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SOUHRN PRACE V CESTINE

Kontext: Metanol je alkohol, ktery se hojné¢ vyuziva v primyslu a ma znamé
neurotoxické U¢inky. U akutni otravy metanolem je typickym nalezem na
magnetické rezonanci (MRI) a pocitacové tomografii (CT) mozku bilateralni
nekroza bazalnich ganglii. Dopad expozice metanolu na periferni nervovy
systém neni znamy.

Cil: Stanovit prevalenci a predisponujici faktory hemoragickych
a nehemoragickych mozkovych 1ézi u pacientli, kteti ptezili akutni otravu
metanolem; zjistit, zda vySetfeni dopaminovych transportéri v mozku
jednofotonovou emisni vypodetni tomografii (DaT SPECT) s '*)I-ioflupanem
('?*I-ioflupan SPECT) lze potencialné vyuzit jako marker poSkozeni bazalnich
ganglii pfi akutni otravé metanolem; posoudit tlohu akutni expozice metanolu
v rozvoji periferni polyneuropatie (PNP) v letech nasledujicich po propusténi
Z nemocnice.

Material a metodika: U pacientll s potvrzenou otravou metanolem byla
provedena Sestiletd prospektivni kohortova jednocentrova studie. Vysetfovaci
protokol zahrnoval neurologické vysetfeni vcetné MRI, DaT SPECT
a elektromyografického vysetieni (EMG), déle zrakové evokované potencidly
(VEP), o¢ni vySetfeni s méfenim tloustky vrstvy nervovych vldken sitnice
(RNFL), biochemicka vySetfeni a toxikologické testy. U 46 pacientd byla
kontrolni vySetfeni zahrnujici MRI mozku provedena 3-8 a 24-28 mésici po
propusténi z nemocnice, u 42 pacientll byla MRI mozku provedena Ctyfikrat
béhem Sestiletého obdobi a DaT SPECT byl proveden dvakrat. 55 pacientt
podstoupilo v rdmci studie jednou az ctyfikrat EMG vysetieni.

Vysledky: Ze 46 pacientl (stfedni vek 49 let, IQR 35-57 let, 37 muzi a 9 Zen),
kterym bylo provedeno MRI vySetieni, mélo 24 (52 %) pacientii celkem
40 abnormalnich nalezi na mozku s hemoragickymi 1ézemi zjiSténymi
u 15 (33 %) a nehemoragickymi lézemi nalezenymi u 9 (19 %) pacientd.
Typickym mistem krvaceni do mozku bylo putamen. Pacienti s hemoragickymi
glykemie a laktatu nez pacienti bez krvaceni (vSichni p <0,05). Dlouhodobé
poskozeni zraku se vyskytovalo Cast&ji ve skupiné pacienti s hemoragickymi
lézemi CNS. U zavazné intoxikovanych pacientd 1é¢enych bez systémové
antikoagulaéni 1é¢by bylo zjisténo krvaceni do mozku, zatimco 1é¢ba vysokymi
dévkami heparinu ne vzdy vedla k hemoragickému poskozeni mozku.

Ctyficet dva pacienttl (praimémy vék 46,3 + 4,2 let; 8 Zen) podstoupilo dvakrét
DaT SPECT. U 35 hodnocenych pacientti byla provedena MRI-volumetrie. Byla
zjiSténa pozitivni korelace mezi specifickymi vazebnymi poméry (SBR)
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a objemem levého putamen. Korelace mezi SBR a objemem pravého putamen
byly vyznamné pouze pro putamen posterior (r = 0,386, p = 0,022). Byla
pozorovana vyznamnd korelace mezi SBR putamen posterior a pH arterialni
krve (r = 0,574; p <0,001) i dalsimi toxikologickymi parametry zavaznosti
otravy, v¢etné koncentrace laktatu, glukozy a kreatininu v séru (p <0,05). SBR
putamen posterior pozitivné korelovalo s globalni tloustkou RNFL (p <0,05).

PNP byla zjisténa u 20/55 (36 %) pacientil, ve vétSiné ptipadl se jednalo
o mirnou axonalni senzomotorickou neuropatii. Pacienti s PNP byli vyznamné
star$i (57,3 £ 5,3 oproti 42,5 £ 3,9 roku; p <0,001), méli vyssi hladinu glukézy
v krvi (5,93 £ 0,97 oproti 4,81 £+ 0,32 mmol/l; p = 0,035) a nizsi koncentraci
vitaminu B1 (45,5 + 7,4 oproti 57,5 £ 5,2 ug/l; p = 0,015). Ve skupiné pacientil
s PNP byl vyznamné vys§si pocet chronickych uZivatelti alkoholu (18/20 proti
19/35; p = 0,005). Nezaznamenali jsme souvislost mezi vyskytem PNP
a akutnimi parametry zavaznosti otravy — pH arteridlni krve, koncentraci
metanolu a etanolu pfi pfijmu (vSechny p> 0,05). Nebyl zjistén rozdil v poctu
pacientl se zrakovymi nasledky (9/20 s PNP oproti 12/35 pacientiim bez PNP;
p = 0,431) a CNS nasledky (9/20 s PNP oproti 15/35 pacientim bez PNP;
p=0,877)

Zavér: Prevalence hemoragickych 1ézi byla vys$§i nez prevalence
nehemoragickych 1ézi. Nebyla nalezena souvislost mezi krvacenim do mozku a
systémovou antikoagula¢ni 1é¢bou beéhem hemodialyzy. '?*I-ioflupan SPECT
(DaT SPECT) odrazejici dopaminergni axondlni dysfunkci ve striatu je
potencialné¢ dobrym ukazatelem funkéniho poskozeni bazalnich ganglii
vyvolaného metanolem. Nebyla nalezena Zadna souvislost mezi prevalenci PNP
v souboru a akutni expozici metanolu.



SUMMARY

Background: Methanol is widely industrially used alcohol with known
neurotoxic properties. Bilateral necrosis of basal ganglia is a typical finding
detected on magnetic resonance imaging (MRI) or computed tomography (CT)
scan of the brain in acute methanol poisoning. The impact of methanol exposure
on peripheral nervous system is unknown.

Aim: To study the prevalence and predisposing factors of haemorrhagic and
non-haemorrhagic brain lesions in survivors of acute methanol poisoning; to
investigate whether dopamine transporter single-photon emission computed
tomography (DaT SPECT) with '»I-ioflupane ('?*I-ioflupane SPECT) has the
potential as a marker of basal ganglia damage in acute methanol poisoning; to
investigate the role of acute methanol exposure in the development of peripheral
polyneuropathy (PNP).

Methods: A six year prospective, single-center, cohort study of patients with
confirmed methanol poisoning was conducted. The examination protocol
consisted of neurological examination, including MRI, DaT SPECT and
electromyographic examination (EMG) further, visual evoked potentials (VEP),
ocular examination with retinal nerve fiber layer thickness measurement
(RNFL), series of biochemical and toxicological tests. In 46 patients, follow-up
examinations including brain MRI were performed 3-8 and 24-28 months after
discharge from the hospital, in 42 patients brain MRI was performed four times
during a six-year period and DaT SPECT was performed twice, 55 patients
underwent electromyographic examination once to four times within the study.

Results: Of 46 patients (median age of 49 years, IQR 35-57 years, 37 males and
9 females), who underwent MRI examination, 24 (52 %) patients had a total of
40 abnormal brain findings with haemorrhagic lesions detected in 15 (33 %) and
non-haemorrhagic lesions found in 9 (19 %) patients. The typical site of brain
haemorrhage was the putamen. The patients with haemorrhagic brain lesions
were more acidemic and had higher glycaemia and lactacidaemia on admission
than those without haemorrhages (all p<0.05). The long-term visual damage was
present more often in the group of patients with haemorrhagic CNS lesions.
Brain haemorrhage was found in severely intoxicated patients treated without
systemic anticoagulant therapy, whereas treatment with high doses of heparin
did not always result in haemorrhagic brain damage.

Forty-two patients (mean age 46.3+4.2 yrs; 8 females) underwent DaT SPECT
twice. Volumetry was calculated in 35 of the patients assessed. The SBR for the
left putamen was positively correlated with its volume. Correlations between
specific binding ratio (SBR) and the volume of the right putamen were
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significant only for the posterior putamen (r = 0.386, p = 0.022). A strong
correlation was observed between the SBR of the posterior putamen and arterial
blood pH (r=0.574; p<0.001) and other toxicological parameters of severity of
poisoning including serum lactate, glucose, and creatinine concentrations
(p<0.05). The SBR of the posterior putamen positively correlated with the global
RNFL thickness (p<0.05).

PNP was observed in 20/55 (36%) patients, in most of the cases mild axonal
sensorimotor neuropathy. The patients with PNP were significantly older
(57.3£5.3 versus 42.5£3.9 years; p <0.001), with higher blood glucose
(5.93+0.97 versus 4.81+0.32 mmol/L; p=0.035) and lower vitamin B;
(45.5+£7.4 versus 57.5£5.2 ug/L; p=0.015) concentrations. The number of
chronic alcohol abusers was significantly higher in the PNP group (18/20 versus
19/35; p=0.005). No association of PNP prevalence was found with acute
parameters of poisoning severity — arterial blood pH, serum methanol and
ethanol concentrations at admission (all p>0.05). No difference in the number of
patients with visual (9/20 with PNP versus 12/35 patients without PNP; p=0.431)
and CNS sequelae (9/20 with PNP versus 15/35 patients without PNP; p=0.877)
of poisoning was present.

Conclusion: The prevalence of haemorrhagic lesions was higher than the
prevalence of non-haemorrhagic ones. No association between brain
haemorrhages and systemic anticoagulation during dialysis was found. '2’I-
ioflupane SPECT (DaT SPECT) reflecting dopaminergic axonal dysfunction in
the striatum demonstrates significant potential for the diagnosis of methanol-
induced functional damage of the basal ganglia. No association was found
between the prevalence of PNP and acute methanol exposure.



1. UVOD

1.1. Aktuilnost vyzkumu.

Metanol (metylalkohol) je vysoce toxicky alkohol. Pouziva se na vyrobu
formaldehydu, jako sou¢ast nemrznoucich smési nebo pohonnych latek, jako
denaturacni c¢inidlo a rozpoustédlo (English et al., 2015). K akutni otravé
metanolem muze dojit ndhodou, v sebevrazedném timyslu nebo v disledku
konzumace metanolem fedéného alkoholu (Kumar et al., 2003; Ravichandran et
al., 1984). V soucasné dobé se nejvice hromadnych otrav metanolem vyskytuje
v rozvojovych zemich, kde se metanol pouziva jako levna nahrada alkoholu.
Hromadné otravy metanolem se objevuji i v zemich Evropské unie, naptiklad
v Estonsku (Paasma et al., 2007; Paasma et al., 2013), v Norsku (Hovda et al.,
2005a) a v Ceské republice (Zakharov et al., 2014b).

1.2. Toxické pisobeni metanolu v lidském organismu

Metanol je relativné malo toxicky, toxické jsou zejména jeho metabolity —
formaldehyd a kyselina mravenc¢i. Metylalkohol je oxidovan v jatrech enzymem
alkoholdehydrogenazou (ADH) na formaldehyd a dale aldehyddehydrogenazou
(ALDH) na kyselinu mraven¢i. Kyselina mravenci je dale oxidovdna za
pfitomnosti tetrahydrofolatu (THF) na oxid uhli¢ity a vodu. Uginek kyseliny
mravenci na centralni nervovy systém (CNS) umocniuje zavazna metabolicka
acidoza, ktera usnadiuje prechod kyseliny mraven¢i hematoencefalickou
bariérou, coz zpusobuje edém mozku a/nebo nekrézy a krvaceni v oblasti
putamen, nucleus pallidus a subkortikalni bil¢ hmoty (Blanco et al., 2006; Feany
etal., 2001; Gaul et al., 1995; Zakharov et al., 2016).

