozku v disledku otravy metanolem nez
pacienti — nositelé¢ jinych alel ApoE. Pfednemocni¢ni podadni etanolu a intermitentni
hemodialyza mély pozitivni preventivni G€inek z hlediska rizika dlouhodobych zrakovych
nasledkll otrav metanolem.

Klicova slova: akutni otrava metanolem, toxicka optickd neuropatie, zrakové
nasledky, zrakové evokované potencidly, opticka koheren¢ni tomografie, tloustka vrstvy
nervovych vléken sitnice.



ABSTRACT

Background: Methanol poisoning is a life-threatening condition which induces acute
toxic optic neuropathy with possible long-term visual sequelae in survivors.

Aim: To study the prevalence, character, dynamics, and key determinants of chronic
morphological and functional visual pathway changes during 4 years after methanol-induced
optic neuropathy.

Methods: A total of 55 patients with confirmed methanol poisoning with mean age
46.7 + 3.6 years (46 males and 9 females), and 41 controls were included in this prospective
longitudinal cohort study. The patients were examined 4.9 + 0.6, 25.0 £ 0.6, and 49.9 + 0.5
months after discharge. The following tests were performed: visual evoked potential (VEP),
optical coherence tomography with retinal nerve fiber layer (RNFL) measurement, brain
magnetic resonance imaging (MRI), complete ocular examination, biochemical tests, and
apolipoprotein E (ApoE) genotyping.

Results: Of 42/55 patients with all three consecutive examinations, abnormal RNFL
thickness was registered in 13 (31%) and chronic axonal loss during the observation period
was found in 10 (24%) patients. The risk estimate of chronic global RNFL loss for arterial
blood pH<7.3 at admission was: 11.65 (1.91-71.12; 95% CI) after adjusting for age and sex.
The patients with chronic axonal degeneration demonstrated further progressive visual loss in
7/10 cases. Abnormal VEP latency P1 was registered in 18/42 right eyes (OD) and 21/42 left
eyes (OS), abnormal amplitude N1P1 in 10/42 OD and OS. Mean latency P1 shortening due
to remyelination during the follow-up period was 15.0 £ 2.0 ms for OD and 14.9 + 2.4 ms for
OS. A further decrease of amplitude N1P1 > 1.0 mcV was observed in 17 of 36 patients
(47%) with measurable amplitude. ApoE4 allele carriers had lower global and temporal
RNFL thickness and longer latency P1 compared to the non-carriers (all p < 0.05). The odds
ratio for abnormal visual function was 8.92 (3.00 — 36.50; 95% CI) for ApoE4 allele carriers
(p < 0.001). The patients with abnormal RNFL thickness had MRI signs of brain damage in
10/13 versus 8/29 cases with normal RNFL thickness (p=0.003). Pre-hospital ethanol
administration as a “first aid” antidote and rapid acidemia correction and formic acid
elimination by intermittent hemodialysis were associated with better visual outcome (both p <
0.05).

Conclusion: Methanol-induced toxic optic neuropathy may lead to chronic retinal
axonal loss during the following years. Arterial blood pH on admission was the strongest
predictor of chronic RNFL thickness decrease. Chronic retinal neurodegeneration was
associated with progressive loss of visual functions and necrotic brain lesions. Improvement
of optic nerve conductivity occurred in more than 80% of patients, but the amplitude of
evoked potential tended to decrease during 4 years of observation. ApoE4 allele carriers
demonstrated lower RNFL thickness, longer latency P1, and more frequent methanol-induced
brain damage compared to the non-carriers. Pre-hospital ethanol administration as a “first aid”
antidote and intermittent hemodialysis demonstrated positive preventive effect against long-
term visual sequelae of methanol poisoning.

Key words: acute methanol poisoning, toxic optic neuropathy, visual sequelae, visual
evoked potentials, optic coherence tomography, retinal nerve fiber layer.
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ZKRATKY

AACT — Americka akademie klinické toxikologie
ABG - arteridlni plyny

ADH - alkoholdehydrogenaza

AG - aniontové okno

ALDH - aldehyddehydrogenaza

BD - deficit bazi

CDT — karbohydrat deficientni transferin

CNS - centralni nervovy systém

CT - pocitacova tomografie

CVVH/HD/HDF - kontinudlni veno-ven6zni hemofiltrace / hemodialyza/
hemodiafiltrace

etal.. — etal.ii—ajini

EAPCCT - Evropskd asociace toxikologickych stfedisek a klinickych
toxikologl

EtOH - etanol

GI - gastrointestinalni

GCS - Glasgow Coma Scale

ICU - jednotka intenzivni péce

IHD — intermitentni hemodialyza

MEOS — systém mikrosomalni oxidace etanolu
MetOH — metanol

MRI - magnetické rezonanc¢ni vySetieni
OCT - opticka koheren¢ni tomografie

OG — osmolalni okno

OR — odds ratio

RNFL — vrstva nervovych vlaken sitnice

ROS — reaktivni slouc¢eniny kysliku

S — (napfiklad, S-methanol, S-formate) — koncentrace v krevnim séru
SD — standardni odchylka

THF — tetrahydrofolat

TSH — thyreotropni hormon

VD - zrakové potize

VEP — zrakové evokované potencialy

VS — zrakové nasledky otravy metanolem



1.UVOD

Metanol neboli metylalkohol, byl poprvé izolovan v roce 1661 Robertem
Boylem (Boyle, 1661). V pribé¢hu nésledujicich dvou stoleti se objevovaly
pouze ojedinélé piipady otrav, které byly vysvétlovany pfitomnosti velkého
mnozstvi toxickych pifimési v metanolu (Wood, 1906). V roce 1896 byl
vynalezen u¢inny a levny zptsob cisténi metanolu, coz vedlo k jeho Sir§imu
vyuziti jako ,,vynikajici nédhrady etanolu® v rtiznych obchodnich piipravcich
(toaletnich potiebach, balzdmech, extraktech, mastich atd.) a pozd¢ji 1 v
alkoholickych napojich (Ziegler, 1921). Od etanolu se metanol neli§i svym
vzhledem, chuti ani vini.

JiZz na zacatku 20. stoleti Buller a Wood popsali 314 ptipadil intoxikace
metylalkoholem ve Spojenych Statech, véetné 158 piipadi slepoty v disledku
této otravy (Buller and Wood, 1904; Wood, 1905). V roce 1911 se v Némecku
béhem vanoc¢niho tydne v Berliné ptiotravilo 163 lidi, z nichz 72 zemieli
(Pincus, 1912; Stadelmann & Magnus-Levy, 1912). Dalsi ptipady otrav byly
zaznamenany v Rusku, Polsku, Mad’arsku 1 v jinych zemich. Dlouhou dobu ale
chybély dikazy o toxicité metanolu, protoze pii pokusech na laboratornich
zvitfatech se neprojevovaly ptiznaky typické pro otravu lidi (Ree, 1946).
PtestoZe jiZz v roce 1923 Reif popsal klinicky pribéh otravy po poZiti chemicky
Cistého metanolu skupinou ptistavnich délnikd, pochybnosti o toxicité metanolu
pretrvavaly az do roku 1936 (Bennett, 1953; Reif, 1923). Pozdé&;i se podaftilo v
experimentech na vysSich primatech vyvolat stejny obraz otravy jako u ¢loveka.

Nicméné 1 po prokézani toxicity metanolu €asto dochédzelo k hromadnym
otravdm 1 v druhé poloviné 20. stoleti a to nejen v zemich tfetiho svéta, ale 1 v
rozvinutych zemich (Jacobsen et al., 1945; Kaplan & Levreault, 1945; Pronnie
et al., 1946). Metanol byva soucasti nékterych nemrznoucich smési, kapalin do
ostfikovacu skel automobilli 1 jinych technickych kapalin. K otravé metanolem
muze dojit, pokud se ¢lovék omylem nebo zamérné napije tohoto technického

metanolu nebo Castéji metanolem pancovaného alkoholu (Benton et al., 1953;



Divekar et al., 1974; Naraqi et al., 1979; Sejersted et al., 1981; Tonkabony et al.,
1975).

V soucCasné dobé¢ se vétSina hromadnych otrav metanolem vyskytuje
zejména v zemich tfetiho svéta, kde se metanol se pfidava do lihovin jako levna
nahrada etanolu (Albertson, 1999). Zpravy o hromadnych otravach ptichéazeji z
Indie (Bade & Sapre,1981; Dilip et al., 2013; Mittal et al., 1991; Mohan et al.,
2001; Ravichandran et al., 1984; Saxena, 1999; Shah et al., 2012), Bangladése
(Chowdhury et al., 2014), Turecka (Azmak, 2006; Duman et al., 2003; Giilmen
et al., 2006; Kalkan et al., 2003; Karadeniz & Birincioglu, 2011; Unsal et al.,
2012; Yaycia et al.,, 2003), Irdnu (Hassanian-Moghaddam et al., 2015a;
Massoumi et al., 2012; Moghadami et al., 2008), Indonésie (Giovanetti, 2013;
Koehrer et al., 2011), Jordanu (Abdallat et al., 2009), Keni (Ahmad, 2000),
Libye (Ben Taleb & Bahelah, 2014), Tuniska (Brahmi et al., 2007), Turecka
(Adanir et al., 2005), Sadanu (Abdul Rahim & Al Shiekh, 2012), a dalSich zemi
Asie a Afriky.

Béhem let 2000-2012 se ve svété odehralo vice nez 50 hromadnych otrav
metanolem, postizeno bylo vice nez 5000 osob a nejméné 2000 lidi zemielo
(Zhang et al., 2015). Mezi nedavné hromadné otravy v zemich Evropské unie
patii otrava v Estonsku v roce 2001 s vice nez 150 ptipady (Paasma et al., 2007;
Paasma, 2013), v Norsku v roce 2002 s vice nez 50 ptipady (Hovda et al.,
2005a) a v Ceské republice v roce 2012 s vice nez 120 piipady (Zakharov et al.,
2014). Tyto udalosti jsou jasnym diikazem toho, Ze hromadné akutni otravy
metanolem jsou 1 v soucasné dobé nebezpecim pro vetejné zdravi evropskych i
jinych rozvinutych zemi. Vysoka umrtnost a prevalence dlouhodobych nasledkt
otravy metanolem, zejména té€zkého poskozeni zraku, jsou vyzvou pro
zdravotnické systémy z hlediska vC€asné diagnostiky, progndzy a prevence
postiZzeni zrakového nervu a o¢ni sitnice u osob, které otravu preziji.

Ptestoze se hromadné otravy metanolem ve svété objevuji pomérné Casto,

studie, které by poskytly kvalitni a kompletni klinickd a laboratorni data



hospitalizovanych pacientl, jsou vzadcné. Dosud nebyly publikovany
prospektivni longitudinalni kohortové studie zdravotnich ndasledkii otrav u
piezivsich osob zaméfené na zjiSténi prevalence a charakteru dlouhodobého
poskozeni zrakovych funkci, na dynamiku jejich zmén v letech nésledujicich po
otravé, na asociaci s klicovymi klinickymi, biochemickymi a toxikologickymi

parametry.



2. LITERARNI PREHLED
2.1. Mechanismus toxického uc¢inku metanolu na zrakovy nerv a
neurony o¢ni sitnice

Metanol patii mezi latky s vysokou toxicitou intermediarnich metabolitd.
U clovéka a primati je metanol oxidovan zejména v jatrech enzymem
alkoholdehydrogenazou (ADH) na formaldehyd a dale aldehyddehydrogenazou
(ALDH) na kyselinu mravenci (Eells et al., 1981a,b; Jacobsen et al, 1982;
McMartin et al., 1975, 1977). Formaldehyd se v krvi neakumuluje, protoze jeho
konverze na kyselinu mravenéi je velmi rychla, s poloCasem 1-2 minuty
(McMartin et al.,, 1979, 1980). Normalni koncentrace kyseliny mravenc¢i v
krevnim séru neptesahuje 0.02—-0.25 mmol/L (Bouhifd et al., 2014; Osterloh et
al., 1986, 1996; Psychogios et al., 2011).

Za ptitomnosti koenzymu tetrahydrofolatu (THF) je kyselina mravenci
dale oxidovana na kysli¢nik uhli¢ity a vodu (Hantson et al., 2005; Moore et al.,
1994; Shahangian et al., 1984; Tephly, 1991). Rychlost oxidace kyseliny
mravenci zavisi na zdsob& THF v jatrech, ktera je u ¢lovéka (na rozdil napft. od
potkanii a mySi — nizSich savcl) relativné nizka, a na aktivit¢ enzymu 10-
formyl-THF-dehydrogenazy, kterd je také ptiblizn¢ dvakrat nizsi nez u potkani
(Aziz et al., 2002; Black et al., 1985; Eells et al., 1981b, 1982, 1983; Johlin et
al., 1987; Lee et al., 1994; Noker et al., 1980). Jiz pfiblizn¢ 15 graml pozitého
metanolu plné saturuje systém oxidace kyseliny mravenéi, coz vede k jeji
akumulaci v organismu (Johlin et al., 1987; Martinasevic et al., 1996).

Kyselina mravenci inhibuje cytochrom ¢ oxiddzu v mitochondriich (Ki~6
mmol/L) a tim vyvolava bunécnou hypoxii doprovazenou nahromadénim laktatu
a poklesem ATP v buinkach (Cook et al., 2001; Erecinska & Wilson, 1980;
Seme et al., 2001; Timbrell, 2000; Tong, 1982). Kumulace kyseliny mravenci a
pozdé&ji 1 kyseliny mlé¢né vede k rozvoji té€zké metabolické acidozy (Aabakken
et al., 1994; Smith et al., 1981, 2001). Existuje piima korelace mezi koncentraci

kyseliny mravenci v séru a imrtnosti na otravu metanolem (Brent et al., 2001).



Nejcitliveéjsi k cytotoxickému ucinku mravencanu jsou neurony ocni
sitnice, axony zrakového nervu a neurony bazalnich ganglii mozku (Sivilotti et
al, 2001; Sharpe et al., 1982). Eells (Eells et al., 1996, 2000) zjistil, ze
koncentrace kyseliny mravenci v o¢nich tkanich potkantl, zejména v sitnici a ve
sklivei, byla o 50 % vys$i nez v mozku z diivodu pomalej$i oxidace. Rozvoj
tézké metabolické aciddzy potencuje ucinek kyseliny mraven¢i na centralni
nervovy systém (CNS), protoZe usnadiuje jeji pfechod hematoencefalickou
bariérou, coZ vede k edému mozku a poSkozeni (nekrdzy, krvaceni) v oblasti
putamen, nucleus pallidus a subkortikalni bilé hmoty (Blanco et al., 2006; Feany
et al., 2001; Gaul et al., 1995; Zakharov et al., 2015).

Ackoli je mechanismus toxického ucinku kyseliny mravenci v lidském
téle dobfe znamy, Udaji o prognostickém vyznamu koncentrace kyseliny
mravenéi v séru pacientll pro nasledky otravy metanolem je velmi malo
(Sejersted et al., 1983; Tanaka et al., 1991). Koncentrace kyseliny mraven¢i v
séru vyssi nez 500 mg/L (11 mmol/L) je Casto asociovana s vysSSim rizikem
umrti (Ferrari et al., 2003; Jones et al., 2007; Wallage & Watterson, 2008).
Nicméné Hantson dospél k zavéru, Ze existuje vysokd variabilita koncentrace
kyseliny mravenci u osob zemielych na akutni otravu metanolem (Hantson et
al., 2000). Hovda (Hovda et al., 2005b) uvadi, Ze u asymptomatickych pacient
je koncentrace mravencanu v séru v rozmezi 20-380 mg/L (0.5-8.3 mmol/L) a u
pacientil s klinickymi ptiznaky otravy je koncentrace mravenfanu bézné nad
460 mg/L (10 mmol/L). Ve studi1 Zakharova et al. (2015) pacienti, kteti prezili
otravu metanolem a utrp€li dlouhodobé poskozeni zraku, méli pii pfijmu do
nemocnice koncentraci mravencanu v séru 16.1 (IQR 14.3—-19.9) mmol/L, nebo

740 (IQR 660-920) mg/L.

2.2. Klinicky obraz a 1é¢ba akutni otravy metanolem
Nejednozna¢né klinické projevy metanolové otravy byvaji v mnoha

ptipadech pti¢inou diagnostickych obtizi (Hovda et al., 2005a; Paasma et al.,



2007; Zakharov et al., 2014). Po mirné ebrieté a latenci, kterd miize trvat i 24 a
vice hodin (oboji zavisi také na pfitomnosti a mnozstvi etylalkoholu v népoji),
se objevuji nejprve gastrointestinalni symptomy (nauzea, zvraceni, bolesti
bticha), pak dusnost jako kompenzacni mechanismus progredujici metabolické
acidozy (Bennett et al., 1953; Clay et al., 1975; Ree, 1946; Shadnia et al., 2013;
Sharma et al., 2012). Pacienti si Casto ptili§ pozd¢ uvédomuji, Ze jejich stav neni
béznou ,,kocovinou* (Naraqi et al., 1979; Paasma et al., 2007; Zakharov et al.,
2014, 2015).

Poruchy vizu se projevuji mlhavym vidénim, poruchou barevného vidéni,
popfipadé svételnymi zéblesky a pocity oslnéni, nebo naopak ,,zhasinanim‘ a
skotomy (Hovda et al., 2005a, 2005b; Coulter et al., 2011a, 2011b; Kraut,
2015). Na o¢nim pozadi byva piitomna hyperémie a edém v oblasti nervus
opticus (Desai et al., 2013; Hassanian-Moghaddam et al., 2007; Sanaei-Zadeh,
2012). Neurologické symptomy, zejména sopor a koma, jsou projevem t&ézkeé
otravy s rozvojem edému mozku a patii mezi prognosticky neptiznivé klinické
pfiznaky (Hovda et al., 2005a; Paasma et al., 2009; Sanaei-Zadeh, 2013;
Vaneckova et al., 2014, 2015; Zakharov et al., 2016).

V 1é¢bé akutni otravy metanolem maji klicovou roli v€asna inhibice ADH
antidotem (etanolem nebo fomepizolem), korekce téZké acidemie roztokem
bikarbonatu, substituce folath (kyselina folinova nebo listovd) a kontinuélni
nebo intermitentni hemodialyza za iCelem rychlé eliminace metanolu 1 kyseliny
mravenc¢i a korekce acidemie (Abramson et al., 2000; Barceloux et al., 2002;
Bayliss, 2010; Beatty et al., 2013; Bekka et al., 2001; Bergeron et al., 1982;
Brent, 2009, 2010; Burns et al., 1997; Chow et al., 1997; Green, 2007; Hantson
P et al., 2002; Jacobsen D and McMartin KE, 1986, 1997; Kraut et al., 2008;
Mycyk & Leikin, 2003; Zakharov et al., 2014, 2016, 2017).

2.3. Zrakové nasledky akutni otravy metanolem



Retindlni gangliové buiiky a jejich axony, které tvoii zrakovy nerv, jsou
velmi citlivé k histotoxické hypoxii zpisobené inhibici mitochondridlni
cytochrom c oxidazy, protoze maji vyssi energetické naroky a relativné nizsi
pocet mitochondrii (Carelli et al., 2004; Nicholls, 1976; Sharpe et al., 1982).
Nicméné, biochemické a morfologické zmény zplsobené toxickym ucinkem
kyseliny mravenci jsou pfitomny i v jinych typech bunék: ve fotoreceptorech, v
Miillerovych buinikach aj. (Garner et al., 1995; Seme et al., 1999; Treichel et al.,
2003).

Ptiznaky postizeni zraku u pacientll s akutni otravou metanolem se
projevuji s urcitou latenci 8-48 hodin. Doba latence zavisi na mnozstvi poZzitého
metanolu, poméru etanolu a metanolu v toxickém napoji a jinych faktorech
(Barceloux et al., 2002; Galvez-Ruiz et al., 2015a). V tad¢ piipadi dochdzi v
prubéhu nékolika tydnl k plnému uzdraveni, k normalizaci nélezu na o¢nim
pozadi 1 k normalizaci zrakovych funkci (Desai et al., 2013; Sanaei-Zadeh et al.,
2011; Sharma et al., 2012). AvSak dlouhodobé¢ poskozeni zraku mlze pietrvavat
u 10-30 % prezivSich osob (Galvez-Ruiz et al., 2015a, 2015b; Hovda et al.,
2005a; Naraqi et al., 1979; Paasma et al., 2009; Sanaei-Zadeh, 2012; Swartz et
al., 1981). Dlouhodobé zrakové nasledky otravy zahrnuji zizeni zorného pole,
skotomy, sniZeni ostrosti zraku a kontrastni citlivosti, poruchy barvocitu az
kompletni slepotu.

V longitudinalni studii zrakovych nésledkll akutni otravy metanolem u 16
pacientll sledovanych po dobu 3 az 6 mésicli, Ree pozoroval dalsi progresi
poklesu ostrosti zraku u vSech pacientd piezivSich otravu s rezidualnim
zhorSenim zrakovych funkci diagnostikovanym pti propuSténi z nemocnice
(Rae, 1946). Naopak Naraqi nenaSel v prabéhu tii mésicii po propusténi u osmi
pacientl s bilaterdlnim poskozenim zraku signifikantni zmény zrakovych funkci
(Naraqi et al. 1979). Obdobné Onder nepozoroval zZadné dal§i zmény u osmi
pacientl, ktefi pfezili otravu s t€Zkym postizenim zrakovych funkci (Onder et

al., 1998). AvSak Scrimgeour uvadi piipad opozdéného castecného névratu



zraku po kompletni slepoté za tfi mésice po dimisi (Scrimgeour et al., 1982).
Podobné, Reisin popsal piipad zlepSeni ostrosti zraku v pribéhu dvou mésicti po
otrave (Reisin et al., 1998).

Ve studii Paasma et al. (2009) vSichni ¢tyfi z 18 pacientli propusténych z
nemocnice se zrakovymi ndsledky otravy, se kterymi se podafilo navazat
kontakt za Sest let po dimisi, méli ptiznaky trvalého poskozeni zraku, u dalSich
osmi z 22 pacientll propusténych bez nasledkli otravy byly za Sest let nové
zjiStény priznaky poskozeni zraku.

V retrospektivni studii Galvez-Ruiz et al. (2015a, 2015b), z 50 pacientd
vySetfenych po odeznéni akutni optické neuropatie, byl u 22 osob piitomen
cupping (,,vickovani*) o¢niho nervu. VSichni pacienti ze souboru méli znamky
atrofie o¢niho nervu a defekty zorného pole. Autofi studie dospéli k zavéru, ze
cupping o¢niho nervu po akutni otravé metanolem mize mit vysSsi prevalenci,
nez se predpokladalo. Cupping ocniho nervu je projevem toxického ucinku
kyseliny mraven¢i na axony a glialni bunky v prelaminarni, laminarni a
retrolamindrni oblasti.

Ve studii Dethlefs & Naraqi (1978) byla zjiSténa asociace mezi incidenci
dlouhodobého poskozeni zraku a incidenci metabolické acidézy pii piijmu
intoxikovanych pacientli. V dalsi retrospektivni studit mélo pH arterialni krve
pii pfijmu do nemocnice nejvétsi prognosticky vyznam pro poSkozeni zraku
pretrvavajici aspon tii mésice po propusténi z nemocnice (Desai et al., 2013).

V retrospektivni studii Sanaei-Zadeh et al. (2011) byly pozorovany tii
kategorie zmén zrakovych funkci u pacientl s téZkym poskozenim zraku pfi
propusténi z nemocnice: ¢aste¢né zlepSeni zrakovych funkci v prabéhu tii az
Ctyt tydni po propusténi u péti ze 14 sledovanych pacienti, trvala slepota bez
znamek zlepSeni u dalSich péti pacientli a ¢aste¢né zlepSeni ptetrvavajici 1-9
mésicl s naslednym zhorSenim zrakovych funkci, které progredovalo do uplné
slepoty u dalSich ctyt pacientll. Stejné piipady castecného navratu zraku s

naslednym zhorSenim za 3-6 mésicii byly popsany ve studii Zhao et al. (2015).



Na zaklad¢ pozorovanych rozdili v dynamice zmén zrakovych funkci v
prubéhu mésicli nasledujicich po otravé, fada autor dospéla k zavéru, Ze
dlouhodob¢é zrakové nasledky otravy metanolem jsou tézko predvidatelné

(Sanaei-Zadeh et al., 2011).

2.4. Demyelinizace zrakového nervu v disledku akutni toxické optické
neuropatie

Poskozeni myelinového obalu zrakového nervu bylo popsano ve studii
Sharpe (1982) u Ctyt pacientii zemielych na akutni otravu metanolem. Sharpe
pozoroval demyelinizaci retrolaminarni Casti zrakového nervu bez prerusSeni
axontll. Pfi akutni toxickeé neuropatii vede otok myelinového obalu ke kompresi
axont a poruse konduktivity nebo iplnému bloku (Hantson et al., 1999). Akutni
demyelinizace zrakového nervu zplsobena pfimym toxickym ucéinkem kyseliny
mravenci mize vést k axonalni degeneraci v disledku ztraty trofické podpory ze
strany myelinu a pferuSeni normalni interakce axonii s myelinem (Hantson et al.,
1999; Klistorner et al., 2008; Sharpe et al., 1982).

M¢éteni zrakovych evokovanych potencidld (VEP) miize poskytnout
informaci o dynamice zmén konduktivity v disledku mozné regenerace, tedy
remyelinizace a obnoveni integrity zrakovych drah (Klistorner et al., 2010;
Martin M et al., 2006). Prodlouzena latence zrakového evokovaného komplexu
odrazi stupen demyelinizace jednotlivych axoni nervus opticus (rozsah
demyelinizovanych oblasti) a nasledujici zkraceni latence poskytuje informace o
procesu remyelinizace (Jones and Brusa, 2003).

V elektrofyziologické studii akutni neuritis nervus opticus u pacientll s
roztrousenou skler6zou Brusa pozoroval spontanni remyelinizaci béhem 2-3 let
po odeznéni akutni epizody (Brusa et al., 1999). Remyelinizace axont
zrakového nervu po akutnim poSkozeni myelinu mize byt dilezitym faktorem
prevence chronické ztraty axont, retrogradni degenerace gangliovych bunck

sitnice a dalSi progrese zhorSeni zrakovych funkci v mésicich a letech



nasledujicich po akutni otravé. Zatim nebyly publikovany studie poskytujici
data o chronické remyelinizaci zrakového nervu po odeznéni akutni toxické
neuropatie zpuisobené otravou metanolem. Nicméné, moznost dlouhodobé
remyelinizace axonu lze pfedpokladat ze studii akutni neuritis zrakového nervu

u pacientl s roztrousenou skler6zou (Brusa et al., 2001; Klistorner et al., 2007,

2008, 2010).

2.5. Axonalni degenerace zrakového nervu a morfologické zmény vrstvy
nervovych vlaken sitnice

Akutni toxicka neuropatie nervus opticus mize vést k axonalni degeneraci
jak v disledku pfimého UCinku kyseliny mravenci, tak 1 nepfimo, v disledku
myelinoklastického efektu (Barceloux et al., 2002; Sharpe et al, 1982). Tenci
axony z centralni ¢asti zorného pole jsou zranitelng$i, nez periferni axony
vétsiho priméru (Evangelou et al., 2001). Akutni poskozeni axonil miize vést k
retrogradni degeneraci nervovych vldken a ganglii sitnice, kterd se projevuje
ztencenim vrstvy nervovych vlaken (retinal nerve fiber layer, RNFL) sitnice na
optickeé koheren¢ni tomografii (Kornek et al., 2000).

Ve studiich akutni neuritis nervus opticus u pacientll s roztrouSenou
skler6zou, neuromyelitis optica a idiopatickou optickou neuritis bylo zjisténo, Ze
axonalni degenerace a pokles RNFL mohou progredovat nékdy 6-12 mésicti po
odeznéni akutnich symptomi (Costello et al., 2008, 2011; Yau et al., 2013).
Tento proces je doprovazen funkénimi zménami, perzistujicim poklesem
amplitudy evokovaného zrakového komplexu (Klistorner et al., 2007).

Dynamika morfologickych zmén RNFL a zmén amplitudy VEP v
meésicich a letech nasledujicich po akutni toxické neuritis zptisobené kyselinou
mravencéi neni znama. U pacientli s roztrousenou skler6zou byl po odeznéni
akutnich ptiznakl neuritis pozorovan nartist amplitudy VEP v nasledujicich 6-
12 mésicich ptfes pokracujici ztratu RNFL vldken (Klistorner et al., 2010).

Autof1 vysvétluji zlepSeni funk¢éniho nélezu u pacienti s progredujicim



poklesem tloustky RNFL mechanismy neuroplasticity a remodelace funkce v
postakutni fazi neuritis nervus opticus.

V piipadé¢ akutni toxické neuropatie zpisobené kyselinou mravenci vSak
histotoxickd hypoxie miize indukovat spusSténi fady biochemickych a
genetickych mechanismli vedoucich po odeznéni akutni otravy k neuronalni
apoptoze (Banasiak et al., 2000).

Kone¢né, dalsi faktory, jako deficit vitamini B12 a BI, zplisobeny
chronickym alkoholismem a/nebo malnutrici (Fei et al., 2008; Misra et al., 2003;
Yeh et al., 2013), hypofunkce stitné zlazy (Fernandez et al., 2004), nedostatecné
léCeny diabetes mellitus mohou negativné ovlivnit mechanismy regenerace
axonll zrakoveho nervu a vést k progresi morfologického nélezu ztraty vrstvy
nervovych vlaken sitnice a funkénimu nalezu poklesu amplitudy evokovaného
komplexu v obdobi po akutni otravé (Grzybowski et al., 2015; Love, 2006;
Veselinovic D et al., 2005).

2.6. Asociace mezi zrakovymi nasledky a poSkozenim mozku v dusledku
akutni otravy metanolem

Bilateralni nekrdza bazalnich ganglii, zejména putamen, a hemoragické
1éze subkortikalni bilé hmoty jsou typickymi nalezy na CT nebo MRI mozku u
pacientll prezivSich téZkou otravu metanolem (Anderson et al., 1997; Chen et
al., 1991; Giudicissi Filho et al., 1995; Jain et al., 2013; Halavaara et al., 2002;
Hantson et al., 1997; Kuteifan et al., 1998; Phang et al., 1988; Roberge et al.,
1998; Rubinstein et al., 1995; Taheri et al., 2010; Thirunavukkarasu et al., 2013;
Vaneckova et al., 2014, 2016). Mezi jiné, mén¢ Casté nalezy, patii nekroticke
zmény a hemoragické 1éze v globus pallidus, nukleus caudate, v thalamu,
mozecku a mozkovém kmeni (Bhatia et al., 2008; Chio et al., 2004; Ganguly et
al., 1996; Karayel et al., 2010; Lee et al., 2015; Penndorf-Wehner et al., 1997;
Sefidbakht et al., 2007; Server et al., 2003).



Nasledky otravy metanolem z hlediska postizeni CNS se mohou
projevovat symptomy parkinsonismu (rigidita, dystonie, bradykineze, tremor,
atd.), kognitivnim deficitem ridzného stupné, nebo zlstdvat subklinickymi
(Anderson et al., 1987; Bezdicek et al., 2014, 2016; Davis &Adair, 1999;
Finkelstein & Vardi, 2002; Gille et al., 1998; Guggenheim et al., 1971;
Hageman et al., 1999; Ley & Gali, 1983; LeWitt & Martin, 1988; Oliveras Ley
& Gali, 1983; Reddy et al.,, 2007, 2010; Santos-Garcia et al., 2015). V
poslednim ptipad¢ je problémem pozdni stanoveni diagndézy a podhodnoceni
prevalence poSkozeni mozku v populaci pacientll piezivSich otravu, protoze
MRI mozku nepatii do bé&zného diagnostického programu v dobé akutni
intoxikace metanolem (Blanco et al., 2006; Gaul et al., 1995; Patankar et al.,
1999; Vaneckova et al., 2016; Zakharov et al., 2016).

V soucasné dobé chybi studie zabyvajici se asociaci mezi postizenim
zraku a mozku v disledku otravy metanolem. V ptipadé piitomnosti
signifikantni asociace by vcasnd diagnostika poSkozeni zraku vyzadujici
dostupnéj§i a méné narocna vySetieni mohla pomoci s diagnostikou CNS
nasledkli otravy u pacientll bez klinickych neurologickych symptomi v dobé&
dimise a vést k cilenému vySetfeni zaméfenému na zjisténi téchto nésledkt

(MRI mozku, cilen¢ neurologické vysetteni, event. SPECT mozku atd.).

2.7. Problémy spojené se studii dlouhodobych zrakovych nasledki akutnich
otrav metanolem

Ptiznaky akutni toxické neuropatie zrakového nervu zpusobené kyselinou
mraven¢i pretrvavaji delSi dobu, neZz je doba hospitalizace. Symptomy
pseudopapillitis u pacientll ptezivSich otravu metanolem odeznivaji az za 1-2
mesice po propusténi z nemocnice (Dethlefs & Naraqi, 1978; Ingemansson,
1984; McKellar et al., 1997; Sharpe et al., 1982). Proto aktudlni funk¢ni stav
zrakovych drah mutze byt spolehlivé zhodnocen nejdiive za dva mésice po

dimisi, kdy rezidudlni ptiznaky optické neuropatie, zeyména otok myelinového



obalu a s tim spojena porucha konduktivity, upln¢ odezni (Klistorner et al.,
2007, 2008). Morfologicky nalez vrstvy nervovych vléken sitnice (RNFL) miize
byt také zkreslen rezidudlnim otokem, zejména v okoli cév, a vést k chybnému
zaveru, ze tloustka RNFL je normalni (Klistorner et al., 2010).

Dalsim problémem studie prevalence a charakteru dlouhodobych
zrakovych nasledkli otrav metanolem je skute¢nost, Ze objektivni vySetiovaci
metody jako optickd koheren¢ni tomografie, zrakové evokované potencidly,
magnetickd rezonance se béhem hospitalizace u intoxikovanych pacientt bézné
neindikuji. Z tohoto diivodu miZze byt podhodnocena prevalence zrakovych a
CNS naésledkll u osob, které ptezily otravu (Paasma et al., 2009, 2013; Patel et
al., 2002; Zakharov et al., 2014, 2016).

Data o dlouhodobych zrakovych nésledcich akutni otravy metanolem z
dosavadnich longitudindlnich studii byla ziskavdna za 3-6 mésic po
propusténi, z malych soubori pacientli, vySetfenych pouze jednou v dobé&
sledovani bez pouziti objektivnich metod jako OCT RNFL, VEP, MRI a
standardnich protokolii zahrnujicich nezbytna biochemicka vySetfeni (vitaminy
nemuseji byt zcela spolehlivé (Desai et al., 2013; Galvez-Ruiz et al., 2015a,
2015b; Paasma et al., 2009; Reddy et al., 2010; Sanaei-Zadeh et al., 2011,
2012).

Z uveden¢ho vyplyva, Ze studie prevalence, charakteru, zavaZnosti a
dynamiky dlouhodobych zrakovych nasledkli otrav metanolem, zejména
chronickych zmén zrakového nervu (remyelinizace, chronickd axondlni
degenerace) a nervovych vldken sitnice (mozZna retrogradni degenerace) v letech
nasledujicich po otravé vyzaduje prospektivni design, vétSi soubor pacientl,
detailnéj$i klinicka a laboratorni data v dobé hospitalizace, unifikovany
diagnosticky program zahrnujici objektivni a subjektivni metody a minimalné tfi
kola vySetfeni v prubéhu let nasledujicich po otravé za ucelem posouzeni

dynamiky zjiSténych zmén.



3. CILE STUDIE

Cilem disertani prace bylo posoudit prevalenci, zavaznost, charakter a
dynamiku vyvoje dlouhodobych zrakovych nasledki akutni intoxikace
metanolem v letech nasledujicich po otrave.

Na zékladé prospektivniho sledovani zdravotniho stavu souboru pacientt,
ktefi prezili akutni intoxikaci metanolem v dobé hromadné metanolové otravy v
Ceské republice, se predpoklada, Ze bude mozné odpovédét na nasledujici
otazky:

1) zda a jak souvisi vyskyt dlouhodobych zrakovych nasledkii intoxikace
s parametry, odrazejicimi zavaznost akutni otravy (stav pii piijeti, klinicky
prubéh, metabolické dysbalance, hladina metanolu), a které dalSi faktory
(naptiklad druh antidota podaného k terapii akutni intoxikace nebo typ
hemodialyzy, substituce folaty) jsou pro vznik téchto nasledkii prognosticky
vyznamneé;

2) jaka je skutetnd prevalence a dynamika dlouhodobych zrakovych
nasledkt u pacientll prezivSich akutni intoxikaci metanolem a zda se jejich
vyskyt, zavaznost a charakter vyvoje lisi pfi dimisi a s ¢asovym odstupem v
nasledujicich letech;

3) jestli abnormalni a hrani¢ni nalez OCT RNFL sitnice v priibchu let
nasledujicich po otravé progreduje, regreduje, nebo zlistava beze zmen,;

4) jakd je dynamika postizeni zrakového mnervu v dasledku
myelinoklastického UCinku kyseliny mravenci; jestli je toto postiZeni

reverzibilni nebo progredujici.



4. SOUBOR PACIENTU A METODIKA

V dob& hromadné otravy metanolem v Ceské republice v roce 2012 a
v nasledujicich letech bylo 108 pacienti hospitalizovano s potvrzenou
diagnézou akutni intoxikace metanolem; 84 pacientli ztéto skupiny otravu
prezilo. Detailni informace o okolnostech otravy, dob¢& latence, prvnich
ptiznacich a dynamice systémové toxicity a zrakovych potizi byly ziskavany
oSetfujicimi 1€kafi pii pfijmu do nemocnice formou standardniho dotazniku bud’
bezprostiedné¢ od pacientii nebo od ptibuznych. Propoustéci zpravy vSech
hospitalizovanych pacienti s vysledky laboratornich toxikologickych a
biochemickych vySetieni, neurologickych a o¢nich vySetieni, CT a/nebo MRI
vySetieni mozku pifi pfijmu, v dob€ hospitalizace a pii propousténi byly
analyzovany v Toxikologickém informa¢nim stfedisku Kliniky pracovniho
I¢karstvi VSeobecné fakultni nemocnice a 1. I€kafské fakulty Univerzity
Karlovy.

Pfi pfijmu do nemocnice, byla provadéna nasledujici laboratorni
vySetfeni: méfeni koncentrace metanolu, etanolu, kyseliny mravenci, laktatu,
glukozy, albuminu v krevnim séru, funkce ledvin a jater, krevni plyny,
koagulacni profil (INR, APTT, trombocyty, fibrinogen), krevni obraz. Diagnéza
akutni otravy metanolem byla stanovena na zaklade¢:

1) vysledkli métfeni sérové koncentrace metanolu nad 200 mg/L (6.2
mmol/L) a informaci o konzumaci tvrdych alkoholickych népojli; nebo

i1) klinickych pfiznakli, anamnézy, detekce metanolu v krevnim séru a
pfitomnosti nejméné dvou z ndsledujicich kritérii: pH arteridlni krve <7.3,
koncentrace bikarbonatu <20 mmol/L, aniontové okno >20 mmol/L.

Hospitalizovani pacienti byli 1é€eni v souladu s praktickym doporuc¢enim
Americké akademie klinické toxikologie (AACT) a Evropské asociace
toxikologickych stfedisek a klinickych toxikologi (EAPCCT). Hemodialyza
byla aplikovana u pacientl s ndsledujicimi kritérii: sérova koncentrace metanolu

vys$$i nez 500 mg/L (15.6 mmol/L), metabolickd acidéza (pH arteridlni krve



<7.30), nebo porucha zrakovych funkci pii pfijmu do nemocnice. Volba
modality hemodialyzy (intermitentni nebo kontinualni) zdleZela na nékolika
faktorech: hemodynamicka stabilita pacienta, zavaznost otravy, dostupnost
dialyzacnich pfistroji ve zdravotnickém zatizeni aj. Pacientim se zévaZnou
acidemii (pH arteridlni krve <7.20) byl podavan 8.4% nebo 4.2% roztok
bikarbonatu. Jako antidotum pro blokddu alkoholdehydrogenazy byl aplikovan
bud’ etanol nebo fomepizol (4-methylpyrazol). Pro substituci vnitini zasoby
folatu pacienti dostavali kyselinu folinovou nebo kyselinu listovou.

VSsichni pacienti s potvrzenou diagndézou akutni otravy metanolem, ktefti
piezili otravu a byli propusténi znemocnice, byli pozvani k UCasti na
prospektivni longitudinalni kohortové studii dlouhodobych zrakovych nasledkt
otrav metanolem. Pacienti, ktefi odmitli uc€ast na klinickém vySetieni, byli
vylouceni ze studie. Z 84 pacientll piezivSich akutni otravu metanolem, 55
pacientil (65%) v primérném véku 46.7 £ 3.6 let (46 muzi a 9 Zen) souhlasilo
sucasti ve studii a byli vySetieni v letech 2013-2017. Studie byla schvalena
Etickou komisi VSeobecné fakultni nemocnice v Praze.

Z 55 pacientll zahrnutych do prospektivni studie, 8 pacientli zemielo dfiv,
neZ absolvovalo tfeti kolo vySetfeni a 5 pacientli absolvovalo méné nez tfi kola
z diivodu pozd¢jsiho zapojeni do studie. Tito pacienti byli vylou€eni ze studie
dynamiky chronickych morfologickych a funkénich zrakovych zmén. Tedy 42
pacienti, 34 muzi a 8 Zen, absolvovali vSechna tfi kola klinického vySetfeni
v pribéhu ¢tyfletého sledovani jejich zdravotniho stavu.

Kontrolni skupina se skladala ze 41 pacientii ve véku 44.0 & 4.2 let stejné
narodnosti. Podil pacientii s chronickym alkoholismem v obou skupinich byl
stejny: 23 pacienti ve sledovaném souboru a 24 pacienti v kontrolnim souboru.
Kritéria pro vylou€eni z kontrolni skupiny byla nésledujici: nitroocni tlak >22
mm Hg nebo glaukom; pfitomnost reprodukovatelného vypadku zorného pole
méfeného na pfistroji ,,Medmont automated perimeter M700“ (Medmont

International Pty Ltd, Vermont, Australie); nespolehlivy vysledek méfeni



zorného pole (podil falesné pozitivnich nebo falesné negativnich vysledk >15%
nebo ztrata fixace >20%); charakter vypadkli zorného pole typicky pro ocni
patologii; pacienti po nitroo¢nim chirurgickém zakroku (s vyjimkou katarakty a
refrakéni chirurgie, pokud zakrok byl proveden ptfed vice nez rokem); zrakova
ostrost niz§i nez 20/32 dle Skaly ETDRS; zndmky diabetické retinopatie,
diabetického makuldrniho edému, nebo jind vitreoretinalni onemocnéni;
abnormalni funkce zrakového nervu nebo RNFL; pouziti fotosenzibilizujicich

1é¢iv v poslednich dvou tydnech.

Protokol klinického vySetieni

Pacienti ze sledovaného souboru byli vySetieni celkem 3krat za 4 roky
sledovani: 4.9 £ 0.6 mésic, 25.0 = 0.6 mésicli, a 49.9 £ 0.5 mésici po
propusténi z nemocnice ve stejném zdravotnickém zafizeni dle standardniho
klinického protokolu. Dle stejného protokolu byli vySetfeni 1 pacienti
z kontrolniho souboru.

Standardni protokol klinického vySetteni zahrnoval nasledujici vySetieni:

a) kompletni ofni vySetfeni vcetné vySetfeni ostrosti zraku,
biomikroskopického vySetieni se Stérbinovou lampou, méfeni nitroo¢niho tlaku,
vySetfeni ocniho fundu, barvocitu, perimetru, kontrastni citlivosti;

b) optickd koheren¢ni tomografie (OCT) s méfenim tloustky vrstvy
nervovych vldken o¢ni sitnice (RNFL);

c) zrakové evokované potencialy (VEP);

d) magnetické rezonanc¢ni vySetieni mozku (MRI);

e) neurologické a neuropsychologické vySetieni;

f) adiktologicke vySetient;

g) genetické vySetfeni (polymorfismus genli apolipoproteinu E,
aldehyddehydrogenézy, syst¢ému mikrosomalni oxidace etanolu (MEOS);

h) biochemické vySetieni (elektrolyty, glukdza, glykovany hemoglobin,

albumin, prealbumin, urea, kreatinin, bilirubin, jaterni enzymy, cholesterol,



triglyceridy, thyreotropni hormon (TSH), vitaminy B; a Bj,, karbohydrat
deficientni transferin (CDT);

1) krevni obraz a hematokrit, ethylglukuronid v moci;

j) anamnesticky dotaznik, dotaznik kvality Zivota SF-36.

Tloustka vrstvy nervovych vlaken sitnice byla méfena na pftistroji ,,OCT
Spectralis Tracking Laser Tomography* (Heidelberg Engineering GmbH,
Heidelberg, Némecko, software verze 5.8.3) a porovnana s normativni databazi
a s vysledky méfeni u kontrol. Normalni hodnoty byly definovany jako hodnoty
spadajici pod 5-95 percentil normalni distribuce. Abnormalni hodnoty byly
definovany jako hodnoty menSi nez v 1. percentilu normalni distribuce.
Vysledky méteni tloustky RNFL globalni, v nazédlnich a v temporalnich
segmentech oc¢ni sitnice byly porovnavéany pro zjisténi piipad signifikantni
ztraty tloustky RNFL za 4 roky sledovani. Ztrata globalni tloustky RNFL o 2
um a vice a/nebo ztrata asponn 4 um v jednom (zejména temporalnim) segmentu
sitnice v porovnani s vysledkem prvniho méfeni byla povazovana za
signifikantni.

Vysetteni VEP bylo provedeno na pfistroji ,,TruTrace 4 Alien Technik
CZ*, stimulaci reverznim Sachovnicovym podnétem v plném zorném poli
monokularng, se stimula¢ni frekvenci 1.5 c/s, thlova velikost monitoru 6° x 5°
od bodu fixace, uhlova velikost ¢tverce 40°. Jas svétlych a tmavych Etverct byl
84 cd/m? a 57 cd/m?. Pasmova propust zesilovace byla 1 Hz — 1 kHz, evokovana
odpovéd’ byla registrovana ze svodu O,-F, dvéma kandly. Na kazdém oku bylo
vySetieni provedeno dvakrat pro kontrolu reprodukovatelnosti evokovaného
komplexu. Hodnotili jsme latenci viny P1 a amplitudu N1P1 (Obréazek 1).
Nameéfené hodnoty jsme porovnavali s kontrolni skupinou a referencnimi
hodnotami nasi laboratofe. Byla pouZita Ctyfi kritéria abnormality: (1) absence
evokovaného potencialu, (2) latence viny P1 > 117 ms, (3) interokuldrni rozdil

latence viny P1 > 6 ms, a (4) amplituda evokovaného potencidlu < 3 uV.



Vysledky byly kategorizovany jako abnormalni, pokud odpovidaly aspon
jednomu ze Ctyt kritérii.

Zrakova ostrost byla vySetifovdna pomoci standardnich Snellenovych
tabuli z dalky 6 metri. Za abnormalni byl povazovan vysledek horsi nez 6/6.
Zorné pole bylo vySetfovano pomoci statického perimetru na pfistroji
,2Medmont M700 automated perimeter (Medmont International Pty Ltd,
Vermont, Australie). Za abnormalni vysledek bylo povazovano zjisténi
jakéhokoli defektu zorného pole. Barvocit byl vySetfovan pomoci Lanthonyho
15-D testu (Richmond Products Albuquerque NM, USA). Maximalné tfi chyby
byly povaZzovany za normalni nalez, 3-7 chyb za hrani¢ni a vice nez 7 chyb za
patologicky nalez. Kontrastni citlivost byla vySetfovana pomoci Pelli-
Robsonova testu (Clement Clarke International Ltd, Essex, U. K.). Nalez byl
kvalifikovan jako normalni (1.35 a vice), hrani¢ni (1.20-1.05), nebo patologicky
(méné nez 1.05). Fundus byl vySetfovan pomoci biomikroskopu se $térbinovou
lampou s ¢ockou +78 dioptrii. Nalez byl povazovan za patologicky, pokud byly
nalezeny jakékoli patologické zmény disku zrakoveého nervu a/nebo sitnice.

Vsichni pacienti se podrobili magnetickému rezonan¢nimu vySetfeni
mozku na pfistroji ,,Gyroscan Phillips 1.5 T* dle nasledujiciho protokolu:
axialni T2W obraz s tloustkou tezu (THK) 6.0/0.6 mm a néasledujicimi
parametry: TR 4241 ms, TE 100 ms, FA 90°, v modu FLAIR (fluid attenuated
inversion recovery): TR 11000 ms, TE 140 ms, TI 2800 ms, FA 90°, TIW
obraz: TR 569 ms, TE 15 ms, FA 69°, T2W/FFE: TR 665 ms, TE 23 ms, FA
18°, SS-DWI: TR 2901 ms, TE 75 ms, FA 90°, TIW po aplikaci Gd-DTPA a
koronarni fez v T2W obraze s potlacenim tuku (T2W-SPIR): TR 5506 ms, TE
100 ms, FA 90°.
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Obrazek 1. Normalni VEP u pacienta po akutni intoxikaci metanolem

Do skupiny pacientl, ktefi prezili intoxikaci metanolem s dlouhodobymi
zrakovymi nasledky, byli zatazeni pacienti, ktefi méli symptomy toxické optické
neuropatie diagnostikované béhem hospitalizace, v priabéhu 1écby otravy byl u
nich zjiStén patologicky ocni nalez (pokles ostrosti zraku, vypadky zorného
pole, abnormalni barvocit a kontrastni citlivost) a méli perzistujici patologicky
nalez na fundu pfi propousténi z nemocnice. Za nasledky otravy z hlediska CNS
byl povazovan MRI nalez symetrickych nekrotickych a hemoragickych loZisek

v bazéalnich gangliich a subkortikdlni bilé hmoté kompatibilni s diagn6zou

akutni otravy metanolem.



5. VYSLEDKY A DISKUZE
5.1. Prevalence a charakter zrakovych nasledkii akutnich otrav metanolem

(Publikace I)

Cilem nasi studie bylo zjistit prevalenci a charakteru zrakovych nasledki
akutni toxické optické neuropatie v souboru pacienti ptezivSich otravu a
propusténych z nemocnice. Vysledky této studie se mély stat vychozim bodem
pro sledovani dynamiky zrakovych nasledkll v letech nasledujicich po otravé.
Celkem bylo vySetfeno 50 pacienti za 4.9 + 0.6 mésicl po propusténi
z nemocnice (pramér a SD). Na zakladé€ provedeného vySetfeni jsme zjistili, Ze
20 (40%) pacientii z 50 mélo zrakové nasledky akutni intoxikace metanolem
(viz Tabulku 1), zejména abnormalni funkci zrakového nervu a abnormalni
RNFL nélez na o¢ni sitnici. VétSina pacienti se zrakovymi nasledky otravy
méla poruchu barvocitu, vypadky zorného pole, zGZeni perimetru, sniZzenou
kontrastni citlivost a patologické 1éze na fundu. Tti pacienti z 20 méli diabetes
mellitus druhého typu, dva znich Uplné ztratili zrak béhem prvniho dne
hospitalizace s otravou, tteti pacient m¢l bilateralni centralni skotom, vypadky
na periferii zorného pole, poruchu barvocitu, snizenou zrakovou ostrost, typicky
patologicky nalez na fundu, abnormalni RNFL a VEP ndlez, plus symetricka
bilaterdlni nekroticka loziska v putamen na MRI. Dale, 10 pacienti z 20 mélo
arteridlni hypertenzi 1é€enou ACE inhibitory a jeden pacient mél sarkoidézu bez
znamek intraokularni sarkoidozy.

Pouze 12 z 20 pacienti (60%) se zrakovymi nésledky otravy bylo
propusténo z nemocnice s diagnostikovanym patologickym oc¢nim nalezem
v diisledku otravy metanolem, tedy u 40 % pacientli nebyl patologicky nélez
vCas zjiStén pii dimisi. Podstatné vice pacientii s dlouhodobymi zrakovymi
nasledky mélo patologicky nalez na MRI mozku v porovnani s pacienty bez

zrakovych nasledkl (70 % versus 27 %, p<0.01).



Tabulka 1. Vysledky prvniho o¢niho vySetfeni pacientd pfezivSich otravu metanolem 4.9 + 0.6 mésicl po
propusténi z nemocnice.

Skupina RNFL VEP Defekty Poruchy  Kontrastni Nélezna  SniZzend ostrost Nalez na MRI
abnormdlni abnormalni zorného pole barvocitu citlivost ~ o¢nim fundu zraku mozku
abnormalni
Skupina I
1 (3%) 4 (13%) 8 (27%) 3 (10%) 11 (37%) 2 (7%) 3 (10%) 8 (27%)
(n=30)
Skupina II
18 (90%) 16 (80%) 14 (70%) 14 (70%) 17 (85%) 12 (60%) 13 (65%) 14 (70%)
(n=20)
Celkem
19 (38%) 20 (40%) 22 (44%) 17 (34%) 28 (56%) 14 (28%) 16 (32%) 22 (44%)
(n=50)
Pr=nn <0.001 <0.001 0.003 <0.001 <0.001 <0.001 <0.001 0.003

Poznamky: Skupina I — bez zrakovych nasledkii otravy,; Skupina Il — se zrakovymi nasledky otravy;

RNFL — tloustka vrstvy nervovych vlaken sitnice; VEP — zrakovy evokovany potencidl; MRI — magnetické rezonancni vySetieni
mozku.

Prn— vysledek Chi? testu rozdilu mezi Skupinou I a Skupinou II.



Tabulka 2. Laboratorni vysledky pii piijmu do nemocnice u pacientli s akutni otravou metanolem (median a

rozmezi).
Skupina Vek pH pCO2 HCOs5" BD AO S-Laktat S-MetOH S-EtOH S-Formiat  S-Glukéza
(roky) (kPa)  (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
Skupina I 46 7.3 4.2 17.8 7.5 223 1.9 21.8 2.2 7.0 6.3
(n=30) 23-69  7.0-7.5 1.5-6.1  2.5-23.7 0.1-27.2  11.1-419  0.7-17.1 2.7-93.6 0-96.8 0-31.1 44-11.5
Skupina II 48 7.1 3 6.4 22.8 32.6 2.0 52.6 0 15.5 6.6
(n=20) 25-73  6.7-74 1.7-52  2.7-21.8 1.6-38.1 16.6-54.8  0.9-16.3 12.5-228.1 0-8.0 8.9-22.5 4.8-19.8
Celkem 48 7.2 3.8 11.4 16.1 24.5 1.9 28.7 0.1 11.7 6.4
(n=50) 23-73  6.7-7.5 1.5-6.1  2.5-23.7 0.1-38.1 11.1-54.8  0.7-17.1 2.7-228.1 0-96.8 0-31.1 4.4-19.8
Pi-n 0.746 0.001 0.086 0.007 0.001 0.006 0.099 0.008 0.007 0.003 0.078

Poznamky: Skupina I — bez zrakovych nasledkii otravy, Skupina Il — se zrakovymi nasledky
AO — aniontové okno; BD — deficit bazi; S — krevni sérum; MetOH — metanol; EtOH — etanol.

Pi-ii— vysledek Chi? testu rozdilu mezi Skupinou I a Skupinou II.



Tabulka 3. Klinické ptiznaky otravy pii pfijmu do nemocnice a 1écba poskytnuta pacientim s akutni otravou

metanolem.
Skupina Pohlavi  Alkoholis- Davka Doba do Zrakové Koéma Antidotum HD Folaty Prvni
(M/Z) mus toxického hospitalizace priznaky (GCS<V) (Fom/E) (Ano/Ne) pomoc
alkoholu*, * hodin (IHD/ etanol
mL CVVHD) (AIIO/N e)
Skupina I 410 5/25 13/9 23/7 17/11
25/5 19 (63% 24 (2-96 7 (23¢ 0
(n=30) (63%) (100-1000) (2-96) (23%) (17%/83%)  (43%/30%) (77%/23%) (57%/37%)
Skupina II 510 5/11 o/8 14/6 2/18
16/4 13 (65% 34 (3-96 13 (65% 9
(1=20) (65%) (100-1500) (5-5) (65%) (25%/55%)  (45%/40%)  (70%/30%)  (10%/90%)
Celkem 300
10/36 22/17 37/13 19/29
41/9 32 (64% 24 (2-96 20 (409
(n=50) (64%) (100-1500) (2-96) (40%) ? (20%/72%)  (44%/34%) (74%/26%) (38%/58%)
Prn 0.963 0.419 0.420 0.685 0.012 <0.001 0.073 0.672 0.838 <0.001

Poznamky: Skupina I — bez zrakovych nasledkii otravy, Skupina Il — se zrakovymi nasledky

M — muzi; Z — zeny; GCS — Glasgow coma scale; Fom — fomepizol; E — etanol; HD — hemodialyza; IHD — intermitentni hemodialyza;
CVVHD - kontinualni hemodialyza. Pi=ii— vysledek Chi? testu rozdilu mezi Skupinou I a Skupinou II.

* - median a rozmezi.



