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ABSTRAKT

Kontext: Metanol je alkohol, ktery se hojn¢ vyuziva v primyslu, a ma zndmé neurotoxické
ucinky. U akutni otravy metanolem je typickym nalezem na MRI a CT mozku bilateralni

nekrdza bazalnich ganglii. Dopad expozice metanolu na periferni nervovy systém neni znamy.

Cil: Stanovit prevalenci a predisponujici faktory hemoragickych a nehemoragickych
mozkovych 1ézi u pacienttl, ktefi piezili akutni otravu metanolem; zjistit, zda '*’I-ioflupan
SPECT (DaT SPECT) lze potencidln¢ vyuzit jako marker poskozeni bazalnich ganglii pii
akutni otravé metanolem; posoudit tlohu akutni expozice metanolu v rozvoji periferni

polyneuropatie (PNP) v letech nasledujicich po propusténi z nemocnice.

Material a metodika: U pacientl s potvrzenou otravou metanolem byla provedena Sestileta
prospektivni kohortova jednocentrové studie. VySetfovaci protokol zahrnoval neurologické
vySetieni véetné magnetické rezonance mozku, DaT SPECT a elektromyografického vysetfeni,
dale zrakové evokované potencidly, ocni vySetieni s méfenim tloustky vrstvy nervovych vldken
sitnice, biochemicka vySetfeni a toxikologické testy. U 46 pacientli byla kontrolni vySetieni
zahrnujici MRI mozku provedena 3-8 a 24-28 mésich po propuSténi z nemocnice,
u 42 pacientii byla MRI mozku provedena ctyfikrat béhem Sestiletého obdobi a DaT SPECT
byl proveden dvakrat. 55 pacienti podstoupilo v ramci studie jednou az Ctytrikrat

elektromyografické vysetieni.

Vysledky: Ze 46 pacientd (stfedni v&k 49 let, IQR 35-57 let, 37 muzii a 9 Zen), kterym bylo
provedeno MRI vysetieni, mélo 24 (52 %) pacientti celkem 40 abnormalnich nalezi na mozku
s hemoragickymi 1ézemi zjiSt€énymi u 15 (33 %) a nehemoragickymi 1ézemi nalezenymi u 9
(19 %) pacient. Typickym mistem krvaceni do mozku bylo putamen, ale Cetné byly také
hemoragické 1éze v globus pallidus a subkortikalni bilé hmoté€. Pacienti s hemoragickymi
1ézemi mozku méli pfi pfijeti do nemocnice nizsi pH arterialni krve, vyssi deficit bazi, vyssi
hladinu glykemie a laktatu nez pacienti bez krvaceni (vSichni p <0,05). Dlouhodobé poskozeni
zraku se vyskytovalo ¢astéji ve skupiné pacientll s hemoragickymi lézemi CNS. U zavazné
intoxikovanych pacientii léCenych bez systémové antikoagulacni 1écby bylo zjisténo krvaceni
do mozku, zatimco lécba vysokymi dédvkami heparinu ne vzdy vedla k hemoragickému

poskozeni mozku.

Ctyficet dva pacientdl (pramérny vék 46,3 £ 4.2 let; 8 Zen) podstoupilo dvakrat DaT
SPECT. U 35 hodnocenych pacientt byla provedena MRI-volumetrie. Byla zjisténa pozitivni

korelace mezi SBR 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
vyznamna korelace mezi SBR putamen posterior a pH arterialni krve (r = 0,574; p <0,001)
1 dalSimi toxikologickymi parametry zavaznosti otravy, véetné koncentrace laktatu, glukozy
a kreatininu v séru (p <0,05). SBR putamen posterior pozitivné korelovalo s globalni tloustkou

RNFL (p <0,05).

Periferni polyneuropatie byla zjiSténa u 20/55 (36 %) pacientd, ve vétSin€ piipadu se
jednalo o mirnou axondalni senzomotorickou neuropatii. Pacienti s PNP byli vyznamné starsi
(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 pg/l; p=10,015). Ve skupiné pacientti s PNP byl vyznamn¢ vyssi pocet chronickych
uzivatelii 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 pii pfijmu (vSechny p> 0,05). Nebyl zjistén rozdil v poctu pacientl se
zrakovymi nasledky (9/20 s PNP oproti 12/35 pacientim bez PNP; p = 0,431) a CNS nasledky
(9/20 s PNP oproti 15/35 pacientim bez PNP; p = 0,877).

Zavér: Prevalence hemoragickych 1€ézi byla vyssi nez prevalence nehemoragickych 1ézi.
Nebyla nalezena souvislost mezi krvacenim do mozku a systémovou antikoagulac¢ni 1é¢bou
béhem hemodialyzy. '*’I-ioflupan SPECT (DaT SPECT) odraZejici dopaminergni axondlni
dysfunkci ve striatu je potencialné dobrym ukazatelem funkcéniho poskozeni bazalnich ganglii
vyvolaného metanolem. Nebyla nalezena zadna souvislost mezi prevalenci PNP v souboru

a akutni expozici metanolu.

Kli¢ova slova: Otrava metanolem; Dlouhodobé zdravotni nasledky; Léze bazalnich ganglii;
Nekréza putamen; Krvaceni do mozku, '*’I-ioflupan-SPECT; MRI-volumetrie; Periferni

polyneuropatie; Elektromyografie



ABSTRACT

Background: Methanol is widely industrially used alcohol with known neurotoxic properties.
Bilateral necrosis of basal ganglia is a typical finding detected on MRI and 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 !*’I-ioflupane
SPECT (DaT 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) during the years following discharge from the hospital.

Methods: A six year prospective, single-centre, cohort study of patients with confirmed
methanol poisoning was conducted. The examination protocol consisted of neurological
examination, MRI of the brain, DaT SPECT and electromyographic examination, further, visual
evoked potentials, ocular examination with retinal nerve fiber layer thickness measurement,
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 but haemorrhagic
lesions in the globus pallidus and the subcortical white matter were prevalent as well. The
patients with haemorrhagic brain lesions were more acidemic (lower arterial blood pH, higher
base deficit) 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 y; 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 SBR and the volume of the right
putamen were 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).

Peripheral neuropathy 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
4.8140.32 mmol/L; p=0.035) and lower vitamin B (45.5+7.4 versus 57.5+£5.2 pg/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. '*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.

Keywords: Methanol poisoning; Long-term health sequelae; Basal ganglia lesion;
Putamen necrosis; Brain haemorrhages; '*’I-ioflupaneSPECT; MRI-volumetry; Peripheral

polyneuropathy; Electromyography.
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SEZNAM ZKRATEK

ADH alkoholdehydrogenéza

ALDH aldehyddehydrogenéza

AUC plocha pod kiivkou

CDT karbohydrat — deficientni transferin
CI interval spolehlivosti

CNS centralni nervovy systém

CT pocitacova tomografie

CVVHD kontinualni venovendzni hemodialyza

CVVHDF kontinualni venovendzni hemodiafiltrace

DaT dopaminovy transportér

DM diabetes mellitus

EMG elektromyografie

EDD extendovana denni dialyza

EtOH etanol

HbAlc glykovany hemoglobin

IHD intermitentni hemodialyza
LMWH nizkomolekulérni heparin
MetOH metanol

MRI nuklearni magnetickd rezonance
OCT opticka koherencni tomografie
pKa disocia¢ni konstanta

PNP polyneuropatie

PSS skoére zavaznosti otravy

RCA regionalni citratova antikoagulace
RNFL vrstva nervovych vlaken sitnice
ROC provozni charakteristika pfijimace
SBR specifické vazebné poméry
SPECT jednofotonova emisni vypocetni tomografie
TIV celkovy intrakranidlni objem
THF tetrahydrofolat

TSH thyreotropni hormon

VEP zrakové evokované potencialy

VOI oblast z4jmu



1. UVOD

Metanol (metylalkohol) je nejjednodussi alkohol, vysoce toxicky, bezbarvy, hotlavy
s teplotou varu 64,7 °C. Diive se oznacoval jako dievény lih, protoze se v minulosti vyrabél
suchou destilaci dieva. Poprvé byl izolovan v roce 1661 Robertem Boylem, irskym filozofem,
védcem, chemikem, fyzikem a prezidentem Londynské kralovské spolecnosti. Na celém svéte
se nejvice metanolu spotfebuje na vyrobu formaldehydu. Pouziva se také jako soucast
nemrznoucich smési nebo pohonnych latek, jako denaturacni ¢inidlo a rozpoustédlo (English
et al., 2015). K akutni otravé metanolem muze dojit ndhodou, v sebevrazedném umyslu nebo
v disledku konzumace metanolem fedéného alkoholu (Ravichandran et al., 1984; Kumar et al.,

2003; Arumugham et al., 2006,).

V poslednich dvaceti letech byly otravy metanolem hlaSeny z celého svéta (Hovda et al.,
2005a; Paasma et.al, 2007; Zakharov et al., 2014a,b; Hassanian-Moghaddam et al., 2015; Mana
et al., 2019). V roce 2018 Americka asociace toxikologickych stfedisek hlasila 2 192 ptipadt
akutni expozice metanolu, véetné 1 356 expozic piipravkim do ostiikovacl, 655 expozic
toxickym alkoholim obsahujicim metanol, 157 expozic metanolu obsazenému v jinych
produktech pro automobily a 24 ptipadi, kdy byli jednotlivei vystaveni metanolu v Cisticich
prostiedcich (Gummin et al., 2018). Statistiky z roku 2017 ze Spojenych stati americkych
ukazaly, Ze netimyslné expozice byly hlaseny v 90,3 % vSech ptipadi, zatimco 8,3 % bylo
zplisobeno imyslnym poZitim, které zahrnovalo sebevrazdy v 51,2 % a zneuZivani v 38,8 %

(National Health Insurance Research Database, 2017).

V poslednich letech se nejvice hromadnych intoxikaci metanolem objevuje v rozvojovych
zemich, ve kterych se metanol pouziva jako levnd nihrada alkoholu. Metanolové otravy se
vyskytly v Turecku (Duman et al., 2003; Kalkan et al., 2003; Yaycia et al., 2003; Azmak, 2006;
Giilmen et al., 2006; Unsal et al., 2012), Indii (Mittal et al., 1991; Saxena, 1999; Mohan et al.,
2001; Shah et al., 2012; Dilip et al., 2013), Keni (Ahmad, 2000), Irdnu (Moghadami et al., 2008;
Massoumi et al., 2012; Hassanian-Moghaddam et al., 2015), Bangladési (Chowdhury et al.,
2014), Libyi (Ben Taleb & Bahelah, 2014), Indonésii (Koehrer et al., 2011; Giovanetti, 2013),
Sudanu (Abdul Rahim & Al Shiekh, 2012), Tunisu (Brahmi et al., 2007) a dalSich rozvojovych

zemich.

Hromadné otravy metanolem se objevuji i v zemich Evropské unie; v poslednich dvaceti
letech naptiklad v roce 2001 v Estonsku (Paasma et al., 2007; Paasma et al., 2013), v roce 2002
v Norsku (Hovda et al., 2005a) a v roce 2012 v Ceské republice (Zakharov et al., 2014b).
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2. LITERARNI PREHLED

2.1. Toxické puasobeni metanolu v lidském organismu

Metanol je v nezménéné podobé relativné malo toxicky, Skodlivé jsou zejména z n€¢ho
vznikajici metabolity — formaldehyd a pozdéji kyselina mravenci. Metylalkohol je oxidovén v
jatrech na formaldehyd enzymem alkoholdehydrogenazou (ADH) a dale na kyselinu mravenci
aldehyddehydrogenazou (ALDH). Pfeména formaldehydu na mravenci kyselinu je pomérné
rychla, polocas metabolizace je 1-2 minuty (Eells et al., 1981). Kyselina mravenci je dale
oxidovana za pfitomnosti tetrahydrofolatu (THF) na oxid uhli¢ity a vodu. Rychlost
metabolizace mravenci kyseliny je zavisla na velikosti zdsob THF v jatrech a také na aktivité

enzymu 10-formyl-tetrahydrofolat-dehydrogenazy.

Lidé maji na rozdil od niz$ich savcii zasoby THF v jatrech relativné nizké (Tephly, 1991).
Ke kumulaci kyseliny mravenci dochazi, pokud rychlost, kterou se kyselina tvofi, prekroci
kapacitu jeji eliminace. Mravenci kyselina inhibuje v mitochondriich cytochrom c oxidazu, tim
dochdzi k bunééné hypoxii, poklesu zdsob adenosintrifosfatu (ATP) a uvolnéni kyseliny
mlécné. Kumulace kyseliny mravenci spolu s kyselinou mlé¢nou vede k zadvazné metabolické

aciddze (Liesivuori and Savolainen, 1991).

Existuje pfima souvislost mezi vysokymi hodnotami koncentrace kyseliny mravenci v séru
a vysokou morbiditou a mortalitou intoxikovanych pacientii (Brent et al., 2001). Metanol
cytotoxickym ptisobenim kyseliny mravenéi poskozuje axony zrakového nervu, bunky o¢ni
sitnice a neurony bazélnich ganglii mozku, zejména putamen (Sharpe et al., 1982; Sivilotti et
al., 2001). Pisobeni mravenci kyseliny na centralni nervovy systém (CNS) umociiuje zavazna
metabolicka aciddza, kterd usnadiuje prechod kyseliny mraven¢i hematoencefalickou bariérou,
coz zpusobuje edém mozku a/nebo nekrotické postizeni putamen, nucleus pallidus
1 subkortikalni bilé hmoty (Gaul et al., 1995; Feany et al., 2001; Blanco et al., 2006; Zakharov
et al., 2016).

14



2.2. Klinické priznaky, terapie a prognoza intoxikace metanolem

K ¢asnym projeviim toxicity metanolu patii opilost, nevolnost, zvraceni, bolesti bficha,
slabost, zmatenost a ataxie, poté nastupuje obdobi latence, které mize trvat 12-24 hodin
(Tephly TR, 1991). V této dobé dochazi k oxidaci metylalkoholu a akumulaci kyseliny
mravenci. Je-li souc¢asné konzumovan etanol, bezpiiznakové obdobi mize byt prodlouzeno az
na 36 hodin. (Zakharov et al., 2014b). Poté dochazi k metabolické acidéze, zhorSuji se zrakové

funkce, od rozmazaného vidéni az po Uplnou slepotu (Barceloux et al., 2002).

V ptipad¢ tézké otravy dochézi k zdvaznému kvantitativnimu i kvalitativnimu postizeni
védomi az k bezvédomi, mohou se objevit i kiece (Bennett et al., 1953, Kruse, 1992). Zavazné
neurologické projevy, hlavné bezvédomi, neptiznivé ovlivituji prognézu (Paasma et al., 2009,
2012). Vyraznéji byva také postizen zrak. SniZuje se ostrost vidéni a dochazi ke ztraté
barevného vidéni — pacienti popisuji obraz snézného pole nebo sné¢hovou boufi, pocity oslnéni
a zhasinani. V tézkych piipadech dochézi k umrti pacienti nebo k pteziti s tézkymi trvalymi

nasledky ze strany CNS a zraku (Barceloux et al., 2002, Kraut, 2015, Zakharov et al., 2015b).

Otrava metanolem je obvykle diagnostikovana na zaklad€ anamnézy pacienta, laboratorni
toxikologické analyzy a pfitomnosti neuro-oftalmologickych ptiznakt.. Zavazna metabolicka
acidoza s vysokym aniontovym a osmolarnim oknem (gapem) a vysokymi hladinami metanolu

a kyseliny mravenci v séru tuto diagndzu potvrzuje (Blanco et al., 2006, Zakharov et al., 2015d).

Meéfeni aniontového a osmolarniho gapu ma velky vyznam z hlediska v€asné diagnostiky
akutni otravy metanolem. Aniontovy gap je spolehlivym ukazatelem zdvaZnosti otravy
upacientii s pozdnim projevem, u kterych jiz byla velkd c¢ast pozitého metanolu
metabolizovana. ZvySeny osmolalni gap mize pomoci v diagnostice metanolové otravy v ¢asné

fazi (Hovda et al., 2004, Zakharov et al., 2015d).

Utinna a efektivni 1é¢ba je vedena snahou co nejdiive za pomoci antidota, etanolu nebo
4-metylpyrazolu (fomepizolu), inhibovat ADH a tim zabranit vzniku toxickych metabolitt
(Zakharov et al., 2015a). Etanol mé asi desetkrat vyssi afinitu k ADH nez metanol. Sérova
koncentrace etanolu musi byt dostate¢né vysoka, aby zablokovala pfeménu metanolu na
mravenCan (McCoy et al., 1979; Peterson, 1981; Jacobsen et al., 1982 b, 1986). DalSim
ucinnym antidotem je fomepizol. Jeho afinita k ADH je tisickrat vysSi nez afinita metanolu
(Baud et al., 1986; Burns et al., 1997; Bekka et al., 2001; Brent et al., 2001; van der Knaap et
al., 2005; Kraut et al., 2008; Pohanka, 2015;).
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Fomepizol byl poprvé schvalen pro pouziti v USA k 1é¢b¢ intoxikace etylenglykolem
v roce 1997 a k 1é¢b¢ intoxikace metanolem v roce 2000 (Mycyk & Leikin, 2003; Beatty et al.,
2013). V Evropé je od roku 2002 schvalen jako antidotum pii otravé etylenglykolem
(Sturkenboom et al., 2009). V roce 2014 byl pfiddn do Seznamu zékladnich 1¢ékit WHO, ale
jeho dostupnost je stale omezena a cena pomérné vysoka. Je-li podani antidota opozdéné nebo
mnozstvi nedostacujici, mortalita intoxikovanych pacienti mize dosahovat 40 % a u pacientt,
ktefi otravu pfeziji, se objevuji zdvazné zdravotni nésledky intoxikace (Abramson & Singh,

2000; Hovda et al., 2005a; Hassanian-Moghaddam et al., 2007; Paasma et al., 2007, 2009;
Zakharov et al., 2014b; Roberts et al., 2015,).

Dale je tfeba korigovat zdvaznou metabolickou aciddzu a pokusit se o rychlou eliminaci
metanolu a kyseliny mraven¢i hemodialyzou (Jacobsen et al., 1986; Barceloux et al., 2002;
Kraut et al., 2008; Zakharov et al., 2014a, 2016, 2017a). V klinické praxi se pfi akutni otrave
metanolem vyuziva intermitentni i kontinualni hemodialyza. Intermitentni hemodialyza vSak
rychleji eliminuje rezidualni metanol a nové se tvofici mravencan. V piipadech se zdvaznou
metabolickou acidozou zaru€uje vyznamné vyssi rychlost korekce acidémie (Jones et al., 2007).
Také studie provedend Zakharovem a kol. uvadi lepsi vysledky pfi pouZiti intermitentni
hemodialyzy, hlavné pokud se jedna o rychlost eliminace metanolu a kyseliny mravenci,
a zéroven zduraziiuje vyznam rychlé eliminace mravencanu u pacientl s pozdni diagnozou
(Zakharov et al., 2014a). V jiné publikaci Zakharov a kol. poukazuje na rychlejsi korekci

acidémie pfi pouziti intermitentni hemodialyzy (Zakharov et al., 2017a).

Po experimentalnich studiich na opicich Noker a kol. pfedpokladali, Ze slouceniny kyseliny
listové by mohly stimulovat oxidaci mraven¢anu a tim snizovat jeho akumulaci, a navrhovali
pouzit folaty v 1é€bé metanolové intoxikace u lidi (Noker et al., 1980). Americk4 akademie
klinické toxikologie doporu€uje v terapii akutni intoxikace metanolem podavat kyselinu
listovou (Barceloux et al., 2002). Ve studii Zakharov a kol. vSak nebyla prokazana klinicka
ucinnost kyseliny listové v prevenci poskozeni zraku u lidi (Zakharov et al., 2014c). Ani Ghosh
a Boyd nenalezli pfimy diikaz, Ze by kyselina listova byla u¢inna v 1é¢bé otravy nemrznouci

smési obsahujici metanol u lidi (Ghosh, Boyd, 2003).

Pozdni diagnoza a s ni souvisejici pozdni zahdjeni 1écby vede k vyssi mortalité a k vyssi
pravdépodobnosti vzniku trvalych zrakovych nebo neurologickych nasledki (Hassanian-
Moghaddam et al., 2007). Stejné tak pacienti s vy$Simi koncentracemi metanolu a niz$imi
koncentracemi etanolu v séru jsou obvykle zavaznéji otraveni (Hovda et al., 2004, Zakharov et

al., 2016). Rizikovymi faktory Spatné prognozy pii metanolové otravé jsou tézka metabolicka
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acidoza s vysokym aniontovym gapem, deficit bazi, vysoky laktat v séru a nizké pH arterialni

krve (Barceloux et al., 2002; Paasma et al., 2012).

Dalsimi rizikovymi faktory jsou alterovany stav védomi pti pfijeti, pozdéjsi zahajeni 1éCby,
pocet a charakter komplikaci 1€cby (Hassanian-Moghaddam et al., 2007; Paasma et al., 2012;
Zakharov et al., 2017c¢). Je znamo, ze koncentrace laktatu v séru koreluje s klinickym stavem
u kriticky nemocnych pacienti alze jej pouzit jako prognosticky ukazatel umrtnosti
a dlouhodobé morbidity v kritickych stavech (Schuster, 1984; Smith et al., 2001; Jansen et al.,
2008). Stejné tak stresem indukovana hyperglykémie pozorovana u kriticky nemocnych je
zndmym negativnim prognostickym faktorem (Sanaei-Zadeh et al., 2011, Zakharov et al.,

2014b).

2.3. Zrakové nasledky akutni intoxikace metanolem

U pacientl,, ktefi pfezili akutni otravu metanolem, dosahuje prevalence dlouhodobych
zrakovych nasledkii az 40 % (Zakharov et al., 2015b; Urban et al., 2016; Hlusicka et al., 2018,
2019a, 2019b). Pasobenim kyseliny mravenci dochdzi k poruse mitochondrialni oxidativni
fosforylace inhibici aktivity cytochrom c oxiddzy a tim k neuropatii optického nervu a destrukci

sitnice.

Studie zabyvajici se toxickym plisobenim metanolu na zvifecich modelech demonstruji
inhibici cytochrom ¢ oxidézy kyselinou mraven¢i v lamindrnich a retrolaminéarnich oblastech
zrakového nervu (Martin-Amat et al., 1977; Baumbach et al., 1977; Hayreh et al., 1977).
Zrakové nasledky intoxikace se projevuji rozmazanym vidénim, sniZenim ostrosti zraku,

fotofobii a zménami v zorném poli az po uplnou slepotu (Nurieva et al., 2018).

Poskozeni zrakového nervu lze objektivné posoudit vySetfenim evokovanych zrakovych
potencialti (VEP), poskozeni sitnice pak optickou koherentni tomografii (OCT), pomoci které
se méti tloustka vrstvy nervovych vlaken (RNFL) sitnice (Jones and Brusa, 2003; Urban et al.,
dochazi v temporalnich segmentech sitnice (Nurieva et al., 2018). Tento pokles velmi uzce

souvisi s abnormalnim nalezem pii vySetieni VEP a zrakové ostrosti (Zakharov et al., 2015b).

Nejvyznamngj§im prognostickym faktorem chronického poklesu tloustky RNFL je pH
arteridlni krve pfi piijeti do nemocnice (Nurieva et al., 2018). Prodlouzeni latence zrakového

evokovaného potencidlu je projevem akutni demyelinizace axonil zrakového nervu (Urban et

17



al., 2016). U nékterych pacientd mize dojit k nasledné remyelinizaci nervus opticus béhem

dvou let nasledujicich po akutni otravé metanolem (Nurieva et al., 2016).

U pacienti s dlouhodobymi zrakovymi nasledky otravy jsou zaroven castéji
diagnostikované mozkové 1éze, 70 % versus 27 % u pacientll bez poskozeni zraku (Zakharov
et al., 2015b). Ve studii Nurieva a kol. (2018), pacienti s abnormalni tloustkou RNFL méli na
nukledrni magnetické rezonanci (MRI) znamky mozkovych 1ézi v 10 ze 13 ptipadl, zatimco

pacienti s normalni tloustkou RNFL méli CNS nasledky v 8 z 29 ptipadi.

Pribéh a nasledky otravy metanolem mohou byt také ovlivnény genetickymi
polymorfismy. Je popsana souvislost mezi pfitomnosti alely apolipoproteinu E4 a abnormalnim
morfologickym nalezem na OCT. U pacientq, ktefi jsou nosici alely ApoE4, se prokazala nizsi
tloustka RNFL, delsi latence viny P1 zrakového evokovaného potencialu a ¢astéjsi poskozeni

mozku vyvolané metanolem ve srovnani s pacienty bez alely ApoE4 (Nurieva et al., 2019).

2.4. Postizeni centralni nervové soustavy nasledkem akutni intoxikace

metanolem

Toxické plsobeni kyseliny mravenci, metabolitu metanolu, vede k nekroze bazdlnich
ganglii, hlavné putamen, casto s krvacenim, déle k postizeni bilé hmoty zejména
v subkortikalni oblasti, mén¢ Casto k poskozeni v oblasti mozkového kmene, mozecku a
nucleus caudate (Blanco et al., 2006, Singh et al., 2013, Vaneckova et al., 2015; Hassanian-
Moghaddam et al., 2017). Likosky a kol. (2005) popsal pfipad metanolem intoxikovaného
pacienta, u kterého pocitacova tomografie (CT) mozku odhalila kromé subarachnoidélniho

krvaceni masivni hemoragie v lateralnich komorach i ve 3. a 4. komofte.

Podle nékterych autort je putamen zvlasté citlivé na pasobeni kyseliny mravenci. Neni
zcela jasné, pro¢ pii metanolové otravé dochazi k postizeni pfevazné putamen. Piicinou miize
byt nahromadéni kyseliny mravenc¢i v oblasti putamen v dusledku lokdlni insuficience
hematoencefalické bariéry (Onder et al., 1999; Singh et al., 2013). Jina hypotéza piedpoklada,
ze vysoka koncentrace kyseliny mravenc¢i v putamen je zpusobena nedostateCnym Zilnim
odtokem pfti sekundéarni hypotenzi (Hubacek et al., 2015). Také se predpoklada, Ze putamen ma
vy$§i naroky na piisun kysliku a gluk6zy nez jiné oblasti mozku, proto je citlivéjsi na bunéénou
hypoxii (Blanco et al., 2006). Specifickou citlivost putamen pfi¢itaji autofi zhorSené Zilni

drendzi, nedostatecnému arteridlnimu pratoku, hypotenzi a ischemii, vy$§im narokiim na
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spotfebu kysliku a mimotfadné zranitelnosti vici pfimému histotoxickému ucinku kyseliny
mravenci (Symon et al., 1973; Brierly and Graham, 1984; McLean et al., 1989; Hantson et al.,
1997; McLean et al). Neurony bazalnich ganglii 1 jejich axony jsou nachylné k poskozeni

vyvolanému hypoxii a oxida¢nim stresem (Zakharov et al., 2017b).