1.3. Klinické priznaky, terapie a prognéza intoxikace metanolem.
K ¢asnym projeviim toxicity metanolu patii opilost, nevolnost, zvraceni,
bolesti bficha, slabost, zmatenost a ataxie (Tephly TR, 1991). V piipadé tézké

otravy dochazi k zadvaznému kvantitativnimu i kvalitativnimu postizeni védomi,
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mohou se objevit i kiece (Bennett et al., 1953, Kruse, 1992). Vyraznégji byva také
postiZzen zrak. SniZuje se ostrost vidéni a dochazi ke ztraté barevného vidéni,
pacienti popisuji obraz snézného pole nebo snéhovou boufi, pocity oslnéni
a zhasinani. U¢inna 1é&ba je vedena snahou, co nejdiive za pomoci antidota,
etanolu nebo 4-metylpyrazolu (fomepizolu), inhibovat ADH a tim zabranit
vzniku toxickych metabolith (Zakharov et al., 2015a). Dale je tfeba korigovat
zavaznou metabolickou acidézu a pokusit se o rychlou eliminaci metanolu
a kyseliny mravenci hemodialyzou (Barceloux et al., 2002; Jacobsen et al., 1986,
Kraut et al., 2008; Zakharov et al., 2014a, 2016, 2017a). Pozdni diagnéza a s ni
souvisejici pozdni zahajeni 1éCby vede k vyssi mortalit¢ a k vyssi
pravdépodobnosti vzniku trvalych zrakovych nebo neurologickych nasledki
(Hassanian-Moghaddam et al., 2007). Zavaznost metabolické acidozy je
znamym prognostickym faktorem u akutni otravy metanolem (Paasma et al.,

2012; Zakharov et al., 2015c¢).

1.4. Postizeni centralni nervové soustavy nasledkem akutni intoxikace
metanolem

Toxické pisobeni kyseliny mravenci, metabolitu metanolu, vede k nekréze
bazalnich ganglii, hlavné putamen, Casto s krvacenim, dale k postizeni bilé
hmoty zejména v subkortikdlni oblasti, mén€ casto k poskozeni v oblasti
mozkového kmene, mozecku a nucleus caudate (Blanco et al., 2006, Hassanian-
Moghaddam et al., 2017, Singh et al., 2013, Vaneckova et al., 2015). Nekteii
autofi uvadéji souvislost mezi krvacenim do mozku intoxikovanych pacientt
a pouzitim systémové antikoagulace béhem hemodialyzy (Giudicissi et al.,
1995, Hernandez et al, 2004). Pozdni neurologické piiznaky se
u intoxikovanych pacienti objevuji se zpozdénim dnli az tydnt po intoxikaci
(Bezdicek et al., 2014). Poskozeni bazalnich ganglii se muze Kklinicky

manifestovat sekundarnim parkinsonismem.
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1.5. Zobrazovaci a funké¢ni vySeti‘eni bazalnich ganglii

1.5.1. Magneticka rezonance a MR-volumetrie bazdlnich ganglii
Typickymi ndlezy na MRI a CT u pacienti intoxikovanych metanolem jsou
loziska bilateralni nekrozy bazalnich ganglii, nékdy s krvacenim, a hemoragické
léze v subkortikalni bilé hmot¢ (Jain et al., 2013; Kim et al., 2006, Vaneckova
etal., 2015). Mezi dalsi méné asté nalezy na MRI patfi nekrotické 1éze v oblasti
globus pallidus, nucleus caudate, thalamu, mozecku, mozkového kmene, pons a
mozkové kiry, dale atrofie zrakového nervu (Kuteifan et al., 1998; McLean et
al., 1980; McNeill et al., 2008). Nejcastéjsim nalezem na MRI je oboustranna
nekréza putamen (Vaneckova et al., 2019). Ke kvantitativnimu hodnoceni zmén
se vyuzivda MRI-volumetrick4 analyza mozku. Pacienti se znamkami metanolem
indukovaného poskozeni mozku maji na MRI vyrazné snizené objemy bazalnich
ganglii. Bylo prokdzano, Ze objem bazalnich ganglii koreluje se zdvaznosti
metabolické acidozy a zaroven objem putamen koreluje s tloustkou RNFL na

optické koherencni tomografii (OCT) (Hlusicka et al., 2020).

1.5.2. VySetieni distribuce a denzity dopaminového transportéru
jednofotonovou emisni vypocetni tomografii (DaT SPECT).

Do putamen je axonalnim proudénim transportovan dopamin syntetizovany
v substantia nigra pars compacta (Luo et al., 2019). Striatum (putamen a nucleus
caudate) tvofi spolu se substantia nigra, thalamem a frontalni oblasti mozku
kortiko-striato-thalamo-kortikalni smycku (Haber, 2016). Proto poskozeni
putamen muze ovlivnit rizné oblasti mozku. Dopaminovy transportér (DaT) je
protein nachazejici se v membrané¢ dopaminergnich bunék. Moderni
zobrazovaci techniky pouzivaji '*)I-ioflupane pro oznaeni DaT a umoZiuji
hodnotit dopaminergni funkce pomoci SPECT (Darcourt et al., 2010). Absorpce
123I-ioflupanu ve striatu odpovida poétu funkénich dopaminergnich neuront

v substantia nigra pars compacta (Colloby SJ, et all, 2012; Kordower).
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Zatim byly publikovany jen jednotlivé piipady intoxikovanych pacientd,
u kterych se vySetiovala a posuzovala funkce dopaminergniho systému ve striatu
pomoci funkénich zobrazovacich metod (Airas et al. 2008, Doe de Maindreville
et al., 2017). Zatim neni jasné, zda se nekroza v oblasti putamen
u intoxikovanych pacientti projevi bytkem striatalni DaT vazby, zda existuje
souvislost mezi objemy putamen, nucleus caudate, globus pallidus stanovenymi
pomoci MRI-volumetrie a specifickymi vazebnymi poméry (SBR) zjisténymi
pomoci ZI-ioflupane na DaT SPECT a zda také existuje souvislost mezi
kvantitativnimi parametry DaT SPECT a zavaznosti otravy, prognostickymi

faktory a aplikovanymi lé¢ebnymi metodami.

1.6. PostiZeni periferni nervové soustavy nasledkem akutni intoxikace
metanolem

V soucasné dobé neexistuji studie, které by se systematicky a dlouhodobé
zabyvaly plisobenim akutni intoxikace metanolem na periferni nervy pacientii
v letech nasledujicich po propusténi z nemocnice. Jsou popsany jen jednotlivé
klinické ptipady polyneuropatie (PNP), (Chio et al., 2004; Guggenheim et al.,
1971; Jarwani et al., 2012; Quartarone et al., 2000). Jedinou kohortovou studii
periferni PNP publikoval Paasma et al. (2009). V této studii vSak nebyla
provedena zadnd EMG (elektromyograficka) vySetfeni a diagnoza byla

stanovena na zakladé¢ klinického neurologického vySetteni.



2. CiLE DISERTACNI PRACE

Diserta¢ni prace je zameéfena na sledovani poskozeni centralniho

i periferniho nervového systému nasledkem akutni expozice metanolu a zabyva

se nasledujicimi tkoly:

1.

Stanovenim prevalence, charakteru a dynamiky hemoragickych
a nehemoragickych mozkovych 1ézi pacienti intoxikovanych metanolem

v prab¢hu Sesti let po propusténi z nemocnice.

. Posouzenim souvislosti mezi vyskytem CNS nésledkli intoxikace

a parametry zavaznosti otravy metanolem, prognostickymi faktory,
terapeutickymi metodami a zrakovymi nésledky intoxikace.

Zhodnocenim vyznamu zobrazovacich a funkénich vySetfovacich metod
v diagnostice dlouhodobych CNS nasledkd akutni intoxikace metanolem
(MRI a DaT SPECT).

Zjisténim souvislosti mezi nalezy periferni PNP na EMG a parametry
zavaznosti intoxikace, souvislosti s dal§imi diagndézami a souvislosti se
zrakovymi a CNS nasledky metanolové intoxikace. Na zaklad¢ téchto tidaju
je mym tukolem posoudit, zda akutni intoxikace metanole miize zpisobit

periferni PNP.



3. SOUBOR PACIENTU A METODIKA

Udaje k této praci jsem ziskavala na zakladé dlouhodobého sledovani
pacientl s potvrzenou diagndzou akutni intoxikace metanolem, kteti byli 1é¢eni
v nemocnicich béhem hromadné otravy metanolem v Ceské republice od zafi do
prosince 2012. V této dobé bylo ve zdravotnickych zafizenich v nasi republice
hospitalizovano celkem 108 pacientli akutn¢ intoxikovanych metanolem, z toho
84 pacientll intoxikaci pfezilo. V ramci této studie jsme vySetfili 55 pacientl
(pramémy vek 47,9 + 3,6 let; 9 zen). Z hlediska neurologického, vySetiovaci
protokol v dob¢ hospitalizace zahrnoval CT nebo MRI mozku. Informace o
klinickém stavu, vysledcich laboratornich vysetteni, vysledcich neurologického
a oc¢niho vysetfeni, pouzitych zpiisobech 1écby a prubehu hospitalizace jsme
ziskavali z propoustécich zprav pacientd. Po propusténi z nemocnice byli
pacienti, které jsme zatadili do studie, vySetfeni celkem Ctytikrat b€hem Sesti let
(3—8 mésict a poté 2, 4 a 6 let po propusténi). Pti t€chto kontrolnich vySetienich
jim byla odebrana anamnéza, podstoupili laboratorni biochemicka vySetieni,
neurologické vysetfeni (véetné MRI, SPECT, EMG) a oc¢ni vysetieni (vetné
VEP a OCT). Z 55 pacientt, ktefi do studie vstoupili, bylo u 46 pacientt (stfedni
vek 49, 35-57, 9 Zen) provedeno MRI 3—8 mésicti a 24—28 mésict po propusténi
z nemocnice. U 42 pacientll (primérny vek 46,3 + 4,2, 8 Zen) bylo MRI mozku
provedeno celkem ctytikrat béhem Sestiletého obdobi a DaT SPECT dvakrat —
Ctyfi a Sest let po propusténi z nemocnice. Pro DaT SPECT byl pouzit '2’I-
ioflupan. K automatické semikvantitativni analyze obrazu se pouzival komer¢né
dostupny software, ktery vypocital SRB pro striatum, nucleus caudate a
putamen. 55 pacienti zahrnutych do studie podstoupilo jednou az CEtytikrat
EMG. Cilem tohoto vySetfeni bylo posoudit rychlosti vedeni vzruchu a velikosti
potencialu elektrické odpovédi v motorickych vldknech (n. tibialis bilat. a n.

peroneus bilat.) i vladknech senzorickych (n. suralis bilat.). Oc¢ni vySetfeni
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obsahovalo standardni oftalmologické testy, optickou koherentni tomografii s
meéfenim tloustky RNFL a VEP. Laboratorni vySetfeni zahrnovala vysetfeni
kompletniho krevniho obrazu, mineralti, jaternich testil, glukézy, glykovaného
hemoglobinu, albuminu, prealbuminu, ledvinnych a jaternich testd, cholesterolu,
lipidti, thyreostimulacniho hormonu, vitamini Bl a B12, transferinu,

karbohydrat-deficientniho transferinu (CDT) a etylglukuronidu v mo¢i.
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9
4. VYSLEDKY A DISKUSE

4.1. Prevalence, charakter, dynamika a predisponujici faktory
hemoragickych a nehemoragickych 1ézi mozku zpiisobenych akutni

intoxikaci metanolem

4.1.1. Prevalence a dynamika hemoragickych a nehemoragickych
mozkovych lézi

Jednim z cilit mé disertani prace bylo posoudit prevalenci, charakter
a dynamiku poSkozeni CNS wu pacientd intoxikovanych metanolem.
Z 55 pacientl bylo u 46 pacientu (stfedni vek 49, 35-57, 9 Zen) MRI vysetfeni
provedeno 3-8 meésiclh a 24-28 meésic po propuSténi z nemocnice. Ve
sledovaném souboru 24 (52 %) téchto pacientd mélo celkem 40 abnormalnich
nalezii v mozku odpovidajicich CNS nasledkiim akutni otravy metanolem.
Hemoragické 1éze byly zjistény u 15 ze 46 (33 %) pacientd a nehemoragické
léze u 9 (19 %) pacientl. U pacientli se zndmkami poSkozeni CNS byly
hemoragické 1éze pritomny v 15 z 24 (63 %) piipadd. Nejcastéj$imi 1ézemi
nalezenymi u 16 ze 46 (35 %) pacientll byly bilateralné symetrické nekrotické
léze putamen. Nicméné globus pallidus, mozkovy kmen a subkortikalni bila
hmota, zejména ve frontalnich a parietooccipitalnich oblastech mohou byt také
postizeny. U pacientl s nekrdzou putamen byly hemoragické 1éze detekovany v
deviti (56 %) ptipadech. U zbyvajicich 7 (44 %) ze 16 pacientd nebyly
v putamen nalezeny zadné znamky krvaceni.