Tabulka 4. Univariantni a multivariantni logisticka regrese laboratornich
parametrii pti pfijmu do nemocnice signifikantnich pro poskozeni axonil zrakového
nervu u pacientd s akutni otravou metanolem.

4 dfli:tici Po adjustaci
Parametr OR (95% CI) OR (95% CI)
S-EtOH 0.10 (0.02 - 0.52) 0.07 (0.01 - 0.8)
S-MetOH 4.25 (1.52-11.94) 559 (1.49-21.03)
pH 2.41 (1.35-4.32) 3.92 (1.59 - 25.95)
HCOs5" 2.35 (1.14 - 4.84) 1.16  (0.01 - 2.49)
S-Laktat 1.82 (0.69 - 4.8) 143  (0.36 - 5.65)

Poznamky: Tuéné zvyraznéna Cisla indikuji statisticky vyznamny vysledek (p < 0.05). OR - odds
ratio; CI — konfiden¢ni interval; S- sérum; EtOH — etanol (nedetekovatelny versus pozitivni
koncentrace); MetOH — metanol (<15 mmol/L, 15-25 mmol/L, >25 mmol/L); pH — arteridlni pH
pii ptijmu (<7.14, 7.14-7.25, >7.25); HCO:s. - bikarbonat (<9.3 mmol/L, 9.3-13.8 mmol/L, >13.8
mmol/L); Laktat — koncentrace laktatu v krevnim séru (<1.2 mmol/L, 1.2-2.9 mmol/L, >2.9
mmol/L).

Symetrickd nekrotickd loZiska v putamen byla pfitomna u 58 % pacientll se
zrakovymi nasledky a pouze u 10 % pacientl bez postizeni zraku (p < 0.01).

Vysledky laboratornich vySetieni a klinické ptiznaky pii piijmu do
nemocnice jsou uvedeny v tabulkdch 2 a 3. P&t laboratornich parametrti, pH
arterialni krve, koncentrace bikarbonatu, laktatu, metanolu a etanolu pfi piijmu
byly pouzity pro univariantni a multivaridntni analyzu za tucelem predikce
pravdépodobnosti poskozeni axonii zrakového nervu u pacientli s toxickou
optickou neuropatii (Tabulka 4). Nebyla nalezena asociace mezi druhem antidota
aplikovaného v nemocnici (etanol nebo fomepizol), substituci folatu, a postizenim
zrakového nervu v disledku otravy.

V ramci studie jsme zjistili, Ze prevalence dlouhodobych zrakovych nasledki
akutnich otrav metanolem je podstatné vyssi, nez byla stanovena pii propusténi

znemocnic a neZ byla doposud popséna v literatufe. Z 37 pacienti bez



subjektivnich zrakovych potizi byl u 8 (22%) pacientil zjiStén abnormalni RNFL
nalez o¢ni sitnice a abnormalni VEP nélez.

Otravy metanolem jsou doprovazeny vysokou mortalitou a vyskytem
zéavaznych zdravotnich nasledkl pfes nakladnou a slozitou 1écbu (Barceloux et al.,
2002). Postizeni zraku u pacientli piezivSich otravu muze byt docasnym nebo
trvalym s riznou dynamikou (Desai et al., 2013; Galvez-Ruiz et al., 2015a,b;
Paasma et al., 2009; Sanaei-Zadeh et al., 2011; Scrimgeour et al., 1982). Vyssi
prevalence zrakovych nasledkil v nasi studii v porovnani s vysledky jinych studii
(Hovda et al., 2005a; Naraqi et al., 1979; Swartz et al., 1981), stejné jako znacny
vyskyt subklinickych abnormadlnich nalezi nedoprovazenych subjektivnimi
pfiznaky, svéd¢i o nezbytnosti komplexniho o¢niho vySetfeni u kazdého pacienta
ptezivs§iho otravu metanolem pii propusSténi z nemocnice. Toto vySetieni musi
zahrnovat nejen standardni testy, ale také vySetteni OCT RNFL a VEP.

Zavaznost metabolické acidozy, koncentrace metanolu a etanolu v krevnim
séru pfi pifijmu do nemocnice demonstrovaly signifikantni asociaci se zrakovymi
prognostického faktoru pro poskozeni zraku (Desai et al., 2013; Sanaei-Zadeh et
al., 2011). Pacienti s poSkozenim zraku méli dvakrat vyssi koncentraci mravencanu
v krvi pfi pfijmu do nemocnice v porovnani s pacienty bez poskozeni zrakovych
funkci. Dlouhodobé zrakové nasledky byly zjistény u vSech 9 pacientt pfijatych do
nemocnice v komatu (GCS < 8), znichz 4 (44 %) Gplné ztratili zrak. Kéma pii
pfijmu je negativni prognosticky znak pro pieziti otravy metanolem (Liu et al.,
1998; Paasma et al., 2012).

Analyza klinickych ptiznakii ukazuje, Ze pacienti se symptomy poruchy
zraku pfi pfijmu do nemocnice méli zrakové nasledky otravy mnohem castéji nez

pacienti bez subjektivnich potiZi pti ptijmu (65 % versus 23 %, p<0.05). Ve studii



Sanaei-Zadeh H et al. (2011) rané subjektivni symptomy zrakové toxicity jako
rozmazané vidéni ustupovaly do dvou tydni. Akutni pseudopapillitis s typickym
edémem disku oc¢niho nervu a edémem peripapilarni o¢ni sitnice Uplné€ ustupuje
v pribéhu nékolika tydnii (Galvez-Ruiz et al., 2015a, 2015b; Ingemansson, 1984;
Dethlefs and Naraqi, 1978).

Na druhé stran€, zpomaleni konduktivity o¢niho nervu, pokles amplitudy
VEP a abnormalni tlouStka RNFL ptedstavuji dlouhodobé diisledky demyelinizace
o¢niho nervu a axondlni degenerace oc¢ni sitnice (Brusa et al., 2001; Klistorner et
al., 2008). Dynamika téchto procesii v letech nasledujicich po otravé a jejich
klinické determinanty byly pfedmétem nasi prospektivni studie, jejiz vysledky jsou

popsany v nasledujicich kapitolach.



5.2. Progredujici chronicka degenerace axonu zrakového nervu a nervovych
vlaken ocni sitnice: morfologické a elektrofyziologické parametry, vliv na

zrakové funkce (Publikace I1, I1I)

Znalosti charakteru postizeni a determinant ovliviiyjicich chronické
morfologické zmény oc¢ni sitnice jsou klicové pro hodnoceni ucinnosti 1éCby,
prognozu, posouzeni potieby specidlnich zdravotnich pfistrojich a zlepSeni kvality
zivota pacientil prezivsich otravu metanolem. Proto jsme uskutecnili prospektivni
longitudindlni kohortovou studii se sérii méteni tloustky vrstvy nervovych vlaken
sitnice u 42 pacientii v prub&hu Ctyf let po akutni intoxikaci metanolem a u 41
kontrol. Demografické a laboratorni ukazatel¢ pacientii z obou souborii jsou
uvedeny v tabulce 5.

Pt1 ptfijmu do nemocnice méli pacienti ze sledovaného souboru koncentraci
metanolu v séru 1.43+0.47 g/L, kyseliny mraven¢i 0.60+0.15 g/L, pH arteridlni
krve 7.17£0.07, a deficit bazi 16.50£3.50 mmol/L (primér a SD). Polovina
pacientil ze sledovaného souboru méla pii piijmu zavaznou metabolickou acidézu,
10 pacientl bylo pfijato v komatu, 20 pacientl mélo zrakové potize v rozmezi od

rozmazaného vidéni do kompletni slepoty (3 pacienty).

Dynamika chronického poklesu tloust’ky vrstvy nervovych vidken sitnice

Vysledky tfech méfeni tlouStky RNFL v pribéhu 4 let jsou uvedeny na
obrazku 2. Signifikantni pokles globéalni tloustky RNFL s nejvétsi ztratou
v temporalnich segmentech byl zaznamenan ve sledovaném souboru v porovnani

s kontrolami.



Tabulka 5. Demografické a laboratorni ukazatele pacientli ze sledovaného a kontrolniho soubort (primér a SD)
v ramci studie chronickych morfologickych zmén o¢ni sitnice.

Vek, Abusus  (Glukéza, [Clyc Kreatinin, (Cholesterol, [TSH, Triacylgly- [Vitamin [Vitamin |GGT,
roky alkoholu mmol/L. [HbAlc, umol/L  mmol/L ceridy, Bi, ug/L Bz, pg/L jukat/L
mIU/L
mmol/mol mmol/L
Sledovany
soubor 45.7+4.4 23 (55%) 5.2+0.3 [33.9+2.1 79.5¢4.5 5.4+04 2.3+0.3  [1.5%0.3 60.8£5.5 [394£51  |1.9+0.8
(n=42)
Kontrolni
soubor 44.0+4.2 124 (59%) | 4.6£0.3 36.0+1.5 76.0+£9.4 4.6£0.4 2.1+0.6 1.6+1.0 45.7+4.2 | 420£110 | 0.6+£0.3
(n=41)
P 0.729 | 0.426 | 0.004 0.102 0.507 0.008 0.554 0.859 0.001 0.687 0.006

Poznamka: rozdil p<0.05 byl povazovan za signifikantni (zvyraznéno tucné)
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Obrazek 2. Vysledky méfeni RNFL ve sledovaném souboru (n=42) v pribéhu 4 let
versus vysledky méfeni u kontrol (n=41).

Poznamky: OD — oculus dexter;, OS — oculus sinister; *** - p<0.001; exam —
jednotliva méreni 4.9[+0.6] mésicii, 25.0[%0.6] mésici, a 49.9[/+0.5] mésicii po
propousténi z nemocnice (primeér a SD).

Ptiklad individualni dynamiky RNFL v prabé&hu studie je uveden na obrazku
3. Rychlost poklesu RNFL byla signifikantné vyssi nez rychlost fyziologického
poklesu spojen¢ho se starnutim (obrazek 4 nahote vlevo). Nejvyssi rychlost ztraty
axond byla zaznamenina u pacientl se zavaZnou intoxikaci a metabolickou
acidozou pii pfijmu (obrazek 4 nahote vpravo). Tito pacienti méli velmi nizkou
koncentraci etanolu nebo negativni etanol v séru pfi pfijmu do nemocnice, nizsi pH
arterialni krve a vysSi koncentraci kreatininu v porovndni s pacienty bez

signifikantniho poklesu RNFL v dobé sledovani (Tabulka 6).
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Obrazek 3. Individualni dynamika poklesu tloustky RNFL u pacienta v dobé
sledovani.
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Obrazek 4. Dynamika poklesu tlouStky RNFL v pritbéhu 4 let po akutni otravé
metanolem ve sledovaném souboru (nahote vlevo), u pacientli se zavaZznou otravou
(nahote vpravo), s abnormalnim (dole vlevo) a normalnim (dole vpravo) RNFL
nalezem pii prvnim méfeni.

Poznamky: OD — oculus dexter; OS — oculus sinister; *** - p<0.001; exam —
jednotliva mereni 4.9/+0.6] mésicii, 25.0[+0.6] mesicu, a 49.9/+0.5] mésicu po
propoustent z nemocnice (prumer a SD).

Pacienti s abnormalnim RNFL nalezem pii prvnim méfeni méli nejvyssi
rychlost ztraty axond v obdobi mezi prvnim a druhym méfenim (obrazek 4 dole

vlevo). Kone¢né¢, pacienti s normalnim nebo hrani¢nim nalezem RNFL pfi prvnim



Tabulka 6. Demografické, toxikologické a biochemické parametry u pacientd se signifikantnim chronickym
poklesem tloustky RNFL ve sledovaném obdobi versus pacienti bez signifikantniho poklesu RNFL (pramér a SD).

Vek. rok MetOH, | EtOH, 0 Kreatinin, | Glukoéza, | Laktat, |Mravencan,| Vitamin |Vitamin B2, GGT,
> TOXY mg/L mg/L P pmol/L mmol/L | mmol/L mg/L B, pg/L pg/L pkat/L
Pokles
RNFL 50.0£9.2 | 1950+980 | 73+95 |7.00+£0.19| 131£32 11.4+4.5 6.0£3.4 620+460 68+18 480+170 | 0.9+0.6
(n=10)
Bez
poklesu
RNFL 44.4+£5.3 | 1250£550 |280+180(7.22+0.07| 83.34£9.1 7.2+1.0 2.4+£1.0 600+170 57.8£5.4 413+65 1.1+0.4
(n=32)
P 0.290 0.201 0.042 | 0.005 0.010 0.078 0.053 0.859 0.272 0.384 0.444

Poznamka: rozdil p<0.05 byl povazovan za signifikantni (zvyraznéno tucné)




meéieni neméli negativni dynamiku zmén tloustky RNFL v pritbéhu 4 let sledovani
(obrazek 4 dole vpravo). Interokularni rozdily v primérné tlouStce RNFL ve
sledovaném souboru byly signifikantni pro globélni a temporalni RNFL ve vSech
ttech kolech méfeni, coZ bylo vzato v Uvahu v multivaridantnim modelu jako
proménna ,,OD/OS rozdil v RNFL tloustce®.

Ukazatel zadvaznosti metabolické acidozy, pH arterialni krve pii ptijmu do
nemocnice, demonstroval nejsignifikantnéj$i asociaci jak s tlouStkou RNFL
(obrazek 5), tak i s dynamikou chronické ztraty axonii (obrazek 6). V bivaridntnich
modelech byla nalezena signifikantni asociace tloustky RNFL s pohlavim, vékem,
sérovou koncentraci metanolu, etanolu, mraven¢anu, laktatu, glukozy pti piijmu do
nemocnice a s koncentraci vitaminli B; a Bj; méfenou ve sledovaném obdobi
(vSechna p < 0.05). Nebyla nalezena asociace tloustky RNFL s koncentraci
glukozy, glykovaného hemoglobinu, cholesterolu, triacylglycerid, TSH a dalSimi
laboratornimi biochemickymi parametry métenymi ve sledovaném obdobi.

Z terapeutickych opatfeni byla zjiSténa asociace mezi prednemocni¢nim
podanim etanolu jako ,,prvni pomoci® a vétsi tloustkou globalni RNFL (r = 0.388 a
0.355; p=0.010 a 0.030 pro OD a OS), jakoz i mensi dynamikou chronické ztraty
axontl (r = —0.396 a —0.406; p = 0.013 a 0.010 pro OD a OS). Pacienti, u kterych
byla aplikovéna intermitentni hemodialyza, méli mensi ztratu axonlt v porovnani
s pacienty lé¢enymi pomoci kontinudlni hemodialyzy (r = 0.473 a 0.367; p = 0.002
a 0.017 pro OD a OS). Nebyla nalezena asociace mezi tloustkou RNFL,
dynamikou ztraty axonid a jinymi lécebnymi modalitami (aplikace etanolu nebo
fomepizolu v nemocnici, substituce folaty, aj.).

Pro regresni analyzu dynamiky poklesu tloustky globalni RNFL ve
sledovaném obdobi byly nésledujici prom&nné zahrnuty do modelu jako prediktory:
veék, pohlavi, doba od ingesce metanolu, OD / OS rozdil v tloustce RNFL,

laboratorni parametry métené pii piijmu do nemocnice s akutni otravou (pH
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Obrazek 5. Asociace tloustky globalni RNFL (nahofe vlevo, nahofe vpravo),
RNFL vnazidlnim segmentu (uprostied vlevo, uprostited vpravo) a RNFL
v temporalnim segmentu (dole vlevo, dole vpravo) méfené tiikrat v obdobi
sledovani a pH arteridlni krve pifi pfijmu do nemocnice s akutni otravou
metanolem.

Poznamka: OD — oculus dexter; OS — oculus sinister.
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Obrazek 6. Asociace dynamiky chronického poklesu tloustky globalni (nahote),
nazalni (uprostted) a temporalni (dole) RNFL v pribchu 4 let sledovani a pH
arterialni krve pfi ptijmu do nemocnice s akutni otravou metanolem.

Poznamka: OD — oculus dexter; OS — oculus sinister



Tabulka 7. Model piedpovidajici zmény tlouStky globalni RNFL v pritbéhu 4 let sledovéani.

Parametr Odhad Standardni df t Vyznamnost 95% Konfiden¢ni Interval
odchylka Dolni hranice  Horni hranice
Intercept 87.47 3.52 24.94 24.83 0.000 80.22 94.73
Cas -0.75 0.12 32.04 -6.12 0.000 -0.99 -0.50
OD/OS rozdil 1.35 0.37 40.64 3.63 0.001 0.60 2.11
Pohlavi -0.74 3.80 24.90 -0.19 0.848 -8.57 7.09
Vék -3.38 3.10 24.99 -1.09 0.286 -9.76 3.00
pH 9.66 3.36 25.03 2.88 0.008 2.74 16.57
Cas*pH 0.48 0.12 33.34 3.99 0.000 0.24 0.73
MetOH -3.94 4.24 24.95 -0.93 0.361 -12.67 4.79
EtOH 1.87 2.98 25.06 0.63 0.536 -4.26 8.00
Glukoza -0.33 0.48 99.62 -0.70 0.487 -1.28 0.61
B 1. -0.29 3.30 25.02 -0.09 0.931 -7.08 6.51
Bi_2. -5.81 291 25.00 -2.00 0.057 -11.81 0.18
TSH 0.02 0.16 80.13 0.10 0917 -0.30 0.33
B2 1. -2.63 2.77 24.90 -0.95 0.351 -8.33 3.07
B2 2. -0.31 5.35 24.95 -0.06 0.954 -11.34 10.71
B2 3. 0.08 5.38 24.95 0.01 0.988 -11.01 11.17

Poznamky: Cas — délka casového intervalu od poZiti metanolu do zacdtku hospitalizace; OD/OS rozdil — interokuldrni rozdil
v priimérné tloustce globdlni RNFL,; pH — pH arteridlni krve pri piijmu; Cas*pH — efekt interakce mezi pH arteridlni krve a casem od
ingesce metanolu do zacatku hospitalizace; MetOH — koncentrace metanolu; EtOH — koncentrace etanolu; Glukoza — koncentrace
glukozy; Bl — koncentrace vitaminu B, Bi> — koncentrace vitaminu B>, TSH — koncentrace thyreotropniho hormonu; 1., 2., 3. -
Jjednotliva méreni 4.9/+0.6] mésicu, 25.0[£0.6] mesicu, a 49.9/+0.5] mésicii po propousténi z nemocnice (primeér a SD).



arterialni krve, koncentrace metanolu, etanolu a glukézy), koncentrace vitamini By,
B2, TSH méfené v obdobi sledovani. Prognosticky model poklesu tlouStky
globalni RNFL v prabéhu ¢ty let po akutni toxické optické neuropatie pro riizné
hodnoty pH arterialni krve po adjustaci na ostatni nezavislé proménné pouzité pro

multivariantnim analyzu (Tabulka 7) je uveden na obrazku 7.
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Obrazek 7. Prognosticky model poklesu tloustky globalni RNFL v dobé sledovani
v zavislosti na pH arteridlni krve po adjustaci na dal$i nezavislé proménné (viz
Tabulku 7).

Poznamky: RNFL thickness — prumérna predikovana tloustka globdlni RNFL, um; pH — pH
arteridalni krve pri prijmu; Exam - jednotliva méreni 4.9[£0.6] mésicii, 25.0[+0.6] mésicu, a
49.9/%0.5] mésicu po propousténi z nemocnice (prumeér a SD).



Ktivka ,,Receiver Operating Characteristic (ROC) piedpovidajici pokles
tloustky globalni RNFL v obdobi sledovani v zavislosti na pH arterialni krve pfi
pfijmu po adjustaci na v€k a pohlavi je uvedena na obrazku 8. Pro tento model
,Area Under the Curve® (AUC) je 0.753 £ 0.076 (p = 0.006) je senzitivita 90 % a
specificita je 50 %. Odhad rizika signifikantniho poklesu tloustky globalni RNFL
(vice 2 um) vprabéhu let po akutni optické neuropatii v disledku otravy
metanolem pro pH arterialni krve pod 7.3 je: OR 9.0 (1.64-49.47 CI 95%, p < 0.05)
aOR 11.65 (1.91-71.12 CI 95%, p < 0.05) po adjustaci na v€k a pohlavi.
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Obrazek 8. ROC kiivka predpovidajici pokles tloustky globalni RNFL v obdobi
sledovani v zavislosti na pH arterialni krve pfi ptijmu.



Dynamika poklesu tloust’ky RNFL a funkce o¢niho nervu dle méreni VEP.

Pfi prvnim vySetfeni byla abnormalni latence vlny P1 zrakovych
evokovanych potencidlii namétena u 18 pravych oci (43 %) a 21 levych oci (50 %),
vcetné 5 pravych oc¢i a 4 levych oci s nevybavitelnym evokovanym potencidlem.
Korelace mezi tloustkou globdlni a temporalni RNFL, P1 latenci a amplitudou
N1P1 evokovanych potencialii je uvedena v tabulce 8. Negativni korelace mezi
latenci P1 a tloustkou RNFL (tedy vice prodlouzena latence P1 odpovidd mensi
tloustce RNFL) byla nejvyznamnéjsi pii prvnim vySetfeni, méné¢ vyznamnd pii
druhém vySetfeni a konecné nevyznamnd pii tfetim vySetfeni. Postupna ztrata
vyznamnosti korelace odpovidd postupnému procesu remyelinizace axoni
zrakového nervu.

Pozitivni korelace mezi tlouStkou RNFL a amplitudou N1P1 evokovaného
potencidlu (tedy vys$i amplituda odpovida vétsi tloustce RNLF) demonstrovala
opacnou tendenci: nejvyznamnéj$i korelace byla pii poslednim, tfetim vySetfeni
(Tabulka 8). Dynamika poklesu tloustky globalni RNFL pozitivné korelovala
s latenci P1 evokované¢ho potencidlu méfenou béhem prvnich dvou vySetfen:
rychlost chronické ztraty axontli byla vyssi u pacienta s delsi latenci P1 v disledku
akutni demyelinizace zrakového nervu (OD: r = 0.392 a 0.396; OS: r = 0.322 a
0.386 pro 1. a 2. vySetteni, vSechna p < 0.05). Kone¢né, rychlost chronicke ztraty
axontl negativné korelovala s amplitudou N1P1 evokovanych potenciali méienych
béhem vSech tfech vySetfeni. Pacienti s niz§i amplitudou NIP1 evokovaného

potencialu méli vyssi rychlost ztraty axont zrakového nervu.



Tabulka 8. Korelace tloustky RNFL, latence P1 a amplitudy N1P1 zrakovych evokovanych potenciali.

OD OD oD (0N (0N (0N oD OD oD (0N (0N (0N
globalni globalni globalni globalni globalni globalni temporalni temporalni temporalni temporalni temporalni temporalni
RNFL 1. RNFL2. RNFL3. RNFL1. RNFL2. RNFL3. RNFL1. RNFL2. RNFL3. RNFL1. RNFL2. RNFL 3.
vySetfeni vySetfeni vySetfeni vySetfeni vySetfeni vySetfeni vySetfeni vySetfeni vySetfeni vySetfeni vySetieni vySetfeni
Pearson -0424 -0426 -0.420 -0.468 -0.489 -0.475 -0.540 -0.530 -0.557 -0.508 -0.502 -0.463
ODPI1 1. Correlation
vySetieni Sig. (2- 0.010 0.010 0.011 0.005 0.002 0.002 0.0010 0.0010 0.000 0.002 0.002 0.004
tailed)
Pearson -0411 -0438 -0.441 -0.461 -0.506 -0.499 -0.447 -0.469 -0.510 -0.490 -0.492 -0.471
OD P1 2. Correlation
vySetieni Sig. (2- 0.014 0.009 0.008 0.005 0.002 0.002 0.007 0.004 0.002 0.003 0.003 0.004
tailed)
Pearson 0.106 0.111 0.105 0.166 0.136 0.133 0.136 0.107 0.127 0.083 0.077 0.083
OD P1 3. Correlation
vySetieni Sig. (2- 0.531 0.513 0.537 0.327 0.421 0.432 0.421 0.530 0.452 0.625 0.649 0.627
tailed)
Pearson -0.535 -0.528 -0.548 -0.595 -0.588 -0.604 -0.517 -0.510 -0.554 -0.497 -0.487 -0.503
OS P1 1. Correlation
vySetieni Sig. (2- 0.001 0.001 0.000 0.000 0.000 0.000 0.0010 0.001 0.000 0.002 0.002 0.001
tailed)
Pearson -0.521 -0.533 -0.549 -0.457 -0.484 -0.502 -0.463 -0.506 -0.535 -0.408 -0.430 -0.450
OS P1 2. Correlation
vySetieni Sig. (2- 0.001 0.001 0.001 0.005 0.003 0.002 0.004 0.002 0.001 0.013 0.009 0.006
tailed)
Pearson -0.027 -0.034 -0.040 0.029 -0.009 -0.016 0.001 -0.046 -0.026 -0.046 -0.069 -0.065
OS P1 3. Correlation
vySetieni Sig. (2- 0.877 0.845 0.819 0.869 0.959 0.926 0.996 0.791 0.879 0.789 0.688 0.707
tailed)
Pearson 0.273  0.296 0.356 0.393 0385 0419 0461 0463 0495 0505 0473 0.495
OD NIPI1 1. Correlation
vySetfeni Sig. (2- 0.107 0.080 0.033 0.018 0.020 0.011 0.005 0.004 0.002 0.002 0.004 0.002

tailed)



Pearson 0.250 0.256 0.321 0.414 0402 0434 0.381 0.3890 0.438 0.448 0.456 0.468
OD N1P1 2. Correlation
vySetieni Sig. (2- 0.147 0.138 0.060 0.013 0.017 0.009 0.024 0.021 0.008 0.007 0.006 0.005
tailed)
Pearson 0.253 0.254 0312 0399 0373 0400 0397 0383 0432 0463 0453 0457
OD N1P1 3. Correlation
vySetieni Sig. (2- 0.130 0.130 0.060 0.015 0.023 0.014 0.015 0.019 0.008 0.004 0.005 0.004
tailed)
Pearson 0410 0.431 0432 0428 0420 0426 0.291 0297 0306 0320 0.309 0.316
OS N1P11. Correlation
vySetfeni Sig. (2- 0.011 0.007 0.007 0.007 0.009 0.008 0.076 0.070 0.062 0.050 0.059 0.053
tailed)
Pearson 0.309 0315 0375 0428 0416 0444 0412 0426 0474 0435 0438 0.453
OS N1P1 2. Correlation
vySetfeni Sig. (2- 0.066 0.061 0.024 0.009 0.012 0.007 0.013 0.010 0.003 0.008 0.007 0.0006
tailed)
Pearson 0304 0314 0370 0.451 0432 0458 0394 0397 0450 0452 0451 0.470
OS N1P1 3. Correlation
vySetieni Sig. (2- 0.072 0.062 0.026 0.006 0.009 0.005 0.018 0.017 0.006 0.006 0.006 0.004
tailed)

Poznamky: OD — oculus dexter; OS — oculus sinister, vySetieni — klinické vysetieni 4.9[%0.6] mésicu, 25.0[%0.6] mésicii, a 49.9/%0.5]
meésicu po propoustéeni z nemocnice (primeér a SD).



Chronicky pokles tloust’ky RNFL, dynamika ztraty zrakovych funkci a
postizeni mozku na magnetické rezonanci.

U pacienti se signifikantnim poklesem tloustky RNFL jsme zjistili
progredujici ztratu zrakovych funkci v 7 z 10 ptipadl. Progredujici ztrata ostrosti
zraku byla zjiSténa u 4 pacientli, progrese vypadkl zorného pole a zhorSeni
perimetru u 6 pacient, pokles kontrastni citlivosti u 3 pacienti a zhorSeni
barvocitu u 5 pacientli. VSichni pacienti s progredujici ztratou zrakovych funkci
byli muzi ve véku od 33 do 69 let. Pouze pacient Cislo 7 (viz Tabulku 9) mél
diabetes mellitus 2. typu na metforminu. Nebyla zjiSténa zadna dalSi relevantni
somatickd nebo ocni onemocnéni, ktera by vysvétlovala pokles zrakovych funkci.

Znamky poskozeni mozku na magnetické rezonanci byly pfitomny u 18 ze
42 (43%) pacientll. Symetricka bilaterdlni nekrotickd loZiska v putamen byla
zjiSténa u 16 pacienti. U 12 pacientli (67%), byly pfitomny hemorrhagické léze
v mozku. Patologické 1éze zrakového nervu na MRI byly zjiStény u tfech pacienti.
Vysledky druhého a tfettho MRI vySetfeni mozku neprokazaly znamky progrese
ani regrese zjiSténych nalezi.

Byla pfitomna pozitivni asociace mezi MRI znamkami poskozeni mozku,
pfitomnosti hemorrhagickych lozisek v mozku a poklesem tlouStky globalni a
temporalni RNFL v obdobi sledovani (vSechna p < 0.05). Prevalence dlouhodobych
zrakovych nasledkli u pacientii s hemorrhagickymi 1ézemi v mozku byla vyssi nez
u pacientl s nekrotickymi loZisky v mozku bez hemorrhagickych znamek. Pacienti
s abnormalni tloustkou RNFL méli MRI znamky poskozeni mozku v 10 z 13
piipadd, pacienti s normalni tloustkou RNFL — pouze v 8 z 29 ptipadit (p = 0.003).
Hemorrhagické znamky v mozku byly pfitomny u 7 z 13 pacientii s abnormalni
tloustkou RNFL a pouze u 5 z 29 pacienti s normalni tloustkou RNFL (p = 0.015).

Zjistili jsme, Ze akutni poSkozeni gangliovych bunék neuronli o¢ni sitnice

kyselinou mravenci pfi otravé metanolem je nésledovano chronickou degeneraci



Tabulka 9. Dynamika ztraty zrakovych funkci u pacienta se signifikantnim poklesem tloustky RNFL v prabchu 4

let sledovani (n=10).

vySetieni

Pacient 1. 2. 3. 4% S. 6. 7. 8. Q. ** 10.
(OD/OS)
Vel , 69/M 58/M 61/M 48/M 48/M 34/M 65/M 46/M 33/M 38/M
Pohlavi
VA: 1; . |1.0/0.3* 0.1/0 0.6/0.6 0.03/0.03  0.6/0.6 1.0/0.8 1.0/0.6 0.06/0.03  0.03/0.01  |0.9/0.7
vySetreni
VA 2.

. o . |1.0/1.0 0.1/0 06./0.7 0.03/0.03  0.6/0.5 0.9/0.8 1.0/0.8 0.1/0.06 0.08/0.03  |0.6/0.6
vysetreni
VA: 3; . |1.0/1.0 0.08/0 0.6/0.6 FC/0.03 1.0/0.7 0.9/0.9 0.6/0.6 0.15/0.3 0.08/0.03  |0.5/0.4
vysetreni

OD/OS

‘ Naza}lnl OD res1d1}a o O’]?/O’S OD/OS OD/OS defe’kt},/ V' op/os OD/OS
Perimetr 1. dolni paracentral- (OD zuZeni / zGZeni . . s nazalnim a ., (defekty s

“ v . ] s . cirkularni  nazalni 1. centrocekal- \ normalni
vySetieni  (defekty ni horni/  |OS normalniv hornima | ,. A temporalnim|_, v celém

. , . [zuzeni zuzenl , ni scotomata , .
00 OS nejde dolnim poli dolnim zorném poli
segmentech
OS OD/OS

Perimetr 2.| , . . . OD ztzeni /|, . . 0S progrese. oy oy resu'iuz} M O,D/(,)S

« v . stene Nejde .1..stejné progrese k v temporal- stejné stejné nazalnim a nizka
vySetteni OS normalni , , .

centru nim v hornim  spolehlivost
segmentu olich
OD/OS
Perimetr 3. stejné Nejde OD zazeni / fresidua stejné stejné stejné stejné stejné stejné
vySetfeni ) L OS norméalnitemporalni ) ) ] ] 4 d
a nazalni

S 1. N/B* PAND  N/B P/P P/P B/B p/P P/P ND B/P




Csvz'v . [N/N P/ND N/B ND B/P B/B B/B B/P P/ND B/P
vysetreni

CS 3.

.. . |B*N P/ND N/B ND P/P B/P B/B P/P P/ND P/P
vysetreni

CV 1.

. v . |N/N P/ND N/N P/P IN/N IN/B IN/N B/P IND IN/N
vysetreni

CV 2.

. .. . [B/N P/ND N/B ND IN/N IN/N IN/B B/B IND IN/N
vysetreni

CV 3.

. .. . |B/B P/ND N/N ND N/P B/B IN/B B/B P/ND B/P
vySetreni

Poznamky: OD — oculus dexter; OS — oculus sinister; VA — ostrost zraku, CS — kontrastni citlivost; CV — barvocit;, FC — pocet prstii;
ND — nedetekovatelny/neméritelny, P — patologicky nalez; B — hranicni nalez; N — normalni nalez; M — muz. Tucné pismo ukazuje
progresi. * - katarakta; ** - v dusledku Spatného centralniho vizu vysledky dalsich vysetieni maji nizkou validitu.



a progredujici ztratou axoni prakticky u 25 % pacientd prezivSich otravu. Tento
proces je doprovdzen progredujici ztrdtou zrakovych funkci. VétSina pacientl
s abnormalni tloustkou RNFL méla zndmky poskozeni mozku na MRI. Byla
piitomna vyznamnd asociace mezi vstupnim pH arteridlni krve pacienta pfi pfijmu
do nemocnice a stupném akutniho poSkozeni o¢ni sitnice, jakoZ 1 rychlosti
chronické ztraty axonl zrakového nervu. Pfednemocni¢ni aplikace etanolu a vyssi
rychlost eliminace a korekce acidemie =za intermitentni hemodialyzy
odpovidaly vétsi tloustce RNFL u pacientti ze sledovaného souboru. Nase vysledky
ukazuji, Ze tlouStka globdlni a temporalni RNFL, ne vS§ak v nazalnich segmentech,
byla ve sledovaném souboru signifikantn€ niz§i nezZ u kontrolniho souboru stejného
veéku, pohlavi a se stejnym podilem osob s chronickym alkoholismem. Zjistili jsme,
ze rychlost poklesu tloustky RNFL v disledku ztraty neuronalnich axonli u
pacientl prezivSich tézkou otravu metanolem se zavaznou acidemii je signifikantné
vys8i nez rychlost fyziologického poklesu spojen¢ho se starnutim. Skutecnost, Ze
nervova vlakna sitnice v temporalnich segmentech s menSim primérem axont byla
vice vulnerabilni nez vldkna z nazélnich segmentll s vice heterogenni populaci
axont, kterd zlistavala intaktni, ukazuje na mozny podil mitochondridlni dysfunkce
na procesu chronické neurodegenerace po optické neuropatii zplisobené metanolem
(Sadun, 1998; Pan et al, 2012). U jiné optické neuropatie se znamym podilem
mitochondridlni dysfunkce na patogenezi onemocnéni, Leberové hereditarni
optické neuropatii, pofadi postizenych segmentli o¢ni sitnice za€ind temporalnimi
segmenty jako prvnimi a kon¢i nazalnimi jako poslednimi (Barboni et al., 2010).
Toxicita kyseliny mravenéi md pfimy vliv na mitochondrialni funkci:
inhibice cytochromu c¢ oxiddazy vede ktvorbé velice agresivniho prostiedi
reaktivnich sloucenin kysliku (reactive oxygen species, ROS) ve fazi akutni otravy
metanolem (Liesivuori et al., 1991; Du, 2012). Mitochondrialni dysfunkce vede ke

zvysSené produkci ROS a toxickych aldehydl, oxidativnimu poskozeni bunécénych



struktur ~ v€etné mitochondridlnich membran, uvolnéni cytochromu ¢
z intermembranového prostoru a indukci bunééné apoptozy (Yang et al., 1997).
Primarni poSkozeni zplisobuje neuronalni degeneraci, apoptézu a smrt nejmensich
nervovych vlaken, avSak dal$i menS$i nervova vldkna, kterd priméarni poSkozeni
prezila, mohou obsahovat mitochondrie se ziskanou poruchou v diisledku vysokého
poctu akumulovanych deleci mitochondridlni DNA (mtDNA) vzniklych pfi
akutnim stavu pisobenim ROS ve vysokych koncentracich. Mitochondridlni DNA
je velice citliva vii¢i oxida¢nimu stresu v dasledku piisobeni ROS (Hollensworth et
al, 2000). Persistence poSkozené mtDNA vede k mutacim v mitochondrialnim
genomu a k dal§i mitochondridlni dysfunkci, kterd vyvolavd opozdénou reakci
chronické neurodegenerace pozorovanou v nasi studii. Jiné pfi€iny toho, Ze tento
proces pokracuje i dlouho po tom, co akutni poSkozeni odeznélo, mohou byt
vysvétleny UCinkem “spole€ného rezervoaru” popsan¢ho Pan et al. (2012):
rozsifovani signalnich molekul pro indukci apoptdzy, uvolnéni excitotoxickych
neurotransmiterd a redukce trofické zpétné vazby pro buinky glie se ztratou
gangliovych bunék neuronil sitnice jsou moZnymi prvky zprosttedkujicimi tento
fenomén.

Zavaznost acidemie pii pfijmu do nemocnice korelovala jak s tloustkou
globalni a temporalni RNFL, tak 1 srychlosti ztrdty axonli zrakového nervu.
Konstanta disociace kyseliny mravenci (pKa) je 3.8, tedy pokles pH arteridlni krve
o 0.3 vede ke zdvojndsobeni nedisociované slozky kyseliny mraven¢i a znaCnému
zvysSeni jeji neurotoxicity, protoze pouze nedisociovand kyselina mravenci je
schopna prestupovat neurondlni membranou (Liesivuori et al., 1991; Zakharov et
al., 2016). Vyssi rychlost eliminace kyseliny mravenci a korekce acidemie pfti

aplikaci intermitentni hemodialyzy v porovnani s kontinudlnimi modalitami muze



byt ptfi¢inou lepsiho stavu sitnice u pacientll lé¢enych touto modalitou dialyzy
(Zakharov et al., 2014; 2017).

Chronickd ztrata axonll sitnice mize byt zplUsobena jinymi patologickymi
stavy nesouvisejicimi s akutni otravou metanolem. Deficit vitamini B, nebo B;
v disledku chronického alkoholismu nebo nutri¢niho deficitu, hypofunkce Stitné
zlazy nebo hyperglykemie v disledku nedostateéné kompenzovaného diabetes
mellitus mohou vést ke ztraté axonli zrakového nervu v disledku neadekvatnich
trofickych a ochrannych funkci glie (Misra et al., 2003; Fei et al., 2008; Yeh et al.,
2013; Fernandez et al., 2004; Veselinovic et al., 2005). Ve sledovaném souboru
nebyla pfitomna asociace mezi koncentraci glukozy, TSH, vitamind B, a B
méfenych opakované v dobé sledovani a dynamikou ztraty axonu sitnice. Pouze
jeden pacient s chronickou ztritou axonit mél diabetes mellitus druhého typu.
Z4dny z pacienti nemél hypovitaminézu B;, B,, nebo snizenou funkci §titné Zlazy.

V literatuie se diskutuje o asociaci mezi morfologickymi zmé&nami oc¢ni
sitnice a zménami funkci zrakového nervu registrovanymi pomoci evokovanych
zrakovych potencidlli. Jsou studie demonstrujici signifikantni asociaci mezi
vysledky méfeni VEP a RNFL, jakoz 1 studie tuto souvislost zpochybiiujici
(Yiannikas et al., 1983; Fatehi et al., 2012; Klistorner et al., 2008; 2010). Nase
vysledky ukazuji, Ze mira asociace zalezi na dobé méfeni. Progredujici axonalni
degenerace vede Casem k nardistu asociace mezi tlouStkou RNFL a amplitudou
NI1P1 evokovanych zrakovych potencidlii. Zajimavou skute¢nosti byla asociace
mezi amplitudou evokovaného komplexu a rychlosti ztrdty axonl: ¢im byla
amplituda N1P1 niz§i pfi prvnim méfeni, tedy ¢im byl vétsi pocet akutné
poSkozenych gangliovych bungk sitnice, tim vyssi byla rychlost chronické axonalni
degenerace v nasledujicich letech. Progrese ztraty zrakovych funkci u vétSiny

pacientil s chronickou degeneraci neuronti o¢ni sitnice zjiSténd v ramci nasi studie



predstavuje zavazny problém z hlediska kvality zivota pacientii v letech po
propousténi z nemocnice (Langelaan et al., 2007; Rulisek et al., 2017). U 10 z 13
pacientii s chronickou ztratou axonl zrakového nervu jsme zaznamenali dalsi
pokles zrakovych funkci, ktery pacienty limitoval v béZzném a profesnim Zzivoté:
pokles ostrosti zraku, kontrastni citlivosti, vypadky a zizeni zorného pole, zhorSeni
barvocitu. Atrofie disku zrakového nervu méla difuzni charakter, vyrazné&jsi
v temporalnich segmentech, bez znamek exkavace charakteristickych pro glaukom.
Vypadky zorného pole také nebyly charakteristické pro glaukom. Nejcastéji byly
lokalizovany v hornich a nazéalnich perifernich polich, nalezy byly bilateralni a
vétSinou asymetrické. V jednom ptipadé jsme registrovali centrocekélni skotom,
ale u vétSiny sledovaného souboru centralni vizus postizen nebyl (s vyjimkou
somatického charakteru nebo jind ocni onemocnéni u pacientii ze sledovaného
souboru byly vylouceny. Tato skutecnost zdliraznuje nezbytnost dispenzarizace a
pravidelnych oftalmologickych kontrol u pacientii ptezivSich akutni otravu
metanolem. Asociace mezi chronickou neurodegeneraci sitnice a MRI znamkami
posSkozeni mozku sv€d¢i o mozné souvislosti mezi zrakovymi a neurologickymi
nasledky otravy. MRI mozku neni rutinnim vySetfenim u vSech pacientl s akutni
otravou metanolem a podil v€as nerozpoznanych 1ézi mozku je vysoky (Zakharov
et al.,, 2016; Vaneckova et al.,, 2014, 2016). Tedy cast pacientd s vcas
nerozpoznanym poskozenim bazalnich ganglii mize mit v priabchu nasledujicich
let sekundarni parkinsonismus bez zjiSténi pii¢inné souvislosti s otravou
metanolem v minulosti. Zndmky progredujici neurodegenerace sitnice vykazuji
vyznamnou asociaci se znamkami nekrotickych hemorrhagickych 1ézi mozku, coz
potvrzuje nutnost MRI vySetfeni mozku a periodickych neurologickych kontrol u

pacientll z této rizikové skupiny.



5.3. Klinické, biochemické a genetické determinanty chronickych zmén
zrakovych funkci v pribéhu ¢tyr let po akutni optické neuropatii zpiisobené

intoxikaci metanolem (Publikace IV, V)

Akutni demyelinizace zrakového nervu v disledku pifimého toxického
ucinku kyseliny mraven¢i muze vést k axonalni degeneraci v dasledku selhani
trofické funkce a preruseni normalni interakce mezi axonem a myelinem. Studie
akutni optické neuritidy u pacientli s roztrousenou skler6zou demonstruji moznost
spontanni remyelinizace axond zrakového nervu, kterd se projevuje zkracenim
latence viny P1 evokovaného potencidlu (Brusa et al., 1999; 2001). Vysledky
opakovan¢ho méteni VEP v ramci longitudindlni studie mohou poskytnout dilezité
informace o chronickych zménach konduktivity zrakového nervu a jejich dynamice
spojenych s reparaci myelinu a obnovenim integrity zrakovych cest. Prodlouzeni
latence viny P1 odrdzi stupeit demyelinizace axonl zrakového nervu a pokles
amplitudy N1P1 evokovaného potencialu indikuje pocet funkénich axont po jejich
akutnim posSkozeni v disledku riznych pfi¢in (Jones et al., 2003). V ramci
prospektivni longitudinalni kohortové studie jsme sledovali dynamiku, klinickeé,
biochemické a genetické (polymorfismus apolipoproteinu E) determinanty
chronickych zmén funkci zrakovych cest v pribéhu 4 let nasledujicich po akutni
intoxikaci metanolem ve sledovaném souboru pacientii piezivSich akutni intoxikaci
metanolem.

Dynamika latence viny P1 evokovaného potencialu v dobé sledovani

Vysledky méfeni latence viny P1 =zrakového evokovaného potencidlu
v pribéhu 4 let sledovani jsou uvedeny na obrazku 9. Pifi prvnim vySetfeni
abnormalni latence viny P1 byla zjiSténa na 18/42 (43 %) pravych oci a na 21/42

50%) levych o¢i, véetné 5 OD a 4 OS s nevybavitelnym evokovanym potencidlem.
y
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Obrazek 9. Latence viny P1 zrakovych evokovanych potenciali ve sledovaném
souboru (n=42) versus v kontrolnim souboru (n=41).

Poznamky: OD — oculus dexter; OS — oculus sinister; ms — milisekundy, exam — klinické
vySetieni 4.9 = 0.6 mésicu (prvni), 25.0 = 0.6 mésicu (druhé), a 49.9 = 0.5 mésici (treti) po
propousténi z nemocnice (prumeér a SD); *** - p<0.001; ** - p<0.01; * - p<0.05.

Ve sledovaném souboru bylo zaznamenano signifikantni zkraceni praimérné latence
P1 s nejvétSsim poklesem v obdobi mezi prvnim a druhym kolem vySetfeni, tedy do
dvou let od akutni toxické optické neuropatie, s navratem prodlouzené latence P1
k hodnotam stejnym jako v kontrolnim souboru (Obrazek 9).

Priimérné zkraceni latence P1 ve sledovaném souboru bylo 15.0 £ 2.0 ms pro
36/42 (86 %) OD a 14.9 £+ 2.4 ms pro 35/42 (83 %) OS, s maximalnim zkracenim
u nékterych pacientti o 29.0 az 35.0 ms (Obrazek 10).
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Obrazek 10. Dynamika zmén primérné latence viny P1 ve sledovaném souboru
b&hem 4 let po akutni otravé metanolem.

Poznamky: OD — oculus dexter; OS — oculus sinister;, ms — milisekundy; exam — klinické
vySetreni 4.9 = 0.6 mésici (prvni), 25.0 = 0.6 mésicii (druhé), a 49.9 £ 0.5 mésicu (treti) po
propousteni z nemocnice (priumér a SD); *** - p<0.001; ** - p<0.01; * - p<0.05.

Nicmeéné, u 5 OD a 4 OS zrakovy potencial ziistal nevybavitelny a u dalSiho
1 OD a 3 OS ptivodné vybavitelny zrakovy potencidl se stal nevybavitelnym pfii
druhém nebo tfetim vySetfeni. Negativni dynamika a nevybavitelny zrakovy
potencidl byly registrovany u pacientl s téZkou otravou a zavaznou acidemii pfi

pfijmu do nemocnice. Tito pacienti meli nedetekovatelny etanol v krevnim séru,



vysoké koncentrace kyseliny mravendi, laktatu, kreatininu a nizké pH arterialni
krve.

Byla zjiSténa signifikantni asociace mezi pH arteridlni krve pii pfijmu do
nemocnice, jako ukazatelem zévaznosti metabolické acidézy, a latenci viny Pl
meéfenou pii prvnim a druhém vysetieni (r; = —0.349; p = 0.040, a r, = -0.379; p =
0.020), avSak ne pfi tfetim vySetfeni, kdy remyelinizace axonu zrakového nervu jiz
byla dokonéena. Stejnd asociace byla pfitomna mezi koncentraci metanolu v séru a
latenci viny P1: r; = 0.324; p = 0.047, r,= 0.526; p < 0.001 ar;=0.141; p = 0.410.
Konec¢né, byla pfitomna pozitivni asociace mezi latenci P1 méfenou pii prvnim a
druhém vySetieni a vékem pacientl (r; = 0.509; p = 0.002, r, = 0.494; p = 0.003).
Nebyla ptfitomna asociace mezi latenci P1 ani rychlosti zkraceni latence a pohlavim
nebo laboratornimi parametry méfenymi ve sledovaném obdobi (glukéza,
cholesterol, triacylglyceridy, vitaminy B;, Bi,, TSH, aj.). Avsak rychlost zkraceni
latence P1 byla pomalejsi u pacientli s vyssi koncentraci enzymu gamma glutamyl
transferazy, GGT (r = 0.359; p = 0.030).

Druh antidota aplikovaného v nemocnice (etanol nebo 4-methylpyrazol)
nebyl pro latenci P1 signifikantni. Pacienti, u kterych byla aplikovana kontinualni
hemodialyza, méli prodlouZenou latenci P1 v porovnani s pacienty s intermitentni
hemodialyzou pfi prvnim a druhém vySetieni (r; = 0.343; p=0.035ar,=0.342; p =
0.040). Efekt substituce folati na dynamiku latence P1 byl nevyznamny.

Pro multivariantni analyzu dynamiky zmén latence viny P1 ve sledovaném
obdobi byly zvoleny nasledujici nezavislé proménné jako prediktory: vék, pohlavi,
délka casového intervalu od poziti metanolu do zacatku hospitalizace, rozdil OD /
OS v latenci P1, akutni laboratorni parametry métené pii piijmu do nemocnice (pH
arterialni krve, koncentrace metanolu, etanolu a glukézy v séru), koncentrace

vitamind B, a B, TSH, métené v dobé€ sledovani. Vysledky multivariantni analyzy



proménnych vyznamnych pro dynamiku zmén latence viny P1 jsou uvedeny
v tabulce 10. Prognosticky model pfedpovidajici zmény latence P1 v priibéhu 4 let
po akutni toxické optické neuropatii v zavislosti na pH arteridlni krve pii pfijmu do
nemocnice po adjustaci na dal$i nezdvislé proménné je uveden na obrazku 11.
Porovnani predikovanych dat z hlediska dynamiky latence P1 s faktickymi daty

ziskanymi na zaklad¢ méfeni ve sledovaném souboru je uvedeno na obrazku 12.
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Obrazek 11. Model predpovidajici dynamiku zmén latence P1 v pribéhu 4 let po
akutni otravé metanolem v zdvislosti na pH arteridlni krve pti piijmu do

nemocnice.

Poznamky: Latency Pl — prumérna latence P1, ms, pH — pH arterialni krve; examination —
klinické vysetreni 4.9 + 0.6 mésicu (prvni), 25.0 = 0.6 mésicu (druhé), a 49.9 = 0.5 mesicu (treti)
po propousteni z nemocnice (prumer a SD).



Tabulka 10. Regresni analyza nezévislych proménnych vyznamnych pro chronické zmény latence viny P1 v
prabchu 4 let sledovani.

Proménna Odhad Standardni df t Signifikance 95% Konfiden¢ni Interval
odchylka Dolni hranice Horni hranice

Intercept 262.87 68.89 22.13 3.82 0.00 120.06 405.69
Doba vysetiteni -12.43 0.53 72.95 -23.27 0.00 -13.49 -11.36
Cas? 2.14 0.12 58.51 17.70 0.00 1.90 2.38
OD/OS rozdil -0.99 0.38 43.69 -2.66 0.01 -1.75 -0.24
Pohlavi 321 2.04 20.98 1.57 0.13 -1.04 7.46
Vek 0.41 0.12 21.96 3.31 0.00 0.15 0.66
pH -24.54 9.35 21.99 -2.63 0.02 -43.92 -5.16
MetOH 0.00 0.00 21.51 -1.31 0.21 -0.01 0.00
EtOH 0.00 0.00 22.61 1.22 0.24 0.00 0.01
Glukoza 0.00 0.12 21.49 0.02 0.98 -0.24 0.24

B 1. 0.26 0.12 22.27 2.12 0.05 0.01 0.51

B 2. -1.11 0.69 78.53 -1.62 0.11 -2.48 0.26
TSH 0.05 0.15 66.64 0.35 0.73 -0.24 0.34
Bz 1. 0.00 0.00 22.01 -0.09 0.93 -0.01 0.00
B2 2. 0.01 0.02 21.33 0.50 0.62 -0.03 0.05

B 3. 0.00 0.02 21.19 -0.08 0.94 -0.04 0.04

Poznamky: Doba vysetreni — doba klinického vySetreni (t; - 4.9/%0.6] mésicu, t> - 25.0[%0.6] mésiciu, a t3 - 49.9/%0.5] mésicu po
propousténi z nemocnice; Cas’ — délka casového intervalu od poZiti metanolu do zacdtku hospitalizace (nelinedrni trend je zohlednén
druhou mocninou); OD/OS rozdil — interokularni rozdil v prumérné latenci Pl;, pH — pH arterialni krve pri prijmu; MetOH —
koncentrace metanolu; EtOH — koncentrace etanolu; Glukoza — koncentrace glukozy; Bl — koncentrace vitaminu Bi; B2 —
koncentrace vitaminu B>, TSH — koncentrace thyreotropniho hormonu; 1., 2., 3. - jednotliva méreni 4.9/+0.6] mesicii, 25.0[%0.6]
mésicii, a 49.9[+0.5] mésicu po propousténi z nemocnice (prumer a SD).
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Obrazek 12. Porovnani modelové predikce (A) a faktickych dat (B) dynamiky

remyelinizace zrakového nervu v pritbéhu 4 let po akutni intoxikaci metanolem.

Poznamky: ,, Predicted means * - Priumérné predikované hodnoty — prumeérné hodnoty latence Pl
predpovidané modelem pro jednotlivce ze sledovaného souboru, ,, Observed means* — Priimérné
sledované hodnoty — primerné hodnoty latence P1 meérené v dobe sledovani u jednotlivcu ze

sledovaného souboru.



Dynamika zmén amplitudy N1PI1 evokovaného potencialu v dobé sledovani

Vysledky tfech méfeni amplitudy N1P1 jsou uvedeny na obrazku 13. Pfi
prvnim méfeni byla abnormélni amplituda N1P1 zjisténa u 10 / 42 (24 %) OD a 10
/ 42 (24 %) OS, v¢etné¢ 5 OD a 4 OS bez vybavitelné odpovédi. Pti tfetim méteni
byla abnormalni amplituda N1P1 zjisténa u 10 / 42 (24 %) OD a 14/ 42 (33 %) OS,
véetné 6 OD a 7 OS bez vybavitelné odpovédi. Na jednom 1 OD a 3 OS
s abnormalni amplitudou N1P1 méfenou pii prvnim vySetieni se stal evokovany
potencial nevybavitelnym pii druhém nebo tfetim vySetieni.

Primérnda amplituda N1P1 ve sledovaném souboru byla nesignifikantné nizsi
neZ v kontrolnim souboru (1. vySetfeni: 6.6 £ 1.2 versus 8.0 = 1.4 (OD); 6.5 + 1.1
versus 7.9 = 1.4 mcV (OS); 2. vySetteni: 6.6 = 1.2 versus 8.0 + 1.4 (OD); 6.3 £ 1.3
versus 7.9 = 1.4 mcV (OS); 3. vySetteni: 6.5 = 1.1 versus 8.0 + 1.4 (OD); 5.9 + 1.1
versus 7.9 £ 1.4 mcV (OS); vSechna p > 0.05). V dobé sledovani byly pozorovany
pouze nesignifikantni zmény primérné¢ amplitudy N1P1 ve sledovaném souboru
(obrazek 5A). Primérny pokles amplitudy byl —0.06 = 0.56 mcV pro OD a —0.83
+ 0.64 mcV pro OS.

U 17 ze 36 (47 %) pacientli s méfitelnou amplitudou N1P1 byl v pribéhu
sledovani pokles amplitudy o 1.0 mcV a vice registrovan asponi na jednom oku
(obrazek 5B). Primérny pokles amplitudy N1P1 v této skupiné (n=17) byl —1.11 +
0.83 mcV pro OD a -2.37 = 0.66 mcV pro OS, obé hodnoty byly signifikantné
vys$i nez hodnoty v celém sledovaném souboru (p < 0.001). U 8 ze 17 pacientii byl
pokles amplitudy N1P1 o 1.0 mcV a vice registrovan na obou o€ich, u 9 pacientli
pouze na jednom oku, vétSinou levém. Nejvétsi pokles byl 4.6 mcV v pribéhu 4 let
pro pravé oko a 6.6 mcV v pribshu 4 let pro levé oko. Zadny z pacienti se

signifikantnim poklesem amplitudy N1P1 nemél abnormélni hodnoty
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Obrazek 13. Vysledky méteni amplitudy N1P1 evokovaného potencialu v celém
sledovaném souboru (A, n=42) a u pacientil se signifikantnim poklesem amplitudy
(B, n=17) v porovnani s kontrolni skupinou (n=41).

Poznamky: OD — oculus dexter; OS — oculus sinister; exam — klinické vysetreni 4.9 = 0.6 mésicii
(prvni), 25.0 = 0.6 mésicu (druhé), a 49.9 = 0.5 mésici (treti) po propousténi z nemocnice

(primer a SD); *** - p<0.001; ** - p<0.01; * - p<0.05.




amplitudy pii prvnim vySetfeni a pouze 3 / 17 méli abnormalni hodnoty pii druhém
nebo tretim vySetfeni. Ostatni pacienti (14 ze 17) méli normalni hodnoty amplitudy
N1P1 ve sledovaném obdobi ptes registrovany signifikantni pokles o 1.0 mcV a
vice.