Souvislost mezi hemoragickou nekr6zou putamen a hemoragickou 1ézi bilé hmoty byla
poprvé popsana Orthnerem (Orthner, 1953). Klinické pfiznaky zplisobené témito 1ézemi vSak
popsal az v roce 1988 Phang et al. (1988), ktery pozoroval na CT rozsahlou hemoragickou
nekrozu v bazélnich gangliich a krvaceni do mozkovych komor u 6 z 21 pacientii s intoxikaci
metanolem. Taheri a kol. (2010) i Vyas a kol. (2009) povazuji intrakranidlni krvaceni v¢etné
krvaceni do putamen za vzacnou komplikaci, kterd je zplisobena nezndamym mechanismem
a spojena s vysokou mirou umrtnosti. Mozkové krvéceni jako nasledek metanolové intoxikace
je obvykle oboustranné a neni expanzivni (Taheri et al., 2010). Nékteti autofi uvadéji souvislost
mezi krvacenim do mozku u metanolové intoxikace a pouzitim systémové antikoagulace béhem
hemodialyzy (Giudicissi et al., 1995, Hernandez et al., 2004). Aisa a kol. (2016) neprokazali
korelaci mezi krvacenim v CNS po expozici metanolu a heparinem pouzivanym pfi

hemodialyze.

Pozdni neurologické pfiznaky se u pacientil, ktefi prezili otravu metanolem, objevuji se
zpozdénim dnil az tydnl po intoxikaci (Bezdicek et al., 2014) a zahrnuji pyramidové piiznaky
(Hageman et al., 1999), poruchy chiize (McLean et al., 1980; Davis et al., 1999) a ziidka
dystonii (LeWitt et al., 1988; Davis et al., 1999). Poskozeni bazéalnich ganglii se mtze klinicky
manifestovat sekundarnim parkinsonismem, ktery je charakterizovan rigiditou, bradykinezi,
mirnym tfesem, hypomimii aZ maskovitym vyrazem tvare, letargii a kognitivnimi deficity (Ley
et al., 1983; Rachinger et al., 2002; Server et al., 2003; Osborne et al., 2010; Sharma et al.,
2013). Extrapyramidové pfiznaky jsou obvykle trvalé, ale po 1écbé levodopou (Ley et al., 1983;
Davis et al., 1999) mlze dojit ke zlepSeni, 1 kdyZ ne u vSech pacientd (McLean et al., 1980).
Mezi dals$i neurologické nasledky té€zké intoxikace metanolem patfi pficnd myelitida,
onemocnéni motorického neuronu pfipominajici amyotrofickou lateralni sklerdézu, vizualni
anosognosie a pseudobulbarni obrna (Srivastava and Kadam, 2013; Vaneckova et al., 2014;
Zakharov et al. 2014b). Podle studie Peterové a kol. (2017) pacienti po intoxikaci metanolem
nevykazovali chiizi typickou pro parkinsonismus. Jejich chlize byla pomalejsi se Sirokou
zakladnou a zkracenymi kroky, coZ by odpovidalo dysfunkeci frontdlniho laloku v disledku
poskozeni bazalnich ganglii metanolem a pferuSeni spojii mezi frontalni korovou oblasti

a bazalnimi ganglii (Peterova et al., 2017).
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Léze v bazalnich gangliich zpisobené akutni metanolovou intoxikaci se klinicky projevuji
kognitivnim deficitem frontalniho typu (Bezdicek et al., 2014). Jind studie uvadi, ze objem
bazalnich ganglii a frontalni bilé hmoty koreluje s trvalou vizualni pozornosti a motorickym

vykonem pacientli intoxikovanych metanolem (Mana et al., 2019).

Dlouhodobé neurologické nasledky akutni otravy metanolem mohou zplisobovat snizenou
pohyblivost, potize s chlizi, chronickou bolest koncetin i problémy v socidlnim zivoté, nizsi
Sanci na opétovné ziskani stejné pracovni pozice a potiebu zdravotné socialni rehabilitace
(Bezdicek et al., 2017; Peterova et al., 2018; Zakharov et al., 2019; Rulisek et al., 2020). Proto
v€asnd a u€inna lécba intoxikace metanolem a minimalizace sekundarniho poSkozeni zraku
a nervového systému ziistavaji vyzvou pro zdravotniky na celém svété (Halavaara et al., 2002;

Hovda et al., 2004; Hubacek et al., 2015).

Dlouhodobé CNS a zrakové nasledky otravy metanolem vyrazné€ snizuji kvalitu Zivota
pacientil prezivsich akutni otravu (Rulisek et al., 2020). Prevalence CNS nasledkii u pacientd,
kteti prezili intoxikaci metanolem, je vSak ¢asto podhodnocena (Paasma et al., 2009). Dosud
publikované retrospektivni studie zahrnovaly maly pocet ptipadii s CT nebo MRI vySetfenim
mozku provedenym v akutnim stavu, chybé€ly kontrolni vySetfeni pii propusténi a v letech

nasledujicich po propusténi z nemocnice.
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2.5 Zobrazovaci a funkéni vySetieni bazalnich ganglii
2.5.1. Magneticka rezonance a MR-volumetrie bazalnich ganglii

Typickymi nalezy na MRI a CT u pacienti intoxikovanych metanolem jsou loziska
bilateralni nekrézy bazalnich ganglii, nékdy s krvacenim, a hemoragické 1éze v subkortikalni
bilé hmot¢ (Kim et al., 2006; Jain et al., 2013; Vaneckova et al., 2015). Mén¢ Casto se na MRI
vyskytuje poskozeni v oblasti globus pallidus, nucleus caudate, thalamu, mozecku, mozkového
kmene, pons a mozkové kury, dale atrofie zrakového nervu (McLean et al., 1980; Kuteifan et

al., 1998; McNeill et al., 2008).

NejcastejSim nalezem na MRI je oboustranna nekréza putamen, které je predilekéni oblasti
pfi otravé metanolem (Vaneckova et al., 2019). CT i MRI zobrazuji podobné ndlezy v oblasti
putamen, MRI vSak lépe zobrazi anatomické detaily a miize odhalit i malé¢ hemoragické 1éze
(Koopmans et al., 1988). Relativné Casté je i selektivni postizeni globus pallidus a v pripadé

jeho 1éze je nutné zvazit moznost intoxikace metanolem (Vaneckova et al., 2015).

PoSkozeni bilé hmoty v subkortikdlni oblasti a zdrovenn oboustranné 1éze v putamen
bilaterdlné jsou zndmkami zdvazné metanolové toxicity (Kuteifan et al., 1998). Ve studii
provedené Taherim a kol. (2010) bylo vyhodnoceno 42 ptipadli intoxikace metanolem a bylo
zjisténo, ze u pacientli, ktefi zemfeli, bylo Castéji diagnostikovano krvaceni do putamen
a nekrdzy v subkortikalni oblasti. Aquilonius a kol. (1980) uvedl, Ze existuje zfejmy vztah mezi
stupném nekrotickych zmén v putamen a vyslednym klinickym stavem pacienta.

Ve studii Sefidbakhta a kol. (2007) z 9 pacientd intoxikovanych metanolem dva pacienti
difiznich hypodenznich loZisek bilé hmoty a bilateralni okcipitalni nekrozy u prvniho pacienta
a nalezy diftzni hypodenzity mozkového parenchymu a generalizovaného subarachnoidalniho
krvaceni u pacienta druhého. Bilateralni hemoragickd nekrdza putamen a nucleus caudate,
subkortikalni nekréza, oboustranna symetrickd nekrdza v oblasti tegmenta a optickych nervi

jsou negativnimi prognostickymi nalezy na MRI (Gaul et al. 1995).

Oboustranna nekrdza putamen se povazuje za charakteristicky nalez na MRI u otravy
metanolem, ale vyskytuje se i u choroby Wilsonovy, Leighovy choroby, Kearns-Sayneho
syndromu a striatdlni degenerace spojené s Leberovou optickou atrofii (Lawlen et al., 1983;
Seidenwurm et al., 1986; Koopmans et al., 1988). Také intoxikace oxidem uhelnatym,

hypoxicko-ischemicka encefalopatie a akutni intoxikace kyanidem mohou vést k poskozeni
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putamen a je tfeba je zvazit v diferencidlni diagnostice (Glazer et al., 1996; Comoglu et al.,

2001; Server et al., 2003).

Ke kvantitativnimu hodnoceni zmén v riznych mozkovych strukturdch se stale Castéji
vyuzivda MRI-volumetricka analyza mozku. Pacienti se znamkami metanolem indukovaného
poskozeni mozku maji na MRI vyrazn¢ snizené objemy bazalnich ganglii. K nejvyznamnéjSim
zméndm dochézi v putamen (Vaneckova et al., 2019). V postizené oblasti vznikd edém
a pozd¢ji nekroza, gliova jizva a postmalatické pseudocysty, které vedou ke snizenému objemu
mozkovych struktur (Viola et al., 2000). Bylo prokazano, ze objem bazalnich ganglii koreluje
se zavaznosti metabolické aciddzy a zaroven objem putamen koreluje s tloustkou RNFL na

OCT (Hlusicka et al., 2020).

2.5.2. 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) tvoii spolu se
substantia nigra, thalamem a frontalni oblasti mozku kortiko-striato-thalamo-kortikalni smycku
(Haber, 2016). Proto poskozeni putamen, ke kterému dochazi v disledku poklesu poctu

neurontl, muze ovlivnit rizné oblasti mozku.

Dopaminovy transportér (DaT) je protein nachédzejici se v membrané dopaminergnich
bunék. Usnadiiuje opétovné vychytavani dopaminu v presynaptickych nervovych zakoncenich.
Moderni zobrazovaci techniky pouzivaji '*I-ioflupan pro ozna¢eni DaT a umoziiuji hodnotit
dopaminergni funkce pomoci jednofotonové emisni vypocetni tomografie (DaT SPECT)
(Darcourt et al., 2010). Absorbce '**I-ioflupanu ve striatu odpovida pocétu funkénich
dopaminergnich neuronil v substantia nigra pars compacta (Colloby SJ, et all, 2012; Kordower,
2013).

Zobrazeni vychytavani radiofarmaka ve striatu se vyuziva v diagnostice idiopatického
parkinsonismu (napifiklad Parkinsonova nemoc, multisystémova atrofie, progresivni
supranuklearni obrna, demence s Lewyho tclisky) a jako diagnosticky test pro odliSeni
nigrostriatalni degenerace od zachovalé dopaminergni funkce (naptiklad u esencialniho tfesu)
v klinicky nejistych ptipadech podezieni na Parkinsontiv syndrom (Sixel-Doéring et al., 2011;

Mirpour et al., 2018).

Zatim byly publikovany jen jednotlivé pfipady intoxikovanych pacientli, u kterych se

vySetfovala a posuzovala funkce dopaminergniho systému ve striatu pomoci funkénich
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zobrazovacich metod (Airas et al. 2008, Doe de Maindreville et al., 2017). Nicméné&, nebyly
provedeny zadné systematické studie, které by se tomuto tématu vénovaly. Proto zatim neni
jasné, zda se nekroza v oblasti putamen u intoxikovanych pacientd projevi ubytkem striatalni

DaT vazby v dusledku axonalni denervace.

Zaroven neni znamo, jestli existuje souvislost mezi objemy putamen, nucleus caudate,
globus pallidus stanovenymi pomoci MRI-volumetrie a specifickymi vazebnymi poméry
(SBR) zjisténymi pomoci '**I-ioflupane na DaT SPECT. Dale také nebylo prokazano, zda
existuje souvislost mezi kvantitativnimi parametry DaT SPECT a zavaZznosti otravy,

prognostickymi faktory a aplikovanymi lé¢ebnymi metodami.

2.6. PostiZeni periferni nervové soustavy nasledkem akutni intoxikace

metanolem

V soucasné dob¢ neexistuji studie, které by se systematicky a dlouhodobé zabyvaly
pusobenim akutni intoxikace metanolem na periferni nervy pacientii v letech nasledujicich po
propusténi z nemocnice. Spojitost klinicky vyznamné periferni polyneuropatie (PNP) s profesni
expozici organickym rozpoustédliim obsahujicim metanol zistava nejasné (Albers et al., 1999;
Hageman et al., 1999). Jsou popsdny jen vzacné klinické ptipady chronické motorické
dysfunkce a PNP po akutni otravé metanolem (Guggenheim et al., 1971; Quartarone et al.,
2000; Chio et al., 2004; Jarwani et al., 2012). V kohortové studii Paasma et al. se u 8/27 (30 %)
pacienti, kteti ptezili otravu metanolem, vyvinula PNP za Sest let po propusténi z nemocnice

(Paasma et al., 2009).

Gille a kol. (1998) popsali ptipad, u které¢ho se kromé znamych neurologickych nésledk
vyvinula chronickd motorickd neuropatie s PNP. Jina z kazuistik uvedena v literature se tyka
34letého pacienta, ktery ndhodné poZzil metanol a jina rozpoustédla a u kterého se objevila
porucha motorickych neuronti, podobnd amyotrofické lateralni skleréze. S ohledem na vék
pacienta, rodinnou anamnézu, absenci jinych neurologickych poruch a néastup klinickych obtizi

byla tato porucha vyhodnocena jako nésledek akutni otravy metanolem (Chio et al., 2004).

Jarwani a kol. (2012) uvadéji ptipad 26letého pacienta, u kterého se zaroven vyvinula
porucha centralniho i periferniho nervového systému. U pacienta s bilateralni optickou
neuropatii se objevila radikulopatie a PNP doprovazena axonopatii. MRI zobrazujici centralni
nervovy systém odhalila nekrézu putamen. Na elektromyografickém vySetfeni (EMG) byla
zjisténa senzoricka 1 motoricka PNP, ktera byla doprovdzena sekundarni axonopatii, a Casna

polyradikulopatie, zejména na dolnich koncetinadch. Navzdory podptrné terapii kortikosteroidy
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a kyselinou listovou nebylo pozorovano zadné zlepSeni senzorickych ani motorickych funkci

(Jarwani et al., 2012).

Experimentalni studie na potkanech neprokazaly piimy uc¢inek akutni expozice metanolu
na neuromuskuldrni funkce, ale tyto studie maji svd omezeni, protoZze hlodavci ve srovnani

s lidmi rychleji odbouravaji metanol a maji vétsi zdsobu folatu (Moral et al., 2015).

Jedinou kohortovou studii periferni PNP u pacientt, ktefi pfezili akutni otravu metanolem,
publikoval Paasma et al. (2009). V této studii vSak nebyla provedena zddna EMG vysetfeni
a diagnoza byla stanovena na zaklad¢ klinického neurologického vysSetfeni. Nebyla také
uvedena souvislost s laboratornimi toxikologickymi a biochemickymi tdaji, ani souvislost se

zrakovymi a CNS nésledky metanolové intoxikace.

Tyto ojedinélé publikace maji znacné limitace, protoZe na vzniku PNP se mohou podilet
dalsi faktory. Naptiklad ucinek dalSich latek obsazenych ve smésich rozpoustédel (Albers et
al., 1999; Hageman et al., 1999, Chio et al., 2004; Sainio, MA, 2015) chronické zneuzivani
alkoholu (Monforte et al., 1995), deficit vitamini B> a Bi, ktery miZze byt projevem
chronického alkoholismu a/nebo malnutrice (Chi-Ren et al,, 2011), nedostate¢né
kompenzovany diabetes mellitus (DM) nebo nedostatecné substituovand hypofunkce Stitné

zlazy (Johannsen et al., 2001; El-Salem et al., 2006).

Limitujici jsou i neuplné biochemické a toxikologické tdaje, absence zékladniho EMG
vySetfeni a systematického sledovani, pfedev§im vSak velmi omezeny pocet pacientl. V
literatute také nejsou k dispozici zadné udaje o tom, zda zavaZznost akutni otravy metanolem a
charakter o¢niho a mozkového poSkozeni zpiisobeného metanolem mohou mit vliv na pozdé;si

vyvoj periferni PNP u pacientli intoxikovanych metanolem.
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3. CILE DISERTACNI PRACE

Cilem této zavérecné prace bylo zhodnotit prevalenci, charakter a dynamiku dlouhodobych

neurologickych nasledkll akutni otravy metanolem b&hem let nasledujicich po intoxikaci.

Disertacni prace je zaméfena 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 1€zi pacientl intoxikovanych metanolem v prabéhu Sesti let po propusténi
Z nemocnice.

Posouzenim souvislosti mezi vyskytem CNS nésledkti intoxikace a parametry zadvaznosti
otravy metanolem, prognostickymi faktory, terapeutickymi metodami a zrakovymi
nasledky intoxikace.

Zhodnocenim vyznamu zobrazovacich a funk¢nich vySetfovacich metod v diagnostice
dlouhodobych CNS naésledkti akutni intoxikace metanolem (MRI, 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 zadkladé téchto udaji je mym ukolem posoudit, zda akutni

intoxikace metanolem muze zpusobit periferni PNP v letech nasledujicich po intoxikaci.
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4. SOUBOR PACIENTU A METODIKA

Udaje ktéto praci jsem ziskavala na zakladé dlouhodobého sledovani pacientii
s potvrzenou diagn6zou akutni intoxikace metanolem, ktefi byli 1éeni v nemocnicich béhem
hromadné otravy metanolem v Ceské republice od zaii do prosince 2012. V této dobé bylo v
nemocnicich v nasi republice 1éceno celkem 108 osob akutné intoxikovanych metanolem,

z toho 84 pacienti intoxikaci ptezilo.

V ramci této prospektivni longitudinalni jednocentrové kohortové studie jsme tedy
vySetfovali pacienty, ktefi byli propusténi z nemocnice s diagnézou akutni intoxikace
metanolem a ktefi souhlasili s ucasti v nasi studii. Jednalo se o 55 pacientii (primérny vek
47,9+ 3,6 let; 9 zen). V dobé hospitalizace byli pacienti 1éCeni dle doporuceni Evropské
asociace toxikologickych center a klinickych toxikologii a doporuceni Americké akademie
klinické toxikologie (Barceloux et al., 2002). Jako antidota byly pouzity blokatory ADH, etanol
a fomepizol (4-metylpyrazol), byla substituovana kyselina listova, pacienti s té¢zkou acid6zou
dostavali bikarbonat, z eliminacnich metod byla pouZzita intermitentni hemodialyza nebo

kontinudlni hemodialyza/hemodiafiltrace (Zakharov et al., 2012, 2014a,b).

Z hlediska neurologického, vySettovaci protokol v dobé hospitalizace zahrnoval CT nebo
MRI mozku. Pacienti, u kterych MRI nebo CT mozkové skeny odhalily 1éze bazalnich ganglii,
byli propusténi s diagndzou nésledky na CNS zpisobené akutni intoxikaci metanolem. Pacienti,
u kterych byly béhem hospitalizace zjistény piiznaky optické neuropatie s patologickymi nalezy
na zrakové ostrosti, perimetru, barevném vidéni, kontrastni citlivosti a pfetrvavajicimi lézemi

na fundoskopii, byli propusténi s diagndzou zrakové nasledky akutni otravy metanolem.

Informace o klinickém stavu, vysledcich laboratornich vySetfeni (pH arteridlni krve,
koncentraci metanolu a etanolu v séru, hladiné glukdzy, kreatininu, laktatu a dalsi), vysledcich
neurologického a o¢niho vysetfeni, pouzitych zptisobech 1écby a priibéhu hospitalizace jsme

ziskavali z propoustécich zprav pacienti.

Po propusténi z nemocnice byli pacienti, které jsme zaradili do studie, vySetfeni celkem
ctytikrat béhem Sesti let (3—8 mésicil a poté 2, 4 a 6 let po propusténi). Pfi téchto kontrolnich
vySetienich jim byla odebrana anamnéza, podstoupili laboratorni biochemicka vySetteni,
neurologické vysetteni (véetné MRI, SPECT, EMG) a o¢ni vySetfeni (véetné¢ VEP a OCT).
Studii schvalila Etickd komise VSeobecné fakultni nemocnice v Praze a pied vySetfenim byl od

vSech pacientl ziskan pisemny informovany souhlas.
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Z 55 pacientd, kteti do studie vstoupili, bylo u 46 pacientii (sttedni vék 49, 35-57, 9 Zen)
provedeno MRI 3-8 mésicii a 24-28 mésicli po propusténi z nemocnice. MRI mozku bylo
provadéno na pristroji Gyroscan Phillips 1,5 T (Royal Philips, Amsterdam, Nizozemsko)
s nasledujicim protokolem: axidlni T2 vazeny obraz s tloustkou fezu (THK) 6,0 / 0,6 mm
v oblasti celého mozku s parametry: TR 4241 ms, TE 100 ms a FA 90 °; FLAIR: TR 11000 ms,
TE 140 ms, TT1 2800 ms a FA 90 °; vazeny obraz T1: TR 569 ms, TE 15 ms a FA 69 °; T2 vazeny
obraz - FFE: TR 665 ms, TE 23 ms a FA 18 °; single-shot difuzné vazeny obraz: TR 2901 ms,
TE 75 ms a FA 90 °; a T1 vazeny obraz po podani kontrastni latky Gd - DTPA a T2 vazeny
obraz s potlacenim signalu tuku (SPIR) v korondrnich fezech zaméfenych na orbitalni oblast:
TR 5506 ms, TE 100 ms a FA 90 °. VSechna MRI data byla zpracovana pomoci prototypového
softwaru MorphoBox. Takto ziskané tidaje umoznily odhadnout jednotlivé objemy struktury

mozku v cm? a relativni objemy jako procento z celkového intrakranialniho objemu (TIV).

Za pacienty s nasledky metanolové intoxikace na CNS byli povazovani ti, u kterych byla
na MRI pritomna symetrickd nekroza bazalnich ganglii a jiné posSkozeni mozku (v mozkovém
kmeni, nucleus caudate, mozecku, v subkortikalni bilé hmoté a atrofie optického nervu)
odpovidajici diagnéze akutni otrava metanolem. U pacientll nebyla dfive diagnostikovédna
neurologickd, neurodegenerativni, neurovaskularni nebo psychiatrickd porucha kromé

chronického uzivani alkoholu.

U 46 pacienti ztéto skupiny byl medidn pozitého objemu toxickych lihovin 300 ml
(rozmezi 50-2 000 ml). Alkoholické napoje obsahovaly kolem 40 % alkoholu, z toho pfiblizné
50 % metanolu a 50 % etanolu. Pouze 10 (22 %) pacientl bylo diagnostikovano do 12 hodin
po poziti metanolu, 30 (66 %) do 48 hodin a tfi pacienti (6 %) za vice nez 48 hodin. U dalSich
ttech pacientl (6 %) nebylo moZné spolehlivé urcit dobu poziti. V 22 (48 %) ptipadech byla

zjiSténa anamnéza chronického abuizu alkoholu.

Pacienti byli podle vysledktt MRI rozdéleni do dvou skupin: ve skupiné I byli pacienti
s krvacenim do mozku a ve skupiné II pacienti bez krvaceni do mozku. Skupina II byla déle
rozdélena do dvou podskupin, na podskupinu ,,s nehemoragickymi mozkovymi lézemi‘
a podskupinu ,.bez mozkovych 1ézi“. Obé skupiny byly srovnavany z hlediska véku,
antikoagulacni 1écby, kli¢ovych laboratornich parametrti pii pfijeti (sérové koncentrace
metanolu, mravencanu, laktatu, glukozy, pH arterialni krve, bikarbonatu, deficitu bazi),
terapeutickych intervenci (typu antidota, alkalizace a substituce folatu) a z hlediska pfitomnosti

zrakovych nasledki otravy.
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U 42 pacientii (primérny vék 46,3 + 4,2; 8 Zen) bylo MRI mozku provedeno celkem
ctytikrat béhem Sestiletého obdobi a DaT SPECT (jednofotonova emisni pocitacova tomografie
se zobrazenim dopaminovych receptorii v mozku) dvakrat, Ctyii a Sest let po propusténi

Z nemocnice.

Pro DaT SPECT byl pouzit '*I-ioflupan (DATSCAN™, GE Healthcare, B. V Eindhoven,
Nizozemsko). Ioflupan je analog kokainu, ktery se s vysokou afinitou vaze na presynaptické
pienasee dopaminu, a tak radioaktivné znadeny '*I-ioflupan lze pouzit jako marker
k vySetfovani integrity dopaminergnich neuronii. Ioflupan se také vadze na serotoninové
prenaSece 5-HT neurond, ale s nizs$i vazebnou afinitou. Davkovani a skenovani bylo provadéno
v souladu s doporuc¢enim vyrobce. Snimky byly ziskany pomoci skeneru SPECT se dvéma
hlavami, GE Infinia HawkEye4 (GE Healthcare, Milwaukee, WI, USA) vybaveného paralelnim
kolimatorem. Zobrazovani bylo zahdjeno 3 hodiny po intravendézni bolusové injekci
radiofarmaka se standardni aktivitou (185 MBq) a trvalo celkem 45 minut. K automatické
semikvantitativni analyze obrazu se pouzival komeréné dostupny software DaTQUANT™ (GE
Healthcare, Little Chalfont, UK), ktery vypocital specifické vazebné poméry (SBR) pro
striatum, nucleus caudate a putamen. Ty byly déale porovnavany s vysledky laboratornich

vySetfeni, objemovymi udaji a s meéfenim tloustky RNFL.

55 pacientd zahrnutych do studie podstoupilo jednou az Ctyfikrat EMG. EMG bylo
provadéno pomoci Etytkanalového piistroje TrueTrace EMG CL 2. Cilem tohoto vySetfeni bylo
posoudit rychlosti vedeni vzruchu a velikosti potencialu elektrické odpovédi v motorickych
vldknech (n. tibialis bilat. a n. peroneus bilat.) i vldknech senzorickych (n. suralis bilat.).
Diagnéza periferni PNP byla stanovena na zaklad€ klinickych ptfiznakd a vysledki EMG
vySetieni. Byly také identifikovany parametry, které nesouvisely s expozici metanolu a mohly
nebyl sezndmen s jejich vstupnimi laboratornimi vysledky, zdvaznosti otravy, klinickym

prubéhem, lécebnymi opatienimi a vysledky vySetfeni pii propusténi z nemocnice.