Béhem hospitalizace s akutni intoxikaci metanolem bylo ze 46 pacientii CT
vySetfeni mozku provedeno u 8 (17 %) pacientil s neurologickymi pfiznaky.
V péti (11 %) piipadech bylo CT provedeno uz pii piijeti z divodu bezvédomi.
U vSech péti pacientl nebyla pfi pfijeti nalezena zadna mozkova léze. U tiech
(7 %) pacientit bylo CT provedeno pozd€ji v prub&hu hospitalizace a u dvou
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ztéchto pacienti se uskutecnilo jest¢ kontrolni MRI vySetfeni mozku.
U ostatnich 38 (83 %) pacienttl bylo prvni MRI zobrazeni mozku provedeno az
v ramci nasi studie. U téchto 38 pacientll nebyly v dobé hospitalizace ptitomny
zadné neurologické pfiznaky, ale nasledné MRI vysetieni odhalilo krvaceni do
mozku u 11 (29 %) znich. Ackoli zndmky nekrotickych 1ézi v bazélnich
gangliich byly na CT/ MRI nalezeny béhem prvnich 2-3 dnd hospitalizace,
krvaceni se zjevné objevilo pozdéji, po 10-14 dnech hospitalizace. V nasi studii
se hemoragické léze vyskytovaly Castéji nez nehemoragické. Vysledky druhého
nasledného MRI vysetfeni 24—28 mésicti po propusténi z nemocnice neodhalily
znamky progrese, ani regrese mozkovych 1ézi zjisténych pfi prvnim nésledném

MRI vysetteni.

4.1.2. Predisponujici faktory hemoragickych mozkovych lézi

V ramci nasi studie jsme zjistili, Ze pacienti s hemoragickymi mozkovymi
byl jim Castéji podavan bikarbonat a méli vyznamné vys$si hladinu glukdzy
a laktatu v séru nez pacienti bez nasledkt na CNS. Koncentrace metanolu v séru
neméla Zadnou prognostickou hodnotu. Stejné tak vliv poddvaného antidota
(etanolu nebo fomepizolu) a substituce kyseliny listové na prognoézu nebyl
vyznamny. Ve skupin€ pacienti s krvidcenim do mozku se vyskytovalo
dlouhodobé poskozeni zraku castéji (p <0,001) nez ve skupiné pacientli bez
hemoragickych 1ézi a ve skupiné pacientii s nehemoragickym poskozenim CNS
(p = 0,015). Tato skutecnost potvrzuje, ze krvaceni do mozku se obvykle
vyskytuje u nejzavaznéji intoxikovanych pacientii s kombinovanym poskozenim

zrakového nervu, gangliovych bungk sitnice a struktur mozku.

13



4.1.3. Vliv systémové antikoagulacni lécby aplikované béhem
hemodialyzy na vznik hemoragickych lézi v mozku

V nasem souboru nebyla nalezena zadna zjevna souvislost mezi krvacenim
do mozku a systémovou antikoagulaéni 1é¢bou podadvanou béhem hemodialyzy.
Hemodialyza byla provedena u 34 ze 46 (73 %) pacienti a systémova
antikoagula¢ni terapie s vysokomolekuldrnim nebo nizkomolekuldrnim
heparinem (LMWH) byla podana 31 ze 34 (91 %) dialyzovanych pacientti. Jeden
pacient dostal béhem 1é¢by LMWH z jiné indikace. Systémova antikoagulacni
lécba nebyla podana 14 ze 46 (30 %) pacientl. Regiondlni citratova
antikoagulace (RCA) byla podana u dvou z téchto pacientll, jeden pacient
nedostal pii hemodialyze Zadnou antikoagulacni 1é€bu. Zbyvajicich 11 pacientl
nepodstoupilo hemodialyzu ani jim nebyla podéna Zadna antikoagula¢ni terapie.
Z 32 pacientt, kterym byl podan heparin a LMWH béhem 1é¢by, mélo 13 (41
%) pacientd MRI znamky krvaceni do mozku. Ze 14 pacientd, kteii systémovou
antikoagula¢ni 1écbu nedostéavali, bylo u 2 (14 %) zjisténo krvaceni do mozku (p
= 0,080). U témer 60 % pacientll se systémovou antikoagulac¢ni lécbou
aplikovanou béhem hemodialyzy nebyly tedy nalezeny Zadné hemoragické 1éze.
Zaroven u 6 z 9 (67 %) pacienti s nehemoragickymi nekrotickymi 1ézemi byl
béhem dialyzy podan heparin, aniz by to vedlo ke krvaceni v nekrotickych
oblastech mozku. Pravdépodobnost, Ze dojde ke krvaceni v pivodné
nehemoragickych 1ézich, ziejmé nezavisi na systémové antikoagulacni 1é¢be,
protoze i v pfipadé masivnich davek heparinu, podavanych v bolusech, nebo
kontinualné, nedoslo v rozsahlych bilateralné nekrotickych oblastech bazalnich

gangliich ke krvaceni.
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4.2. Vyznam DaT-SPECT v diagnostice poskozeni bazilnich ganglii.

Dals§im z cilt mé disertatni prace bylo posoudit, zda se '*I-ioflupan
SPECT (DaT SPECT) muze uplatnit v diagnostice funkéniho poskozeni
bazalnich ganglii zptisobeného akutni intoxikaci metanolem.

U 42 pacientu (stfedni veék 46, 3 + 4.2 let; 8 Zen) bylo vysetfeni DaT SPECT
provedeno celkem dvakrat béhem Sestiletého sledovani (Ctyfi a Sest let po
propusténi) a MRI mozku celkem ctyfikrat (3—8 mésict, 2, 4 a 6 let po
propusténi). U 15/42 pacientti (36 %) MRI mozku odhalila zndmky nekrotickych
1ézi putamen (pacienti klasifikovani jako skupina I), u 27 pacientl nebyly
zjiStény Zadné znamky poskozeni putamen (pacienti klasifikovani jako skupina
II). Fokalni nekrotické 1éze v globus pallidus byly nalezeny u 6 pacientti (14 %),
tf1 z nich méli zaroven nekrotické 1éze putamen.

Tyto dvé skupiny se mezi sebou neliSily vékem, pohlavim, podilem
chronickych uzivatelii alkoholu ani podilem kuidkl. Pacienti s nekrotickymi
lézemi putamen diagnostikovanymi na MRI byli zavaznéji intoxikovani, méli
niz§i arteridlni pH krve a nizs§i koncentrace bikarbonatu. Mezi obéma skupinami
nebyl pozorovan zadny rozdil v typu podédvaného antidota (etanol, fomepizol)
ani v podavani kyseliny listové.

MRI-volumetrie byla provedena u 35 pacienti (8 Zen; p = 0,682), 13
z téchto pacientd mélo nekrotické 1éze putamen a 22 pacientli nemélo znamky
poskozeni putamen na MRI mozku (p = 0,897). Pacienti s mozkovymi lézemi
na MRI méli mensi objem putamen, nucleus caudate a globus pallidus nez
pacienti bez mozkovych 1ézi. VySetieni DaT SPECT prokazalo u pacientl s
nekrotickymi 1ézemi putamen signifikantné nizsi sttedni SBR pro striatum a pro
putamen bilateralné, nikoli vSak pro nucleus caudate. Nejvetsi rozdil v SBR byl
pozorovan u putamen posterior bilateraln¢. Byla zjisténa vyznamna pozitivni
korelace mezi pH arteridlni krve pii pfijeti, jako hlavnim prognostickym
parametrem otravy (Hovda KE, et al., 2005; Paasma R, et al. 2012), a SBR pro
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putamen (r = 0,396, p = 0,012; r = 0,455, p = 0,004 pro pravy a levy putamen).
Nejsilngjsi korelace byla opét pozorovana mezi pH arterialni krve a SBR pro
putamen posterior bilateralné.

Nalezy SBR pro putamen posterior bilateralné negativné korelovaly také
s dal§imi prognosticky vyznamnymi laboratornimi parametry — koncentraci
laktatu v séru pfi ptijeti (r =-0,596, p <0,001; r =-0,533, p = 0,002, pro pravy a
levy putamen posterior), akutni stresovou glykemii (r = -0,504, p = 0,001;
r=-0,468, p = 0,002 pro pravy a levy putamen posterior) a s koncentraci
kreatininu v séru, jako indikatoru akutniho poskozeni ledvin u zavazné
intoxikovanych pacientt (r = -0,353, p = 0,025; r =-0,350, p = 0,027 pro pravy
a levy putamen posterior). Nebyly zjistény zadné korelace mezi SBR
a koncentracemi metanolu, etanolu nebo kyseliny mravenci v séru pfi piijeti (p>
0,05), ani typem antidota podavaného v nemocnici, substituci folatu a s ¢asem
mezi expozici metanolu a piijetim do nemocnice. Méteni DaT SPECT odhalilo
pozitivni korelaci mezi tloustkou RNFL a SBR pro putamen posterior. Rozdily
v SBR pro putamen anterior mezi témito dvéma skupinami pacientii byly mensi
nez pro putamen posterior. Tato data mohou naznacovat, Ze pfedni ¢asti striata,
které se ucastni kognitivné naro¢nych ukoll, jsou méné nachylné k toxicité
metanolu nez zadni Casti, které se podileji na zakladnich pohybovych vzorcich.
Vice nez 40 % pacientd v nasi studijni populaci mélo znamky bradykineze
srigiditou a/nebo tfesem, odpovidajici mimému az stredné¢ tézkému

parkinsonismu.

4.3. PostiZzeni periferni nervové soustavy nasledkem akutni intoxikace
metanolem
V této studii jsme zjistovali mozny vliv akutni expozice metanolu na vyvoj
periferni PNP v letech nasledujicich po otravé metanolem. Z 55 pacientd

zahrnutych do studie bylo EMG vySetfeni provedeno ctyfikrat u 31 pacientd,
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tiikrat u 13 pacientdl, dvakrat u 6 pacientii a jedenkrat u 5 pacientd. Béhem
sledovaného obdobi deset pacienti zemielo a ¢tyfi pacienti byli piijati az po
prvnim kole vySetieni.

Z 55 pacienti melo 20 (36 %) pacientd pfiznaky a zmény na EMG
odpovidajici periferni PNP. Ve vétSiné pfipadi byla zaznamendna mirna
axonalni senzomotorickd neuropatiec. U 6 (11 %) pacientd byla diagndza
periferni PNP pfitomna v lékaiskych zaznamech uz pted expozici metanolu,
u 14 (25 %) pacientii byla PNP diagnostikovana v prib&hu sledovaného obdobi.
Z téchto 14 pacientl byla u 9 periferni PNP diagnostikovana béhem prvniho kola
naslednych vySetfeni a u 5 pozdé&ji béhem Sestiletého sledovani. V prevalenci
periferni PNP nebyl rozdil mezi pohlavimi (2/9 Zen oproti 18/46 muzim,
p =0,335), ale pacienti s PNP byli vyznamné starsi nez pacienti bez PNP.
Pacienti s chronickym abtizem alkoholu méli vyznamné vyssi prevalenci
periferni PNP neZ pacienti bez zavislosti na alkoholu. Pouze dva pacienti bez
chronického abtizu alkoholu méli periferni polyneuropatii — 51lety nedostate¢né
kompenzovany diabetik s diabetickou PNP diagnostikovanou jesté pred expozici
metanolu, a 64lety muz s neléenou hypotyre6zou (TSH 18,62 mIU/I) a PNP
diagnostikovanou v prvnim kole naslednych vysetfeni.