Asociace mezi amplitudou N1P1 a latenci P1 evokovanych potencialii byla
nejvyznamngjsi pii prvnim vysetieni, méné vyznamna ale signifikantni pii druhém
vySetfeni, kone¢né nesignifikantni pfi tfetim vySetfeni. VEk pacientl negativné
koreloval s amplitudou N1P1 v prabehu celého obdobi sledovani (pro OD / OS: 1, =
—0.469 / -0.474; p = 0.004 / 0.003; r, = —0.436 / —0.448; p = 0.009 / 0.006; 13 = —
0.454 /—0.422; p =0.005 / 0.010).

Pacienti s niz§i amplitudou N1P1 méli t&€z8i otravu a nizsi Glasgow coma
scale, GCS (r = 0.418; p = 0.009), vyssi koncentraci metanolu (r = -0.414; p =
0.010) pi1 ptfijmu do nemocnice. Vliv druhu pouZitého antidota a substituce folaty
na amplitudu NIP1 byl nesignifikantni. Pacienti, u kterych byla aplikovana
kontinualni hemodialyza, méli niz§i amplitudu NI1P1 v porovnéani s pacienty
1é€enymi pomoci intermitentni hemodialyzou (r; =—-0.495; p = 0.002, r, = —-0.382; p

=0.021).

Chronické strukturni a funkéni zmény ve zrakovém systému a role
polymorfismu genu ApoE

Pro analyzu mozZného vlivu polymorfismu genu ApoE na dynamiku zmén
zrakovych funkci bylo provedeno vysetfeni genotypu ApoE u 49 pacientt (98 oci)
prezivsich akutni otravu metanolem, vcetné 41 pacientli (82 oc¢i) se vSemi tiemi
klinickymi vySetfenimi, ze sledované¢ho souboru. Frekvence jednotlivych genotypt
ApoE ve sledovaném souboru se nelisila od frekvence genotypt v béZné Ceské

populaci (Tabulka 11).



Tabulka 11. Distribuce genotypu a alel apolipoproteinu E ve sledovaném souboru a v bézné Ceské populaci.*

Genotyp Pacienti Kontroly P
n % n %

ApoE2/E2 1 2.0 42 0.7 0.25
ApoE3/E2 8 16.3 708 114 0.46
ApoE3/E3 28 57.1 4126 66.3 0.26
ApoE4/E3 10 20.4 1155 18.5 0.20
ApoE4/E4 2 4.1 77 1.2 0.08
ApoE4/E2 0 0.0 122 2.0 --

Poznamky: * - data ze studie Hubacek et al., 201 3.
E2, E3, E4 — riizné alely genu kodujiciho apolipoprotein E.
Rozdil p<0.05 byl povazovan za signifikantni.



Asociace genotypu ApoE s chronickymi zménami funkci zrakového nervu a
morfologického stavu sitnice (RNFL) je uvedena v tabulce 12. Pacienti s alelou
ApoE4 méli mensSi tloustku globalni a tempordlni RNFL pii vSech tfech
vySettenich v porovnani s pacienty bez ApoE4 alely. Daéle, pacienti s ApoE4 alelou
méli prodlouzenou latenci P1 pii prvnim vySetfeni (pfedtim nez probéchla
remyelinizace axonli zrakového nervu) v porovnani s pacienty bez ApoE4 alely
(tabulka 13). Z péti pacientl s nevybavitelnym zrakovym evokovanym potencialem
asponi na jednom oku, Ctyfi pacienti byli nosi¢i ApoE4 alely. Ve sledovaném
souboru pacientdl, odds ratio (95% CI) pro abnormalni nalez VEP pfi prvnim
vySetfeni (prodlouZzena latence P1 a/nebo abnormalni amplituda NI1P1 nebo
nevybavitelna odpovéd’) bylo 8.92 (3.00 — 36.50) pro nosi¢e ApoE4 alely v
porovnani s pacienty bez ApoE4 alely (p < 0.001).

Byla zjisténa signifikantni asociace mezi pfitomnosti ApoE4 alely a
pfitomnosti nekrotickych 1ézi v mozku na MRI (r = 0.384; p = 0.013), jakoz i
hemorrhagickych 1ézi v disledku intoxikace metanolem (r = 0.395; p = 0.011).
Nebyla zjiSténa asociace mezi polymorfismem ApoE a pohlavim, vékem, akutni
koncentraci metanolu, etanolu, kyseliny mravenci, jakoz i 1é¢ebnymi modalitami
(druh antidota, hemodialyzy, substituce folatt, aj.).

V ramci studie jsme zjistili, Ze Gplné nebo Caste€né obnoveni konduktivity
zrakového nervu po akutnim poSkozeni myelinového obalu nastava u vice nez 80
% pacienti v prabéhu 4 let v disledku remyelinizace axonll zrakového nervu,
pficemz nejvyssi rychlost tohoto procesu byla zaznamenana v pribéhu prvnich
dvou let po propousténi z nemocnice. Délka ¢asového intervalu od poziti metanolu
do =zacatku hospitalizace, zavaznost acidemie a vk pacienta byly
nejvyznamngjSimi nezavislymi proménnymi, které mély vliv na dynamiku

obnoveni konduktivity zrakového nervu.



Tabulka 12. Asociace mezi skupinou ApoE genotypu (ApoE2/E2(E3/E2) versus ApoE3/E3 versus
ApoE4/E3(E4/E4)) s chronickymi morfologickymi a funkénimi zménami zrakovych cest v dob¢ sledovani (n=41).

Parametr Primér + SD R P

RNFL OD globalni, 1% vySetfeni, pm 88.3x5.5 -0.418 0.007
RNFL OD globalni, 2™ vysetieni, um 84.6£6.9 -0.466 0.002
RNFL OD globalni, 3™ vysetfeni, pm 83.3£7.1 -0.458 0.003
RNFL OS globalni, 1% vySetfeni, um 84.9+6.4 -0.430 0.006
RNFL OS globalni, 2™ vysetfeni, um 81.9£7.6 -0.463 0.002
RNFL OS globdlni, 3" vysetieni, pm 80.4+£7.7 -0.455 0.003
RNFL OD temporalni, 1 vySetfeni, um 59.9+53  -0.421 0.006
RNFL OD temporélni, 2™ vysetieni, pm 57.746.0  -0.457 0.003
RNFL OD temporalni, 3" vySetieni, pm 56.845.9 -0.470 0.002
RNFL OS temporalni, 1% vySetfeni, pm 55.144.9 -0.353 0.026
RNFL OS temporalni, 2™ vysetfeni, pm 53.6+£5.7 -0.377 0.015
RNFL OS temporalni, 3™ vysetfeni, um 53.6£5.8 -0.387 0.012
Latence P1 OD, 1* vySetieni, ms 115.2+£2.2 0.362 0.030
Latence P1 OS, 1* vySetieni, ms 117.8£3.5  0.373 0.021
Latence P1 OD, 2™ vySetieni, ms 98.3£2.6 0.409 0.015
Latence P1 OS, 2" vysetieni, ms 103.3£5.3  0.303 0.073
Latence P1 OD, 3™ vysetieni, ms 99.3+2.6 -0.141 0.405
Latence P1 OS, 3" vysetieni, ms 101.8+4.1  -0.034 0.843

Poznamky: RNFL — tloustka vrstvy nervovych viaken sitnice; OD — oculus dexter; OS — oculus sinister; vysetieni — klinické vysetieni
4.940.6 mesicu, 25.0+0.6 mésicii, and 49.9+0.5 mésici po propousteni z nemocnice. Rozdil p<0.05 byl povazovan za signifikantni.



Tabulka 13. Chronické morfologické a funkéni zmény zrakovych cest v dob¢ sledovani ve skupiné nositelt alely

ApoE4 v porovnani se skupinou bez alely ApoE4 ve sledovaném souboru (n=41).

ApoE4 nositelé Bez ApoE4 alely P

(n=11) (n=30)
RNFL OD globalni, 1% vySetteni, um 76.0£16.0 92.4+5.0 0.053
RNFL OD globalni, 2™ vysetieni, um 68.0+20.0 90.6+5.7 0.034
RNFL OD globalni, 3™ vysetfeni, pm 65.0+£20.0 89.6+6.0 0.026
RNFL OS globalni, 1% vySetieni, pm 72.0+17.0 89.3+6.1 0.065
RNFL OS globélni, 2" vysetieni, pm 64.0+20.0 88.4+6.8 0.030
RNFL OS globélni, 3" vysetieni, pm 62.0+20.0 86.8+7.2 0.029
RNFL OD temporalni, 1¥ vySetfeni, pm 46.0£11.0 64.2+5.5 0.003
RNFL OD temporalni, 2™ vysetieni, pm 42.0+12.0 63.3%6.1 0.001
RNFL OD temporalni, 3™ vySetieni, um 40.0£12.0 62.5+5.9 0.001
RNFL OS temporalni, 1% vySetfeni, pm 43.6+8.6 58.9+5.4 0.006
RNFL OS temporalni, 2™ vyseteni, pm 40.0£11.0 58.5+6.2 0.003
RNFL OS temporalni, 3™ vysetfeni, pm 39.0+10.0 58.8+6.3 0.00
Latence P1 OD, 1* vySetieni, ms 120.1%3.7 114.0+2.4 0.009
Latence P1 OS, 1% vySetieni, ms 103.8+5.6 97.1£2.9 0.053
Latence P1 OD, 2" vygetieni, ms 89.0+30.0 98.7+3.2 0.502
Latence P1 OS, 2" vysetfeni, ms 124.6+9.8 115.7%3.5 0.033
Latence P1 OD, 3" vysetieni, ms 109.4+9.5 101.8+6.3 0.164
Latence P1 OS, 3" vysetfeni, ms 94.0+32.0 100.5+4.8 0.661

Poznamky: RNFL — tloustka vrstvy nervovych vidken sitnice; OD — oculus dexter; OS — oculus sinister, vysetreni — klinické vysetieni
4.9+0.6 mesicu, 25.0+0.6 mesicii, and 49.9+0.5 mésicii po propousténi z nemocnice. Rozdil p<0.05 byl povazZovan za signifikantni.



Amplituda evokovaného zrakového potencialu, abnormalni piiblizné¢ u
kazdého ctvrtého pacienta ze sledovaného souboru pii propusténi z nemocnice,
odrazela tendenci k dalSimu poklesu v nésledujicich letech. U poloviny pacientii
s vybavitelnym evokovanym potencialem byl zaznamenéan pokles amplitudy N1P1
o 1.0 mcV a vice v dob¢ sledovani; ani jeden z téchto pacienti nemél abnormalni
amplitudu evokovaného potencialu pii propusténi z nemocnice. U 2-7 %
vySetfenych oc¢i vedla progrese zmén k dalSimu zhorSeni funkci zrakového nervu,
od abnormalni ale méfitelné¢ amplitudy N1P1 k nevybavitelnému potencidlu. Zjistili
Jsme asociaci mezi polymorfismem genotypu ApoE a chronickymi morfologickymi
a funk¢énimi zménami zrakového systému. Pacienti, ktefi byli nositeli ApoE4 alely
méli mensi tlouStku RNFL a prodlouZenou latenci P1 v porovnani s pacienty bez
ApoE4 alely. Ptitomnost ApoE4 alely byla spojena s pfitomnosti nekrotickych a
hemorrhagickych 1¢zi v mozku na MRI vySetteni odpovidajicich nasledkiim akutni
intoxikace metanolem.

Zavaznost acidemie u pacientdl s akutni intoxikaci metanolem je jednim z
nejvyznamngjSich parametrt ovliviiuyjicich dynamiku zmén latence P1, coZ nam
umoznilo vytvofit model predpovidajici dynamiku obnoveni konduktivity
zrakového nervu v pritbéhu Ctyt let po akutni toxické optické neuropatii zptisobené
metanolem. Tento model adekvatné piedpovidal vysledky méfeni u vétSiny
pacientii ze sledovaného souboru. Nicméné, vysledky nasi studie ukazuji, ze
amplituda evokovaného potencidlu u pacientll ptezivSich otravu metanolem se
nezvySuje v letech nasledujicich akutni neuronalni poskozeni. Charakter asociace
mezi amplitudou N1P1 a latenci P1, kdy asociace se postupné v pribéhu Ctyt let
sledovani stava mén¢ vyznamnou, odrazi proces obnoveni konduktivity v disledku
remyelinizace axonl zrakového nervu bez odpovidajiciho obnoveni amplitudy

evokovaného potencidlu.



Dalsi pokles amplitudy v disledku chronické axonalni degenerace byl
zaznamenan prakticky u poloviny pacienti s méfitelnym evokovanym potencidlem
ve sledovaném obdobi. Primérny pokles amplitudy ve skupin€¢ 17 pacientli byl
signifikantn¢ vyssi neZ v celém souboru s maximalni rychlosti poklesu o 5 az 7
mcV v prib¢hu 4 let. Abnormalni amplituda N1P1 byla métfena na 24-33 % oci
v ramci tetiho vySetfeni, coz odpovidalo podilu pacientll s chronickou degeneraci
axont sitnice zjiSténou métenim tloustky RNFL v prabéhu Ctyft let. Zajimavé je, Ze
signifikantni pokles amplitudy NI1P1 byl zaznamendn u pacientll s plivodné
normalnim nalezem pifi  prvnim vySetfeni po propuSténi z nemocnice.
Nezaznamenali jsme souvislost mezi dynamikou funkénich zmén zrakového
systému a opakované méfenymi koncentracemi glukozy, TSH, vitamind B, a B;.
Avsak obnoveni konduktivity bylo pomalejsi u pacientli s vyssi koncentraci jaterni
GGT, tedy u pacientii s chronickym abtizem alkoholu.

Apolipoprotein E neni pfimo zapojen do oxidace a eliminace metanolu, ale
hraje vyznamnou ulohu v rozvoji a metabolismu oka. Polymorfismus genti ApoE,
pleiotropniho  proteinu  ovlivilujictho  riziko  Alzheimerové choroby a
kardiovaskularnich onemocnéni, muize hrat vyznamnou roli jako geneticka
determinanta charakteru postiZzeni zrakovych funkci u pacienti s toxickou optickou
neuropatii v disledku akutni otravy metanolem.

Zjistili jsme asociaci mezi polymorfismem ApoE a charakterem chronickych
morfologickych a funkénich zmén zrakového systému u pacientd pfeZivsich otravu
metanolem. Ptitomnost ApoE4 alely mulZe souviset jak s neurondlnim, tak i
s vaskularnim poskozenim o¢ni sitnice. V experimentéalnich studiich byl genotyp
ApoE4 spojen s vaskularni patologii sitnice, snizenou koncentraci vaskularniho
endotelidlniho rastového faktoru (VEGF) a signifikantnim poklesem hustoty
synapsi v sitnici mySich embryi (Maharshak et al., 2016). Hustota synapsi ve vrstvé

neurond sitnice u mysi — nositell ApoE4 byla signifikantné nizsi nez u nositeld



ApoE3 alely, coz bylo doprovazeno niz§im poctem presynaptickych
glutamatergickych transportéri v neuronech sitnice ApoE4 nositelli (Antes et al.,
2013).

Nase vysledky dokazuji, ze ptitomnost alely ApoE4 mlze byt spojena s
chronickou neurodegeneraci o¢ni sitnice a progredujici ztratou funkci zrakového
nervu u pacientll prezivSich akutni otravu metanolem. Déle, vyznamnd asociace
mezi polymorfismem ApoE, axonalni degeneraci neuron sitnice a MRI ndlezem
nekrotickych a hemorrhagickych 1ézi v mozku pacientli pteziv§ich otravu
metanolem poukazuje na mozny patofyziologicky vztah mezi dynamikou
dlouhodobych zrakovych nasledkl a charakterem patologickych zmén v mozku v
letech nasledujicich po otravé. NaSe studie upozoriiuje na to, Ze chronické
morfologické a funk¢éni zmény zrakového systému mohou souviset s genetickymi
rizikovymi faktory pro chronickd neurodegenerativni onemocnéni v populaci

pacientll prezivsich akutni intoxikaci metanolem.



5.4. Prevence dlouhodobych zrakovych nasledkii akutnich intoxikaci

metanolem (Publikace VI, VII)

Prevence dlouhodobych zrakovych nasledki akutni toxické optické
neuropatie zpusobené metanolem musi byt zahajena co nejdiiv po expozici
metanolu. Zakladem prevence je blokada oxidace metanolu na toxické metabolity
formaldehyd a kyselinu mraven¢i. Pravé akumulace kyseliny mravenci
v organismu ma za nasledek inhibici mitochondridlni cytochrom c¢ oxidazy,
bunécnou hypoxii, pokles utilizace kysliku a syntézy ATP, zvySenou produkci
laktatu a metabolickou acidozu. Klicova je v€asna inhibice ADH bud’ etanolem
nebo fomepizolem. Dostupnost etanolu v bézném Zzivot€é umoziiuje jeho vyuZiti
jako vhodného antidota pro prednemocnicni ,,prvni pomoc* v ptipadech podezieni
na akutni intoxikaci metanolem pii hromadnych otravach. Ve své studii jsme se
zaméfili na vliv prednemocni¢ni administrace etanolu v dobé Ceské hromadné
otravy metanolem v roce 2012 na prevalenci dlouhodobych zrakovych nasledka u
pacientl piezivsich otravu.

Do studie bylo zatfazeno 100 pacientll hospitalizovanych s akutni intoxikaci
metanolem ve véku 54 let (median, IQR 38-61 let), 79 muzi a 21 Zen, se zndmou
koncentraci etanolu v krevnim séru pfi pfijmu do nemocnice a prednemocniéni
anamnézou zameéfenou na aplikaci etanolu v ramci prvni pomoci z divodu
podezieni na akutni otravu. Tticet pacientli dostalo etanol v rdmci prednemocni¢ni
péCe od I¢karii nebo zdravotnického nelékaiského personalu, dalSich dvanact
pacientl si samo aplikovalo etanol jako prvni pomoc pied pifijmem do nemocnice.
Zbylych 58 pacientti etanol pted pfijmem do nemocnice nedostalo.

Demograficka a laboratorni data pacientl jsou uvedena v Tabulce 14.
Zavaznost metabolické acidozy pii piijmu do nemocnice, charakterizovana pH

arteridlni krve, pCO,, HCOs., deficitem bazi, aniontovym oknem a koncentraci



laktatu, u pacientli pfezivSich otravu bez nésledkl, s dlouhodobymi nésledky a
zemielych je uvedena v tabulce 15. Etanol v krevnim séru byl detekovatelny pii
piijmu u 42 pacientd. Klinické pfiznaky pacientii pfi pfijmu do nemocnice
zahrnovaly zhorSeni zraku, gastrointestindlni potiZze, dusnost, bolesti na hrudniku a
byly pfitomny tunava, bolest hlavy, to¢eni hlavy, somnolence, tremor, kiece,
srde¢ni zéstava a zastava dychani. Koncentrace etanolu v krevnim séru pii pfijmu u
asymptomatickych pacientii byla vyssi nez u pacientd s klinickymi ptiznaky (10.9
mmol/L [IQR 1.1 —29.8 mmol/L] versus 0 mmol/L [IQR 0 — 5 mmol/L]; p=0.014).
Detailnéj$i informace o nemocni¢nich terapeutickych opatienich je uvedena
v tabulce 17. Vysledek lécby pacientii je uveden v tabulce 18. Signifikantni
pozitivni korelace byla pfitomna mezi pfednemocni¢ni aplikaci etanolu a vstupni
koncentraci etanolu v krevnim séru pacientd (r = 0.713, p < 0.001). Déle,
signifikantni korelace byla pfitomna mezi vstupni koncentraci etanolu v krevnim
séru pacientl a:

a) piezitim bez nasledkli versus pieziti s ndsledky ze strany zraku/CNS
nebo umrtim (r=0.711, p <0.001);

b)  pfezitim bez nasledkd versus preziti s nasledky ze strany zraku/CNS
versus umrti (r =0.693, p <0.001).

V ramci univariantni analyzy byly koncentrace etanolu v séru pfi pfijmu do
nemocnice 1 prednemocnicni aplikace etanolu proménnymi vyznamnymi pro pieziti
pacientil bez nasledkti z hlediska zraku / CNS (viz Tabulka 19).

Vramci bivaridntni analyzy kombinace obou proménnych, tedy
“koncentrace etanolu v séru pii piijmu do nemocnice” a “prednemocniéni aplikace
etanolu jako prvni pomoci”, s proménnou “pH arterialni krve pii pfijmu do
nemocnice” vysvétlovala 55.4 % a 48.9 % disperze ve vysledku 1écby pacientd

hospitalizovanych s akutni otravou metanolem (Tabulka 20).



Tabulka 14. Demografickd a laboratorni data hospitalizovanych pacientti rozdélenych dle skupin na zékladé vysledku 1€¢by
v ramci studie U€inku pfednemocnic¢ni aplikace etanolu jako antidota (median, IQR).

Vék Cas Metanol Etanol Mravencan  Osmolalni  Glukoza
[roky] [hodiny] [mmol/L] [mmol/L] [mmol/L] okno, [mmol/L]
[mmol/kg]
EtOH+ 55 25 18.6 18.3 6.9 47 6.2
(n=30) 47-64 17-48 9.1-43.1 7.1-28.1 1.2-13.0 21-73 5.7-7.6
EtOH- 52 48 29.3 0.0 14.7 45.4 8.3
(n=70) 37-60 24-48 13.0-56.3 0.0-0.0 11.7-16.7 23-77 6.2-13
Skupina [ EtOH+ 54 26 15.6 19.3 4.9 36 6.0
(n=49) (n=27) 47-62 14-48 9.2-41.5 9.3-29.8 1.0-11.3 22-73 5.7-7.2
EtOH- 52 24 21.4 1.6 13.2 26 6.6
(n=22) 35-58 22-48 12.3-31.8 0.0-25.0 7.9-15.3 19-44 6.1-8.2
Skupina EtOH+ 65 24 30.9 5.0 13.5 52 7.7
II (n=3) 56-69 21-36 18.1-69.8 3.6-11.2 13.5-13.5 33-86 7.1-10.2
(n=30) EtOH- 48 48 50.6 0.0 15.4 64 7.6
(n=27) 37-58 30-50 25.0-82.1 0.0-0.0 13.5-18.5 39-100 6.0-11.3
Skupina EtOH+ - - - - - - -
111 (n=0)
(n=21) EtOH- 58 48 34.1 0.0 15.5 65 12.7
(n=21) 45-63 38-52 21.6-59 0.0-0.0 12.8-16.0 45-136 10.3-16.1
Celkem 54 41 28.7 0.0 14.4 46.8 7.3
(n=100) 38-61 24-48 12.3-54.9 0.0-12.7 8.9-16.6 21.7-75.9 6.0-11.2
PErons vs. 0.185 0.090 0.068 <0.001%** 0.005%* 0.202 <0.001***
EtOH-)
PiEon+ vs. 0.212 0.636 0.459 0.883 0.093 0.151 0.220




EtOH-)

Pretons+ vs. 0.070 0.266 0.643 0.250 - 0.706 0.848
EtOH-)

Prn 0.581 0.030* 0.004** <(0.0071*** 0.044* 0.013* 0.041*
Prm 0.255 0.005** 0.080 <(0.0071*** 0.202 0.015%* <(0.001***
Prm 0.138 0.351 0.204 <(0.0071*** 0.924 0.541 0.015%*

Poznamky: EtOH+ — pacienti s prednemocnicni administraci etanolu lékari nebo zdravotnickym nelékarskym persondlem; EtOH- - pacienti
bez prednemocnicni administrace etanolu lékari nebo zdravotnickym nelékarskym persondlem; Skupina I — preziti bez ndsledkii, Skupina II —
preziti s nasledky, Skupina III - umrti. P1, Pn, Pm — vysledky t-testu rozdili mezi skupinami (*a<0.05; ** 0<0.01; ***- 9<0.001 (o- Groven
vyznamnosti)).



Tabulka 15. Zavaznost metabolické acidozy pii piijmu do nemocnice u pacientli rozdélenych na skupiny dle vysledku 1écby
v ramci studie U€inku pfednemocni¢ni aplikace etanolu jako antidota (median, IQR).

pH pCOs,, HCOs', Deficit bazi, Aniontové Laktat
[kPa] [mmol/L] [mmol/L] okno, [mmol/L]
[mmol/L]
EtOH+ 7.34 4.5 18.4 -6.1 20.3 2.5
(n=30) 7.20-7.42 3.5-4.8 11.6-22.6 -1.5--14.6  18.3-28.6 1.9-3.6
EtOH- 7.03 4.0 6.8 -23.2 323 6.0
(n=70) 6.79-7.26 2.7-4.7 4.1-13.5 -11.3--29 22.3-39.8 1.9-9.3
Skupina I EtOH+ 7.36 4.6 20.9 -3.6 20.0 2.5
(n=49) (n=27) 7.25-7.42 3.9-49 12.8-22.8 -1.2--12.8 18.1-26.8 1.9-3.4
EtOH- 7.31 43 18.5 -4.5 23.2 2.1
(n=22) 7.25-7.41 3.6-5.0 8.8-22.7 -1.7--15.6 18.2-28.5 1.7-4.0
Skupina EtOH+ 7.16 2.6 59 -22.1 30.9 4.8
II (n=3) 7.01-7.18 2.3-3.3 4.7-8.7 -19.6--26.1  29.8-31.9 3.2-6.3
(n=30) EtOH- 7.02 2.9 5.1 -25.4 32.7 3.2
(n=27) 6.83-7.17 1.9-3.6 3.6-9.3 -19.1--27.5  25.3-37.7 1.4-7.4
Skupina EtOH+ - - - - - -
111 (n=0)
(n=21) EtOH- 6.79 4.5 5.2 -29 40.4 94
(n=21) 6.65-6.93 3.5-6.1 3.9-7.7 -26.9--31.9  34.8-45.1 6.7-12.9
Celkem 7.18 4.1 8.8 -17.8 28.3 3.6
(n=100) 6.89-7.34 2.8-4.8 4.7-19.5 -3.7--27.7 19.4-36.3 1.9-7.8
PEon+ vs. <0.001*** 0.587 <0.001*** <0.0071*** <0.0071*** <0.0071***

EtOH-)




PiEton+ vs.

EtOH-)

Pr(eon+ vs.

EtOH-)

Pru
Prm

Prm

0.373

0.601

<0.0071#**

<0.001***
<0.001***

0.759

0.976

<0.0071#**

0.181
0.041*

0.300

0.939

<0.0071#**

<0.001 %
0.401

0.905

0.961

<0.0071#**

<0.001 ***
0.012*

0.418

0.666

<0.0071#**

<0.001 ***
0.042*

0.449

0.991

0.111

<0.001 ***
<0.001#**

Poznamky: EtOH+ — pacienti s prednemocnicni administraci etanolu lékari nebo zdravotnickym nelékarskym persondlem; EtOH- - pacienti
bez prednemocnicni administrace etanolu lékari nebo zdravotnickym nelékarskym persondlem; Skupina I — preziti bez ndsledkii, Skupina II —
preziti s nasledky, Skupina III - umrti. Pi, Pu, Pm — vysledky t-testu rozdilt mezi skupinami (*¥*0<0.05; ** 0<0.01; ***- 0¢<0.001 (o- uroven

vyznamnosti)).



Tabulka 16. Klinické ptiznaky pfi piijmu do nemocnice u pacientii hospitalizovanych s otravou metanolem rozdélenych na

skupiny na zaklad¢ vysledku 1é€by v rdmci studie u¢inku pfednemocni¢ni aplikace etanolu jako antidota.

Asymptomaticti VD n (%) GIn (%) D n (%) CP n (%) RA n (%) Cn (%)
pacienti, n (%)
Skuplna I 0 0 0 o o o o
(od0)  BIOH* (0=27) 16 (59%) 4 (15%) 7 (26%) 1 (4%) 1 (4%) 0 (0%) 0 (0%)
EtOH- (n=22) 6 (27%) 10 (45%) 18 (82%) 10 (45%) 1 (5%) 0 (0%) 4 (18%)
Skuplna II 0 0 o o o o o
(0230)  BIOH* (0=3) 1 (33%) 3 (100%) 2 (67%) 1 (33%) 0 (0%) 0 (0%) 1 (33%)
EtOH- (n=27) 0 (0%) 8 (30%) 8 (30%) 8 (30%) 1 (4%) 0 (0%) 8 (30%)
Sklg’lma 1 0 (0%) 12 (57%) 10 (48%) 11 (53%) 7 (33%) 3(14%) 15 (71%)
(0=21) " goH- (n=21)
Celkem 0 o 0 0 o o o
(2100)  BIOH* (0=30) 17 (57%) 7 (23%) 9 (30%) 2 (7%) 1 (3%) 0 (0%) 1 (3%)
EtOH- (n=70) 6 (9%) 30 (43%) 36 (51%) 29 (41%) 9 (13%) 3(4%) 27 (39%)
sksksk
PloEOH+ vs. P <0.001##* 0.064 0.048 0.001 %% 0.146 0.250 ;%g(z(l) ol
EOH) OR (C.1) 1395(46421)  041(015-107)  041(0.16-1.01) 0.10(0.02:0.46) 023 (0.03-193) 0,000 (=) ¢ "
PiEOH+vs. P 0.025 0.018* <0.001%* <0.001##* 0.88 1.000 0.021
FtOH-) OR (C.I) 3.88(1.15-13.04) 021 (0.05-0.81)  0.08(0.02-0.31)  0.05 (0.01-0.40) 0.81 (0.05-13.70) 0.000 ()  0.000 (—)
PiEoH+ vs. P 0.002 0.016* 0.197 0.894 0.735 1000 109'223409_
FtOH.) OR (C.I) 0.000 (-—-) 0.000 (-—) 4.75 (038-60.15) 119 (0.09-1504)  0.000(—)  0000() |5 0n

Poznamky: EtOH+ — pacienti s prednemocnicni administraci etanolu lékari nebo zdravotnickym nelékarskym personalem; EtOH- - pacienti

bez prednemocnicni administrace etanolu lékari nebo zdravotnickym nelékarskym personalem; Skupina I — preziti bez nasledku, Skupina I1 —
preziti s nasledky, Skupina Il - umrti. VD — porucha zraku, GI — gastrointestinalni potize, D — dusnost, CP — bolest na hrudniku, C — kéma, RA —
zastava dychani. Chi2-test (*a<0.05; ** 0<0.01; ***- 0<0.001 (a- Groven vyznamnosti).



Tabulka 17. Lécba poskytnuta pacientim v nemocnici v radmci studie u¢inku prednemocnic¢ni aplikace etanolu jako antidota
(dle skupin na zaklad¢ vysledku 1é¢by).

Alkalinizace Etanol Fomepizol Folaty CVVHD/ HD
CVVHDF
Skupina I (n=49)  EtOH+ (n=27) 8 (30%) 21 (78%) 6 (22%) 20 (74%) 10 (37%) 8 (30%)
EtOH- (n=22) 12 (55%) 19 (86%) 2 (9%) 19 (86%) 7 (32%) 9 (41%)
Skupina II (n=30) EtOH+ (n=3) 2 (67%) 2 (67%) 2 (67%) 2 (67%) 1 (33%) 1 (33%)
EtOH- (n=27) 25 (93%) 18 (67%) 8 (30%) 22 (81%) 13 (48%) 12 (44%)
Skupina IIT (n=21) 20 (95%) 16 (76%) 7 (33%) 13 (62%) 15 (71%) 5 (24%)
Celkem (n=100) EtOH+ (n=30) 10 (33%) 23 (77%) 8 (27%) 22 (73%) 11 (37%) 9 (30%)
EtOH- (n=70) 57 (81%) 53 (76%) 17 (24%) 54 (77%) 35 (50%) 26 (37%)
<0.0071*** 0.919 0.801 0.683 0.220 0.493
Prot (BtOH+ vs. EtOH-)) F())R (C.1) 0.11 (0.04-0.30) 1.05(0.39-2.89)1.13 (0.43-3.01) 0.82(0.31- 0.58(0.24-1.39) 0.73 (0.29-1.82)
o 2.18)
0.078 0.440 0.216 0.288 0.703 0.409
P (Eton+ vs. EtOH-) gR (C.1) 0.35(0.11-1.14) 0.55(0.12-2.52)2.86 (0.5-15.85) 0.45(0.10- 1.26 (0.38-4.14) 0.61(0.19-1.99)
o 2.00)
P 0.156 1.000 0.197 0.543 0.626 0.713
Pt (BcOH+ vs. EtOH-)) OR (C.I) 0.16 (0.01-2.63) 1.00 (0.08- 4.75(0.4-60.15) 0.46 (0.03- 0.54 (0.04-6.67) 0.63 (0.05-7.75)
o 12.56) 6.06)

Poznamky: EtOH+ — pacienti s prednemocnicni administraci etanolu lékari nebo zdravotnickym nelékarskym persondlem; EtOH- - pacienti
bez prednemocnicni administrace etanolu lékari nebo zdravotnickym nelékarskym personalem,; Skupina I — preziti bez nasledku, Skupina II —
preziti s nasledky, Skupina III - umrti. IHD — intermitentni hemodialyza; CVVHD/CVVHDF — kontinualni hemodialyza/hemodiafiltrace.



Tabulka 18. Pfrednemocnicni administrace etanolu versus vysledek 1écby akutni otravy metanolem (n=100).

Skupina I Skupina II Skupina III
Ptednemocni¢ni administrace etanolu lékafi/zdravotniky - 27 (90.0%) 3 (10.0%) 0(0.0%)
ano (n=30)
Prednemocni¢ni administrace etanolu lékati/zdravotniky - 22 (31.4%) 27 (38.6%) 21 (30.0%)
ne (n=70)
p <0.001*** 0.004** <0.001***
OR (C.L) 19.64 (5.38-71.7) 0.2 (0.05-0.64) 0.0 (-)
Pfednemocni¢ni administrace etanolu véetné laické (n=42) 38 (90.5%) 4 (9.5%) 0 (0.0%)
Ptfednemocnic¢ni etanol nebyl podan (n=58) 11 (19.0%) 26 (44.8%) 21 (36.2%)
p <0.001*** <0.001*** <0.001***
OR (C.L) 40.6 (12.0-137.7) 0.1 (0.04-0.41) 0.0 (-)

Pozndamky: Skupina I — preziti bez ndsledkii, Skupina Il — preziti s nasledky, Skupina III - imrti. Chi*-test (*a<0.05; ** 0<0.01; ***0<0.001 (0-

uroven vyznamnosti).



Tabulka 19. Parametry signifikantni pro pteziti bez zrakovych / CNS nasledki otravy metanolem v rdmci studie Gc¢inku
prednemocnic¢ni aplikace etanolu jako antidota (univariantni analyza).

Intercept B SE OR LE 95% CI  UE 95% CI p Cox & Snell R> Nagelkerke R? Hosmer-Lemeshow
R2

S-EtOH -6.319 2576 0.504 13.139 4.892 35.291 0.000 0.439 0.586 0.417
pH -4.013 2253 0411 9.515 4.249 21.308 0.000 0.405 0.540 0.375
HCO; -2.839 1.527  0.284 4.602 2.637 8.033 0.000 0.321 0.427 0.279
., Prvni -2.197 2977  0.661 19.636 5.378 71.703 0.000 0.273 0.365 0.230
pomoc*

GCS -2.086 1.556  0.441 4.742 1.997 11.258 0.000 0.141 0.189 0.110
MetOH -1.841 0941  0.279 2.563 1.485 4.425 0.001 0.122 0.162 0.094
Cas -1.917 1.068  0.352 2910 1.459 5.804 0.002 0.115 0.153 0.088
Laktat -1.396 0933  0.332 2.541 1.325 4.873 0.005 0.105 0.142 0.082

Poznamky: OR — odds ratio; LE 95%CI — dolni hranice 95 % konfidencniho intervalu;, UE 95%CI — horni hranice 95 % konfidencniho intervalu;
“Prvni pomoc” — prednemocnicni administrace etanolu; pH — pH arteridlni krve; GCS — Glasgow coma scale; MetOH — koncentrace metanolu;
Laktat — koncentrace laktatu; Cas — délka casového intervalu od poZiti metanolu do zacdtku hospitalizace.



Tabulka 20. Bivariantni regresni analyza proménnych vyznamnych pro pteZiti bez nasledkl pacientti s akutni otravou
metanolem v ramci studie u¢inku pfednemocni¢ni aplikace etanolu jako antidota.

Intercept S SE; p1 B2 SE; p2 Adjusted OR LE 95% UE 95% CI  Hosmer-
(Exp f1) CI Lemeshow R?
pH Prvni pomoc  -5.894 2.166  0.456 0.000 2.725 0.809 0.001 8.726 3.567 21.344 0.489
HCO; Prvni pomoc  -4.090 1.258  0.304 0.000 2.308 0.720 0.001 3.519 1.941 6.380 0.373
GCS Prvni pomoc  -4.101 2.868  0.685 0.000 1.458 0.523 0.005 17.595 4.593 67.404 0.299
MetOH Prvni pomoc  -4.139 2974  0.698 0.000 0.972 0.333 0.004 19.562 4.978 76.877 0.296
Laktat Prvni pomoc -3.914 3434 0.824 0.000 0.913 0.411 0.027 30.989 6.158 155.943 0.349
Cas Prvni pomoc  -4.027 2.857  0.709 0.000 1.075 0.412 0.009 17.415 4.342 69.843 0.288
pH EtOH -8.393 2.092 0.533 0.000 1.817 0.478 0.000 8.103 2.852 23.018 0.554
HCO; EtOH -7.188 2.137  0.518 0.000 1.018 0.339 0.003 8.476 3.070 23.404 0.485
GCS EtOH -7.824 2.417  0.490 0.000 1.435 0.641 0.025 11.216 4.289 29.328 0.462
MetOH EtOH -8.130 2.554 0.534 0.000 0.933 0.378 0.014 12.863 4.514 36.660 0.461

Poznamky: OR — odds ratio; LE 95%CI — dolni hranice 95 % konfidencniho intervalu;, UE 95%CI — horni hranice 95 % konfidencniho intervalu;
“Prvni pomoc” — prednemocnicni administrace etanolu;, pH — pH arterialni krve; GCS — Glasgow coma scale; MetOH — koncentrace metanolu;

Laktat — koncentrace laktatu; Cas — délka ¢asového intervalu od poZiti metanolu do zacdtku hospitalizace.



Pacienti s pozitivni koncentraci etanolu v krevnim séru pi1 pfijmu do nemocnice
meli OR pro preziti bez nasledkti versus neptiznivy vysledek 1é¢by (umrti nebo
preziti s posSkozenim zraku / mozku) 8.10 (2.85 — 23.02 CI 95%; p < 0.001) po
adjustaci na zavaznost acidemie (pH arterialni krve). Dale, pacienti, ktefi dostali
etanol v ramci prednemocnicni péce od zdravotnického personadlu, méli OR pro
preziti bez nasledkii versus nepfiznivy vysledek 1écby (Umrti nebo preziti
s poskozenim zraku / mozku) 8.73 (3.57 — 21.34 CI 95%; p < 0.001) po adjustaci
na zavaznost acidemie. Vysledky logistické regrese pravdépodobnosti imrti nebo
preziti s poskozenim zraku a mozku v zavislosti na vstupni koncentraci etanolu

v séru a pH arterialni krve jsou uvedeny na obrazku 14.
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Obrazek 14. Riziko umrti a poskozeni zraku a mozku v zavislosti na koncentraci
etanolu v séru a pH arterialni krve pf1 pfijmu do nemocnice. Celkem n=100: umrti
(n=21) + preziti s nasledky otravy (n=30) + preziti bez nasledka (n=49). S-EtOH —
koncentrace etanolu v krevnim séru pfi pfijmu do nemocnice.



Pravdépodobnost umrti klesala exponencidlné se zvySenim pH arterialni
krve. VSichni zemieli pacienti méli nedetekovatelny etanol v krevnim séru pfi
pfijmu do nemocnice. AvSak pravdépodobnost poSkozeni zraku a mozku u pacientt
ptezivsich otravu zavisela nejen na stupni acidemie, ale také na koncentraci etanolu
v séru pii prijmu do nemocnice, se signifikantnim posunem vrcholu kiivky doleva.
Tato skuteCnost znamend, ze vyS$i koncentrace etanolu Iépe chranila pacienty se
stejnou pH arteridlni krve proti poSkozeni zraku a mozku. Naptiklad u pacient
s pH 7.0 pravdépodobnost pieziti s nasledky byla 59 % (nedetekovatelny etanol v
séru) versus 41% (koncentrace etanolu < 11 mmol/L) versus 16% (koncentrace
etanolu > 11 mmol/L).

Vysledek logisticke regrese pravdépodobnosti neptiznivého vysledku lécby
(amrti nebo poSkozeni zraku a mozku) u pacientl, ktefi dostali etanol od
zdravotnickych pracovnikil v rdmci pfednemocnicni péce v porovnani s pacienty,
kterym antidotum nebylo poskytnuto, je uveden na obrazku 15. Pravdépodobnost
neptiznivého vysledku klesala exponencidlné se zvySenim pH arterialni krve, ale
rychlost poklesu byla vySsi u pacienttl, kteti dostali pfednemocniéni etanol, tedy
tito pacienti méli menSi riziko neptfiznivého vysledku 1écby pii stejném pH
arterialni krve.

Neptiznivy vysledek 1€¢by akutni otravy metanolem je predevSim disledkem
pozdniho odhaleni pacienti a stim spojené opozdéné diagndézy a pozdéjSiho
zahgjeni lécby antidotem, etanolem nebo fomepizolem (Megarbane et al., 2001,
2005, 2010, 2014; Zakharov et al., 2014, 2015). Zavaznost metabolické acidozy pti
pfijmu do nemocnice, jako jeden z prognostickych faktort, zavisi mimo jiné na
de¢lce ¢asového tseku mezi pozitim metanolu a zahajenim 1é¢by antidotem (Mahieu
et al., 1989; Paasma et al., 2012). Vc¢asna korekce acidemie a rychld eliminace

kyseliny mravenci hemodialyzou jsou také klicovymi faktory pro uspéSnou 1é¢bu a



prevenci poskozeni zraku a mozku u pacienti s akutni otravou metanolem

(Zakharov et al, 2014; Vaneckova et al., 2015).
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Obrazek 15. Riziko nepriznivého vysledku 1é¢by (imrti nebo poskozeni zraku a
mozku) v zavislosti na poskytnuti etanolu zdravotnickym personalem v ramci
prednemocniéni péce.

Pacienti s pozitivnim etanolem v krevnim séru méli mirn¢j$i acidemii pii
pfiyjmu do nemocnice, vyssi pH arterialni krve a koncentraci bikarbonatu, nizsi
deficit bazi, aniontové okno, koncentraci laktatu a kyseliny mraven¢i pii
srovnatelné stejné dobé uplynulé od ingesce metanolu do piijmu jako u pacientt,
kterym prednemocni¢ni etanol nebyl poskytnut. Tato skutecnost ukazuje, ze ADH

byla dostatecné blokovana mnoZzstvim etanolu poskytnutého v ramei prvni pomoci.



Pfitom pacienti byli schopni adekvatné hyperventilovat, coz znamend, ze podani
etanolu jako prvni pomoci u pacientll s podezienim na otravu neovlivnilo jeden
z dilezitych mechanismt regulace pH arteridlni krve a kompenzace acidemie
(McMartin et al., 1980; Hovda et al., 2005¢; 2008; Zakharov et al., 2015).

Zavérem nasi studie bylo doporuceni podat etanol v ramci pfednemocni¢ni
péce pacientim s podezienim na akutni otravu metanolem k prevenci poSkozeni
zraku a mozku pii hromadnych otravach metanolem, které bylo publikovano
v Casopise Annals of Emergency Medicine. Protokol podavani piednemocni¢niho
etanolu obsahoval doporucenou davku 1.8-2.0 ml/kg vahy 40% roztoku etanolu
vSem dospélym pacientiim s podezienim na otravu s vyjimkou pacientil ve stavu
bezvédomi. Cilem tohoto opatieni bylo dosazeni koncentrace etanolu v séru 22
mmol/L (1000 mg/L) a inhibice ADH co nejdiiv po ingesci metanolu, tedy diive
nez diagn6za mohla byt potvrzena vysledkem toxikologické analyzy. Toto
doporuceni mélo dilezity preventivni dopad zejména v ptipadech, kdy cesta do
nemocnice disponujici dialyzacnim zatizenim a toxikologickou laboratofi mohla
trvat delSi dobu nebo se vyskytly jiné faktory, které mohly vést ke zpozdéni

diagnozy a zahajeni léCby.



6. ZAVER
V na$i studii jsme prezentovali data ziskand v pribéhu ceské hromadné
otravy metanolem v roce 2012 a v ramci prospektivni longitudinalni kohortové
studie zrakovych nasledkii u pacienti prezivSich otravu, ktera probé¢hla v letech
2013 — 2017 ve Vseobecné fakultni nemocnici v Praze.

Hlavni vysledky a zavéry studie mohou byt shrnuty v nasledujicich bodech:

6.1. Prevalence a charakter zrakovych nasledkii akutni otravy metanolem:

6.1.1. Prevalence zrakovych nasledki akutni toxické optické neuropatie
v souboru pacientli prezivSich otravu dosahuje 40 % a muze byt podhodnocena
v ptipadé¢ absence komplexniho oftalmologického a neurooftalmologického
vySetieni u kazdého pacienta po propuSténi znemocnice. Neptitomnost
subjektivnich zrakovych potizZi nevylucuje abnormalni morfologicky nalez na o¢ni
sitnici, zejména pokles tloustky vrstvy nervovych vldken, jakoZz i1 abnormalni
funkce zrakového nervu, zejména poruchu konduktivity a snizeni amplitudy
evokovaného potencialu.

6.1.2. Abnormalni tloustka vrstvy nervovych vldken sitnice byla zji§téna na
OCT RNFL u 38 % pacientll ze sledovan¢ho souboru pii prvnim vySetieni za 4.9 +
0.6 mésicii po propousténi z nemocnice. Prodlouzeni latence viny P1 evokovaného
potencialu zpisobené demyelinizaci axonli zrakového nervu bylo zaznamenéano na
43 % pravych a 50 % levych o¢i, abnormalni nizka nebo nemétitelnd amplituda
N1P1 evokovaného potencidlu zpiisobena akutni ztratou axoni zrakového nervu
byla zaznamenana na 24 % oci pacientli pfeziv§ich otravu metanolem.

6.1.3. Abnormalni morfologicky nalez na o¢ni sitnici a dysfunkce zrakového
nervu byly doprovdzeny poklesem ostrosti zraku u 32 % pacientli, poruchou

barvocitu u 34 % pacientii, vypadky zorného pole a ziZenim perimetru u 44 %



pacientll a snizenim kontrastni citlivosti u 56 % pacientl ze sledovaného souboru

pii prvnim vySetieni.

6.2. Dynamika chronickych morfologickych zmén ocni sitnice v pritbehu ctyr

let sledovani:

6.2.1. Akutni poSkozeni gangliovych bun€k neuronil o¢ni sitnice kyselinou
mravenci pfi otravé metanolem bylo nasledovdno chronickou neurodegeneraci a
progredujici ztratou axonu piiblizné u 25 % pacientit ze sledovaného souboru.
Tento proces byl doprovazen dalsi progredujici ztratou zrakovych funkci u vétSiny
z téchto pacientll. VétSina pacientii s abnormalni tloustkou RNFL méla také
znamky poSkozeni mozku na MRI.

6.2.2. Rychlost poklesu tloustky RNFL v disledku ztrdty neurondlnich
axonll u pacientli piezivSich téZkou otravu metanolem se zavaznou acidemii byla
signifikantné vyssi nez rychlost fyziologického poklesu spojeného se starnutim.
Vstupni pH arterialni krve pacientll pii pfijmu do nemocnice, jako ukazatel
zavaznosti metabolické acidozy, ma prognosticky vyznam pro dynamiku chronické
ztraty axontl zrakového nervu v letech nésledujicich po otrave.

6.2.3. Pfednemocni¢ni aplikace etanolu jako antidota a vySSi rychlost
eliminace a korekce acidemie za intermitentni hemodialyzy souvisely s vétsi
tlouStkou RNFL u pacientl ze sledovaného souboru. Vliv druhu antidota pouZzitého
v nemocnici (etanol versus fomepizol) a substituce folaty na dynamiku chronickych

zmén o¢ni sitnice byl nesignifikantni.



6.3. Klinické, biochemické a genetické determinanty chronickych zmén

zrakovych funkci v priitbehu ¢tyr let po akutni optické neuropatii:

6.3.1. Demyelinizace axoni zrakového nervu v disledku akutniho toxického
ucinku kyseliny mravenci ma reverzibilni charakter. Obnoveni konduktivity
zrakového nervu po akutnim poSkozeni myelinového obalu nastalo u vice nez 80 %
pacientil ze sledovaného souboru v prubéhu 4 let v disledku remyelinizace axonti
zrakového nervu, pficemz nejvyssi rychlost tohoto procesu byla zaznamenana v
pribéhu prvnich dvou let po propousténi z nemocnice.

6.3.2. Délka €asového intervalu od poziti metanolu do zacatku hospitalizace
a zahgjeni l1éCby antidotem, zdvaZnost metabolické acidozy (pH arterialni krve,
deficit bazi, aniontové okno pii pfijmu do nemocnice) a v€k pacienta byly
nejvyznamngjSimi  nezavislymi proménnymi, které mély vliv na dynamiku
remyelinizace a obnoveni konduktivity zrakového nervu.

6.3.3 Amplituda evokovaného zrakového potencidlu, abnormalni ptiblizné u
kazdého ctvrtého pacienta ze sledovaného souboru piti propusténi z nemocnice,
vykazovala tendenci k dalSimu poklesu. U poloviny pacientli s vybavitelnym
evokovanym potencidlem byl zaznamenan pokles amplitudy N1P1 o 1.0 mcV a
vice v obdobi sledovani.

6.3.4. Pacienti, ktefi byli nositelé ApoE4 alely, mé&li mensi tlouStku RNFL a
prodlouzenou latenci P1 evokovaného potencidlu v porovnani s pacienty bez
ApoE4 alely. Pritomnost ApoE4 alely byla spojena s pfitomnosti nekrotickych a
hemorrhagickych 1¢zi v mozku na MRI vySetfeni odpovidajicich nasledkiim akutni

intoxikace metanolem.



6.4. Prevence dlouhodobych zrakovych nasledkii akutnich intoxikaci

metanolem:

6.4.1. Prevence poSkozeni zraku v dusledku akutni toxické optické
neuropatie zpusobené metanolem musi byt zahajena co nejdiiv po expozici
metanolu. Kli¢ova je v€asnd inhibice alkoholdehydrogendzy. Podani etanolu v
ramci prednemocnicni péce pacientlim s podezienim na akutni otravu metanolem
ma dilezity preventivni dopad a chrani pfed poSkozenim zraku pii hromadnych
otravach metanolem.

6.4.2. Zakladem prevence poSkozeni zraku u pacientll s podezienim na
otravu metanolem je dosazeni koncentrace etanolu v séru 22 mmol/L (1000 mg/L)
a inhibice ADH co nejdiiv po ingesci metanolu, tedy difive nez diagnoza bude
potvrzena vysledkem toxikologické analyzy. Toto opatfeni ma preventivni dopad
zejména v pripadech, kdy cesta do nemocnice disponujici dialyza¢nim zatizenim a
toxikologickou laboratoti mize trvat delsi dobu nebo se vyskytnou jiné faktory,
které mohou vést k opozdénému stanoveni diagndzy a zahajeni lécby.

6.4.3. Druh antidota pouzit¢ého v rdmci nemocni¢ni 1écby (etanol versus
fomepizol) k inhibici ADH a substituce folaty nemély vyznam pro vyskyt a
charakter zrakovych nasledkii u pacienti ze sledovaného souboru. Rychlejsi
korekce acidemie a eliminace kyseliny mravenci a metanolu z krevniho séra za
intermitentni hemodialyzy v porovnani s kontinudlnimi modalitami miize mit

pozitivni vliv na vysledek 1éCby a pteZiti pacientil bez poSkozeni zraku.

6.5. Prakticka doporuceni na zaklade prospektivni studie zrakovych nasledku
akutnich otrav metanolem:
6.5.1. VSichni pacienti, ktefi prezili akutni intoxikaci metanolem, bym¢li

absolvovat kompletni oftalmologické vySetfeni pii propuSténi z nemocnice



zahrnujici vySetfen ostrosti zraku, kontrastni citlivosti, perimetru, barvocitu a disku
zrakového nervu (fundoskopii) k posouzeni charakteru zrakovych nasledkt otravy.

6.5.2. Po uplynuti dvou mésicti od propusténi z nemocnice, nezbytnych pro
odeznéni symptomil pseudopapillitis a otoku ocni sitnice, vSichni pacienti, ktefi
prezili akutni intoxikaci metanolem, by méli absolvovat druhé oftalmologické
vySetieni zahrnujici kromé vySetfeni uvedenych v bodu 6.5.1. také optickou
koheren¢ni tomografii s méfenim tloustky vrstvy nervovych vldken sitnice
k posouzeni morfologického stavu ocni sitnice a vysetieni zrakovych evokovanych
potencialli k posouzeni funkce zrakového nervu. Toto vySetfeni umozni vcas
odhalit dlouhodobé zrakové nésledky otravy zejména u pacient bez subjektivnich
potiZzi.

6.5.3. Abnormalni vysledky méfeni VEP a / nebo OCT RNFL u pacienti
prezivSich akutni otravu metanolem svédéi o vysoké pravdépodobnosti
neurologickych nasledki, zeyména o ptfitomnosti nekrotickych a hemorrhagickych
loZisek v bazalnich gangliich a subkortikalni bilé hmot&. Pacienti s abnormalnim
VEP / OCT nélezem by méli absolvovat MRI mozku a neurologické vySetteni.

6.5.4. Vysoka prevalence zrakovych nasledkli akutnich otrav metanolem a
negativni dynamika chronickych neurodegenerativnich zmén oc¢ni sitnice a
zrakového nervu u pacienti piezivSich otravu v letech nasledujicich po otraveé
svéd¢i o nezbytnosti dispenzarizace a pravidelnych kontrolnich vySetfeni onim
lékafem zaméfenych na vCasné odhaleni téchto zmén a terapeutickou intervenci
vedouci ke zlepSeni kvality Zivota pacientli. Doporuceni o dispenzarizaci miize byt
zafazeno do narodnich standardii a doporucenych postupit pro l1écbu akutnich

intoxikaci metanolem.
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pirednemocnicni aplikace etanolu jako antidota.
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ORIGINAL ARTICLE

Long-term visual damage after acute methanol poisonings:
Longitudinal cross-sectional study in 50 patients
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Context. Visual disturbances due to the toxic effect of formic acid in acute methanol poisonings are generally transient. The subjective
symptoms of visual toxicity may resolve within few weeks and fundoscopic signs of acute oplic neuropathy subside within 1-2 months;
therefore, the prevalence of long-term visual sequelae in the population of survivors of poisonings may be underestimated. Gbjective.
To study the prevalence and character of long-term visual sequelae of acute methanol poisonings based on the data from the Czech
mass methanol outbreak in 2012, Parients and methods. A total of 50 patients with confirmed methanol poisoning were included in this
longitudinal cross-sectional study, median age: 48 (range, 23-73) years. The following tests were performed: optical coherence tomography
or OCT with evaluation of the retinal nerve fibers layer (RNFL), visual evoked potentials (VEP), magnetic resonance imaging (MRI) of
brain, complete ocular examination (visual acuity/field, color vision, contrast sensitivity, and fundus), neurological examinations, and
biochemical tests. Results. Of 50 patients, 7/50 (14%) were discharged with diagnosed visual sequelae and 6/50 (12%) were discharged
wilh both visual and central nervous system sequelae of poisoning. On the follow-up examination, 20/50 (409%) of the patients had long-
term visual sequelae, with 8% of blindness. A total of 38% of the patients had abnormal (28% borderline} findings on RNFL, and 40%
had abnormal (18% borderline) VEP. Among the patients discharged without detected visual sequelae, 8/37 (22%) had abnormal RNT'L
and VEP. Patients with visual sequelae had brain lesions more often (70% vs. 27%, p < 0.01). MRI identified optic nerve lesions in
2/20 cases with abnormal VEP only. The groups with and without visual sequelae differed in serum methanol, ethanol, HCO, , formate,
pH, anion gap, and base deficit (all p < 0.01). Visual disturbances on admission and coma were more prevalent in the patients with visual
sequelae (p << 0.05). Patients with positive serum ethanol on admission were 93% less likely to have optical axonal damage (OR: 0.07 (95%
CI: 0.01-0.8); p < 0.05). No association was found between visnal sequelae and type of antidote administered, mode of hemodialysis, or
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folate substitution. Pre-hospilal administration of ethanol seemed beneficial: these patients were 90% less likely to have abnormal RNFL
findings (OR: 0.10 (95% CI: 0.02-0.52); p < 0.01). Conclusions. The long-term visual sequelae were clearly underestimated on discharge,
suggesling a significantly higher amount of patients with long-term sequelae than carlier reported. Thorough examinations before discharge
and during follow-up will likely uncover a higher morbidity also afler methanol poisonings in general.