Oftalmologické vySetifeni obsahovalo standartni oftalmologické testy, OCT s métenim
tloustky RNFL provadénou na pfistroji ,,OCT Spectralis Tracking Laser Tomography*
(Heidelberg Engineering GmbH, Heidelberg, Némecko, software verze 5.8.3) a VEP métené
na pfistroji TruTrace 4 Alien Technik CZ.

Laboratorni vySetfeni zahrnovala vySetfeni kompletniho krevniho obrazu, minerald,

jaternich testi, glukoézy, glykovaného hemoglobinu, albuminu, pre-albuminu, ledvinnych
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a jaternich testi, cholesterolu, lipidd, thyreostimula¢niho hormonu, vitamini B1 a B12,

transferinu, karbohydrat-deficientniho transferinu (CDT) a etylglukuronidu v moci.

Pacienti v radmci nasi studie také vypliovali anamnesticky dotaznik, dotaznik kvality zivota

SF-36 a podstoupili adiktologické vySetieni.
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5. VYSLEDKY A DISKUZE

5.1. Prevalence, charakter, dynamika a predisponujici faktory
hemoragickych a nehemoragickych 1ézi mozku zptisobenych akutni

intoxikaci metanolem (Publikace I)

5.1.1. Prevalence a dynamika hemoragickych a nehemoragickych mozkovych lézi

Jednim z cili mé zavére¢né prace bylo zhodnotit prevalenci, zdvaznost a charakter

1 dynamiku poskozeni CNS u pacientli intoxikovanych metanolem.

Z 55 pacienti, ktefi souhlasili s ucasti ve studii, bylo u 46 pacienti (stiedni vék 49, 35-57,
9 Zen) MRI vysetfeni provedeno 3—8 mésict a 24-28 mésicl po propusténi z nemocnice. Ve
sledovaném souboru mélo 24 (52 %) pacientii celkem 40 abnormdlnich nalezi v mozku
odpovidajicich CNS nasledkiim akutni otravy metanolem. Hemoragické 1éze byly zjistény
u 15 ze 46 (33 %) pacientii a nehemoragické 1éze u 9 (19 %) pacientl. U pacientli se znamkami
poskozeni CNS byly hemoragické 1éze pritomny v 15 z 24 (63 %) ptipadu.

NejcastéjSimi lézemi nalezenymi u 16 ze 46 (35 %) pacientl byly bilateraln¢ symetrické
nekrotické 1éze putamen. U pacientll s nekr6zou putamen byly hemoragické 1éze detekovany
v deviti (56 %) ptipadech. U zbyvajicich 7 (44 %) ze 16 pacientii nebyly v putamen nalezeny
zadné zndmky krvéaceni.

Z 24 ptipadii s CNS nasledky otravy metanolem na MRI bylo putamen poskozeno
v 16 ptipadech. Nicméné& globus pallidus, mozkovy kmen a subkortikélni bild hmota, zejména
ve frontalnich a parietooccipitalnich oblastech, mohou byt také postiZzeny. V téchto oblastech

jsme na MRI detekovali celkem 19 patologickych nalez.

Nekrotické 1éze v globus pallidus jsme nalezli u 8 (17 %) pacienti, 1éze v mozkovém kmeni
byly ptitomny u 7 (15 %) pacientii a depozita v bilé hmoté s priméarné subkortikalni lokalizaci
u 4 (9 %) pacientd. Z osmi pacientll s nekrotickymi lézemi v globus pallidus bylo krvéaceni
ptitomno v péti (63 %) ptipadech. Krvaceni bylo dale diagnostikovdno ve vSech Ctyfech
ptipadech se zjisténymi lézemi subkortikalni bilé hmoty. Dalsi nekrotické 1éze byly u 5 pacientt
nalezeny v nucleus caudate, v mozecku a optickém nervu (Obrézek 1).

U 31 ze 46 (67 %) pacientl nebyly na MRI nalezeny zadné znamky krvaceni do mozku.
9 pacientti z 31 (29 %) m¢lo na MRI nehemoragické mozkové 1éze, z toho pét (16 %) pacient
symetrickou nekrdzu putamen, dva (6 %) pacienti symetrickou nekrézu globus pallidus, jeden

(3 %) 1éz1 mozkového kmene a posledni pacient (3 %) jednostrannou atrofii optického nervu.
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Patients included in the study:
46/32

No brain lesions: Yes brain lesions:
22/12 24/20

Haemorrhagic brain lesions: Non-haemorrhagic brain lesions:

15/13

Putamen: Globus pallidus: Subcortical white matter: Putamen: Globus pallidus: Brainstem:

9/8 5/4 4/3 7/7 3/2 7/4

Obrazek 1. Diagram MRI nalezii v mozku u pacienti zahrnutych do studie. Citatel udava celkovy poéet piipad a jmenovatel udava

pocet ptipadi se systémovou antikoagulacni 1écbou.
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Béhem hospitalizace s akutni intoxikaci metanolem bylo ze 46 pacientt CT vySetieni
mozku provedeno u 8 (17 %) pacientl s neurologickymi pfiznaky. V péti (11 %) ptipadech bylo
CT provedeno uz pii piijeti z divodu bezvédomi. U vSech péti pacientli nebyla pii pfijeti
nalezena zadna mozkova léze a béhem hospitalizace nebylo provedeno kontrolni CT nebo MRI
vySetfeni. U tfech (7 %) pacientll bylo CT provedeno pozdéji v priabéhu hospitalizace kvili
bezvédomi nebo jinym neurologickym ptiznakiim. U dvou z téchto pacient se uskutecnilo jeste

kontrolni MRI vysetfeni mozku.

U pacienta s CT vySetfenim provedenym 5. den hospitalizace byla pfitomna oboustranna
nehemoragickd nekroza putamen. Nasledné MRI vysSetieni o 3 mésice pozdé€ji odhalilo

oboustrannou nekrézu putamen s krvacenim.

V ptipadé dalSiho pacienta s CT vySetfenim provedenym 7. den a MRI mozku 14. den
hospitalizace byla na CT pfitomna bilaterdlni nehemoragickd nekréza putamen a fokalni
subkortikalni nekrdza v okcipitalni oblasti, na MRI o sedm dni pozd¢ji byla zjisténa progrese

nalezu, nicméné nebyly nalezeny zadné znamky krvaceni do mozku.

V poslednim ptipad¢, s CT vySetfenim 3. den a MRI vySetfenim 10. den hospitalizace, byly
na CT nalezeny nekrotické 1éze bilé hmoty, 1éze mozkového kmene a symetricka nekroza
putamen s vyznamnou progresi na MRI 10. den hospitalizace, zndmky krvaceni na MRI zjistény

nebyly.

U ostatnich 38 (83 %) pacientl bylo prvni MRI zobrazeni mozku provedeno aZ v ramci
nasi studie 3-8 mésicli po propusténi z nemocnice. U téchto 38 pacientli nebyly v dobé
hospitalizace piitomny zddné neurologické ptiznaky, ale nasledné MRI vySetieni odhalilo

krvaceni do mozku u 11 (29 %) z nich.

Ackoli znamky nekrotickych 1€ézi v bazalnich gangliich byly na CT/ MRI nalezeny béhem
prvnich 2-3 dnl hospitalizace, krvaceni se zjevné objevilo pozdéji, po 10-14 dnech

hospitalizace.

Dynamika zmén na CT a MRI vypovidd o moZzném vyvoji mozkovych 1ézi u zdvazné
intoxikovanych pacienti. Prvnim stadiem vyvoje mozkovych zmén je pravdépodobné edém
v subkortikalni bilé hmot¢ a bazdlnich gangliich, dale vznikaji loziska nehemoragické nekrozy,

ve kterych mtize postupné béhem nékolika dnd, 1 po Uplné eliminaci kyseliny mravenci a Gipravé
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aciddzy, dojit k pozdnimu krvéceni. To by bylo mozné vysvétlit tim, ze kyselina mravenci mize
pusobit jako spousté¢ patologickych jevl uvnitt bunék, které pozdéji vedou k degeneraci
neurond a vzniku nekrézy v pribéhu dnt az tydnl po ukonceni akutni expozice toxickym
latkam. Na téchto procesech se mohou podilet mechanismy oxida¢niho stresu (Zakharov et al.,

2017b).

Krvaceni do mozku je v literatufe popsano jako vzacna komplikace akutni otravy
metanolem souvisejici se systémovou antikoagulacni 1écbou béhem hemodialyzy (Taheri MS,
et al., 2010, 1 Vyas et al., 2009). V nasi studii se hemoragické 1éze vyskytovaly Castéji nez
nehemoragické. Nejcastéj$im mistem krvaceni do mozku bylo putamen, ale ¢asté byly také
hemoragické 1éze v globus pallidus a subkortikalni bilé hmot€. Proto spiSe nez ,,vzacnou
komplikaci 1écby* ptedstavuje tento stav typicky ndlez na MRI u pacientli intoxikovanych
metanolem. Krvaceni v nekrotickych oblastech je moZznou pozdni fazi vyvoje poSkozeni mozku

v ptipadech t€zké otravy metanolem.

Vysledky druhého nasledného MRI vysetieni 24-28 mésicti po propusténi z nemocnice
neodhalily znamky progrese, ani regrese hemoragickych i nehemoragickych mozkovych 1ézi
zjiSténych pii prvnim nasledném MRI vySetteni. Jedinou vyjimkou bylo u jednoho pacienta
zmizeni malého ohniska nekrézy mozkového kmene zjisténého pii prvnim ndsledném
vySetieni.

5.1.2. Predisponujici faktory hemoragickych mozkovych lézi

V ramci na$i studie jsme zjistili, Ze pacienti s hemoragickymi mozkovymi lézemi byli
bikarbonat nez pacientim bez nasledki na CNS. Déle skupina s krvacenim do mozku méla
vyznamné vyssi hladinu gluko6zy a laktatu v séru nez skupina pacientll bez hemoragickych 1ézi.

Vstupni laboratorni tidaje jednotlivych skupin pacientl jsou uvedeny v tabulce 1.

Vyssi sérové hladiny glukézy a laktatu mohly vypovidat o hlubsi a del§i hypoxii
a vazngjSim poskozeni nejen neuront, ale také oligodendrocytli pacientl, u kterych doslo
pozdéji ke krvaceni do mozku v primarné nehemoragickych loZiskach nekrozy (Pantoni L, et

al. 1996; Ueno M, et al.,2002).
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Byly zjistény vyznamné pozitivni korelace mezi pfitomnosti nekrozy putamen a MRI
zndmkami krvaceni do mozku (r = 0,563; p <0,0001), mezi pfitomnosti nekrotickych 1¢zi
v globus pallidus a krvacenim do mozku (r = 0,415, p = 0,004) a vyznamné korelace mezi
pritomnosti 1éze putamen a pH arterialni krve (r = -0,568; p <0,0001), laktatem v séru
(r=0,613; p <0,0001), hladinou glukézy (r = 0,539; p <0,0001) a deficitem bazi (r = —0,423;
p = 0,003) pti pfijeti do nemocnice. Pacienti s hemoragickymi lézemi mozku méli pii pfijeti

také vyssi laktat v séru (r = 0,379; p = 0,016).

Kyselina mravenci v séru byla pfii ptijeti stanovena pouze u 26 ze 46 (57 %) pacientll, proto
nemohla byt dostatecné posouzena souvislost mezi hladinami mravencanu v séru a charakterem
1ézemi v mozku méli sérové koncentrace mravencanu od 2,0 mmol/l do 8,7 mmol/l. Nicméné
se v nasem souboru vyskytli i pacienti s kyselinou mraven¢i v séru vyssi nez 15,3 mmol/l
a dokonce 30,4 mmol/l pfi ptijeti, kteti neméli zddné nasledky na CNS pfi naslednych MRI

vySettenich.

Pacienti s krvacenim do mozku byli starSi a mé&li vySsi prevalenci komorbidit nez pacienti
bez hemoragickych 1ézi nebo pacienti s nehemoragickymi lézemi (p = 0,034 a p =0,001), pfesto
jsme ale nenasli Zadnou korelace mezi vékem a MRI znamkami mozkového krvéaceni
(r=0,101; p = 0,499). Interval mezi pozitim metanolu a zahajenim 1é€by v nemocnici nebyl

mezi obéma skupinami vyznamny (p = 0,494).

Pacienti s krvacenim do mozku byli pfi pfijeti Castéji v bezvédomi ve srovnani s pacienty
bez mozkového krvaceni. Koncentrace metanolu v séru neméla zddnou prognostickou hodnotu.
Stejné tak vliv podavaného antidota (etanolu nebo fomepizolu) a substituce kyseliny listové na

progndzu nebyl vyznamny (Tabulka 1).

Ve skupiné pacientil s krvacenim do mozku se vyskytovalo dlouhodobé poskozeni zraku
castéji (p <0,001) nez ve skupiné pacienti bez hemoragickych 1ézi a ve skupin€ pacientl s
nehemoragickym poSkozenim CNS (p = 0,015, Tabulka 2), jak bylo prokéazano jiz diive
(Zakharov S, et al., 2015b; Zakharov et al., 2016; Nurieva O. et al., 2016).
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Tabulka 1. Laboratorni hodnoty pacientii s akutni intoxikaci metanolem pfi pfijeti do nemocnice (mediany s IQR).

Skupina Vék Cas (h) pH pCO. BD S-Laktat S-MetOH S-EtOH  S-F S-G

(kPa) (mmoyrL) MmoVL) (mmol/L) (mmoVL) 011y (mmol/L)

Skupina I 54 29 7,00 3,2 23,8 7,3 50 0,0 15,0 7,7
(n=15;2F) 49-58 1248 6,82-7,20 2,8-4,512,5-29,1 1,7-7,7 3667 0,0-6,1 7,6-17,6  6,4-15,2

Skupinall 39 24 7,27 3,7 14 1,8 234 2,2 14,0 6,2
(n=31;7F) 34-57 7-96 7,16-7,39 2,5-4,6 3,0-21,4 1,2-25 11,7-38  0-10,9 6,9-16,4 5,9-7,3

Skupina IIa 38 36 7,09 2,9 25,2 2,1 14 0,0 16,0 6,8
(n=9;3F) 3240 7-96 7,02-7,25 2-3,77 13,9-25,6 1,2-3,7 13-87 0,0-2,2 14,5-19,3 6,1-9,1

Skupina lIs 49 24 7,28 4,0 11,0 1,7 25 5,2 11,7 6,1
(n=22;4F) 3560 872 7,19-7,39 3,547 2,8-17,2 1,324 12-37 0,0-18,4 4,3-15,6  5,9-6,7

Celkem 49 30 7,20 3,6 17,0 1,9 29 1,7 14,5 6,5
(n=46) 35-57 7-96  7,08-7,38 2,74,6 3,7-25,0 1,5-3,6 13-62 0,0-9,4 6,5-16,9  5,9-8,1
PI=I1 0,034 0,494 0,015 0,865 0,045 0,039 0,165 0,841 0,900 0,034

Poznamka: Hladina mravencanu v séru byla stanovena v 26 ze 46 piipadd. Skupina I — pacienti s hemoragickymi 1ézemi mozku; Skupina II —
pacienti bez hemoragickych 1¢zi mozku; Skupina IIA — pacienti s nehemoragickymi lézemi mozku; Skupina [IB — pacienti bez mozkovych 1ézi; BD
— deficit bazi; F — zeny; IQR — mezikvartilové rozpéti; S — MetOH — metanol v séru; S — EtOH — etanol v séru; S-G-glukdza v séru. S-F — mravencan
v séru, ¢as — ¢as od poziti metanolu do zac¢atku 1é¢by. P — vysledky testu chi-kvadrat rozdilu mezi skupinami (o <0,05).
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Tabulka 2. Klinické parametry pfi pfijeti a [éCba pacienti s akutni intoxikaci metanolem.

Skupina IE C VD D CpP S Dialyza Alkalizace Folaty Antidotum
(AF/Leu) (E/FOM)

Skupina 4 6 5 4 4 1 14 13 11 (7/4) 14 (10/4)

in s 2% 0% 3% 2% 2T% 7% 93% 87% 73% (47/26)  93% (66/27)

2F)

Skupina 6 1 14 10 1 1 20 14 23 (12/11) 30 (24/6)

gl gy 1% 3% 45%  32% 3% 3% 64% 45% 74% (39/35)  97% (77/20)

7F)

Skupina 0 1 6 5 0 1 7 5 7 (4/3) 9(6/3)

qu= o 1%  67%  56% 0 1%  78% 56% 78% (44/34)  100% (67/33)

3F)

Skupina 6 0 8 5 1 0 13 9 16 (8/8) 21 (18/3)

ng: 2. 2% 0 6%  23% 5% 0 59% 41% 73% (36/36)  95% (82/13)

4F)

Celkem 10 7 19 14 5 2 34 27 34(19/15) 44 (34/10)

(M=46) 20, 15%  41%  30%  11% 4% 74% 59% 74% (41/33)  96% (74/12)

pon 0573 0001 0445 0699 0017 0592  0.037 0.007 0.950 0.592

Poznamka: Skupina I — pacienti s hemoragickymi 1ézemi mozku; Skupina Il — pacienti bez hemoragickych 1ézi mozku; Skupina IIA — pacienti s
nehemoragickymi lézemi mozku; Skupina IIB — pacienti bez mozkovych 1ézi; IE — opilost; C — kéma; VD — zrakové poruchy; D — dusnost; CP —
bolest na hrudi; S — zachvaty; AF —kyselina listova; leu — leukovorin (folinat vapenaty); E — etanol; FOM — fomepizol; F — Zeny; P — vysledky testu
chi kvadrat rozdilu mezi skupinami.
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Tato skutecnost potvrzuje, ze krvaceni do mozku se obvykle vyskytuje u nejzavaznégji
intoxikovanych pacient s kombinovanym poskozenim zrakového nervu, gangliovych bunck
sitnice a struktur mozku. Toto tvrzeni podporuje i studie provedena Taherim a kol. (2010), ve
které bylo vyhodnoceno 42 ptipadii intoxikace metanolem a bylo zjiSténo, ze u pacientt, ktefi
zemfeli, bylo Castéji diagnostikovano krvaceni do putamen a nekrézy v subkortikalni oblasti.
Vétsina pacientd s krvacenim do mozku (60 %) méla také béhem 1écby zavazné komplikace,
jako je delirium, akutni pankreatitida, srde¢ni infarkt a srdec¢ni selhani, asystolie s apnoe, plicni

edém, pneumonie a sepse.
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5.1.3. Viiv systémové antikoagulacni lécby aplikované béhem hemodialyzy na vznik

hemoragickych lézi v mozku

Vliv systémové antikoagulacni 1écby na vyvoj krvaceni do mozku nebyl dosud
jednoznacné stanoven. Nektefi autofi se domnivaji, Ze kombinace casného naruSeni
hematoencefalické bariéry edémem a ischemii béhem prvnich hodin az dnti hospitalizace, spolu
s hypokoagula¢nim stavem v dusledku podévani heparinu béhem hemodialyzy, usnadiuje
krvéaceni a vede k hemoragickym 1ézim mozku (Phang PT et al.,1988;16, Giudicissi Filho M et
al., 1995). Nicméné v nasem souboru nebyla nalezena Zadna zjevné souvislost mezi krvicenim
do mozku a systémovou antikoagula¢ni 1é¢bou podavanou béhem hemodialyzy. Krvaceni do

mozku se vyskytlo jak u pacientil se systémovou antikoagulacni 1écbou, tak bez ni.

Hemodialyza byla provedena u 34 ze 46 (73 %) pacientll a systémova antikoagulacni
terapie s vysokomolekularnim nebo nizkomolekuldrnim heparinem (LMWH) byla podana
31 ze 34 (91 %) dialyzovanych pacientti. Jeden pacient dostal béhem 1écby LMWH z jiné
indikace. Systémova antikoagula¢ni 1é¢ba nebyla podana 14 ze 46 (30 %) pacientd. Regionalni
citratova antikoagulace (RCA) byla podana u dvou (14 %) z téchto pacientli, jeden pacient
(7 %) nedostal pti hemodialyze Zadnou antikoagula¢ni 1écbu. Zbyvajicich 11 (79 %) pacientt

nepodstoupilo hemodialyzu ani jim nebyla poddna Zadna antikoagulacni terapie (Tabulka 3).

Z 32 pacientd, kterym byl podan heparin a LMWH béhem 1é¢by, mélo 13 (41 %) pacientt
MRI znamky krvaceni do mozku. Ze 14 pacienti, ktefi systémovou antikoagulacni 1écbu
nedostévali, bylo u 2 (14 %) zjisténo krvaceni do mozku (p = 0,080). U jednoho ze dvou
pacientll lé¢enych RCA doslo k multifokdlnimu krvaceni do mozku, byly zjistény bilateralni
hemoragické 1éze v putamen a nékolik subkortikalnich hemoragickych 1€zi v riznych oblastech
mozku. Déle jeden dialyzovany pacient, ktery nedostaval antikoagulacni terapii, mél na MRI

bilateralni hemoragické 1éze v globus pallidus.

Béhem lécby doslo ke krvacivym komplikacim u 4 z 15 (27 %) pacientd ze skupiny
s krvacenim do mozku. Jednalo se o epistaxi, slizni¢ni krvéaceni, subkonjunktivalni krvéacent,
krvéaceni do ledvinové cysty a hematemézu. Ve skupiné€ pacientii bez MRI znamek mozkového

krvaceni se béhem 1écby neobjevily zadné krvacivé komplikace.
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Tabulka 3. Antikoagula¢ni 1é¢ba béhem hemodialyzy a hemoragické 1éze v mozku.

Skupiny  IHD CVVHD/HD Zadni HD Hepari LMWH RCA Zadna BL PL PaL OBR VS
F/EDD n AK (HL/NHL) (HL /NHL) (HL/NHL)
Skupinal 8 6 1 11 2 1 1 4 11(92)  6(5/1) 14 (4/10) 11
(n=15;2F) 53%  40% 7% 74%  13% 6.5% 65%  27% 60%/13%  33%/7% 27%/67% 3%
Skupina 12 8 11 15 4 1 11 0 5 2 2 12
I (n=31;7F)39% 26% 35% 48%  13% 4%  35% 0 16% 6.5% 6.5% 39%
Skupina I1A 4 3 2 6 1 2 0 5 2 2 5
(n=9;3F) 44%  33% 22% 66%  12% 0 22% 0 56% 22% 22% 56%
Skupina IIB 8 5 9 9 3 1 9 0 0 0 0 7
(n=22;4F) 36%  23% 41% 41%  14% 4%  41% 0 0 0 0 32%
Celkem 20 14 12 26 6 2 12 4 16(9/7)  8(5/3) 16 (4/12) 23
(n = 46) 43%  30% 26% 57%  13% 4%  26% 9%  20%/15%  11%/7% 9%/26% 50%
Pl-nl 0,348 0,327 0,037 0,110 0,968 0592 0,037 -  <0,0001 0,005 <0,0001 <0,0001

Poznamka: Skupina I - pacienti s hemoragickymi lézemi mozku; Skupina II - pacienti bez hemoragickych 1ézi mozku; Skupina IIA - pacienti s
nehemoragickymi 1ézemi mozku; Skupina IIB - pacienti bez mozkovych 1ézi; F-Zeny, IHD - intermitentni hemodialyza; CVVHD / HDF / EDD -
kontinualni veno-vendzni hemodialyza / hemodiafiltrace / prodlouzena denni dialyza; LMWH - nizkomolekularni heparin; RCA - regionalni citratova
antikoagulace; BL - krvacivé komplikace béhem 1écby; PL — 1éze v putamen; Pal - 1éze v globus pallidus; OBR - dalsi 1éze oblasti mozku; HL -
hemoragické mozkové 1éze; NHL - nehemoragické mozkové 1éze; VS - dlouhodobé zrakové nasledky otravy, HD-hemodialyza; AK-antikoagulace, P -

vysledky testu chi kvadrat rozdilu mezi skupinami.
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Ve skupiné pacientii s hemoragickymi lézemi mozku mélo 5 z 15 (33 %) pacientli urcité
predispozice ke krvaceni: hemoragickou cévni mozkovou piihodu v anamnéze (1 pacient, tj.
7 %), Mallory — Weisstiv syndrom s endoskopickou hemostazou rok pted intoxikaci (1 pacient,
tj. 7 %), cirhozu s trombocytopenii pii pfijeti (1 pacient, tj. 7 %), a chronickou lécbu
warfarinem, aspirinem a klopidogrelem (2 pacienti, tj. 14 %). Déle byla v této skupiné pfitomna
alkoholicka hepatopatie v 7 z 15 (47 %) ptipadl, pfechodné trombocytopenie béhem dialyzy
byla zaznamenéna v 5 z 15 (33 %) ptipadd a arteridlni hypertenze s epizodami vysokého
krevniho tlaku pfi pfijeti a béhem 1€cby byla zjisténau 9 z 15 (60 %) pacientl. Jiné nez krvacivé
komplikace se béhem 1é¢by vyskytly u 9 z 15 (60 %) pacientti, jednalo se o delirium, akutni

pankreatitidu, srde¢ni infarkt, srde¢ni selhani, asystolii s apnoe, plicni edém, zapal plic a sepsi.

U pacientii s nehemoragickymi lézemi CNS (n = 9) byl jeden (11 %) pacient dlouhodobé
léCen warfarinem, ale INR pii pfijeti mél v normé (1,08). Alkoholickou hepatopatii méli
329 (33 %) pacientti, jeden (11 %) s mirnou trombocytopenii béhem 1é¢by a 4 z 9 (44 %)
pacientdl trpéli arterialni hypertenzi s epizodami vysokého krevniho tlaku pii pfijeti. V této
skupiné nebyly pfitomny Zadné dalsi predisponujici faktory pro krvaceni. U 2 z 9 (22 %)

pacientl se objevily jiné komplikace nez krvaceni.

U pacienti, ktefi intoxikaci prezili bez poskozeni mozku (n = 22), uzival jeden pacient
(5 %) chronicky aspirin kvili fibrilaci sini (nemél trombocytopenii, mél normalni INR
a APTT), alkoholickou hepatopatii mélo 8 (36 %) pacientli, ve tfech ptipadech s mirnou
trombocytopenii béhem lécby. U 10 z 22 (45 %) pacientil byla pfitomna arteridlni hypertenze
s epizodami vysokého krevniho tlaku pfi pfijeti a béhem léCby. V této skupiné pacientil se

behem lécby nevyskytly zddné krvacivé ani nekrvacivé komplikace.