Rozdil v z&dvaznosti otravy metanolem, definovany jako stupeti acidémie
pri ptijeti (pH arterialni krve) nebyl mezi obéma skupinami pacientli vyznamny
(p = 0,198), navic pacienti s PNP m¢li relativné vys$i arterialni pH krve,
relativn€ nizsi koncentraci metanolu v séru a relativné vyssi koncentraci etanolu
pfi pfijmu do nemocnice nez pacienti bez PNP, coz naznacuje mén¢ zavaznou
otravu. Stejn¢ tak se mezi obéma skupinami neprokazal rozdil v poctu
intoxikovanych pacientli s dlouhodobymi zrakovymi nasledky (12/35 bez PNP
oproti 9/20 s PNP, p = 0,431) a nasledky na CNS (15/35 bez PNP proti 9/20 s
PNP, p = 0,877). U 8/55 (15 %) pacientii bylo béhem sledovaného obdobi

zaznamenano zhorSeni EMG nalezu, v¢etné 5 ptipadd s nove diagnostikovanou
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periferni PNP, pouze u jedné Zeny s periferni PNP bylo béhem sledovaného
obdobi zjisténo zlepseni EMG nalezu v disledku abstinence trvajici vice nez dva
roky.

Vysokou prevalenci periferni PNP a piipady jeji progrese lze jednoznacné
pfipsat jinym pri¢inam nez metanolové intoxikaci, zejména anamnéze
pfedchoziho a soucasného chronického abtizu alkoholu a DM. Jednim
z klicovych prvkii v patogenezi alkoholické PNP je nutricni stav pacientd,
zejména hladiny vitaminu B1, vitaminu B12 a nedostatek bilkovin (Charness et
al., 1989; Victor, 1984). V nasi studii méla skupina pacientii s PNP vyznamné
niz§i pruimérné koncentrace vitaminu B1 v séru neZ skupina pacientii bez PNP.
K alkoholické PNP obvykle dochazi po deseti a vice letech nadmérného piti
(Vittadini et al.,, 2001). V naSem souboru byli pacienti s perifernim PNP
vyznamné starsi, s primémym vékem 57 £ 5 let, ve srovnani s 43 + 4 roky
upacienti bez PNP. VSichni pacienti s negativni dynamikou
elektromyografickych nalezi byli soucasné chroniéti alkoholici, u jedné
pacientky doslo po n€kolika letech abstinence ke zlepSeni elektromyografického
nalezu. Prevalence alkoholické polyneuropatie uvadéna v literatuie se pohybuje
od 12,5 do 29,6 % (Beghi a Monticelli, 1998; Wetterling et al., 1999), coz také
pfiblizné¢ odpovidéa nasim zjiSténim.

Diabeticka PNP je ¢astou komplikaci DM (Galer et al., 2000). Az u 50 %
diabetikil se po 25 letech onemocnéni vyvine neuropatie (Pirart, 1977). V nasi
studii mélo 5/9 (56 %) pacienti s diabetem periferni PNP a koncentrace glukozy
v séru ve skupiné pacientd s PNP byla vyznamné vyssi neZ u pacienti bez PNP.
U ¢tyf pacienti byl zjistén zvySeny glykovany hemoglobin, jednalo se tedy

o nedostatecné kompenzované pacienty.
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5. ZAVER

Cilem této prace bylo, na zakladé dlouhodobého sledovani souboru

pacientl s potvrzenou diagnézou akutni intoxikace metanolem, zhodnotit

dlouhodobé poskozeni centralni a periferni nervové soustavy v disledku akutni

intoxikace metanolem. Zavéry, ke kterym jsme dospéli v pribéhu této studie, by

se pro jednotlivé kapitoly daly shrnout do nasledujicich bodu:

5.1.

5.1.1.

5.1.2.

5.1.3.

5.1.4.

5.1.5.

Prevalence, charakter, dynamika a predisponujici faktory
hemoragickych a nehemoragickych 1ézi mozku zpisobenych akutni
intoxikaci metanolem

Prevalence poskozeni mozku v disledku akutni intoxikace metanolem
muze byt vyznamné podhodnocena v ptipadg, Ze je zobrazovaci vySetfeni
mozku provedeno pfili§ brzy po pfijeti do nemocnice a chybi nasledné
kontrolni vySetfeni nebo v ptipadé, Ze vySetfeni neni z diivodu absence
neurologickych ptiznakli provedeno viibec.

Nase udaje nepotvrdily nazor nékterych autort, ze krvaceni do mozku u
pacientll intoxikovanych metanolem je ,,vzacnou komplikaci 1é¢by*.
V nasi studii se jednalo spiSe o typicky ndlez na MRI u pacientl
intoxikovanych metanolem.

V pribchu nasi studie jsme dale zjistili, Ze pacienti s hemorhagickymi
mozkovymi 1ézemi byli vaznéji intoxikovani.

Ve skupiné pacientti s krvacenim do mozku se vyskytovalo dlouhodobé
poskozeni zraku Castéji nez ve skupiné pacientti bez hemoragickych 1ézi
a ve skuping pacientl s nehemoragickym poskozenim CNS.

Nase studie nepotvrdila hypotézu, ze systémova antikoagula¢ni 1é¢ba
béhem hemodialyzy mutze byt pfic¢inou krvaceni do mozku. Krvaceni
v nekrotickych oblastech je moznou pozdni fazi vyvoje poskozeni mozku

v ptipadech tézké otravy metanolem.
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5.1.6. Nicmén¢ v ptipad¢ patologickych stavii, které mohou usnadnit krvaceni
do mozku pacientii intoxikovanych metanolem (podavani vysokych
davek vysokomolekularntho nebo nizkomolekularniho heparinu,
hemoragicka cévni mozkova piihoda v anamnéze, krvacivé stavy jako
Mallory-Weisstiv  syndrom, alkoholicka cirh6za nebo hepatopatie
s trombocytopenii, chronickd  lécba  warfarinem,  aspirinem
a klopidogrelem) by bylo dobré zvazit béhem hemodialyzy podani RCA
jako alternativu k systémové antikoagula¢ni 16¢bé vysokomolekularnim
nebo nizkomolekularnim heparinem.

5.1.7. Z davodu vysoké prevalence poskozeni mozku v disledku akutni
intoxikace metanolem je nutné pacienty, ktefi prezili intoxikaci
metanolem, dispenzarizovat a zvat na kontrolni neurologicka vySetfeni.
V¢asna diagnostika poskozeni mozku a odpovidajici terapie mize zlepsit

kvalitu Zivota téchto pacientll.

5.2. Vyznam DaT-SPECT v diagnostice poskozeni bazalnich ganglii

5.2.1. Nase studie odhalila, Ze SBR pro putamen, a zejména pro putamen
posterior, bylo vyznamné niz$i u pacientd se znamkami nekrotickych 1ézi
na MRIL

5.2.2. Nalezli jsme tedy korelaci nédlez na DaT SPECT s objemovymi
parametry a zjistili, ze DaT SPECT muize byt srovnatelnou a v urcitych
situacich dokonce pfesnéj$i metodou nez MRI-volumetrie, pokud jde
o jeho schopnost identifikovat pacienty s toxickymi 1ézemi putamen.

5.2.3. Zjistili jsme vyznamnou korelaci mezi pH arteridlni krve pfi piijeti, jako
hlavnim prognostickym parametrem otravy, a SBR pro putamen.
Nejsilngjsi korelace byla pozorovana mezi pH arterialni krve a SBR pro

putamen posterior bilateralné.
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5.2.4.

5.2.5.

5.3.

5.3.1

5.3.2.

5.3.3.

5.3.4.

5.3.5.

Meéteni DaT SPECT odhalilo pozitivni korelaci mezi tloustkou RNFL
a SBR pro putamen posterior.

SBR pro putamen, a zejména pro putamen posterior, je potencialné
dobrym markerem poskozeni bazalnich ganglii vyvolaného metanolem a
123]-ioflupan SPECT (DaT SPECT) odrazejici dopaminergni axonalni
dysfunkci ve striatu se miize vyznamné uplatnit v diagnostice funkéniho

poskozeni bazalnich ganglii zptisobeného akutni intoxikaci metanolem.

PostiZeni periferni nervové soustavy nasledkem akutni intoxikace
metanolem

Nase studie neprokdzala asociaci mezi zdvaznosti otravy metanolem,
definovanou pH arterialni krve, koncentraci metanolu a etanolu v séru a
prevalenci periferni PNP, stejné€ tak i dynamikou EMG nélezli v letech
nasledujici po otrave.

Dale jsme u sledovanych pacientd nezjistili Zddnou souvislost mezi
prevalenci periferni PNP a zndmymi dlouhodobymi zdravotnimi nasledky
otravy metanolem, poSkozenim zraku a mozku.

Vétsina pacientll s periferni PNP v naSem souboru byla star$i, méla
v anamnéze chronicky abtizus alkoholu, alkoholickou hepatopatii, DM,
hypotyredzu, vyssi hladiny glukdzy v séru a nizsi koncentrace vitaminu
BI.

Vysokou prevalenci periferni PNP a piipady jeji progrese povazujeme
jednoznacn€ za nasledek jinych patologickych stavi nez akutni
intoxikace metanolem, zejména za nasledek chronického abtizu alkoholu
a DM.

Akutni intoxikace metanolem tedy s nejvétsi pravdépodobnosti
nezpusobuje periferni PNP a u pacientil piezivSich intoxikaci metanolem
neni nutné provadét EMG vySetfeni, pokud toto vySetfeni neni

indikovano z jinych davodi.

21



6. SEZNAM LITERATURY

10.

11.

12.

13.

14.

15.

16.

17.

18.

Abdallat IM, Hadidi MS, Rashid N, Hadidi KA, Outbreak of methanol fatalities in
Jordan. J Bahrain Med Soc, 2009; 21(3):283-286.

Abdul Rahim FAA, Al Shiekh A. Substance abuse and homelessness: mass methanol
poisoning in Khartoum. Sudan Med J, 2012; 48(1):1-6.

Abramson S, Singh AK, Treatment of the alcohol intoxications: Ethylene glycol,
methanol and isopropanol. Curr Opin Nephrol Hypertens, 2000; 9(6):695-701.
Ahmad K, Methanol-laced moonshine kills 140 in Kenya. Lancet, 2000;
356(9245):1911-1911.

Aisa TM, Ballut OM, Methanol intoxication with cerebral hemorrhage. Neurosciences,
2016; 21:275-277.

Aquilonius SM, Bergstrom K, Enoksson P, Hedstrand U, Lundberg PO, Mostromm U,
Olsson Y, Cerebral computed tomography in methanol intoxication. J Comput Assist
Tomogr, 1980; 4:425-428.

Arumugnan M, Rathinam R, Rathinasamy S, Therapeutic response to single
intravenous bolus administration of formate dehydrogenase in methanol-intoxicated
rats. Toxicol Lett, 2006;161(2):89-95.

Azmak D, Methanol related deaths in Edirne. Leg Med (Tokyo), 2006; 8(1):39-42.
Bade LK, Sapre DP, Methyl alcohol poisoning. Medical News. Med Law, 1931; 12:106-
108.

Barceloux DG, Bond GR, Krenzelok EP, Cooper H, Vale J, American Academy of
Clinical Toxicology practice guidelines on the treatment of methanol poisoning. J
Toxicol Clin Toxicol, 2002; 40(4):415-446.

Baud FJ, Bismuth C, Garnier R, Galliot M, Astier A, Maistre G, Soffer M, 4-
methylpyrazole may be an alternative to ethanol therapy for ethylene-glycol
intoxication in man. J Toxicol Clin Toxicol, 1986; 24(6):463-483.

Baumbach GL, Cancilla PA, Martin-Amat G, Tephly TR, McMartin KE, Makar AB,
Methyl alcohol poisoning. IV. Alterations of the morphological findings of the retina
and optic nerve. Arch Ophthalmol, 1977; 95:1859—-1865.

Beatty L, Green R, Magee K, Zed P, A systematic review of ethanol and fomepizole
use in toxic alcohol ingestions. Emerg Med Int, 2013; ID 638057.