Keywords: acute methanol poisoning; hospital treatment; treatment outcome; long-term visual damage; health sequelae of poisoning

Introduction

Acute methanol poisoning is a medical emergency where
rapid blocking of alcohol dehydrogenase is important
because of the toxic effect of its metabolite, formic acid, on
the retina and optic nerve (see the review on the topic of
formic-acid-induced ocular toxicity in Barceloux DG et al
(2002)).! Formic acid/the formate anions have a strong ¢yto-
toxic effect due to inhibition of mitochondrial cytochrome
¢ oxidase activily causing cell hypoxia.2? The retinal gan-
glion cells and their axons, which form the optic nerve, are
selectively vulnerable to histotoxic hypoxia, likely because
of their high energy dependence.*¢

In many cases, a complete recovery with resolution of
changes of the fundus, improvement of visual acuity, and
extinction of subjective signs and symptoms will occur.
However, the symptoms of long-term visual damage may
persist in 10-30% of patients.”® These symptoms may
include peripheral constriction of visual fields and/or central
scotoma, with reduced visual acuity, loss of color vision, and
finally, blindness in the most serious cases.'®-'? The results
of a follow-up study by Paasma et al in Estonia suggest the
possibility of new—or unrecognized—visual complications
in up to 36% of patients during the six years following the
acute poiscning.!?

Nevertheless, longitudinal cross-sectional studies of the
prevalence of long-term visual sequelae of acute methanol
poisonings with objective and subjective ophthalmologic
examinations performed several months after discharge are
absent. The symptoms of pseudopapillitis may persist for
several weeks after acute intoxication and subside completely
after 1-2 months following discharge from the hospital 14+-17
Therefore, the actual morphology of long-term changes of
retinal nerve fibers layer (RNFL) and the funclional state
of the visual pathway can be estimated with reliability not
earlier than two months after discharge and resolving of
residual symptoms of toxic optic neuropathy.

Further, the problem of evaluating the prevalence and the
character of long-term visual sequelae of acute methanol
poisoning is that the objective methods of optical coherence
tomography (OCT), magnetic resonance imaging (MRI} of
brain, and visual evoked potentials (VEP) are not routinely
performed during the hospitalization of poisoned patients.

In this study we report the data based on the recent
methanol mass poisoning in the Czech Republic in 201218
specifically addressing the prevalence and character of
long-term visual damage (visual sequelae of acute methanol
poisoning persisting more than two months after discharge
from hospitals when the acute pseudopapillitis resolved and
the edema of optic nerve and retina completely subsided)
in survivors.

Materials and methods

Patients and procedures

The study was designed as a longitudinal cross-sectional
examiner-masked study. During the Czech methanol out-
break from September 3, 2012 until January 1, 2013, all
cases of confirmed methanol poisonings treated in hospitals
were documented using a standardized admission protocol
developed during the Norwegian methanol outbreak in 2002—
2004,7 and discharge reports of all hospitalized patients with
confirmed diagnosis and results of neurological and ophthal-
mologic examinations on admission, during hospitalization,
and on discharge were collected and analyzed in the Czech
Toxicological Information Centre.

On admission, the laboratory investigations included
serum concentrations of methanol, ethanol, formate, lactate,
electrolytes, and bicarbonate, arterial blood gases, anion
and osmolal gaps, glucose, urea, creatinine, liver enzymes,
complete blood count, hematocrit, and serum proteins. The
diagnosis was established if (1) a history of recent ingestion
of illicit spirit was available, and serum methanol concentra-
tion was more than 6.2 mmol/L (20 mg/dL), or (2) there was
a history/clinical suspicion of methanol poisoning, serum
methanol detectable, and at least two of the following were
present: pH less than 7.3, serum bicarbonate less 20 mmol/L.
(20mEg/L), and anion gap more than 19 mmol/L (19mEq/L).
The ophthalmologic examinations during hospitalization
and on discharge included fundus examination and standard
ophthalmic tests.

All the patients with confirmed acute methanol poisonings
who survived poisoning and were discharged from hospitals
were included in the study. The patients with diabetes mel-
litus, arterial hypertension, cataract, amblyopia, and sarcoi-
dosis were included in the study to prevent the selection bias
(exclusion of elderly and possibly more vulnerable subjects
from the study population). The patients who did not admit
participation on the follow-up clinical examination and
did not sign the informed consent were excluded from the
longitudinal study.

The patients were treated in accordance to the American
Academy of Clinical Toxicology and European Associa-
tion of Poisons Centres and Clinical Toxicologists (AACT/
EAPCCT) practice guidelines for the treatment of methanol
poisoning.! Bicarbonate was given as a buffer to the patients
with mctabolic acidosis. Ethanol or fomepizole were used
as antidotes to block alcohol dehydrogenase enzyme. Inter-
mittent hemodialysis (IHD) was performed in 30 patients,
and continuous venovenous hemodialysis/hemodiafiltration
(CVVHD/HDF) was performed in 45 patients. Folates were
administered in 63 patients: folic acid (Acidum folicum
LéCiva, tbl. 10 mg, Zentiva, Czech Republic) in 35, and

Clinical Toxicology Early Online 2(15



Downloaded by [176.114.240.27] at 12:00 14 Scptember 2015

folinic acid (Calcium folinate Hospira, amp. 20 ml, 10 mg/ml
Hospira UK Limited, Great Britain) in 28 subjects. Corti-
costeroids were not administered to the patients with visual
disturbances.

Investigation protocol

The clinical examination protocol 3-8 months after dis-
charge from hospitals included complete ocular examination
and standard ophthalmic tests, OCT with RNFL thickness
evaluation, VEP, MRI of the head, neurological and ncu-
ropsychological examinations, biochemical tests (electro-
Iytes, glucose, glycohemoglobin, albumin, pre-albumin,
urea, creatining, bilirubin, liver enzymes, cholesterol,
lipids, (hyreid-stimulating hormone (TSH), vitamin B,
carbohydrate-deficient transferrin (CDT), complete blood
count, and hematocrit), ethyl glucuronide in urine, physical
examination, arterial blood pressure measurement, and stan-
dardized questionnaire forms. The examiners were masked
to the serum methanol and formic acid concentrations on
admission, severity of poisoning, clinical course, treatment
measures and outcomes (results of ocular examination,
neurological examination, and CT of brain) in methanol-
poisoned patients on discharge from hospitals, as well as to
each other’s resuls.

RNFL thickness was measured on the OCT SPECTRA-
LIS Tracking Laser Tomography (Heidelberg Engineering
GmbH, Heidelberg, Germany, software version 5.8.3) and
compared with the normative database. On the diagram, the
green area represented the mean RNFL thickness of normal
eyes. Normal eyes were defined as those that fell within
5-95 percentile of normal distribution, Measured values in
this range were considered “within normal limits,” The red
area represented values below the 1 st percentile of RNFL
thickness of normal distribution. Measured values at this
range were considered “abnormal—outside normal limils.”
The yellow area represented values between the 1 and 5 per-
centile of normal distribution. Measured values in this range
were considered “borderling,” and did not indicate that mea-
sured values related to abnormal state,

VEP examination was performed on two-channel device
TruTrace 4 Alien Technik CZ. Monocular checkerboard pat-
tern-reversal stimulation was used, with frequency of 1.5 ¢/s,
angular size of the monitor 6°x 5% from the fixation point,
and angular size of checkerboard squares of 40°. Luminance
of the while and black squares was 84 cd/m2 and 57 cd/m2,
respectively. Bandwidth of the amplifier was 1 Hz-1 kHz,
the evoked response was registered from the Oz-Fz deriva-
tion. At each eye, the examination was performed twice in
order 1o check reproducibility of the evoked complex. We
evaluated latencies of waves N1, P1, and N2, and amplitudes
NIP1 and PIN2. The measured values in patients were
compared with our laboratory reference values determined
as the central 95% interquantile interval of data measured
on a group of 30 healthy individuals. Four criteria of abnor-
mality were chosen: (1) missing evoked response, (2) wave
P1 latency > 117 ms, (3) interocular difference of waves P1
latencies > 6 ms, and (4) amplitude of evoked complex <3 V.

Copyright ©@ Informa Healthcare USA, Inc, 2015
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The result was categorized as abnormal if at Ieast onc of the
above-mentioned four criteria was fulfilled.

The best-corrected visual acuity (BCVA) was established
on standard Snellen charts at a distance of 6 meters (20 feet).
The visual acuity was considered pathologic if worse than
6/60). The visual field was examined by means of static
perimetry (Medmont perimeter M700 automated perimeter;
Medmont International Pty Lid, Vermont, Australia, Neuro-
logical test, threshold strategy). The findings were considered
pathologic if there were any defects in the visual field. The
color vision was examined by means of Lanthony’s 15-D test
(Richmond Products Albuquerque NM, U.S.A.). The finding
was considered normal up to 3 crossings, borderline with 3-7
crossings and pathologic with more than 7 crossings. The
contrast sensitivity was examined by means of Pelli-Robson
contrast sensitivity test (Clement Clarke International Lid,
Essex, UK). The finding was considered normal (1.35 and
better}, borderline (1.20-1.05), or pathologic (worse than
1.05). The fundus (posterior pole of the eye) was examined
by means of biomicroscopy on the slit lamp with the + 78
diopters lens (Volk-lens type). The finding was considered
pathologic, if any related pathology of the optic nerve head
and/or the adjacent retina was present),

The patients underwemt MRI on Gyroscan Philips
1.5 T system with the following protocol: axial T2-weighted
image with slice thickness (THK) 6.0/0.6 mm through
the whole brain, with parameters: repetition time (TR)
4241 ms, time to echo (TE) 100 ms, flip angle (FA) 90°, fluid-
attenuated inversion recovery or FLAIR: TR 11000 ms, TE
140 ms, inversion time (TI) 2800 ms, FA 90°, T1-weighted
image: TR 569 ms, TE 15 ms, FA 69°, T2-weighted image
fast field echo: TR 665 ms, TE 23 ms, FA 18°, single-shot
diffusion-weighted image: TR 2901 ms, TE 75 ms, FA 90°,
T1l-weighted after administration of Gd-DTPA and in coro-
nal images centered to the orbilal region T2-weighted image
with suppression of fat (SPIR): TR 5506 ms, TE 100 ms, FA
90°,

The patients were further divided in two groups according
to the results of clinical examination: Group I, the patients
without findings compatible with long-term visual sequelae
of acute methanol poisonings; and Group II, the patients with
long-term visual sequelae of acute methanol poisonings,

The patients were considered having long-term visual
sequelae of acute methanol poisonings if

1. abnormal RNFL with abnormal VEP were present in
at least one eye, or

2. abnormal RNTL wilth borderline VEP or abnormal
VEP with borderline RNFL were present in at least
one eye with concurrent pathologic findings on fundus,
perimeter, color vision, and contrast sensitivity, and

3. possible comorbidities, like diabetes mellitus, arte-
rial hypertension, sarcoidosis, cataract, amblyopia,
and glaucoma were considered and excluded as
a cause of abnormal RNFL and VEP findings, and
there was a causal relationship of abnormal findings
with confirmed acute methanol poisoning and toxic
optic neuropathy diagnosed in hospitals.
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The rationale for inclusion of the “borderline” results
of measurements was to detect the patients with abnormal
functional parameters of optic nerve conductivity suggesting
myelin sheaths damage and axonal loss with possible retro-
grade degeneration of retinal nerve ganglion cells during the
following months (borderline RNFL thickness within 1-5
percentile of normal distribution might indicate the initial
stage of this process) and the patients with abnormal RNFL
and borderline conductivity changes of optic nerve suggest-
ing possible remyelination after acute myelin damage.

Statistical analyses

The laboratory and clinical data were compared using
Two-Sample Assuming Unequal Variances (Equal Means),
Two-Sample F-Test for Variances, bias test, and two-sample
Kolmogorov—-Smirnov test. The data were expressed as
medians with range. Chi-square tests were used Lo examine
the differences between treatment modalities (type of anti-
dote, mode of hemodialysis, and folate therapy), laboratory
parameters (pH, bicarbonate, anion gap, scrum methanol,
and lactate), and visual sequelac. Statistically significant
treatment modalities and laboratory parameters were subse-
quently used in bivariate logistic regression as independent
variables, Variables that showed significant association with
the visual outcome on bivariate analysis were included in
a multiple linear regression model with the visual outcome
as the dependent variable and the tested laboratory inves-
tigations and treatment measures as independent variables.
All statistical calculations were carried out on level of sig-
nificance a=0.05. Statistical analysis was performed using
Excel (Microsoft, USA), and the formal calculations were
produced in QC Expert software 3.1 (Trilobyte, Pardubice,
Czech Republic) and in IBM SPSS ver, 17.0 and Statistica
ST ver. 10.0 (both licensed to 1 st Faculty of Medicine of
Charles University in Prague).

Ethics

The study was approved by the General University Hospital
Ethics Commitiee in Prague, Czech Republic. Informed con-
sent was obtained from the participants of the study. The study
adhered to the tenets of the Declaration of Helsinki.

Results

Demographic characteristics
A total of 121 cases of methanol poisonings occurred during
the period from September 3, 2012 until January 1, 2013
(see Fig. 1). One hundred and one patients were treated in
30 hospitals in 11 regions of the Czech Republic, of whom
21 patients died in hospitals. Further, 20 persons died at
home or before hospital admission, giving a total mortality
of 41 patients (34%). According to the results of ocular and
neurological examinations and CT of brain on discharge:
from hospitals, there were 60/80 (75%) survivors without,
and 20/80 (25%) with sequelae; visual impairment was
found within the standard ophthalmologic examination on
discharge (visual acuity, perimeter, color vision, and fun-
doscopy) in nine (six patients with visual acuity loss, eight
cases of perimeter and color vision defects, and nine cases
with residual fundus lesions), central nervous system (CNS)
impairment was found within the standard neurological
examination, CT of brain (was provided during hospitaliza-
tion in eight patients) and MRI of brain (was provided during
hospitalization in two patients) in four cases (basal ganglia
lesions on CT in three cases, severe motor impairment in two
cases), and both visual and CNS involvements (four cases of
blindness; three patients with visual acuity loss, perimeter
and color vision defects; and seven patients with residual
fundus lesions) in seven cases.

All 80 patients who survived the acute intoxication
were invited to participate in a one-day outpatient clinical

Tolal number of palients
121

|
Hospitalized
101
1 _

Died outside hospitals
20

Denied participation on the follow-lip examination

Survived methanol poisoning Died in hospitals
80 21
1
1

Long-term visual sequalae of poisoning (Group |1)
20

Included in tha study
50
1
[ |

No long-term visual sequelae of poisoning

{Group [)

30

Diagnosed on discharge from hospital
12

I
|
Diagnosed on follow-up examination
8

Fig. 1. Flowchart of the study design: The outbreak of methanol poisonings in the Czech Republic from 3.9.12 to 1.1.13.
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cxamination. Fifty patients (63%) with median age of 48
(range: 23-73 ) years, 41 males and 9 females, agreed and
were included in the study and absolved the follow-up clini-
cal examinations 3-8 months after the acute poisoning. Of
them, 13/50 (26%) patients were discharged from hospi-
tals with diagnosed sequelae of poisoning: seven patients
with visual sequelae, and six with visual and CNS seque-
lae, whereas 37/50 (74%) were discharged without health
sequelae from the methanol poisoning,.

For the patients included in the study, the median ingested
volume of toxic spirits was 0.3 (range: 0.1-1.5 ) L containing
approximately 50% methanol and 50% cthanol in different
kinds of strong alcoholic beverages with a total alcohol con-
tent around 40% alcohol by volume (ABV, v/v). In 19 cases,
ethanol was administered per os as a “first aid antidote™ by
the ambulance medical/paramedic stall before admission to
the hospital.

Only 26% of these patients were diagnosed within
12 hours after the methanol ingestion, 60% within 48 hours,
and 8% later than 48 hours, A medical history of chronic
alcohol abuse was present in 64% of the cases. To control
the effect of chronic alcohol abuse on the results of the study,
the clinical examination protocol included measurements of
CDT, gamma-glutamyltransferase (GGT), serum vitamin
B,,, and urine screening of ethyl glucurenide on the day of
examination. Regarding somatic diseases, five patents had
diabetes mellitus type 11, one patient had sarcoidosis, and 19
patients had arterial hypertension. Furthermore, two patients
had cataract in one eye, and two paticnts had amblyopia. To
estimate possible effect of comorbidities on the results of
examinations, the clinical investigation protocol included
the key laboratory paramelers, instrumental examinations
(e.g., glycohemoglobin and glycemia, ocular fundoscopy
and electromyography in diabetes; arterial blood pressure,
cholesterol, lipids, fundoscopy in arterial hypertension, and
so on), and the study of the history of diseases from medical
documentation.

Results of longitudinal clinical examination
3-8 months after discharge

A variety of visual sequelae of acute methanol poisoning
were found in 20 (40%) of the patients (Group II), with
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four cases (8%) of complete blindness (Table 1). There was
a positive correlation between abnormal RNFL and abnor-
mal VEP (p=0.001). Further, the associations were present
between both abnormal RNFL and VEP and color vision
defects, diminished contrast sensitivity, visual field defects,
and fundus lesions (all p < (L.001). Most of the patients in
the group with long-term visual sequelae had color vision
and visual field defects, diminished contrast sensitivity, and
fundus lesions. Three patients in this group had diabetes
mellitus type 11, two of them became completely blind dur-
ing the first day of hospitalization with acute poisoning, hav-
ing fundus lesion as typically seen in methanol poisonings.
The third one had bilateral central and peripheral visuval field
defects in addition to abnormal RNFL and VEP findings,
reduced color vision, typical fundus lesions, and bilateral
symmetrical lesions in putamen on MRI of brain. These
three patients in Group II had normal glycohemoglobin
on the day of examination suggesting adequate therapeutic
control of glycemia. Ten patients in this group had arterial
hypertension sufficiently controlled with ACE inhibitors
(normal arterial blood pressure on the day of examination,
corresponding data from the medical documentation), and
on¢ patient had sarcoidosis without the signs of intraocular
sarcoidosis. Therefore, in all these patients the possibility of
competing causal relationship was examined and excluded.
Finally, thirteen patients had a history of chronic alcoholism
with positive ethyl glucuronide test in urine in eight cases
and high serum CDT level in five cases.

The objective findings in Group I (no sequelae) were iso-
lated (e.g., abnormal latency of evoked complex with normal
thickness of RNIL) and did not comply with the criteria
described previously, or the causal relationship with metha-
nol poisoning was not proved. As an example of the patients
from *No sequelae” group we provide the data on the single
patient with abnormal RNFL included in Group 1: 48-year-
old male with medical history of chronic alcohol abuse and
confirmed methanol poisoning was examined 4 months after
discharge and had borderline latencies of N1 peaks, normal
latencies of P1 and N2 peaks, and normal amplitudes of
evoked complex on both eyes, normal RNFL in right eye
and abnormal thinning of RNFL only in the low temporal
segment in left eye with normal other segments, normal
visual fields and conlrast sensitivity on both eyes, hereditary

Table 1. Findings on ophthalmologic examinations and MRI of the brain in the patients with acute methanol poisoning 3-8 months after discharge

from hospitals.

Visual Color Contrast Visual
RNFL RNFL VEP VEP fields vision sensitivity  Fundus acuity MRI brain
Groups abnormal borderline abnormal borderline abnormal abnormal abnormal lesion abnormal damage
Group I (n=30) 1(3%) 12 (40%)  4(13%) 7 (23%) 8(27%) 3(10%) 11(37%) 2(7%) 3 (10%) 8 (27%)
Group Il (n=20) 18(90%) 2(10%) 16(R0%) 2(10%) 14 (70%) 14 (70%) 17 (85%) 12(60%) 13 (65%) 14 (70%)
Total (n=50) 19 (38%) 14 (28%) 20(40%) 9(18%) 22 (44%) 17(34%) 28(56%) 14(28%) 16(32%) 22 (44%)
Py <0.001* <0.001* <0.001*  0.229* 0.003* <0.001* <0001* <0.001* <0.001* 0.003*

Group I — without long-term visual sequelae: Group II — with long-term visual sequelae; RNTL = retinal nerve fibers layer, VEP — visual evoked potential, MRI -
magnelic resonance imaging. Visual acuity abnormal - if the best corrected visual acuity established on standard Snellen charts at 6 meters (20 feet) distance worse
than 6/60, MRI brain damage - symmetrical necrosis of basal ganglia (putamen, globus pallidum) and other brain lesions (brainstem, nucleus caudatum, cerebellum,
deposits in white matter, and optical nerve atrophy) compatible with the diagnosis of acute methanol poisoning. P, ;- results of Chi? test of the difference between

Group [ and Group 11
#-significant value.

Copyright ©@ Informa Healthcare USA, Inc, 2015
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anomalous trichromacy (protanomaly), and physiological
findings on fundoscopy. This patient had high serum metha-
nol on admission (2640 mg/L.), but presented to hospital
with protective serum level of e¢thanol (1310 mg/L} duc to
co-ingestion of different alcoholic drinks during at least the
last two days, without metabolic acidosis (pH: 7.44; bicar-
bonate 23.7 mmol/L, and anion gap 11 mmol/L). The patient
was asymplomatic on admission with clinical features of
inebriation only; he was treated with ethanol, CVVHD, and
calcium folinate, and was discharge from hospital without
sequelae of poisoning. The comorbidities included arterial
hypertension on ACE, hypercholesterolemia, and alcoholic
hepatopathy. Analysis of these data led us to the conclusion
about the absence of long-term visual sequelae of poisoning
despite isolated abnormal RNFL finding.

Only 12720 (60%) of the patients with determined long-
term visual sequelae were discharged from hospitals with
recorded pathologic findings, ranging from a pseudopapil-
litis in regression to optic atrophy with complete blindness.
One patient with residual fundus lesion (regressing acute
pseudopapillitis) and normal visual acuity, color vision, and
perimeter on discharge from hospital had normal results
of subjective tests and VEP and RNFL measurements on
the follow-up examination and was classified as “survivor
without long-term visual sequelae.” Therefore, forty percent
of the patients in this group were discharged from hospi-
tals without detected visual damage caused by methanol
poisoning.

Significantly more patients with long-term visual seque-
lae had pathologic findings on brain MRI compatible with
sequelae of acute methanol poisoning as compared with the
patients without visual sequelae (70% vs. 27%, p < 0.01}.
In the patients with visual sequelae, there was a symmetri-
cal damage of putamen found significantly more often as
compared with the patients without visual sequelae (58% vs.
10%, p <<(.01). Among the patients without visual sequelae,
the signs of CNS damage were more polymorphic (globus
pallidus in 13%, subcortical lesion in 3%, lemniscus media-
lis in 3%, nucleus dentatus in 3%, and thalamus in 3%).
Morphologic changes of the optic nerve were identified on
MRI only in 2/20 with abnormal VEP findings.

Onthe day of examination, positive urine ethyl glucuronide
test was determined in 54% of the cases, and serum CDT
level was elevated (> 2%) in 30% of cases. These two tests

of chronic alcoholism correlated significantly (p < 0.01)
identifying a group of patients with likely chronic alcohol
abuse during the period after the methanol poisoning. No
significant difference was found in serum vitamin B, level
(450170 ng/ml vs. 368 =50 ng/ml), TSH (2.44*0.55
mlU/L vs. 2.31 =0.37 mlU/L), serum glucose (5.07 =0.61
mmol/I. vs. 5.61x0.73 mmol/L), CDT (3x2.2% vs.
3 1.3%), and results of ethyl glucuronide test on the day
of examination, between the groups with and without long-
term visual sequelae.

Laboratory Data, Clinical Features, Treatment in
Hospitals, and Visual Sequelae of Poisonings

Laboratory data and clinical features on admission are pre-
sented in Tables 2 and 3.

Five laboralory paramelers, arterial blood pH, serum
bicarbonate, lactate, methanol, and ethanol concentrations
on admission, were used in univariate and multivariate logis-
tic regression in order to predict the long-term disruption of
axonal integrity of retinal nerve fibers in patients with acute
methanol poisoning (Table 4).

The association between different treatment modalities
given to the patients with acule methanol poisoning and
long-term axonal damage of retinal nerve fibers was tested
by univariate logistic regression. No association was found
with type of antidote (ethanol or fomepizole) administered
in hospitals, mode of hemodialysis (IHD or CYVVHD/HDF),
or folate substitution. The only significant association
was found with pre-hospital ethanol administration: these
patients were 90% less likely to have abnormal RNFL find-
ings (OR=0.1{); 95% CI=0.02-0.52; p < 0.01).

Discussion

We found the prevalence of long-term visual sequelae of
acute methanol poisonings to be significantly higher than
the prevalence of visual damage on discharge {rom hospitals
and earlier stated in the literature, what can be ascribed to
the application of more robust objective techniques of OQCT
and VEP measurements. At least 8/37 (22%) of the patients
without subjective complaints of visual disturbances and
being discharged from the hospital without detected visual
damage had abnormal findings both on RNFL and VEP. Alto-

Table 2. Laboratory data on admission in the patients with acute methanol poisoning (medians with ranges),

Age pCO, HCO,” BD AG S-Lactate S-MetOH  S-EtOH  S-Formate S-Glucose
Groups (years) pH (kPa) (mmol/l) (mmol/l.) (mmol/L) (mmol/L} (mmol/l) (mmol/l) (mmol/l.) (mmol/lL)
Greup I (n=30) 46 7.3 4.2 17.8 1.5 223 1.9 21.8 22 7.0 6.3
23-69 17.0-75 15-61 25-237 0.1-272 11.1-419 07-17.1 27-936  0-96.8 0-31.1  44-115
Tm(mp I {rn=20 48 7.1 3 6.4 228 326 2.0 52.6 0 15.5 6.6
25-73 6.,1-74 1752 27218 1.6-381 166548 009-163 125-2281 080 89-225 48198
Total (r=50) 48 7.2 38 11.4 16.1 24.5 19 28.7 0.1 11.7 6.4
23-73 67-75 1561 25237 01-381 11.1-548 0.7-17.1 2.7-2281 0-96.8 0-31.1 4.4-19.8
Pi=y 0.746. 0.001* 0.086* 0.007*  0.001* 0.006*  0.099* 0.008* 0.007*  (.003* 0.078

Group I — without Tong-term visual sequelae; Group II — with long-term visual sequelae; AG — anion gap, BD — base deficit, 5-MetOH — serum methanol,
S-EtOH - serum ethanel. P, =, — results of Chi? test of the difference between Group [ and Group 11

#-significant value.

Clinical Toxicology Early Online 2015



Downloaded by [176.114.240.27] at 12:00 14 Scptember 2015

o~ s
= & B =B
S8 8 B .
"‘8 = = “: —
Eg S )
aw|RE 2 =B %
pe—1 wy — o
=R U AR
EE.': — o o \'
R = =z g
2 LSS
_— ~— — N
gl & B
Z " o g
20S 2 T w
HlE o8 B oM
~ | = ] = w
gl & B oS
Blg w g
cla T B
= — t

~~ — o

£ o2 B

_ | 2 3 =

olg I <
= 5 = 1
SERI-I
QE T T T S

=l 2 5

= &

(]

g —~ — -

(% 9 =
ElS S = =
Pl RS - -
¢l v 8 =
i s =

Blg = =

= ol —_ e

-] wy W =

£

2 N

& ® z

—

o gv =

=] ftml|le =& o =

g ol ®] =

£ e v

g

a

= ]

g Bl =~ o~ o~

5 FEIE B OB 4L

= S8 len n o 8

E EE|l 2 T 3
PEIS & o S

g 2 - 2

k3 "

=

r Lt e & ¢

£1382|1F 3 3 ¢

£ é§= S -

] o | & o e d

ZlEg89 |« ¢ = <

so | B L T

b B

=

o

£ T

£l .03 8§ 8 8

g [ 085"” =

= | 522 .—E“ES'—'Q
24
= =t uw o

2 (RAgE S B éc

| Z b = =

= w O &

g

-

£ Sl =~ =

‘g Slg &8 8 o

- [=} £ wy 3 —

] Sle e =
318 B &

g 2l o 9 bl

=t 28

4 <

w

=

=

[}

] —~ o

= b w o f @ ¢

o v n \2 ; (=]

= =t =1

c

a -

o wl==2s =

= Al 28 28 _& _

= glaunansn g

= JICET ERE AT

Copyright € Informa Healthcare USA, Ine,

y—Tesults of Chi? test of the difference between Group I and Group II. * - medians with ranges.

Group I — without long-term visual sequelae; Group Il - with long-term visual sequelae; M — male, F - female, GCS — Glasgow coma scale; Fo - fomepizole, E — ethanol, HD — hemodialysis, IHD - intermittent hemo-

dialysis, CVVHD — continuous veno-venous hemodialysis. P,

o]
(=}
—
tn

Long-term visual damage after acute methanol poisonings 7

Table 4. Univariate and multivariate logistic regression of laboratory
parameters on admission significant for the long-term axonal damage
of retinal nerve fibers in the patients with acute methanol poisoning.

Unadjusted Adjusted
Parameter OR (95% CI) OR (95% CI})
S-EiOH 0.10 (0.02-0.52) 0.07 0.01-0.8)
S-MetOH 4.25 (1.52-11.94) 5.59 (1.49-21.03)
pH 241 (1.354.32) 392 (1.59-25.95)
HCO,~ 235 (1.14-4.84) 1.16 (0.01-2.49)
S-Lactate 1.82 (0.69-4.8) 143 (0.36-5.65)

Nate: Bold text indicates statistically significant result at p<<0.05, OR - odds
ratio, Cl - confidence interval; S-EIOH = serum ethanol concentration on
admission (two cul-offs: negative serum ethanol concentration versus positive
serum ¢thanol concentration); S-MetOH — serum miethanol concentration (three
cut-offs: < 15 mmol/L, 15-25 mmol/L., and > 25 mmol/L); pH - arterial blood
pH on admission (three cut-offs: <7.14. 7.14-7.25, > 7.25); HCO,_ - serum
bicarbonate concentration (three cut-offs: < 9.3 mmel/L. 9.3-13.8 mmel/L,
=>13.8 mmol/LY; S-Lactate — serum lactate concentration (three cut-offs:
< 1.2 mmol/L, 1.2-2.9 mmol/L, > 2.9 mmol/L). Unadjusted effect — results
of univariate regression analysis (prediction of axonal damage based on one
selected parameter with no other covariates). Adjusted effects — results of mul-
tivariate regression analysis (prediction of axonal damage based on the selected
parameter in the presence of other covariates that affect the outcome),

gether, 40% of the examined patients had abnormal findings
complying with the criteria of long-term visual damage due
to acute methanol poisoning. Another 26% of the examined
patients had abnormal or borderline findings on RNFL,
whereas 22% of the patients had abnormal or borderline
VEP, however, not complying with the criteria as stated in
the “Materials and Methods” section.

Methanol poisoning has a high mortality and incidence
of long-term sequelae in spite of complex and resource-
consuming treatment.! There are reports describing visual
lesions to be variable and either transient or permanent with
a variety of possible dynamics.!131% There are two main
reasons why the data on prevalence, character, and develop-
ment of long-term visual sequelae of methanol poisonings
are scarce: Firstly, precise objective examination methods
such as OCT, VEP, and MRI, are not routinely performed
during the hospitalization or on discharge in the patients
poisoned with methanol, preventing the subclinical cases
of retinal nerve fiber layer and optical nerve damage to be
found. Secondly, only three follow-up clinical studies have
been performed in patients more than two months after the
acute poisoning, when the residual symptoms are thought to
have subsided completely, but these studies were retrospec-
tive and did not have any of the above-mentioned objective
tests available, 101113

The higher prevalence of visual sequelae of acute metha-
nol poisonings compared with earlier studies,™ as well as
the high prevalence of subclinical findings without subjective
signs of visual damage and “borderline” findings, underlines
the necessity of comprehensive ocular examination of the
patients on discharge from hospitals. This should include not
only the standard ophthalmologic examination, bul also the
examination of axonal integrity of the retinal nerve fibers
and the functional state of the optic nerve. In facilities with-
out available OCT and MRI equipment, the patients should
be examined by other available methods such as VED, visual
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field testing, color vision test, and contrast sensitivity test.
If any of these results are abnormal or borderline and there
is no other pathology to explain it, these patients should be
referred to other facility to perform OCT and brain MRI
examinations.

There was a significant correlation between RNFL and
VEP findings, as well as positive association between
long-term visual sequelae and pathologic MRI findings in
the basal ganglia of the brain. This suggests that in medi-
cal facilitics without available OCT and MRI equipment,
functional examination of the optic nerve (VEP) can provide
a good altemnalive screening to determing the target group
of patients for further thorough examination including OCT
and brain MRI examination,

Severity of metabolic acidosis, serum methanol, and
ethanol concentrations on admission were the laboratory
parameters correlating significantly with the long-term
visual sequelae of acute methanol poisoning. Earlier stud-
ies have demonstrated the role of pH as a prognostic factor
for permancnt visual disturbances.!%!1:20 The patients with
visual sequelae had twice as high concentration of formate
in blood on admission to hospitals. Eells et al showed that
formic acid accumulation was much higher in the rat eye as
compared with the rat brain, possibly due to its slower oxida-
tion in the eye.?! They found that concentration of formic
acid in the vitreous humor and in the retina was 50% higher
than in the retrolaminar segment of the optic nerve and in
the brain, Positive serum ethanol on admission likely plays
a role as a protective factor by blocking alcohol dehydro-
genase and preventing the toxic metabolite formation and
accumulation,

Analysis of the clinical symptoms on admission in our
patients suggested that the subjects with visual disturbances
on admission (blurry or cloudy vision, central visual field
defects, alterations in light, color, and depth perception, etc.)
had long-term visual sequelae significantly more often than
those without early subjective visual symptoms (63% vs.
23%, p < 0.05, Table 3). In the study of Sanaei-Zadeh H
et al, early subjective symptoms of visual toxicity as blurred
or snowfield vision recovered within up to a maximum of
two weeks after discharge.!! This fact corresponds with
the data on the resolve of acute pseudopapillitis, when the
edema of optic disk and peripapillary retinal edema typi-
cally completely subside within several weeks.21617 On the
contrary, prelongation of optic nerve conduclivity, decrease
in amplitude of visual evoked complex, and abnormal thick-
ness of RNFL registered 3-8 months after discharge, when
the symptoms of acute toxic neuropathy were completely
resolved, represented the long-term effects of oplic nerve
demyelination, axonal degeneration, and retrograde retinal
zanglion cells death.?>?3 Finally, long-term visual seque-
lae were found in all nine patients who were admitted to
hospitals in coma (GCS < 8), of whom four (44%} became
completely blind. Coma on admission being associated with
poor outcome is also found in other studies.2*23

No difference was [ound in the prevalence and character
of long-term visual sequelae hetween the groups of patients
treated with different antidotes (fomepizole vs. ethanol),

folate substitution (folic/folinic acid “yes” vs. ““no), or mode
of hemodialysis (IHD vs. CVVHD/HDT), notwithstanding
the rate of climination of formic acid on IHD known to be
2.2 times higher than that on CVVHD/HDFE? However,
the patients with pre-hospital ethanol had better visual out-
comes than those without pre-hospital ethanol administra-
tion (p < 0.01).

Further prospective studies are necessary to determine the
development of the abnormal findings, as well as the “bor-
derline” changes; whether they regress, suggesting possible
regeneration, or whether it could be an ongoing progress
developing over time as suggested by Paasma et al.'?

The prevalence of long-term visual sequelae after acute
methanol poisonings was significantly higher than the
prevalence of visual damage on discharge from hospitals
and earlier stated in the literature. About every fourth patient
without subjective signs of visual disturbances discharged
from hospitals without detected visual sequelae had both
morphological and functional abnormal findings of the retina
and the optic nerve. Two-thirds of the patients who survived
the methanol poisoning had abnormal or at least borderline
RNFL and/or VEP findings 3-8 months after discharge,
suggesting long-term damage to the retinal ganglion cells
and their axons, Further progression—or regression—of the
“borderline” changes is possible during the months/years
following the poisoning.

Strengths and limitations

The study has some principal limitations. The lack of
“baseling” OCT-RNFL, VEP, and MR examinations in the
study population before acute methanol poisoning, during
the treatment, and on discharge from hospitals prevents
comparison of the results of morphological and functional
tests from the follow-up examination with corresponding
“baseline” parameters before methanol exposure and on dis-
charge. Therefore, the possibility of abnormal VEP and/or
RNFL findings before methanol poisonings in the patients
with predisposing conditions (diabetes mellitus and others)
cannot be excluded and the degree of possible worsening
cannot be measured. Nevertheless, the study population was
relatively young with median age of 48 years, the proportion
of the patients with co-morbidities potentially affecting the
results of measurements was relatively low, and the param-
eters studied within the follow-up examination (glycohe-
moglobin, arterial blood pressure, and others) allowed us to
exclude other causes of abnormal visual findings. Further,
even if available, the results of VEP examinations during the
treatment and on discharge could not be directly compared
with the resulls of follow-up examinations of optic nerve
latency prolongation and neuronal loss due to conductiv-
ity block caused by myelin sheaths swelling in acute optic
neuropathy.?” Finally, reliable measurement of RNFL is pos-
sible only when the peripapillary retinal edema completely
subsides, Lo prevent Lhe false negative results with “normal”
RNFL thickness.”

The study was not controlled for the time (o presentation
(time between methanol ingestion and start of treatment ), time
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of blood collection for laboratory analysis (the laboratory
parameters measured from the first blood sample collected
in a hospital were assumed as the parameters measured on
admission), and the treatment modalities (choice of antidote
and mode of dialysis, alkalinization, and folate substitution)
which could affect the outcomes of methanol poisoning and
the character of long-term visual sequelae. Further, the time
range between discharge from hospitals and the follow-up
VEP examinations was from 3 to 8§ months, making pos-
sible additional inter-individual variability in the results
of measurements (due to possible regression or progression
of visual damage during this period). Nevertheless, the aim of
the study was to examine the prevalence of long-term visual
sequelae of methanol poisoning in the population of survivors
which persist for more than two months after discharge and
can be detected by objective measurements. We did not study
possible dynamics of these changes and possible effects of
different treatment modalities on the outcome.

Finally, substantial part of the survivors of methanol
poisoning did not admit participation on the follow-up
examination; therefore, the selection bias is possible with
less severely affected patients participating in the study and
the real prevalence of long-term visual sequelae of acute
methanol poisoning may be ¢ven higher than that found in
our study.

Despite the limitlations, this is the first-ever longitudinal
cross-sectional study of long-term visual sequelae after
methanol peisoning using a defined protocol and advanced
technology to identify and objectively characterize not only
the clinical, but also the subclinical lesions of retina, the
optic nerve, and the basal ganglia. All patients were exam-
ined according to the same standardized protocol including
complete ophthalmologic and neurological examinations, as
well as biochemical and toxicological tests to limit influence
of other confounders.
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Progressive Chronic Retinal Axonal Loss ®

E

Following Acute Methanol-induced Optic
Neuropathy: Four-Year Prospective Cohort Study

OLGA NURIEVA, PAVEL DIBLIK, PAVEL KUTHANM, PETR SKLEMKA, MARTIN MELISKA, JAMN BYDZOVSKY,
JARMILA HEISSIGEROY A, PAVEL URBAN, KATERINA KOTIKOV A, TOMAS MAVRATIL, MARTIN KOMARC,
ZDEMNEK SEIDL, MANUELA YANECKOVA, DANI ELA PELCLOVA, AND SERGEY ZAKHAROY

+ PURPOSE: To study the dynamics and clinical determi-
nants of chronic retinal nerve fiber layver thickness
(RINFL) loss after methanol-induced optic neuropathy.
* DESIGN: Prospective cohort study.

+ METHODS: All patients underwent complete ophthal mic
evaluation mnchding spectral-domain optical coherence
tomography 3 times during 4 years of obseration: 4.9
(=0.6), 250 (x0.6), and 49.9 (+0.5) months after
discharge. ParmicranTs: Eightyfour eyes of 42 survivors
of methanol poisoning, mean apge (standand deviation) of
45.7 (=4.4) years; and B2 eyes of 41 controls, mean ape
44.0 (+=4.2) years. Mam Ourooume Measures: Global and
temporal BINFL loss.

+ RESULTS: Abnormal RINFL thickness was registered in
13 of 42 (31%) survivors of methanol poisoning and
chromic axomalloss in 10 of 42 (24%) patients. Significant
decrease of glhobalftemporal RNFL thickness during the
observation period was found m the study population
compared to the controls (P < J001) The risk estitnate
of chromic global RNFL loss for artertal blood pH < 7.3
at admission was 1165 (95% confidence interval 1.91=
71.12) after adjusting for age and sex. The patients with
chromic axomal degeneration demonstrated progressive vie
sual loss in ¥ of 10 cses. The patients with abnormal
RMNFL thickness had magnetic resonance signs of brain
dammage in 10 of 13 vs B of 29 cases with normal RMNFL
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thickness (P = .003). Signs of brain hemorrhages were
present in 7 of 13 patients with abnormal RINFL thickness
v 5 of 29 cases with normal RNFL thickness (P = .015).
* CONCLUSIONS: Methanol-mdwced optic neuropathy
may lead to chromic retimal axonal loss during the
following years. Artedal blood pH on admission is the
strongest predictor of chronic RMNFL thickness decrease.
Chronic retinal neurodegeneration is associated with the

progressive loss of visual functions and necrotic brain
lesioms.  (Am ] Ophthalmel 2018;191: 100-115. ©

2018 The Author(s). Published by Elsevier Inc. This
i an open access article under the CC BY-NC-ND
license (http:fcreativecommons. orgflicensesfby-ne-nd/

4.0/).)

ETHAMCOL 15 A WIDELY USED INDUSTRIAL SOL-
venit and is ome of the main ciuses of toxic optic
neurcpathy, Methanol posonings present a
serious prob bemowing to the high mortality and preval ence
of health sequelae in survivers.'™ In the treatment of
poisming, the timely blodking of methanol oxidation by
the alcohol dehydrogenase s crucial®” Accumulation of
the toxic metabolite formic acid leads to the mhibition
of mitochondrial eytochrome ¢ oxidase, an mpairment of
oxygen utilization, a depletion of ATP in affecred cells,
and metabolic acidosis.™
The retinal ganglion cells and their axons are selectively
vulnerable to historoxic hypoxia caused by formic acid, ™
Clinical symptoms of methanol-mduced optic neuwropathy
rnpe from blurred vision, decreased visual acuity, photo-
phobia, and altered viual fields to complete blindness.
The recovery of visual disturbaness occurs typically within
2-3 weeks, Nevertheless, visual field deficits, central and
centrocecal scotomata, color vision abnormalities, and
visual acuity loss may persist inup to 40% of survivors, %!
MNew or urrecognized visual disturbances may be revealed
during the following years.'® The visual outcome in survi-
vors of acute methanol poisoning is hardly predictable,
Knowledge of the character of damage to ocular retina,
the timely detection of visual sequelae, and understanding
the determinants of clronic changes of the visual system
are crucial both for asessment of the treatment efective-

mess and the prediction of visual loss and the need for

00293594
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special equipment to mmprove the quality of life of the pa-
tients. However, prospective cohort studies of long-term vi-
sual sequelae of methanol-induced optic neuropathy, with
the series of ophthalmologic exam inations, optical coher-
ence tomography (OCT) of retinal nerve fiber layer
(RNFL) thicknes, visual evoked potentiak (VEP), and
magnetic resonance imaging (MR ofthe brain, are absent.

In this study, we report the data hased on the mass meth-
anol posoning outbreak n the Czech Republic m 2012,
with a total of 139 cases of poBoning and more than 50
deatbs. ' Tn 2013, we perfformed the cross-sectional study
of the prevalence and character of visual damage n the
survivors of pomoning after discharge from hospital.'®
During the following 4 years, we studied the dynamics of
structural changes of ocular retina and visual Aimerions in

this cohort.

METHODS

+ STUDY DESIGN AND SETTING: This prospective cohort
study adhered to the tenets of the Declaration of Helsimki.
The study and the informed comsent were approved
prospectively by the Genemal University Hospital Ethics
Committes in Prague, Czech Republic. The study meluded
all patients with confirmed acute methanol posoning
treated i 2012, The elinical and laboratory data at
admision were collected prospectively. The data on
hospital treatment and outcomes were collected  from
hospital discharge reports.

The follow-up clinical examinations were performed n
the General University Hespital in Prague 3 times during
the study peried: 4.9 (£0.6) months, 25.0 (*0.6) months,
and 499 (*05) muenths after discharge from hospical
(mean with standard deviation).

+ SELECTION OF PARTICIPANTS AND TREATMENT: To
identify the cases o mclude i the study, mandatory
reporting on all cases of hospital admision with acute
methanol posoning had been established. All patients
hospitalized with confirmed dignosis were eligible for
this study. Patients who died out of hospital or during
hoepital zation were excluded.

For the control group, healthy subjects of the same age
and ethnicity and with a history of chronic alechol abuse
were recruited. Exclusion eriteria for the conrols were
intrascular presure 2 22 mm Hg or glavcoma in either
eye; evidence of a reproducible visual field (VF) defect
(pattermn standard deviation sigmificant at the <5% level
or abnormal glucoma hemiheld test reult) in either eye,
as measured with a Medment automated perimerer M7O0
(Medmwnt Intemational Pry Led, Vermone, Australia);
unteliable WFs (false-positive or false-negative rates >
15% or ixation losses = 20% ), any pattern of loss consis-
tent with ocular disease; intraocular surgery in the eye

VoL, m

(except cataract ot refractive surgery, f pedormed more
than 1 year before testing); best-corrected visual acuiry
WA) worse than 20032 on the Early Treatment Diabetic
Retinopathy Study scale; evidence of diabetic retimopathy,
diaberic macular edema, or other vitreoretinal disease n
either eye; evidence of optic nerve or RNFL abnormalicy
in either eye; and wse of a photosensitizing agent within
14 days.

The patients with methanol posoning were treated in
accordance with the practice guidelines for the treatment
of methanol poison mg 15 Ethanol or fomepizole were
wed = antidotes.'™"” Hemodialysis was applied o
eliminate formic acid amd methanol and o corect
acidernia.'®!? Folates were administered to substitute the
internal pool. ™

+ CLINICAL EXAMINATIONS AND LABORATORY
AMALYSES DURING HOSPITAL TREATMENT: The clinical

examination protocol inchuded ooular examination with
gandard ophthalmologie  tests, compured  tomogmphy
(CT) or MEIL of the brain, and standard neurologic exam ima-
o Patients were considered to have visual sequelas of
acute methanol poisoming i the symptoms of toxic optic
mewwopathy were documented on admission andfor during
hospitalization, with pathologic findings of visual acoity,
perimeter, colir vision, contrast sensitivity, and persisting
besiums om funduscopy upon discharge from hospital
Similarly, patients were comsidered as having  central
nervous system sequelae of posoning f symmetrical necrosis
arxd hemorthages of the basal ganglia and subcortical white
mutter conpatible with the diagnosis of acute methanaol
puisoming were present on T or MR of the brain.

+ FOLLOW.UP CLINICAL EXAMINATION PROTOCOL: The
follow-up clinical examination protocol has been deseribed
in detail in our previowsly published studies.'®*-2? The
study  protocol  inclided  complete  ophthabnologic
evaluation and standard ophthalmic tests, ncluding VA
measurement, slit-lamp examination, mtraocular presure
measurement, fundus exammation, color wvision, visual
felds, spectral-domain OCT (SD-OCT) with RMFL,
VEP, MR of the brain, neurologic and neuropsychol ogical
examitations, bichemical tests (electrolyies, glucose,
glycohemoglobin, albumin, pre-albumin, renal and heparic
tests, cholesterol, lipids, thyroid-stimulating hormone
[T5H], wvitamins By; and By, carbohydrate-deficient
transferring, ethyl gluomronide in urine), and standardized
questionmaire forms. The examiners were masked o the
remults of measurements, severity of poisoning, cinical
course, treatment measures, and climical outcomes,

RMFL thicknes was measured on the SD-0OCT Spectra-
lis Tracking Laser Tomography (Heidelberg Engmeering
GmbH, Heidelberg, Gemmany; software vemsion 5.8.3)
and compared to the normative database and to valus in
the control group. The resules of global, nasal, and temporal
RNFL measurements performed 3 times during the 4 years
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TABLE 1. Damographic and Labomtory Data of the Study Population and the Control Group
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FIGURE 1. Retinal nerve fiber layer (RMNFL) thickness measurements in the study population (n = 42) during the ohservation
period vs in the control group (o = 41} ***P < 001, Clinical examinations 4.9 = 0.6 months (1st exam}, 25.0 = 0.6 months
{2nd exam), and 49.9 + (0.5 months (3rd exam ) after discharge from hospital (mean + standard deviation).

of study were compared to detect significant loss of RNFL
thickness during the follow-up period. The criterion for
the siynificant abnormal kes of BNFL was the ks of at
least 2 pm in all segments andfor loss of at least 4 pm in
1 (mostly temporal) segment of the retina detected on
the second and thind examination.

The VEP examination was perfformed on a 2-channel
TruTrace 4 (Alien technik s.r.0., Hronow, Czech Republic)
device. Monoaular full-field check erboard pattern-reversal
stimnulation was used, with the reversal frequency of 1.5 ofs,
angular size of the monitor & % 5 degrees from the fixation
point, angular sive of checkerboard squares 407 (arcmin).
Luminance of the white and black squares was 84 od/m’
and 57 odfm®, respectively. Bandwidth of the amplifier
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was 1 Hz to 1 kHz; the evoked respomse was registered
from the Oz-Fr derivation. At each eye, the examination
was performed twice in order to chedk reproducibil ity of
the evoked complex. We evaluared the latency of wave
Pl and the amplitwde of N1P1. Four criteria of abnormalicy
were chosen: (1) missing evoked response, (2) wave P1 la-
tency > 117 mes, (3) mterocular difference of wave P1 la-
tencies = 6 ms, and (4) amplitede of evobed complex <
3wV, The result was categorized as abnormal if at least 1
of the above-ment ioned 4 criteria was fulflled.

The bestcommected visual acuity (BOCVA) was estab-
lished on standard Snellen charts at a distance of 6 m (20
fr). The visual acuity was considered pathologic i worse
than &f6. The visual field was examined by mears of static
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FIGURE 2. Dvnamics of individual retinal nerve fiber layer decrease during the observation period.

perimetry (Medmont perimerer MT00 automated perime- comsiderad pathologic if there were any defects in the visual
eter; Medmont Intemational Pry Led, Vermone, Australia; field. The color vision was examimed by mesms of

neurological test, threshold strategy ). The Andimgs were Lamehoeny's 15-D st (Richmond Produces, Albugquerque,
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TABLE 2. Demographic, Toxicalogic, and Biochamical Pamameatars in Patiants With Versus Without Significant Chronic Retinal Marve
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FIGURE 4. Association of global retinal nerve fiber layer (RINFL) thickness (Taop, left and right) and RMNFL thickness in nasal {Mid-
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with arterial blood pH on admission o hospital with acute methan ol poisoning. Clinical examinations 4.9 + 0.6 months (1st exam ),
25.0 = 06 months (2nd exam), and 49.9 + 0.5 months (3rd exam) after discharge from hespital (mean + standard deviarion).

Mew Mexico, TISA ) The inding was considered normal up
o 3 crossings, borderline with 3-7 crossings, and patho-
logic with more than 7 erossings. The contrast sensitivity
wasexam ined by mears of Pelli-Robson contrast sensitiviey
test (Clement Clarke International Led, Bssex, TK). The
fnding was considered nommal (1.35 and berter), borderline
(1.20-1.05), or pathologic (worse than 1.05). The fundus
(posterior pole of the eye) was examined by mears of bio-
microscopy on the slit lamp with the +78 diopter lens
(WVaolk-lers type). The finding was considered pathologic
if any related pathology of the optic nerve head andfor
the adjacent retina was present.

All patients underwent brain MRI on a Gyroscan
Phillips 1.5 T system (Philips, Amstendam, MNetherlands)
with the following protocol: axial T2-weighted image
(T2WT) with slice thicknes (THEK) 6.0/0.6 mm through
the whole braim, with parameters: repetition time (TER)

VoL, 19

4241 me, time to echo (TE) 100 ms, flip angle (FA) 90
deprees, FLAIR (fuid-attermated inversion recovery): TR
11 O30 ms, TE 140 ms, irversion time (TT) 2800 ms, FA
W degrees, Tl-weighted mage (T1WI): TR 560 ms, TE
15 ms, FA 69 degress, T2W-fast field echo: TR 665 ms,
TE 23 me, FA 18 degress, single-shot diffision-weighted
irnage: TR 2901 ms, TE 75 me, FA 90 deprees, TIW after
administration of gadolinium and n coronal  Tmages
centered to the orbital region T2WI with suppression of
fat (SPIR): TR 5506 ms, TE 100 me, FA 90 deprees.

# CALCULATIONS AND DATA ANALYSIS: Basic descriptive
gatistics (mean, medion, confidence mtenval [(Cl), standard
deviation [SD], slewednes, and kurtosis) were computed
for all varables, which were subsequently teswed for
normality wing the Kolmoporov-Smimov test. 4 %7 test
was wsed o compans frequency counts of demogmphic and
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FIGLURE 5. Association of the dynamics of glohal (Top), nasal
{Middle}, and temporal (Bottom) chronic retinal nerve fiber
layer loss during 4 years of observation and arterial blood pH
on admission tohospital with acute methanaol poisoning. Clinical
examinations 4.9 + 0.6 months {1st exam}, 25.0 +0.6 months
{2nd exam}, and 49.9 + 0.5 months ( 3rd exam} after discharge
from hospital (mean + standard deviation).

clinical categorical variables, The bivariate relationship was
amsesed wsing a Pearson comelation coefhcient. A linear
mixed-effects model was wsed 1o examine the relationship
of demographic, clinical, and laboratory parameters with
global RNFL thicknes and loss during the study pericod as
the dependent  vartables, The  independent  variables
included in the model were age, sex, severity of metabolic
acidosis (arterial blosd pH), acute serum concentmtions of
methanol and ethanol on admission, the follow-up serum
ghecose, vitamins By and Bz, and TSH measured during
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the study pericd. The receiver opemting characteristic
(RO amalysis was performmed i order to identify poten-
tally useful cur-off scome of arter ial blood pH for prediction
of significant RNFL loss. Statistical signihcance was set at
P = 105, Statstical documentation was performed in Excel
(Mictosoft, Redmond, Wiashington, TISA), and the formal
calculatiomswere produced in QU Expert softwane 3.1 (Trilo-
byte, Pardubice, Czech Republic) and in IBM SP55 vemsion
23.0 (IBM Corp, Armmonle, New York, TISA).

RESULTS

+ DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF
THE PATIENTS: A total of 108 patients had been treated

in hospital during the methanol poisoning outbreak, of
which 84 sur vived and were invited to partticipate in asmdy.
Fifty-five patients (65%) with an age of 46.7 * 3.6 years
(mean * standard deviation), ncluding 46 male and 9 fe-
muabe subjects, apreed to and participated moat least 1 clin-
wcal examitation

During the study period, 8 patients died before the thind
clinical examination, and 5 patients had fewer than 3 exam-
inations, as they joined the snudy bage, These 15 patients were
excluded from analysis of the dynamics of chromic retital
axonal loss, Therefore, 42 patients, 534 male and 8 female,
participated in 3 consecutive clinical examinatons during
the §-year period. The comtrol group of 41 patients under-
went clinical examination according to the same nvestiga-
ton protocol. The study amalyzd 84 epes from survivors of
acute methanol posoning and 82 eyes from eontrols.

The demographic and laboratory data of both groups are
presented in Table 1. The age and number of subjects with
a comfrmed diagnosis of chromic aleobolsm were compara-
ble between the 2 groups, The study population had higher
mean serum glucese owing to 5 patients with type 2 dia-
betes mellitus being treated with oral antidiabetics. The
mean concentration of serum cholesterol, bur not lipids,
was higher in the study popu lation compared to the control
group. Themean concentration of vitamin By was higher in
the study population compared to the controls; no cases of
hypovitaminesis By and By ; were registered i either group.

On admission to hospital, acute setum methanol coneen-
matiom in the study population was 1.45 = 0.47 g1, arterial
blood pH 717 = 0.07, base deficie 16.50 = 3.50 mmolfL,
arxd formic acid 060 * 015 gL (mean * standard devia-
don). Half of the patients had severe metabolic acidosis
on admission, 10 patients were admitted in a coma, and 20
patients presnted subjective signs of visma] damage ranging
from blurred visiom to complere blindnes (3 cmes).

+ DYNAMICS OF CHRONIC RETINAL NERVE FIBER LAYER
THICKNESS DECREASE: The results of 3 comsecutive

RMNFL measurements during 4 years of observation are
presented in Figure 1. A significant decrease of global
EMFL thickness with the most remarkable los in the
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TABLE 3. Final Mixad-Effect Modal Predicting Changes of Global Raetinal Marve Fibar Layar Thickness During 4 ¥ears of Obsarvation

295% Confidence Interval

Pararmater” Estimata Slndard Erar df t Sgrificancs Lower Baund Upper Bound
Intercept Br.a7 352 2494 2483 000 802 4473
Time —0.75 0.12 3204 —6.12 i il —0.94 —0.50
ODAOS difference 135 0.37 4064 363 il b 0.60 21
Sex —0.74 3.80 2490 —0.19 B —857 7.3
Age -3.38 3.10 2459 -1, 286 —a.76 3.00
pH 66 33 2503 288 oos 274 16.57
Time"pH 045 012 3334 3.99 e il 0.24 0.73
MetOH -394 4.24 2495 —053 381 —12.67 4.73
EtOH 187 298 2506 0.63 536 —4.26 &.00
Gilucose 0.3 0.48 G962 —0.70 ABT —128 0.61
B,_1st —0.24 330 2502 —0u08 an —7.08 6.51
B1_2nd -5.81 291 2500 —2100 057 —-11.81 0.18
TSH LiLin) 0.16 8013 0.10 .T —0.30 0.33
By 13t —-2.63 277 2490 —0595 351 —833 3.07
Bz _2nd -0.31 535 2495 —0108 54 —-11.34 10.71
Bz 3rd 008 538 2495 0.m ass —11.01 117

P = .05 {agtenak) was considered a8 aignificant.