U témef 60 % pacientll se systémovou antikoagulaéni 1écbou aplikovanou béhem
hemodialyzy nebyly tedy nalezeny Zadné hemoragické 1éze. Zarovenn u 6 z 9 (67 %) pacientli
s nehemoragickymi nekrotickymi lézemi byl béhem dialyzy podéan heparin, aniz by to vedlo ke

krvéaceni v nekrotickych oblastech mozku.

Pravdépodobnost, Z7e¢ dojde ke krvaceni v pivodné nehemoragickych lézich, ziejmé
nezéavisi na systémové antikoagulaéni 1é€bé, protoze i v piipadé masivnich davek heparinu,
podavanych v bolusech, nebo kontinualn¢, nedoslo v rozsahlych bilaterdlné nekrotickych

oblastech bazélnich gangliich ke krvaceni. Naopak, v piipadé¢ aplikace RCA béhem
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hemodialyzy bylo zjisténo multifokalni krvaceni do mozku s postizenim bazalnich ganglii

a nekrotickymi lozisky v subkortikalni bilé hmoté (Obrazek 2 a 3).

- ‘ 60791
Obrazek 2. Nehemoragicka bilateralni symetrickd nekréza putamen u pacienta lé¢eného

masivnimi davkami heparinu.

Jednalo se o pacienta s CT provedenym 7. den a MRI mozku 14. den hospitalizace,
u kterého byla na CT skenu pfitomna bilaterdlni nehemoragickd nekréza putamen a fokalni
subkortikalni nekrdza v okcipitalni oblasti. Dalsi progrese nekrdozy byla zjisténa na MRI o sedm
dni pozdéji; nicméné nebyly nalezeny zddné znamky krvaceni do mozku. Pti nasledném MRI
vySetieni zlistavala rozsahla bilateralni symetrickd nekr6za putamen bez znamek krvaceni. Bylo
zjiSténo jen malé ohnisko krvéaceni v levé frontalni subkortikdlni oblasti. Tento pacient byl
zavazn¢ intoxikovany a byl léCen kontinudlni venovendézni hemodialyzou (CVVHD)

a kontinualni venovendzni hemodiafiltraci (CVVHDF), kter¢ trvaly déle nez 50 hodin. Béhem
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kontinudlni dialyzy mu byly opakovan¢ podavany bolusy 10 000, 8 000, 7500 a 3000 jednotek
heparinu a mezi bolusy byly aplikovany kontinualni infuze s 5 000 jednotek heparinu. Tento
pacient mél béhem 1éCby epizody piechodné trombocytopenie, epistaxe a prodé€lal sepsi.

V rozsahlych bilateralnich symetrickych nekrotickych 1ézi putamen vSak ke krvaceni nedoslo.

Obrazek 3. Multifokalni hemoragické 1éze mozku (¢arkované Sipky oznacuji hemoragickou

bilateralni symetrickou nekrozu putamen; plné Sipky oznacuji subkortikalni hemoragické 1éze).

Jednalo se o pacienta, kterému bylo MRI vySetieni provedeno 3. a 10. den hospitalizace,
u kterého bylo zjisténo vice ohnisek edému bilé hmoty, rozsahly perikapsularni edém putamen,
nekrotické 1éze bilé hmoty, 1éze mozkového kmene a symetrickd nekréza putamen,
s vyznamnou progresi mezi 3. a 10. dnem. Na MRI mozku nebyly ale 10. den hospitalizace
zaznamenany zadné znamky krvaceni. Behem prvnich dvou dnil hospitalizace byl pacient 1é¢en

19hodinovou CVVHDF a byla mu aplikovana RCA, heparin mu podavan nebyl. Na naslednych
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MRI vysetienich mozku byly pfitomny bilaterdlni symetrické hemoragické 1éze putamen

a subkortikalni hemoragické 1éze ve frontalni a parietooccipitalni oblasti.

Nase udaje proto nepodporuji hypotézu, ze systémova antikoagulacni 1écba b&hem
hemodialyzy je moznou pfi¢inou krvaceni do mozku. Pokud by k mozkovému krvaceni doslo
v disledku antikoagula¢ni 1é¢by, ocekavali bychom, ze se hemoragické 1éze v mozku objevi
v prvnich 1-3 dnech po pfijeti, kdy je aplikovana hemodialyza se systémovou antikoagulacni
terapii a edém mozku a ischemie jsou maximalni. V nasi studii nebyly zndmky krvéaceni do
mozku u pacientl zjiStény ani po 5, 10 a dokonce ani po 14 dnech hospitalizace, zatimco u vSech
téchto pacientll byly pfi naslednych MRI vysSetienich diagnostikovany pozdni hemoragické

1éze.

I kdyZ se v nasi studii u pacientll intoxikovanych metanolem nepotvrdil kauzéalni vztah
mezi systémovou antikoagula¢ni terapii aplikovanou béhem hemodialyzy, existuji patologické
stavy, které mohou usnadnit krvaceni do mozku intoxikovanych pacienti: snizend krevni
srazlivost spojend s vysokymi davkami vysokomolekuldrniho nebo nizkomolekularniho
heparinu, hemoragickd cévni mozkova piithoda v anamnéze, krvacivé stavy jako Mallory-
Weisstiv syndrom v anamnéze, alkoholicka cirhdza nebo hepatopatie s trombocytopenii
v anamnéze nebo pii piijeti, chronicka 1écba warfarinem, aspirinem a klopidogrelem. V nasi

studii méla tyto predisponujici faktory jedna tfetina pacientl s hemoragickymi lézemi.
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5.2. Vyznam DaT-SPECT v diagnostice poskozeni bazalnich ganglii
(Publikace II)

Dal&im z ciléi mé disertaéni prace bylo posoudit, zda se '**I-ioflupan SPECT (DaT SPECT)
muze uplatnit v diagnostice funkcéniho poskozeni bazdlnich ganglii zptisobeného akutni

intoxikaci metanolem.

U 42 pacientt (stfedni vék 46, 3 + 4.2 let; 8 zen) bylo vySetieni DaT SPECT provedeno
celkem dvakrat béhem Sestiletého sledovani (Ctyii a Sest let po propusténi) a MRI mozku
celkem ctytikrat (3—8 mésict, 2, 4 a 6 let po propusténi). U 15/42 pacientl (36 %) MRI mozku
odhalila znamky nekrotickych 1ézi putamen (pacienti klasifikovani jako skupina I),
u 27 pacientdl nebyly zjistény zadné znamky poskozeni putamen (pacienti klasifikovani jako
skupina II). Fokalni nekrotické 1éze v globus pallidus byly nalezeny u 6 pacientt (14 %),

3 z nich méli zaroven nekrotické 1éze putamen.

Tyto dvé skupiny se mezi sebou nelisily vékem, pohlavim, podilem chronickych uzivatelt
alkoholu ani podilem kutaki. Pacienti s nekrotickymi lézemi putamen diagnostikovanymi na
MRI byli zavaznéji intoxikovani, méli niZsi arteridlni pH krve a niZ8i koncentraci bikarbonatu.
Meéli také vyssi deficit bazi, aniontovy gap a vyssi hladinu laktatu v séru, byli tedy ohrozeni
zjistény nekrotické 1éze putamen. Mezi obéma skupinami nebyl pozorovan zadny rozdil v typu

podavaného antidota (etanol, fomepizol) ani v podévani kyseliny listové (Tabulka 4).

MRI-volumetrie byla provedena u 35 pacientil (8 Zen; p = 0,682), 13 z téchto pacientl mélo
nekrotické 1éze putamen a 22 pacientli nemélo znadmky poskozeni putamen na MRI mozku
(p=10,897). U sedmi pacientll byla objemova méteni technicky neproveditelnd kvili nizké
kvalité primarnich zobrazovacich dat. Pacienti s mozkovymi lézemi na MRI méli mensi objem
putamen, nucleus caudate a globus pallidus nez pacienti bez mozkovych 1¢ézi (Tabulka 4).
U kazdého pacienta byl DaT SPECT proveden dvakrat ve stejném zdravotnickém zafizeni za
pouziti stejné kamery, hardwaru a protokolu akvizice/rekonstrukce, aby se minimalizovala

variabilita.
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Tabulka 4. Zakladni demografické, klinické, laboratorni a MRI-volumetrické charakteristiky

studované populace.

Pacienti Skupina I Skupina IT P
Charakteristiky (n=42) (n=15) (n=27)
Vek (roky) 46,3142 45,5+6,0 46,7+5,9 0,778
Muzi, pocet. (%) 34 (81) 12 (80) 3 (81) 0,912
Chronicky alkoholismus, pocet (%) 31 (74) 9 (60) 24 (89) 0,089
Koufeni, pocet. (%) 22 (52) 8 (53) 14 (52) 0,976
Cas v hodinach 32,1+4,7 30,5+8,9 32,946,0 0,643
Bezvédomi, pocet (%) 7 (17) 7 (47) 0 --
CDT, % 3,8+1,4 3,0£2,5 42+1.8 0,405
S-MetOH, mg/L 1380,0+440,0 2020,0£990,0 1010,0+=390,0 0,065
S-EtOH, mg/L 250,0+150,0 170,0+180,0 300,0+220,0 0,337
pH arterialni krve 7,17+0,07 6,97+0,11 7,29+0,04 <0,001
HCOs., mmol/L 11,442,3 6,2+3,1 14,542,6 <0,001
Deficit bazi, mmol/L 16,443,4 24,545,2 11,543,3 <0,001
Anion gap, mmol/L 27,7£3,1 33,5+6,4 24,6+3,0 0,006
S-Mravencan, mg/L 590,0+150,0 650,0+:280,0 550,0+200,0 0,566
S-Kreatinin, mcmol/L 93,0£11,0 112,0+24,0 81,9+7,0 0,024
S-Gluko6za, mmol/L 8,1+1,2 10,442,9 6,8+0,7 0,024
S-Laktat, mmol/L 3,3+1,3 5,5+2,8 1,7+£0,3 0,015
PSS 1/2/3, no. (%) 20/8/14 (48/19/33)  2/1/12 (13/7/80)  18/7/2 (67/26/7) <0,001
Antidotum(etanol/fomepizol), pocet (%)  30/12 (71/29) 8/7 (53/47) 24/5 (89/11) 0,073
Substituce folaty, pocet (%) 32 (76) 12 (80) 20 (74) 0,638
HbAlc (%) 34,9+1,9 33,3+2,5 35,842,7 0,183
Vitamin B, (mcmol/L) 424,0+75,0 520,0+190,0 371,0+57,0 0,133
Vitamin B; (mcmol/L) 57,1+£3,6 60,5+7,4 55,3+4,1 0,180
TSH (IU/L) 2,5+0,3 2,6+0,4 2,5+0,4 0,683
Objem pravého putamen, cm? 6,01£0,31 5,68+0,63 6,21+0,35 0,107
Objem levého putamen, cm? 6,34+0,45 5,58+0,96 6,78+0,39 0,027
Objem pravého ncl. caudate, cm? 4,53+0,24 4,41+0,44 4,61+0,30 0,421
Objem levého ncl. caudate, cm? 4,19+0,21 3,92+0,22 4,35+0,30 0,022
Objem pravého globus pallidus, cm? 1,83+0,10 1,80+0,18 1,84+0,12 0,678
Objem levého globus pallidus, cm? 1,79+0,11 1,66+0,14 1,86+0,15 0,049

Poznamka: Skupina I - pacienti s MRI znamkami nekrotickych 1ézi putamen; Skupina II - pacienti bez
znamek nekrotickych 1ézi putamen; Vek - vek pii prijeti do nemocnice; Koma - piijat do nemocnice
v bezvédomi; Cas v hodinach- &asové rozpéti mezi expozici metanolu a pfijetim do nemocnice; CDT —
karbohydrat- deficientni transferin; S-MetOH - koncentrace metanolu v séru pii ptijeti; S-EtOH -
koncentrace etanolu v séru pfi pfijeti; Koncentrace HCO3- - hydrogenuhli€itanu pfi pfijeti; S-mravencan
- koncentrace kyseliny mravenci v séru pri ptijeti; PSS - skore zdvaznosti otravy; GlycHb - glykovany
hemoglobin v séru; TSH — tyreotropni hormon. Udaje o MRI volumetrii jsou uvedeny pro 35 pacientil
ze studované populace. Hladina vyznamnosti je p <0,05 (tucna cisla).
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Mezi obéma skupinami nebyl rozdil v relativnich signdlech pozadi, coz vylucovalo
vyznamné rozdily v kvalité¢ obrazu. Posouzeni reprodukovatelnosti mezi prvnim a druhym
vySetienim ukazalo silnou shodu (korelacni koeficienty pro SBR pro vSechna VOI se
pohybovaly od 0,853 do 0,933, vSechny p <0,001), proto byly pro studii pouzity pramérné

kvantitativni hodnoty jako primeéry prvniho a druhého méteni.

Vysetfeni DaT SPECT prokazalo u pacientti s nekrotickymi 1ézemi putamen signifikantné
niz$i sttedni SBR (specifické vazebné poméry) pro striatum a pro putamen bilateralné€, nikoli
vSak pro nucleus caudate (Obrazek 4). Nejvétsi rozdil v SBR byl pozorovan u putamen posterior
bilateralné. Byla pfitomna uréitd asymetrie v SBR pro pravou a levou hemisféru s niz§imi

hodnotami pro levy putamen, ale rozdil nebyl vyznamny (Tabulka 5).

Obrazek 4. Priklad nalez na DaT SPECT u pacienta s velmi zdvaznou (a) a mén¢ zavaznou

otravou metanolem (b)
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Tabulka 5. Specifické vazebné poméry (SBR) pro striatum, putamen a nucleus caudate

u pacientd, ktefi ptezili akutni otravu metanolem.

Proménné Celkovy pocet  Skupina I Skupina II P
pacientl (n=15) (n=27)
(n=42)
SBR pro striatum
Striatum dexter 2,13+0,13 1,96+0,22 2,23+0,15 0,042
Striatum sinister 2,12+0,14 1,90+0,29 2,25+0,15 0,022
SBR pro putamen
Putamen dexter 2,00+0,13 1,77£0,22 2,13+0,15 0,007
Putamen sinister 1,97+0,15 1,70+0,30 2,12+0,15 0,017
SBR pro nucleus caudate
Nucleus caudate dexter 2,44+0,14 2,40+0,25 2,46+0,18 0,702
Nucleus caudate sinister ~ 2,42+0,15 2,30+0,31 2,49+0,17 0,241
SBR pro putamen anterior
Putamen anterior dexter 2,15+0,13 1,95+0,24 2,26+0,16 0,026
Putamen anterior sinister  2,11+0,14 1,89+0,30 2,23+0,15 0,023
SBR pro putamen posterior
Putamen posterior 1,68+0,13 1,38+0,21 1,85+0,14 <0,001
Putamen posterior 1,70£0,16 1,34+0,30 1,90+£0,16 <0,001

Pozndamka: Skupina I — pacienti se znamkami nekrotickych 1ézi putamen na MRI; Skupina I — pacienti
bez zndmek nekrotickych 1ézi putamen na MRI. P hodnota — hladina vyznamnosti je p <0,05

Hodnoty SBR levého putamen vyznamné pozitivn¢ korelovaly s jeho objemem

(Obrazek 5). Korelace mezi SBR a objemem pravého putamen byla vyznamna pouze pro
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putamen posterior (r = 0,386, p = 0,022). Objem levého, ale ne pravého globus pallidus
pozitivné koreloval s SBR pro cely putamen (r = 0,344, p = 0,043) a pro putamen posterior
(r=20,378, p= 0,025). Ostatni korelace mezi SBR a objemy jednotlivych struktur nebyly

vyznamné. Vysledky SBR pro putamen prokazaly silnéjsi korelace ve srovnani s SBR pro celé

striatum.
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Obrazek 5. Korelace mezi SBR a objemy levého putamen (a) a putamen posterior(b). SBR —

specifické vazebné pomery.

Nase vysledky odhalily, Ze SBR pro putamen bylo vyznamné niz$i u pacientll se zndmkami
nekrotickych 1ézi na MRI a Ze tedy existuje korelace nalezti na DaT SPECT s objemovymi
parametry. Zatimco MRI-volumetrie zaznamenava velikost pfisluSnych mozkovych struktur,
DaT SPECT odrazi dopaminergni axondlni dysfunkci ve striatu a vySetfeni funkce
dopaminergnich terminalnich axonli poskytuje nepiimé informace o poctu piezivajicich
GABAergnich neurontl v putamen, zejména v jeho zadni ¢asti, kde jsou motorické obvody

a kde se redukce dopaminovych transportérti projevi nejzavaznéji (Obrazek 4).

Dale, rozdil v objemech pravého putamen na zakladé MRI vySetfeni byl mezi ob&éma
skupinami pod hladinou vyznamnosti, av§ak hodnoty SBR jasné prokdzaly vyznamné sniZeni
dopaminergni aktivity v pravém putamen u pacientti ze skupiny L. Proto DaT SPECT mtize byt

srovnatelnou a v urcitych situacich dokonce ptesnéjsi metodou nez MRI volumetrie, pokud jde
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o jeho schopnost identifikovat pacienty s toxickymi lézemi putamen a kvantifikovat rozsah
poskozeni. Jeden z divodd je mozné zkresleni vysledki MRI-volumetrie u pacientt
s vyznamn¢ zjizvenymi nebo deformovanymi bazalnimi ganglii v disledku reparace poskozené
nekrotické tkané glidlni jizvou. Na druhou stranu je prostorové rozliseni SPECT obvykle horsi
nez rozliSeni MRI a pomoci SPECT neni ¢asto mozné detekovat malé fokalni 1éze v mozku

pacientli s mén¢ zavaznou otravou (Jakobson Mo S, et al, 2018).

Byla zjisténa vyznamna pozitivni korelace mezi pH arterialni krve pfi piijeti, jako hlavnim
prognostickym parametrem otravy (HluSic¢ka, 2020; Hovda KE, et al., 2005; Paasma R, et al.
2012), a SBR pro putamen (r= 0,396, p=0,012; r= 0,455, p = 0,004 pro pravy a levy putamen).
Nejsilné€jsi korelace byla pozorovana mezi pH arteridlni krve a SBR pro putamen posterior

bilateralné (Obrazek 6).

Toxicky tcinek kyseliny mravenci, inhibitoru mitochondridlniho dychéni, zavisi na stupni
metabolické acidozy: ve vysoce kyselém prostredi je kyselina mravenci toxi¢téjsi nez v méné
kyselém. Disociacni konstanta kyseliny mravenci (pKa) je 3,8, proto pokles
pH 0 0,3 zdvojnéasobi hladinu nedisociované kyseliny mraven¢i a zpiisobi vyznamné zvySeni
toxicity, protoZe pouze nedisociovand kyselina mravenci projde hematoencefalickou bariérou

a dostane se k neuroniim bazalnich ganglii (Liesivuori et al., 1991; Zakharov et al., 2016).

Koncentrace laktitu v séru pii pfijeti silné negativné korelovala s SBR putamen
oboustranné (r = -0,474, p = 0,006; r =-0,435, p = 0,013 pro pravy a levy putamen). Nejsilngjsi
korelace byla opét zjisténa pro putamen posterior (r = -0,596, p <0,001; r = -0,533, p = 0,002,

pro pravy a levy putamen posterior).

Nalezy SBR pro putamen posterior bilateralné negativné korelovaly také s dalSimi
prognosticky vyznamnymi laboratornimi parametry — 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 pacientli

(r=-0,353, p=0,025; r=-0,350, p = 0,027 pro pravy a levy putamen posterior).

Nebyly zjistény 74dné korelace mezi SBR a koncentracemi metanolu, etanolu nebo
kyseliny mravenci v séru (p> 0,05). Dale jsme nenasli zddnou vyznamnou asociaci mezi typem
antidota poddvané¢ho v nemocnici (etanolem nebo fomepizolem), substituci folatu a SBR pro

vSechny oblasti zajmu (VOI) hodnocené v nasi studii (p> 0,05). SBR pro striatum, putamen a
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nucleus caudate v obou hemisférach nekorelovalo s asem mezi expozici metanolu a pfijetim

do nemocnice (p> 0,05).
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Obrazek 6. Korelace mezi pH arterialni krve pfi pfijeti a specifickymi vazebnymi poméry

(SBR) pro pravy (a) a levy (b) putamen posterior.

Nebyla také zjiSténa Z4dnd asociace mezi glykovanym hemoglobinem, TSH,
koncentracemi vitaminu B12 a SBR pro vSechny hodnocené VOI. I kdyZ nebyly nalezeny
vyznamné rozdily mezi koncentracemi vitaminu B1 v séru pacientl s nekrotickymi 1ézemi
putamen a pacientii bez posSkozeni putamen, byla zjiSténa negativni korelace s SBR pro putamen
(r=-0,314, p = 0,043; r = -0,382, p = 0,013, pro pravy a levy putamen), s nejsilné;si korelaci
mezi SBR a levym putamen posterior (r =-0,421, p = 0,005).

Abnormalni tlouStka RNFL na optické koherentni tomografii v diisledku toxického ucinku
kyseliny mraven¢i na gangliové bunky sitnice, nasledovana chronickou neurodegeneraci
sitnice, byla dfive popsana u pacientl, ktefi prezili akutni otravu metanolem (Nurieva et al.,
2018). Méteni DaT SPECT odhalilo pozitivni korelaci mezi tloustkou RNFL a SBR pro

putamen posterior.
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Nalezy SBR pro putamen posterior bilateralné pozitivné¢ korelovaly s globalni a nazalni
RNFL levého oka (pro globalni RNFL: r = 0,358, p=0,027 ar = 0,376, p = 0,020; pro nazalni
RNFL: r=0,362, p=0,025 ar= 0,382, p= 0,018 pro pravy a levy putamen). Korelace mezi
hodnotami SBR a RNFL pravych oci vSak nebyly vyznamné. Toto zjiSténi naznacuje, ze OCT
s méfenim RNFL Ize pouzit jako spolehlivou, levnou a jednoduchou screeningovou metodu,
pomoci které Ize detekovat skupinu piezivS§ich otravu metanolem s moznym poskozenim
bazalnich ganglii. V této skupiné lze k ovéfeni diagnozy pouzit DaT SPECT se 123I-

ioflupanem.

Byla zjisténa vyznamna pozitivni korelace mezi chronickym zneuzivanim alkoholu a SBR
pro pravé, ale ne pro levé putamen posterior (r = 0,327, p=0,037; r = 0,286, p = 0,070 v daném
potadi). Dale pozitivni korelace mezi koufenim a SBR pro celé striatum (r = 0,319, p = 0,042;
r=0,325, p=0,038 pro pravou a levou hemisféru) a pro nukleus caudate (r = 0,327, p=0,037;
r = 0,348, p = 0,026 pro pravou a levou hemisféru). SBR pro putamen se vSak mezi kuidky

a nekutdky vyznamné nelisily (p> 0,05).

K hodnoceni SBR jako markeru poSkozeni putamen u pfeZivSich otravu metanolem byla
pouzita ROC kiivka (receiver operating characteristic) a plocha pod ROC kiivkou neboli AUC
(area under the curve). ROC analyza SBR pro putamen posterior a cely putamen (pramér praveé
a levé strany) prokazala vyznamnou AUC s hodnotami 0,753 (95 % CI: 0,604-0,902; p=0,007)
a 0,746 (95 % CI: 0,595-0,897; p=0,009) v uvedeném potadi (Obrazek 7). Tato data naznacuji,
ze SBR pro putamen a konkrétn€ pro putamen posterior, je potencidlné¢ dobrym markerem
poskozeni bazalnich ganglii vyvolaného metanolem. Analyza ROC prokézala, ze AUC pro
SBR pro putamen anterior a cel¢ striatum byly 0,709 (95 % CI: 0,549-0,868; p=0,027) a 0,702
(95 % CI: 0,542-0,863; p = 0,031) v uvedeném potadi. Naproti tomu AUC pro SBR nucleus
caudate nebyla vyznamna (AUC = 0,563; 95 % CI: 0,376-0,750; p = 0,503).

Pro DaT SPECT je popisovana v€kova zavislost jak u muzi, tak u Zen (Varrone A, et al.
2013). V nasi studii nebyla pozorovana Zadna korelace SBR pro striatum, putamen a nucleus
caudate v obou hemisférach s vékem a pohlavim (p> 0,05). Absenci této korelace lze vysvétlit
tim, Ze se jednd o veékové relativné mladou homogenni populaci (IQR 35-58 let), malou
velikosti skupiny i tim, Ze poSkozeni bazdlnich ganglii zplGsobené intoxikaci metanolem

piekryva zmény souvisejici s v€kem. Nicméné multivariatni regresni analyza prokézala
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souvislost SBR pro putamen posterior bilateraln¢ s vékem i pohlavim; prokazala, ze pH
arteridlni krve, v&k pfi pfijeti do nemocnice a pohlavi, byly vyznamnymi asociacnimi faktory
pro SBR pro putamen posterior bilateraln¢ u pacienta, kteti prezili akutni otravu metanolem

(Tabulka 6).

Stejny model odpovida i hodnotam pro celé putamen, ale mira asociace SBR s arterialnim
pH krve a vékem je mensi, protoze hodnoty SBR pro putamen anterior vykazuji niz§i miru
asociace s laboratornimi parametry odrazejicimi zavaznost otravy metanolem nez hodnoty pro

putamen posterior.

V nasi studii nebyly pozorovany zadné vyznamné rozdily v SBR pro nucleus caudate mezi
pacienty s MRI znamkami poskozeni bazélnich ganglii a bez nich. Rozdily v SBR pro putamen
anterior mezi témito dvéma skupinami pacientli byly mensi neZ pro putamen posterior. Tato
data mohou naznacovat, Ze ptedni Casti striata, které¢ se ucastni kognitivné naro¢nych tkold,
jsou méné nachylné k toxicit¢ metanolu nez zadni Casti, které se podileji na zakladnich

pohybovych vzorcich.

Vysledky nasi studie se shoduji s vysledky ptfedchozich studii, které odhalily selektivni
zranitelnost putamen posterior vii¢i hypoxicko-ischemickému poskozeni mozku, které podle

védct bylo zpiisobeno vaskularnimi a biochemickymi faktory (Shankaran S, et al, 1999).
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Obrazek 7. Analyza ROC kiivky SBR pro putamen jako markeru poSkozeni bazalnich ganglii
u prezivsich otravou metanolem. SBR — specifické vazebné poméry, ROC — provozni
charakteristika piijimace.