Beghi, E., Monticelli, M.L., Chronic symmetric symptomatic polyneuropathy in the
elderly: a field screening investigation of risk factors for polyneuropathy in two Italian
communities. [talian General Practitioner Study Group (IGPST). J. Clin. Epidemiol. 51,
1998; 697-702.

Bekka R, Borron SW, Astier A, Sandouk P, Bismuth C, Baud FJ, Treatment of
methanol and isopropanol poisoning with intravenous fomepizole. J Toxicol Clin
Toxicol, 2001; 39(1):59-67.

Ben Taleb Z, Bahelah R, Viewpoint: Methanol poisoning outbreak in Libya: A need
for policy reforms. J Public Health Policy, 2014; 35(4):489-498.

Bennett IL, Cary FH, Mitchell GL, Cooper NM. Acute methyl alcohol poisoning: a
review based on experiences in an outbreak of 323 cases. Medicine (Baltimore), 1953;
32:43 1-62.

Bezdicek, O, Klempir, J, Liskova I, Michalec J, Vaneckova M, Seidl Z, Janikova B,
Miovsky M, Hubacek JA, Diblik P, Kuthan P, Pilin A, Kurcova I, Fenclova Z, Petrik
V, Navratil T, Pelclova D, Ruzicka E, Zakharov S, Sequelae of Methanol Poisoning for
Cognition. Ceskd a slovenska neurologie a neurochirurgie, 2014; 77/110(3):320-325.

22



19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Bezdicek O, Michalec J, Vaneckova M, Klempir J, Liskova I, Seidl Z, Janikova B,
Miovsky M, Hubacek J, Diblik P, Kuthan P, Pilin A, Kurcova I, Fenclova Z, Petrik V,
Navratil T, Pelclova D, Zakharov S, Ruzicka E, Cognitive sequelae of methanol
poisoning involve executive dysfunction and memory impairment in cross-sectional and
long-term perspective. Alcohol, 2017; 59:27-35.

Brahmi N, Blel Y, Abidi N, Kouraichi N, Thabet H, Hedhili A, Amamou M, Methanol
poisoning in Tunisia: report of 16 cases. Clin Toxicol, 2007; 45(6):717-720.

Brent J, McMartin K, Phillips S, Aaron C, Kulig K, Fomepizole for the treatment of
methanol poisoning. N Engl J Med, 2001; 344(6):424—429.

Brierly JB, Graham DI, Hypoxia and vascular disorders of the central nervous system.
In: JH Adams, JAN Corsellis, LW Duchen (eds). Greenfield's Neuropathology. Edward
A., London, 1984; 125-207.

Burns MJ, Graudins A, Aaron CK, McMartin K, Brent J, Treatment of methanol
poisoning with intravenous 4-methylpyrazole. Ann Emerg Med, 1997; 30(6):829-832.
Charness, MLE., Simon, R.P., Greenberg, D.A., 1989. Ethanol and the nervous system.
NEIM 321, 442-454.

Chi-Ren H, Wen-Neng C, Nai-Wen T, Cheng-Hsien L, Serial nerve conduction studies
in vitamin B12 deficiency-associated polyneuropathy. Neurol Sci, 2011, 32, 183-186.
Chio A, Herrero Hernandez E, Mora G, Valentini C, Discalzi G, Pira E, Motor neuron
disease and optic neuropathy after acute exposure to a metanol-containing solvent
mixture. Amyotroph Lateral Scler Other Motor Neuron Disord, 2004; 5:188-91.
Colloby SJ, McParland S, O’Brien JT, Attems J. Neuropathological correlates of
dopaminergic imaging in Alzheimer’s disease and Lewy body dementias. Brain 2012;
135:2798-808.

Comoglu S, Ozen B, Ozbakir S, Methanol intoxication with bilateral basal ganglia
infarct. Australas Radiol 2001; 45:357-8.

Darcourt J, Booij J, Tatsch K, Varrone A, Vander Borght T, Kapucu OL, EANM
procedure guidelines for brain neurotransmission SPECT using (123)I-labelled
dopamine transporter ligands, Version 2. Eur J Nucl Med Mol Imaging, 2010;
37(2):443-450.

Davis LE, Adair JC, Parkinsonism from methanol poisoning: benefit from treatment
with antiparkinson drugs. Mov Disord, 1999; 14(3):520-522.

Dilip MN, Sankalia DM, Saraiya SP. Acute methyl alcohol poisoning “the blind drunk”
—areview. GJRA, 2013; 2(6):28-29.

Duman E, Akgiir SA, Oztiirk P, Sen F, Fatal poisonings in the Aegean region of Turkey.
Vet Hum Toxicol, 2003; 45(2):106-108.

Eells JT, McMartin KE, Black K, Virayotha V, Tisdell RH, Tephly TR, Formaldehyde
poisoning. Rapid metabolism to formic acid. JAMA, 1981a; 246(11):1237-1238.
El-Salem K, Ammari F, Neurophysiological Changes in Neurologically Asymptomatic
Hypothyroid Patients: A Prospective Cohort Study, J Clin Neurophysiol, 2006; 23(6)
568-572.

English A, Brown J, Rovner J, Davies S, Methanol, Wiley Online Library, Published
online: 16. 3. 2015, DOI: 10.1002/0471238961.1305200805140712.a01.pub3

Feany, MB, Anthony DC, Frosch MP, Zane W, De Girolami U, August 2000: Two
cases with necrosis and hemorrhage in the putamen and white matter. Brain Pathol.
2001; 11(1):121-122.

23



37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

SS.

56.

Galer, B.S., Gianas, A., Jensen, M.P., 2000. Painful diabetic polyneuropathy:
epidemiology, pain description, and quality of life. Diabetes Res. Clin. Pract. 47, 123—
128.

Gaul HP, Wallace CJ, Auer RN, Fong TC, MR findings in methanol intoxication. 4m
J Neuroradiol, 1995; 16(9):1783-1786.

Ghosh A, Boyd R, Leucovorin (calcium folinate) in “antifreeze” poisoning, Emerg Med
J, 2003; 20(5), 466.

Gille M, Depre A, Delbecq J, Van den Bergh P, Motor neuropathy, putaminal necrosis
and optic nerve atrophy following acute metanol poisoning. Rev Neurol, 1998; 154:862.
Giovanetti F, Methanol poisoning among travellers to Indonesia. Travel Med Infect
Dis, 2013; 11(3):190-193.

Glazer M, Dross P. Necrosis of the putamen caused by methanol intoxication: MR
findings. AJR Am J Roentgenol, 1993; 160:1105-6.

Giudicissi Filho M, Holanda CV, Nader NA, Gomes SR, Bertolucci PH, Bilateral
putaminal hemorrhage related to methanol poisoning: A complication of hemodialysis?
Case report. Arqg Neuropsiquiatr, 1995; 53:485-487.

Gummin DD, Mowry JB, Spyker DA, Brooks DE, Beuhler MC, Rivers LJ, Annual
Report of the American Association of Poison Control Centers' National Poison Data
System (NPDS): 36th Annual Report. Clin Toxicol, 2019;57(12):1220—413.

Giillmen MK, Meral D, Hilal A, Akcan R, Cekin N, Methanol intoxications in Adana,
Turkey. Toxicol Mech Methods, 2006; 16(7):353-357.

Haber SN, Corticostriatal circuitry. Dialogues Clin Neurosci; 2016; 18(1):7-21.
Hageman G, Van der Hoek J, Van Hout M, van der Laan G, Steur EJ, De Bruin W,
Herholz K, Parkinsonism, pyramidal signs, polyneuropathy, and cognitive decline after
long-term occupational solvent exposure. J Neurol, 1999; 246(3):198-206.

Halavaara J, Valanne L, Setild K, Neuroimaging supports the clinical diagnosis of
methanol poisoning. Neuroradiology, 2002 44:924-928.

Hantson P, Duprez T, Mahieu P, Neurotoxicity to the basal ganglia shown by magnetic
resonance imaging (MRT) following poisoning by methanol and other substances. J
Toxicol-Clin Toxicol, 1997; 35:151-161.

Hassanian-Moghaddam H, Pajoumand A, Dadgar SM, Shadnia SH, Prognostic factors
in methanol poisoning. Hum Exp Toxicol, 2007; 26(7):583-586.
Hassanian-Moghaddam H, Nikfarjam A, Mirafzal A, Saberinia A, Nasehi AA,
Masoumi Asl H, Memaryan N, Methanol mass poisoning in Iran: role of case finding
in outbreak management. J Public Health, 2015 37(2):354-359.
Hassanian-Moghaddam H, Bahrami-Motlagh H, Zamani N, Amirhossein Fazeli S,
Behnam B, Intracranial Hemorrhage in Methanol Toxicity: Challenging the Probable
Heparin Effect during Hemodialysis. Res Pharm Pract, 2017; 6(3):186—189.

Hayreh MS, Hayreh SS, Baumbach GL, Cancilla P, Martin-Amat G, Tephly TR,
Methyl alcohol poisoning III. Ocular toxicity. Arch Ophthalmol, 1977, 95:1851-1858.
Herniandez MA, Holanda MS, Tejerina EE, Gonzalez C, Lopez M, Hernandez JL,
Methanol poisoning and heparin: A dangerous couple? Am J Emerg Med. 2004;
22:620-621.

Hlusicka J, Loster T, Lischkova L, Vaneckova M, Diblik P, Urban P, Navratil T, Kacer
P, Kacerova T, Zakharov S, Markers of nucleic acids and proteins oxidative damage in
acute methanol poisoning. Monatsh Chem 2019a; 150(3):477-487.

Hlusicka J, Loster T, Lischkova L, Vaneckova M, Diblik P, Urban P, Navratil T, Kacer
P, Kacerova T, Zakharov S,Reactive carbonyl compounds, carbonyl stress and

24



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

neuroinflammation in methyl alcohol intoxication. Monatsh Chem, 2019b; 150:1723-
1730.

Hlusicka J, Mana J, Vaneckova M, Kotikova K, Diblik P, Urban P, Navratil T,
Marechal B, Kober T, Zakharov S, MRI-based brain volumetry as a biomarker of
outcomes in acute methanol poisoning. NeuroToxicology, Submitted 2020.

Hovda KE, Hunderi OH, Rudberg N, Froyshov S, Jacobsen D, Anion and osmolal gaps
in the diagnosis of the methanol poisoning: clinical study in 28 patients. Intensive Care
Med, 2004; 30:1842-1846.

Hovda KE, Hunderi OH, Tafjord AB, Dunlop O, Rudberg N, Jacobsen D, Methanol
outbreak in Norway 2002-2004: epidemiology, clinical features and prognostic signs. J
Intern Med, 2005a; 258(2):181-190.

Hubacek JA, Pelclova D, Seidl Z, Vaneckova M, Klempir J, Ruzicka E, Rare alleles
within the CYP2E1 (MEOS system) could be associated with better short-term health
outcome after acute methanol poisoning, Basic Clin Pharmacol Toxicol, 2015
Feb;116(2):168-172.

Jain N, Himanshu D, Verma SP, Methanol poisoning: characteristic MRI findings. Ann
Saudi Med, 2013; 33:68-69.

Jacobsen D, Jansen H, Wiik-Larsen E, Bredesen JE, Halvorsen S, Studies on Methanol
Poisoning. Acta Med Scand, 1982b; 212(1-2):5-10.

Jacobsen D, McMartin KE, Methanol and ethylene glycol poisonings. Mechanism of
toxicity, clinical course, diagnosis and treatment. Med Toxicol, 1986; 1(5):309-334.
Jakobson Mo S, Axelsson J, Jonasson L, Larsson A, Ogren MJ, Ogren M, et al.
Dopamine transporter imaging with [18F] FE-PE2I PET and [1231] FP-CIT SPECT-a
clinical comparison. EINMMI Res. 2018;8(1):100.

Jain N, Himanshu D, Verma SP, Parihar A, Methanol poisoning: characteristic MRI
findings. Ann Saudi Med, 2013; 33:68—69.

Jansen TC, van Bommel J, Mulder PG, Rommes JH, Schieveld SJ, Bakker J, The
prognostic value of blood lactate levels relative to that of vital signs in the pre-hospital
setting: A pilot study. Crit Care, 2008; 12: R160.