"Parameters are defined as follows: df = degreea of freedom; t = ypothesis teat atatatic value; Time = time from methanol exposune to
clinic:al examination; ODVOS difference = interoculss difference in the mean global retinal nerve fiber layer thickneas; pH = arenial blood pH
on admiagion; Time*pH = interaction effect of artenal blood pH and time from methanol exposure to clinical examination; MetOH = serum
meethancd concentration; EbOH = serum ethanol concentration; Glucoae = gemum glucoss concentration; B1 = seqoum vitamin B ; conceniraton;
B2 = serum wtamin B« concentration; TSH = serum thyroid-stimulating hormone concentration; 1at, 2nd, 3rd = clinical examinations 49 =
0.6 montha, 25.0 = 06 montha, and 49.9 = 0.5 months after dischange from hoapital (mean = standand deviation).

temporal segments was observed in the study population
compared to the controls. An example of ndividual
RMNFL dynamics during the observation period s demon-
strated in Figure 2. The mate of RNFL decrease was signifi-
cantly higher than the mate of age-related physiological
decrease (Figure 3, Top left). The highest rare of axonal
loss was seen i the most severely poisomed patients
(Figure 3, Top right) with metabolic acidosis upon admis-
siorn. These patients bad very bow or negative serum ethanol
concentrations on admission, along with lower arterial
blood pH and higher serum creatinine, compared to the
group without a significant decrease of BNFL during the
study period (Table 2). The patients with abnormal RNMFL
thicknes found on the irst examination had the most sig-
nificant rate of axonal loes during the period between the
first and second rounds of examination (Figure 3, Bottom
lefe). Finally, patients with normal and borderline RNFL
thicknes measured at the finst examination demonstrated
no negative dynamics of RNFL thickness during the 4 years
of observation (Fiygure 3, Botrom right).

The mterocular difference m mean ENFL thickness in
the study population was significant for global imd temporal
(but not nasal) segments for all 3 rounds of messurements
and it was taken into account in the multivariate model
as the paameter "ODfOS BRNFL thickness difference
Mo interocular difference in the mean rate of global and
temporal axonal loss was seen in the study population.

You. m

Arterial blood pH onadmission, the mdicatorof severity of
metabolic acidosis, was the lbomtory parameter demwon-
grating the most synificant asocition with RMNFL
thickoess (Figure 4) and the dynamics of chronic axonal
b (Figure 5). In bivariate models, a significant asociation
of RMFL thicknes was found with age, sex, seum
methanol, ethanol, formate, beote, and ghwos on admis-
gom, and with serum vitamin By and By comcentrations
moeasumed during the observation period (all P < 05), Mo -
myciations of RNFL thickmess were present with seum
ghocose, plycated hemoglobin, chobesterol, lipids, TSH, and
other biwwchemical laboratory parameters messured during
the olservation period.

In therapeutic interventions, the assocation was present
between pre—hospital administration of ethanol @ a “Aest
ail”  antidote and  higher global BMNFL  thickness
(r = 0388 and r=0.355; P = .010 and P = 030 for OD
and O5, correspondingly), = well as lower dynamics of
chromic axonal loss (r = =03% and r = =0.406;
P=.013 and P = 010 for OD and OF, cormespondimgly).
The patients treated in hospital with intermittent hemodi-
alysis had a lower rate of chronic axonal loss than those
treated with continuous modalities of renal replacement
therapy (r = 0473 and r= 0367; P = .002 and P = 017
for OD and OF, correspondingly ). Wo associat ions be tween
EMFL thickness, dymamics of awmal loss, and other
treatment modalities (hospital adminstration of ethanol
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FIGURE &. Model prediction of global retinal nerve fiber layer
(RMFL} thickness decrease during the ohservation period
depending on arterial blood pH on admission adjusted for other
independent parameters. Mean Fixed Predicted Values = mean
global RMFL thickness, pm; pH = arterial blood pH measured
on admission to hospital; Time = clinical examinations 4.9 +
0.6 months {1st exam}, 25.0 = 0.6 months (Znd exam}, and
49.9 + 0.5 months (3rd exam) after discharge from hospital
{mean + standard deviation}.
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FIGURE 7. Receiver aoperating characteristic curve predicting
global retinal nerve fiber layver thickness loss during the years
following methanol-induced toxic optic neuropathy depending
on arterial blood pH on admission.

vs fomepizole as an antidove, folate substitution, and
others) were found.

For the mixed model regresion anal ysis of the dynamics
of global RMFL thickness loss during the study period, the
following parameters were included o the mode] as predic-
toTs: age, sex, time after methanol exposure, ODOS ENFL
thickness difference, acute laboratory parameters on admis-
sion (artetial blood pH, serum methanol, ethanol, and
ghocese ), vitamins By and Bz, and TSH messured during
the observation period. The model predicting mean global
BMFL thicknes during 4 years after acute methanol-
induced optic neuropathy for different values of arterial
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blxxd pH on admission after adjusting for other mdepen-
dent variables used for multivariate mixed regresion anal-
ysis [ Table 3) is presented in Fiygure 6.

The ROC curve predicting global RNFL thickness loss
during the observation period depending on arterial blood
pH on admission after adjusting for age and sex with cut-
pomt of pH 7.3 & presented m Figure 7. The area under
the curve for this model is 0753 = 0.076 (P = 006), the
sensitivity & W0%, and the specificity i 50%. For patients
with severe acidemia, the lower cut-point of pH 7.16 pro-
vides a sensitivity of 60% and specificity of 80%. The risk
estimate of significant chronic global BENFL loss (more
than 2 pm) during the years after acute methanol-
induced optic neuropathy for the patients with arterial
blood pH under 7.3 was odds ratio (OR) 9.0 (95% C1
1.6449.47, P < .05) and OR 1165 (95% (1 1.91-71.12)
after adjusting for age and sex.

* DYNAMICS OF RETINAL NERVE FIRER LA YER THICKNESS
DECREASE, P1 LATENCY PROLONGATIOM, AND MNIP1
AMPLITUDE OF VISU AL EVOKED POTENTIALS: On the first

examimation, the abonormal ly probmged latency of wave P1
of VEFP was observed in 18 right eyes (43% ) and 21 lefteyes
(50%), including 5 right eyes and 4 left eyes with notomea-
surable potential. Significant tendency to latency P1 short-
ening with the most remarkable changes between the st
and second examinations was observed with retum of the
mean latency to the wvalues comparable with those
measured i the control group, No significant changes in
the N1P1 amplitude of VEP have been registered during
the observation period.

The comre katiors be taeen global and vemporal BNFL thick-
e, the latency P1, iand the NIP1 amplitnde of VEP
mespsured during the observation pedod are presented n
Table 4. The negative correlation betwesn the P1 katency
and BN thicknes (ie, the longer Pl lateney, the thimmer
RMFL) was the strompest ar the first exarmi tution; was wealer,
but still significant, at the second examination; and finally
became imsgnificme at the thivd examimation. The gradual
loes of sgmificance of correlatiom reflected the prooes of the
advancing remyelimation of the optic nerve fbes.

The positive comelation between RNFL thicloes and the
NP1 amplitude of VEP (i, the lower N1P1 amplitude, the
thinner RNLF) demwmstrated the opposite tendency: it was
gronger on the third examimation compared o the Arst ome
(Table 4). The dynamics of the global BENFL decrease were
pusitively correlated with the P1 latency of VEP measured
on the first 2 examimations: the rate of chronic axonal loss
was higher in the patients with longer P1 latency owing o
mre severe acute demyelimation of the optic neove (OD:
r=0392 and r = 0.3%; O5:r = 0322 and r = 0.386 for
the first and secomd examimations, all P < .05). Finally,
the mte of chronic axoral loes negatvely comelated with
the N1P1 amplinde of VEP measured onall 3 round s of clin-
ical examimations. The patients with lower amplitude of
WEP had a higher rate of chromic axoral loss.
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TABLE 4. Correlations of Retinal Nerve Fiber Layer Thickness, Latency P1, and Amplitude N1P1 of Visual Evoked Potentials

ODGlobal ODGlohal ODGlobal 0OSGlobal OSGlobal OS5Glbal ODTempoml ODTemporal CODTemporal OS Tempoal OS Temparal OS Tempora

AMFL 1st  RMFL2nd  RAMFL3md  AMFL1st  AMFL2nd  ANFL3d AMFL 1st RMNFL 2nd RMFL 3rd AMFL 1st RMFL 2nd RMNFL 3rd
Exam Exam Exam Exam Exam Exam Exam Exam Exam Exam Exam Exam

0D P1 1st Exam Pearson Corrglation -0424  -0428 -0420 -04688 -0489 -0475 -0.540 -0.530 -0.557 -0.508 -0.502 -0.463
Sig. (2-talled) 01 Ki[og or 005" 002* J002* 001" 001 000 .o0e* 002+ .004*

0D P1 2nd Exam Pearson Corrglation -0.411 -0.438 -0.441 -0.481 -0.506  -0.499 -0.447 -0.469 -0.510 -0.480 -0.492 -0.471
Sig. (2-talled) 014 009 008 005" 002+ Jo002* 007 004 002 003" 003" .004*
0D P13rd Exam Pearson Correlation 0.106 0111 0.105 0.166 0.136 0133 0.136 0.107 0.127 0.083 0.077 0.083
Sig. (2-tailed) A3 B13 537 27 421 432 A21 530 452 .B25 849 827

OS5 P1 1st Exam Pearson Correlation -0535 -0528 0548 -0.595 0588 -0.604 =0517 =0.510 =0.554 =0.497 =0.487 =0.503
Sig. (2-talled) .001* 0017 000 L000™ 000% L000* .001* 0017 000 002 002 001"

OS5 P1 2nd Exam Pearson Correlation  =0.521 -0533 -0549 -0457 0484 0502 =0.483 =0.506 =0.535 =0.408 =0.430 =0.450
Sig. (2-talled) .001* 0017 001* [005* 003" 002+ 004" 002 001* 013 009" 006"

OS5 P1 3rd Exam Pearson Correlation =0.027 -0.034 -0.040 0.029 =000 -0.016 0.001 =0.046 =0.026 =0.046 =0.069 =0.065
Sig. (2-talled) 877 845 819 869 959 826 996 T3 879 789 688 707
ODN1P1 1stExam  Pearson Correlation 0273 0.206 0.356 0.393 0.385 0.419 0.461 0.483 0.485 0.505 0.473 0.495
Sig. (2-talled) 07 080 033 018" 0207 M1 005" 004 002 .o0e* 004* .o0e*
ODN1P12nd Exam  Pearson Correlation 0250 0.256 0.321 0414 0.402 0.434 0.381 0.389 0.438 0.448 0.456 0.468
Sig. (2-talled) 147 138 060 013" o7 009 024 0217 008 007 008" 008"
ODN1P13rd Exam  Pearson Correlation 0253 0.254 0.312 0.399 0.373 0.400 0.397 0.383 0.432 0.463 0.453 0.457
Sig. (2-talled) 130 130 060 015" 023 4 015 Rugfey 008 004 005* .004*
OS5 N1P1 1st Exam Pearson Correlation 0.410 0.431 0.432 0.428 0.420 04286 0.201 0.297 0.306 0.320 0.309 0316
Sig. (2-talled) 011" 007 007 007 008 008" 078 070 062 .050 059 .053
OS5 N1P1 2nd Exam  Pearson Correlation 0.309 0.315 0.375 0.428 0.418 0.444 0.412 0.4286 0.474 0.435 0.438 0.453
Sig. (2-talled) 066 061 024 .009* o1zt 007 0T K[y 003 008" 007 006"
OS5 N1P1 3rd Exam  Pearson Correlation 0.304 0.314 0.370 0.451 0.432 0.458 0.394 0.387 0.450 0.452 0.451 0470
Sig. (2-talled) or2 062 026 .008* 008 .005* 01 or 006 006" 006" .004”

Sig. = significance.

Timing of clinical examinations (Exam) was as follows: 1st, 2nd, and 3rd exam 4.9 * 0.8 morths, 25.0 * 0.6 months, and 49.9 * 0.5 months after discharge from hospital (mean * standard

deviation).

P < .05 (asterisk) was considered as significant.
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TABLE 5. Dynamics of Visual Loss in Patients (N = 10) With Significant Chronic Retinal Nerve Fiber Layer Thickness Decrease

Patiant
1 2 3 4 5 8 7 a - 10

Agelsex 69/M 58/M 61/M 48/M 48/M 34/M 65/M 46/M 3am 3¥M
VA 1st exam 1.0/0.3° 0.1/0 0.6/086 0.03/0.03 0.6/0.6 1.0/0.8 1.0/0.6 0.06/0.03 0.030.01 09/0.7
VA 2nd exam 1.041.0 0.1/0 06.40.7 0.03/0.03 0.6/0.5 0.9/0.8 1.0/0.8 0.1/0.06 0.08/0.03 06/06
VA 3rd exam 1.041.0 o.08 /0" 0.6/086 CF/0.03° 1.000.7 0.8/0.9 0.6%/0.6" 0.15/0.3 0.08/0.03 0.5%0.4"
Perimeter Nasal inferior OD residue oD 0oD/os OD/OS circular oD/os 0OD/OS defects 0oD/Os OD/OS defectin Normal

; 1stexam defects OU paracentral constriction/ constriction constriction nasal nasal and centrocecal the whole

A superiorf0S 08 normal in upper and constriction temporal scotomata visual fields

g impossible lower fields inferior

= Perimeter 2nd Same Impossible® oD Same 08 progression  Progression Same Same OD/OSresidues OD/OS low

?Cu exam constriction/ to the center® OS to nasal and reliability”

Z 0S5 normal temporal upper fields*

E segments®

o Perimeter 3rd Same Impossible” oD oD/OSs Same Same Same Same Same Same

Q exam constriction/ residues

% 08 normal temporal

= and nasar

E CS 1stexam N/B® P/ND N/B P/P P/P BB P/P P/P ND B/P

O CS5 2nd exam NN P/ND N/B ND* B/P B/B B/B B/P P/ND B/P

Q C8 3rd exam BY/N P/ND N/B ND* P/P B/ B/B P/P P/ND PP
CV 1st exam NN P/ND N/ P/P NN N/B N/ B/P ND N/
CV 2nd exam B/N P/ND N/B ND* NN N/ N/B B/B ND MN/MN
CV 3rd exam B/B P/ND N/ ND* NP B*/B* N*/B* B/B P/ND B*/P*

B = borderline findings; CF = counting fingers; C5 = contrast sensitivity; CV = color vision; Exam = examination; N = normal findings; ND = not detectable/measurable; P = pathologic findings;
VA = visual acuity (logMAR).
Results are shown as OD/OS.
Asterisk indicates progression.
*Because of poor central vision the results of further examinations are not valid.
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* CHRONIC RETINAL NERVE FIEER LAYER THICKMESS
DECREASE, DYNAMICS OF VISUAL LOSS, AND BRAIN DAM-
AGE ON MAGNETIC RESONANCE IMAGING: The patients

with significant chronic retinal axonal loss demonstrated
progressing visual los during the study pericd in ¥ out of
10 cases. The progression of decreased visual acuity was
registered in 4 cases, worsening of visual feld defects and
perimeter constriction in & cases, dectease of contrast sensi-
tivity in 3 cases, and worsening of color vision m 5 cases
(Table 5). All of the patients with progressing visual loss
woere male, with ages ranging from 33 to 69 years. Only Pa-
tient 7 (Table 5) had type 2 dabetes mellitus treated with
metformin. Mo other relevant somatic or ocular discases
were present in this group of patients,

Magnetic resomance signs of brain damage were present
in 18 out of 42 (43%) patients. Bilateral symmetric
necrotic lesions of the putamen were found m 16 (38%) pa-
tients, In 12 of the 18 patients (67%), hemorthagic bain
lesions were registered, while nomhemorthagic lesions
were found in 6 patients, Pathologic lesions in the optic
nerve were found m 3 (7%) patients. The resules of the sec-
ond and thied follow-up MBI examinations revealed
neither progresion nor signs of regression of brain lesions,

Pusitive asociation was present berween MR signs of
brain damage, brain hemorhage, and global and temporal
chronic retinal axonal loss (all P < .05). The prevalence of
lomg-term visual sequelae of posoning n the group of pa-
tients with brain hemorthagic lesions was higher than in
the group without brain hemorhage and i patients with
other nonhemorhagic brain lesiors. The patients with
abnormal RNFL thickness had MREI sigre of brain damege
inn 10 (77%) of 13 cases compared 1o 8 (28% ) of 29 cases in
the group with normal or borderline BNFL thickness (P=
L03). Signs of brain hemorrhages were present in 7 (54%)
of 13 patients with abmormal RNFL thicknes compared to
S (17%) of 29 cewes in the group with nommal or bordetline
BMNFL thickness (P = .015).

DISCUSSION

THE PEEVALEMCE OF LOMGTERM WISUAL SEQIELAE OF
toxic optic neuropathy cauwsed by exposure o methanol
has been shown to be 40%.'% We found thar acute retinal
ganglion cell injury was followed by chromic neurodegener-
atiom and progressive axonal loss inoup 1o 25% of the pa-
tients. This proces was associated with the progressive
loss of viswal functions, Most of the patients with abnormal
RMNFL thickness had MEI signs of necotic brain damage.
Arterial blood pH on admission was strongly asociated
with the degree of acute retinal damage and the rate of
chronic axonal less, Prehospital administration of ethanol
and a higher rate of formate elimination and acidemia
cormection by mtermittent hemodilysis were asociated
with higher RNFL thickness in the study population.

VoL 1

Acute methanol exposure is a life-threatening condition
with mortality exceeding J0%—40% and serious central ner-
vous system sequelae; therefore, longerm visual outcomes
are often comsidered “of secondary  mmportance ™
Mevertheles, the visual los up to complete blindness,
central and cenrocecal scotomata, and vieual feld and
color visiom defects present a serious problem for the
aurvivors.'™ 5 In our previous study, we demonstrated that
both higher total medical costs and sigmificantly lower
quality of life of the patients after discharge from hospital
were  associrted with  long-term visual  sequelae  of
ptiaming.%

Retinal ganglion cells and axons of the optic nerve are
the main targets for nevrotoxic effects of formic acid; how-
ever, chronic changes in the vinal system methanol expo-
sure have not been studied. One of the teasons for this s the
b of contact with the survivors after discharge from hos-
pital. ) sporadic case reports and small retr ospective case
series studies, it was demonstrated that both partial recov-
ery and the progression of visual loes could be observed
60 months after discharge. ' %

The Caech Republic methanol mass poisoning outhreak
in 2012 prowided us the opportunity 1o perform a croess-
sectional study of the prevalence and character of visual
damage n the survivors 4.9 * 0.6 months after discharge
from hospital % Peripapillary retinal edema subsides during
up o 2 months after acute neuropathy and BEMNFL mweasure-
ments mmediately after discharge may produce the false
result with *normal’’ RNFL thickness. The collected data
were used as the “reference pomt® for the prospective lon-
gitudimal study of the dynamics of RNFL loss and visual
funection changes in this cohort of patients,

Our resul s demonstrated that global and temporal RINFL
thickness, but ot n nasal segments, in the study population
was signibcantly lower com pared o the conerol group of the
sarme age, sex, and aleohol consumption pattem. Taking
into account that chronic alcohol abuse &5 asociated with
higher rates of RNFL thinning, we recuited sufficient
mumbers of patients with a confirmed dagnosis of chronic
aleoholism to the control group.™ We registered the process
of chromic axonal loss in the patients who survived severe
methanol poisoning with high acidemia; the mare of RNFL
b i the study population significantly excesdsd the phys-
tological age-related decay.”?

The fact that the temporal retinal nerve fibes with
predominantly small-caliber axons were more vulnerable,
while the nasal fibers with more heterogenecus axon popu-
lation were spared, sugpests possible contribution of the
mittor hondrial dysfunetion to the proces of chronie neuro-
degeneration after methanol-induced optic neuropathy -
In the optic meuropathy with known mitochondrial
irvolvermnent, Leber hereditary optic neuropathy, the onler
of RNFL imvolvement is temporal first, with the nasal
segment the kst one ™

Formate toxicity directly interferes with mitochondr il
function: mhibition of cytochrome ¢ oxidase leads o the
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high reactive oxygen species (ROS) envirorment during
the acute methanol p-L:n'nanm']i:n;g.'ﬁ‘?ﬁi Mol o homdrial
dysfuncrion keads to exomssive production of ROS and
toxic  aldehydes, with oxidative damage of cellular
structures inclhud ing mitochondrial membranes, release of
cytochrome ¢ from the mtermembrane space, and
a}'ﬂph:ﬁiﬁ.“ The origimal irsult leads to the neuronal
depeneration, apoptosis, and death of the smallest nerve fi-
bers, but the other smaller fibers thar survived may contaim
mitochondria with acquired impaimment owing o a large
number of accumulated mitochondrial DNA  (meDNA)
deletiors from the high ROS environment during the acute
attack. Mirochondrial DNA & particulatly susceprible o
ROS attack associated with oxidative stress, ™ The persis-
tence of mtDNA damage ultimately keads 1o mutations in
the mitochondrial genome and gives tise to further mito-
chondrial dysfuncrion thar would produce the delayed re-
action of chronic neurodegeneration observed n the
study. Other reasons for the contimuation of the process
long after the metabolic insult resolved may be explaimed
by the “common reservoir” effect descaribed by Pan and as-
sociates: the spread of the molecules that signal apoptosis,
relesse of excitotoxic neuro transmitters, and reduction n
trophic feedback to the glial cells with the lees of further
retinal ganglion cells associated with them are possible el-
ements mediating this phenomenon®!

Severe metabolic acidoss i the main Progmostic factor of
maortal ity m acute methanol pt:nisu'nir.g.?'h'ﬂ In our study, the
degree of acidemia upom admission was asocaed with both
global and temporal BNFL thicknes and with the tate of
chronic axoral loss, The desocmtion constant of formic
acid (pka) is 3.8; thar is, a pH drop by 03 would mean a
doublimg of the wndissociared formic acid levels, and
hence a significant incresse in neumoxicity, because only
Lmdi&u:ciam;_] formic acid cosses the newronal cell
membranes.®’ A pedtive serum ethanol concentration
prevents  formic  acid ard  acidemia
progresion and B asociated with a bereer clinical
outcome. Higher rates of formic acid elimination and

accunulation

acidemia correct on during intermittent hemodialysis ey
be respomsible for the asociation of the mode of dialyss
with the rate of chronic axoral less in our study. 183

Chronic retinal axonal loss might be caused by other
pathologic conditions that are unrelated to methanol expo-
sure. Vitamin Bz or By deficiency caused by chronic aleo-
holism or nutritional deficits, thyroid gland hypofunction,
or poorly controlled glycemia in diabetes mellitus may
cause axonal loes owing to the madequate restoration of
the mophic and protective funcrions of g[ia."'\'“ In our
study, no asocmtion was  found between the
concertration of serum glucose, TSH, and vitamins By
and By repeatedly measured during  the observation
period and the dynamics of retimal axonal loss. Only 1
patient with chronie axonal los had type 2 diabetes
mellitus and no patients with Bz or By hypovicamimosis
and hypothyroidism were present in the group.
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The e of asociation between structural changes of
retina and functional ch.ungcs of the optic nerve 'n:gisu:n:d
by comventional full-field VEP i the subject of debates.
There are studies demonstrating a symificant asociation
berween the resules of VEP and ENFL measurements and
the studies questioning this asociation.” ™ Our results
demonstrated that the asociation depended on the time
We previously reported that the
conductivity of the optic nerve had been restored
more than 0% ufpat'u:nl:s d‘u‘ring the 2 years af ter acure
methanol-induced  optic nnm:par_hy.ﬁ On the other
band, progressing chronic retinal axonal degeneration
leads to the strengthening of the association berwesn
RNFL thickness and the NI1P1 amplitude of VEP.?" The
mteresting fndimg was the asocation between the ampli-
tude of VEP and the rate of chromic axonal loss: the lower
the initial M1Plamplicude (ie, the higher the number of
acutely damaged retinal ganglion cells), the higher the
rate of chronic axonal degeneration during the following
years. The mechanisme of neuroimflammation reporsible

of messurement.

for chromic neuromal depeneration afrer aumatic and
nontraurmatic  braim mjury may be mvolved in this
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The progression of visual kes n most patients with
chronic retinal nevrod epeneration in our study is the Esue
of comeem from the qualiey-of -life point of view during the
years following discharge from hrl:e.]'.-ilt.ill.55 I st oof the pa-
tients with chronic retinal axonal los, we registered a
further decrease of visual imctions lmiting them n profes-
sicmal and commen life: an impairment of visual scuity,
comtrast sensitivity, visual feld defects, perimeter constric-
ticn, and color vision womsening, The optic dise atrophies
were diffuse and more pronounced in the temporal seg-
ments, without signs of glavcomatous excavation. The
visual feld defects were not chamacteristic for the low-
tension glavcoma, More often the upper and nasal periph-
eral fields were mvolved and the findings were bilateral,
mustly asymmetrical. In 1 case, we have found the centro-
cecal scotoma, but mainly the cemral vision in the study
population was not affected (with the exceptiom of the
most severe cases). The parascentral scotomata found n
several patients were outside the region characteristic for
Bjerrum scotoma. Only 1 of the patients in this group
bad type 2 diabetes mellitus with normal glucose and
glycated hemoglobin measured during the study period.
Mo other somatie or ophthalmologic cawses of progressive
visual loss were found in these patients. This fact raises
the msue of the need for dspensarization and tegular
of the patients afrer
methanol-induced optic neuropathy.

ophthalmologic  examinarion

Finally, the asocmtion between chromic retimal neuroral
depeneration and MR find mgs of the brain damage mdicates
psable relatiom berween visiml and brain sequelae of
potsominyg. MRI of the brain is not the routine examination
in patients with acute methanol meoxicarion and the mm-

ber of unrecognized brain lesions is high. "™ Therefore,
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some of these patients with unrecognized necrosis of hasal
ganglia may develop secondary Parkinsomism Later in their
life without determination of the direct relationship o
methanol exposure. Our study demorstrated that the sigms
of progresive retinal neuronal depeoemtion are strongly
associated with hemorthagic necrotic lesions of the bmin,
which indicstes the necesity of MRI examinations and
periodic neurologic examinations in this population.

In summary, scute methanol-induced optic neuropathy
may lead to chronic retinal axonal loss during the following
years, Choomic retinal neurodegeneration leads to the pro-
gresive decrease of visual functiorns. Cases of chronic

RIMFL loss are associated with hemorthagic and nonhemor-

thagic necrotic brain lesions,

* STRENGTH AND LIMITATIONS: There were several lin-
itations to the design of this study, The relatively limired
sample size could lead to msufficient power of the study
in determining the asociation of chronic BNFL los with
certain laboratory and elinical parameters measured during
huspital zation and the olservation period. The study was
not controlled with regard to the comorbidiey of the pa-
tients hospitalied with acute poisoning. MNevertheless,
the study population was relatively young; the proportion
of patients with comorbidities was low, and the parameters
measured during the study allowed uws o exclude these
comorbidities as possible cuses of chronic RINFL loss.

Thestudy was not controlled for the time to hospital pre-
sentation and treatment modality (choice of antidote and
mode of dialysis, alkalization, and folate substitution),
which may have affected the outcome of methanol
posoming and the character of visual outcome.

The aim of the study was to measure the dynamies of
BMFL lees, optic nerve function, and visual fimetion in
patients who survived methanol posoming for 4 years af -
ter discharge; to compare RNFL thicknes with the con-
trol group; amd o test the associations between  the
morphologic state of the retina and the key paramerers
of acute poboning. Finally, a substanrial number of
survivors did not patticipate in the follow-up examina-
tions; therefore, selection bias is possible, with fewer
severely affected patients participating  in follow-up.
MNevertheless, the admission laboratory pamameters charac-
terizing the severity of posoning in the study population
demonstrated that half of the patients were severely
postmed and presented subjective signs of visual damage
on admission.

Despite these limitatiors, this is the At prospective
cohort study of the dynamics of chronic RNFL thickness
decrease in survivors of acute methanol  pobsoning
performed during the 4 years after dischanee by applying
a standardized examination  protocol  and
advanced rechnological measurements in the same medi-
cal facility.
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Abstract Prospective cross-sectional study was con-
ducted in 54 patients (mean age 46.7 & 3.7 years) to
determine the character of optic nerve axonal degeneration
after acute methanol poisoning. Methanol was measured by
a gas chromatographic method with flame ionization
detection. Formate was measured enzymatically. Measure-
ment of full-field visual evoked potential with monocular
checkerboard pattern-reversal stimulation was performed
3-8 and 2428 months after discharge. The amplitudes of
NIPI and PIN2 components of evoked response were used
for analysis of axonal loss. Altogether, 13 of 50 patients
(26 %) had abnormal amplitudes at the first examination
(including the patients with nonrecordable amplitudes), and
37 patients had normal amplitudes. Mean NIPI/PIN2
amplitudes for right eyes (REs) were 6.30 £ 1.10/
8.70 = 1.50 pV and for left eyes (LEs) were 6.56 & 1.00/
8.30 =& 1.40 pV. The group with abnormal amplitudes had
lower arterial pH (p = 0.009), bicarbonate (p = 0.036),
higher base deficit (p = 0.005), glucose (p = 0.015}, and
lactate (p = 0.018). At the second examination, insignifi-
cant amplitude changes were registered (REs 6.50 & 1.10/
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9.80 + 1.60 pV, LEs 6.40 4 1.10/9.30 + 1.60 pV; both
p > 0.05). In 2 of 44 REs (5 %) and in 4 of 45 LEs (9 %)
with 2 consecutive examinations the initially normal
amplitudes deteriorated to abnormal values. In 3 of 45
patients (7 %) the abnormal amplitudes deteriorated in both
eyes indicating the ongoing process of chronic neuronal
degeneration. The dynamics of amplitude deterioration
correlated with serum lactate (r = 0.533; p < 0.001), glu-
cose (r = 0.462; p = 0.005), and formic acid (» = 0.380;
p = 0.046) on admission to hospital. The correlation was
present between the magnetic resonance signs of hemor-
rhagic brain lesions and the amplitude changes
(r = —0.535; p < 0.001).

Graphical Abstract
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Keywords Methanol optic neuropathy -

Visual evoked potentials - Axonal degeneration -
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Introduction
Methanol poisonings occur either intentionally through

abuse of methanol-containing fluids or attempted suicide or
unintentionally through misuse or accident [1-3]. In the
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last decade several mass poisoning outbreaks have been
reported as a result of its use as a cheap substitute for
ethanol [4—6]. Despite the significant progress made in
diagnosis and treatment of acute methanol poisoning,
mortality and probability of long-term health sequelae
remain high [7, 8]. During the years following discharge
from hospital, the possibility of new—or unrecognized—
visual and neurological complications in up to 36 % of
patients is suggested [9].

Methanol is metabolized by alcohol dehydrogenase
{ADH) and aldehyde dehydrogenase, mainly in the liver.
Formic acid is the toxic metabolite of methanol responsible
for the histotoxic hypoxia by inhibition of cytochrome
¢ oxidase in mitochondria [10, 11]. Undissociated formic
acid specifically targets optic nerve causing myelin sheath
swelling, myelin breakdown. and direct axonal damage
[12]. The myelin sheath edema is responsible for the
compression-type injury to the nerve fibers (axonal
trauma), which in combination with inhibition of mito-
chondrial function leads to optic nerve conduction deficit,
axonal degeneration, and finally neuronal loss with blind-
ness in the most severe cases [13, 14]. With adequate
treatment consisting in prevention of toxic metabolite
formation by administration of antidotes blocking the ADH
enzyme, fomepizole or ethanol, correction of metabolic
acidosis with bicarbonate, folate substimution, and rapid
elimination of methanol and formic acid by hemodialysis, a
complete recovery of visual function is possible within
several weeks [15—18]. Nevertheless, serious visual dis-
murbances may persist in 10-30 % of survivors [9, 19].

Several prognostic factors of mortality in methanol
poisonings are known including severity of metabolic
acidosis, high serum lactate and formate concentrations,
hyperglycemia, and negative serum ethanol on admission
[20, 21]. However, biochemical and toxicological param-
eters of poisoning affecting the degree of axonal loss and
dynamics of possible chronic degeneration of optic neurons
during the years following the acute toxic neuropathy have
not been studied. In the retrospective study of Desai et al.,
the degree of acidosis at presentation appeared to deter-
mine final visual acuity [22]. Nevertheless, according to
Sanaei-Zadeh et al., long-term visual outcomes in the cases
of severe methanol poisoning are hardly predictable [23].

Visual evoked potentials (VEP) are an objective means
of measuring the function of visual pathway [24]. The
magnitude of evoked response reflects the number of
functional afferent fibers reaching the striate cortex which
is determined by the severity of axonal degeneration aloeng
the visual pathway [25]. Therefore, diminished amplitude
of evoked response measured later than 2 months after
discharge from hospital in the patients who survived acute
methanol poisoning indicates the degree of optic nerve
axonal atrophy and neuronal loss. Knowledge of
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biochemical determinants associated with the degree of
axonal degeneration of the optic nerve and objective
measures of its dynamics during the years following dis-
charge from hospital are critical in both the prediction of
the character of long-term visual sequelae of methanol-
induced acute optic neuropathy and in the assessment of
the clinical effectiveness of therapeutic interventions.

‘We examined the prevalence and degree of optic nerve
axonal degeneration and its association with laboratory
parameters measured on admission to hospitals and within
2-year follow-up clinical examination in a cohort of
patients with confirmed acute methanol poisoning. Our
hypothesis was that the prevalence and degree of axonal
degeneration would be associated with certain biochemical
parameters characterizing the severity of acute methanol
poisoning.

Results
Demographic characteristics

During the Czech methanol outbreak from September 2012
to August 2014, 137 patients were poiscned and 106 of
them were treated in hospital; 83 patients survived
methanol poisoning. Of them. 54 patients with mean age
46.7 £ 3.7 years, 45 males and 9 females, were subjected
to the follow-up clinical examination 2 times during the
study period: 3-8 months and 24-28 months after dis-
charge from hospital (Fig. 1). Five patients only
participated in the first clinical examination 3-8 months
after poisoning (three of these patients died 1-2 years after
acute methanol poisconing, one patient rejected further
participation in the study, and contact was lost with the
fifth patient). Further, four patients agreed to participate in
the study after the first follow-up clinical examination of
the population had already been performed and were
examined only once, during the second follow-up exami-
nation. The results of amplitude measurements in these
nine patients were excluded from the analysis of associa-
tion of the dynamics of amplitude changes during a 2-year
period with biechemical and toxicological parameters.
The median ingested volume of toxic spirits was
300 em? (range 100-1500 em®) comprising approximately
50 % methanol and 50 % ethanol in different kinds of
strong alcoholic beverages with a total alcohol content of
around 40 % alcohol by volume (ABV, v/v). In 22 % of the
patients the diagnosis was made within 12 h of methanol
ingestion, in 66 % within 48 h, and in 6 % later than 48 h
(in 6 % it was impossible to determine the time of inges-
tion reliably}. A medical history of chronic alcohol abuse
was present in 48 9% of the cases. The co-morbidity
included 21 cases with hyperlipidemia, 19 cases with
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Total number of poisoned patients: 137

Hospitalized: 106

Survived poisoning: 83

Disagreed to participate on
the study: 29

Agreed to participate on the
study: 54

Died in hospitals; 23

Died ourside hospitals: 31

Examined one fime during the
study period: 9

Fig. 1 Flowchart ol the study design: the outbreak of methanol poisonings in the Czech Republic from September 2012 to August 2014

arterial hypertension, 16 cases with alcoholic hepatopathy,
4 cases with diabetes mellitus (type I in 3 cases, type Lin 1
case), 3 cases with myocardial infarction, and 1 case with
brain stroke in anamnesis before methanol poisoning;
epilepsy, sarcoidosis, psoriasis vulgaris, chronic atrial fib-
rillation, and ischemic disease of the lower extremities
were present each in 1 patient. No patients with multiple
sclerosis and other demyelinating and neurodegenerative
diseases were present in the study population.

The dynamics of amplitude changes of major
components of evoked complex in the 2 years
following poisoning

On initial examination at 3—8 months after discharge from
hospital, N1P1 and PIN2 amplitudes were measurable for
42 of 50 right eyes (REs) and were abnormally decreased
in 6 of 42 (14 %) of them for both measured components of
evoked complex (in a further 6 eyes the amplitude was
nonrecordable, in 1 eye VEP examination was not per-
formed due to technical issues, and 1 patient had the right
eye enucleated after trauma in anamnesis). For 45 of 50 left
eyes (LEs) with measurable N1P1 and PIN2 amplitudes,
the abnormal NIP1 measures were in 6 of 45 (13 %) and
abnormal PIN2 measures were in 5 of 45 (11 %) examined
eyes (in a further 5 eyes the amplitude was nonrecordable}
(Table 1).

Altogether, 13 of 50 (26 %) patients had abnormal
amplitudes at the first examination (including the patients
with nonrecordable amplitudes), with unilateral abnor-
mality in 2 of 13 (RE/LE 1/1) and bilateral abnormality in
11 of 13 cases. The correlation was present between the
amplitude of evoked complex and the following
parameters:

(a) Measured latencies of N1, P1l, and N2 peaks of
evoked complex (r = —0.618, —0.501, and —0.444;
p < 0.001; 0.001 and 0.003, correspondingly);

(b) Signs of bilateral putaminal necrosis on magnetic
resonance imaging (MRI) of brain (r = 0.420;
p = 0.004);

(c) Signs of hemorrhagic brain lesions on MRI of brain
(r = 0.395; p = 0.007);

(d) Serum glucose concentration on admission to hospital
(r = —0.330; p = 0.027);

(&) Serum methancl concentration on admission to hos-
pital (r = —0.318; p = 0.033).

At the second follow-up examination 24-28 months
after acute methanol poisening, the number of measure-
ments with abnormal and nonrecordable amplitudes had
insignificantly increased for N1P1 segment and decreased
for PIN2 segment of evoked complex. For 41 REs with
measurable both N1P1 and PIN2 amplitudes, N1P1l was
abnormal in 5 of 41 (12 %) and PIN2 in 1 of 41 (2 %)
cases (in a further 8 eyes the amplitudes were nonrecord-
able and in 3 eyes it was not measured). For 43 LEs with
measurable amplitudes, in § of 43 (19 %) cases N1PI1
ampliade and in 3 of 43 (7 %) cases PIN2 amplitude were
abnormal (in a further 6 eyes the amplitudes were non-
recordable and in 5 eyes it was not measured).

Altogether, 14 of 49 (29 %) patients had abnormal
amplindes on the second examination (including the
patients with nonrecordable amplitudes) with unilateral
abnormality in 2 of 14 (RE/LE 0/2) and with bilateral
abnormality in 12 of 14 of cases. The mean change of
amplitude of evoked response during the period between
two examinations was insignificant for both NIPl and
PIN2 amplitudes (Fig. 2). The inter-eye differences in the
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Table 1 Dynamics of changes of the amplitude of evoked complex during a 2-year period (means with 95 % confidence interval)

Ist Examination % Abnommal 2nd Examination % Abnormal Pignna  Dynamics during Difference of Prerx
(n = 50) (n = 49) 2-year period inter-eye dynamics dynamics
(n = 45) (n = 45)
REs NIPI/pV 630 £ 1.10 24 6.50 £ 1.10 2 0803  0.08 4+ 0.59 1.34 £ 0.41 0.337
LEs NIP1/uV 6.56 & 1.00 22 640 £+ 1.10 29 0.854 049 4+ 061
REs PINZ/uV 870 4+ 1.50 24 9.80 + 1.60 18 0331 0.80 4+ 1.10 0.08 + 0.92 0.665
LEs PIN2/uV 830 & 1.40 20 9.30 & 1.60 18 0335 047 4+ 096

REs—right eyes; LEs—left eyes; N1P1, PIN2—amplitudes of two major parts of visual evoked potentials; % abnormal—includes abnormal and
nonrecordable results, and absent responses; P—result of Chi square £ test

30 4
27
24 -
21
18 |
15 4 n.s.

12

Amplitude/pV

o w o w
N1P1 2015 '-—ﬂ:
o

N1P12013 o—
P1N2 2013
P1N2 2015

Fig. 2 Box-and-whisker plot of dynamics of NIP1 and PIN2
amplitudes change during a 2-year period. The box indicates the
25-, 50-, and 75-percentiles, and the points at the ends of the
“wihiskers” are the minimum and the maximum values. Dotred lines
indicate the low reference limits

dynamics of amplitude changes were not significant as well
(all p > 0.03).

Of 44 REs with 2 consecutive VEP examinations per-
formed during the study peried, in 2 of 44 (5 %) eyes the
initially normal NIP1 amplitude became abnormal (de-
crease from 4.6 to 24 pV and from 356 to 1.3 pv,
correspondingly), in 3 of 44 (7 %) examined eyes the ini-
tially abnormal N1P1 and PIN2 amplitudes deteriorated
and became nonrecordable, in 7 of 44 (16 %) examined
REs the amplitudes remained abnormal and unchanged
{inchiding nonrecordable in 4 eyes), and finally in 32 of 44
(73 %) REs the amplitude of both N1P1 and P1N2 seg-
ments remained normal without deterioration.

Of 45 LEs with 2 consecutive VEP examinations, in 4 of
45 (9 %) eyes the initially normal N1P1 amplitude (range
3.6-4.9 uV) became abnormal, in 3 of 45 (7 %) eyes the
initially abnormal N1P1 and P1N2 amplitudes deteriorated
and became nonrecordable, in 7 of 45 (15 %) examined
LEs the amplitudes remained abnormal and unchanged
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(including nonrecordable in 4 eyes), and finally in 31 of 45
(69 %) LEs the amplitude of both N1P1 and PIN2 com-
ponents remained normal without deterioration.

The correlations were present between the amplitudes of
evoked response measured 24-28 month after discharge
and the following parameters:

(a) Latencies of N1, P1, and N2 peaks of evoked complex
measured on initial examination (r = —0.681,
—0.514, and —0.425; p < 0.001, <0.001, and 0.005,
correspondingly);

Latencies of NI, Pl, and N2 peaks of evoked
complex measured on the second examination
(r = —0.505, —0.5006, and —0.514; all p < 0.001);
Amplitudes of N1P1 and PIN2 components of evoked
complex measured on initial examination (r = 0.880
and 0.839, correspondingly, all p < 0.001);

Signs of bilateral putaminal necrosis on MRI of brain
(r = 0.336: p = 0.028):

Serum glucose concentration on admission to hospital
(r = —0.330; p = 0.027):

Serum methanol concentration on admission to hos-
pital (r = —0.343; p = 0.024).

(b)

(©)

(@
(e)
()

The negative dynamics of amplitude changes (amplitude
deterioration during the 2-year period) comelated with
serum lactate (r = 0.533; p < 0.001), glucose (r = 0.462;
p = 0.005), and formic acid (r = 0.380; p = 0.046) on
admission to hospital. The higher the serum lactate, glu-
cose, and formic acid concentrations, the more pronounce
amplitude deterioration occurred in poisoned patients dur-
ing the study period.

The correlation was present between the prevalence of
MR signs of hemorrhagic brain lesions and the amplitude
deterioration during the study peried (r= —0.535;
p < 0.001). The group consisting of both the patients with
abnormal amplitudes of evoked complex measured on
initial examination and the patients with amplitude dete-
rioration during the study period had MR signs of
hemorrhagic brain lesions more often than those with
normal amplitudes without negative dynamics (8/17 wvs.
6/33; p = 0.031).
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Table 2 Laboratory data on admission to hospitals in the patients with acute methanol poisoning (means with 95 % confidence interval)

S-MetOH/ S-Formate®  pH HCO;™/ —BDJ AGI S-glucose/ S-Lactate/

mmol dn™®  mmol dm~* mmol dm—>  mmol dm™>  mmol dn™®  mmol dm™®  mmol dm™
Total (n = 54) 43.0 £ 130 113+ 3.1 F.21 £006 12621 14.6 & 3.1 265+ 29 194+ 11 334141
Group I (n = 17) 62.0 &+ 320 13879 706 014 9.1 =39 21.2 462 31.7 £ 6.9 10.7 = 3.0 55427
Group I1 (n = 33) 3504 13.0 10436 F27 £ 005 141 £ 27 11.8 £+ 34 24.2 4+ 3.0 6.7 + 0.6 20+ 05
Pim 0.127 0.367 0.009 0.036 0.005 0.053 0.015 0.018

Group I—patients with abnormal or nonrecordable amplitudes of evoked complex on the first examination and the patients with amplitude
deterioration to abnormal values during the study period in at least one eye; group II—patients with normal amplitudes of evoked complex on the
first examination and the patients without amplitude deterioration to abnarmal values during the study period; S-MetOH—serum methanol
concentration; S-formate—serum formate concentration; HCO3™—bicarbonate concentration; —2D—base deficit; AG—anion gap; S-glucose—
serum glucose concentration; S-lactate—serum lactate concentration; P—result of Chi square t test

Bold values are significant (p < 0.05)
® Measured in 27 cases

Biochemical and toxicological parameters of acute
methanol poisoning and severity of optic nerve
axonal degeneration

The key laboratory parameters characterizing the severity
of methanol poisoning on admission to hospital for all 54
patients included in the study are presented in Table 2.

The analysis of dynamiecs of amplitude changes in
two groups (group I — the patients with abnormal or
nonrecordable amplitudes of evoked complex on initial
examination and the patients with amplitude deteriora-
tion to abnormal values during the study period in at
least one eye (n = l7); group II—the patients with
normal amplitudes of evoked complex on initial
examination and the patients without amplitude deteri-
oration to abnormal values during the study period
(n = 33) showed prevalently the evidence of deterio-
ration of amplitude of evoked response during the
2-year period in both groups:

(a) In group I (if the amplitudes were recordable on both
examinations) the dynamics of NI1Pl amplitude
changes was negative [REs/LEs mean —0.80 %
3.10/—1.00 + 1.60 pV; median 0.10 (range —4.30
to 2.10)/—0.70 (range —2.80 to 0.60) pnV], as well as
for PIN2 amplitude changes [RE/LE mean
—0.1 £ 5.1/—03 £ 2 pV:; median 070 (range
—6.30 to 5.30/—0.20 (range —3.40 to 3.12) pVv];

(b) In group II the dynamics of N1P1 amplitude changes
was prevalently negative [RE/LE mean 0.02 £
0.60/—0.32 £ 0.70 pV; median —0.10 (range —4.20
to 2.80)/—0.80 (range —3.40 to 4.80) nVv] with
slightly positive dynamics for PIN2 amplitude [RE/
LE mean 0.90 + 1.10/0.70 & 1.10 pV; median 1.60
(range —7.70 to 6.30)/0.70 (range —5.60 to 7.28) pV].

The group I was more severely poisoned on admission
to hospitals with lower arterial blood pH, bicarbonate,

higher serum methanol, base deficit, and anion gap (all
p < 0.03). The patients in this group had higher lactaci-
demia and serum glucose on admission as well (both
p < 0.05). The patients with higher serum methanol were
more severely acidotic: serum methanol concentration
correlated with base deficit (r = —0.362; p = 0.009),
arterial blood pH (r = —0.355; p = 0.011), and anion gap
(r=0311; p = 0.031).

The regression analysis of results of the measurements
of amplitudes of evoked complex 3-8 months after dis-
charge from hospital showed association of amplitudes
with serum glucose and methanol on admission (Fig. 3).

Deterioration of amplitude of evoked complex
and biochemical parameters measured at the follow-
up examinations

The key laboratory parameters which may potentially
affect the dynamics of chronic neuronal degeneration
measured during the follow-up period in all 54 patients are
presented in Table 3. IFour of 54 patients (7 %) had vitamin
B); deficiency detected in at least 1 measurement (serum
concentration of vitamin B, under 191 ng dm—>): all of
them had normal amplitudes of evoked complex at both
examinations without negative dynamics during the study
period. Nine patients (17 %) had vitamin B, deficiency
(serum concentration of vitamin B; under 42 pg dm™>):
seven of them had normal amplitudes of evoked complex
and two of them had abnormal evoked complex at initial
examination which remained abnormal at the second
examination.

Two patients (4 %) had increased serum level of TSH
suggesting low production of thyroid hormone. One of
them had only a minor increase of serum TSH—5.014
miU dm ™ (normal range 0.54.9 mIU dm™>) and normal
amplitude of evoked complex. The second patient had
22.69 mIU dm™> serum TSH, but only one VEP
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Fig. 3 a Serum methanol (A) 16
concentration on admission vs.
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examination performed 2 years after discharge from hos-
pital with normal amplitudes bilaterally.

Of four patients (7 %) with diabetes mellitus, three
patients had hyperglycemia poorly controlled during the

follow-up period: the first patient with serum glucose of 8.7

and 7.6 mmol dm ™ measured during the follow-up study
became completely blind during the first 24 h of hospital-
ization with acute methanol poisoning without any
dynamics during the 2-year period; the second patient with
serum glucose of 5.7 and 8.5 mmol dm™ had the ampli-
tude nonrecordable in the RE without any dynamics and
abnormal in the LE, which remained abnormal at the sec-
ond examination. Finally, in the third patient with serum
glucose of 13.8 and 9.2 mmol dm—>, amplitudes of evoked
complex were normal at initial examination and remained
normal without negative dynamics during the study period.
No correlation of amplitude decrease with CDT, GGT,
TSH, serum glucose, vitamin Bjs, and vitamin B,
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measured at follow-up examinations were present (all
p = 0.05).

Discussion

The main finding of the study was the functional evidence
of neuronal loss in 26 % of the patients 3-8 months after
acute methanol-induced optic neuropathy. Further, we
found that the process of chronic optic nerve axonal
degeneration and neurconal loss can continue over at least
two consecutive years in severely poisoned patients. No
significant dynamics of amplitude of eveked complex
during the 2-year period was observed in most of the cases
with initial normal measurements. No patients with initial
abnormal amplitudes recovered to normal values 2 years
after discharge. On the opposite, in 2 of 44 REs (5 %) and
in4 of 45 LEs (9 %) with 2 consecutive examinations the
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Table 3 Biochemical parameters measured on the follow-up examinations (means with 95 % confidence interval)
DT cor GGT (1styf GGT (2nd) S-Glucose  8-Glucose  Vilamin Byz; Vitamin B> Vilamin TSH (1sty/  TSH(2Zod)y
(Isty % (2nd¥ % ukat dm™ ukat dm™  (1st) /mmol  (2nd¥mmel  (1st¥nmol {2nd ¥nmol Bifnmol miU dm ™ miU dm 3
dm™ dm—? dm—3 dm™? dm™
Total 304+£1.1 25411 1L54£07 214£10 540047 518 4 030 470 £ 170 408 £ 51 5904 51 2374 030 274 4093
{n = 54)
Group 1 24421 26429 124£06 254220 540084 5212079 720 540 460 £ 120 71.0412.0 228 £ 046 249 L 0.66
{n=17)
Group I 33+14 27£14 1710 2114 540060 525+ 035 364 & 49 385 £ 62 538+ 53 2421040 224 040
n =33
Pim 0.446 0.972 0.366 0.763 1.000 0.916 0.201 0.244 0.003 0.661 0.495

Group I—patients with abnormal or nonrecordable amplitudes of evoked complex on the first examination and the patients with amplitude deterioration to abnormal
values during the study period in at least one eye; group II—patients with normal amplitudes of evolked complex on the first examination and the patients without
amplitude deterioration to abnormal values dwring the study period; CDT—carbohydrate deficient transferrin; GGT—gamma-glutamyltransferase; S-Glucose—
serum glucose concentration; $SH—thyroid-stimulating hormone; 1st—iesults of first follow-up examination; 2nd—results of second follow-up examination; P—

result of Chi square ¢ test
Bold value is significant (p < 0.05)

initially normal amplitudes deteriorated to abnormal values
during the study period. In 3 of 45 patients (7 %) the
abnormal amplitudes deteriorated in both eyes indicating
the ongoing process of chronic neuronal degeneration.

The degree of initial axonal damage positively corre-
lated with serum methanol and glucose concentrations on
admission to hospital. The dynamics of chronic degenera-
tive changes was associated with the degree of acidosis and
severity of poisoning characterized by serum lactate, for-
mic acid, and glucose concentrations on admission to
hospital. The amplitude of evoked complex correlated with
brain MR findings: the abnormal amplitudes or non-
recordable responses were present mainly in the patients
with bilateral putaminal necrosis. The negative dynamics
of amplitude (deterioration) during 2 years of study was
associated with the presence of MR signs of hemorrhagic
lesions in the brain.

Formic acid as the major toxic metabolite of methanol in
bumans has both myelinoclastic and direct toxic effects on
axons of the optic nerve [12]. The interaction and inter-
dependency of histotoxic effect with demyelinating and
axonal-degenerative components in  methanol-induced
optic neuropathy is not clearly understood. During acute
poisoning, swelling of damaged myelin sheaths leads to a
compression-type injury to the nerve fibers, conduction
deficit and possible complete block [13, 26]. Acute tran-
‘section of axons along the anterior visual pathway leads to
retrograde degeneration, which ultimately reaches the
retinal ganglion cells. The studies on acute optic neuritis in
the patients with multiple sclerosis indicated that massive
axonal injury may occur during the first weeks after the
onset of demyelination [27].

Axonal degeneration and retinal nerve fiber layer
(RNFL) thinning 2-3 months after an acute episode of
demyelination have been described in multiple sclerosis,

neuromyelitis optica, and idiopathic optic neuritis [28, 25].
The RNFL values continue to decrease for at least
6-12 months after the symptoms onset [30]. Extensive and
persistent decrease of the amplitude of evoked complex
may occur after single episode of acute optic neuritis with
possible deterioration during at least 1 year after the attack
[31]. Thin axons subserving the central visual field are
more susceptible to damage than thick axons from the
periphery [32].

Conduction block caused by myelin sheath swelling and
axonal compression by edema normally recovers within
few weeks, and the degree of decrease of the amplitude of
evoked complex detected later than 2 months after acute
methanol poisoning is the manifestation of the extent of
neuronal loss mainly in the central visual field. In our
study, abnormal amplitudes measured 3-8 months after
discharge from hospital were present in 26 % of patients
suggesting high prevalence of acute axonal loss in metha-
nol optic neuropathy. The direct relationship exists
between the extent of acute demyelination and consequent
axonal loss in optic neuritis [25]. In our study, strong
negative correlation was present between the measured P1
latencies characterizing the extent of myelin sheaths
damage and the amplitudes of evoked complex, which
confirmed the suggestion of Klistoner et al. (2008) on the
role of demyelination in promoting axonal loss [25].

The patients with abnormal amplitudes had significantly
higher serum concentrations of methanol and glucose on
admission than those with normal amplitudes. In earlier
studies, it was shown that serum methanol concentration
had no independent prognostic value, but patients with
higher serum methanol were commonly more severely
poisoned [4, 6, 20]. In our study, serum methanol con-
centration correlated with the degree of metabolic acidosis,
explaining the positive association between this
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toxicological parameter and the amplitude decrease. Stress-
induced hyperglycemia could mean deeper and longer
hypoxia and more serious damage of both neurons and
oligodendrocytes. High serum glucose seen in critically ill
patients is also a known prognostic factor of poor outcome
[33].

Strong association exists between structural and func-
tional measures of the optic nerve integrity [25]. We found
that functional measures of the optic nerve axonal damage
may provide important screening information on brain
damage in methanol poisoned patients. The association was
present between the abnormal amplitudes of evoked com-
plex and the signs of bilateral putaminal necrosis and
hemorrhagic brain lesions on MR examination (both
p < 0.01). This association suggests that the same bio-
chemical and toxicological determinants may play a role in
the prevalence and magnitude of central nervous system
damage in acute methanol poisonings.

The dynamics of possible changes of amplitude of
evoked response during the years following acute optic
neuropathy was not studied. In the study of Klistorner et al.
(2010), there was a significant restoration of amplitude
between 6 and 12 months of follow-up after acute unilat-
eral optic neuritis in 25 subjects without previous
demyelinating events, implying continuous recovery of
amplitude despite the loss of RNFL fibers [34]. The
amplitude improved by 17.8 %, whereas RNFL thickness
worsened by 20.8 %. The authors suggested that continu-
ous cortical reorganization (neuroplasticity) or remodeling
of function within the visual system in postacute phase
might play a role in long-term functional improvement and
was responsible for the increase in amplitude.