52



Tabulka 6. Souhrn asocia¢nich faktort pro specifické vazebné poméry (SBR) pro putamen

posterior, putamen anterior a cely putamen u pacientt, kteti prezili akutni otravu metanolem.

95% CI
Proménna B Standartni Beta t Signifik. Dolni Horni
chyba mez mez

Putamen posterior dexter
Konstanta -5,65 1,99 -2,84 0,008 -9,70 -1,60
Arterialni pH 1,04 0,28 0,50 3,64 0,001 0,46 1,61
Vek -0,01 0,01 -0,25 -2,06 0,047 -0,02 0,00
Pohlavi 0,35 0,14 0,32 2,58 0,014 0,07 0,62
Chronicky alkoholismus 0,18 0,14 0,19 1,33 0,193 -0,10 0,47
Koufeni 0,22 0,11 0,26 2,10 0,043 0,01 0,43

Putamen posterior sinister
Konstanta -8,21 2,35 -3,50 0,001 -12,98 -3,44
Arterialni pH 1,42 0,34 0,56 4,23 0,000 0,74 2,10
Vék -0,01 0,01 -0,28 -2,42 0,021 -0,02 -0,00
Pohlavi 0,49 0,16 0,37 3,10 0,004 0,17 0,82
Chronicky alkoholismus 0,15 0,16 0,12 0,93 0,360 -0,18 0,48
Koufeni 0,21 0,12 0,20 1,73 0,094 -0,04 0,46

Putamen anterior dexter
Konstanta -1,44 2,31 -0,62 0,537 -6,13 3,25
Arterialni pH 0,49 0,33 0,24 1,49 0,145 -0,18 1,16
Veék -0,01 0,01 -0,20 -1,37 0,180 -0,02 0,00
Pohlavi 0,39 0,16 0,36 2,48 0,018 0,07 0,71
Chronicky alkoholismus 0,22 0,16 0,22 1,34 0,189 -0,11 0,54
Koufeni 0,28 0,12 0,33 2,31 0,027 0,03 0,53

Putamen anterior sinister
Konstanta -2,48 2,41 -1,03 0,311 -7,38 2,42
Arterialni pH 0,63 0,34 0,28 1,84 0,074 -0,07 1,33
Vek -0,01 0,01 -0,22 -1,58 0,124 -0,02 0,00
Pohlavi 0,39 0,16 0,33 2,38 0,023 0,06 0,72
Chronicky alkoholismus 0,24 0,17 0,23 1,45 0,156 -0,10 0,58
Koufeni 0,32 0,13 0,35 2,50 0,017 0,06 0,58

Putamen dexter
Konstanta -2,79 2,14 -1,30 0,201 -7,15 1,56
Arterialnil pH 0,67 0,31 0,33 2,18 0,036 0,05 1,29
Veék -0,01 0,01 -0,22 -1,64 0,111 -0,02 0,00
Pohlavi 0,37 0,16 0,36 2,57 0,015 0,08 0,67
Chronicky alkoholismus 0,20 0,15 0,21 1,35 0,187 -0,10 0,50
Koufeni 0,26 0,11 0,32 2,31 0,027 0,03 0,49
Putamen sinister

Konstanta -4.47 2,31 -1,94 0,061 -9,17 0,22
Arterialni pH 0,91 0,33 0,40 2,76 0,009 0,24 1,58
Veék -0,01 0,01 -0,26 -1,97 0,057 -0,02 0,00
Pohlavi 0,43 0,16 0,36 2,74 0,010 0,11 0,75
Chronicky alkoholismus 0,22 0,16 0,20 1,34 0,188 -0,11 0,54
Koufeni 0,28 0,12 0,30 2,32 0,026 0,04 0,53

Poznamka: Cl — interval spolehlivosti; Arterialni pH — arterialni pH krve pfi pfijeti do nemocnice
s akutni otravou metanolem; VE&k — vek pfi pfijeti do nemocnice; Chronicky alkohol — chronické
zneuzivani alkoholu. Hladina vyznamnosti je p <0,05 (hodnoty vytisténé tucné).

53



Jiz dtive byla popséana bradykineze s rigiditou a tfesem, poruchou rovnovahy a poruchou
chiize odpovidajici dysfunkci frontdlniho laloku jako neurologické ptiznaky odrazejici
poskozeni putamen a narusené kortiko-bazalnich spoje u pacientt, ktefi ptezili akutni otravu
metanolem (Peterova K, et al., 2018). Vice neZ 40 % pacientli v nasi studijni populaci mélo
znamky bradykineze s rigiditou a/nebo tfesem, odpovidajici mirnému az stfedné tézkému
parkinsonismu. U téchto pacientd klinické ptiznaky parkinsonismu odpovidaly jak
morfologickym (nizsi objem putamen), tak funkénim (nizsi SBR putamen posterior) nalezim
zjiSténym pomoci MRI-volumetrie a DaT SPECT. Déle jsme pozorovali uritou asymetrii
v poklesu funk¢nich dopaminergnich neuront s relativné niz§imi hodnotami SBR pro levé
striatum. Je zajimavé, Ze klinické motorické ptiznaky Parkinsonovy choroby se projevuji

v Casnych stadiich onemocnéni také asymetricky (Okuzumi A, et al. 2019).

V nasi studii byl pocet pacientli, ktefi podstoupili MRI-volumetrii, mensi nez pocet
pacientii, ktefi podstoupili DaT SPECT. To mohlo mirn¢ ovlivnit korelace mezi SBR
a objemovymi udaji. Déle, pacienti s nekrotickymi 1ézemi putamen byli mladsi nez pacienti bez
zndmek poskozeni, rozdily ale nebyly vyznamné. DaT SPECT nebyl z etickych divoda

proveden u zdravé kontrolni skupiny.
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5.3. PostiZeni periferni nervové soustavy nasledkem akutni intoxikace

metanolem (Publikace III)

V této prospektivni longitudinalni kohortové studii jsme zjiStovali mozny vliv akutni
expozice metanolu na vyvoj periferni PNP v letech nasledujicich po otravé metanolem. Hledali
jsme souvislosti mezi vysledky EMG a vstupnimi laboratornimi parametry (pH arterialni krve,
koncentraci metanolu a etanolu v séru), demografickymi charakteristikami a vysledky
objektivnich vysetfeni provedenych béhem obdobi sledovani. Béhem Sesti let po propuknuti
hromadné otravy metanolem v roce 2012 jsme ve stejném zdravotnickém zatizeni provedli
celkem ctyfi klinickd vySetfeni pfezivSich pacienti podle stejného standardizovaného

klinického protokolu, ktery zahrnoval také neurologické a EMG vySetieni.

Z 55 pacientt zahrnutych do studie bylo EMG vysetfeni provedeno ¢tyfikrat u 31 pacientt,
tfikrat u 13 pacientdl, dvakrat u 6 pacientl a jedenkrat u 5 pacienti. Behem sledovaného obdobi
deset pacientll zemfielo a Ctyfi pacienti byli pfijati az po prvnim kole vySetfeni. Zakladni
demografické, klinické a laboratorni udaje o pacientech ze studované populace jsou uvedeny

v tabulce 7.

Z 55 pacientti mélo 20 (36 %) pacientl ptfiznaky a zmény na EMG odpovidajici periferni
PNP. Ve vétSin€é piipadii byla zaznamendna mirnd axonalni senzomotorickd neuropatie.
U 6 (11 %) pacientii byla diagndza periferni PNP ptitomna v 1€katskych zdznamech uz pred
expozici metanolu, u 14 (25 %) pacientil byla periferni PNP diagnostikovana v prabéhu
sledovaného obdobi. Z téchto 14 pacientii byla u 9 periferni PNP diagnostikovana béhem
prvniho kola naslednych vySetfeni a u zbyvajicich 5 pacientll byly abnormalni EMG nalezy

zjiStény pozd¢ji béhem Sestiletého sledovani.

V prevalenci periferni PNP nebyl rozdil mezi pohlavimi (2/9 Zen oproti 18/46 muzZim,
p=0,335), ale pacienti s PNP byli vyznamné star$i nez pacienti bez PNP (Tabulka 7,
Obrazek 8).
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populace, prumér s SD (n = 55) a poCty (n, %).

Vék, roky 47,9 +3,6
Pohlavi(M/F) 46/9
Chronicky abtizus alkoholu 37 (67%)
v anamnéze

CDT, % 3,4+1,3
Diabetes mellitus, n (%) 9 (16%)
Glukédza, mmol/L 5,15+0,38
Glykovany hemoglobin, 35,8+2,0
mmol/mol

Hepatopatie, n (%) 34 (62%)
Hypothyroidismus, n (%) 3 (5%)
TSH, mIU/L 2,68+0,40
Prealbumin, g/L. 0,29+0,02
Vitamin B2, ng/L 451+£69
Vitamin By, pg/L 6114
Macrocytarni anémie n (%) 3 (5%)
S-MetOH*, mg/L 1390+400
pH arterialni krve* 7,06+0,29
S-EtOH*, mg/L 380+230
Zrakové nasledky, n (%) 21 (38%)
CNS nasledky, n (%) 24 (44%)

Tabulka 7. Zakladni demografické, klinické a laboratorni idaje o pacientech ze studované

Poznamka: M —muz; F — zena; CDT — karbohydrat-deficientni transferin; TSH — thyreotropni hormon;
S-MetOH - koncentrace metanolu v séru; S-EtOH — koncentrace etanolu v séru; * - pfi pfijeti do
nemocnice s akutni otravou metanolem.
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Obrazek 8. Histogram véku pacientl ze studované populace s (n = 20) a bez (n = 35) periferni

polyneuropatie (PNP).

Pacienti s chronickym abtizem alkoholu méli vyznamné vyssi prevalenci periferni PNP nez

pacienti bez zévislosti na alkoholu (Obrazek 9).
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Obrazek 9. Prevalence periferni polyneuropatie (PNP) a chronicky abuizus alkoholu (n = 55).
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Pouze dva pacienti bez chronického abtizu alkoholu méli periferni polyneuropatii — 51lety
muz s nedostate¢né¢ kompenzovanym DM (glykémie 11,0 mmol/l, glykovany hemoglobin
51,0 mmol/mol) a s diabetickou PNP diagnostikovanou jesté pfed expozici metanolu, a 64lety
muz s neléCenou hypotyreézou (TSH 18,62 mIU/l) a PNP diagnostikovanou v prvnim kole

naslednych vysetteni.

Rozdil v poctu pacientii s DM (n = 9) v obou skupinach nebyl vyznamny (4/35 pacient
bez PNP oproti 5/20 pacientim s PNP, p = 0,206). Primérna koncentrace glukozy v séru ve
skupin€ pacientd s PNP byla vyznamné vyssi. Pacienti s periferni PNP méli niz8i koncentraci
vitaminu B1 v séru (Tabulka 8), ale rozdil v po¢tu pacientl s koncentraci vitaminu B1 pod
normalni referencni hranici 42,0 ng/l nebyl mezi obéma skupinami vyznamny (6/35 bez PNP
versus 7/20 s PNP, p =0,134). Ze sedmi pacientt s nizkou koncentraci vitaminu B1 v séru méli

ve skupiné s PNP tfi pacienti makrocytarni anémii.

Tabulka 8. Kontrolni laboratorni parametry u pacienti s periferni polyneuropatii (PNP) ve

srovnani s pacienty bez polyneuropatie.

Proménné Bez PNP (n=35) S PNP (n=20) p

CDT, % 2,9+1,5 4,3£3,0 0,375
Gluko6za, mmol/L 4,81+0,32 5,93+0,97 0,035
Glykovany hemoglobin, mmol/mol 34,6+2,4 37,843,6 0,134
TSH, mIU/L 2,94+0,56 3,1£1,9 0,900
Prealbumin, g/L 0,290+0,020 0,290+0,030 0,990
Vitamin Bz, ng/L 417+£57 510+170 0,294
Vitamin By, pg/L 57,5+5,2 45,5+7,4 0,015

Poznamka: CDT — karbohydrat-deficientni transferin; TSH — thyreotropin hormon; p <0,05
byla povaZovéana za vyznamnou.
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Ve skupiné pacientti s periferni PNP méli tii pacienti nizkou koncentraci prealbuminu, coz

naznacuje podvyzivu, a jeden pacient nizkou koncentraci vitaminu B12 v séru, zatimco ve

skupiné pacientii bez PNP se nevyskytovali zadni pacienti s nizkym sérovym prealbuminem

a vitaminem B12.

Rozdil v zévaznosti otravy metanolem, definovany jako stupenn acidémie pii pfijeti (pH

arteridlni krve) nebyl mezi obéma skupinami pacientd vyznamny (p = 0,198), navic pacienti

s periferni PNP m¢li relativné vyssi arteridlni pH krve nez pacienti bez PNP, coz naznacuje

méné zadvaznou otravu (Obrazek 10).

7.5

p=0.198
7.4

7.3

N
N
|

7.1

7.0

6.9

Arterial blood pH

6.8

6.7

6.6

6.5 .
PNP Yes

PNP No

Obrazek 10. pH arterialni krve pii pfijeti do nemocnice s akutni otravou metanolem ve

skupinach pacientt s periferni polyneuropatii (PNP) a bez ni.

Pacienti s periferni PNP méli pfi piijeti do nemocnice relativné nizs§i koncentraci metanolu

v séru a relativné vyssi koncentraci etanolu (Obrazek 11). Neprokézalo se tedy, Ze by pacienti
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s PNP méli pfi pfijeti vyssi koncentrace metanolu a niz$i koncentrace etanolu v séru, jak
bychom ptedpokladali, i kdyz rozdily mezi obéma skupinami nebyly vyznamné (p = 0,813 pro

metanol a p = 0,675 pro koncentraci etanolu).
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Obrazek 11. Koncentrace metanolu a etanolu v séru pfi pfijeti do nemocnice ve skupinach

pacientli s (n = 20) a bez (n = 35) periferni polyneuropatie (PNP).

Stejné tak se mezi obéma skupinami neprokazal rozdil v poctu intoxikovanych pacientil
s dlouhodobymi zrakovymi nésledky (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). V prabéhu nasi studii nebyla tedy zjisténa
7zadna souvislost mezi zdvaznosti akutni otravy metanolem, poskozenim zraku i mozku

a prevalenci periferni polyneuropatie u pacientii intoxikovanych metanolem.

U 8/55 (15 %) pacientii bylo béhem sledovaného obdobi zaznamenéno zhorSeni EMG

nalezu, v€etné 5 pfipadii s nové diagnostikovanou periferni PNP, ktera nebyla zaznamenana pii
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naSem prvnim vySetfeni, a 3 pifipadl s progresi PNP diagnostikovanou uz pied intoxikaci
metanolem (Obrazek 12a,b a 13a,b). Pouze u jedné zeny s periferni PNP bylo béhem
sledovaného obdobi zjisténo zlepSeni EMG nalezu v dusledku abstinence trvajici vice nez dva
roky, kterd byla potvrzena opakovanym vysetienim CDT a jaternich testi (Obrazek 14a,b
a 15a,b). Demografické, laboratorni a klinické udaje 8 pacientli s negativni dynamikou EMG

nalezli jsou uvedeny v tabulce 9.

Vsech osm pacientil v této podskupiné byli chronicti alkoholici s hepatopatii a/nebo
opakované vySetfenou vysokou koncentraci CDT. Jeden z pacienti mél nedostate¢né
kompenzovany DM s vysokou hladinou glukézy v séru a s hladinou glykovaného hemoglobinu
55,0 mmol/mol. Dalsi pacient trpél jaterni cirh6zou, makrocytdrni anémii a podvyzivou

s nizkym sérovym prealbuminem a dal$i nedostatkem vitaminu B1.

Zadny z tdchto pacientdl nemél pii piijeti do nemocnice t&zkou metabolickou acidozu
(definovanou jako pH arterialni krve nizsi nez 7,20). Koncentrace metanolu v séru téchto
pacientt se pohybovaly od velmi nizkych netoxickych hladin az po velmi vysoké hodnoty (do 4
400,0 mg/1) a koncentrace etanolu v séru od nulovych hladin az po hladiny dostatecné vysoké,
aby se uplatnily jako antidotum (1410,0 mg/l). Pouze dva z osmi pacientii méli na MRI znamky
poskozeni mozku vyvolané metanolem, zatimco u Sesti pacientl se zadné poskozeni mozku

neprokazalo.

Nase studie tedy neprokédzala asociaci mezi zavaznosti otravy metanolem, definovanou pH
arteridlni krve, koncentraci metanolu a etanolu v séru a prevalenci periferni PNP, stejné tak

1 dynamikou EMG nalezt v letech nésledujici po otrave.

V nasi studii byla periferni PNP diagnostikovdna u 36 % pacientli, u 11 % z nich byla
diagnoza periferni PNP uvedena v 1ékarskych zdznamech pied intoxikaci metanolem. Tato
vysoka ¢isla odpovidaji prevalenci dlouhodobych zrakovych nésledk, ktera dosahuje az 40 %,
a prevalenci toxického poskozeni mozku s 30-50 % (Zakharov et al., 2015b, 2019). Zatimco
vSak prevalence, charakter a dynamika oftalmologickych nalezli, stejné¢ jako prevalence
a charakter poskozeni mozku u intoxikovanych osob prokazuji vyznamnou souvislost se
zavaznosti acidémie, koncentraci metanolu a etanolu v séru, tato asociace nebyla v nasi studii

periferniho nervového systému pozorovana (Nurieva et al., 2016, 2019; Zakharov et al., 2016c).
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Tabulka 9. Demografické, laboratorni a klinické tidaje 8 pacientl s negativni dynamikou elektromyografickych naleza.

Pacient V¢k/ Chronicky CDT, DM Glukéza, Hepatopatie  pH arteridlni  MetOH, EtOH, CNS
pohlavi alkoholismus % mmol/L Krve mg/L mg/L nasledky

1 70/M yes 5,78 yes 8,4 yes 7,24 980 ND no
2 29/M yes 16,43 no 4,4 yes 7,41 420 370 yes
3 52/F* yes ND no 5,1 yes 7,20 5313 0 yes
4 55/M yes 2,44 no 5,5 yes 7,41 360 1410 no
5 61/M yes 15,62 no 43 no 7,28 2269 330 no
6 58/M yes 1,55 no 4,8 yes 7,17 406 0 no
7 34/M yes 1,36 no 5,1 yes 7,26 4100 0 no
8 54/M** yes 4,00 no 5,0 no 7,45 85 260 no

Poznamka: CDT — karbohydrat-deficientni transferin; DM — diabetes mellitus; ND — neuréeno;
* podvyziva s prealbuminem 0,13 g/, cirhoza jater a makrocytarni anémie; ** nedostatek vitaminu B1 28,6 pg/l; tuéné vytisténé udaje — pacienti
bez polyneuropatie v prvnim kole naslednych vysetieni.
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V nasi studii méla naopak skupina pacientl s periferni PNP relativné vys$si pH arterialni
krve, vyss$i koncentraci metanolu a niz8i koncentraci etanolu v séru, coz naznacuje méné
zavaznou otravu. Dale jsme u sledovanych pacientii nezjistili zddnou souvislost mezi prevalenci
periferni PNP a znamymi dlouhodobymi zdravotnimi néasledky otravy metanolem, poskozenim
zraku a mozku. Pouze dva z osmi pacientli méli na MRI zndmky poskozeni mozku vyvolané

metanolem, zatimco u Sesti pacientl se zaddné poskozeni mozku neprokazalo.

Vétsina pacientl s periferni PNP v nasem souboru byla starsi, méla v anamnéze chronicky
abuzus alkoholu, alkoholickou hepatopatii, DM, hypotyreozu, vyssi hladiny glukdzy v séru
a niz8i koncentrace vitaminu B1, coz naznacuje, Ze akutni metanolova intoxikace neovlivnila
vznik a progresi PNP. Tento zavér také podporuje skutecnost, Ze po ne¢kolika letech abstinence
dosSlo u jedné pacientky znaSeho souboru ke zlepSeni EMG nélezu. Vysokou prevalenci
periferni PNP a pfipady jeji progrese lze jednoznaéné pfipsat jinym pii¢indm, zejména

anamnéze predchoziho a soucasného chronického abtizu alkoholu a DM.

Jednim z klicovych prvkl v patogenezi alkoholické PNP je nutri¢ni stav pacientil, zejména
hladiny vitaminu B1, vitaminu B12 a nedostatek bilkovin (Charness et al., 1989; Victor, 1984).
V nasi studii méla skupina pacientli s PNP vyznamné nizs$i primérné koncentrace vitaminu B1
v séru nez skupina pacientii bez PNP; i1 kdyz pouze 35 % pacientd ve skupin¢ s PNP mélo
koncentrace vitaminu B1 pod 42,0 ng/l a nikdo nemél koncentrace pod 25,0 pg/l. Pouze jeden
pacient s periferni PNP mél nedostatek vitaminu B12 a tfi pacienti méli nizké koncentrace

prealbuminu v séru.

K alkoholické PNP obvykle dochazi po deseti a vice letech nadmérného piti, 1 kdyz prvni
subjektivni ptiznaky se mohou objevit po jednom az péti letech nadmérného zneuZzivani
alkoholu (Vittadini et al., 2001). V nasem souboru byli pacienti s perifernim PNP vyznamn¢
starsi, s primérnym veékem 57 + 5 let, ve srovnani s 43 & 4 roky u pacientli bez PNP. Ve skupiné
s PNP proto existovala potencidlné delsi historie chronického abtzu alkoholu. Z literatury je
znamo, Ze ukonceni piti je klicovym faktorem prevence progrese alkoholické PNP s moZnosti
zlepSeni EMG nalezu u mirné az stiedni formy PNP v ptipad¢ abstinence (Savoldi, 1995). Nase
studie tato pozorovani potvrzuje. VSichni nasi pacienti s negativni dynamikou
elektromyografickych nalezi byli soucasné chronicti alkoholici, u jedné nasi pacientky doslo

po n¢kolika letech abstinence ke zlepSeni elektromyografického nalezu. Prevalence alkoholické
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polyneuropatie uvadéna v literatute se pohybuje od 12,5 do 29,6 % (Beghi a Monticelli, 1998;

Wetterling et al., 1999), coz také piiblizné odpovida nasim zjisténim.

Diabetickd 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 %) pacientii
s diabetem periferni PNP a koncentrace glukézy v séru ve skupiné pacienti s PNP byla
vyznamné vys$i nez u pacientli bez PNP. U ¢tyf' pacientli byl zjistén zvySeny glykovany

hemoglobin, jednalo se tedy o nedostatecn¢ kompenzované pacienty.

Sestileté obdobi sledovani ve stejném zdravotnickém zafizeni poskytlo béhem prospektivni
longitudinalni studie dostatek ¢asu k tomu, abychom se mohli vyjadfit k dlouhodobému dopadu
akutni otravy metanolem na periferni nervy, i kdyz pocetnéjsi soubor pacienti by mohl

poskytnout vyznamné;jsi asociace jednotlivych proménnych s EMG nalezy.
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Obrazek 12. Progredujici EMG nélez chronického alkoholika-n. tibialis, 2014/2018.

64



SuraLat Malleolus dex WV/D

5 10 15 2

s 10 15 2 25 B ¥ 40 45 0

ETCEENTIE TR BT

A, Peck| Area
W] |[w'ms]
45 | 57

Prava- Segment table
Amplecr.| Y
%] | m/s]

%] -
A v
calf Mym
t malleous ’If ¥ oo :
I
Av = ) N N-13
R T—
L] - l:'m
50 Distance [mm]
Fll?uw 0 a
Digit 11 ;  foquans
I 10 r
a) v roce 2014 b) v roce 2018
Obrazek 13. Progredujici EMG nélez chronického alkoholika, n. suralis, 2014/2018.
e e p— Al Ry a0 ai-vde
[] ] lmuwji[ﬁ";ul
(itp [hos
wm_-mgrmtm
1 s I%] lﬂﬂ
- 5%
Calf L/N\A+
Latmalleous | :

cEHBABDY

Calf A LY o
Lat malleous /

os¥sa88Y

a) vroce 2015
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6. ZAVER
Cilem této prace bylo, na zadklad¢ dlouhodobého sledovani souboru pacientli s potvrzenou
diagnézou akutni intoxikace metanolem léenych v nemocnicich béhem hromadné otravy
metanolem v Ceské republice od zaii do prosince 2012, zhodnotit dlouhodobé poskozeni

centralni a periferni nervové soustavy v dusledku akutni intoxikace metanolem.

Zavery, ke kterym jsme dospéli v pribéhu této prospektivni longitudinalni jednocentrové

kohortové studie, by se pro jednotlivé kapitoly daly shrnout do nasledujicich bodu:

6.1. Prevalence, charakter, dynamika a predisponujici faktory hemoragickych

a nehemoragickych lézi mozku zpuisobenych akutni intoxikaci metanolem

6.1.1. Prevalence poSkozeni mozku v disledku akutni intoxikace metanolem miize byt
vyznamné podhodnocena v ptipad€, Ze je zobrazovaci vySetieni mozku provedeno
prilis brzy po pfijeti do nemocnice a chybi nésledné kontrolni vySetieni nebo v ptipade,

ze vySetieni neni z diivodu absence neurologickych ptiznakl provedeno vibec.

6.1.2. NaSe udaje nepotvrdily ndzor nckterych autorii, Ze krvaceni do mozku u pacientl
intoxikovanych metanolem je ,,vzacnou komplikaci 1é€by*. V nasi studii se jednalo
spiSe o typicky nalez na MRI u pacientli intoxikovanych metanolem. Nejcast€jSim
mistem krvaceni do mozku bylo putamen, ale casté byly také hemoragicke 1éze
v globus pallidus a subkortikalni bilé hmot¢.

6.1.3.  V pribéhu nasi studie jsme dale zjistili, ze pacienti s hemorhagickymi mozkovymi
Castéji podavan bikarbonat a méli vyznamné vyssi koncentrace glukozy i laktatu v séru

nez skupina pacientli bez hemoragickych 1ézi v mozku.

6.1.4. Ve skupiné pacientl s krvacenim do mozku se vyskytovalo dlouhodobé poSkozeni
zraku Cast€ji nez ve skupiné pacientti bez hemoragickych 1ézi a ve skupiné pacientii

s nehemoragickym poSkozenim CNS.