Jarwani BS, Motiani P, Divetia R, Thakkar G, Rare combination of bilateral putaminal
necrosis, optic neuritis and polyneuropathy in a case of acute methanol intoxication
among patients met with hooch tragedy in Gujarat, India. J Emerg Trauma Shock, 2012;
5:356-359.

Johannsen, L, Smith, T, Havsager A, Madsen C, Kjeldsen, MJ, Dalsgaard, N, Gaist, D,
Schrader, H, Sindrup, SH, Evaluation of Patients with Symptoms Suggestive of Chronic
Polyneuropathy, J Clin Neuromusc, Dis, 2001; 3(2) 47-52.

Jones GR, Singer PP, Rittenbach K, The relationship of methanol and formate
concentrations in fatalities where methanol is detected. J Forensic Sci, 2007,
52(6):1376-1382.

Jones SJ, Brusa A, Neurophysiological evidence for long-term repair of MS lesions:
implications for axon protection. J Neurol Sci, 2003; 206:193-198.

Kalkan S, Cevik AA, Cavdar C, Aygoren O, Akgun A, Ergun N, Tuncok Y, Acute
methanol poisonings reported to the Drug and Poison Information Center in Izmir,
Turkey. Vet Hum Toxicol, 2003; 45(6):3.

Kim TJ, Kim 10, Kim WS, Cheon JE, Moon SG, Kwon JW, Seo JK, Yeon LM, MR
imaging of the brain in Wilson disease of childhood: Findings before and after treatment
with clinical correlation. AJNR Am J Neuroradiol, 2006; 27:1373—-1378.

25



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.
86.

87.

88.

89.

90.

91.

92.

93.

Klein KA, Warren AK, Baumal CR, Hedges TR, Optical coherence tomography
findings in methanol toxicity, Int J Retina Vitreous 2017; 25(3):36.

Koehrer P, Creuzot-Garcher C, Bron AM, Methanol poisoning: Two case studies of
blindness in Indonesia. Int Ophthalmol 2011; 31(6):517-524.

Koopmans RA, Li DK, Paty DW, Basal ganglia lesions in methanol poisoning: MR
appearance. J Comput Assist Tomogr, 1988; 12:168-170.

Kordower JH, Olanow CW, Dodiya HB, Chu Y, Beach TG, Adler CH, et al. Disease
duration and the integrity of the nigrostriatal system in Parkinson’s disease. Brain 2013;
136:2419-431.

Kraut JA, Kurtz I, Toxic alcohol ingestions: Clinical features, diagnosis, and
management. Clin J Am Soc Nephrol, 2008; 3(1):208-225.

Kruse JA, Methanol poisoning, Intensive Care Med 1992; 18:391-397.

Kuteifan K, Oesterlé H, Tajahmady T, Gutbub AM, Laplatte G, Necrosis and
haemorrhage of the putamen in methanol poisoning shown on MRI. Neuroradiology,
1988; 40:158-160.

Kumar SS, Boopathy SK, Bhaskar ME, Methanol poisoning-a Chennai experience. J
Assoc Physicians India, 2003; 51:425-426.

Lawlen GA, Pennock JM, Steiner RE, Jenkins WJ, Sherlock S, Young IA, Nuclear
magnetic resonance imaging in Wilson disease. J Comput Assist Tomogr, 1983; 7:1-8.
LeWitt PA, Martin SD, Dystonia and hypokinesis with putaminal necrosis after
methanol intoxication. Clin Neuropharmacol, 1988; 11(2):161-167.

Ley CO, Gali FG, Parkinsonian syndrome after methanol intoxication. Eur Neurol,
1983; 22(6):405-409.

Liesivuori J, Savolainen H, Methanol and Formic Acid Toxicity: Biochemical
Mechanisms. Pharmacol Toxicol, 1991; 69(3):157-163.

Likosky D, Rutchik JS, Talavera F, Jimenez NG. Methanol. eMedicine, March 2005
Luo X, Mao Q, ShiJ, Wang X, Li CR, Putamen gray matter volumes in neuropsychiatric
and neurodegenerative disorders. World J Psychiatry Ment Health Res, 2019; 3(1):1020.
Mana J, Vaneckova M, Klempif J, Liskova I, Brozova H, Polakova K, Seidl Z,
Miovsky M, Pelclova D, Bukacova K, Maréchal B, Kober T, Zakharov S, Razicka E,
Bezdicek O, Methanol Poisoning as an Acute Toxicological Basal Ganglia Lesion
Model: Evidence from Brain Volumetry and Cognition. 4lcohol Clin Exp Res. 2019;
43(7):1486-1497.

Martin-Amat G, Tephly TR, McMartin KE, Makar AB, Hayreh MS, Hayreh SS,
Methyl alcohol poisoning. II. Development of a model for ocular toxicity in methyl
alcohol poisoning using the rhesus monkey. Arch Ophthalmol. 1977; 95:1847-1850.
Massoumi G, Saberi K, Eizadi-Mood N, Shamsi M, Alavi M, Morteza A, Methanol
poisoning in Iran, from 2000 to 2009. Drug Chem Toxicol, 2012; 35(3):330-333.
Salzman M, Methanol Neurotoxicity, Im Clin Toxicol, 2006; 44 (1):89-90.

McCoy HG, Cipolle RJ, Ehlers SM, Sawchuk RJ, Zaske DE, Severe methanol
poisoning:application of a pharmacokinetic model for ethanol therapy and
hemodialysis. Am J Med, 1979; 67(5):804-807.

McLean DR, Jacobs H, Mielke BW, Methanol poisoning — a clinical and pathological-
study. Ann Neurol 1980; 8:161-167.

McNeill A, Birchall D, Hayflick SJ, Gregory A, Schenk JF, Zimmerman EA, T2* and
FSE MRI distinguishes four subtypes of neurodegeneration with brain iron
accumulation. Neurology, 2008; 70:1614-1619.

26



94.

95s.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Meyer RJ, Beard ME, Ardagh MW, Henderson S, Methanol poisoning. N Z Med J,
2000; 113:11-13.

Mirpour S., Turkbey EB, Marashdeh W, El Khouli R, Subramaniam RM, Impact of
DAT-SPECT on Management of Patients Suspected of Parkinsonism, Clin Nucl Med,
2018;43(10):710-714.

Moghadami M, Masoumpoor M, Tabei SMB, Tabaei SMH, Sadeghi H, Gholami K,
Lankarani KB, Therapeutic response to folinic acid in methanol poisoning epidemic in
Shiraz. Iran J Med Sci, 2008; 33(1):22-26.

Mohan D, Chopra A, Ray R, Sethi H, India. In: Surveys of drinking patterns and
problems in seven developing countries (Demers A, Room R, Bourgault C, Eds.); World
Health Organization, Geneva, 2001, 103-114.

Monforte R, Estruch R, Valls-Sol¢ J, Nicolas J, Villalta J, Urbano-Marquez A,
Autonomic and peripheral neuropathies in patients with chronic alcoholism. A dose-
related toxic effect of alcohol. Arch Neurol, 1995; 52:45-51.

Moral AR, Cankayali I, Sergin D, Boyacilar O, Neuromuscular Functions on
Experimental Acute Methanol Intoxication. Turk J Anaesthesiol Reanim, 2015;
43(5):337-343.

Mycyk MB, Leikin JB, Antidote review: Fomepizole for methanol poisoning. 4Am J
Ther, 2003; 10(1):68-70.

National Health Insurance Research Database. Background. Accessed from
http://nhird.nhri.org.tw/en/index.html on 9 Apr 2017.

Nirdesh J, Dandu H, Shailendra PV, Anit P, Methanol poisoning: Characteristic MRI
findings, Ann Saudi Med, 2013; 33(1):68—69.

Nurieva O, Kotikova K, Urban P, Pelclova D, Petrik V, Navratil T, Zakharov S,
Prevalence, dynamics, and biochemical predictors of optic nerve remyelination after
methanol-induced acute optic neuropathy: A two-year prospective study in 54 patients.
Monatsh Chem, 2016, 147(1):239-249.

Nurieva O, Diblik P, Kuthan P, Sklenka P, Meliska M, Bydzovsky J, Progressive
chronic retinal axonal loss following acute methanol-induced optic neuropathy: Four-
year prospective cohort study. Am J Ophth, 2018; 191:100-115.

Nurieva O, Hubacek JA, Urban P, Hlusicka J, Diblik P, Kuthan P, Sklenka P Meliska
M, Bydzovsky J, Heissigerova J, Kotikova K, Navratil T, Komarc M, Seidl Z,
Vaneckova M, Vojtova L, Zakharov S, Clinical and genetic determinants of chronic
visual pathway changes after methanol — induced optic neuropathy: Four-year follow-
up study. Clin Toxicol, 2019; 57(6):387-397.

Okuzumi A, Hatano T, Kamagata K, Hori M, Mori A, Oji Y, et al. Neuromelanin or
DaT-SPECT: which is the better marker for discriminating advanced Parkinson's
disease? Eur J Neurol. 2019;26(11):1408-16.

Onder F. Ilker S, Kansu T, Tatar T, Kural G, Acute blindness and putaminal necrosis
in methanol intoxication. Int Ophthalmol, 1998-1999; 22(2):81-84.

Orthner H, Methylalkoholvergiftung mit besonders schweren Hirnverdnderungen; ein
Beitrag zur Permeabilitdtspathologie des Gehirns. Virchows Arch Path Anat.
1953;323(4):442—-464.

Osborne AG, Salzman KL, Barkovich Al, Diagnostic imaging. Brain. 2nd ed. Salt
Lake City (UT): Amirsys 2010.

Paasma R, Hovda KE, Tikkerberi A, Jacobsen D, Methanol mass poisoning in Estonia:
Outbreak in 154 patients. Clin Toxicol, 2007; 45(2):152—157.

27



111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.
126.

127.

128.

129.

Paasma R, Hovda KE, Jacobsen D, Methanol poisoning and long-term sequelae — a six
years follow-up after a large methanol outbreak. BMC Clin Pharmacol, 2009; 9:5.
Paasma R, Hovda KE, Hassanian-Moghaddam H, Brahmi N, Afshari R, Sandvik L,
Jacobsen D, Risk factors related to poor outcome after methanol poisoning and the
relation between outcome and antidotes — a multicenter study. Clin Toxicol, 2012;
50(9):823-831.

Paasma R, Clinical study of methanol poisoning: handling large outbreaks, treatment
with antidotes, and long-term outcomes. Faculty of Medicine, University of Tartu,
Estonia, 2013, 1-96.

Pantoni L, Garcia J, Gutierrez J. Cerebral white matter is highly vulnerable to ischemia.
Stroke 1996; 27: 1641-17.

Phang PT, Passerini L, Miclke B, Berendt R, King EG, Brain hemorrhage associated
with methanol poisoning. Crit Care Med, 1988; 16(2):137-140.

Peterova K, Brozova H, Klempir J, Liskova I, Bezdicek O, Ridzon P, Vaneckova M,
Zakharov S, Pelclova D, Miovsky M, Ruzicka E, Gait and Balance Impairment after
Acute Methanol Poisoning, Basic Clin Pharmacol Toxicol, 2018; 122(1):176-182.
Peterson CD, Oral ethanol doses in patients with methanol poisoning. Am J Hosp
Pharm, 1981; 38(7):1024-1027.

Pirart, J., 1977. Diabetes mellitus and its degenerative complications: a prospective
study of 4400 patients observed between 1947 and 1973. Diabete. Metab. 3, 245-256.
Pohanka M, Toxicology and the biological role of methanol and ethanol: Current view.
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub, 2015; 160(1):54-63.
Rachinger J, Fellner FA, Stieglbauer K, Trenkler J, MR changes after acute cyanide
intoxication. AJNR Am J Neuroradiol, 2002; 23:1398-1401.

Ravichandran RR, Dudani RA, Almeida AF, Chawla KP, Acharya VN, Methyl
alcohol poisoning. (Experience of an outbreak in Bombay). J Postgrad Med, 1984;
30(2):69-74.