In our study, we did not find the evidence of significant
restoration of amplitude of evoked complex during a
2-year period. The total number of abnormal measure-
ments increased; new cases with abnormal amplitudes
were detected and deterioration of abnormal amplitudes
was observed, whereas no cases with the amplitude
restoration from abnormal to normal values were regis-
tered. In the patients with initially abnormal amplitudes of
evoked complex the dynamics was negative with a further
deterioration to more pronounced decrease or even to
nonrecordable amplitudes. In the group of 37 patients with
normal amplitude of evoked complex at initial examina-
tion, the results of measurements in four (11 %) patients
indicated deterioration to abnormal values; the median of
N1P1 amplitnde dynamics was negative for both eyes.
Although the results of the present study cannot be
directly compared with the studies of amplitude in optic
neuritis, the data suggest that the dynamics of amplitude
changes after acute methanol-induced optic neuropathy is
prevalently negative for at least 24-28 months. Further
studies are npecessary to find out if the amplitude
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deterioration reaches plateau or continues during the fol-
lowing years.

The dynamics of amplitude deterioration demonstrated
the association with degree of metabolic acidosis (serum
concentration of lactate and formic acid) and glycemia on
admission, the parameters characterizing severity and
duration of cell hypoxia in acute methanol poisoning. It is
known that exposure of neurons to hypoxia induces broad
range of biochemical and genetic mechanisms leading to
apoptotic cell death and the severity of hypoxic insult
influences the pattern of pro-apoptotic genes expression
[35]. Therefore, the mechanisms of chronic neurcnal
degeneration underlying the amplitude deterioration of
evoked complex may be related to the activation of a
genetic program of apoptotic neuronal death following
formic acid-induced cellular hypoxia. This fact raises the
question whether inhibition of neuronal apoptosis follow-
ing hypoxia will contribute to improved visual outcome
and what pharmacological interventions may be potentially
helpful in interrupting the apoptotic mechanisms in optic
neurons surviving acute damage.

Several conditions like vitamin Bis; or B; deficiency
caused by chronic alcoholism or nutritional deficits, thyroid
gland hypofunction, or poorly controlled glycemia in dia-
betes mellitus may negatively affect the mechanism of
remyelination during the period following acute methanol-
induced optic neuropathy and cause amplitude deteriora-
tion due to inadequate restoration of myelin sheaths trophic
and protective functions [36—42]. In our study, no associ-
ation was found berween the concentration of serum
glucose, TSH, vitamin B,, and vitamin B; measured at
both follow-up examinations and dynamics of amplitude of
evoked complex during a 2-year period. The reason for the
absence of association might be the small number of
patients with diabetes mellitus, hypothyroidism, and
hypovitaminosis.

Strength and limitations

The study has some principal limitations, the most impor-
tant one being the lack of VEP measurement before acute
methanol poisoning, during treatment in hospitals, and on
discharge from hospital, which prevents the comparison of
amplitudes measured during the follow-up period with the
amplitudes of the “intact™ optic nerve before toxic exposure
and the amplitudes at the peak of toxic exposure. The time
between discharge from hospital and the follow-up VEP
measurements differed in the 54 patients from 3 to
8 months for the first examination and from 24 to
28 months for the second examination, making possible
additional inter-individual variability in the results of
measurements. The study was not contrelled relating to
treatment modalities (cheice of antidote and mode of
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dialysis, alkalinization, and folate substitution) which could
affect the outcome of methanol poisonings. A substantial
number of the survivors of the acute poisonings chose not to
participate in the follow-up study; therefore, the selection
bias might be present with prevalently less severely affected
patients participating in the follow-up examinations.

Despite the limitations and confounders, this is the first
prospective study performed after a mass methanol poi-
soning outbreak comparing the dynamics of amplitude of
evoked complex in surviving patients in association with
key toxicological and biochemical parameters measured on
admission to hospital and during a 2-year follow-up period,
representing the most comprehensive data ever generated
in the field. The essential clinical and laboratory data were
collected during the Czech mass outbreak in a prospective
manner using standardized forms; the follow-up examina-
tions were performed in one medical facility using a
uniform investigation protocol.

Methods
Patients

The study was designed as a prospective cross-sectional
examiner-masked study. During the Czech mass methanol
outbreak, all cases of confirmed methanol poisonings treated
in hospitals were documented using a standardized admis-
sion protocol, and discharge reports of all hospitalized
patients with confirmed diagnosis and results of neurclogical
and ophthalmologic examinations on admission, during
hospitalization, and on discharge were collected and ana-
lyzed in the Czech Toxicological Information Center.

The inclusion eriteria for the study were: (a) confirmed
diagnosis of acute methanol poisoning (see below);
(b) survival of methanol poisoning and discharge from
hospital; (¢) written informed consent with clinical exam-
ination according to the study protocol. The exclusion
criteria were: (a) the presence of multiple sclerosis and
other demyelinating and neurodegenerative diseases;
(b) the patients examined only once during the study period
were excluded from the analysis of dynamics of amplitude
of evoked complex.

On admission, the laboratory investigations included
serum concentrations of methanol, ethanol, formate, lactate,
electrolytes, arterial blood gases, anion and osmolal gaps,
glucose, urea, creatinine, bilirubin, liver enzymes. complete
blood count, hematocrit, and serum proteins. The diagnosis
was established if: (1) a history of recent ingestion of illicit
spirit was available, and serum methanol concentration was
more than 6.2 mmol dm™> (200 mg dm'a)‘ or (2) there was
a history/clinical suspicion of methanol poisoning, serum
methanol detectable, and at least two of the following were

present: pH less than 7.3, serum bicarbonate less
20 mmol dm™> (20 mEq dm™3), and anion gap more than
19 mmol dm™ (19 mEq dm™>). The ophthalmologic
examinations during hospitalization and on discharge
included fundus examination and standard ophthalmie tests,

The patients were treated in accordance with the
American Academy of Clinical Toxicology (AACT) and
European Association of Poisons Centres and Clinical
Toxicologists (EAPCCT) practice guidelines for the treat-
ment of methanol poisoning [12]. Bicarbonate was given as
a buffer to the patients with metabolic acidosis. Ethanol or
fomepizole was used as antidote to block alcohol dehy-
drogenase enzyme [19, 43]. Intermittent hemodialysis
(IHD} or continuous veno-venous hemodialysis/hemodi-
afiltration (CVVHD/HDF) was performed to eliminate
formic acid and methanol and correct the metabolic aci-
dosis [44]. Folates were administered in 63 patients: folic
acid in 35, and folinic acid in 28 subjects [16]. Corticos-
teroids were not administered to the patients with visual
disturbances.

Laboratory investigations

Methanol was measured by a gas chromatographic method
with flame ionization detection and a direct injection with
internal standard (Gas Chromatograph Chrom 5, Labora-
tory Instruments Prague, Czech Republic), limit of
detection 60 mg dm™ (1.9 mmol dm~3) and day-to-day
coefficient of wvariation 2.5-5.4 % [45]. Calibrators and
controls were made by dilution of methanol p.a. (Penta,
Czech Republic). Formate was measured enzymatically on
a Hitachi analyzer (Hitachi 912, Hitachi Science Systems
Ltd., Japan) using formate dehydrogenase (Roche, France)
and nicotinamide adenine dinucleotide (NAD) (Roche,
France). Pure sodium formate (Sigma-Aldrich, USA) was
used to prepare a standard of 46 mg dm™>
(1.0 mmol dm™3) in phosphate buffer and two control sera.
Day-to-day coefficient of variation was 5.6 %, and the
upper reference limit was 2 mg dm™ (0.44 mmol dm™).
Serum ethanol was analyzed by gas chromatography with
flame ionization detection and direct injection with an
internal standard (Gas Chromatograph Chrom 5, Labora-
tory Instruments Prague, Czech Republic). The limit of
detection was 40 mg dm™3 (0.87 mmol dm_S), and the
day-to-day coefficient of variation was 3.8 to 7.1 % [46].
Ethanol standards were purchased (Erba Lachema, Czech
Republic).

The anion gap in serum was determined from the
equation:

AG = (Nat +K*) — (CI” + HCO;)

where AG—anion gap, Na'—serum concentration of
sodium, K"—serum concentration of potassium, Cl™—
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serum concentration of chlorine, HCO3; —serum concen-

tration of bicarbonate. The reference range is
13 + 8 mmol dm™ {mean -+ 2SD) [47].

Clinical investigation protocol

The clinical examination protocol 3-8 months (first

examination) and 24-28 months (second examination}
after discharge from hospitals included complete ocular
examination and standard ophthalmic tests (visual acuity,
color vision, contrast sensitivity, perimeter, and fun-
doscopy), full-field visual evoked potentials (VEP),
biochemical tests {electrolytes, glucose, glycohemoglobin,
albumin, pre-albumin, urea, creatinine, bilirubin, liver
enzymes, cholesterol, lipids, thyroid-stimulating hormone
(TSH), vitamin Bi,, vitamin B;, and carbohydrate-deficient
transferrin), qualitative ethyl glucuronide in urine), and
standardized questionnaire forms. The examiners were
masked to the serum methanol and formie acid concen-
trations on admission, severity of poisoning, clinical
course, treatment measures and outcomes in methanol-
poisoned patients on discharge from hospitals, as well as to
each other's results.

VEP examination was performed on two-channel device
TruTrace 4 Alien Technik CZ. Monocular checkerboard
pattern-reversal stimulation was used, with frequency of
1.5 ¢ 571, angular size of the monitor 6° x 5° from the
fixation point, angular size of checkerboard squares 40'.
Luminance of the white and black squares was 84 ¢d m™2
and 57 ¢d m™2, respectively. Bandwidth of the amplifier
was 1 Hz—1 kHz, the evoked response was registered from
the Oz-Fz derivation. At each eye, the examination was
performed twice in order to check reproducibility of the
evoked complex. We evaluated the amplitudes of N1P1
and PIN2 components of the evoked complex. The mea-
sured values in patients were compared with our laboratory
reference values determined as the central 95 %
interquartile interval of data measured on a group of 30
healthy individuals. Three criteria of latency abnormality
were chosen: (1) amplitude of N1P1 part of evoked com-
plex <2.6 pV, (2) amplitude of PIN2 part of evoked
complex <3.0 gV, and (3) absence of response. The result
was categorized as abnormal if at least one of the above-
mentioned criteria was fulfilled.

The patients underwent two follow-up MRI examina-
tions 3—8 months and 24-28 months after discharge from
hospitals on Gyroscan Phillips, 1.5 T with the same pro-
tocol: axial T2-weighted image with slice thickness (THK)
6.0/0.6 mm through the whole brain, with parameters:
repetition time (IR) 4241 ms, time to echo (TE) 100 ms,
flip angle (FA) 90°, FLAIR (fluid attenuated inversion
recovery): TR 11,000 ms, TE 140 ms, inversion time (77)

_@ Spﬁnger

2800 ms, FA 90°, Tl-weighted image: TR 569 ms, TE
15 ms, FA 69°, T2-weighted image—fast field echo: TR
663 ms, TE 23 ms, FA 187, single shot diffusion-weighted
image: TR 2901 ms, TE 75 ms, FA 90°, T'l-weighted after
administration of contrast medium (Gd) and in coronal
images centered to the orbital region 72-weighted image
with fat suppression (SPIR): TR 5506 ms, TE 100 ms, FA
90°. The patients were considered as having CNS sequelae
of poisoning if symmetrical necrosis, with or without
hemorrhages, of basal ganglia (putamen. globus pallidum)
and other brain lesions (brainstem, nucleus caudatum,
cerebellum, deposits in white matter, and optical nerve
atrophy) compatible with the diagnosis of acute methanol
peoisoning were present on MR scan of the brain.

Statistical analyses

The admission laboratory data in the different groups were
compared on a group by group basis using two-sample
t test assuming unequal variances (equal means), two-
sample F test for variances, bias test, and two-sample
Kolmogorov—-Smirnov test. Data are expressed as arith-
metic means with confidence intervals. For comparison of
the obtained results, common statistical tests have been
used (7 test: two-sample assuming equal variances, ¢ test:
two-sample assuming unequal variances (equal means),
two-sample F test for variances, bias test, and ANOVA).
Chi square tests were used to examine the differences
between the groups with normal and abnormal amplitudes
of evoked complex. Pearson’s correlation and linear
regression analysis were used to examine the relationships
between various parameters. All statistical calculations
were carried out with a level of significance & = 0.05.
Statistical documentation was performed in Excel (Mi-
crosoft, USA), and the formal calculations were produced
in QC Expert software 3.1 (Trilobyte, Pardubice, Czech
Republic) and in IBM SPSS ver. 17.0 and Statistica SF ver.
10.0 (both licensed to 1st Faculty of Medicine of Charles
University in Prague).
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Abstract We conducted a prospective study in 54 patients
with a median age of 48 years (range 23-73) to determine
the prevalence and dynamics of optic nerve remyelination
after methanol-induced optic neuropathy. Methanol was
measured by a gas chromatographic method with flame
ionization detection. Formate was measured enzymatically.
Measurement of full-field visual evoked potential with
monocular checkerboard pattern-reversal stimulation was
performed 3-8 and 2428 months after discharge. The
latency of the positive peak (P1) was used for the analysis of
remyelination dynamics. Twenty-seven patients had
abnormal Pl latencies. Mean P1 latency for right eyes (REs)
was 115.3 + 2.1 ms and for left eyes (LEs) was 117.4
3.2 ms. The group with abnormal latency had lower arterial
pH (p = 0.017), higher anion gap (p = 0.013), methanol
(p = 0.027), base deficit (p = 0.033), and lactate
{(p = 0.048). At the second examination, shortening of P1
latencies was registered (REs/LEs 98.3 + 2.4/102.7 +
4.5 ms; p < 0.001). The dynamics of latency shortening for
REs/LEs were 17 £ 1.3/15.1 &+ 3.1 ms, with insignificant
inter-eye difference (p = 0.271). The dynamics of
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remyelination correlated with serum methanol (r = —0.588;
p < 0.001), arterial pH (r = 0.339; p = 0.040), and con-
centration of carbohydrate-deficient transferrin (r = —0.411;
p = 0.011). Remyelination occurred in cases of mild or
moderate damage of myelin sheaths; no improvement of
conduction was found in severe cases. The dynamics of
remyelination correlated with the degree of acidosis and
severity of poisoning. Chronic alcohol abuse had a negative
effect on remyelination dynamics.
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Introduction

Background

Outbreaks of mass or cluster methanol poisonings due to
consumption of illicit alcohol ocecur frequently and remain
a serious problem for healthcare providers due to high

morbidity and mortality [1-5]. More than 50 mass
methanol outbreaks with about 5000 poisoned subjects and
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more than 2000 fatalities occurred worldwide during
20002012 [6]. If medical treatment is inadequate or
delayed, mortality exceeding 40 % and severe long-term
visual impairment may occur [7].

Methanol is metabolized in humans to the highly toxic
formic acid/formate anion, which inhibits mitochondrial
respiration [8, 9]. The accumulation of formic acid leads to
metabolic acidosis and may result in optic neuropathy, and
damage of the retina and the basal ganglia when its con-
centration rises above 9-10 mmol dm™> [10-13].
Prevention of methanol metabolism by blocking the alco-
hol dehydrogenase enzyme (ADH) with antidotes
(fomepizole or ethanol) and correction of metabolic aci-
dosis with bicarbonate and dialysis are needed for
successful treatment [14-16].

The axons of retinal ganglion cells, which form the optic
nerve, are selectively vulnerable to histotoxic hypoxia
caused by formic acid because of their high energy
dependence [17, 1¥8]. The symptoms of ocular toxicity
manifest after a latency period of 848 or more hours,
depending on the amount of methanol ingested, possible
ethanol co-ingestion, and other factors. In many cases, a
complete recovery with resolution of changes of the fun-
dus, improvement of visual acuity, and extinction of
subjective symptoms occurs within 4—8 weeks. However,
long-term visual damage may persist in 10-30 % of poi-
soned patients [19, 20]. Long-term visual sequelae may
include peripheral constriction of visual fields and/or cen-
tral scotoma, reduced visual acuity, loss of color vision,
and finally, complete blindness in the most serious cases.

Importance

The known biochemical and toxicological parameters
predicting mortality in acute methanol poisonings are
severity of metabolic acidosis (low arterial blood pH and
bicarbonate, high anion gap and base deficit), high serum
lactate and formate concentrations, hyperglycemia, and
negative serum ethanol on admission [21-23]. In survivors
of methanol poisoning, however, the effects of these
determinants on the prevalence and dynamics of possible
optic nerve recovery during the years following the acute
toxic neuropathy have not been studied.

Visual evoked potential (VEP) measurements can pro-
vide information about the dynamics of optic nerve
conductivity changes associated with myelin repair and
restoration of the integrity of the wvisual pathway. The
latency of full-field VEPs reflects the degree of demyeli-
nation of the optic nerve fibers (the extent of the
demyelinated area) and subsequent shortening of latency
represents the ongoing process of remyelination [24].

Acute demyelination caused by formic acid in methanol-
induced optic neuropathy can lead to axonal degeneration

@ Springer

due to the lack of trophic support from myelin and the
disruption of normal axon—myelin interaction. From elec-
trophysiological studies of acute optic neuritis in patients
with multiple sclerosis it is known that the process of
spontaneous remyelination may occur during the first
2-3 vears after the acute episode [25]. Latency reduction of
6-7 ms was observed at follow-up VEP examinations
during the first 6 months and of a further 4 ms between
6 months and 2 years after acute optic neuritis in patients
in the study of Brusa et al. [26].

Remyelination of the optic nerve after acute damage is an
important factor for the prevention of chronic axonal loss,
retrograde retinal nerve ganglion cell death, and further
long-term deterioration of visual functions after acute
methanol poisoning. There are data from clinical case
reports about the possibility of recovery of visual functions
within several months following the poisoning [27]. On the
other hand, the results of a follow-up study by Paasma et al.
[19] in Estonia suggest the possibility of new—or unrec-
ognized—visual complications in up to 36 % of patients
during the 6 years following acute poisoning. Therefore,
knowledge of biochemical predictors associated with the
dynamics of remyelination of the optic nerve and objective
measures of this process are critical in both the prediction of
the character of long-term visual sequelae of acute methanol
poisoning and in the assessment of the clinical effectiveness
of therapeutic interventions (folate substitution, different
modes of hemodialysis, type of antidote, and others).

Goals of this investigation

In this study we aimed to examine the prevalence and
dynamics of optic nerve remyelination and to study the
association between biochemical and toxicological
parameters of acute methanol poisoning measured in blood
serum on admission to hospital and at the follow-up clin-
ical examination and the functional measures of optic nerve
integrity during a 2-year period in a cohort of patients with
confirmed acute methanel poisoning. Our hypothesis was
that the dynamics of remyelination after methanol-induced
optic neuropathy would be associated with certain bio-
chemical and toxicological parameters of poisoning
(degree of metabolic acidosis, concentrations of toxic agent
and its metabolite, and others).

Results and discussion
Demographic characteristics
During the Czech methanol outbreak from September 2012

o August 2014, 137 patients were poisoned and 106 of
them were treated in hospital; 83 patients survived
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methanol poisoning. A modified protocol for collection of
anamnestic, clinical, toxicological, and biochemical labo-
ratory admission data based on experience from a methanol
outbreak in Norway in 2002-2004 [1] was distributed to all
hospitals during the second week of the outbreak and used
for the prospective data collection. A detailed history of the
poisoning, and of the onset and dynamics of ocular and
systemic toxicity, was obtained in a prospective manner
directly from the patients or from relatives of critically ill
patients upon admission to the secondary hospital. The data
for the patients admitted before distribution of the protocol
were collected retrospectively. Direct communication by
phone and email with medical doctors who admitted and
treated poisoned patients, as well as with the heads of
emergency departments, in 30 hospitals in 11 regions of the
Czech Republic was undertaken to clarify the key data, if
necessary. The discharge reports of all hospitalized patients
with a confirmed diagnosis and the results of computer
tomography (CT), magnetic resonance imaging (MRI),
neurclogical and ophthalmological examinations on
admission, during hospitalization, and on discharge were
collected retrospectively and analyzed in the Toxicological
Information Center (TIC).

All 83 patients who survived acute methanol poisening
were invited to participate in a 1-day outpatient clinical
examination twice during the study period: 3-8 and
24-28 months after discharge from hospital. Fifty four
patients (65 %) with a median age of 48 years (range
23-73 years), 45 males and 9 females, agreed and were
subjected to the follow-up clinical examinations. Of them,
five patients only participated in the first clinical examina-
tion 3—8 months after poisoning (three of these patients died
1-2 years after acute methanol poisoning, one patient
rejected further participation in the study, and contact was
lost with the fifth patient). Further, four patients agreed to
participate in the study after the first follow-up clinical
examination of the population had already been performed
and were examined only once, during the second follow-up
examination. The results of latency measurements in these
nine patients were excluded from the analysis of association
of the dynamics of Pl latency changes during a 2-year
period with biochemical and toxicological parameters.

The median ingested volume of toxic spirits was
300 cm® (range 100-1500 cm?®) comprising approximately
50 % methanol and 50 % ethanol in different kinds of
strong alcoholic beverage with a total alcohol content of
around 40 % alcohol by volume (ABV, v/v). Only 22 % of
the patients were diagnosed within 12 h of methanol
ingestion, 66 % within 48 h, and 6 % later than 48 h (in
6 % it was impossible to determine the time of ingestion
reliably). A medical history of chronic alcohol abuse was
present in 48 % of the cases. Regarding somatic diseases,
21 patients had hyperlipidemia, 19 patients had arterial

hypertension, 16 patients had alcoholic hepatopathy, 4
patients had diabetes mellitus {type Il in 3 cases, type I in 1
case), 3 patients had myocardial infarction, and 1 patient
had had brain stroke in anamnesis before methanol poi-
soning; epilepsy, sarcoidosis, psoriasis vulgaris, chronic
atrial fibrillation, and ischemic disease of the lower
extremities were present each in 1 patient. INo patients with
multiple sclerosis and other demyelinating and neurode-
generative diseases were present in the study population.

The dynamics of latency changes of major
components of VEP in the 2 years following
poisoning

On initial examination at 3-8 months after discharge from
hospital, P1 latencies were measurable for 42 of 50 right
eyes (REs) and were abnormally prolonged in 16 of 42
(38 %) of them (in a further 6 eves the Pl latency was
nonrecordable, in 1 eye VEP was not measured due to
technical issues, and 1 patient had the right eye enucleated
after trauma in anamnesis). For 44 of 50 left eyes (LEs)
with measurable P1 latencies, the abnormal measures were
in 20 of 44 (45 %) examined LEs (in a further 6 eyes the P1
latency was nonrecordable) (Table 1}.

Altogether, 27 of 50 (54 %) patients had abnormal P1
latencies at the first examination (including the patients with
nonrecordable P1 latency), with unilateral abnormality in 6
of 27 (REs/LEs 2/4) and bilateral abnormality in 21 of 27
cases. The correlation was present between P1 latencies and
the following biochemical parameters measured in methanol
poisoned patients on admission to hospital (Table 2):

(a) anion gap (r = 0.390; p = 0.010),

(b) arterial blood pH (r = —0.338; p = 0.029),
(¢) serum methanol (r = 0.312: p = 0.037),
(d) serum glucose (r = 0.301; p = 0.045).

At the second follow-up examination 24-28 months
after acute methanol poisoning, the number of abnormal P1
latencies of evoked responses had significantly decreased.
For 41 REs with measurable P1 latencies, only 1 of 41
(2 %) was abnormal (in a further 8 eyes the P1 latencies
were nonrecordable and in 5 eyes it was not measured). For
43 LEs with measurable P1 latencies, in 5 of 43 (12 %) it
was abnormal (in further 6 eyes the P1 latency was non-
recordable and in S eyes it was not measured).

The latency shortening of the evoked response was
significant for all three measured peaks with the maximal
registered dynamics of N1 latency shortening (IFig. 1). The
inter-eye differences in the dynamics of latency shortening
during the study period were not significant for all three
measured peaks (N1, P1, and N2).

Of 44 REs with two consecutive VEP examinations
performed during the study period, in 3 of 44 (7 %) eyes
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Tahle 1 Dynamics of changes of latency of major components of the evoked potentials obtained from a group of 54 patients during a 2-year
period (means with 95 % confidence interval)

lst examination % abnormal 2nd examination % abnormal Pjgo,e  Dynamics during  Difference of Prens
2-year period inter-eye dynamics dynamics

REs Nl/ms 927 £ 1.8 81 729223 2 <0001 2024 2.1 2.1+£42 0.455
LEs N1/ms 942 + 2.6 73 75.5 =46 9 =(.001 185 + 43
REs Pl/ms 1153 £ 2.1 38 983 + 24 2 <0.001 17 + 1.3 2.0+ 3.2 0.271
LEs Pl/ms 1174 &+ 3.2 45 1027 =45 12 <001 15.1 & 3.1
REs N2ms 1440 2.9 5 134.1 + 3.7 0 <(0.001 94 +29 26+ 38 0.250
LEs NZms 145.7 4+ 3.7 11 138.7 = 5.6 12 0.042 6.5 + 4.0

REs, right eyes; LEs, left eyes; N1, P1, N2, latencies of three major peaks (two negative and one positive) of visual evoked potentials; P, result of
Chi square ¢ test

Table 2 Laboratory data on admission in 54 patients with acute methanol poisoning (means with 95 % confidence interval)

5-MetOH/ S-formawe®/ pH HCOs/ —BD/ AG/ S-glucose/ S-lactate/

mmol dm™*  mmol dm™> mmol dn™*  mmol dm™* mmol don™® mmol dm™* mmol dm™3
Taotal (n = 54) 430+ 13.0 113 £ 3.1 7.21 £+ .06 12.6 + 2.1 14.6 £+ 3.1 265+29 7.9 £+ 1.1 334141
Group I (n = 27) 57 =23 11.4 = 4.4 7.13 = 0.10 10.5 + 3.0 18.2 £ 4.6 303 £ 4.3 9.1 &£ 2.1 4.3+ 2.0
Group Il (n =23) 29411 11.1 £ 5.0 7274 £ 0.0690 145 £ 34 11.3+44 2264+ 40 6.94 £ 0.81 2.20 & 0.63
P 0.027 0.909 0.017 0.075 0.033 0.013 0.062 (.048

Group I, patients with abnormal P1 latency on first follow-up examination aon at least one eye (including the patients with P1 latency not
measurable and the absent response); Group I, patients with normal P1 latency measured on first follow-up examination; S-MetOH, serum
methanol concentration; S-formate, serum formate concentration; HC(3™, bicarbonate concentration; —BD, base deficit; AG, anion gap;

S-glucose, serum glucose concentration; S-lactate, serum lactate concentration; P, result of Chi square 1 test

Significant values are highlighted in bold (p < 0.05)
? Measured in 27 cases

the initially abnormally prolonged Pl latency became
nonrecordable (worsening of VEP findings), in 4 of 44
(9 %) eyes the Pl latency remained unchanged (non-
recordable), and in 37 of 44 (84 %) the latency of Pl
shortened. After the elimination of three REs with mea-
surable P1 latency at initial examination, which became
nonrecordable at the second examination, the latency
shortening during a 2-year period remained significant
(114.8 £ 2.3 vs. 98.39 + 2.4 ms, p < 0.001).

Of 45 LEs with 2 consecutive VEP examinations, in 4 of
45 (9 %) eyes the initially abnormally prolonged P1 latency
became more abnormal (nonrecordable in 3 eyes and
increased P1 latency in 1 eye), in 2 of 45 (4 %) eyes the P1
latency remained unchanged (nonrecordable), and in 39 of
45 (87 %) the latency of P1 shortened. No improvement of
conductivity occurred over the 24—28 months after dis-
charge in the patients with initial severe damage detected at
the first follow-up examination (patients with P1 latency
nonrecordable). After the elimination of three LEs with
measurable P1 latency at initial examination, which became
nonrecordable at the second examination, the latency
shortening during a 2-year period remained significant
(1166 + 3.3 vs. 102.7 &= 4.5 ms, p < 0.001).

_@_ Sp:l"inger

The correlations were present between P1 latencies
24-28 months after acute poisoning and the following
biochemical parameters measured in methanol poisoned
patients on admission to hospital:

(a) serum methanol (r = 0.505; p = 0.001),
(b) arterial blood pH (r = —0.373; p = 0.014),
(c) base deficit (r = —0.339; p = 0.026).

The dynamics of Pl latency shortening correlated with
serum methanol concentration (r = —0.588; p < 0.001)
and arterial blood pH (r = 0.339: p = 0.040) on admis-
sion. The higher the serum methanol concentration and
lower the arterial blecod pH (more severe metabolic aci-
dosis) in poisoned patients, the lower the dynamics of P1
latency shortening during the study period.

Biochemical and toxicological parameters of acute
methanol poisoning and severity of optic nerve
demyelination

The key laboratory parameters characterizing severity of
methanol poisoning on admission to hospitals for all 54
patients included in the study are presented in Table 2. The
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Fig. 1 Box-and-whisker plot of dynamics of latency shortening of
N1, P1, and N2 peaks of evoked responses during 2-year period. The
box indicates the 25-, 50-, and 75-percentiles, and the points at the
ends of the “whiskers” are the minimum and the maximum values.
Dotted lines indicate the reference limits. **¥p < 0.001; **p < (.01

group of patients with abnormal or nonrecordable Pl
latencies at the first examination was more severely poi-
soned, with lower arterial blood pH, higher serum
methanol, base deficit, anion gap, and lactate (all
p < 0.050). The patients in this group had insignificantly
higher serum glucose on admission (p = 0.062). The
patients with higher serum methanol were more severely
acidotic: serum methanol concentration correlated with
base deficit (r = —0.362; p = 0.009). arterial blood pH
(r=—0.355; p=0.011), and anion gap (r= 0.311;
p = 0.031).

The regression analysis of results of the measurement of
Pl latencies 3-8 months after discharge from hospital
showed association of Pl latency prolongation with anion
gap, arterial blood pH, serum methanol and glucose on
admission (Fig. 2).

The dynamics of P1 lateney shortening during the study
period depended on the severity of poisoning as well.
FFigure 3 presents the association between the dynamics of
Pl latency shortening and arterial blood pH and serum
methanol concentration on admission (Fig. 3).

Dynamics of optic nerve remyelination
and biochemical parameters measured
at the follow-up examinations

The key laboratory parameters which may potentially
affect the dynamics of remyelination of the optic nerve,
measured during the follow-up period in all 54 patients
included in the study are presented in Table 3. Four of 54
patients (7 96) had vitamin B, deficiency detected in at
least one measurement (serum concentration of vitamin Bqa
under 191 ng dm™): 2 of them had abnormal P1 latencies

at the first examination (RE/LE 126/123 and 122/122 ms,
correspondingly), and 2 others had normal latencies (RE/
LE in both 114/111 ms). In all four cases with By
hypovitaminosis the dynamics of remyelination were pos-
itive (improvement in the range of 11-26 ms), and Pl
latency was normal in the second follow-up measurement
in all of them. Nine patients (17 %) had vitamin B, defi-
ciency (serum concentration of vitamin B; under
42 pg dm—3): three of them had abnormal P1 latencies and
the response was absent in one patient at the first exami-
nation. Only the last patient with an absent evoked
response remained without positive dynamics at the second
examination, while in three others the P1 latencies recov-
ered to normal figures with a range of improvement of
12-23 ms.

Two patients (4 %) had increased serum levels of thy-
roid-stimulating  hormone  (TSH)  suggesting low
production of thyroid hormone. One of them had only a
minor increase of TSH—5.014 mIU dm™ (normal range
0.54.9 mIU dm™*—and positive dynamics of P1 latency
shortening during the study period from 126/123 ms to
normal 111/112 ms for RE/LE. The second patient had
22.69 mIU dm~> TSH, but only one VEP examination
performed 2 years after discharge from hospital with nor-
mal P1 latencies bilaterally.

Of four patients (7 %) with diabetes mellitus, three
patients had hyperglycaemia poorly controlled during the
follow-up period: the first patient with serum glucose of 8.7
and 7.6 mmol dm~> measured during the follow-up study
became completely blind during the first 24 h of hospital-
ization with acute methanol poiscning without any
dynamics during the 2-year period; the second patient with
serum glucose of 5.7 and 8.5 mmel dm™ had P1 latency
nonrecordable in the RE without any dynamics and
abnormal Pl latency in the LE, which remained abnormal
at the second examination, however with certain positive
dynamics (shortening from 154 to 130 ms). Finally, in the
third patient with serum glucose of 13.8 and
9.2 mmeol dm ™ measured P1 Jatencies were normal at the
first examination and demonstrated a tendency to further
shortening during the study period (114/113-101/100 ms
for RE/LE).

Association was present between the dynamics of Pl
latency shortening during the study period and serum car-
bohydrate-deficient transferrin (CDT), the parameter
indicating chronic alcchol abuse during the period after
acute methanol poisoning. Figure 4 presents the associa-
tion between the dynamics of P1 latency shortening and
concentration of CDT measured during the follow-up
clinical examinations. Negative correlation was present
between the dynamics of P1 latency shortening and serum
concentration of CDT (r = —0.413; p = 0.010). No cor-
relation of Pl latency dynamics with gamma-glutamyl
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Fig. 3 a Anrterial blood pH on admission versus dynamics of
shortening of latency of Pl peak of evoked response during the
study period. b Serum methanol concentration on admission versus

transferase (GGT), TSH, serum glucose, vitamin B,», and
vitamin B; measured at follow-up examinations were
present (all p > 0.05).

The main finding of the study was the functional evi-
dence of remyelination of the optic nerve over at least two
consecutive years after acute methanol-induced optic
neuropathy. The process of remyelination occurred in cases
of mild to moderate damage of myelin sheaths of the optic
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of P1 peak of evoked responses measured 3-8 months after discharge
from hospital. Gin serum glucose on admission. d Serum methanol
concentration on admission versus latency of P1 peak of evoked
responses measured 3-8 months after discharge from hospital. S-
Met(GH serum methanol concentration on admission
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nerve with P1 latency measurable 3-8 months after dis-
charge from hospital. No improvement of conductivity was
found in the severe cases with nonrecordable Pl latency at
the first VEP examination. Both the severity of initial
myelin damage and the dynamics of remyelination were
associated with the degree of metabolic acidosis and the
severity of poisoning characterized by anion gap, arterial
bleod pH, serum methanol, and glucose on admission to
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Table 3 Biochemical parameters on follow-up examination in 54 patients (means with 95 % confidence interval)}

CDT cDT GGT (1s1)) GGT (2ndy S-glucose S-glucose Vitamin Bz Vitamin B, Vilamin TSH (1st))  TSH (2ndy
{1stym (2ndy% pkat dm™ pkat {1sty¥mmol (2odymmol (1st¥nmol {2nd ynmol B,/mmol mIU dm™*  mlU dm™
dm™? dm™? dm—> dm™ dm™?
Taotal 304£11 25£1.1 L514£070 21 4L10 5401047 518 £030 470 £ 170 408 L 51 590+ 51 237 4£030 2742093
(n = 54)
Group 1 30416 28£21 1L.74+12 27 £20 5351050 5294 047 570 4 320 427 £ 87 627 £ 84 237 4+ 042 244 4 049
(n=27)
Group II 30418 24 +1.5 123 4055 1.7+1.0 546  0.87 5.17 £ 047 374 £ 55 384 + 66 5524 7.1 237 £045 217+ 046
(n= 23)
Pim 0.934 0.748 0.462 0.384 0.062 0.728 0.243 .441 0.177 0.981 0.429

Group 1, patients with abnormal P1 latency on first follow-up examination on at least one eye {including the patients with P1 latency not measurable and the absent
response); Group 11, patients with normal Pl latency measured on first follow-op examination; CDT, carbohydrate deficient transferrin; GGT, gamma-glutamyl-
transferase; S-glucose, serum glucose concentration; TSH, thyroid-stimulating hormone; 1st, results of first follow-up examination: 2nd, results of second follow-up

examination; P, resuit of Chi square ¢ test
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Fig. 4 Serum carbohydrate deficient transferrin concentration on the
follow-up examination versus dynamics of shortening of latency of P1
peak of evoked response during the study period. CDT serum
carbohydrate deficient transferrin (reference limits 0-2 %)

hospital. Chronic alcohol abuse during the period after
acute methanol poisoning had a negative effect on the
dynamics of remyelination of the optic nerve.

Formic acid, as the major toxic metabolite of methanol
in humans, has a myelinoclastic effect causing the swelling
and breakdown of myelin sheaths of the optic nerve [9].
During acute poisoning, swelling of damaged myelin
sheaths leads to a compression-type injury to the nerve
fibers and conduction deficit and block [28, 29]. Conduc-
tion block caused by axonal compression normally
recovers within a few weeks, and the degree of conduc-
tivity delay detected by VLEP latency more than 2 months
after acute methanol poisoning is most likely a manifes-
tation of the extent of acute demyelination. The direct
association between latency delay and the degree of optic
nerve demyelination has been confirmed both in animal
models and in humans with episodes of acute optic neuritis
[30, 31].

In our study, most of the patients (54 %) had abnormal
P1 latencies due to demyelination of the optic nerve per-
sisting for more than 2 months after methanol poisoning

and discharge from hospital, when the acute symptoms had
subsided and the conductivity block caused by edema had
disappeared. It is interesting that unilateral damage with
abnormal latencies measured in one eye only was not a rare
event, occurring in 12 % of cases in our study. Association
was present between the biochemical parameters charac-
terizing the degree of metabolic acidosis on admission
(anion gap, arterial blood pH) and the extent of myelin
damage. It is known that acidosis increases the toxicity of
formic acid by enabling greater diffusion of undissociated
formic acid into cells |9, 11]. The severity of acidosis
depends not only on serum concentration of formic acid but
on serum lactate as well [11, 22, 32].

The group of patients with abnormal P1 latency had
higher lactacidemia and insignificantly higher serum glu-
cose on admission. Higher serum lactate and glucose could
mean deeper and longer hypexia and more sericus damage
of both neurons and oligodendrocytes. It is known that
serum lactate concentration correlates with clinical out-
come in critically ill patients and can be used as a
prognostic indicator of mortality and long-term morbidity
in critical states [32]. Stress-induced hyperglycemia seen in
critically ill patients is also a known prognostic factor of
poor cutcome [33].

The patients with pathologic P1 latency had significantly
higher serum concentrations of methanol on admission
than those with normal latencies. In earlier studies, it was
shown that serum methanol concentration had no inde-
pendent prognostic value, but patients with higher serum
methanol were commonly more severely poiscned [1, 5,
21]. In our study, serum methanol concentration correlated
with the degree of metabolic acidosis, explaining the pos-
itive association between this toxicological parameter and
Pl latency prolongation.

Several reasons can explain the absence of association
between the concentration of serum formic acid on
admission and P1 latency. First, the small number of
patients with formate measured on admission (27 of 54);
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second, most of the patients in the study were so-called
*late-presenters” (patients admitted to hospital more than
12 h after ingestion of toxic spirits stopped), so the peak of
serum formate concentration and the peak of the toxic
effect on optic nerve could have occurred before admission
to hospital. Finally, serum formate was measured in dif-
ferent toxicological laboratories in several hospitals
throughout the country; therefore, laboratory errors could
have taken place or inaccurate registration of the time of
blood sampling could have occurred, and samples drawn
after the start of dialysis could be considered as the samples
drawn on admission.

The possibility of long-term remyelination after acute
methanol-induced optic neuropathy can be inferred from
studies of acute optic neuritis in patients with multiple
sclerosis, but to our best knowledge, studies of its prevalence
and dynamics in methanol poisoned patients are absent. In
our study, we found a significant decrease in P1 latency over
the period of 2 years after discharge from hospital. Quanti-
tatively, the Pl latency reduction was approximately
15—-17 ms during the study period, which was comparable
with the latency reduction in the 2 years after the acute
episode of optic neuritis in the patients with multiple scle-
rosis studied by Brusa et al. [25, 26]. Although the results of
the present study cannot be directly compared with the
studies of remyelination in multiple sclerosis, the data sug-
gest that the latency reduction after acute methanol-induced
optic neuropathy proceeds for at least 2428 months, prob-
ably at an exponentially decreasing rate with most of the
effect during the first year after acute poisoning.

In most of the patients with measurable abnormal P1
latency the rate of remyelination was sufficient to provide a
degree of repair for complete restoration of normal con-
ductivity 2 years after methanol poisoning. The dynamics
of Pl latency shortening demonstrated an association with
the degree of metabolic acidosis and serum methanol
concentration on admission, key biochemical and toxico-
logical parameters characterizing the severity of acute
poisoning. In the patients with a higher degree of acidosis
and serum methanol concentration the dynamics of Pl
latency shortening was slower, suggesting a greater extent
of demyelinated areas requiring remyelination for the
restoration of conductivity. No positive dynamics were
present in the most severe cases with P1 latency non-
recordable at the first examination. None of these severely
poisoned patients showed improvement of conductivity
which can be ascribed to neuronal degeneration and loss of
most of the axons constituting the optical nerve.

Vitamin B, is known as a co-factor in myelin forma-
tion, and its deficiency can lead to focal demyelination of
the optic nerve and defective formation of myelin sheaths
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during the process of remyelination [34]. Deficiency of
vitamin B; due to chronic aleocholism or other reasons can
lead to Wernicke's encephalopathy with possible optic
neuropathy and myelination disorders [35, 36]. In our
study, no association was found between the serum con-
centration of vitamin B;; measured at both follow-up
examinations, and the dynamics of remyelination. No
effect of hypovitaminosis B, on the dynamics of remyeli-
nation was found either. The reasons for the absence of
association between the dynamics of remyelination and
serum concentrations of both vitamins might be the small
number of patients with hypovitaminosis (four and nine
cases, correspondingly) and the minor and transient
decrease of serum concentrations (the concentrations were
close to the lower normal limits; no patients had low serum
levels of vitamin B1; detected twice during the study).

Hormonal and metabolic disturbances such as hypo-
function of the thyroid gland and diabetes mellitus can
have an effect on the dypnamics of myelin repair. It is
known that thyroid hormone is required for normal myelin
production and it plays an important part in regulating the
lineage and maturation of oligodendrocytes [37]. Diabetes
mellitus with insufficiently controlled glycemia may lead
to optic nerve neuropathy and even atrophy through vas-
cular and other mechanisms [38]. In our study only two
patients had inereased serum levels of TSH indicating low
thyroid hormone production; therefore it was not possible
to study the association between thyroid hormone level and
the dynamics of remyelination. In four patients with dia-
betes three of them had hyperglycemia poorly contrelled
with episodes of serum glucose registered during the fol-
low-up study higher than 7.0 mmol dm™>. Nevertheless,
one of these patients became completely blind during the
first day of hospitalization with acute poisoning, and the
second one had P1 latency recordable only in one eye, in
which some positive dynamics of P1 latency change was
present. In the third patient with high glycemia registered
at both follow-up examinations, P1 latencies were normal.

Finally, chronic alcohol abuse can negatively affect the
process of remyelination due to nufritional deficits and
other pathologic mechanisms [39, 40]. Serum CDT is one
of the effective markers of heavy chronic alcohel abuse
with overall sensitivity of 82 % and specificity of 97 %:
alcoholic subjects consuming 50-80 g of alcohol per day
for at least a week show increased serum levels of CDT
[41]. In our study, the patients with elevated CDT mea-
sured at the follow-up examinations demonstrated slower
dynamics of P1 latency shortening, which can be suggested
as evidence of the negative effect of chronic alcohol abuse
on the restoration of conductivity in the optic nerves after
acute methanol neuropathy.
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Strengths and limitations

The study has some principal limitations, the most
important one being the lack of VEP measurement before
acute methancl poisoning, during treatment in hospitals,
and on discharge from hospital, which prevents the com-
parison of P1 latencies measured during the follow-up
period with the latencies of the “intact” optic nerve before
toxic exposure and the latencies at the peak of toxic
exposure. The time between discharge from hospital and
the follow-up VEP measurements differed in the 54
patients from 3 to 8 months for the first examination and
from 24 to 28 months for the second examination, making
possible additional inter-individual variability in the results
of the latency measurements. The study was not controlled
relating to treatment modalities {choice of antidote and
mode of dialysis, alkalinization, and folate substitution)
which could affect the outcome of methanol poisoning. A
substantial number of the survivors of acute poisoning
chose not to participate in the follow-up study; therefore,
the selection bias could be possible with less severely
affected patients prevalently participating in the follow-up
examinations.

Despite the limitations and confounders, this is the first
prospective study performed after a mass methanol poi-
soning outbreak comparing the prevalence and dynamics of
optic nerve remyelination in surviving patients in associa-
tion with key toxicological and biochemical parameters
measured on admission to hospital and during a 2-year
follow-up period, representing the most comprehensive
data ever generated in the field. The essential clinical and
laboratory data were collected during the Czech mass
outbreak in a prospective manner using standardized
forms; the follow-up examinations were performed in one
medical facility using a uniform investigation protocol.

Methods
Patients

The study was designed as a prospective cross-sectional
examiner-masked study. During the Czech mass methanol
outbreak, all cases of confirmed methanol poisonings
treated in hospitals were documented using a standardized
admission protocol, and discharge reports of all hospital-
ized patients with confirmed diagnosis and results of
neurological and ophthalmologic examinations on admis-
sion, during hospitalization, and on discharge were
collected and analyzed in the Czech Toxicological Infor-
mation Center.

On admission, the laboratory investigations included
serum concentrations of methanol, ethanol, formate,

lactate, electrolytes, arterial blood gases, anion and osmolal
gaps, glucose, urea, creatinine, bilirubin, liver enzymes,
complete blood count, hematocrit, and serum proteins.
The diagnosis was established if (1} a history of recent
ingestion of illicit spirit was available, and serum
methanol concentration was more than 6.2 mmol dm™?
(200 mg dm™>), or (2) there was a history/clinical suspi-
cion of methanel poiscning, serum methanol detectable,
and at least two of the following were present: pH less
than 7.3, serum bicarbonate less 20 mmol dm™—>
(20 mEq dm™>), and anion gap more than 19 mmol dm™
(19 mEq dm ™). The ophthalmologic examinations during
hospitalization and on discharge included fundus exami-
nation and standard ophthalmic tests.

The patients were treated in accordance with the
American Academy of Clinical Toxicology (AACT) and
European Association of Poisons Centres and Clinical
Toxicologists (EAPCCT) practice guidelines for the treat-
ment of methanol poisoning [9]. Bicarbonate was given as
a buffer to the patients with metabolic acidosis. Ethanol or
fomepizole was used as antidote to block alcohol dehy-
drogenase enzyme. Intermittent hemodialysis (IHD) or
continuous  veno-venous hemeodialysis/hemodiafiltration
(CVVHD/HDI) was performed to eliminate formic acid
and methanol and correct the metabolic acidosis [42].
Folates were administered in 63 patients: folic acid in 35,
and folinic acid in 28 subjects [43]. Corticosteroids were
not administered to the patients with visual disturbances.

Laboratory investigations

Methanol was measured by a gas chromatographic method
with flame ionization detection and a direct injection with
internal standard (Gas Chromatograph Chrom 5, Labora-
tory Instruments Prague, Czech Republic), limit of
detection 60 mg dm™ (1.9 mmol dm™), and day-to-day
coefficient of variation 2.5-5.4 % [44]. Calibrators and
controls were made by dilution of methanol p.a. (Penta,
Czech Republic). Formate was measured enzymatically on
a Hitachi analyzer (Hitachi 912, Hitachi Science Systems
Ltd., Japan) using formate dehydrogenase (Roche, France)
and nicotinamide adenine dinucleotide (NAD) (Roche,
France). Pure sodium formate (Sigma-Aldrich, USA)
was used to prepare a standard of 46 mg dm™>
(1.0 mmol dm™>) in phosphate buffer and two control sera.
Day-to-day coefficient of variation was 5.6 %, and the
upper reference limit was 2 mg dm™" (0.44 mmol dm_3).
Serum ethaneol was analyzed by gas chromatography with
flame ionization detection and direct injection with an
internal standard (Gas Chromatograph Chrom 5, Labora-
tory Instruments Prague, Czech Republic). The limit of
detection was 40 mg dm™3 (0.87 mmol dm_B), and the
day-to-day coefficient of variation was 3.8-7.1 % [45].
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Ethanol standards were purchased (Erba Lachema, Czech
Republic).

The anion gap in serum was determined from the
equation:

AG = (Na' +K")—(Cl” + HCO;)

where AG—anion gap, Nat—serum concentration of
sodium, Kt—serum concentration of potassium, Cl™—
serum concentration of chlorine, HCO3; —serum concen-
tration of bicarbonate. The reference range is
13 + 8 mmol dm™? (mean + 2SD) [46].

Clinical investigation protocol

The clinical examination protocol 3-8 months (first
examination) and 24-28 months (second examination)
after discharge from hospitals included complete ocular
examination and standard ophthalmic tests (visual acuity,
color vision, visual fields, contrast sensitivity, fundoscopy),
full-field VEPs, biochemical tests [electrolytes, glucose,
glycohemoglobin, albumin, pre-albumin, urea, creatinine,
bilirubin, liver enzymes, cholesterol, lipids, thyroid-stim-
ulating hormone (TSH), vitamin B,,, vitamin B,
carbohydrate deficient transferrin], qualitative ethyl glu-
curonide screening in urine, and standardized questionnaire
forms. The examiners were masked to the serum methanol
and formic acid concentrations on admission, severity of
poisoning, clinical course, treatment measures and out-
comes in methanol-poisoned patients on discharge from
hospitals, as well as to each other’s results.

VEP examination was performed on two-channel device
TruTrace 4 Alien Technik CZ. Monocular checkerboard
pattern-reversal stimulation was used, with frequency of
1.5 ¢ s, angular size of the monitor 6° x 5° from the
fixation point, angular size of checkerboard squares 4('.
Luminance of the white and black squares was 84 and
57 c¢d m™2, respectively. Bandwidth of the amplifier was
1 Hz-1 kHz, the evoked response was registered trom the
Oz—Fz derivation. At each eye, the examination was per-
formed twice in order to check reproducibility of the
evoked complex. We evaluated latencies of waves N1, P,
and N2. The measured values in patients were compared
with ‘our laboratory reference values determined as the
central 95 % interquantile interval of data measured on a
group of 30 healthy individuals. Four criteria of latency
abnormality were chosen: (1) wave N1 latency >88 ms, (2)
wave P1 latency >117 ms, (3) wave N2 latency >160 ms,
and (4) absent response. The result was categorized as
abnormal if at least one of the above-mentioned criteria
was fulfilled. As long as the latency of P1 peak of evoked
response (the first major positive component of the wave
complex) is characterized by the best relation between the
sensitivity and inter-individual variability, this parameter

_@ Sp:l"inger

was used for the further analysis of association between the
dynamics of remyelination and the biochemical determi-
nants [47].

Statistical analyses

The admission laboratory data in the different groups were
compared on a group by group basis using two-sample
t test assuming unequal variances (equal means), two-
sample F test for variances, bias test, and two-sample
Kolmogorov-Smirnov test. Data are expressed as arith-
metic means with confidence intervals. For comparison of
the obtained results, common statistical tests have been
used [¢ test: two-sample assuming equal variances, f test:
two-sample assuming unequal variances (equal means),
two-sample F-test for variances, bias test, and ANOVA].
Chi square tests were used to examine the differences
between the groups with normal and abnormal Pl latencies.
Pearson’s correlation and linear regression analysis were
used to examine the relationships between various param-
eters. All statistical calculations were carried out with a
level of significance o = 0.05. Statistical documentation
was performed in Excel (Microsoft, USA), and the formal
calculations were produced in QC Expert software 3.1
(Trilobyte, Pardubice, Czech Republic) and in IBM SPSS
ver. 17.0 and Statistica SF ver. 10.0 (both licensed to Ist
Faculty of Medicine of Charles University in Prague).
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ABSTRACT
Context: Methanol poisoning induces acute optic newropathy with possible long-term visual damage.
Dbjective: To study the dynamics and key determinants of visual pathway functional changes during 4 years after acute methanol
PeOiSOming.
Methods: A total of 42 patients with confirmed methanol poisoning (mean age 457 4.4 years) were examined 4.9+ 0.6, 25.0F 0.6,
and 499 T 0.5 months after discharge. The following tests were performed: visual evoked potential (WEP), retinal nerve fiber layer
| RMFL) measurement, brain magnetic resonance imaging [MRI), complete ooular examination, biochemical tests, and apolipoprotein
E (ApOE] genotyping.
Results: Abnormal WEP P Iatency was registered in 18,/42 right eyes (OD] and 21/42 left eyes [D5), abnormal N1P1 amplitude in
1042 oD and 05. Mean P1 latency shortening during the follow-up was 15.0 % 2.0 ms for 36/42 [B6%) OD and 14.9 * 2 4 ms for
35/42 (83%) 05, with maximum shortening up to 35.0 ms. Mo significant change of mean N1P1 amplitede was registered during
ol horws-up.

A further decrease in M1P1 amplitede 1.0 mcv in at least one eye was observed in 17 of 36 patients |47%) with measurable
amplitude {mean decrease —1.11 *0.83 (0OD)/~2.37 * 0.66 [O5) mcy versus —0006 * 0.56 (OD)/—0.83 * 0.64 (05} mcy in the study
population; both p < GDi1).

apoEd allele carriers had lower global and temporal RMFL thickness and longer initial P1 latency compared to the non-camiers
{all p < 05). The odds ratio for abnormal visual function was 892 |3.00-36.5; 25%C1) for ApoE4 allele carriers (p < 001). The
presence of ApoEa allele was further assodated with brain necrotic lesions (r = 0.384; p = 013] and brain hemomhages {r =0.395;
p=.011).

Conclusions: Improverment of optic nerve conductivity ocourred in more than 30% of patients, but evaked potential amplitwde
tended to decrease during the 4 years of observation. ApoE4 allele carriers demonstrated lower RNFL thickness, longer P1 [atency,
and mare frequent methanol-induced brain damage compared to non-carriers.
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KETWDRDS Toxic optic newrapathy; methanol poisoning; chronic axonal neurcsdegeneration; remyelination; visual evoked poten-
tial; long-term visual sequelas; apolipoprotein E

FUNDING

Ministry of Health of the Czech Republic, Czech Health Research Coundil {AZV), 10.13033/501100003243

Ministry of Health of the Czech Republic, 10.13039/5S01100003243

This study was funded in part by (1] Ministry of Health of the Czech Republic, czech Health Research Coundil {AZw), grant Mo.
16270754, (2] Ministry of Health of the Czech Republic, Project 44/18/D, {3) First Faculty of Medicine, Charles University, Projects
PROGRES 025 and 0.29; (4] Ministry of Health of the Czech Republic, Project for the development of research organization 0002 3001
— IKEM, Prague, Czech Republic — Institutional support; [5) Ministry of Health of the Czech Republic - DRO (Mational Institute of
Public Health - NIPH, IN 75010330). Mo funding organizations had a role in the design or conduct of this research.a0s6

Introduction

Methanol is one of the most widely apphied toxic alcohels in industry, agriculture, and households. It is used as an
orgamc solvent, biofuel, antifreere fluid component, for car chemistry, and in the production of other chemical sub-
stances and compounds. Acute or subacute exposure to methanol leads to systemic mtoxication and development of
toxic ophc neuropathy. Methanol poisonmp outbreaks due to consumpton of illiewt alecoholic drinks present a challenpe
for healthcare systems threughout the world due to a high lethality rate and seriouns visual and central nervons system
{CHS) damage in survivors [1-5]. Treatment imrolves inhibition of methanol transformation to the highly toxc formuc
acid by aleohol dehydrogenase (ATDH), with ethyl alcohol or 4-methylpyrazole [6—9]. Formuc acid accummlation resalts
1n matechondnal cyvtochrome ¢ oxidase inhibiton, mpaimment of oxveen vhhraton, membrane Lhipid peroxidation,
depletion of ATF in cells, and severe metabolic acidosis [10-13].

The ocular refina is one of the tissues with the highest exygen consumption, and the axons of retinal ganglion cells,
which form the oplic nerve, are selectivelyr vulnerable to histotexic hypoxia caused by formic acid because of their bagh
energy dependence [14—-16]. The svmptoms of methanol-induced optic neuropathy manifest after a latency penod of 6
to 48 b, depending uwpon the amount of methanol meested, possible ethanol co-ingestion, and body mass. Symptoms.
range from blomred or “snowfield” vision, reduced wisual acwty (WVA), photophobia, penpheral constrichon of visual
fields, central’centrocecal scotemata, loss of color visien, and complete blindness. In many cases, restoration of visual
functions with the resolution of pathologic changes to the funduws and 1mprovement of VA occurs 1-2 months after
methanol exposure. However, long-term visual impairment may be present in 2 5—40% of patients [17-19]. It 1z difficult
to predict the character and degree of long-term wisual damage in patents with acute or subacute methanol poisonm g
and new or imitially wnrecognized visnal disturbances may mamifest several years after poasonmg [20].

Acute demvelination of the optic nerve due to the toxic effects of formic acid may result in axonal degeneration due
to the lack of trophic support from myelin and distuption of nermal axon—myehin interactions. Optic neuritis studies
demonstrate that spontanecus remyelination takes place after the acute episode of demyelination with a visnal evoked
potential (VEF) latency shortening of &7 ms during the first & months and a further reduction of 4 ms betwreen & months
and 2 vears after the first attack [21,22]. VEP measurements provide important data on the dynamics of chromic optic
perve conductvity changes associated with myyebn repair and restoration of visual pathway mtegnity. The prolongation
of the wawve Pl latency of full-field VEF reflects the degree of demyelination of the optic nerve fibers, and a decrease
1in M 1F1 amphinde reflects the number of impaired axons after acute damage [23].