6.1.5. NaSe studie nepotvrdila hypotézu, ze systémova antikoagulacni lécba be&hem
hemodialyzy muize byt pfi¢inou krvaceni do mozku. Krvaceni v nekrotickych
oblastech je moznou pozdni fazi vyvoje poskozeni mozku v ptipadech tézké otravy

metanolem.
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Nicméné v piipad€ patologickych stavl, které mohou usnadnit krvaceni do mozku
pacientl intoxikovanych metanolem (podavani vysokych davek vysokomolekularniho
nebo nizkomolekularniho heparinu, hemoragické cévni mozkova piihoda v anamnéze,
krvécivé stavy jako Mallory-Weisstiv syndrom, alkoholicka cirh6za nebo hepatopatie
s trombocytopenii, chronicka 1é¢ba warfarinem, aspirinem a klopidogrelem) by bylo
dobré zvéazit béhem hemodialyzy poddni RCA jako alternativu k systémové

antikoagulacni 1é¢bé s vysokomolekularnim nebo nizkomolekularnim heparinem.

Z divodu vysoké prevalence poskozeni mozku v disledku akutni intoxikace
metanolem je nutné pacienty, ktefi prezili intoxikaci metanolem, dispenzarizovat
a zvat na kontrolni neurologickd vySetfeni. VC¢asna diagnostika poskozeni mozku

a odpovidajici terapie mize zlepsit kvalitu zivota téchto pacienti.

6.2. Vyznam DaT-SPECT v diagnostice poSkozeni bazdalnich ganglii

6.2.1.

6.2.2.

6.2.3.

6.2.4.

6.2.5.

Nase studie odhalila, ze SBR pro putamen, a zejména pro putamen posterior, bylo

vyznamné niz$i u pacientll se znamkami nekrotickych 1ézi na MRI.

Nalezli jsme korelaci nalezli na DaT SPECT s objemovymi parametry a zjistili, Ze DaT
SPECT muzZe byt srovnatelnou a v urcitych situacich dokonce pfesnéjs$i metodou nez
MRI-volumetrie, pokud jde o jeho schopnost identifikovat pacienty s toxickymi

lézemi putamen.

Zjistili jsme vyznamnou korelaci mezi pH arteridlni krve pfi pfijeti, jako hlavnim
prognostickym parametrem otravy, a SBR pro putamen. Nejsilnéjsi korelace byla

pozorovana mezi pH arterialni krve a SBR pro putamen posterior bilateraln¢.

Me¢éteni DaT SPECT odhalilo pozitivni korelaci mezi tlouStkou RNFL a SBR pro

putamen posterior.

SBR pro putamen, a zejména pro putamen posterior, je potencidln¢ dobrym markerem
poskozeni bazalnich ganglii vyvolaného metanolem a '*’I-ioflupan SPECT (DaT
SPECT) odrazejici dopaminergni axondlni dysfunkci ve striatu se mize vyznamné
uplatnit v diagnostice funkéniho poskozeni bazalnich ganglii zplisobeného akutni

intoxikaci metanolem.
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6.3. PostiZeni periferni nervové soustavy ndsledkem akutni intoxikace metanolem

6.3.1.

6.3.2.

6.3.3.

6.3.4.

6.3.5.

Nase studie neprokazala asociaci mezi zavaznosti otravy metanolem, definovanou pH
arterialni krve, koncentraci metanolu a etanolu v séru a prevalenci periferni PNP,

stejné tak 1 dynamikou EMG nalezl v letech nasledujicich po otrave.

Déale jsme u sledovanych pacientd nezjistili zddnou souvislost mezi prevalenci
periferni PNP a znamymi dlouhodobymi zdravotnimi nasledky otravy metanolem,

poskozenim zraku a mozku.

Vétsina pacientli 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 B.
Vysokou prevalenci periferni PNP a ptipady jeji progrese povazujeme jednoznacné za
nasledek jinych patologickych stavii nez akutni intoxikace metanolem, zejména za

nasledek chronického abuzu alkoholu a DM.

Akutni intoxikace metanolem tedy s nejvétsi pravdépodobnosti nezplisobuje periferni
PNP a u pacientli prezivSich intoxikaci metanolem neni nutné provadét EMG

vySetieni, pokud toto vySetieni neni indikovano z jinych divodu.
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of Haemorrhagic and Non-Haemorrhagic Brain Lesions

Sergey Zakharov', Katerina Kotikova®, Manuela Vaneckova®, Zdenek Seidl”, Olga Nurieva', Tomas Navratil'”, Blazena Caganova® and
Daniela Pelclova’

"Pirst Faculty of Medicine, Department of Occupational Medicine, Toxicological Information Center, Charles University in Prague and General

University Hospital, Prague, Czech Republic, 2First Faculty of Medicine, Department of Radiology, Charles University in Prague and General

University Hospital, Prague, Czech Republic, *Department of Biomimetic Electrochemistry, J. Heyrovsky Institute of Physical Chemistry of AS
CR, Prague, Czech Republic and *National Toxicological Information Center, University Hospital Bratislava, Bratislava, Slovakia

(Received 13 December 2015; Accepted 14 January 2016)

Abstract: The purpose was to study the prevalence and predisposing factors of brain lesions in survivors of acufe methanol poi-
soning. Clinical data on 106 patients with methanol poisoning were collected during the Czech mass poisoning outbreak. Of 83
survivors, in 46 (55%) patients, follow-up examinations including magnetic resonance imaging of brain (MR) were performed
3-8 and 24-28 months after discharge from the hospital. Of 46 pafients with a median age of 49 (interquartile range, 35-57)
years, 24 (52%) patients had a total of 40 abnormal brain findings with haemorrhagic lesions defected in 15 (33%) and non-hae-
morrhagic lesions found in 9 (19%) patients. The pafients with haemorrhagic brain lesions were more acidemic (lower arterial
blood pH, higher base deficit) and had higher glycasmia and lactacidaemia on admission than those without haesmorrthages (all
p < 0.05). Thirteen of 32 (41%) of patients with systemic anticoagulation and 2 of 14 (14%) of patients without it had haemor-
thagic lesions (p = 0.080). Bleeding complications during the treatment occurred in 4 of 15 (27%) patients, and 5 of 15 (33%)
patients had conditions predisposing to haemorthage in the group with haemorthagic lesions. In three cases with a series of
computer tomography (CT)/MR performed during hospitalization, the necrotic lesions in the brain remained non-haemorrhagic
during hospitalization and haemorrhagic lesions were detected on the follow-up MR examinations only. No association between
brain haemorthages and systemic anticoagulation during dialysis was found: brain haemorthages might occur in severely
poisoned patients treated without systemic anticoagulation, whereas treatment with high doses of heparin might not lead to brain

haemorthages.

Methanol poisoning due to the consumption of illicit alcoholic
beverages represents an important medical problem throughout
the world [1 3]. This poisoning generally occurs either inten-
tionally through abuse or attempted suicide or unintentionally
through misuse or accident [6,7]. Despite the progress in diag-
nosis and treatment of methanol poisoming, morbidity and
mortality are still high [8,9]. If therapeutic measures are inade-
quate or delayed, mortality may exceed 40% and serious long-
term visual and central nervous system (CNS) sequelae may
occur [10 12]. The strategy of active case finding and pre-
hospital ethanol administration in the patients with suspected
poisoning can improve outcome in a large-scale outbreak of
methanol poisoning [13,14].

Methanol in the human organism is metabolized to the
highly toxic formic acid/formate ion, which inhibits mitochon-
drial respiration [15 [8]. The accumulation of formic acid
results in metabolic acidosis, visual impairment and damage
to basal ganglia [19 21]. Rapid administration of antidotes
and haemodialysis are crucial for successful treatment
[22 251,

Author for correspondence: Sergey Zakharov, Toxicological Informa-
tion Center, Department of Occupafional Medicine, First Faculty
of Medicine, Charles University in Prague and General University
Hospital, Na Bojisti 1, 120 00 Prague 2, Czech Republic (e-mail:
sergey.zakharov@vin.cz).

Importance.

The role of hacmodialysis in the treatment of methanol poi-
soning is well-established: it effectively eliminates both metha-
nol and formate and helps to correct metabolic acidosis
[26,27]. To prevent the onset of clotting during the dialysis
session, two approaches are mainly used: systemic anticoagu-
lation with heparin or low molecular weight heparins
(LMWH) and regional citrate anticoagulation (RCA) without a
systemic effect.

Brain haemorthages are considered rare complications of
acute methanol poisoning that have been connected by some
authors to the application of systemic anticoagulation during
haemodialysis [28 30]. Phang et al. [28] reported the appear-
ance of brain haemorrhage in 13.5% of patients with acute
methanol poisoning. Several authors recommend against using
heparin anticoagulation during dialysis because of the risk of
intracranial bleeding [29 31].

Nevertheless, the role of systemic anticoagulation in the
aetiology of brain haemorrhagic lesions in methanol-poisoned
patients is open to debate. Patankar et al. [32] reported one in
four patients with haemorrthagic changes revealed before
haemodialysis, and they inferred brain haemorrhage was unre-
lated to the procedure of haemodialysis and anticoagulation.
Other authors suggest that haemorrhagic lesions in the basal
ganglia are rather due to the direct toxic effect of formic acid
[33,34].
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Bilateral necrosis of the basal ganglia, with or without
haemorrhage, is one of the typical computer tomography (CT)
and magnetic resonance tomography (MR) findings in acute
methanol poisoning [35 37]. Understanding the aetiology,
prevalence and predisposing factors of brain lesions is an
important issue in the strategy of prevention of long-term
CNS sequelae of poisoning. However, to the present time, all
the studies in the field are the case reports with acute CT of
brain performed when brain oedema, low resolution of the
method and the absence of MR examinations on discharge or
during the follow-up period can lead to underestimation of the
prevalence of brain lesions and to misunderstanding their aeti-
ology and mechanisms of development.

Goals of this investigation.
In this study, we aimed to evaluate the prevalence and predis-
posing factors of brain lesions in survivors of acute methanol
poisoning treated in hospitals during the Czech mass methanol
poisoning outbreak [3,38].

Methods

Patients and procedures. During the Czech mass methanol outbreak
in 2012-2014, 137 patients were poisoned and 106 of them were
treated in hospitals; 83 patients survived. A modified protocol for
collection of anammestic, climical, toxicological and biochemical
laboratory admission data based on experience from a methanol
outhreak in Norway in 2002-2004 was distributed to all hospitals
during the second week of the outhreak and used for the prospective
data collection [1]. 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 on the patients admitted before distribution of the protocol were
collected retrospectively. The discharge reports of all hospitalized
patients with a confirmed diagnosis and the results of CT, MR,
neurological and ophthalmological examinations on admission,
during hospitalization and on discharge were collected retrospectively
and analysed in the Czech Toxicological Information Center (TIC).
On admission, the laboratory investigations included serum concen-
trations of methanol, ethanol, formate, lactate, electrolytes and bicar-
bonate, arterial blood gases, anion and osmolal gaps, glucose, renal
and hepafic analysis, complete blood count, haematocrit, coagulation
profile (INR, APTT, PTT, platelets and fibrinogen) and serum pro-
teins. Diagnosis was established when (i) a history of recent ingestion
of illicit spirits was available and serum methanol was higher than
6.2 mmol/L (20 mg/dL), or (ii) there was a history/clinical suspicion
of methanol poisoning, and serum methanol was above the limit of
detection with at least two of the following: pH < 7.3, serum bicar-
bonate <20 mmol/L. (20 mEg/L), and anion gap (AG) =20 mmol/L.
All patients were treated in accordance with American Academy of
Clinical Toxicology and European Association of Poisons Cenfres and
Clinical Toxicologists (AACT/EAPCCT) practice guidelines on the
treatment of methanol poisoning [8]. Haemodialysis was performed if
the patients met any of the following criteria: serum methanol higher
than 15.6 mmol/L (50 mg/dL), metabolic acidosis with a pH < 7.30
or visual disturbances. The mode of dialysis, intermittent haemodialy-
sis (IHD), extended daily dialysis (EDD) or continuous veno-venous
haemofiltration/haemodialysis/haemodiafiltration  (CVVH/HD/HDF),
was based on several factors, such as the haemodynamic stability of a
patient on admission, or the severity of poisoning, and availability of
dialysis equipment [10]. For prevenfion of set cloting during dialysis,

systemic anticoagulation with infravenous administration of heparin or
LMWH (nadroparin calcium or enoxaparin sodium), and RCA were
applied. In the patients treated with haemodialysis and systemic anti-
coagulation, regular monitoring of coagulation profile was performed.

Loborotory investigations. Methanol was measured using pas
chromatography with flame ionization detection and a direct injection
with infernal standard (Gas Chromatograph Chrom 5, Laboratory
Instruments Prague, Czech Republic), and limit of detection was
1.9 mmol/L (6 mg/dl) and day-to-day coefficient of variation 2.5-
54%. Calibrators and controls were made by dilution of methanol p.a.
(Penta, Czech Republic). Formate was measured enzymatically on a
Hitachi analyser (Hitachi 912; Hitachi Science Systems Ltd.,
Hitachinaka, Japan) using formate dehydrogenase (Roche, France) and
nicotinamide adenine dinucleotide (NAD) (Roche, France). Serum
cthanol was analysed by gas chromatography with flame ionization
detection and a direct injection with infemal standard (Gas
Chromatograph Chrom 5, Laboratory Instruments Prague, Czech
Republic). Limit of detection was 0.9 mmol/L. {4 mg/dL) and day-fo-
day coefficient of vanation 3.8-7.1%.

Magnetic  resonance imaging  protocol. Two  follow-up MR
examinations of the brain were performed 3-8 months and 24-28 months
after discharge from hospifal on Gyroscan Phillips 1.5 T system (Royal
Philips, Amsterdam, Netherdands) with the following protocol: axial T2-
weighfed image with slice thickness (THK) 6.0/0.6 mm through the whole
brain, with parameters: repetition time (TR) 4241 ms, time fo echo (TE)
100 ms and flip angle (FA) 90° FLAIR (fluid affenuated mversion
tecovery): TR 11000 ms, TE 140 ms, inversion time (TT) 2800 ms and FA
90° Tl-weighted imape: TR 569 ms, TE 15 ms and FA 69°; T2-weighted
image — fast field echo: TR 665 ms, TE 23 ms and FA 18% single-shot
diffusion-weighted image: TR 2901 ms, TE 75 ms and FA 90° and T1
weighfed after administration of Gd-DTPA and in coronal images centred to
the orbifal region T2-weighted image with suppression of fat (SPIR): TR
5506 ms, TE 100 ms and FA 90°.

The patients were considered as having CNS sequelae of poisoning
if symmetrical necrosis, with or without haemorthages, of the basal
ganglia (putamen, globus pallidus) and other brain lesions (brainstem,
caudate nucleus, cerebellum, deposits in subcortical white matter and
optic nerve afrophy) compafible with the diagnosis of acute methanol
poisoning were present on MR scan of the brain.

The patients were further divided into two groups according to the
results of clinical examination: Group I, the patients with brain haem-
orthages defected by MR of the brain, and Group II, the patients with-
ouf brain haemorrhages. Group II was further divided info two
subgroups ‘with non-haemorrhagic brain lesions (sequelae)’ and ‘with-
out brain lesions (no sequelae)’. The groups were compared from the
perspective of the mode of anticoagulation, key laboratory parameters
on admission (serum concentrafions of methanol, formate, lactate, ghu-
cose, arterial blood pH, hicarbonafe, base deficit) and other therapeutic
interventions (type of antidote, alkalinization and folate substitution).

Stavistical analyses. The laboratory and clinical data were compared
using two-sample z-test assuming unegqual variances (equal means),
two-sample F-test for variances, bias test and two-sample
Kolmogorov-Smirnov test. The data were expressed as medians with
interquartile ranges (IQR). Chi-square tests were used to examine the
differences between the proups. Spearman’s correlation and linear
repression analysis were used to examine the relationships between
various parameters. All statistical calculations were carried out on
level of significance o = 0.05. Stafisfical analysis was performed
using ExcEL (Microsoft, Redmond, WA, USA), and the formal
calculations were produced in oc ExeErT software 3.1 (Trilobyte,
Pardubice, Czech Republic) and in IBM sess ver. 17.0 (Chicago,
Ilinois, USA) and statisTica sk ver. 1000 (StatSoft, Tulsa, Oklahoma,

© 2016 Nordic Associaton for the Publication of BCPT (former Nordic Pharmacological Society)

93



230

USA) (both licensed to 1st Faculty of Medicine of Charles University
in Prague).

Ethics approval. The study was approved by the General University
Hospital Ethics Committee in Prague, Czech Republic.

Results

Demographic characteristics of the patients.

From 106 hospitalized patients, all 83 (78%) patients who sur-
vived acute methanol poisoning were invited to participate in
a one-day outpatient clinical examination two times during the
study period: 3 8 months and 24 28 months after discharge
from the hospital. Fifty-four patients of 83 survivors (65%)
agreed to participate, filled out the standardized questionnaire
and signed the informed consent. Eight (10%) of them had
to MR examination (metallic
implants) and were excluded from the study [39]. Finally, 46
patients (33%) with median age 49 years (IQR 33 37 years),
37 males and 9 females, were included in the study.

In this population, the median ingested volume of toxic
spirits was 300 mL (range 50 2000 mL) of strong alcoholic
beverages containing approximately 50% methanol and 50%
ethanol with a total alcohol content of around 40% alcohol by
volume (ABV, v/v). Only 10 (22%) of the patients were diag-
nosed within 12 hr after methanol ingestion, 30 (66%) within
48 hr and three (6%) later than 48 hr (in further three (6%)
patients, it was impossible to determine the time of imgestion
reliably). A medical history of chronic alcohol abuse was pre-
sent in 22 (48%) of the cases.

Regarding somatic diseases, 21 (46%) patients had hyperlip-
idaemia, 19 (41%) patients had arterial hypertension, 16
(35%) patients had alcoholic hepatopathy, four (9%) patients
had diabetes mellitus [type II in three (7%) cases, type I in
one (2%) case], three (7%) patients had myocardial infarction,
and one (2%) patient had brain stroke in anamnesis before
methanol poisoning; epilepsy, sarcoidosis, psoriasis vulgaris,
chronic atrial fibrillation and ischaemic disease of the lower

absolute contraindications

extremities were each present in one (2%) case.

Patlents included in the study:
46432

SERGEY ZAKHAROV ET AL

CNS sequelae of poisoning and haemorrhagic lesions on MR
of brain.

In 24 of 46 patients (32%) included in the study, the follow-up
MR revealed a total of 40 abnormal brain findings correspond-
ing to CNS sequelae of acute methanol poisoning (fig. 1).
Necrotic lesions of the putamen were the most frequent lesions
found in 16 of 46 patients (35%); all of the findings were in the
bilateral symmetrical regions of the putamen. Necrotic lesions
in the globus pallidus were found in 8 patients (17%), lesions in
the brainstem were present in 7 patients (15%), deposits in white
matter with primarily subcortical localization were found in 4
patients (9%), and other necrotic lesions were found in 5
patients (11%): lesions of the caudate nucleus [1 (2%)], cerebel-
lum [1 (2%)] and optic nerve [3 (7%)].

Brain haemorrhages were detected in 15 of 46 patients
(33%) with a total of 18 haemorrhagic and 13 non-haemorrha-
gic lesions. Of all the patients with MR features of CNS
sequelae of methanol poisoning, haemorrhagic lesions were
present in L5 of 24 (63%) cases. Of 16 patients with putami-
nal necrosis, haemorrthagic lesions in the putamen were
detected in nine cases (56%). In the remaining 7 of 16 patients
(44%), no haemoglobin breakdown products were found in
the putamen even in the T2W FFE sequence, while two (12%)
of them had the MR features of subcortical haemorrhages. Of
eight patients with necrotic lesions in the globus pallidus,
haemorrhages in the globus pallidus were present in five cases
(63%). Haemoglobin breakdown deposits were present in all
four cases with detected subcortical white matter lesions. In
all the cases with subcortical haemoglobin deposits, bilateral
putaminal necrosis was present as well.

No MR features of brain haemorrhages were found in 31 of
46 patients (67%). Of them, 9 of 31 (29%) had non-haemor-
rhagic brain lesions on MR: five (16%) patients with symmet-
rical necrosis of the putamen, two (6%) cases of symmetrical
necrosis of the globus pallidus, one (3%) case of the brainstem
lesion and one (3%) patient with monolateral atrophy of the
optical nerve. No haemorrhages were present in the brainstem
(seven cases) and cerebellum (one case) necrotic lesions.

Ll
No brain lesions:
22/12
Ll

Yes brain lesions:

24420

Haemorrhagic brain lesio

15/13

Ll L] L} L LI LI L}
Putamen: Globus pallidus: Subcortical white matter: Putamen: Globus pallidus: Brainste
9/8 5/4 4/3 77 3/2 2/4 5

Fig. 1. Flow chart of the study design: brain MR findings in the patients included in the study. Numerafor indicates the tofal number of cases and
denominator indicates the number of cases with systemic anticoagulation.

Non-haemorrhagic brain lesions:
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The results of the second follow-up MR examination
24 28 months after discharge from the hospital revealed
neither progression nor signs of regression of hasmorrhagic
and non-haemorrhagic brain lesions detected within the first
follow-up MR examination. The only exception was the disap-
pearance of the small focus of the brainstem necrosis detected
on the first follow-up examination in one patient.

Laboratory data on admission and haemorrhagic lesions on
MRI of brain.

Laboratory admission data on the patients divided into the
groups are presented in table 1. The patients with haemor-
rhagic brain lesions were more acidemic on admission than
those who survived without brain haemorthages (lower arterial
blood pH, higher base deficit, serum lactate). They had higher
glycaemia as well, but not serum formate, probably due to the
small number of patients with measured serum formate on
admission (26/46 or 57%).

A positive correlation was present between the presence of
putaminal necrosis and MR features of the brain haemorrhage
(r = 0.563; p < 0.0001), as well as between the presence of
necrotic lesions in the globus pallidus and the brain haemor-
rhage (v = 0.413, p = 0.004). Further, strong correlations were
found between the presence of putaminal lesions and arterial
blood pH (r = —0.568; p < 0.0001), serum lactate (r = 0.613;
p < 0.0001), glucose (r = 0.539; p < 0.0001) and base deficit
(r=—0423; p=0.003) on admission. The patients with
haemorrhagic brain lesions had higher serum lactate on admis-
sion (r = 0.379; p = 0.016).

Clinical features on admission, treatment measures and visual
sequelae of poisoning.

The clinical features of the patients on admission are pre-
sented in table 2. The patients with brain haemorrhages were

older than either the patients without haemorrhagic lesions or
the patients with non-haemorrhagic lesions (p = 0.034 and
p = 0.001, correspondingly), suggesting the higher prevalence
of comorbidities that might make them more prone to bleeding
during treatment with systemic anticoagulation (arterial hyper-
tension, chronic anticoagulation therapy, alcoholic hepatopa-
thy, coagulopathies and so on). Nevertheless, no association
between age and the presemce of MR features of the brain
haemorrhages was present (r = 0.101; p = 0.499). The differ-
ence in time span between methanol ingestion and treatment
in hospitals between the groups with and without brain haem-
orrhages was not significant (p = 0.494).

The patients with brain haemorrhages were more often
comatose on admission, compared to those without brain
haemorrhages (p = 0.001). Alkalinization was needed in the
group with haemorrhagic lesions more often than in the group
without brain haemorrhages. No differences in antidote treat-
ment (ethanol versus fomepizole) and folate substitution
(folate yes versus folate no; acidum folicum versus calcium
folinate) were present between the groups with and without
brain haemorthages (all p > 0.03).

The prevalence of long-term visual sequelae of poisoning in
the group of patients with brain haemorrhagic lesions was
higher than in the group without brain haemorrhages
(p < 0.001) and in the patients with other non-haemorrhagic
brain lesions (p = 0.0153), as can be seen from table 3.

Anticoagulation during dialysis sessions, complications and
brain haemorrhagic lesions.

Dialysis was applied in 34 of 46 (73%) of patients, and sys-
temic anticoagulation with heparin or LMWH was used in 31
of 34 (91%) of dialysed patients (further, one patient without
dialysis was administered LMWH during the treatment due to
other indications).

Table 1.
Laboratory data on admission in the patients with acute methanol poisoning (medians with IQR).
S-Lactate  S5-MetOH S-EtOH S-Formate*  S-Glucose
Groups Age Time (h) H pCO; kPa) (mmolL) (mmolL) (mmol/)  (mmol/L) (mmol/L) (mmol/L)
Group 1 54 29 7.00 32 238 73 50 0.0 15.0 7.7
(n=15, 2F) 49-58 1248 6.82-7.20 2845 125291 1777 36-67 0.0-6.1 7.6-17.6 64-15.2
Group I 39 24 7.27 37 14 18 234 22 14.0 6.2
m=317F 3457 796 7.16-7.39 2546 3.0-214 1.2-2:3 11.7-38 0-10.9 6.9-16.4 5573
Group I, 38 36 7.09 2.9 25.2 21 14 0.0 16.0 6.8
m=29; 36) 3240  7-96 7.02-725 237 139-256 12-37 13-87 0.0-22 14.5-19.3 6.1-9.1
Group Iy 49 24 7.28 4.0 11.0 1.7 25 52 11.7 6.1
(n=22,4F) 3560 &-72 719739 3547 2.8-17.2 13-24 12-37 0.0-184  43-156 5.9-6.7
Total (n = 46) 49 30 7.20 3.6 17.0 19 29 1.7 14.5 6.5
35-57  7-96 7.08738 2746 37-25.0 15-3.6 13-62 0.0-04 6.5-16.9 59-8.1
Prg 0.034 0494 0.015 0.865 0.045 0.039 0.165 0.841 0.900 0.034

*Serum formate was measured in 26 of 46 cases.

Group 1 — patients with haemorrhagic lesions of brain; Group II — patienfs without haemorrhagic lesions of brain; Group IIA — pafients with non-
haemorrhagic brain lesions; Group IIB — patients without brain lesions; BD — base deficit; F — females; IQR — interquartile rates; S-MetOH — serum
methanol; S-EtOH — serum ethanol; time — fime from ingestion to treatment. P — results of chi-square test of the difference between the groups

(&< 0.05).

To convert from mmol/L. to mg/dL, use the following conversion factors: methanol — 3.205; ethanaol — 4.608; formate — 4.603; lactate — 9.009; ghi-
cose — 18.018. To convert bicarbonate and base deficit from mmol/L to mEg/L, use the conversion factor 1.0. To convert kPa to mmHg (torr), use

the conversion factor 7.501.