Rietjens S, de Lange D, Meulenbelt J, Ethylene glycol or methanol intoxication: Which
antidote should be used, fomepizole or ethanol. Neth J Med 2014; 72(2):73-79.
Roberts DM, Yates C, Megarbane B, Winchester JF, Maclaren R, Gosselin S, Nolin
TD, Lavergne V, Hoffman RS, Ghannoum M, EXTRIP Work Group.
Recommendations for the role of extracorporeal treatments in the management of acute
methanol poisoning: A systematic review and consensus statement. Crit Care Med,
2015; 43(2):461-472.

Rulisek J, Waldauf P, Belohlavek J, Balik M, Kotikova K, Hlusicka J, Health-related
quality of life determinants in survivors of a mass methanol poisoning outbreak: six-
year prospective cohort study. Clin Toxicol. 2020; 8:1-11.

Sainio MA, Neurotoxicity of solvents. Handb Clin Neurol, 2015; 131:93-110.
Sanaei-Zadeh H, Esfeh SK, Zamani N, Jamshidi F, Shadnia S, Hyperglycemia is a
strong prognostic factor of lethality in methanol poisoning. J Med Toxicol 2011; 7:189—
194.

Sanaei-Zadeh H, Magnetic resonance imaging and computed tomography scan
findings in methanol poisoning. Ann Indian Acad Neurol, 2013, 16(4):738-739.
Savoldi, F., Ceroni, M., Camana, C., Franciotta, D.M., Giardini, G., Farilla, C.,
Soffiantini, F., et al. Polineuropatie. In: Lezioni di Neurologia, Vol. 1, 1995; 119-139;
CUSL, Pavia.

Schuster HP, Prognostic value of blood lactate in critically ilpatients. Resuscitation,
1984; 11:141-146.

28



130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.
145.
146.
147.

148.

Sefidbakht S, Rasekhi AR, Kamali K, Borhani Haghighi A, Salooti A, Meshksar A,
Methanol poisoning: acute MR and CT findings in nine patients. Neuroradiology,
(2007) 49:427-435.

Seidenwurm D, Novotny E, Marshall W, Enzmann D, MR and CT in cytoplasmically
inherited stniatal degeneration. A/NR 1986; 7:629-632.

Server A, Hovda KE, Nakstad PH, Jacobsen D, Dullerud R, Haakonsen M,
Conventional and diffusion-weighted MRI in the evaluation of methanol poisoning.
Acta Radiol, 2003; 44:691-695.

Shankaran S, Niimura K, Muzik O, Chugani D, Mantaring J, Kumar P, et al. Selective
vulnerability of posterior putamen on positron emission tomography (pet) in perinatal
hypoxic-ischemic brain injury. Pediatric Research 1999; 45:347.

Sharma P, Eesa M, Scott JN, Toxic and acquired metabolic encephalopathies: MRI
appearence. AJR Am J Roentgenol, 2009; 193:879—-886.

Sharpe JA, Hostovsky M, Bilbao JM, Rewcastle NB, Methanol optic neuropathy: a
histopathological study. Neurology, 1982; 32(10):1093-1100.

Silver DA, Cross M, Fox B, Paxton RM, Computed tomography of the brain in acute
carbon monoxide poisoning. Clin Radiol 1996; 51:480—483.

Singh P, Paliwal VK, Neyaz Z, Kanaujia V, Methanol toxicity presenting as
haemorrhagic putaminal necrosis and optic atrophy. Pract Neurol, 2013; 13:204-205.
Sivilotti ML, Burns MJ, Aaron CK, McMartin KE, Brent J, Reversal of severe
methanolinduced visual impairment: no evidence of retinal toxicity due to fomepizole.
J Toxicol Clin Toxicol, 2001; 39(6):627-631.

Sixel-Doring F, Liepe K, Mollenhauer B, Trautmann E, Trenkwalder C, The Role of
1231-FP-CIT-SPECT in the Differential Diagnosis of Parkinson and Tremor
Syndromes: A Critical Assessment of 125 Cases. J Neurol 2011, 258(12):2147-2154.
Smith I, Kumar P, Molloy S, Rhodes A, Newman PJ, Grounds RM, Base excess and
lactate as prognostic indicators for patients admitted to intensive care. Intensive Care
Med 2001; 27:74-83.

Srivastava T, Kadam N, Bilateral putaminal hemorrhagic necrosis with rapid recovery
of sensorium in a patient with methanol intoxication. J Postgrad Med, 2013; 59:243—
244.

Sturkenboom MGG, van Rieke HM, Uges DRA, Treatment of ethylene glycol and
methanol poisoning: why ethanol? Review. Neth J Crit Care, 2009; 13(6):297-302.
Symon L, Pasztor E, Dorsch NW, Branston NM, Physiological responses of local areas
of the cerebral circulation in experimental primates determined by the method of
hydrogen clearance. Stroke, 1973; 4:632—642.

Taheri MS, Moghaddam HH, Moharamzad Y, The value of brain CT findings in acute
methanol toxicity. Eur J Radiol, 2010; 73:211-214.

Taheri MS, Noori M, Shakiba M, Jalali AH, Brain CT-scan findings in unconscious
patients after poisoning. Int J Biomed Sci, 2011; 7:1-5.

Tephly TR, The toxicity of methanol. Life Sci, 1991; 48(11):1031-1041.

Ueno M, Tomimoto H, Akiguchi I, Wakita H, Sakamoto H. Blood-brain barrier
disruption in white matter lesions in a rat model of chronic cerebral hypoperfusion. J
Cereb Blood Flow Metab 2002; 22: 97— 104.

Unsal A, Basturk T, Sakac T, Ahbap E, Ko¢ Y, Yilmaz M, Epidemic acute methanol
intoxication as a result of illicit alcohol ingestion. Nephro-Urol Mon, 2012; 4(1):366-
371.

29



149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

Urban P, Zakharov S, Diblik P, Pelclova D, Ridzon P, Visual evoked potentials in
patients after methanol poisoning. Int J Occup Med Environ Health,2016;29(3):471-8.
Van der Knapp MS, Magnetic Resonance of Myelination and Myelin Disorder.
American Journal of Neuroradiology, 2006, 27 (4) 947-948.

Vaneckova M, Zakharov S, Klempir J, Ruzicka E, Bezdicek O, Brozova H, Diblik P,
Miovsky M, Hubacek Ja, Urban P, Ridzon P, Pelclova D, Burgetova A, Masek M,
Kotikova K, Peterova K, Liskova I, Hamplova L, Seidl Z, Imaging findings after
methanol intoxication (cohort of 46 patients). Neuro Endocrinol Letters, 2015, 36(8),
737-744.

Vaneckova M, Zakharov S, Klempir J, Ruzicka E, Bezdicek O, Liskova I, Metanol
intoxication on magnetic resonance paging — Case reports. Cesk Slov Neurol, 2014;
77:235-239.

Vaneckova M, Klempir J, Pelclova D, Bezdicek O, Liskova I, Brozova H, Polakova K,
Diblik P, Miovsky M, Hubacek J, Hlusicka J, Kotikova K, The spectrum of brain MRI
findings of methanol intoxication after the methanol affair in the Czech Republic, J
Neurol Sci, 2019:363

Varrone A, Dickson JC, Tossici-Bolt L, Sera T, Asenbaum S, Booij J, et al. European
multicentre database of healthy controls for [1231] F Varrone A, Dickson JC, Tossici-
Bolt L, Sera T, Asenbaum S, Booij J, et al. European multicentre database of healthy
controls for [1231] FP-CIT SPECT (ENC-DAT): age-related effects, gender differences
and evaluation of different methods of analysis. Eur J Nucl Med Mol Imaging. 2013;
40:213-27.P-CIT SPECT (ENC-DAT): age-related effects, gender differences and
evaluation of different methods of analysis. Eur J Nucl Med Mol Imaging. 2013;
40:213-27.

Viola A, Stvrtina S, Bauer V, Zaviacic M, Morphologic and clinical sequelae of focal
ischemic lesions. Ceskoslovenska Patologie 2000; 36(4):140—145.

Vittadini, G., Buonocore, M., Colli, G., Terzi, M., Fonte, R., Biscaldi, G., 2001.
Alcoholic polyneuropathy: a clinical and epidemiological study. Alcohol Alcohol. 36,
393-400.

Vyas S, Kaur N, Sharma N, Singh P, Khandelwal N, Methanol poisoning. Neuro! India.
2009; 57:835-836.

Wetterling, T., Veltrup, C., Driessen, M., John, U., Drinking pattern and alcohol-
related medical disorders. Alcohol Alcohol. 1999; 34, 330-336.

Yaycia N, Agritmisb H, Turlac A, Kogd S, Fatalities due to methyl alcohol intoxication
in Turkey:an 8year study. Forensic Sci Int, 2003; 131(1):36-41.

Zakharov S, Odborné doporuceni pro intoxikaci metanolem. Urgentni medicina., 2012;
15(3):33-37.

Zakharov S, Pelclova D, Navratil T, Belacek J, Kurcova I, Komzak O, Intermittent
hemodialysis is superior to continuous veno-venous hemodialysis/hemodiafiltration to
eliminate methanol and formate during treatment for methanol poisoning. Kidney Int,
2014a; 86:199-207.

Zakharov S, Pelclova D, Urban P, Navratil T, Diblik P, Kuthan P, Hubacek JA,
Miovsky M, Klempir J, Vaneckova M, Seidl Z, Pilin A, Fenclova Z, Petrik V, Kotikova
K, Nurieva O, Ridzon P, Rulisek J, Komarc M, Hovda KE, Czech mass methanol
outbreak 2012: Epidemiology, challenges and clinical features. Clin Toxicol, 2014b,
52(10):1013-1024.

30



163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

Zakharov S, Nurieva O, Navratil T, Diblik P, Kuthan P, Pelclova D, Acute methanol
poisonings: Folates administration and visual sequelae. J Appl. Biomed., 2014c, 12(4),
309-316.

Zakharov S, Pelclova D, Navratil T, Belacek J, Komarc M, Eddleston M, Hovda KE,
Fomepizole versus ethanol in the treatment of acute methanol poisoning: Comparison
of clinical effectiveness in a mass poisoning outbreak. Clin. Toxicol, 2015a, 53(8), 797-
806.

Zakharov S, Pelclova D, Diblik P, Urban P, Kuthan P, Nurieva O, Kotikova K, Navratil
T, Komarc M, Belacek J, Seidl Z, Vaneckova M, Hubacek JA, Bezdicek O, Klempir J,
Yurchenko M, Ruzicka E, Miovsky M, Janikova B, Hovda KE, Long-term visual
damage after acute methanol poisonings: Longitudinal cross-sectional study in 50
patients. Clin Toxicol. 2015b; 53(9):884-92.

Zakharov S, Kurcova I, Navratil T, Salek T, Pelclova D. Is the measurement of serum
formate concentration useful in the diagnostics of acute methanol poisoning? A
prospective study of 38 patients. Basic Clin Pharmacol Toxicol, 2015¢; 116:445-451
Zakharov S, Navratil T, Pelclova D, Analysis of serum anion gap and osmolal gap in
diagnosis and prognosis of acute methanol poisoning: Clinical study in 86 patients.
Monatsh Chem. 2015d; 146:787-794

Zakharov S, Nurieva O, Kotikova K, Urban P, Navratil T, Pelclova D. Factors
predicting optic nerve axonal degeneration after methanol-induced acute optic
neuropathy: a two-year prospective study in 54 patients. Monatshefte fur Chemie 2016;
147: 251-61.

Zakharov S, Pelclova D, Navratil T, Belacek J, Latta J, Pisar M, Rulisek J, Leps J,
Zidek P, Kucera C, Bocek R, Mazur M, Belik Z, Chalupa J, Talafa V, Kodras K, Nalos
D, Sedlak C, Senkyrik M, Smid J, Salek T, Roberts DM, Hovda KE, Efficiency of
acidemia correction on intermittent versus continuous hemodialysis in acute methanol
poisoning. Clin Toxicol, 2017a; 55(2):123-132.

Zakharov S, Kotikova K, Nurieva O, Hlusicka J, Kacer P, Urban P, Vaneckova M,
Seidl Z, Diblik Z, Kuthan P, Navratil T, Pelclova D, Leukotriene-mediated
neuroinflammation, toxic brain damage, and neurodegeneration in acute methanol
poisoning. Clin Toxicol, 2017b; 55(4), 249-259.