Enowing the character and severity of visual pathway damage, recognizing long-term visual sequelae, and under-
standing the key deternunants of chronic vismal imparment durimg the years following discharpe from hospatal is
important to evaluate the effectiveness of therapeutic interventions, progonosis, and tmely indication of special devices
to enhance the quality of hife of methanol poisening survivers. “Tm‘erﬂ:l.eless there are no prospective longiudinal cobort
studies on the prevalence, character, and dvnamics of chromic functional changes of the visual pathway after methanol-
induced optic neuwropathy with the senes of complete ophthalmolopical exammations, VEP, optical coherence tomog-




raphy (OCT) of peripapillary retinal nerve fiber laver (RINFL) thickness, and mapnetic resonance imaging (MET) of the
brain performed several imes during the years following acute poisoning.

We present the data based on a methanol mass poisonimg cutbreak with more than 130 cases of poisoning and more
than 50 deaths [24]. In 2013, we performed a cross-sectional study of the prevalence and character of visual damage m
the surivers of poisoning after discharge from hospital [18]. D g the 4 vears after the methanol prisoning “epademic™,
we carried cut three consecutive clinical exammmations of the swrvivors accordmg to the standardired chnical protocol
1n one medical facility to determune the dynamies of chronic changes of the visnal pathway and 1fs association with key
elmieal, penetic, and laborateory parameters measured during hospatalization and the follow-up observabon period.

Materials and methods

Study design and setting

The prospectie longitudinal cobort study included patients with confitmed methanol poisening treated in 30 hospitals
1n the country during a mass methanel poisening cutbreak [18,24]. The imbal elinical, toxicelopical, and ochemical
data were obtained from treatment previders by apphing a standardized data collection form and sent to the Toxco-
logical Informaton Center (TIC) on the day followmmg hospital admission Information on pre-hospital and hospatal
therapenhc interventons and the cutcomes was obtained from hosprtal discharpe reports. The follow-up chnical ex-
aminatons were performed three tmes 1n the same bhospital approsamately &, 24, and 48 months after discharge from
hospatal The study was approved by the General Unmrersity Hospital Ethics Committes in Prague, Czech Kepublic.

Selection of participants and treatment

Mandatory reporting to the Minsstry of Health and TIC oo all cases of hospital admdssion with acute methanol
poisonmE and natonwide daihyr mm:l.'l.hnrmg of the situation in all hospitals was established All patents hospitalized
with confirmed methanol poiscning were aligible for this study.

For controls, healthy subjects of the same ape, ethmicity, and history of chromie aleohol abuse were recruited Ex-
clusion cntena for the controls were intraccular pressure =22 iz or glawwoma in either eve; evidence of a
reproducible visual field (VF) defect (pattern standard deviation significant at the =5% level or abnormal glaucoma
hemifield test result) in either eve as measured with Medmont automated perimeter M7T00 (Bdedmont International Prv
Ltd, Vermont, Australia); unreliable VFs (false-positive or false-negatmre rate =15% or fixation losses =20%); anv
pattern of loss consistent with ocular disease; intraocular surgery in the stedy eve (except cataract or refractise surpery
if performed more than one year before testing); best-comrected VA worse than 20032 on the Early Treatment Diabetic
Retincpathy Study scale; evidence of diabetic rebnopathy, diabebic macular edema, or other subrecretimal disease m
either eye; evidence of optic nerve or RMFL abnommality m erther eve; and uwse of a photosensihzing apent wathin 14
days.

Patients mnth methanol poisoning were tfreated m accordance with the Amerncan Acadenyy of Climacal Toxcology
(AACT) and European Association of Poisons Centres and Clinical Toxicologists (EAPCCT) practice pudebmes for
the treatment of methanol poisonmg [25]. Bicarbonate was admimistered as a buffer to patients with severs metabolic
acidosis on admassion. Edhyl aleohol or 4-methyvlpyrazole was used as an antidote to inhibit methanol oxidation by ATDH
[26.27]. Intermittent or continunons modalities of renal replacement therapy were applied in severaly poisoned patients
to eliminate formate and methanel and to correct acidemia [28.29]. Folic or folinic acid was administered to substitute
the internal folate pool [310].

Clinical examinations and laboratory analyses during hospital treatment

Dietailed histones of poisoning and of ocular and systemic toxicity were recenved from the hospitalimed patients or
firom relatives of cnbically 11l patients npon admis=sion to hospital Dhagnosis mas established when (1) a history of recent
mpeeshon of 1lheit spimits wras avaalable and serum methanol was gher than 200 me1., or (n) there was a history or
clinmical suspiceon of methanol poisoning, and serumy methanol was above the lower Limat of detection with at least two
of the following: pH <73, serum bicarbonate <20 mmolL., or anion gap (AG) = 20 ool T, [25].

The standardized protocol of elinical examinations included ocular examination with standard ophthalmologic tests
(WA, color vision, VFs, contrast sensitivity, and fundos examination), cerebral computed tomography (CT) or MREIT of
the bram, and standard meurclopical examinafion. Patients were considered to have visual sequelae of acute methanol
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polsconing if the symptoms of toxic optic neuropathy were documented on admissien andfor dunng hospatalization, with
pathologic findings on VA, perimeter, color vision, contrast sensitivity, and persisting lesions on fundoscopy on dis-
charge from hospital. Further, patients were considered to have CMS sequelae of poisoning if symmetrical necrosis and
hemormhapes of basal ganglia and subcortical white matter compatible with the diagnosis of acute methanol poisonmg
were present on CT or MEI of the brain

Apolipoprotein E [ApoE) genotyping

DMA was 1solated from frozen ethrvlenediamanetetraacetic acid (EDTAY) blood using a modified method according
to Miller et al. [31]. ApoE genotyping was performed using polymerase chamn reaction—restriction fragment length
polvmerphism (PCFE.-BEFLF)} analysis. The oliponuclectides 5-ACA GAA TTC GOC COG GOC TGG TAC AC-3" and
5TAA GCT TGG CAC GGC TGC CAA GGA-3 were used to amplify a 244 base pair (bp} frapment of the dpaF
gene. Cfol restrichion enzyvme (Fermentas) was used to out the PCR producet. Eestriction frapments {separated on a 15%
polvacrylamide gel} of 21 bp and §3 bp are tyvpacal for the ApeE? allele, fragments of 91 bp and 48 bp for the ApoFE3
allele, and 72 bp and 48 bp fagments for the ApoEd allele. Enown ApoE genotyvpe frequencies of a larpe group of an
adult elderly population (HAPIEE study, r= 6230} were used for comparison [32].

Follow-up dinical examination protocol

The follow-up clinical examination proftocol was previcusly deseribed in detail [33-35]. The stody protocel incheded
complete ocular examination and standard ophthalmic tests, meloding VA measurement, sht-lamp exammation, mtra-
ecular pressure measurement, fondus examination, color vision, VFs, OCT with ENFL, VEFP, MREI of the brain,
peurclogical and pewropsyeholopical examinatons, bicchemical tests (glucose, glyechemoglobin, hepatic tests, cho-
lesterol, hpids, thyreid-stimulating hermone (TS5H), vitanuns Byq and By, carbohydrate-deficient transferrin, ethyl
ghycnromide (m wme), and standardized questionnarre formes.

The VEP exammation was performed cn a twro-channel TruTrace 4 Alien Techmk CZ device. Monocular full-field
checkerboard pattern-reversal stimmlation was used, with the reversal frequency of 1.3 ¢fs, angular size of the monitor
&°=3" from the fixation point, and anpular size of checkerboard squares was 40", Luminance of the white and black
squares was B4 cdfm? and 57 -r:d."l:nl, respectively, commesponding to the contrast betnreen black and white squares of
about 20%. Bandwndth of the amplifier was 1 Hz—1 kHz, and the evoked response was registered from the Oz-Fz
dermration. For each eve, examinabon was performed tnnce In order to check reproducibility of the evoked complex.
We evaluated the latency of the P1 wave and the W1Pl ampliude. Four cnfena of abnermality were chosen: (1) oassmg
evoked response, {2) Pl wave latency =117 ms=, (3) interocular difference of P1 wave latencies =6 ms, and (4) amplitude
of evoked complex =3 p'V. The result was categonzed as abnormal if at least cone of the above-mentioned criteria was
fulfilled.

The medical examiners which performed the follow-up chncal examinations were masked to the results of toxico-
logical and biochemical measurements, severity of poisonn g, clinecal conrse, treatment measures, and chnecal cuteomes
wupon discharge from hosprtal

Calculations and data analysis

Basic descriptive statistics (mean, median, confidence inferval (CT), S0, skewness, and kurtosis) were computed for
all vanakles, which were subsequently tested for normality using the Eolmoporov—Smirnov test. The Chi-squared
(x%) test was used to compare frequency comnts of demographic and clinical categorical varables. The bivariate rela-
tionship mas assessed using Pearson’'s comelaton coefficient A linear naxed effects model was applied to study the
longitudinal relationship betweesn demographic, clinical, and laboratory parameters, and the resulits of WVEFP Pl latency
measurements during the study peniocd. The dependent varable in this model was Pl latency measured on both eves
{00, OS5 — two measurements)} over tme {three measurements duning four years), resuling in six measurements par
indridual The results of repeated measurements were nested for each individual and an autorepressme covariance
structure (AR -1} was used to model the relationships between observed variables. The mdependent varables incleded
in the model were: age, sex, fime, severity of metabolic acidosis {artenal blood pH), acute serum concentrations of
methanol and ethanol on admission, and follow-up semum ghcose, vitamins B and B3, and TS5H measured durning the



study penod. Due to the low pumber of ApoEMNE? and ApoE4/F4 homorygotes, these indinviduals were pooled wnth
adequate heterozygotes. Thus, three sroups (ApeE2E2 + ApoE3E2 versus ApoE3/E3 versus ApoE4/E3 + ApoE4/E4)
wWere compared.

Statistical significance was set at p < 03, Statisheal analv=sis was performed mm Excel (MWMicrosoft, Kedmond, WA),
and formal caleulations were produced in QT Expert soffwrare 3.1 (Tnlobyte, Pardubice, Czech Republic) and IBM
SPS5 version 24 0 {Chicago, I1).

Results

Demographic and clinical data of the study population and the control group

Altogether, 108 patients were adoatted to the hospital during a methanol mass poisoning cutbreak. Twenty-four
patients died dunng hosprtalization and 84 patients survved and were approached and mmvited to join the group of
wohimtesrs 1n a prospective study of long-term health sequelae at discharge from the hospital. Fifty-five subjects with a
mean age at discharpe of 46.7 £ 3.6 vears (46 men and ? women) expressed ther consent and were examined at least
once during the obzervation period. In 49 patients, ApoE genstyping nas performed. The follow-up chinical exammations
were performed 4.9 = 06 menths, 250 = 0.6 months_ and 49 % + 05 months after discharge from hospital {means wath
standard deviation (SD¥Y).

Of the 55 patients meluded in the study, eight subjects died before the third round of clinical examanation, and in 5
patients less than three examinations were camed out because of a delay in joinm g the study program. These 13 patients
were excluded from analysis of chronie visual pathway funchonal changes. Forty-toro subjects, 34 men and eight wromen,
undermrent three consecutive climical examwmations durmp 4 vears of observation. The control group of 41 indniduals
was examined accordng to the same clinical myveshgation protocel. Thus, 834 eyes from survavors of acute methanaol
peisonng and 82 eyes from controls were analymad.

Demographic and clhimecal laboratory parameters of the studied population and controls are shown 1in Table 1. Patients
exposed to methanel had higher follow-up glveemia becanse of the five subjects in this proup with diabetes mellitus
tvpe 2. Blood cholesterol, but not tnglycendes, was higher in the study population. The serum level of the vitamin By
was relatively higher in the study populaton, but no patients with hypovitanmnnsis of B) or B2 were present in erther
Eroup.

Table 1. Dremographic and laboratery data of the study population and the control proup (means with SI0). Table Layout

@__Sm'ﬁm! of methanol poisemng (r = 471} Controls (n = 41}
Aze, years 457 =44 44 042 T3
Chronic aleoholism 23 (55%) 24 (59%) 43
S-MetOH?, ma/L 1430 = 4'?D| — -

| Arterial pH2 T21 =010 — -
Base deficit?, mmol/L 16535 - -
%-Formate®, mg/1. 600 = 150 - —
Glucose, mmol/L 521+ 028 4.60 = 0.31].004
ClycHbA 1, mmolimol 339=21 36.0+15| .10
Creatinine, memel/L T85=435 T6+94| 51
Chelesterol, mmol/L 540 = 0.40 4.61 = 0.41|.008
1 ipids, mmaol/L 1.52+031 1.6+10| 86
GGT, ukat'L 1.91 + 0.80 0.60 = 0.29].006
TSH, mIU/L 230+ 031 2.11 = 0.60] 55|
[Vitamin By, 1st exam_ megL 60.8 =55 457+ 42001
[Poaeasured at admission to hospital with acute poisoning

|p = .05 was considered significant (bold figures).




Sursvors of methanol poisoning (n = 42) |Controls (r =41) p’]
Vitamm B, 2nd exam megL 53.9+45 457+ 4.2.000
Vitamim B3, 1sf exam meg/L. 460 = 190 420+ 110| &8
Vitamin Byj, ?nd exam, megT. 324+ 51 420+ 110| &9
Vitamin Byj, 3rd exam mepL 423+ 59 420+ 110 93
aiue_asured at admission to hospital wath acute poisoning
p = 05 was considered significant (bold figures).

The median mgested volume of toxe alechelic drnks was 03 L (range 0.1-1.5 L) in the study population nnth
approxmimately 50% methaneol and 50% ethyl alcchol in vanous strong beverages with total alcohel content of approx-
imately 40% by volume. Pre-hospital ethy] aleohol was administered as a “first aid antidote™ by the ambulance medical
or paramedic staff in 15 {36%) patients. Twenty-six per cent of the patients were admitted to hosprtal within 12 hours
of methanol mpeston, 60% were admitted within 48 kowrs, and 1 0%% were admitted more than 48 howrs after ingestion.
Tweanty-twro patients had severe acidemia on admission, 10 patients were hospitalized in a2 comatose state (Glasgow
coma scale (GCS) of eight or lower), and 20 patents reported at admassion subjective sipns of visnal impairment rangm g
from bhimred and “snowfield™ vision to complete bhndness {three cases).

Dynamics of the P1 latency of VEPs during the observation period

The results of the measurements of the wave Pl latency of VEP dunmg 4 vears of observabon are shonm i Fizure
1. On first examimabon approxmately & months after discharpe, abnormal P1 latency was measured 1m 18/42 (439%)
nzht eves (oculus dexter, OD) and 2142 (30%) laft eves {(ornlus smister, O5), meleding five OD and four OS without
elhritable evoked potental. Sigmificant mean Pl lateney shortenm g, with the most remarkable chanpes between the first
and serond examinations, or 2 vears after methanol exposure, was cbserved 1o the study population with a return of the
imtially prolonged mean Pl latency to values similar to those measured in the centrol group (Figure 1.
Figure 1. P1 Larency of visuwal evoked potentiale in the stdy population (= 42) wersus controls (r=41). OD: oculus dexter; O5:
oculus sinister; ms: © milliseconds; “6§ months™, “24 months™, “48 monthe™: clinical examinations performed after discharge fom
hospital; ***p < B01; **p = 01; *p < 05
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MMean Pl latency shorfenmp 1o the study populaton was 15.0 £ 2.0 ms for 36/42 (86%) OD and 149 + 2 4 ms for
3542 (B3%) OS5, with maximum mdiadual chanpes up to 29.0-35.0 ms. However, in five OD and four 05, visual
potential could not be evoked, and in one OD and three OF, the evoked potential became non-elicitable at the second
or the third exammation Worseming dynamics and non-elicitable VEP were repistered 1n the most severely poasoned
patients with propounced acidermia on admission to kospatal.

Arterial blood pH measured on admission (seventy of acidemia) was sigmificantly associated with P1 latency meas-
ured at the first and secend examinations, & and 24 menths after discharge (rj=—0.34%; p= 4, and r, = 0373, p=.



02}, but not at the thard one, four years after discharge, when optic nerve remyelination was completed. There wras a
simmlar associabon betwween serum methanol concentration and Pl lateney: /= 0324 p= 4, /= 0.526; p = 001 and
r3 = 0.141; p = 4l. Finally, there was a positive association between Fl lateney measured at the first and second
examinations and patient age (r] =0.50%; p= 002, 7 =0.494; p= _(03). There were no asseciations for either P1 latency
or the rate of latency shortening wnth sex or the follow-up laboratory parameters (serum glucose, cholesterol, lipads,
vitamins By, By, TSH, and others). However, the rate of P1 latency shortening was slower in patients with high gamma
glutanyy] transferase (GGT) ver enzyvme (r=0.3539; p = .03}

Reparding treatment modahbes, the type of anfidote adoimstered 1o the hospatal (ethancl or 4-methylpyrazol) was
not sigmficant for F1 latency, but patients treated with conbowous medahties of hemodialy=is had a longer P1 latency
measured at the first and second examinabons (r] =0.343; p= 03 and r;y=10.34; p = 04} The effact of folate subshibwtion
on the dynamics of F1 latency was not sigmificant.

For muixed moedel regression analysis of the dynamics of Pl latency dunng the observation penoed, the following
parameters weare included as predictors: ape, sex, hme of the follow-up exammation, hime between methanal exposure
and hospital admission, side {reflecting interocnlar ODVOS Pl latency difference), acute laboratory parameters on ad-
mission {arterial blood pH, serum methanol, ethanol, and glucoese), vitamans By and B3, and TSH measured durmg the
follow-up period. The results of regression analvzis of the variables significant to Pl latency dynamics are presented m
Table 2. The obzerved data of P1 latency dynamics {(summarnized as means and 501} for arterial blood pH proupmes
(three proups: severe acidosis, pH =7.0; moderate acidosis, pH =7.0 = 7.2; punor acidosis, pH =72 < 7.4) over four
vears of obsarvation are presented in Fipure 2.

Figore 2. Thmamics of Pl latency changes during the observation peried depending on arterial bood pH at admicsion QD oonlus
dexter; OF5: oonlos sindster; Latency: : mean Pl latency, ms; pH: arterial blood pH measured on sdmission to hospital .
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Table 2. Mixed effact model predicting changes of Pl latency durning four vears of ebservaton. Table Lavout
Estimate Standard error|  df ' Significance  |95% Confidence interval |
| o ——— IM_-—_._U_PP'E'.J
ept 262.87| 5E.39 22.13| 3.82| 0,00 120,06 40569

e of examination: hme of the follow-up clinical examnation (i) - 6 months_ t3- 24 months, 13: 48 months after
discharge from hospital); Time?: time fiom methanol exposure to hospital admissien {3 square reflects the non-linear

end); S1de OD/0S: parameter reflectng interecular difference m the mean P1 latency (OD =1, 05 =—1); pH: arterial

lood pH on admission; MetOH: serum methanol concentration; E+OH: serum ethanol concentration; Glucose: semum
glucose concentration; B : serum vitamm B concentration; B 1 serum vitamin By 3 concentration; TSH: serum thyrodd-
stirmulating hormene concentration; 1st, 2nd, 3rd: follow-up clinical examinations.




il .

Fstimate Standard emor  &f | | Significance  |95% Confidence

| Lower | Upper |
Time of examuma- —12.43 0.53 T295-2327 0.4 -13.49 -11.36
tion, £
Time: 2.14 0.12 5851 17.70 0.4 1.%0 238
Side OD/OS —0.9% 0.38 43.69-2.66 0.01 -1.75 .24
Sex 31 2 2098 157 0.13 -1.04 T46
fAge, years 0.41 0.12 2196 331 0.04) 0.15 0.66
pH —24.54 9.35 2199 —2.63 0.02 —43 .92 —5.16
betOH, me/L 0.00 0.00 2151 -1.31 0.21 —0.01 0.00
EtOH, mgL 0.00| 0.00| 2261 122 0.24 0.0 0.01
Ghicose, mmolL 0.00| 0.12 2142 0.02 0.98 —0.24 0.24
By, megT_lst 0.26 0.12 22237 212 0.05 0.01 051
By, meg L 2nd -1.11 0.69 T8.53 -1.62 0.11 248 0268
TSH, mIU/L 0.05 0.15 66.64 0.35 0.73 —0.24 0.34
-B|1.. micgL_1st 0.00 0.00 2201 —.09 0.93 —0.01 0.00
-B|1.. mcz’l _2nd 0.01 0.02 2133 050 0.62 —0.03 0.05
-Bll-. mcgl. 3rd 0.00 0.02 21.19 —0.08 0.94 —0.04 0.04
Time of examination: time of the follow-up clinical examimation (t): 6 months, t1: 24 months, t;: 48 menths after
dizcharge from hospatal); Time?: time from methanal exposure to hospital admiz=sion (a square reflects the non-linear
trend}; Side ODO5: parameter reflaching intercrular difference in the mean P1 lateney (OD = 1, 05 =—1; pH: artenal
blocd pH on admission; MetOH: serum methanel concentrabion; EH0H: serum ethanol concentration; GGhacose: serum
glucose concentration; B : serum vitammin B concentration; Bya: serum vitammin By 3 concentration; TSH: serum thyrood-
stinmlating hormone concentration; 1st, 2nd, 3rd: follow-up clinical exammations.

Dynamics of N1P1 amplitude of VEPs during the observation period

The resulis of three consecutive measurements of M1P1 amplitude of VEPs m the study population are presented in
Figure 3(A). Durmg the first examination, & months after discharpe, abnormal M1P] amplitude was measured m 1042
(24%) OD and 10442 (24%) 05, including five OD and four O5 without elicitable evoked potential At the third ex-
amination, four years after discharge, abnormal N1P1 amphtude was measured in 10/42 (24%) OD and 1n 14/42 (33%)
035, including six OD and seven 05 wathout ehcitable evoked potential. In one OD and three 05 with abnormal N1P1
amphiude measured at the first examination the evoked potental became non-elicitable duning the second or the thard
examimaton
Fipure 3. (A) M1P1 amplitode of VEPs in the study population (r = 42) versus control group (= 41). {B) N1P1 amplitode of VEDs
in the patients with the amplimde of at least 1.0 mcV' in af least one eye during the observation period {r = 17) versus conirol group
(7 =41} OD: oculus dexter; O5: oculus sinister; ms: milliseconds; “6 months™ “24 monthe”, “48 months™: clinical exarminatione
performed after discharge from hospital; ***p < (00 1; **p <X 01; *@ <2 05,
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Mean M1P] amplitnde m the study population was lower than 1n the controls; however, the difference did not reach
stahstical sigmificance (first examanation: 56 £ 1 2 versus 80+ 1.4 (0D); 6.5+ 1.1 versus 79 £ 1 4 meV (05); second
exammation: 56 + 1.2 versus 80+ 1.4 (00F; 63 + 1.3 versus 7.9+ 1 4 meV (05); third examination: 6.6 + 1.1 versus
BO+14{0D% 539 = 1.1 versus 7.9 1 4 meV (035); all p = 035} No significant changes in mean N1F1 amplitude were
repistered duning the observation penoed m the study populaton (Figure 3(A)). The mean decrease of amphitude was
—0.06 =056 meV for OD and —0.83 &+ 0.64 meV for O5.

In 17 patients from the study populabon, a decrease 1n amphtude of at least 1.0 e’V 1o at least one eve was observed
durnng the observaton penod. In these 17 patients, the results of three consecutive measurements of N1P1 amphiode
of VEPs are presented m Figure 3(B). The mean amphtude decrease m this group (n = 17T} was —1.11 + 0.83 mcV for
OD and =2 37 = 066 mcV for OS5, both of which were sipmaficantly lagher than for the whole study population (@ = .
001}). In eaght of 17 patients, an amplitude decrease of at least 1 0 mc'V was observed in both eyes, and in nine of them,
the decreasze occumed only in one eye, predomanantly the left one. The highest rate of decrease was 4.6 mcV over 4
years for the nght eye and 6.6 meV for the left eye. None of the patients with a sigmificant amplitude decrease exhabited
abpormal M1F1 amplhitode at the first examimaton, and only 3717 had abnermal amplitude measnred at the third ex-
amination. The remanme patients {14 of 17) had N1P] amplitude values wnthan the normal range dunng the enbre
observation period.

The negatve association betereen M1P1 amplitude and P1 latency of VEP was strongest at the first examinaton, s
months after discharge, less strong, but shill sigmuficant, at the second examination, two years after discharge, and was
not sipmificant dunng the third examination, four years after discharge (for ODOS: rp = —0.398—0.628; p = .
QX 000; g = —0.3534/—0.510; p= 037 .01 ; and r3 = 0.123/0.036; p= 47/ 84) Patient ape nepatively comelated with
M1F1 amplitude, and this comelation was nearly unchanged during 4 years of obsarvation (for ODVOS: rp = 0465
—0.474; p = 004,003 ; = —0436/0.4458; p= W09 M06; r3=—0.454—0422; p= _005701).

Patients with lower N1Pl amplitude were more severely poizoned and exhibited a lower GCS (r= 0.418; p = ({019}
and hagher serum methanol concentration at admission to kospital (,=0.414; p = .01). The effect of the type of antidote
admimysterad m the hospital on M1P1 amphitude was not sipmaficant, but patents treated with conbmuous modalihes of
hemodialy=is had lower amphiude measured dunm g the first and second examinabons (ryj=—0.495; p=.002, r»=—0.382;



ol

r=.02) compared to intermittent hemodialy=is. The effect of folate substitution durng treatment on M1P] amplitnde
was not sipmficant.

Chronic visual pathway changes and the effect of ApoE gene polymorphism

For the analvysis of possible affects of ApoE pene pohrmorphizm on the chronie visnal pathway functonal changes,
4% patients (98 eves) with confirmeed acute methanel poisening, iInchiding 41 patents (82 eyes) with three followr-up
exammations, from the study population were genotyped. Frequencies of individual ApoE senotypes in the study pop-
wlaten did not differ sipmi ficantly from the frequencies 1n the peneral Crach population (Table 3}

Takle 3. Apohipoprotein E penotype and allale distribution between the study population and peneral ezech popula-
tion® Table Layout

[ApcE2/E2 1 20 42 0.7 235
ApoE3E2 g 163 T0E 114 A4
ApoE3E3 28 571 412& 653 26
ApoE4ES 10 204 1155 185 20
ApoE4EA 2 41 7 12 08
ApoE4E2 0 0.0 122 20—

3the data are from the study of Hubacek atal , 2013 [32].

E2, E3, E4: different alleles of the pene cotding apolipoprotein E. p < 05 was considered sipmaficant.

The association of ApoE genctype with chronic structural and functional changes of the visuwal pathwray of the patients
15 presented in the Table 4. The basaline genotvpe group was ApoEXNEX(E3E2): as long as only one patient had E2/E2
genotype (see Table 3}, he was added to the group of patients with E3/E2 genotype {r=8). We compared the thackness
of retinal nerve fiber laver (global one and 1n the temporal segments of retina) 1n three groups coded as “2” (genotypes
EXE2 + EFEX, “3” (penotype EI/E3), and “4™ (penctyvpes E4A'E3 + E4/E4d). Patients carrynp the ApoE4 allele had
lower global and temporal ENFL thickness at all three examinations compared to patients without the ApoE4 allela.
The aszociation between the genotype and the thickness of retina became even stronger with ime (4 years after discharpe
compared to 6 months after discharge) what meant higher rate of ENFL decrease mn the patients with E4E3{E4/E4)
genoiype. The degree of acute demyelination of optic nerve presented by the latency F1 prolongation measured 6 months
after dizcharge demonstrated sipmificant association with ApoE senctype, but the process of remyvelination led to the
conductivity restoration and the loss of sipmficance of this association wath time.

Takle 4. The assomaton of ApoE genctvpe group (ApoEXLEXNEIEY) versus ApoE3/E3 versus ApoE4/EIE4E4L)) mith
chrome structural and funchional chanpes of the vismal pathway dunng the observation period (n = 41).Table Layout

Faremete T e

EMFL OD global, 1st exam, 8355 —0.418 JHT
mem

EMFL OD global, 2nd exam, 84669 —0.466 JH2
mem

EMFL OD global, 3rd exam, B33x71 —0.458 13
mem

BEMFL O35 global, 15t exam, 849+64 —0.430 JH6
mem

EMFL: retinal merve fibers layer thickness; OD: oculus dexter; 05: oeulus sinister; exam: chimeal examinations &
months, 24 months, and 48 month= after discharge

[z = .05 (bold fipures) was considered sigmificant.
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31%=746 —0 463 L2
30477 —0.455 L0
5002573 —0.421 LG
51760 —0.457 J03
56850 —0. 470 L0
551409 —0.353| 03
536257 —0.377) 2
536538 —0.387 .01
I[.m::}' Pl OD, 1st exam ms 115222 0362 03
II..ETEL‘I.E}" Pl OS5, 1st exam ms 1178 =35 0.373 02
[Latency P1 OD, 2nd exam, ms BE3 =26 0.408| 02
[Latency P1 OS, ?nd exam, ms 1033 £53 0.303] 07
II_.ETE'EI.E}" Pl OD, 3rd exam, m= D03z:24 —0.141 Al
ILatEﬂt:}' Pl O5, 3rd exam, ms 1018 =41 —0.034] B4
: retinal nerve fibers laver thackness; OD): oculus dexter; O5: ocnlus sinister; exam: chinical examumations 6
nths, 24 months, and 48 months after discharge
e < 05 (bold figures) was considered significant.

To demonstrate that both for refinal nerve fiber layer thickness and for the latency P1 prolongation, as well as for the
dynamics of firther RNFL decrease the presence of E4 allele was the key factor, we divided the population on two
groups, ApoEd4 camers (genctypes E4/E3 and E4/E4) versus non-carriers. Table 5 demonstrates the resnlts of f-test
betwean these twro proups. The results of +-test confirmed the data on the effect of E4 allele on both morphological state
of retina after methanol poizonmp and on the fonchon of visual pathwray. OF frve patients with non-elicitable VEP 1o at
least one eve, four patents camried the ApoF4 allele. In the study population of methanol poisoning survmvors, the odds
ratio (25% CT) for abnormal VEP finding at the first examination (prolenged P1 latency and/or abpormal M 1P 1 amphitude
or non-elicitable eveoked potential) was §.92 (3.(0—36.50) for ApoE4 allele camers compared to the non-carriers (p < .
001}

Table 5. Apohpoprotein E genotvpe group (ApoEd carners versus non-carmers) and chrome structural and functional
changes of the v1sumal pathway during the observation penied (r = 41).Table Layout

RNFL OD global, 15t exam, 76.0 = 16.0 924 =50 05

RNFL OD global, 2od exam, 68.0 = zu-nl 906+ 5.7 03

- retinal nerve fibers laver thackness; OD): oculus dexter; OF5: oculus smister; exam: chinical exammations 6
nths, 24 months, and 48 months after discharge
lp = .03 (bold fizures) was considered significant.




ApoEd camers ApoFd non-carmers
BENFL OD global, 3rd exam, 650200 E26+60 A3
mem
BNFL O5 global, 1st exam, 7201740 E93x61 o7
mcm
BNFL O5 global, 2nd examn, 640+ 20.0 EE4+68 A3
mcm
BNFL OS5 global, 3rd exam, 62.0+ 200 BeBx+T72 A3
mecm
ENFL O temporal, 15t ex- 460110 642 +55 AH13
am, mcm
RNFL OD ternporal, 2nd ex- 420+120 63361 HIL
am., mcm
RNFL OD temmporal, 3rd ex- 400+12.0 625+59 HIL
am. mcm
BNFL OS5 temporal, 1st ex- 436+ 8.6 589+54 JHIG
am. mecm
RNFL 05 temporal, 2nd ex- 400+11.0 585x+62 AHI3
am, mcm
RNFL 05 temporal, 3rd ex- 39.0+100 58E8x63 JHID
am, mcm
Latency P1 OD, st exam. ms 1200137 1140+ 24 JHIS
Latency P1 O, ?nd exam, 103 Ex+56 97129 05
ms
Latency P1 OD, 3rd exam, ms 59.0+300 Q8732 S0
Latency P1 OS5, 1st exam, ms 1246+98 113735 033
Latency P1 05, 2nd exam, ms 1W084+95 1N1E8+63 &
Latency P1 O5, 3rd exam, ms 403210 1005+ 4.8 Hb
BHNFL: retinal merve fibers layer thickness; OD: ceulus dexter;, O5: orubus simister; exam: chimeal examinabons &
meonths, 24 months, and 4% months after discharge
[p = .05 (bold fipures) was comnsidered sigmificant.

The presence of the ApoE4 allele was further associlated with brain necrotic lesions on MET (r=10.384; p = .01} and
bram hemorrhapes due to methanol poisoning {r= 0.395; p = 01}. No associaton of ApoE alleles wath sex, age, acute
methanol, formie acid or ethanel serum concentraton, as well as the treatment modahies (anhidote, mode of hemo-
dhalysis, folate substitubon) was observed.

Discussion

The prevalence of visual sequelae of acute methaneol poisoning 1= hiph but typically underestimated In our previcus
studies, we demonstrated that the population of patents wnth long-term visual damage after methanol-1nduced toxc
ophc neuropathy comprised up to 40% of the survivors, and acute retinal Fanplion cells injury was followed by chronic
retinal neurodegeneration and propressive axonal loss occumed in up to 23% of the patients. [18,35]. In the present
study, we found that total or partial funchonal restorabon of optic nerve conductivity after acute myelin sheath damape
occurred in more than 80% of patients during 4 vears, mwith the highest rate of remvelination within 2 years of discharge.
The time between methanol exposure and hospital admizsion, seventy of acidemia, and patient ape were the most
sigmificant vanables for the dynamics of optic nerve conductivity restoration. The VEP amplitude, abnommal in one
fourth of the study population at discharpe from hospital, demonstrated the tendency of this variable to progressively



decrease during the folloming vears. In half of the patients with measurable evoked potential a decrease of H1P1
amphitude of more than 1.0 meV was observed; none of these patients had abnormal amplitede at discharge from the
hospatal In 2—T% of examned eves, the progression of visual pathway chanpes led to worsening funchion, from abnor-
mal, but shll measurable M1P] amplitude, to a non-elicitable VEFP. The effect of the type of antidote administered m
hospital and of folate subshtwhon therapy was not significant 1o cur study; bowrever, patients treated with mtermittent
hemodialy=is compared to the continnows modaliiies demonstrated better fonchional owteome: shorter P1 latency and
hipher N1 Pl amplitnde of the VEP. Finally, we demonstrated the assoriation between the ApoE penotype polymorphism
and chronic structural and funchonal chanpes of the visual pathway. Patents who camied the dpeEd allele had reduced
ENFL thickness and longer Pl latency compared to non-camers. ApeEd presence was associated with necrotic lesions
and hemerrhages on MEI of the brain.

Acute methanol poizonme 15 a hfe-threateming condition with a lethality rate of up to 30—40%:, and necrofic basal
ganglia damage oocurs m up to 30% of survivers [36-39]. However, long-term visual sequelae due to optical nerve and
retina damage by formic acid should not be underestimated and wnderdiapnosed due to their impact on the quality of
hife of the patients and their relatives, as well as on the medical facilibes providing health care after discharge from the
hospatal [17-12.40]. Ophc nerve axons are the most vulnerable stuctures for acute neurctomic effects of formic acid;
nevertheless, chronie functional changes of the visnal pathway in patients after acute exposure to methanol bave not vet
been well studied . Omne reason 1s that typacally after discharpe from hospital contact with the patients is lost [19]. In cur
previcus studies, we demonstrated that structural changes of the ocular retina, namely chronie decrease of ENFL, may
prograss in the years follownng discharge from hospital [35,41]. These chanpes may affect vaisual pathwray funchions and
may be registered by the series of VEI' measurements wiathin the longitudinal follow-up study.

In the case reports and small retrospective case senes studies, both parhal recovery and progression of visnal loss
were registered typically 6% months after discharge [17,1%.42]. We reported that the process of chrome ophic nerve
remyehnation m patients with mild to moderate damage of myelin sheath= may lead to improvement of conductvity m
survivors without a sipmficant increase of VEP amphitode [43 44]. Ohar present study demonstrates that the process of
chronic remyelination leads to the restoration of optic nerve conductivity in most survivers, with the highest rate of
remyehnation dunmp the first 2 years after discharge. Patents without positive dynamics of optic nerve conductivity or
with wrorsening wisual pathway funchon exhibited the most severe imbal newronal damape with non-ehicitable evoked
potential at discharpe or initial Pl latency longer than 1 M) ms. These patients tvpically had severe acidemia, high serum
formate, lactate, and no protective ethanel in blood semm on admassion to the hospital.

Severe acidemia is one of the prognostic factors of mortality in acute methanol peiscning [45 46]. In our study, the
degree of acidemia on admission was associated with the dynamics of Pl latency and provided the basis for the model
predichion of optic nerve conduchivity restoration during the obsarvation pened. This model accurately predicted the
actual data on remyelinabon dynamics for most of the patents m our study population. Undissociated forooe acd, buat
not the formate anion, easily crosses the blood-brain bammer and nenronal cell membranes [47]. The dissociation constant
for formac acid 1= 3.8; therefore, for this weak acid a pH drop of (.3 wonld mean a doubling of undiszociated formic
arid levels, and hence a sipmificant inerease 1n ocular newrotexerty [10-12]. This fact may explam the assocation
between the modality of dialysis and both Pl latency and N1P1 amphtude of VEP. Higher rates of formate elimination
and acidemia correction during intermittent hemodialvsis compared to the confinnous modalities may have an rmpact
on the toxic effacts of formate on optical newrons [28, 20 4R].

Chur finding= suggest that no restoration of the VEP amplitude occurs during the years following acute meurcnal
damage. Thinng the ohservation period, the mean ampliude did not significantly change m the sdy population. The
character of association between the VEP M1P1 amphiude and P1 latency, with an observed gradual loss of a sipmficant
comrelation between these parameters dunng 4 vears after discharge reflected the process of conductivty restoration of
the ophc nerve due to remvelmation without corresponding amplitude restoraton after methanol-induced toxic nenro-
pathy. Nevertheless, a firther decrease of the amphtude, probably due to chrome axonal degeneration, was observed m
almost half of the patients with measurable N 1P1 ampliude during the observation period. The mean amplitude decrease
in thas subproup was significantly higher than m the total study population, with the highest rate of up to 5—7 mcV over
the 4 years. An abnommal N1P1 amplhtude was measured in 24-33% of eyes at the third examination, a finding that
reflected the proporhon of patients with diapnosed chromie retinal neurodegeneration reported 1m our previous study
[35]. Therefore, propressive chrome axonal loss leads to a decrease mn N1P1 amphitude over the years following acute
methanol poisonme. It should be emphaszized that the decreasze in VEP amphiude wras registered in patients with initialky
normal M1P1 values measured at the first exarmmaton.
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Other condibons nnrelated to methanol exposure may affect ophic nerve conduetivity and funchons of the visual
pathway m the patients from our study population. Vitamin By; or By deficiency cansed by chronic alecohol abuse or
putritional deficits, thyroid gland hypofuncton, or insufficiently controlled shreemia in diabetes mellitus may pegatmvely
impact remyelination after methanol-induced ophe peuropathy and may canse axonal damage due to inadequate resto-
ration of mryeln sheaths trophic and protective functons [49-53]. However, in owr study, no assoclation was found
betnean repeatedly measured concentrations of serum glucose, TSH, vitamins B g or By, and the dynamies of chromic
visual pathway functonal chanpes. Nevertheless, conductmvity restoration was relatively slower in patents with hazh
GGT liver enzyme, which 1z one of the chinical signs of chromie alechol abuse.

In owr previous studies, we demonstrated that panetic polymorphisms of the anrymes myvohred in mathanol oxdation
affects the outcome of porsomng [34,35]. In the present study, we focused on the ApoE polymorphizm that 1s not divectly
involved m methanol metabolism but plays an important role m eye development and metabohism. ApoE, as a pleiotropic
protein that influences the nsk of Alzheimer®s and cardiovascular diseases, attracts attenton as a potental determmant
of the visual funchons. This glycoprotem 15 synthetized in the retina by MMuller ghal cells and transported info the optic
perve by retinal zanghon cells, where it plavs a key role in the local transport and distnbution of cholestery]l ester-rich
hpoproteins to supply the optic axons” need for particular hipids, smee apolipoprotein B, the other molecule wath the
same function, is not synthetzed in the CMN S [36,57]. ApoE produced by Muller ghal cells donates lipids and cholesteral
to the newrons engaped 1n synaptc remodeling folloming acute lesiomng [36].

The lipad transpeort fimetion of E4 form of ApeE 1s worse compared to the other twro 1soforms of ApoE, as expenimental
studies indicate [38]. Further, ApsF4 allale has been linked to impaired blaoad-brain barmer function, what may reflact
a breakdown m the blood-retina bamer and kagher exposure of refinal panghon cells and ophic nerve axons to the toxe
metabolites of methanol [59.60]. Finally, in ophc newrons, ApoEd reduces expression of the protemn subunats of mito-
chondral respiratory complexes, such as subumt 1 of complex TV (mtCOX 1) and subunit of complex V, resuling 1n a
reduchon in mitochondnal respuatory funchon [61]. Similarly, ApoF4 perturbs neuronal funchon by reducing mito-
chondrial motility, decreazing neurtte outzrowth, and mmhibiting synaptogenesis [62—64]. Therefore, patients with the
E4 i1soform may be more susceptible to the deleterions effects of formuc amid on retinal ganplion cells and their axons.

ApoE senotype distnbution was similar m our patients to the paneral Czech population [32]. We found an association
betwean ApoE polymorphizm and chronic visual pathway chanpes in the swivors of methanol poizomng. ApoEd 15
associated with both neuronal and vaseular impairment of the retina. In experimental studies, the ApoE4 genotype was
associated with retinal vascular pathology, reduced levels of vascular endothelial prowth factor (WVEGE), and a significant
decrease 1n retinal synaphic density in developing mice retina [63]. The synaphic density of the retinal neuwronal synaptic
layers was sipmficantly lewer in ApoF4 compared to ApoE3 muce, with reduced levels of the presynaphe vesicular
glunmatp_frpc transporter that sugpested glutamatergic nerve temnnals are preferentially affected m ApoE4 allele car-

riars [66].

Onar observation sugpests that ApoEd might be associated with chronie retinal nenredepeneration and progressive
visual pathwray dysfunction. Further, the association among ApoE polymorphizm, chronie retinal neuronal degensration,
and MEI findings of brain hemomhages and necrotic damage 1n patients exposed to methanel indicates possible path-
oephysiological relationships between long-term visual and brain sequelse of poisoning. Char study demonstrates that the
signs of progressive chromic visual pathway dysfuncthon may imdicate assocabon with a genetic risk factor for chrome
peurcodegenerative diseases 1n the population of survivors of acute methanol poiscming.

Limitations of the study

There were several imitations of this study. The himited mumber of the patients with methanol-induced toxe optic
peurepathy could have an effect on the powrer of the study. The study was not controlled for the time to kospital admission,
treatment, and comorbadities of the patients hospitalized with acute methanol poisening who were meluded in the study,
However, the patients in the study population were relatively voung; the number of patients with comorbidities was
low, and the clinical and laboratory parameters monitored during the observabon period provided us with sufficient
evidence to exclude these comerbidities as poszible causes of chropse visual pathway functional changas.

The aim of the study was to register the dynamics of visunal pathway funchon after acute methanol-induced toxic
ophc neuwropathy in polsonmE surviveors duning 4 vears after discharge, to compare this data with data from controls of



the same ape and alcohkol abuse profile, and to find any asseciation between the dynamics of ophical functions and the
clmical and laboratory parameters followed during hospitahzation and after discharge. Approximately one third of
methanol poisoning survivors did not join the follow-up study; therefore, selection bias 15 possible, with fewer severehy
poisoned subjects parheipatng m follow-up. However, the admission laboratory data demonstrated that at least half of
the patients were severely poisoned and reported at admission subjective signs of visual impairment.

Diazpite these limitations, this study represents the first praspective lonpitudmal cohort study of the dynamies and
determinants of chronmie visual pathwray funchional chanpes after methanol-induced optic neurapathy performed during
4 years after discharpe by applying a standardized clinical examination protocel and advanced technological measure-
ments 1n the same medical faclity.
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Study objective: Methanol poisoning outbreaks are a global public hezalth issue, with delayed treatment causing poor
outcomes. Out-of-hospital ethanol administration may improve outcome, but the difficulty of conducting research in
outbreaks has meant that its effects have never been assessed. We study the effect of out-of-hospital ethanol in
patients treated during a methanol outbreak in the Czech Republic between 2012 and 2014,

Methods: This was an observational case-series study of 100 hospitalized patients with confirmed methanol poisoning.
Out-of-hospital ethanol as a “first aid antidote” was administered by paramedic or medical staff before the confirmation
of diagnosis to 30 patients; 70 patients did not receive out-of-hospital ethano! from the staff (12 patients self-
administered ethancl shortly before presentation).

Results: The state of consciousness at first contact with paramedic or medical staff, delay to admission, and serum
methanol concentration were similar among groups. The median serum ethanol level on admission in the patients with
out-of-hospital administration by paramedic or medical staff was 84.3 mg/dL (interquartile range 32.7 toc 122.5 mg/
dL). No patients with positive serum ethanol level on admission died compared with 21 with negative serum ethanol
level (0% versus 36.2%). Patients receiving out-of-hospital ethanol survived without visual and central nervous system
sequelae more often than those not receiving it (90.5% versus 19.0%). A positive association was present between out-
of-hospital ethancl administration by paramedic or medical staff, serum ethanol concentration on admission, and both
total survival and survival without sequelae of poisoning.

Conclusion: We found a positive association between out-of-hospital ethanol administration and improved clinical

outcome. During mass methanol outbreaks, conscious adults with suspected poisoning should be considered for
administration of out-of-hospital ethanol to reduce morbidity and mortality. [Ann Emerg Med. 2016;m:1-10.]

Please see page XX for the Editor's Capsule Summary of this article.
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INTRODUCTION
Background

Mass methanol poisonings represent a challenge for health
care providers throughout the world because of the
distillation and consumption of illicit alcohol.'® Morbidity
and mortality in methanol poisoning remain high; timely
diagnosis is difficult, and the onset of treatment is often
delayed.®™® During 2000 to 2012, more than 30 mass
methanol outbreaks with approximately 5,000 poisoned
subjects and more than 2,000 fatalities occurred worldwide.”
If specific interventions are inadequate or delayed, mortalicty
exceeding 40%, permanent visual impairment, and motor
and cognitive disorders may occur.'"?

Although mass or cluster methanol poisonings occur
regularly, especially in developing countries, reports of
larger outbreaks in which complete admission clinical and

laberatory data, medical treatment protocols, and outcomes
are accurately documented and analyzed are scarce.'”
During the Czech Republic methanol poisoning outbreak
in 2012 to 2014, there was a unique opportunity to study
a mass exposure because sufficient medical and public
health infrastructure allowed comprehensive data collection
and evaluation, as well as a coordinated out-of-hospital
intervention within the national health care system.
Methanol is not toxic itself, bur it is metabolized to
the highly toxic formic acid/formarte ion, which inhibics
mirtochondrial respiration.'*'® The accumulation of formic
acid may result in metabolic acidosis, visual impairment,
and damage of the basal ganglia, especially when its
concentration increases above 36 to 46 mg/dL.'”"" Rapid
administration of antidotes (such as fomepizole or ethanol)
that prevent toxic metabolite formation by blocking the
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Editor’s Capsule Summary

What is already known on this ropic

Delayed treatment with an ancidote is known to
worsen the outcome of methanol poisoning.

What question this study addressed

Does the out-of-hospital administration of ethanol
decrease mortality and morbidity of methanol
poisoning?

What this study adds to our knowledge

In this case series of 100 methanol overdoses, the 30
patients who received out-of-hospital ethanol had

improved survival and fewer visual and central
nervous system deficits than those who did not.

How this is relevant to clinical practice

Although this study was uncoentrolled, it provides
supportt for the out-of-hospital administration of
ethanol in mass-casualty methanol overdose events.

alcohol dehydrogenase enzyme is crucial for successful
21-23

treatment.

Importance

The role of ethanol in the trearment of acute methanol
poisoning is well established.”**¢ Echanol has
approximately 10 times higher affinity for alcohol
dehydrogenase than methanol, and a serum concentration
of 100 to 150 mg/dL is sufficient to complerely block the
metabolism of methanol to formate in methanol
concentrations thatr most poisoned patients have on
admission.”” The indicarions for hospiral ethanol
administration are a documented plasma methanol
concentration of more than 20 mg/dL, a high osmolal gap
with documented recent history of ingesting roxic amounts
of methanol, or a merabolic acidosis with history or strong
clinical suspicion of poisoning.'”

Because of the high morbidity and morralicy of
methanol poisoning, ethanol should be administered as
soon as possible after methanol ingestion.'"*" Its wide
availability in the community compared with fomepizole
makes it attractive for an out-of-hospital “first aid”
approach. Out-of-hospital administration of ethanol by
paramedics or medical staff as an antidote in methanol
outbreaks has previously been tried,” but to our knowledge
the safety and effectiveness of this approach has not been
assessed.

Goals of This Investigation

Close collaboration berween the Ministry of Health,
Czech Republic, the Toxicological Information Center,
and narional hospirtals allowed us to address this question
during a recent methanol mass poisoning in the Czech
Republic.”® We aimed to evaluate the association between
out-of-hospital ethanol administration and outcome in
patients with a high suspicion of methanel poisoning
before laboratory confirmation could be obtained.

MATERIALS AND METHQODS
Study Design

This was a prospective, observational, case-series study of
patients with acute methanol poisoning treated in hospitals
during the Czech Republic mass methanol poisoning
outbreak from September 3, 2012, until August 31, 2014.
‘The admission data, including out-of-hospital treatment,
were collected prospectively by the treating providers, using
a standardized darta collection form (Appendix E1, available
online at htep://www.annemergmed.com) and sent to the
Toxicological Information Center on the day after each
admission to the hospiral. The data on hospiral trearment
and outcome were collected and reviewed retrospectively
from the hospital discharge reports. The study was
approved by the General University Hospital Ethics
Comumittee in Prague, Czech Republic.

Setting

The study was conducted in 30 hospitals in 11 regions
of the Czech Republic, where the poisoned patients were
treated. These hospitals were located in the regional city
centers, had ICUs and toxicologic laboratories, and were
equipped with hemodialysis and gas chromatography
facilities. The patients were transferred to the regional
hospitals by emergency medical services (EMS) ambulance
or self-presented. EMS is a national system in the Czech
Republic and is staffed with physicians and advanced life
suppert providers.

The medical facilities situated in smaller localities were the
first presentation points (“collecting points”) for the patients
from these localities. These hospitals were able to provide the
physical examination, breath alcohol test, and osmolality
measurement by freezing point depression, but could not
confirm the methanol concentration and could not provide
dialysis or intensive care. Patients with suspicion of acute
methanol poisoning from collecting points were transferred
by ambulance to the secondary regional hospitals.

Selection of Participants
All patients hospitalized with confirmed acute methanol
poisoning were eligible for this study (Figure). Parients
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Figure. Flowchart of the study design.

were excluded if they died our of the hospital, if their
data on out-of-hospital ethanol administration could
not be obtained, or if blood samples for serum ethanol
measurement were not taken before hospital treatment
with ethanol.

To identify the cases, mandatory reporting to the
Ministry of Health and the Czech Republic Toxicological
Information Center on all cases of hospital admission with
laboratory-confirmed methanol poisoning and nationwide
daily monitoring of the situarion in all hospirals started on
September 6, 2012, 3 days after admission of the first 3
patients with acute methanol poisoning,.

Interventions

A recommendation to administer out-of-hospital
ethanol to all patients with suspected methanol poisoning
was made by the Toxicological Information Center and
distributed to all medical facilities nationwide 2 weeks into
the epidemic, when the ambulance and emergency
department (ED) staff had become more alert to potential
methanol poisoning cases. The patients treated before
hospitalization received oral ethanol either directly from
ambulance crews or at local collecting points before transfer
to a higher-level hospiral.

The protocol of out-of-hospital ethanol administration
was predominantly applied in fully conscious patients with
strong clinical suspicion of methanol poisoning before
admission to the higher-level hospiral and definite diagnosis
of poisoning. The recommended oral loading dose of
cthanol was 1.8 to 2.0 mL/kg body weight of 40% alcohol

by volume of ethanol, with the aim of achieving serum
ethanol concentrarions of at least 100 mg/dL."*
Postadmission treatment was similar in the 2 groups in
regard to ethanol treatment, folate substiturion, and
eliminarion techniques. The data on postadmission
treatment were reviewed from the hospital records sent
to the Toxicological Information Center within the
mandatory reporting system.

Methods of Measurement

A modified standardized form for collection of
admission data based on a methanol outbreak in Norway in
2002 to 2004' was distributed to all hospitals during the
second week of the outbreak and used for the prospective
chart review (Appendix EI, available online at htep://www.
annemergmed.com). The heads of the EDs of 30 regional
hospitals where poisoned patients were admicted were
instructed by the research coordinators by telephone
interviews and e-mails abour the procedure of flling out
the forms, primary data collection techniques, and training
and supervising of the abstractors. The emergency
physicians who admitred and examined the patients
collected the primary demographic, anamnestic, clinical,
biochemical, and rtoxicologic data and completed the
standardized forms as part of their mandatory task of daily
reporting of new cases of methanol poisoning. Both the
abstractors and the heads of the EDs were blinded to the
study hypothesis of the effectiveness and safety of out-of-
hospital ethanol administration. A detailed history of the
poisoning and of ocular and systemic toxicity was obtained
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directly from the patient or from relatives of critically ill
patients on admission to the hospiral. The completed
standardized admission data collection forms were sent by
the ED to the Toxicological Information Center by e-mail
or fax the day after admission, when the results of
toxicologic assay confirmed the diagnosis of methanol
poisoning. The Toxicological Information Center provided
immediate feedback for the form’s completeness. The data
on the patients admired before distribution of the protocol
were collecred retrospecrively.

The discharge reports of all hospitalized patients
with a confirmed diagnosis containing the results of
neurologic and ophthalmologic examinations en
admission, during hospitalization, and on discharge
and the detailed report on the postadmission hospital
treatment, results of biochemical and toxicologic
monitoring, adverse reactions, and complications of
treatment were collected retrospectively and analyzed
in the Toxicological Information Center.

Laboratory analyses were performed on admission.
Diagnosis was established when a history of recent
ingestion of illicit spirits was available and serum methanol
was higher than 20 mg/dL, or when there was a history or
clinical suspicion of methanol poisoning and serum
merhanel was above the limirt of detection, with at least 2 of
the following: pH less than 7.3, serum bicarbonate level less
than 20 mEqg/L, or anion gap greater than or equal to 20
mEq/L.

The clinical examination protocol included complete
ocular examination with standard ophthalmologic tests
(visual acuity, color vision, visual fields, contrast sensitivity,
and fundus examination), cerebral computed tomography
(CT) or magnetic resonance imaging (MRI) of the brain,
and standard neurclogic examination (including the Mini-
Mental State Examination,”” motor, sensory, cerebellar,
cranial nerves, and reflexes). Patients were considered to
have visual sequelae of acute methanoel peisening if the
symptoms of toxic neuropathy of the optic nerve were
documented on admission or during hospitalization, with
pathologic findings on visual acuity, visual fields, color
vision, contrast sensitivicy, and persisting lesions on
fundoscopy. Similarly, patients were considered to have
central nervous system sequelae of poisening if symmetric
necrosis and hemorrhages of basal ganglia were present on
CT or MRI.

The hospitalized patients were retrospectively assigned to
3 groups defined according to outcome: group 1, patients
who survived without sequelae; group 2, patients who
survived with visual or central nervous system sequelae;
and group 3, patients who died. These groups were each
further divided into 2 subgroups: “with out-of-hospital

cthanol administration by EMS staff (ethanol EMS
positive)” and “without out-of-hospirtal ethanol
administration by EMS staff (ethanol EMS negative).”
Within the latter subgroup, data from patients who
self-administered ethanol shorty before presentation

were analyzed separately.

Outcome Measures

The primary outcome of this study was mortality in the
groups of patients with and without out-of-hospital ethanol
administration. The secondary outcome was the number of
survivors with visual sequelae and central nervous system
sequelae of poisoning at discharge from hospitals.

Primary Data Analysis

The number of subjects with missing key data on
out-of-hospital ethanol administration and serum ethanol
concentration on admission before any hospital treatment
was low (5.79b). We chose to exclude these subjects
because no multivariate logistic regression model testing the
study hypothesis with impured values was applied as a
result of the sample size.

To test the strength and the direction of associarion
between out-of-hospital ethanol adminiscration, positive
serum ethanol on admission, and the outcome of
treatment, we used both the total study population and the
population of hospitalized patients after exclusion of those
with a Glasgow Coma Scale (GCS) score of 10 points or
fewer at presentation (contraindication for out-of-hospital
ethanol administration).