© 2016 Nordic Association for the Publication of BCPT (former Nordic Pharmacological Society)

95



232 SERGEY ZAKHAROV ET AL

Table 2.
Clinical features on admission and treatment in the patients with acute methanol poisoning.

Groups IE C VD D CP S Dialysis Alkalization Folates (AF/Leu) Antidote (E/FOM)
Group I 4 6 5 4 4 1 14 13 11 (7#4) 14 (10/4)
= 15; 2F) 27% 40% 33% 27% 27% T% 93% 87% T3% (47/26) 93% (66/27)
Group I 6 1 14 10 1 1 20 14 23 (12/11) 30 (24/6)
(= 31; 7F) 19% 3% 45% 32% 3% 3% 64% 45% T4% (39/35) 97% (77/20)
Group I, [0 1 6 5 1] 1 7 5 7 (443) 9 (6/3)
= 9; 3F) [\ 11% 67% 56% 0 11% T8% 56% T8% (44/34) 100% (67/33)
Group Iy 6 ¢ 8 5 1 0 13 9 16 (8/8) 21 (18/3)
(= 22;4F) 27% ¢ 36% 23% 5% 1] 59% 41% 73% (36/36) 95% (82/13)
Total (n = 46) 10 7 19 14 5 2 34 27 34 (19/15) 44 (34/10)
22% 15% 41% 30% 11% 4% T4% 59% T4% (41/33) 96% (74/12)
Pi_q 0573 (.001 G445 0.699 0.017 0.592 (.037 0.007 0.950 0.592

Group I - patients with haemorrhagic lesions of brain; Group II — patients without haemorrhagic lesions of brain; Group IIA — patients with non-
haemorrhagic brain lesions; Group IIB — patients without brain lesions; IE — inebriation; C — coma; VD — visual disturbances; D — dyspnoea; CP —
chest pain; S — seizures; AF — acidum folicum; Leu — leucovorin (calcium folinate); E — ethanol; FOM — fomepizole; time — time from ingestion fo

treatment.
P — results of chi-square test of the difference between the groups.

Systemic anticoagulation was not applied in 14 of 46 (30%)
of cases (table 3). Of these, RCA was applied in two (14%)
patients and no anticoagulation was used in one (7%) patient
treated with [HD. The remaining 11 (79%) patients were trea-
ted without dialysis and without anticoagulation.

Of 32 patients with heparin and LMWH administration dur-
ing the treatment, 13 (41%) patients had MR features of brain
haemorrhages. Of 14 patients without systemic anticoagula-
tion, 2 (14%) patients had brain haemorrhages (p = 0.080).
One of two patients treated with RCA had multi-focal brain
haemorrhages (bilateral haemorrhagic lesions in the putamen
and several subcortical deposits of haemoglobin breakdown
products in different brain regions). Finally, one patient dial-
ysed without anticoagulation had MR features of the brain
haemorrhage as well (bilateral haemorrhagic lesions in the glo-
bus pallidus).

Bleeding complications occwred during the treatment in 4
of 15 (27%) cases in the group with brain haemorrhages: epis-
taxis [1 (7%)], mucosal bleeding [1 (7%)], subconjunctival
suffusions and bleeding in renal cyst [1 (7%)] and haemateme-
sis [1 (7%)]. In the last case, no anticoagulation was applied
during the dialysis because the haematemesis occurred on
admission before any ftreatment intervention (the patient had
alcoholic cirrhosis and thrombocytopenia in anamnesis). No
bleeding complications occurred during treatment in the group
of patients without MR features of brain haemorrhage.

In the group of patients with haemorrthagic brain lesions,
5 of 15 (33%) patients had certain conditions predisposing
to haemorrhage: haemorrhagic stroke 10 years earlier [l
(7%)], Mallory Weiss syndrome with endoscopic haemostasis
I year ago [l (7%)], cirthosis with thrombocytopenia on
admission [1 (7%)], and chronic warfarin, aspirin and clopi-
dogrel medication [2 (14%)]|. Purther, in this group, alcoholic
hepatopathy was present in 7 of 15 (47%) cases, episodes of
transitory thrombocytopenia during dialysis were registered
in 5 of 15 (33%) cases, and arterial hypertension with
episodes of high arterial blood pressure on admission and
during treatment was present in 9 of 13 (60%) cases.

Complications during treatment other than those related to
bleeding were present in 9 of 15 (60%) cases: delirium [3
(21%)], acute pancreatitis [2 (14%)], cardiac infarction
[1 (7%)], cardiac failure [1 (7%)], asystole with apnoea [l
(7%)]. pulmonary oedema [1 (7%)], pneumonia [3 (21%)]
and sepsis [2 (14%)].

In the patients with non-haemorrhagic CNS lesions (n = 9),
one (11%) patient was on long-term warfarin therapy. The
patient admitted irregular drug administration and had normal
INR (1.08) on admission. Alcoholic hepatopathy was present
in 3 of 9 (33%) cases with an episode of mild thrombocytope-
nia during treatment in one (11%) case, and arterial hyperten-
sion with episodes of high arterial blood pressure on
admission was present in 4 of 9 (44%) cases. No other condi-
tions predisposing to haemorrhages were present in this group.
Complications during the treatment other than bleeding were
present in 2 of 9 (22%) patients in this group: pneumonia [2
(22%)] and delirium [1 (11%)].

In the patients who
(n = 22), one (5%) patient had chronic aspirin medication due
to atrial fibrillation (no thrombocytopenia, normal INR and
APTT), alcoholic hepatopathy was present in 8 (36%) cases
with episodes of mild thrombocytopenia during treatment in
three cases, and arterial hypertension with episodes of high
arterial blood pressure on admission and during the treatment
was present in 10 of 22 (45%) cases. No complications (either
bleeding or non-bleeding in nature) during treatment were pre-

survived without brain damage

sent in this group.

Development of haemorrhagic brain lesions during the
treatment.

Computer tomography examination of the brain was carried
out during hospitalization in 8 of 46 (17%) patients with neu-
rological indications to the brain imaging. In five (11%) cases,
CT was made on admission before any treatment due to coma
on admission. In three (7%) cases, CT examination was made
later during hospitalization due to coma or other neurological
symptoms: in one case on day 5 of hospitalization, in a further
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é‘ “g % E case on day 3 (CT) and on day 10 (MR) of hospitalization,
¥ oy gz g 2.5 and in the last case on day 7 (CT) and day 14 (MRI) of hospi-
R talization. The other 38 (83%) patients had the first MR imag-
.}.5 E Em ing of the brain made within the follow-up examination after
gt - “:'- g £ discharge. In these 38 patients, no coma or other newological
© =83 22 ES £ indications were present to provide brain imaging examination
O PR 0 R during hospitalization, but the follow-up MR imaging revealed
E % “an brain haemorrhages in 11 (29%) of them.
y = @ In all five cases with CT made on admission, no brain
Py g P ’; lesion was found on admission and no repeat examination dur-
8 %é § & %\5‘: ing hospitalization was performed. MR examination carried
NaS S e S g E\C“ out within the follow-up study revealed: no lesions (I patient
g s treated with THD and heparin), symmetric non-haemorrhagic
= : ) necrosis of the putamen (2 patients, treatment with THD and
E§ = é % % EDD, heparin anticoagulation in both cases) and symmetric
© @§ 2 ;:é W = putaminal haemorthages (2 patients, treatment with CVVHD
whooZaT |8 E 5 and heparin anticoagulation in both cases) with subcortical
E £ ED parietooccipital haemorrhage in one of these two cases. These
. E E e brain lesions found on the follow-up MR examination either
E s ey e B g Z went unrecognized by CT on admission due to the low resolu-
gé@ g fion of the method and general brain oedema in comatose
. . Lo | g 3‘ patients, or developed later during the hospitalization.
oi E &, % o E § é g‘.d In one case with CT performed on day 5 of hospitalization,
%‘ g ‘: bilateral putaminal necrosis was present without signs of
5] ;gé _g bleeding: the follow-up MR examination 3 months later
g9 revealed bilateral putaminal necrosis with haemorrhages. The
N = E EE @ patient was treated with both IHD and CVVHDF sessions
o e B e B ; g 2 g Wlth hep@ and mtravernous sodium enoxaparin .adr.nml.stra—
% 2 ~ tion applied before day five (on days 1 3 of hospitalization).
§ § § § I % = g* These haemorrhagic lesions either went unrecognized by CT
e e =S ED E g9 on day five due to its low resolution and brain oedema, or
N E E T?; putaminal haemorrhage occurred later than day 5 and therefore
¥ ® _w=|EI g2 long after the dialysis sessions were finished and the systemic
e 8w B8RS |Eais ; o .
cE¥E anticoagulation with heparin stopped.
= 2 E g B In one patient with CT performed on day 7 and MR of the
° - E @ % E brain on day 14, bilateral non-haemorrhagic putaminal necro-
& S m B B E a e éﬂ sis and focal subcortical necrosis in the occipital region were
E; —":HT present on CT on day 7 and further progression of necrosis
e e e § i L: g 2 g was registered on MR seven days later; nevertheless, no MR
aHaTHES E_ %éﬂ “ ED features of brain haemorrhage were found. On the follow-up
g ;S: & % 5 MR examination, the vast bilateral symmetrical necrosis of the
5 5 —4‘3 Tﬁj g putamen remained non-haemorrhagic; the only small focus of
ESdE E haemoglobin destruction products was present in the left fron-
e o2 g alE E\ 288 tal subcortical region. This patient was severely poisoned and
mBaBEZRS|2EE A Y was treated with CVVHF and CVVHDF sessions lasting in
:E) % —gﬂ 2 jg: total more than 50 hr. Duwing the continuous dialysis, repeated
218 g % boluses of 10 000, 8000, 7500 and 3000 units of heparin were
- jé‘ a | § & administered and continuous infusions of 5000 units of hep-
g 2 2 22 E i qf arin were applied between the boluses. This patient had epi-
¥TTWSAYS | 2 5 E 8 sodes of transitory thrombocytopenia, epistaxis and mfectious
o @ é % é o g complication with hyperpyrexia during the treatment (sepsis).
L 2 i & £ _sf Nevertheless, the vast bilateral symmetrical necrotic lesions in
CHh T . ,@ =R the putamen remained non-haemorrhagic (fig. 2).
8 & 2 EigEs In the last case, with CT provided on day 3 and MR per-
= \; L ﬂ% M’;é formed on day 10, the multiple focuses of white matter
% % = o %‘g EE 3;: oedema, considerable pericapsular oedema of the putamen,
& & & &|l8EEEa with white matter necrotic lesions, brainstem lesion and sym-
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Fig. 2. Non-haemorthagic bilateral symmetrical necrosis in putamen in
a patient treated with massive doses of heparin during 50 hr of
dialysis.

metrical necrosis of the putamen with significant progression
between days 3 and 10 were found, but still no signs of bleed-
ing were registered on MR of the brain on day 10 of hospital-
ization. The patient was treated with a 19-hr CVVHDF
session and RCA during the first two days of hospitalization.
Heparin was not administered; therefore, the systemic antico-
agulation effect was excluded. On the follow-up MR examina-
tions of the brain, bilateral symmetrical haemorrhagic lesions
in the putamen and subcortical haemorrhagic lesions in the
frontal and parietooccipital regions were present (Fig. 3).

These two cases illustrate the gradual development of the
basal ganglia damage starting from the focal or pericapsular
oedema, through the non-haemorrhagic necrosis of the puta-
men progressing during the days following CT examination,
despite the absence of formic acid and methanol in the serum
after several hours of haemodialysis or haemodiafiltration,
and, finally, the haemorrthagic lesions appearing later than 10
14 days of hospitalization in the regions of former non-
haemorrhagic necrosis.

Serum formic acid concentration and the character of brain
damage.

Serum formic acid on admission was measwed in 26 of 46
(57%}) patients; therefore, the association between the concen-
tration of formate and the character of the brain damage could
not be studied. The three patients with the lowest serum for-
mate on admission and haemorrhagic lesions on MR of the
brain had serum formate concentrations: 2.0 mmol/L. (9 mg/
dL) [symmetrical haemorrhagic lesions of the putamen, non-
haemorrhagic lesions of the globus pallidus and brainstem],
3.7 mmol/L. {17 mg/dL) [symmetrical haemorthagic lesions of
the putamen] and 8.7 mmol/l. (40 mg/dl) [haemorrhagic

Fig. 3. Multi-focal haemorrhagic brain lesions in the patient treated
with regional cifrate anticoagulation (dotted arrows indicate haemor-
thagic bilateral symmetrical necrosis in putamen; full arrows indicate
subcortical haemorrhagic lesions).

lesions of the globus pallidus]. On the other hand, patients
with serum formate as high as 153 mmol/L. (70 mg/dL),
16.3 mmol/. (75 mg/dL) and even 30.4 mmolA. (140 mg/dL)
on admission did not have any CNS sequelae on repeated fol-
low-up MR examinations.

The patient with CT of the brain performed on day 7 and
MR of the brain on day 14 had serum formic acid 19.2 mmol/
L (88 mg/dL), serum methanol 62.1 mmol/L (199 mg/dL) and
arterial blood pH 6.82 on admission to hospital. During dialy-
sis, 16 hr after the start of the session, his serum formic acid
was already under the detection limit, serum methanol was
25.6 mmol/L. (82 mg/dL), and arterial blood pH was normal.
Nevertheless, a pathological process developed during the fol-
lowing 2 weeks of hospitalization: MR of the brain on day 14
revealed further progression of oedematous and necrotic
lesions of the white matter and the basal ganglia compared to
the finding on CT of the brain on day 7 (fig. 2).

The patient with CT of the brain performed on day 3 and MR
on day 10 had serum formic acid 15.1 mmolL. (70 mg/dL),
serum methanol 22.9 mmol/L (73 mg/dL) and arterial blood pH
6.72 on admission to hospital. During dialysis, after 13 hr of
CVVHDPF, his serum formic acid was under the detection limit,
serum methanol was 3.5 mmol/L (18 mg/dL), and arterial blood
pH was normal. Nevertheless, the MR of the brain on day 10 of
hospitalization revealed further progression of necrosis of the
basal ganglia compared to the findings on CT on day 3 (fig. 3).

Discussion

Brain haemorrhagic lesions in our study were not a rare com-
plication, but rather a typical finding in the patients who sur-
vived acute methanol

poisoning. The prevalence of
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haemorrhagic lesions was even higher than the prevalence of
non-haemorrhagic ones. The typical site of brain haemorrhage
was the putamen, as it was stated earlier [40], but haemor-
rhagic lesions in the globus pallidus and the subcortical white
matter were prevalent as well. No evident association between
brain haemorrhages and systemic anticoagulation during dialy-
sis was found: brain haemorrhages occwrred in both the
patients with and without systemic anticoagulation. Although
CT/MR features of necrotic lesions in the basal ganglia could
be found within the first 2 3 days of hospitalization, the
haemorrhagic constituent evidently appeared later, sometimes
after 10 14 days of hogpitalization, as the final stage of the
developing pathological process, even though formic acid was
eliminated by dialysis and acidemia corrected during the first
24 hr of hospitalization.

Brain haemorthage is described in the literature as a rare
complication of acute methanol poisoning related to systemic
anticoagulation during haemodialysis [28 30]. In our study,
we found that the haemorrhagic lesions were even more
prevalent than the non-haemorrhagic ones, with two-thirds
(63%) of all cases with brain lesions detected on follow-up
MR examination. Therefore, rather than a ‘rare complication
of treatment’, this condition represents typical MR finding in
methanol-poisoned patients, suggesting that the haemorrhage
in the necrotic regions is a possible late stage of development
of brain damage in cases of severe methanol poisoning.

Several authors have described the putamen as the brain
region specifically vulnerable to formic acid and proposed dif-
ferent explanations for it: poor venous drainage, inadequate
arterial flow, hypotension and ischaemia, higher rates of oxy-
gen consumption and specific metabolic vulnerability to the
direct histotoxic effect of formic acid [33.41 44). Of 24 cases
with MR features of CNS sequelae of methanol poisoning in
our study, the putamen was affected in 16 cases. Nevertheless,
the globus pallidus, the brainstem and the subcortical white
matter, mainly in the frontal and parietooccipital regions,
should be considered as other vulnerable regions: altogether,
19 pathological MR findings were detected in these regions.
Therefore, in cases of severe methanol poisoning, localization
of brain damage was not as site-specific when a high-resolu-
tion method of visualization was applied for its detection.

Generally, patients with brain lesions were more severely poi-
soned and more acidemic on admission than those without CNS
sequelae. The degree of acidemia (low arterial blood pH, high
base deficit, serum lactate and formate concentrations), negative
serum ethanol, lack of respiratory compensation when severely
acidotic, more than 24-hr delay from intake to admission and
coma are known risk factors predicting poor outcome [345
48]. In our study, the group with brain haemorrhages had signif-
icantly higher serum glicose and lactate than the group of
patients without haemorrhagic brain lesions. While serum
methanol concentration had no prognostic value [3,47], higher
serum glucose and lactate could mean deeper and lomger
hypoxia and more serious damage to not only neurons, but also
oligodendrocytes in patients who would develop brain haemor-
rhages in primarily non-haemorrhagic foci of necrosis later due
to disintegration of the blood brain barrier [49.50]. It is known
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that serum lactate concentration correlates with clinical outcome
in critically ill patients and can be used as a prognostic indicator
of mortality and long-term morbidity in critical states [51 53].
Stress-induced hyperglycaemia seen in critically ill patients is a
known prognostic factor of poor outcome as well [3,54].

The patients with haemorrhagic brain lesions were adminis-
tered bicarbonate more often than those without CNS seque-
lae, what confirmed their more severe condition, but the
difference in the type of antidote administered and folate sub-
stitution ‘was not significant. In earlier studies, it was shown
that the outcome of methanol poisoning treatment did not
depend on the type of antidote administered (ethanol or
fomepizole) or folate therapy [53.56].

Finally, in the group of patients with brain haemorrhages, the
long-term visual damage was present more often than in the
group of patients without haemorrhagic lesions (p < 0.001) and
in the group of patients with non-haemorthagic CNS damage
{(p = 0.015), as it was shown earlier [37 60]. This fact confirms
that brain haemoithages generally occur in the most severely poi-
soned patients with combined damage of the optic nerve, retinal
blood barrier, retinal ganglion cells and brain structures. Most of
the patients with brain haemorrhages (60%) had serous non-
bleeding complications during the treatment, such as delirium,
acute pancreatitis, cardiac infarction and cardiac failure, asystole
with apnoea, pulmonary oedema, pneumonia and sepsis.

The role of systemic anticoagulation in the development of
brain haemorrhages is not presently determined. Some authors
suggest that a combination of early blood brain barrier disrup-
tion by oedema and ischaemia during the first howrs days of
hospitalization, with hypocoagulability associated with hep-
arinization during dialysis, facilitates bleeding and leads to
haemorrhagic brain lesions [28,29]. Nevertheless, in our study,
multi-focal haemorrhagic lesions were present both in the
patient with RCA and in the patient without any anticoagula-
tion during dialysis. On the other hand, in almost 60% of the
patients with systemic anticoagulation applied during the dial-
ysis, no haemorrthagic lesions were found. Further, in 6 of 9
(67%) patients with non-haemorrhagic necrotic lesions, hep-
arin was administered during dialysis, but this did not lead to
haemorrhage in necrotic brain regions.

Therefore, ow data do not support the hypothesis of the role
of systemic anticoagulation as a cause of brain haemorrhages. If
the combination of acute early blood brain barrier disruption by
oedema and hypocoagulability caused brain haemorrhages, it
would be logical to detect early haemorrhagic lesions in brain
during the first 1 3 days after admission, when dialysis with
systemic anticoagulation is applied and brain oedema and
ischaemia are maximal In ow study, signs of brain haemor-
rhage were still not present after days 5, 10 and even 14 days of
hospitalization, while late haemorrhagic lesions were found in
all these cases on the follow-up MR examinations.

The dynamics of CT and MR changes illustrates the possi-
ble development of the brain lesioms in severely poisoned
patients: firstly, general or multi-focal subcortical white matter
and pericapsular and/or focal basal ganglia oedema followed
by foci of non-haemorrhagic necrosis, which can progress dur-
ing several days of hospitalization even after complete elimi-
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nation of formic acid and correction of acidosis, with possible
late haemorrhages in necrotic lesions. The probability of the
non-haemorrhagic lesions transforming to the haemorrhagic
ones seems not to depend on the systemic anticoagulation:
even in the case of massive doses of heparin administered
both in boluses and continuously during several consecutive
days leading to typical bleeding complications during treat-
ment, the extensive bilateral necrotic regions in the basal gan-
glia remained non-haemorrhagic. On the contrary, in the case
of RCA application during dialysis, the brain haemorrhages
were multi-focal, with involvement of both the basal ganglia
and the subcortical white matter necrotic foci.

In two cases where series of blood sampling and serum for-
mic acid measurements were performed, formic acid was
quickly and effectively eliminated from the blood during the
first 24 hr of treatment. Nevertheless, severe brain damage
developed during the following days and even weeks. A possi-
ble explanation is that formic acid might act like a trigger,
starting a consequence of pathological events inside cells that
culminates considerably later and leads to neuronal degenera-
tion and necrosis developing during the days weeks after halt-
ing acute exposure to the toxic agent. Mechanisms of
oxidative stress may be involved in these events, but further
studies are necessary to confirm this hypothesis.

Despite the absence of a causal relationship between sys-
temic anticoagulation and brain haemorrhages in methanol-
poisoned patients, hypocoagulability associated with high
doses of heparin or LMWH may facilitate bleeding to necrotic
areas of the brain. Several pathological conditions can indicate
patients who are predisposed to brain haemorrhages: haemor-
rhagic stroke in anammnesis, bleeding conditions like Mallory
Weiss syndrome in anamnesis, alcoholic cirthosis or hepatopa-
thy with thrombocytopenia in anamnesis or on admission, or
chronic medication with warfarin, aspirin and clopidogrel.
One-third of the patients with haemorrhagic lesions in our
study had these predisposing conditions. During treatment,
episodes of high arterial blood pressure, often difficult to man-
age by antihypertensive medication, and episodes of transitory
thrombocytopenia are indicative of possible late brain haemor-
thages as well. If some of these predisposing conditions or
bleeding complications are present, RCA may be an alterna-
tive option to systemic anticoagulation with heparin or
LMWH during the dialysis sessions.

Strengths and limitations.

The study has some principal limitations, the most important
one being the lack of randomization between the patients treated
with and without systemic anticoagulation during dialysis ses-
sions and the small number of patients treated with RCA or
without any anticoagulation during dialysis. The study was not
controlled relative to other treatment modalities (choice of anti-
dote and mode of dialysis, alkalinization and folate substitu-
tion). The numbers of patients in both groups, with and without
haemorrhagic lesions, were relatively small, and most of the
patients in both groups were severely poisoned ‘late-presenters’:
possible brain damage could occur before admission to the

hospital and treatment initiation. In most patients in the study,
CT or MR examinations of brain were not performed on admis-
sion or during hospitalization, and only in two cases was a series
of two conmsecutive examinations during hospitalization per-
formed. Only the survivors of acute methanol poisoning were
included in the study, and a substantial fraction of the survivors
did not agree to participation in the follow-up study; therefore, a
bias of selection may be possible, with less severely affected
patients participating in the follow-up examinations.

Despite its limitations and confounders, this is the longitudi-
nal study performed during a mass methanol poisoning out-
break comparing the character of brain damage in patients
treated with and without systemic anticoagulation. The essen-
tial clinical and laboratory data were collected during the
Czech mass outbreak in a prospective manner using standard-
ized forms; the follow-up examinations were performed in a
single medical facility using a uniform investigation protocol.
The patients were examined using MR imaging of the brain
with the gradient sequence, which is the most sensitive to the
detection of haemoglobin breakdown products; the examina-
tion was fulfilled two times during the follow-up period
(2 years after discharge) to prevent errors of omission or mis-
interpretation of the results of the first examination.
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ABSTRACT

Context: Investigate whether '?|-ioflupane SPECT (DaT SPECT) has the potential as a marker of basal
ganglia damage in acute methanol poisaning.

Methods: Prospective, single-centre, cohort study of patients with confirmed methanol poisoning was
conducted. Dal SPECT was performed twice with semi-quantification using DaTQUANT™ and MRI-
based volumetry was calculated. Specific binding ratios (SBR) of striatum, caudate nucleus, and puta-
men were correlated with laboratory parameters of outcome, volumetric data, and retinal nerve fibres
layer (RNFL) thickness measurements.

Results: Forty-two patients {(mean age 463=4.2 years; 8 females), including 15 with MRI-detected
putamen lesions (group I) and 27 patients with intact putamen (group |}, underwent DaT SPECT.
Volumetry was calculated in 35 of the patients assessed. SBR values for the left putamen correlated
with putamen volume (r=0.665; p < 0.001). Decreased bilateral SBR values were determined for the
striatum and the putamen, but not for the nucleus caudate, in group | (p < 0.05). Significant correl-
ation 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/outcome including serum lac-
tate, glucose, and creatinine concentrations {p < 0.05). The SBR of the posterior putamen positively
correlated with the global RNFL thickness (p < 0.05). ROC analysis demonstrated a significant discrimin-
atory ability of SBR of the posterior putamen with AUC = 0.753 (95%Cl 0.604-0.902; p=0.007). The
multivariate regression model demonstrated that arterial blood pH, age, and gender were the most
significant factors associated with SBR of the posterior putamen.

Conclusion: DaT SPECT demonstrates significant potential for the diagnaosis of methanol-induced basal
ganglia damage.
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Introduction providers globally [12-14]. Bilateral necrosis of the basal gan-
glia, mostly the putamen, with or without haemorrhage, and
haemorrhagic lesions in subcortical white matter are typical
computed tomography (CT} and magnetic resonance imag-
ing (MR} findings observed in survivors [15,16]. Other rare

MR findings include necrotic lesions within the globus pal-

Worldwide, methanol is one of the top-five most extensively
used chemicals in industry, agriculture, and by consumers
[1-3]. Cases of accidental or occupational poisoning with
methanol-containing products are reported frequently [4-7].
In 2018, the American Association of Poison Contral Centres’

National Poison Data System reported 2192 cases of acute
exposure to methanol [8]. Mass and cluster outbreaks of
methanol poisoning as a result of adulterated alcohol con-
sumption have occurred throughout the world in the twenty
first century [9-11].