Zakharov S, Nurieva O, Kotikova K, Belacek J, Navratil T, Pelclova D, Positive serum
ethanol concentration on admission to hospital as the factor predictive of treatment
outcome in acute methanol poisoning. Monatsh Chem, 2017c; 148(3):409-419.
Zakharov S, Rulisek J, Hlusicka J, Kotikova K, Navratil T, Komarc M, Vaneckova M,
Seidl Z, Diblik P, Bydzovsky J, Heissigerova J, Zogala D, Hubacek JA, Miovsky M,
Sejvl J, Vojtova L, Pelclova D, The impact of co-morbidities on outcomes and six-year
survival in a methanol mass poisoning outbreak. Clin Toxicol, 2020; 58(4):241-253.

31



7. SEZNAM PUBLIKACi AUTORKY

1. Katerina Kotikova, Petr Klepis, Petr Ridzon, Jiri Hlusicka, Tomas Navratil, Jan Rulisek,
Ivan Zak, Sergey Zakharov. Peripheral polyneuropathy after acute methanol poisoning:
six-year  prospective  cohort study. NeuroToxicology 2020, 79: 67-74.
doi.org/10.1016/j.neur0.2020.04.010 IF (2019): 3.105. Rank 105/270. Quartile Q2,
Percentile 61,296%

2. Kotikova K, Zogala D, Ptacnik V, Trnka J, Kupka K, Vaneckova M, Seidl Z, Diblik P,
Heissigerova J, Zak I, Navratil T, Komarc M, Zakharov S. Efficiency of 1231-ioflupane
SPECT as a marker of basal ganglia damage in acute methanol poisoning: a six-year
prospective study. Clinical Toxicology 2021; 59(3): 235-245. DOI: 10.21203/rs.3.rs-
20376/v1 IF (2019): 3.659. Rank 18/92. Quartile Q1, Percentile 80,978%

3. Zakharov S, Kotikova K, Vaneckova M, Seidl Z, Nurieva O, Navratil T, Caganova B,
Pelclova D. Acute methanol poisoning: Prevalence and predisposing factors of
haemorrhagic and non-haemorrhagic brain lesions. Basic Clin Pharmacol Toxicol 2016,
119(2), 228-238. IF (2016): 3.176. Rank 25/92. Quartile Q2, Percentile 73,370%

4. Jan Rulisek, Petr Waldauf, Jan Belohlavek, Martin Balik, Katerina Kotikova, Jiri
Hlusicka, Manuela Vaneckova, Zdenek Seidl, Pavel Diblik, Jan Bydzovsky, Jarmila
Heissigerova, Pavel Urban, Michal Miovsky, Jaroslav Sejvl, Daniela Pelclova, Sergey
Zakharov. Health-related quality of life determinants in survivors of mass methanol
poisoning outbreak: Six-year prospective cohort study. Clinical Toxicology 2020. Doi
10.1080/15563650.2019.1702994 IF (2019): 3.659. Rank 18/92. Quartile Q1, Percentile
80,978%

5. Zakharov S, Rulisek J, Hlusicka J, Kotikova K, Navratil T, Komarc M, Vaneckova M,
Seidl Z, Diblik P, Bydzovsky J, Heissigerova J, Zogala D, Hubacek JA, Miovsky M, Sejvl
J, Vojtova L, Pelclova D. The impact of co-morbidities on outcomes and six-year survival
in a methanol mass poisoning outbreak. Clinical Toxicology 2020; 58(4): 241-253. DOI:
10.1080/15563650.2019.1637525 IF (2019): 3.659. Rank 18/92. Quartile Q1, Percentile
80,978%

6. Nurieva O, Hubacek JA, Urban P, Hlusicka J, Diblik P, Kuthan P, Sklenka P, Meliska M,
Bydzovsky J, Heissigerova J, Kotikova K, Navratil T, Komarc M, Seidl Z, Vaneckova
M, Vojtova L, Zakharov S. Clinical and genetic determinants of chronic visual pathway
changes after methanol - induced optic neuropathy: four-year follow-up study. Clin
Toxicol 2019; 57: 387-397. IF (2019): 3.659. Rank 18/92. Quartile Q1, Percentile
80,978%

7. Nurieva O, Diblik P, Kuthan P, Sklenka P, Meliska M, Bydzovsky J, Heissigerova J,
Urban P, Kotikova K, Navratil T, Komarc M, Seidl Z, Vaneckova M, Pelclova D,
Zakharov S. Progressive chronic retinal axonal loss following acute methanol-induced
optic neuropathy: four-year prospective cohort study. Am J Ophth. 2018;191,100-115. IF
(2018): 4.483. Rank 6/60. Quartile Q1. Percentile 90,833%.

8. Zakharov S, Hlusicka J, Nurieva O, Kotikova K, Lischkova L, Kacer P, Kacerova T,
Urban P, Vaneckova M, Seidl Z, Diblik P, Kuthan P, Heissigerova J, Lesovsky J, Rulisek
J, Vojtova L, Hubacek JA, Navratil T. Neuroinflammation markers and methyl alcohol

32



10.

11.

12.

13.

14.

15.

16.

17.

induced toxic brain damage. Toxicol Lett. 2018; 298, 60-69. IF (2018): 3.499. Rank 26/93.
Quartile Q2. Percentile 72,581%.

Zakharov S, Nurieva O, Diblik P, Kuthan P, Sklenka P, Meliska M, Bydzovsky J,
Heissigerova J, Urban P, Kotikova K, Navratil T, Komarc M, Seidl Z, Vaneckova M,
Pelclova D. Reply to “Progressive chronic retinal axonal loss following acute methanol-
induced optic neuropathy: four-year prospective cohort study”. Am J Ophth. 2018; 195,
247-248. TF (2018): 4.483. Rank 6/60. Quartile Q1. Percentile 90,833%.

Zakharov S, Rulisek J, Nurieva O, Kotikova K, Navratil T, Komarc M, Pelclova D,
Hovda KE. Intermittent versus continuous renal replacement therapy in acute methanol
poisoning: comparison of clinical effectiveness in mass poisoning outbreaks. Ann
Intensive Care. 2017; 7(1): 77. doi: 10.1186/s13613-017-0300-7. IF (2017): 3.771. Rank
9/33. Quartile Q2. Percentile 74,242%

Zakharov S, Kotikova K, Nurieva O, Hlusicka J, Kacer P, Urban P, Vaneckova M, Seidl
Z, Diblik P, Kuthan P, Navratil T, Pelclova D. Leukotriene-mediated neuroinflammation,
toxic brain damage, and neurodegeneration in acute methanol poisoning. Clin Toxicol
2017; 55(4): 249-259. IF (2017): 4.381. Rank 13/94. Quartile Q1, Percentile 86,702%

Zakharov S, Nurieva O, Kotikova K, Belacek J, Navratil T, Pelclova D. Positive serum
ethanol concentration on admission to hospital as the factor predictive of treatment
outcome in acute methanol poisoning. Monatsh Chem, 2017; 148(3): 409-419. doi
10.1007/s00706-016-1846-z. ISSN 0026-9247. TF (2017): 1.285. Rank 117/171. Quartile
Q3, Percentile 31,871%

Vaneckova M, Zakharov S, Klempir J, Ruzicka E, Bezdicek O, Brozova H, Diblik P,
Miovsky M, Hubacek Ja, Urban P, Ridzon P, Pelclova D, Burgetova A, Masek M,
Kotikova K, Peterova K, Liskova I, Hamplova L, Seidl Z. Imaging findings after
methanol intoxication (cohort of 46 patients). Neuro Endocrinol Letters 2015, 36(8), 737-
744. IF (2015) 0.946. Rank 233/256. Quartile Q4. Percentile 9,180%

Zakharov, Sergey, Nurieva, Olga, Kotikova, Katerina, Urban, Pavel, Navratil, Tomas,
Pelclova, Daniela. Factors predicting optic nerve axonal degeneration after methanol-
induced acute optic neuropathy: A two-year prospective study in 54 patients. Monatsh
Chem, 2016, 147(1): 251-261. ISSN 0026-9247. IF (2016): 1.282. Rank 106/166. Quartile
Q3, Percentile 36,446%

Nurieva, Olga, Kotikova, Katerina, Urban, Pavel, Pelclova, Daniela, Petrik, Vit,
Navratil, Tomas, Zakharov, Sergey. Prevalence, dynamics, and biochemical predictors of
optic nerve remyelination after methanol-induced acute optic neuropathy: A two-year
prospective study in 54 patients. Monatsh Chem, 2016, 147(1): 239-249. ISSN 0026-
9247. IF (2016): 1.282. Rank 106/166. Quartile Q3, Percentile 36,446%

Nurieva O, Kotikova K. Severe methanol poisoning with supralethal serum formate
concentration: Medical Principles and Practice, 2015, 24(6). doi: 10.1159/000439350 IF
(2015): 0.424. Rank 106/166. Quartile Q3, Percentile 36,446%

Zakharov, Sergey, Pelclova, Daniela, Urban, Pavel, Navratil, Tomas, Diblik, Pavel,
Kuthan, Pavel, Hubacek, Jaroslav, Miovsky, Michal, Ruzicka, Evzen, Klempir, Jiri,
Bezdicek, Ondrej, Vaneckova, Manuela, Seidl, Zdenek, Kotikova, Katerina, Nurieva,
Olga, Komarc, Martin, Yurchenko, Maxim, Janikova, Barbara, Hovda, Knut Erik. Long-

33



18.

19.

20.

term visual damage after acute methanol poisonings: longitudinal cross-sectional study in
50 patients. Clinical Toxicology, 2015, 53(9), 884-892. ISSN 1556-3650. IF (2015):
2.886. Rank 26/90. Quartile Q2, Percentile 71,667%

Zakharov, Sergey, Pelclova, Daniela, Urban, Pavel, Navratil, Tomas, Diblik, Pavel,
Kuthan, Pavel, Hubacek, Jaroslav, Miovsky, Michal, Klempir, Jiri, Vaneckova, Manuela,
Seidl, Zdenek, Pilin, Alexander, Fenclova, Zdenka, Petrik, Vit, Kotikova, Katerina,
Nurieva, Olga, Ridzon, Petr, Rulisek, Jan, Komarc, Martin, Hovda, Knut Erik. Czech
mass methanol outbreak 2012: Epidemiology, challenges and clinical features. Clinical
Toxicology, 2014, 52(10), 1013-1024. ISSN 1556-3650. IF (2014): 3.673. Rank 15/88.
Quartile Q1, Percentile 83,523%

Zakharov, Sergey, Pelclova, Daniela, Urban, Pavel, Navratil, Tomas, Nurieva, Olga,
Kotikova, Katerina, Diblik, Pavel, Kurcova, Ivana, Belacek, Jaromir, Komarc, Martin,
Eddleston, Michael, Hovda, Knut Erik. Use of out-of-hospital ethanol administration to
improve outcome in mass methanol outbreaks. Annals of Emergency Medicine, 2016,
68(1), 52-61. ISSN 0196-0644. IF (2016): 5.352. Rank 1/24. Quartile QI1, Percentile
97,917%

Jiri Hlusicka, Josef Mana, Manuela Vaneckova, Katerina Kotikova, Pavel Diblik, Pavel
Urban, Tomas Navratil, Benedicte Marechal, Tobias Kober, Sergey Zakharov. MRI-based
brain volumetry and retinal optical coherence tomography as the biomarkers of outcome
in acute methanol poisoning. NeuroToxicology 2020; doi 10.1016/j.neuro.2020.06.006.
IF (2019): 3.105. Rank 105/270. Quartile Q2, Percentile 61,296%

Rozsah a struktura diserta¢ni prace.

Disertacni prace obsahuje 122 stranek (vlastni text disertace — 70 stranek,

seznam literatury - 15 stranek, pfilohy — 37 stranek). Praci tvoii ivod, cile

studie, soubor pacientdl a metodika, vlastni vyzkum, zavér, seznam literatury

obsahujici 172 =zdroji, seznam tabulek (celkem 9), seznam obrazkid

(celkem 15), seznam praci autorky a ptilohy.

34