As long as there was a risk of conflicting data with false-
positive results (eg, on the basis of interview of ambulance
staff, out-of-hospital ethanol was administered according to
the recommendation) or false-negative results (eg, on the
basis of interview, no ethanol was self-administered by the
patient) caused by misrepresentation of history, the coding
of conflicting dara was suggested. However, we registered
no false-positive or false-negative cases: positive serum
concentration of ethanol was detecred analyrically in the
cases of out-of-hospital ethanol administration, and no
patients with negarive history had a positive serum ethanol
result on admission.

Descriptive statistics were assessed with medians with
interquartile ranges, Spearman’s rank correlation,
exploratory factor analysis, and }” tests. Statistical
documentation was performed in Microsoft Excel 2010
(Redmond, WA), and the formal calculations were
produced in QC Expert software (version 3.1; Trilobyte,
Pardubice, Czech Republic) and in SPSS (version 17.0;
SPSS Inc., Chicago, IL).
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RESULTS

Of 137 patients, 31 (22.6%) died before contact with
paramedic or medical staff and presentation to the hospirtal
(Figure). Of the remaining 106 patients, data on out-of-
hospital ethanol administration could not be obrained, or,
for 6 patients, blood samples for serum ethanol
measurement were not taken before hospital antidote
treatment with ethanol. OFf the 100 patients included,

61 were transferred to the hospital by ambulance. The
remaining 39 were selfpresenters, who visited the ED
persenally, were transported to the hospitals by their
relatives, or were transported to the hospitals by police
(10 cases).

Thirty patients (30%) received out-of-hospital ethanol
either directly from ambulance crews (15/30) or from
medical or paramedical staff ac the collecting points (15/30)
(ethanol EMS—positive patients). The estimated time range
to secondary hospital admission from presentation to a
collecting point was 1.5 to 3.5 hours.

The remaining 70 patients did nort receive our-of-
hospital ethanol from paramedical or medical staff (ethanol
EMS—negative patients). Among them, 12 patients self-
administered an unknown amount of ethanol before first
contact because they believed the symptoms represented a
hangover. Five of these patients were then transferred to the
hospital by ambulance, 5 self-presented, and 2 were
transported by the police. Fifty-eight patients did not
receive ethanol before admission to the hospital. Most of
them (41/58) were transferred to the hospitals by
ambulance, whereas the rest self-presented.

Seventy eight patients were awake, with GCS score
greater than 10, whereas 22 patients had a GCS score of 10
points or fewer on inirial presentation. In patients with a
GCS score greater than 10 points, out-of-hospital ethanol
was administered by paramedic or medical staff to 27 of 78
patients (34.6%) and not administered to 51 of 78
(65.4%), whereas for patients with a GCS score of 10
points or fewer, it was administered in 3 of 22 (13.6%).
Among the 100 patients, only 12% were admitted within
12 hours of methanol ingestion, 61% within 13 ro 48
hours, and 13% after 48 hours (14% unknown).

The median serum ethanol level on admission in 30
patients with out-of-hospital administration by paramedic
or medical staff (Table 1) was 84.3 mg/dL (interquartile
range 32.7 to 129.5 mg/dL) and 141.0 mg/dL
(interquartile range 29.5 to 377.4 mg/dL) in 12 padents
who self-administered. The serum merthanol concentration
on admission in ethanol EMS—positive patients was similar
to thar of ethanol EMS-negative ones. The ethanol
EMS—positive patients were less acidotic on admission,
with higher arterial blood pH and lower base deficit, anion

gap, and serum formare and lactare concentrations
(Table 1).

Common clinical features included visual and
gastrointestinal disturbances, dyspnea, chest pain, and
coma (Table 2). Other less common features included
fatigue, headache, dizziness, somnolence, anxicty, alcoholic
delirium, tremor, scizures, and cardiac and respiratory
arrest. The median ethanol concentration was higher in
patients without clinical symproms (50.2 mg/dL [range 5.1
to 137.7 mg/dL]} than in those with clinical features
(0 mg/dL [range 0 to 23.0 mg/dL]).

Thirty patients (30%) received ethanol from paramedic
or medical staff before presentation to a hospital able to
provide definitive care. The alertness of staff for methanol
poisoning increased with time, when typical symptoms
were increasingly likely to have been caused by methanol!
poisoning. In regard to symproms, 80% of the patients
who received out-of-hospital ethanol from paramedic or
medical staff had a history of suspected methanol ingestion
plus at least 1 other clinical finding (including signs of
inebriety); 30% had visual symproms (blurry or cloudy
vision, central visual field defects, and alterations in light,
color, and depth perception, progressing to total blindness
with absent direct pupillary response) or dyspnea. The
other 20% had a history of drinking methanol with
patients who had already been hospitalized for methanol
poisoning.

The state of consciousness was a limiting factor for
providing out-of-hospital ethanol. In general, ethanol was
administered to patients who were less sick (awake, with
GCS score >10) and was not administered to those who
were unconscious. Of 78 partients with GCS score greater
than 10 points at presentation, 27 (34.6%) received
ethanol from paramedic or medical staff; in 12 cases
(15.4%), ethanol was self-administered by the patient. In
39 patients with GCS score greater than 10 points at
presentation, out-of-hespital ethanol was not administered;
most of them (28 of 39) were hospitalized during the first 2
weeks of the outbreak.

Twenty two patients had a GCS score of 10 or fewer
points on the arrival of the ambulance. Three of these
patients received out-of-hospital ethanol. One of these 3
patients developed coma and was severely acidotic, with a
serum methanol level of 348.0 mg/dL and serum ethanol
level of 23.0 mg/dL.. No orther cases of coma or other
adverse effects of the trearment protocol were recorded in
the study population. Detailed information about the
postadmission treatment in hospitals is presented in
Table 3.

Owverall, patients receiving out-of-hospital ethanol from
paramedic or medical staff or by self-administration showed
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Table 1. Laboratory data on admission for 100 hospitalized patients, according to the outcome groups.*

Group 1 {n=49) Group 2 (n=30) Group 3 (n=21)
EtOH
EtCH EtOH EtOH EtOH EtOH EtOH EMS- EtOH
EMS-Positive EMS-Negative EMS—Positive EMS—Negative EMS—Positive EMS-Negative Positive EMS-Negative Total

Characteristic {n=30) {n=70) {n=27) (n=22) (n=3) (n=27) (n=20) {n=21) {n=100)
Age (IQR), ¥ 55 (47-64) 52 (37-60) 54 (47-62) 52 (35-58) 65 (56-69) 48 (37-58) - 58 (45-63) 54 (38-61)
Serum methanel, 59.6(29.2-138.1) 93.9 (41.7-180.4) 50.0 {29.5-133.0) 68.6 (39.4-101.9) 99.0 {58.0-223.7) 162.2 (80.1- —  109.3 (69.2- 92.0 (39.4-176.0)

mg/dL (IQR) 263.1) 189.1)
Serum ethanol, 84.3 (32.7-129.5) 0 (0-0) 88.9 (42.9-137.3) 7.4 (0-115.2) 23.0 (16.6-51.6) 0 (0-0) - 0(0-0) 0 (0-58.5)

mg/dL (IQR)
Serum formate, 318 (5.5-59.8) 67.7(53.8-76.9) 22.6(46-52.0) 608(364-704) 621 (62.1-62.1) 709 (62.1-85.1) - 71.3 (58.9-73.6) 66.3 (41.0-76.4)

mg/dL (IQR)
Serum lactate, 22.5 (171-32.4) 54.1 (17.1-83.8) 22,5 (17.1-30.6) 189 (15.3-36.0) 43.2 (28.8-56.8) 28.8 (12.6-66.7) — 84.7 (60.4-116.2) 32.4 (17.1-70.3)

mg/dL (IQR)
pH (IQR) 7.34 (7.20-7.42) 703 (6.79-7.26) 7.36 (7.25-742) 7T.31(7.25-741) 7.16(7.01-7.18) 7.02 (6.83-7.17) — 6.79 (6.65-6.93) 7.18 (6.89-7.34)
pCO;, mm Hg (IQR) 33.8 (26.3-36.0) 30.0 (20.3-35.3) 34,5(29.3-36.8) 32.3(27.0-37.5) 19,5(17.3-24.8) 218 (14.3-27.0) —  33.8(26.3-45.8) 30.8 (21.0-36.0)
HCO4', mEg/L {IQR) 18.4 {11.6-22.8) 6.8 (4.1-13.5) 20,9 {12.8-22.8) 185 (8.8-22.7) 5.2(4.7-87) 5.1 (3.6-9.3) — 52(389-7.7) 8.8 (4.7-19.5)
BE, mEg/L {IQR) —6.1 —23.2 —36 —4.5 —221 —25.4 — —29 —17.8

(-15t0 —14.6) (—113to—-29.0) (—-1.2tc-128) (—L7toc—-156) (—196to—-27.5) (—19.1to—27.5) (—26.2 to —31.9) (-3.7 to —27.7)

AG, mEg/L {IQR)  20.3 (18.3-28,6) 323 (22.3-39.8) 20 (18.1-26.8) 232 (18.2-285) 309 (29.8-31.9) 32,7 (25.3-37.7) — 40,4 (34.8-45.1) 28.3 (19.4-36.3)
0G, mOsm/kg Ho0 47 {21-73) 45.4 (23-77) 36 (22-73) 26 (19-44) 52 (33-86) 64 (39-100) - B85 (45-136) 46.8 (21.7-75.9)

(IQR)
Serum glucose, 111.7 (102.7- 149.5 (111.7- 108.1 (102.7~ 118.9 (109.9- 138.7 (127.9- 136.9 (108.1~ - 228.8 (185.6~ 131.5 (108.1-

mg/dL (IQR) 136.9) 234.2) 129.7) 147.7) 183.8) 203.6) 290.1) 201.8}
Time to treatment 25 (17-48) 48 (24-48) 26 (14-48) 24 (22-48) 24 (21-36) 48 (30-50) — 4B (38B-52) 41 (24-48)

(IQR}, h

EtOH, Ethanal; IQR, interquartile range; BE, base excess; AG, anion gap; OG, csmolal gap; #me to treatment, time between toxic alcohol ingestion and start of hospital treatment.
To convert from mg/dL to mmal/L, use the following conversion factors: methanol 3.205; ethanol 4.608; formate 4.603; lactate 9.009; and glucose 18.018. To convert bicarbonate and base deficit from mEg/L to mmol/L, use

the conversion factor 1.0. To convert mm Hg (torr) to kPa, use the conversion factor 7.501.

*Data are presented as medians with interquartile ranges. EtOH EMS-positive: patients with out-of-hospital ethanol administration by EMS (paramedic/medical staffy EtOH EMS-negative: patients without out-of-hospital
ethanol administration by EMS (paramedic/medical staff; group 1, survivors without sequelae; group 2, survivors with sequelae; group 3, died.
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Table 2. Clinical symptoms on admission in 100 hospitalized patients according to the outcome groups.®

Group 1 (n=49) Group 2 (n=30) Group 3 (n=21) Total {(n=100)
EtOH EtOH EtOH EtOH EtOH EtOH EtOH
EMS-Positive EMS-Negative EMS-Positive EMS-Negative EMS-Negative EMS—Positive EMS-Negative
Characteristic {n=27) {n=22) {n=3) {n=27) {n=21) {n=30) (n=70)
No symptoms, No. (%) 16 (59) 6 {27) 1(33) 0 0 17 (57) 6 (9)
Visual disturbances, No. (%) 4 (15) 10 (45) 3 (100) B (30) 12 (57) 7 (23) 30 (43)
Gastrointestinal disturbances, 7 (26) 18 (82) 2 (B7) 8 (30) 10 (48} 9 (30) 36 (51)
Na. (%)

Dyspnea, No. (%) 1 (4) 10 (45) 1(33) 8 (30) 11 {53) 2(7) 29 (41)
Chest pain, No. (%) 1(4) 11(5) 0 1{4) 7 {33) 1(3) 9 (13)
Respiratory arrest, No. (%) 0 0 4] 4] 3 (14) Q 3(4)
Coma, No. (%) 0 4 (18) 1(33) 8 (30) 15 (71) 1(3) 27 (39)

*EtOH EMS-positive: patients with out-of-hospital ethanol administration by EMS (paramedic/medical staff); ELOH EMS-negative: patients without out-of-hospital ethanol
administration by EMS (paramedic/medical staff; group 1, survivors without sequelae; group 2, survivors with sequelae; group 3, died.

increased survival withour sequelae and fewer deaths

than those not receiving it (Tables 4 and 5). Among

the 12 patients who self-administered ethanol before
hospitalization, 11 (92%) survived without sequelae. One
patient presented 36 hours after methanol ingestion with a
serum ethanol level of 80.2 mg/dL and serum methanol
level of 99.0 mg/dL and had visual sequelae on discharge.
This patient had a serum lacrate level of 65.8 mg/dL, serum
formate level of 96.7 mg/dL, pH 7.0, and bicarbonate level
of 10.2 mEg/L on admission, suggesting that he was
severely poisoned before drinking ethanol.

All 27 patients with a GCS score greater than 10 who
received out-of-hospiral ethanol from medical staff survived
withourt sequelae. Only 3 patiencs with a GCS score of 10
or fewer points received out-of-hospiral ethanol; none died
and 1 developed visual and central nervous system sequelae.

In contrast, in the presumably “less sick” patients with a
GCS score greater than 10 who had not received out-of-
hospital ethanol from paramedics or medical staff, only 22
of 57 (38.6%) survived without sequelae. Moreover, 11 of
these 22 patients self-administered ethanol shortly before

presentation. Therefore, only 11 of 46 partients (23.9%)
less sick without ethanol from any source survived without
sequelae.

LIMITATIONS

The limiracions of this study include lack of
randomization and confounding, leaving the possibility
of inherent bias between the groups. Direct communication
by telephone and e-mails with physicians who admitted
and treated poisoned patients was applied to specify the
key data, if necessary. This could have created recall bias.
The retrospective estimation of time of ingestion and
other circumstances in mass poisonings by methanol-
contaminated spirits is approximate and probably inaccurate
in some patients. Interindividual differences in body weight,
chrenic alcoholism, and comorbidities could have played a
role in the outcome as well. Differences in the availabilicy of
treatment facilities in different hospitals (mode of dialysis,
type of antidote, and so on} could have had an effect on the
outcome but were outside the scope of this study.

Table 3. Treatment given in 100 hospitalized patients according to the cutcome groups.*

Group 1 (n=439) Group 2 (n=30) Group 3 (n=21) Total (n=100)
EtOH EtOH EtOH EtOH EtOH EtOH EtOH
EMS-Positive EMS-Negative EMS-Positive EMS-Negative EMS-Negative EMS-Posltive EMS-Negative
Characteristic (n=27) (n=22) {(n=3) (n=27) {n=21) (n=30) (n=70)
Alkalization, No. (%) 8 (30) 12 (55) 2 (B7) 25 (93) 20 (95) 10 (33) 57 (81)
Ethanol, No. (%) 21 (78) 19 (86) 2 (B7) 18 (67) 16 (76) 23 (77) B3 (76)
Fomepizole, No. (%) 6 (22) 2(9) 2 (67) 8 (30) 7 (33 8 (27) 17 (24)
Folate substitution, No. (%) 20 (74) 19 (86) 2 (67) 22 (81) 13 (62) 22 (73) B4 (7TT)
CVVHD/ CVVHDF, No. (%) 10 (37) 7 (32) 1(33) 13 (48) 15 (71) 11 (37) 35 (50)
IHD, No. (%) 8 (30) 9 (41) 1(33) 12 (44) 5 (24) 9 (30) 26 (37)

CVVHD/CVVHDF, Continuous venovenous hemodialysis/hemodiafiltration; 1HD, intermittent hemaodialysis.
*EWOH EMS-positive: patients with oul-of-hospital ethanol administration by EMS (paramedic/medical staff); EtOH EMS-negative: patients without out-of-hospital ethanol
administration by EMS (paramedic/medical slafT; group 1, survivors withoul sequelae; group 2, survivors with sequelae; group 3, died.
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Table 4. Qut-of-hospital administration of ethanol by paramedic or
medical staff (“first aid”) versus outcomes of acute methanol
poiscning in 100 patients.

Group 1:  Group 2:
Survived  Survived
Without With Group 3:
Sequelae  Sequelae Dled
Characteristic (n=49) (n=30) {n=21)
Qut-of-hospital ethanol administered 27 (90.0) 3 (10.0) 0
by paramedic or medical
staff (n=30) (%)
No out-of-hospital ethanol 22 (31.4)y 27 (38.6) 21(30.0)

administered by paramedic or
medical staff (=70} (%)

There was a risk of false-positive results because of
inaccurate history by the patient, relatives, bystanders, or
EMS providers. However, we found no evidence of false-
positive cases because the history was confirmed by negative
ethanol level on admission; no patients with negative
history had a positive serum ethanol level on admission.

Selection bias was present because patients who died
out of the hospital were not included. The censciousness
of the patients on first presentation limited the study by
the absence of a randomly distributed exposure: the
most severely poisoned patients often did not receive
ouc-of-hospital ethanol. There was no specific training of
out-of-hospital providers and feedback to improve
adherence with the protocol. An allocation bias was present
in the study, caused by systematic differences other than
intervention (out-of-hospital echanol) between the groups
analyzed, because the group without out-of-hospital
ethanol was more severely acidotic on admission to the
hospital.

DISCUSSION

Poor outcome in methanel poisoning is related to
late diagnosis and delayed initiation of treatment with
antidote, be it fomepizole or ethanol. In our study, both
positive serum ethano! level on admission and receipt of

Table 5. Positive serum ethanol concentration on admission to
the hospital versus outcomes of acute methanol poisening in 100
patients.

Group 1: Group 2:

Survived Survived

Without With Group 3:

Sequelae Sequelae Died
Characteristic {(n=49) {n=30) {n=21)
Positive serum ethanol on 38 (90.5) 4 (9.5) 0

admission (n=42)

Negative serum ethano! on 11 (19.0) 26 (44.8) 21 (36.2)

admission {(n=58)

out-of-hospital ethanol were associated with improved
survival during the Czech Republic mass methanol outbreak.
Our data support the use of ethanol administration o
conscious patients with suspected methanol poisoning before
laboratory data arc available and the diagnosis is confirmed.

Based en the principle “as carly as possible,” out-of-
hospital antidote treatment during ongoing methanol
outbreaks may improve patient outcomes. The decision o
start the treatment cannot be based solely on the results of
an assay for toxic alcohols because this is usually not readily
available.® During the critical period before
hospitalization, a poisoned patient’s condition can
deteriorate because of continuing accumulation of formic
and lactic acids, worsening the metabolic acidosis,
histotoxic hypoxia, and outcome.” >

The effect of ethanol administration may be more
complex than mere blocking of alcohol dehydrogenase. In
animal models of cerebral, renal, liver, and cardiac
ischemia, alcohol exposure is shown to reduce ischemic
reperfusion injury and prevent postischemic adhesive
interactions between leukocytes and endothelial cells,
which can lead to organ dysfunction and death.** %
Ischemia caused by myelin sheath swelling and intra-axonal
swelling plays a major role in compression-type injury to
the optic nerve fibers, brain edema, and basal ganglia
damage in methanol-poisoned patients.'*"?

In an observational scudy of 11,850 patients hospitalized
in an ICU,"® positive blood alcohol concentration at
hospital admission was associated with significantly
decreased odds of 30-day all-cause mortality in critically ill
patients. Several other studies showed a decrease of
inhospital mortality in patients with positive blood alcohol
concentration on hospital admission outside of the ICU,
mainly in the patients with brain trauma.*”>* An
observational study of 6,733 patients hospitalized on
trauma units demonstrated a decrease in inhospital
mortality strongly associated with an increase in blood
alcohol concentration (adjusted odds ratio=0.83 per 100
mg/dL unit change in blood alcohol concentration; 95%
confidence interval 0.80 to 0.85; P<.001).”

In our study, the ethanol EMS—positive patients were
less acidotic on admission to hospitals, with time to
presentation and serum methanol level on admission
similar to that of the ethanol EMS-negative patients. This
might indicate effective blocking of the alcohol
dehydrogenase enzyme in the pretreated patients. The
out-of-hospital ethanol group was still able to increase
ventilation adequately despite the ethanol treatment,
indicating that modest administration of ethanol itself
does not alter patients” ability to compensate for metabolic
acidosis.
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During outbreaks of mass methanol poisonings, we
recommend that conscious adults with a strong suspicion
of methanol poisoning receive out-of-hospital ethanol
before confirmatdon of the diagnosis is available, with a
scrum cthanol goal of at least 100 mg/dL. This approach
is even morc important if the distance to the hospital is
long or other factors may delay the definite diagnosis.
Given a standard regimen, a worst-case scenario would
mean that a certain number of patients will be given a
limited amount of ethanol unnecessarily, which can
be considered acceprable from a risk-benefit point of
view.
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Abstract Mass methanol poisonings present a serious
problem for health systems worldwide, with poor outcome
associated with delayed treatment. Positive pre-hospital
serum ethanol concentration may have predictive value as
the prognostic factor of the treatment outcome. We studied
the effect of positive serum ethanol level on admission to
hospital on survival in pafients treated during the Ceech
methanol outhreak during 2002-20014.  Cross-sectional
cohort study was performed in 100 hospitalized patients
with confirmed methanol poisoning. Pre-hospital ethanol
was administered in 42 patients (by paramedic/medical staff
to 30 patients and self-administered by 12 patients before
admission), 58 patients did not receive pre-hospital ethanol.
Forty-two patients had detectable serum ethanol concentra-
tion on admission to hospital [median 183 (IQR 6.6-32.2)
mmol dm~3]. Pre-hospital  ethanol admdanistration by
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paramedic/medical staff had a significant effect on survival
without visual and (NS sequelae when adjusted for arterial
blood pH on admission (OR B.73; 95 % CI 3.57-2134;
p = 0001} Mo patients receiving pre-hospital ethanol died
compared with 21 not receiving (p < 0.001) Positive serum
ethanol concentration on admission to hospital was a pre-
dictor for survival without health sequelae when adjusted for
arterial blood pH (OR B10; 95 % CI 2B5-2302;
p = 0001} The probability of visual and CM3 sequelae in
survivors reduced with increasing serum ethanol concen-
tration on admission.

Crraphical abstract

Keywords Methanol poisoning -
Pre-hospital ethanol administration -

First aid in methanol podsoning -

Factors predictive of survival - Prognosis -
Sequelae of poisoning

Introduction
Mass and cluster acute methanol poisonings due to the

consumption of illicit alcohol occur frequently throughout
the world [1-4]. Sporadic methanol podsonings occur either
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intentionally through the abuse of methanol-containing
fluids or attempted suicide or unintentionally through the
misuse or eccupational accident with products containing
methanol as a solvent [3-7]. In the absence of protective
ethanol concenteation i blood serum, methanol is metab-
olized by hepatic alcohol dehvdrogenase enzyme (cytosolic
ADHI) to the highly toxic formic acid, which inhibits
mitochondrial respiration [B, 9]. The accumulation of for-
mic acid leads to the metabolic acidosis with anion gap
increase, ophic nerve and refinal nerve fibers damage, and
necrosis of basal ganglia [10-13]. Ethanol as an antidote
prevents the toxic metabolite formation by competitive
blocking the ADH; therefore, its timely administration is
important for successful treatment [14].

Ethanol has 1012 times higher affinity for ADYH than
methanol  and  its serum  concentration  of
22-33 mmol dm™? s sufficient to completely Block the
metabolism of methanol to formaldehyde, and on the sec-
ond step to formate [15, 16]. In hospitals, the indications
for ethanol administration are either a documented plasma
methanol concentration of more than 6.2 mmol dm 3, a
high emolal gap with documented the recent history of
ingesting toxic amounts of methanol, or a metabolic aci-
dosis with history or strong clinical suspicion of poisoning
[17, 18]

To prevent high morbidity and mortality of methanol
poisoning, ethanol should be administered as soon as
possible after methanol inpestion [14, 19]. Its wide
availability in the community makes it suitable antidote
for a pre-hospital *first aid” in the cases of suspicious
toxic alcohol ingestion. We addressed this gquestion
during a recent methanol mass poisoning in the Caech
Republic [20, 21]. In this study, we aimed to evaluate
serum ethanol concentration on admission to hospital as
the factor predictive of treatment outcome in patients
with acute methanol poisoning during a methanol
epidemic.

Results and discussion

During the Czech mass methanol poisoning outhreak in
20122014, 137 patients were poisoned and 106 of them
were treated in hospitals. OF thermn, blood samples for serum
ethanol measurement were not taken before hospital anti-
dote treatment with intravenous ethanol, in six patients.
Since serum ethanol concentration on admission before
hospital treatment was the key variable for the study, these
six patients were excluded from further analysis. The
patients who died outside hospital (m = 31} were excluded
from the study. Thos, 100 patients with median ape 54
(interquartile ranpe, IQR 36-61) vears, 7 males and 21
fermales, were included in the study.

€] Springer

The administration of pre-hospital ethanol was identified
in detailed histories taken on admission by research staff
(corroborated by the laboratory analvsis). Thirty patients
received pre-hospital ethanol from medical or paramedical
staff and twelve patients self-administered ethanol shortly
before admission to hospital. The remaining 58 patients did
not receive pre-hospital ethanol from any sources before
presentation.

Demographic and laboratory admission data are pee-
sented in Table 1, separated according to outcome.
Severity of metabolic acidosis in the patients on adomi ssion
to hospital is characterized by arterial blood pH, pOOs,
HCOs_, base deficit (BD), anion gap (AG), and serum
lactate (Table 2). Data are presented as medians with TQR,
becanse serum methanol, ethanol (EtOH), and osmolal gap
(0G) in all groups, pH and lactate in Group I, and pCQO-»
and AG in Group I were not notmally distributed. Forty-
two patients had detectable ethanol before hospital antidote
treatment, with a median  concentration  of
18.3 mmol dm ™ (IQR 6.6-32.2 mmol dm ™). The median
serum ethanol on admission in the patients with pre-hos-
pital administration by paramedics'medical staff was
18.3 mmol dm > (IQR 7.1-28.1 mmol dm ™). The median
serum ethanol on admission in the patients with pre-hos-
pital self-administration was higher: 30.6 mmol dm 3
(6.4-81.9 mmol dm 3} The serum me than ol concentration
on admission in EfOH-positive patients did not statistically
differ from that in EtOH-negative patients; however, they
were less acidotic and had lower serum glucose concen-
tration on admission

Clinical features on admission included visual and gas-
trointestinal disturbances, dysprea, chest pain, and cotha it
most severely poisoned patients (Table 3). Other features
included fati gue, headache, dizziness, somnolence, anxiaty,
alcoholic delirium, tremor, seizures, and cardiac and respi-
ratory arrest. The median ethanol concentration was higher
in patients withoot chnical symptoms on  admission
[10.9 mmol dm ™ (1.1-29.8 mmol dm™?)] than in those
with clinical features [0 mmol dm™* [©-5 mmol dm )
p = 0.014]. Detailed information about the post-admi ssion
treatment given in hospitals is presented in Table 4.

Oulcome and prognosis

EtOH-positive patients had a lower rate of mortality and a
higher rate of survival without visnal and CNS sequelae
than EtOH-negative patients (all p < 0.001; Table 5).

A strong positive correlation was found betwean the pre-
hospital ethanol administration by paramedicsfmedical
staff and serum ethanol concentration on  admission
(r =0713, p < 0.001). Furthermone, strong positive cor-
relations were found between the serum ethanol on
admission and:
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Tabhle 1 Demographic and Ll y data on admBsion in hispialized patients, according i the outoome groups (medians with IR )
Agel Timeto  Serum Serum Serum (amolal Serum
years Feslment/  metanol/ ethanol! fow matel Ciap elucose
h srunol din= srunol dm—? mmol dm= munal kg™ munol die?
Ex3H+ A e 186 183 x4 47 %]
{n =30 47-64 1748 91431 T1-28.1 1.2-13.0 21-73 5116
En3H- 52 48 293 LILi] 143 454 3
n="T0) 760 W48 13.0-563 QL0 11.7-1a7 »n a2-13
Group I {n = 4)  EwdH+ 54 e 156 193 4.9 36 &l
n=12T) 47-62 1448 92-41.5 932948 1.0-113 2273 52
Ex(3H— 5 e 214 L& 132 26 1]
{n=122) 3558 a8 123318 L-25.0 T49-153 1944 Gl-R2
Group I {n = 300  ExdH+ 65 M 309 50 135 52 7
{n=3) f6-60 M-3& 181-608 16112 135-11.5 3385 Ti1-102
ExdH— 48 48 506 (L] 154 54 16
n=12T) 3758 050 250821 QL0000 135-1835 39-100 al-113
Grroup I {n = 21) Ex3H+ - - - - - - -
fn =1
EudH— i) 48 341 [ILi] 155 65 127
= 21) 45-63 W52 21659 Q00D 128180 45136 103-161
Taotal {n = 10 54 41 2T ILi] 144 468 13
3861 M8 123549 w-127 B9-16.5 2LT-T59 al-112
FPrsmas = Eo—) 0185 (k0 0068 <peee (05 Rl o) <n(uheee
Pummonss v Bot—) 0212 (ed3s 0A5% (LRR3 0093 0151 [ Bl
Pogstiis = B —) 0070 (265 0543 (L2350 - 0706 IR E
Pra 0581 Quic* LLE < peee LR ER 0013+ ia1*
P 0255 Qs+ 0U0RD < peee 0.2 015+ < eee
Pon 0138 0As 020 <y e 0924 0541 Qi 5+

B+, patients with pre-hogpita] ethano] admdnigration by paramedici/medical siaff; EodH—, patenis without pre-hospital ethana admindsiration by
paramedicsfmedical saff; Group 1, survivors. withow sequelse; Group [ survivors with sequelse; Group II1 died, IQE, inemguanle rmnge
Py, Po, Por—resuls of 1 test (two-sample ssaming equal and wnequal vadances, respectively) of difference in bborakey parameters bemween the

subgroups of patents with and without pre-b

il ethanol adminigration in Groups L IL and I [* o = 0u05; ** g < 0ul; *** x < (U] {2-

significance level)). To conven from mmal dm™ 1o mg 0.1 di—, use the following conversion factors: methanol—3205; ethanol—4.608; formate —

4603, gluoose —18.018

(a) survival versus death (r = 0418 p < 0.001);

(b} survival without sequelae versus poor outeome (death
or survival with sequelae; r = 0.711, p -< 0.001); and

(c) survival without sequelae versus survival with sequelae
versus death (r = 0,693, p < 0.001).

These correlations were strong and significant for the
variable “pre-hospital ethanol administration by para-
medics/medical staff™ for all three variants of outcome
division as well (r = 0338; r=0537; and r = 0531,
respectively; all p < 001}, In spite of the fact that there
was no difference in the state-of-consciousness on the
arrival of paramedics/medical staff, most of the patients
with Glasgow coma scale (GCS) under 10 were not
administered ethanol. Even after excluding the patients
with low GCS (under 10) from the analyzed data set, the
association remained significant:

(a) survival versus death (r = 0355 p = 0.001});

(b} survival without sequelas versus poor outcome (death
or survival with sequelae; r = 0689, p < 0.001); and

(c) survival without sequelae versus survival with sequelae
versus death (r = 0.681; p < 0.001).

In the univariate analysis, both serum ethanol concen-
tration on admission and pre-hospital | ethanol
administration by paramedics’medical staff were signifi-
cant variables for survival without sequelae (Table 6). In
the bivariate repression models, the combinations of either
variable, “serum ethanol on admission™, and “pre-hospital
ethanol administmtion™ with the variable “arterial blood
pH on admission™ explained 55.4 and 48.9 % of dispersion
in treatment outcomes, respectively (Table T)

The patients with positive serum ethanol on admission
had the odds ratio of survival without sequelae versus poor
outcome (death or sequelae) of B.10 (2.85-23.02 95 % CT;
p < 0.001) when adjusted on the depree of acidemia (ar-
terial blood pH on admission).
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Tahle 2 Severity of motabolic acidosis on admission in hospitalized patients, according o the owtcome groups {medians with IQR)

pH pOOJKPa  HOO,_/ Base Amnion Serum
mmeal dm™}  deficit'mmeol dm™?  gap'mmel dm™}  lactsie/mmel dm™}
Ed0H+ (n=30 T3 45 184 -6l 3 25
TH-T42 3548 116226 —1l5tw —146 18.3-28.6 19-36
EWOH- (=T 7.03 40 6.8 -2 323 60
67T 2747 4.1-13.5 —11.3 10 —29 213308 19-93
Groupl{r =49) EOH+(n=2T1 736 4 e -36 0.0 25
725742 30490 128228  —12w —128 18.1-26.8 19-34
EQH- (n=2% 7.3l 43 185 —4.5 232 21
725741 3650 88727 —1.Tto —156 18.2-28.5 1740
Group I1{n=30) EWH+{n=3) 716 26 59 271 kL 48
T01-T.18 2333 4787 —196tw —261 295319 32-63
E{OH— (n=12T) T.02 29 5.1 —25.4 327 32
6E-TIT 1036 3.6-9.3 —19lw —275 35337 1474
Group IT {e = 21) EXOHE(a=10) - - - - - -
E{OH— (n=21) 679 45 52 -0 404 04
665693 3561 3877 —260w -39  IE451 67-129
Total {n = 100) 718 4.1 &8 —-178 283 36
GRLTI4  2B4R 4.7-19.5 -3 70 =277 19.4-36.3 19-78
PiRoH: v ExH_) =0001*** 0587 OO (OOl A0+ A1 (0] F**
PLEis = E0H_) 0.373 0759 0,300 0.905 0.418 0449
PlyEsci+ s ExH—} 0.601 0976 0939 0.961 0666 0991
Pin <0001 D OOLHE OO (DOl A0+ 0111
Prm <0001 QLI ANOOLFE <(LDOLeE O]+ D O0He*
P <0001 L 0.401 0.012+ 0.047% TR

ErOH+, patents with pre-hospital ethamol administration by paramedics/medical staff, EiQOH—, patients without pre-hospital ethamol admin-
istration by paramedicamedical staff; pH. anerial blood pH on admission; HCO,_, anerial blond hicarbonate on admission; Group I, survivors
without sequelas; Group I survivors with sequelae; Group L died; )R, inenquantile range

Pr, Pr1, Pro—resulis of 1 test {two-sample sssuming equal and unequal varances, respectively) of difference in laboratory parameters between the
subgroups of patents with and witout pre-hospital ethanol administration in Growps L IL and T [* & < 005, ** 2 < 0.01; *** 2 < 0001 {=-
significance level)]. To convent serum lactate from mmaol dm~? to mg 0.1 dm >, use the conversion factor 9.009. To convent hicarbonate and
base deficit from mmal dm ™ o mEq dm ™, use the conversion factor 1.0, To convent kPa to mmHg {torr), wse the conversion factor 7501

Furthermore, the patients with pre-hospital ethanol
administration by paramedics/medical staff had the odds
ratio of survival without sequelas versus poor dutcome
(death or sequelae) of B3 (357-2134 95 % CIL
p < 0001} when adjusted on arterial blood pH on admis-
sion. Inclusion of any other independent variable in the
logistic regression model did not lead to further increase of
its ability to explain the dispersion in treatment outcomes.

The univariate and bivariate regression models for three
variants of treatment outcome analyzed separately (survival
without sequelae versus survival with sequelae versus death)
are presented on Fig. L. Serum ethanol concentration on
admission, severity of metabolic acidosis, and pre-hospital
ethanol administration (“first aid™) are the most significant
variables for the outcome of treatment.
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The logistic regression of probability of death or survival
with sequelas versus concentration of serim ethanol and arterial
bleod pH on admission is shown in Fig 2. The probability of
death decreased exponentially with the increase of arterial blood
pH. All who died had negative serum ethanol on admission;
however, the probability of developing sequelae among the
survivors wasdependent not onl yon the degree of acide mia, ot
also on the serum ethanol concentration on adrmission, with a
significant leftward shift of the peak of the curve. This implies
that an increasing ethanol concentmation was protective against
visual and CNS damage given the same arterial blood pH. Far
exarmple, the patients with arterial blood pH 7.0 the probability
of desveloping sequelas was 59 % (negative serum ethanol)
versus 41 % (serum ethanol <11 mmol dm 3} versus 16 %
(setum ethanol =11 mmol dm =)
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Table 3 Clinical symptoms on admission in hospitalized patents according to the ouwtcome groups
Ko VD, n (%) GL nr (%) D, r (%) CF, n (%) RA, n (%) O, n{%)
EYmploms,
(%)
Group 1 ExOH-+ 16 (59 %) 4 {15 ) T{26 %) 1 {4 %) 1 {4 %) 0 {0 ) 0D %)
{n =49 e =1T)
ErOH - 6 (2T %) 10 {45 %) 18 (B2 %) 10 (45 %) 1(3%) 040 %) 4 (18 %)
n=22)
Giroup I1 EtOH4+ 1 {33 %) 3 (10D ) 26T %) 1 {33 %) 00 %) 00 %) 1 (33 %)
{n=230) fr=1)
ErOH— 00 ) B {30 %) B30 %) B {30 %) 14 %) 00 ) B (30 %)
e =1T)
Group ITI ErOH— 00 %) 12 (57 %) 10 {48 %) 11 {53 %) T (33 ) 3 (14 9 15 {71 %)
{n=21) e =21)
Total EtOH4 IT (57 %) T{23 %) Q{30 %) {7 %) 1(3 %) 00 %) 1(3 %)
{n =100 {r =230
ErOH— 6 (9 5) 30 {43 ) 36 (51 %) 20 {41 %) 9 (13 %) 3 {4 ) 27 (39 %)
e ="
FoaEa#s v Exli—y P {001 *+* 0064 Q4 E 0.001*** 0.146 0.250 <(.00] ¥+*
OR (CT) 13.9% 041 041 0.10 0.13 0.000 =) 006
{46-42.1) (015107 016101y (0.02-046)  (001-193) (0.01-0.43)
PleenBs v E0H—y P 0025 QDLE* {1 DL *e* < L+ 088 1.000 002l
OR {CT 388 021 Q08 0.05 0.8l 0.000 =) Q000 (=)
{L15-1304)  0OS0EL) 2031 (0.01-040 (0051370
PliEe®is v Excli—y P 0002 00le* 01e7 0.594 0.735 1.000 [
OR {(CT) 0000 =) 0000 =) 475 119 0.000 (=) 0.000 =) 119
(036015 09— 15.04) (0.09-15.0:)

ErOH+, patients with pre-hospital ethanol administraton by paramedics /medical staff; EoOJH —, patients without pre-hospital ethanol admin-
istration by paramedics'medical staff, Group L survivors without sequelae; Group 1L survivors with sequelas; Group [IL died, VD, visual
disturbances; Gl, gastrointestingl symptoms, D, dyspnea, CF, chea pain, C, coma, RA, respiratory arrest
Chi* test [*a = 005, **a < 001, *** 2 < 000 (=gnificance level)]

Table 4 Tresment given in hospitalized patients according to the ouwtcome groups

Alkslization  Ethanal Fomepizole  Folites CYVHD/CVVHDF  [HD
Group 1 {n = 49) EOH+ § {30 %) 21 {78 %) 6 (22 %) 20 {74 %) 10 (37 %) §{30 %)
(n=17)
EOH - 12 (55 %) 19 (86 ) 209 5 19{86%)  7(32 %) 941 %)
=1
Group 11 {# = 30) EOH+ 2 {67 %) 2067 %) 267 %) 267 %) 1 {33 %) 1{33 %)
=13
EtOH - 25 {93 %) 1% {67 %) § (30 %) 22 (81 %) 13 (48 %) 12 44 %)
=17
Group 11 {n = 213 20 {95 %) 16 (76 ) 733 %) 13 {62 %) 15 (71 %) 524 %)
Total {# = 100) EOH+ 10 {33 %) 23 {77 %) 827 %) 2273 &) 11 {37 %) 9 {30 %)
(=30
EiOH-— 57 {81 %) 53 {76 %) IT(24%)  S4(TT%) 35 (50 %) 26 {37 %)
(=T
Pat EeHs vu EOH_y P AN00L** 0819 0.801 0683 0.220 0.493
OR {CT) 0.11 L.05 113 082 0.58 0.73
(004-030) (039289) 0433010 (031218 {024-13% {0.20-1.82)
Pi (BOH: w EcH_) P 0.078 0.440 0216 0288 0.703 0.409
OR (CT) 0.35 0.55 286 045 1.26 .61
(11-114) 012257 {0.5-158%) (0.10-2000 (038414 i0.19-1.99)
Pl EoHs v EOB_y P 0.156 1000 0.197 0543 0.626 0.713
OR {CT) 0.16 L.0D 475 046 0.54 0.63
(001-263) (MOB-12.56) (046015 (003606  (Q04—66T) 0.05-7.75)

EtDH+, patents with pre-hospital athanol administration by paramed icsfmedical staff; EtOH—, patients without pre-hospital ethanol admin-
istration by paramedics'medical staff;, Group I, survivors without sequelae; Group II, survivors with sequelae; Group L died; CVWVHD/HDF,
continuous veno-vemsus hemodialy gse modiafltration;, THD, intermittent e modial ysis
Chi® test [* & < QU05; ** 2 < 001, *** z < (.00 {a-significance level)]
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Table § Pre-hospital administration of ethanol versus outcomes of acute methanol poisonings (& = 100)

Group I survived without sequelas Group II: survived with sequelas Group I died
Prre-hospital ethanol admindstened by T (900 %) 3 (1000 %) 0 (0.0 %)
paramedica'medical staff {r = 30)
Pre-hospital ethanol mot given by T2 {3l4 %) T (386 %) 21 (30,0 %)
paramedics/medical staff {r = )
P <L r*r LIRS A <{UONL ¥+
OR {CT) 1964 {5.38-71.7) 0.2 (005064 0.04{-)
Pre-hospital ethanol, including self- 38 (95 %) 4 (9.5 %) 0 (0.0 %)
administration {r = 42)
Pre-hospital ethanol mot given (= 58) 11 {190 %) 26 (448 %) 21 (36,2 %)
P <)L *Er <L e < (O] ¥+
OR {CT) 4006 (12.0-137.7) 0.1 {00041 0.04{=)

Chi™test [*a = 005, **x < Q0L1; *** 2 < 0.00] {z-significance level)]

Table & Parameters of the univariate analysis significant for survival without sequelae

Intercept SE OR

IE®S%CI UE9S®% O p

Cox and Snell 8 Nagelkerke R Hosmer—
Lemeshow R

5-ErOH —6319 2576 0.5 13139 4892 15291 0000 0439 0.586 0417
pH —4013 22531 0411 9515 4240 21308 0000 0405 0.540 0375
HCO,_ —2 830 1527 0284 4602 2637 8033 0000 0321 0.427 0.xme
“First aid” =2.197 2977 (661 19.63 5378 TLT03 0000 0273 0.365 0.230
GCS —2 0BG 1556 0441 4742 1997 11.258 00dD 0141 0182 Qi
S-MetDH 1841 0541 0279 2563 1485 4.425 LAV T VI s 0.162 0054
Time —1917 LOGE 0352 2910 1459 5004 and2 011§ 0.153 0LORE
S-Lactate =139 09313 0332 2131 1325 4.873 0pds 0105 0.142 Q.02

OR, odds ratio; LE 95 % C1, lower endpoint of 93 % confidence interval; UE 95 % CI, upper end point of 25 % confidence interval, “First aid™,
pre-hospital ethanol administration by paramedics'medical staff, pH, arerial blood pH on admission; HCOs_, aneral blood bicarbonae on
admission; GCS, Glasgow coma scale; S-Eo0H, serum ethanal on admission; S-MetOH, serum methanol on admission; S-Lactate, serum laciate
on admission; Time, time span beiween methanol ingeston and the treatme nt

Bold value indicates statistically significant p values (p < 0.05)

The logistic regression of probability of poor out-
come (death or sequelas) in the patients with pre-
hospital ethanol administration by the paramedics/
medical staff versus probability in the patients with-
out pre-hospital ethanol administration is shown in
Fig. 3.

Serum ethanol on admission and prognostic
parameters of treatment ontcome

The poor cutcome in methanol poisonings is primarily
associated with the late diagnosis and delayed initiation of
treatment with antidote, be it formepizole or ethanol [22-24].
Severity of metabolic acidosis on admission is known
prognostic parameter of poor outcome (death or long-term
visual andfor centmal nervous system sequelae) in acute
methanol podsonitg [25-28]. Timely cotfection of acidemia

€] Springer

and the elimination of formic acid by hemodialysis are one of
the crucial issues for suecessful treatment [29-33].

In our sudy, the EtOH-positive patients were less aci-
dotic on admission to hospitals with significantly higher
arterial blood pH and bicarbonate, and lower lactate, hase
deficit, and anion gap, with no difference in time to pre-
sentation or serumn methanol on admission as compared with
the EtOH-nepgative patients. This indicates an effective
blocking of the ADH enzyme in the pre-tréated patients. The
pre-hospital ethanol group was still able to hyperventilate
adequately in spite of the ethanol treatment indicating that a
modest administration of ethanol itself does not alter the
patients” ability to hyperventilate, and thus not removing this
important compensatory mechanism [34, 35].

There were sipnificantly more asvmptomatic patients on
admission to hospitals in the EtOH-positive group. In Group
I (sutvivors without sequelae), there were also fewer patients
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Table T Bivariawe logistic regression for pre-hospital ethanol/serum ethanol on admission and the parameters significant for survival without

sequelae
Intercept 1, SE, pm B BEy m Adjusied LE®S % Cl UESS % C1 Hosmer—
OR jexp i, Lemeshow RE

pH Fird aid —5804 2166 0456 0000 2735 080 0001 8726 3,567 21344 0450
HCO:_  Frsad —4000 1258 0304 0000 2308 0720 0001 3519 1941 6380 0373
GCS Fira sid —4.101 2868 0685 0000 1458 0.523 0005 17595 4.593 67404 0200
SMewDH Firg sid —4.130 2974 0608 0000 0972 0333 00 19562 4.978 76 877 0.9
S-lactate Fird aid —3.914 3434 0824 0000 0913 0411 0027 30080 6.158 155 943 0349
Time Fird aid —4.027 2857 0700 0000 1075 0412 0000 17415 4.342 0 543 0288
pH SEOH -B393 2092 0533 0000 1817 0478 0000 8103 2852 23018 0.554
HCO:.  SEOH —7.188 2137 0518 0000 1018 0330 0003 8476 3.070 23 404 0485
GCS SEOH -78M 2417 0400 0000 1435 0641 0025 11216 4,789 29 378 0462
SMeDH SEOH —B130 255 054 0000 0933 0378 0014 12863 4.514 36660 0.461

OR, odds ratio; LE 95 % CI, lower endpoint of 95 % confidence interval; UE 95 % C1, upper end point of 95 % confidence interval; “First aid”,
pre-hospital ethanol administration by paramedics'medical staff; *S-EdJH" - serum etdvanal on admission; pH, anerial blood pH on admission;
HCOy_, anierial blood hicaron ste on admission; GCS, Glasgow coma scale; 5-MetOH, serum methanol on admision; S-EvQOH, serum ethamo]

on admission; S-Lactate, serum lotate on admizsion; Time, time span between methanol ingeaion and the trestment

Baold value indicates statistically significant p values {p = 0.05)

with dvspnea and symptoms of visual toxicity at presenta-
tion among the EtH-positi ve patient s compari ng the EtxOH-
negative patients. Only one patient administered pre-hospital
ethanol with GCS 10 fell into a coma on admission to the
hospital; this patient had severe acidemia on admission to
hospital with high serum lactate and low methanol, sup-
gesting that most of it had already been metabolized to toxic
formic acid In other patients who received pre-hospital
ethanol administration, no deterioration of the state-of-oon-
SCiOUSNess was registered after admission.

The significant association was found between the out-
come of treatment and both serum ethanol conce ntration on
admission and pre-hospital ethanol administration by
paramedics/medical staff in our study. The positive asso-
ciation remaited strong after the elimination of patients
with GCS =10 on the first presentation. Logistic regression
analysis demonstrated that serum ethanol concentration on
admission was significant variable for the treatment out-
come when adjusted for the depree of acidermia and the
state-of-consciousness on admission.

The probability of poor outcome (death or sequelae)
decreased exponentially with increasing arterial blood pH,
but the rate of decrease was higher in the patients with pre-
hospital ethanol administration. Finally, the probability of
survival with visual andfor CNS sequelae depended on the
serum ethanol concentration.

In summary, the present data document the significant
association between positive serum ethanol concentration
on admission to hospital and better treatment outcome in
acute methanol poisoning. This fact supports the recom-
mendation on the potential benefit of the pre-hospital

administration of ethanol on outoome during an on-going
outbreak of methanol poisoning [21]: given a standard
regimen, a worst-case scenario would mean that a certain
number of patients will be given a hmited amount of
ethanol unnecessarily, which can be considered accept-
able fom a risk—benefit point of view.

Strength and limftations

The limitations of this study can be attributed to certain
confounders, as it was not a randomized controllad teial,
leaving the possibility of inherent bias during the com-
parisons. The numbers of the patients in both groups were
relatively small (even if by far the largest of its kind), and
most of the patients in both proups were the so-called
“late-presenters”. Despite the limitations and confounders,
the study provides important data on the effect of positive
serum ethanol concentration on admission to hospital on
the outcoms of treatment during a large methanol outbreak.
The essential clinical and laboratory data on admission
were collected during admission to hospital using stan-
dardized forms. The groups of patients were also
comparable by age, citcumstances of poisohing, latency
period, and size.

Conclusion
In our study, positive serum ethanol concentration on

admission to hospital was associated with survival and
better treatment outcome of poisoned patients during the
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Fig. 1 Percents of explained e T
dispersion in univariate amd
bivariaie ordinal multinomial
madek for three categories of
treatment ouwtcomes {survival
without soquelas versus survival
with sequelae versus death). For
the univariate models, see
parameters and per cents inside
the circles; for bivarae models,
spe per cents on the lines
conmecting parameters. S-Ev0H,
serum ethanal concenration on
admission; pH, arterial blood /
pH on admission; HCOa_, [
arnterial blood hicaronae on

Antidote
(Fomepizale)
1.6%

admission: “First aid", pre- '
hospital ethanol adminisration T
by paramedics'medicsl staff; AT A

GCE, Glasgow coma scale; |
5-Lactate, serum lactate on

admission; Time, time span ) Ky

e twoen methanol ingestion and \m,___ __.{ /
the treatment, 5-MetOH, serum A

methanal on admission; ly-—-x\ //
Antidote (EvOH), hospital

administration of ethandl: [ Time | '
Antidete (Fomepizale), hospitsl 5% _
administration of fomepizole x'\.__ L r ||_ I
P< 001
P Eli.'fﬁ;i P=0.05

I

Fig. 2 Risk of death and 10
survival with sequelae versus
arterial blood pH and serum os —BFiisk of death, S-ELOH O rmol dm-3

ethanol on admission. Total
n= 100 died

{n = 21) + survivars with
sequelae (r = ) + survivors
without sequelas {8 = 49). 5-
EnOH semum ethanol
conoentration on admission

=Lk Risk of sequelas, 5-EvOH 0 mmal dm-3
=i~ Risk of sequelss, 0<5-Et0H<11 mmal dm-3
=C=Rigk of cequelas, 11 rmmol den-3<5-E00H

Risk of poor outcame

[eLi] T T v T v v T T 7
6.5 ar 6B a3 7.0 Tl T2 73 T4 735 7.6

Arterial blood pH

Czech mass methanol outhreak. Our data, therefore,  conscious patients suspectad to be poisoned with methanol
strongly support a recommendation that ethanol can be  before laboratory data are available and diagnosis
administered pre-hospital by paramedics/medical staff o confirmed.
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== No pre-hospital ethanel
== Vet pre-hospital ethanal

Fig. ¥ Risk of poor ouwtcome 1.0
{death or sequelas) versus pre-
hospital ethamol adminisration 04 4
by paramedica'medicsal saff.
Total £ = 100 poor cwicome 02 4
[Growp I {died); -
n= 21 + Group I {survivors E 0.7 1
with sequelae);, B = 0]
Favorahle outcome [Group 1 0. 1
{survivors without sequelae);
n=49] § 051
a
5 0+
"
]
= 034
0.2 4
014
oa T T
65 6.5 &7
Experimental
Fatients

Among 137 cases of methanol poisoning in the Caech
Republic from the 3 September 20012 until the 31 Angust
2014, 106 patients were treated in hospitals. The discharge
reports of all hospitalized patients with a confirmed diag-
nosis and the results of neurological and ophthal rological
examinations on admission, during hospitalization, and on
discharge were collectad and analvzed in the TIC. A
detailed history of the poisoning, and of the onset and
dynamics of ccular and systemic toxicity, was obtainedin a
prospective mannetr divectly from the patients or from rel-
atives of critically ill patients upon admission to the
secondary hospital.

Laboratory analyses were performed on admission. Diag-
nosis was established when (1) a histoey of recent ingestion of
illicit spuits was available and serum fiethanol was higher than
6.2 mmol dm > andfor an osmolal gap (0G) =20 mQOsm (kg
Ho0) " was found, or (2) there wasa hi story/clinical suspicion
of methanol poisoning, and serum methanol was above the
limvit of detection with at least two of the following: pH < 73,
serum  hicarbonate <20 mmol dm™3, and  anion  gap
{AG) =20 mmol dm~ [36,37].

The clinical examination protocol incluoded complete
ocular examination with the standard ophthalmologic tests
(visual acuity, color vision, contrast sensitivity, perimeter,
and fundus), cerebral computed tomography (CT) or
magnetic resonance imaging (MRI) of the brain, and
standard neurological examination. The patients were
considered to have visual sequelae of acute methanol poi-
soning if the symptoms of toxic neuropathy of the optic

T T T

EE 63 o7 7d 73 74 75 16
Arterial blood pH

nerve were decumented on admissionfduring hospitaliza-
tion, with pathologic findings on visual acuity, visual fields,
color vision, contrast sensitivity, and persisting lesions on
fundoscopy with other symptoms of visual damape being
found on discharge from the hospitals. The patients were
considered as having CNS sequelae of poisoning if sym-
metrical necrosis and hemorrhages of basal ganglia were
present on CT or MREI of the brain.

The hospitalized patients were retrospectively divided
into three groups according to their outcome: Group It
Patients who survived without sequelae; Group II: patients
who survived with visual andfor CM3 sequelae; and Group
OI: patients who died. These proups were then further
divided into two subgroups ‘with pre-hospital ethanol
administration by paramedicsmedical staff (EtOH-posi-
tive)” and *without pre-hospital ethanol administration by
paramedics’medical staff (EtOH-negative)’. Within the
latter subgroup, the data from patients who self-adminis-
terad ethanol shortly before presentation to hospitals were
analyzed separately.

Treatment

All patients wete tteated in accordance to the American
Association of Clinical Toxicology and the European
Association of Poison Centres and Clinical Toxicologists
(AACT/EAPCCT) practice puidelines on the treatment
of methanol poisoning [14]. Bicarbonate B4 or 4.2 %
solution was given intravenously as a buffer to the
patients with metabolic acidosis. Fomepizole or ethanol
were administered as antidotes to block ADH enzvme.
Folates were administered to substitute the endogenous
pool.
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Enhanced elimination was performed if the patients met
any of the following criteria: serum methanol higher than
15.6 mmol dm 3, metabolic acidosis with arterial blood
pH < 730, or had the signs of visual toxicity. The choice
of modality of enhanced elimination was based on several
factors, such as the hemodynamic stability of a patient on
admission, or the severity of poisoning, and availability of
dialysis equipment

Laboratory investigations

Methanol was measured by a gas chromatographic method
with flame ionization detection and a direct injection with
an internal standard, Lt of detection 1.9 mmol dm 3,
and day-to-day coefficient of variation 2.5-5.4 %. Formate
was measured enzyimatically using formate dehvdroge nase
and nicotinamide adenine dinucleotide, according to a
previously published method [38, 39]. Day-to-day coeffi-
cient of variation was 5.6 %, and the upper reference limit
was 0.44 mmol dm ™. Serum ethanol was analyzed by pas
chromatography with flame jonization detection and direct
injection with an internal standard. The limit of detection
was 0.7 mmol dm 3, and the day-to-day coefficient of
variation was 3.8—7.1 %. Osmolality was measured by the
freezing point depression method on a Fiske one-ten
osmometer. The reference range for the osmolal gap was
=9 to 19 mOsm (kg H:0) ! [44)]. The osmolal contribu-
tion from ethanol was subtracted from the measured
osmolality.

Statistical analyses

The laboratory and clinical data were compared using two-
sarmple assuming unequal variances, two-sample F test for
variances, bias test, and two-sample Kolmogorov—Smirnov
test. The data were expressed as medians with interquartile
ranpes (IQR). Spearman’s rank correlation, exploratory
factor analysis, and Chi-square tests were used to analyze
the association between different variables and the out-
comes of treatment Statistically significant parameters
were subsequently used in the regression models of ordinal
multinomic logistic regression based on likelihood ratio
estimation. Probabilistic analvsis of predictive ability of
significant parameters for the poor outcome of tre..*nmegt
was applied using Hosmer—Lemeshow likelihood ratio 8.
All statistical calculations were carried out on the level of
significance & = 0.05.

Ethics

The study was approved by the General University
Hospital Ethics Committes in Prague, Czech Republic.
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