The high degree of lethality and high rate of long-term
health sequelae in survivors exceeding 40% make the treat-
ment of methanol intoxication a challenge for health care

lidus, nucleus caudate, thalamus, cerebellum, brainstem,
pons and cerebral cortex, and optic nerve atrophy [17-20].
Methanol-induced basal ganglia lesions are associated with
secondary parkinsonism, which is characterised by rigidity,
dystonia, bradykinesia, tremor, masked face, lethargy, and
with cognitive deficits [21-26]. Other reported neurological
sequelae that
include  transverse

intoxication
disorder

severe methanol
motor  heuron

result from
myelitis,
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resembling amyotrophic lateral sclerosis, visual anosognosia,
and pseudobulbar palsy [27-29]. Chronic retinal neurodegen-
eration with progressive loss of visual functions is observed
in up to 24% of methanol-poisoning survivors [30]. Long-
term central nervous system (CNS) and visual sequelae of
methanol poisoning are associated with significantly
decreased quality of life [31].

MRI-volumetric analysis of the brain has increasingly been
used to quantitatively assess changes in different brain struc-
tures. Patients with MRI signs of methanol-induced brain
damage possess significantly decreased basal ganglia vol-
umes, and the most significant changes occur in the puta-
men [32]. Basal ganglia neurons and their axons are
susceptible to damage induced by hypoxia and oxidative
stress [33,34]. Damaged brain tissue undergoes cedema of
affected areas, and later, necrosis, glial scar, and postmalatic
pseudocyst formation result in decreased brain volume in
affected regions [35]. The putamen receives extensive dopa-
minergic projections from the substantia nigra pars com-
pacta [36]. Altered putaminal volume and shrinkage of the
striatum due to decreases in neurcnal numbers may affect
diverse regions of the brain, since the substantia nigra, thal-
amus, and frontal cortical regions form a topographically
organized, cortical-striatal-thalamic-cortical loop [37].

Dopamine transporter (DaT) is a protein that is expressed
in the membrane of dopaminergic cells. It facilitates the re-
uptake of dopamine into presynaptic terminals. Modern
imaging techniques applying "**I-N-v-flucrapropyl-2b-carbo-
methoxy 3b-(4-iodophenylinortropane (['**I]FP-CIT, or '*I-
ioflupane) for labelling DaT provide a useful tool for evaluat-
ing dopaminergic terminal function by single photon emis-
sion computed tomography (DaT SPECT), an established
method that has widely been applied in both clinical practice
and research [38]. Dopamine transporter imaging is key for
diagnosing idiopathic parkinsonism (e.g., Parkinson's disease,
multisystem atrophy, progressive supranuclear palsy, Lewy
body dementia) to distinguish between the occurrence of
nigrostriatal degeneration and the preservation of dopamin-
ergic function in clinically uncertain cases of suspected par-
kinsonian syndrome.

Striatal DaT binding may contribute to axonal dysfunction
or DaT expression in the nigrostriatal pathway in patients
acutely exposed to methanol. However, no systematic studies
have investigated striatal dopaminergic system integrity via
functional imaging in survivors of acute methanol poisoning,
and only episodic case reports have been published [39,40].
Therefore, it remains unclear whether putaminal necrosis in
methanol-poisoned patients decreases striatal DaT binding as
a result of axonal dysfunction. The association between vol-
umes of interest (VOI} measurements determined via MRI
and specific binding ratios (SBR} determined via 123l-ioflu-
pane on DaT SPECT is unclear. Furthermore, researchers have
not identified whether guantitative indices of DaT SPECT are
associated with poisoning severity [30,4142]. To answer
these questions, the relationship between the SBRs for the
striatum, putamen, caudate, and MRI-based volumes of these
brain structures was investigated. The association between
DaT SPECT values and the severity of acute methanol

poisoning and clinically applied prognostic factors of long-
term outcomes was explored.

Materials and methods
Study design and setting

We carried out a prospective, longitudinal, single-centre,
observational cohort study of patients with confirmed acute
methanol poisoning that were treated in hospitals during a
mass methanol poisoning outbreak that occurred in the
Czech Republic from September to December of 2012 [11].
Clinical and laboratory tests indicating acute exposure were
collected wusing standardised data collection protocols.
Information regarding treatment modalities used and out-
comes was collected from discharge reports. Patients who
survived methanol poisoning and were discharged from the
hospital were examined 3-8 months and then 2, 4 and
6years after discharge using the same clinical examination
and equipment, hardware and image acquisition, reconstruc-
tion, and analysis protocol.

Selection of participants and treatment methods

The national monitoring and reporting system of all cases of
acute methanol poisoning was established during the metha-
nol poisoning outbreak. All hospitalised patients with analyt-
ically confirmed methanol poisoning were eligible for the
study. The patients underwent standard neurological exami-
nations and complete ocular examinations while they were
hospitalised and also when they were discharged from the
hospital. The examination protocol included either a brain CT
or MRI. The patients were considered to have CNS sequelae
of acute methanol intoxication if MRl or CT brain scans
revealed lesions of the basal ganglia.

Treatment was provided according to the European
Association of Poisons Centres and Clinical Toxicologists and
the American Academy of Clinical Toxicology guidelines for
treatment of methancl poisoning [41]. Alcohal dehydrogen-
ase (ADH) blockers, ethanol and fomepizole, were used as
antidotes [43]. Other treatment modalities administered
included folate substitution, bicarbonate, enhanced elimin-
ation methods, intermittent haemodialysis or continuous
veno-venous haemodialysis/haemodiafiltration [41,44].

Brain imaging protocol and clinical follow-up

During the follow-up, all subjects were scanned using 3T
imaging (MAGNE-TOM Skyra; Siemens Healthcare, Erlangen,
Germany) four times during a 6-year period. The MRI proto-
col included a T1-weighted 3D MPRAGE sequence for brain
volumetry, and the following parameters were applied: repe-
tition time (TR) 2300ms, echo time (TE} 2.26 ms, inversion
time (Tl} 732 ms, slice thickness 1.0/0 mm and flip angle (FA)
8°. Further, sequences were used to describe brain pathology
via T2WI, 3D FLAIR, SWI and coronal T2WI with fat saturation
was used to visualise optic nerves. The estimation of MR
brain imaging was examiner-blinded. All MR data were
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processed using the MorphoBox prototype software with
home-built atlas for volume segmentation program. These
data allowed researchers to estimate single brain structure
absolute volumes in cm?® and relative volume as percentage
of total intracranial volume (TIV). The estimation was calcu-
lated in five steps: (i) a brain template was created each
input MR using nine-parameter affine spatial transformation
(three translational and three rotational parameters followed
by anisotropic scaling); (ii) the input image was corrected for
bias field using an expectation—-maximisation algorithm; (iii} a
TIV template mask was resampled and applied to the trans-
formation obtained in step i for skull stripping; (iv) a tem-
plate-free tissue classification algorithm was used on the TIV-
restricted image, which produced three tissue posterior prob-
ability maps (grey matter, white matter and cerebrospinal
fluid); and (v} the tissue probability maps were combined
with the masks that were resampled in the first step to pro-
duce regional volume estimates [45,46].

The follow-up clinical examination protocol, aside from
brain MRl and DaT SPECT performed on the same day,
included the neurological examination of motor and sensory
function, reflexes, cerebellar function, cranial nerves function,
and Neuroprotection and Natural History in Parkinson's Plus
Syndromes scale (NNIPPS-PPS), an ophthalmological examin-
ation, visual evoked potentials, and optical coherence tom-
ography with retinal nerve fibres layer (RNFL) thickness
measurement. RNFL thickness was measured by SD-OCT
Spectralis  Tracking Laser Tomography (Heidelberg
Engineering GmbH, Heidelberg, Germany; software version
5.8.3) and was compared to a normative database. The fol-
lowing biochemical tests were performed: serum glucose,
glycohaemoglobin, albumin, prealbumin, liver and renal func-
tion tests, lipids, thyroid-stimulating hormone (TSH), vitamins
B, and By, carbohydrate-deficient transferrin (CDT), and
ethyl glucuronide screening in urine.

DaT SPECT

2| joflupane (DATSCAN™, GE Healthcare, BV Eindhoven,
Netherlands) was used for DaT SPECT performed twice
(4 and 6 years after discharge} during a 6-year period.

CLINICAL TOXICOLOGY @ 3

Dosage and scanning procedures were in accordance with
the manufacturer's recommendations. Images were acquired
using a dual-head SPECT scanner, the GE Infinia HawkEye4
(GE Healthcare, Milwaukee, WI) equipped with a parallel colli-
mator. Imaging was commenced 3h after an intravenous
bolus injection of standard activity (185 MBq) of the radio-
pharmaceutical. The SPECT projections were acquired for 40's
per projection in a 360° stepwise rotation of detectors, with
a rotation radius of 15cm. Data were collected in 128 x 128
matrices with a zoom factor of 1.33, rendering a pixel size of
3.32 x 3.32mm. Image reconstruction was done with OSEM
(2 iterations, 10 subsets) and post-filtered with a Butterworth
filter (critical frequency 0.6cm ', order 10). The triple energy
window technique was applied for scatter correction. The
total scanning time of the protocol was 45 min. A representa-
tive example of DaT SPECT image is shown in Figure 1. The
review of DaT SPECT images was examiner blinded.

Commercially available DaTQUANT™ (GE Healthcare, Little
Chalfont, UK) software was used for automatic semi-quantita-
tive image analyses. DaTQUANT software provides automatic
segmentation and VOI extraction based on pre-defined spa-
tial templates under the control of operator. If necessary, the
operator can modify VOI manually to adjust any discrepan-
cies during the reconstruction and alignment process.
Semiautomatic image analysis is less susceptible to interob-
server variability then visual interpretation [47]. After SPECT
reconstruction, transaxial slices were used as software input,
which applies an automatic VOl-based semi-quantitative
evaluation of the image data and compares it to an in-built
set of reference data for statistical analysis. Pre-defined tem-
plate VOIs were automatically positioned in the striatum,
putamen, and caudate regions in each hemisphere, and in
the occipital reference region. The program calculated semi-
quantitative SBR as the difference between the mean counts
in each VOI and the mean counts in the background, divided
by the mean counts in the background. DaTQUANT software
provides measurements of SBR both in the whole putamen,
and separately in the putamen anterior and posterior; there-
fore, the data for our study were extracted separately for
these VOI.

Figure 1. Example of DaT SPECT image in the patient with severe (A} and minor methanol poisoning (B}.
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Statistical analysis

For all variables, basic descriptive statistics (mean, Cl, SD,
skewness and kurtosis) were calculated, and the data were
tested for normality using Shapiro-Wilk's test. Pearson's >
test was used to compare the frequencies of categorical
demographic and dinical variables between the groups of
methanol poisoning survivors with and without MRI signs of
necrotic lesions of the putamen. Continuous variables (volu-
metric data, SBR, and others) were compared using t-test for
independent groups. Bivariate associations were assessed
using Pearson’s correlation coefficient with the two-tailed
significance test option. Reliability analysis was conducted
using the intraclass correlation coefficient (ICC) to index the
reliability of DaT SPECT measurements in the first and the
second examination. The ICC between the two examinations
was calculated using the two-way random-effects model for
absolute agreement between measurements. A multivariate
regression model was used to predict the SBR for the stri-
atum, nucleus caudate, putamen, anterior putamen, and pos-
terior putamen based on several predictors including age,
gender, chronic alcohol abuse, smoking, and arterial blood
pH at admission. Receiver operating curves (ROC) and the
area under the curve (AUC) were used to compare discrimin-
atory capacities of the SBR in different VOI for indicating
methanol-induced basal ganglia damage. The best cut-off
scores within the ROC analysis were identified in terms of
sensitivity and specificity. The level of significance was set to
a=0.05. The statistical analyses were performed using
Statistical Product and Service Solutions software (IBM SPSS
Statistics for Windows, Version 25.0, IBM SPS5S Statistics,
Armonk, NY).

Ethical approval and informed consent

The Ethics Committee of the General University Hospital in
Prague approved this prospective study, and written
informed consent was obtained from patients before exami-
nations. The approval no. is 31/15.

Results
Patient characteristics

Of 108 patients hospitalized with acute methanol poisoning,
84 survived. These survivors were asked whether they would
be willing to participate in a study that involved a long-term
assessment of the effects of methanol poisoning. Of the 54
patients who agreed, in 42 patients (8 females), brain MRI
and DaT SPECT were performed. The patients had not previ-
ously been diagnosed with neurological, neurodegenerative,
neurovascular, or psychiatric disorders other than chronic
alcohol abuse. In 15/42 patients (36%), brain MRI revealed
signs of necrotic lesions of the putamen (patients classified
as group |} and, in 27 patients, no signs of putaminal dam-
age were detected (classified as group Il). Focal necrotic
lesions in the globus pallidus were found in 6 patients (14%),
three of them were members of group I. Clinically, 18 (43%)
patients had mild to moderate bradykinesia with rigidity

and/or tremor with mean combined NNIPPS score 25+9 and
24 patients had no signs of parkinsonism. Of the 42 patients
that had undergone DaT SPECT and MRI of the brain, MRI-
volumetry was measured in 35 patients (8 females,
p=0682), 13 patients with necrotic lesions of the putamen
and 22 without signs of putaminal damage (p=0.897). In
seven patients, volumetric measurements were technically
unfeasible due to the low quality of primary imaging data.

Demographic, clinical, and MRI-volumetric characteristics
of patients on their dates of admission and follow-up labora-
tory data are summarised in Table 1. The two groups did not
differ significantly with respect to age, gender, proportion of
chronic alcohol abusers or proportion of smokers when
admitted to the hospital with acute methanol poisoning. The
patients with MRI-detected necrotic lesions of the putamen
tended to be more severely poisoned and have lower arterial
blood pH and bicarbonate concentrations. They also tended
to have increased base deficit, anion gap and serum lactate
levels. All patients admitted in a coma belonged to group |
and 80% of the patients with PSS 3 poisoning (severe poi-
saning) were in this group (p < 0.001). No difference in treat-
ment modalities (administration of ethanol versus fomepizole
for ADH blocking, folate substitution) and in the follow-up
laboratory parameters was observed between the two
groups. Patients in group | had lower left putamen, nucleus
caudate and globus pallidus volumes than those of group |l
but did not display different right YOI, which revealed a
degree of asymmetry associated with MRI-volumetric findings
{(Table 1). Patients with bradykinesia with rigidity and/or
tremor  had lower volume of the left putamen
{(5.78 £0.87 cm® versus 6.76 £ 0.43 cm’; p=0.049).

Correlation between mean specific binding ratios on
DaT SPECT, clinical and laboratory parameters of
poisoning severity and outcomes

There was no difference observed between the two groups
with regard to the relative variation of background signals,
ruling out significant differences in image quality. An assess-
ment of reproducibility between the first and the second
examination revealed strong agreement (intraclass correl-
ation coefficients for the SBR for all YOI ranged from 0.853
to 0.933, all p< 0.001). Therefore, mean quantitative indices
as the averages of the first and the second measurements
were further applied. DaT SPECT results produced signifi-
cantly lower mean SBR for the whole striatum and for the
bilateral putamen, but not for the nucleus caudate, in the
patients with necrotic lesions of the putamen detected on
brain MRI (Table 2). The greatest difference in the SBR was
observed for the bilateral posterior putamen. In three
patients from group Il with globus pallidus lesions, but no
putamen lesions, the SBR for the bilateral putamen posterior
did not differ from the SBR of the rest of Group Il
(1.78£0.81 versus 1.86+0.16; p=0.738, for right putamen
posterior, and 1.87 £0.89 versus 1.91+0.18; p=0.866, for left
putamen posterior). Certain asymmetry in the SBR for the
right and left hemispheres was observed, with lower indices
determined for the left putamen, but the difference was not
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Table 1. Basic demographic, clinical, MRI-volumetric characteristics, admission, and follow-up laboratory data of the study population.

Characteristic

All patients {(n =42} Group | {m=15}) Group Il (n=27) p

Age {years) 46.3+4.2 455+6.0 467459 0778
Males, no. (%) 34 (81) 12 {80) 381} 0912
Chronic alcohol abuse, no. {%) 31 (74) 9 {60) 24 {89) 0.089
Smoking, no. (%) 22 (52) 8 (53) 14 {52) 0.976
Time, hours 32.1+47 30.5+89 329+6.0 0.643
Coma, no. (%) 707 7 47 0

DT, % 38+14 30£25 42+18 0405
S-MetOH, mg/L 1380.0 £440.0 2020.0+990.0 1010.0+390.0 0.065
S-EtOH, mg/L 250.0 £150.0 170.0+180.0 300.0+220.0 0.337
Arterial blood pH 7.17 £0.07 6.97+0.11 7.29+0.04 <0.001
HCO;, mmol/L 11.4+£23 6.2+3.1 145426 <0.001
Base deficit, mmol/L 16.4£34 245+52 11.5+3.3 <0.001
Anion gap, mmol/L 27.7+3.1 335+64 24.6+3.0 0.0086
S-Formate, mg/L 590.0 £150.0 650.0 +280.0 550.0+200.0 0.566
S-Creatinine, memol/L 93.0£11.0 12.0£24.0 81.9+7.0 0.024
S-Glucose, mmol/L 81+1.2 104+29 6.8+0.7 0.024
S-Lactate, mmol/L 33H1B 55+28 1.7£03 0.015
PSS 1/2/3, no. (%) 20/8/14 (48/19/33) 2/112 (13/7/80) 18/7/2 (67/26/7} <0.001
Antidote {ethanol/fomepizol), no. (%) 30/12 (71/29) 8/7 (53/47) 24/5 (89/11) 0.073
Folate substitution, no. (%) 32 (76) 12 {80) 20 {(74) 0.638
GlycHb (%) 349419 333425 358427 0.183
Vitamin By, (memol/L) 424.0+750 520.0+190.0 371.0+£57.0 0.133
Vitamin B; {(memol/L} 57.1+3.6 605+74 55.3+4.1 0.180
TSH (UL 25+03 26+04 25+04 0.683
Volume of putamen right, cm® 6.01+0.31 5.68+0.63 6.21+0.35 0.107
Volume of putamen left, cm? 6.34 +0.45 5.58+096 6.78+0.39 0.027
Volume of nucleus caudate right, em* 4.53£0.24 441044 4.61+£030 0421
Volume of nucleus caudate left, cm® 4,19 +0.21 3.92+0.22 4,35+0.30 0.022
Volume of globus pallidus right, cm® 1.83+£0.10 1.80+£0.18 1.84+0.12 0678
Volume of globus pallidus left, cm® 1.79 +£0.11 1.66+0.14 1.86+0.15 0.049

Notes: Group |: patients with MRI signs of necrotic lesions of the putamen; group [I: patients without MRI signs of necrotic lesions of the putamen; age: age at
admission to the hospital; coma: admitted in coma to the hospital; time: time span between methanol exposure and hospital admission; CDT: carbohydrate defi-
cient transferrin; S-MetOH: serum methanol concentration at admission; S-EtOH: serum ethanol concentration at admission; HCO; v bicarbonate concentration at
admission; S-Formate: serum formic acid concentration at admission; PSS: poisoning severfty score; GlycHb: serum glycated haemoglobin; TSH: thyroid-stimulat-
ing hormone. MR-volumetry data are presented for 35 patients from the study population. The level of significance is p < 0.05 (bold numbers).

Table 2. Specific binding ratios (SBR} for the striatum, putamen, and nucleus caudate in survivors of acute methanol poisoning

{means with SD).

Variables All patients (n=42} Group | (n=15) Group Il (n=27) P
SBR of the striatum

Striatum right 213013 1.96+0.22 2.23+0.45 0.042
Striatum left 2124014 1.90+029 2.25+0.15 0.022
SBR of the putamen

Putamen right 2.00+013 1.77+£022 2.13+0.15 0.007
Putamen left 1.97+0.15 1.70+£030 212+0.15 0.017
SBR of the nucleus caudate

Nucleus caudate right, mean 2444014 2.40£0.25 246+0.18 0.702
Nucleus caudate left, mean 242+015 23003 249£017 0.2
SBR of the putamen anterior

Putamen anteriot right, mean 215+013 1.95+024 226+0.16 0.026
Putamen anterior left, mean 211+£0.14 1.82+030 2.23+0.15 0.023
SBR of the putamen posterior

Putamen posterior right, mean 1.68+0.13 138021 1.85+0.14 <0.001
Putamen posterior left, mean 1.70+0.16 1.34+0.30 1.90+0.16 <0.001

Notes: Group |- patients with MRI signs of necrotic lesions of the putamen; group |I: patients without MRI signs of necrotic lesions
of the putamen. The level of significance is p < 0.05 (rold numbers).

significant. Patients with bradykinesia with rigidity and/or
tremor had lower SBR of the left putamen posterior
(1.49+0.31 versus 1.86+0.16; p=0.038); for the right puta-
men posterior, difference was not significant (1.54+0.24 ver-
sus 1.78 £0.15; p=0.082).

The SBR for the left putamen was positively correlated
with its volume (Figure 2). Correlations between SBR and the
volume of the right putamen were significant only for the
posterior putamen (r=0.386, p =0.022). In contrast, the vol-
ume of the nucleus caudate was not correlated with its SBR,
and the SBR for the striatum and the putamen. Finally, the

volume of left, but not right, globus pallidus positively corre-
lated with the SBR for the whole putamen (r=0.344,
p=0043), and for the posterior putamen (r=0378,
p=0.025). No correlation was found between the SBR for
the whole striatum and the volume of nucleus caudate or
globus pallidus.

The SBR for the striatum, putamen and nucleus caudate
in both hemispheres did not correlate with age, gender and
duration between methanol exposure and hospital admis-
sion. There was a significant positive correlation between
chronic alcohol abuse and the SBR for the right, but not left,
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Figure 2. Correlation between SBR on DaT SPECT and volumes of the left putamen (A) and pasterior putamen (B).

posterior putamen (r=0.327, p=0.037; r=0.286, p=0.070,
respectively). Smokers had higher mean SBR for the whole
striatum (r=0.319, p=0.042; r=0.325, p = 0.038 for the right
and the left hemispheres, respectively) and for the nucleus
caudate (r=0.327, p=0.037; r=0.348, p=10.026 for the right
and the left hemispheres, respectively) than non-smokers.
However, SBR for the putamen did not differ significantly
between smokers and non-smokers.

Positive correlation was present between arterial blood
pH at admission as the main prognostic parameter of poi-
soning outcome and the SBR for the putamen (r=0.396,
p=0.012; r=0.455, p=0.004 for the right and the left puta-
men, respectively). The strongest correlation was observed
between arterial blood pH and the SBR for posterior puta-
men posterior bilaterally (Figure 3). Serum lactate concentra-
tion at admission as an indicator of the severity of metabolic
acidosis, negatively correlated with the SBR of the putamen
bilaterally (r = —0.474, p=0.006; r = —0.435, p=0.013 for
the right and the left putamen, respectively). These data also
showed the strongest correlation for the posterior putamen
(r = —0.596, p<0.001; r = —0.533, p=0.002, for the right
and the left posterior putamen, respectively).

The SBR for the bilateral posterior putamen was nega-
tively associated with acute stress glycaemia (r = —0.504,
p=0.001; r = —0.468, p=0.002 for right and left posterior
putamen, respectively) and with serum creatinine concentra-
tion (r = —0.353, p=0.025; r = —0.350, p=0.027 for right
and left posterior putamen, respectively). Both laboratory
parameters reflected poor outcomes of acute methanol poi-
soning. No correlations between SBR and serum methanol,
ethanol, or formic acid concentrations were identified.
Further, no associations were present between the type of
antidote administered at the hospital (ethanol or fomepi-
zole), folate substitution, and the SBR for all VOI assessed in
our study.

Follow-up laboratory parameters demonstrated no correla-
tions between glycated haemoglobin, TSH, vitamin B,; con-
centrations, and the SBR for all VOI assessed. However,
despite the lack of significant differences between serum
vitamin B; concentrations of the two groups, they were
negatively correlated with the SBR for the putamen (r =

—0.314, p=0.043; r = —0.382, p=0.013, for the right and
the left putamen, respectively}), with the strongest correlation
for the SBR of the left putamen posterior (r =
—0.421, p =0.005).

The SBR for the bilateral posterior putamen positively cor-
related with global and nasal RNFL of the left eyes {for glo-
bal RNFL: r=0.358, p=0.027, and r=0.376, p=0.020; for
nasal RNFL: r=0.362, p=0.025, and r=10.382, p=0.018 for
the right and the left putamen, respectively). However, corre-
lations between SBR and RNFL values of the right eyes were
not significant.

Specific binding ratio as the marker of putaminal
damage in acute methanol poisoning

ROC and the AUC were used to assess the SBR as an indica-
tor of putaminal damage in survivors of methanol poisoning.
ROC analysis of the SBR for the posterior putamen and
whole putamen (average of right and left sides) demon-
strated a significant AUC of 0.753 (95% Cl: 0.604-0.902;
p=0.007) and of 0.746 (95% Cl: 0.595-0.897; p=0.009),
respectively (Figure 4). These data indicated that the SBR for
the putamen and specifically for the posterior putamen is
potentially a good marker of methanol-induced basal ganglia
damage. ROC analyses demonstrated that the AUC for the
SBR for the anterior putamen and whole striatum were 0.709
(95% Cl: 0.549-0.868; p=0.027) and 0.702 (95% CI:
0.542-0.863; p=0.031), respectively. In contrast, the AUC for
the SBR of the nucleus caudate was not significant (AUC =
0.563; 95% Cl: 0.376-0.750; p=0.503).

A multivariate regression model demonstrated that arter-
ial blood pH, age at admission to the hospital, and gender
were significant association factors for the SBR for the bilat-
eral posterior putamen in survivors of acute methanol poi-
soning (Table 3). The association of smoking with SBR
demonstrated borderline significance for the right, but not
left, posterior putamen. The same model was relevant for the
whole putamen, but the degree to which arterial blood pH
and the age associated with SBR decreased since values of
the SBR for the anterior putamen associated to a lesser
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Figure 4. ROC curve analysis of the SBR for the putamen as an indicator of the basal ganglia damage in survivors of methanol poisoning.

degree than those for the posterior putamen to laboratory
parameters of the severity of methanol poisoning.

Discussion

We utilized '**| ioflupane SPECT to assess methanol-induced
damage to the terminal structures of nigro-striatal neurons in
the basal ganglia, particularly the posterior putamen. Our
results revealed that the SBR for the putamen was significantly
lower in patients with MRI signs of necrotic putaminal lesions
and was correlated with volumetric data. DaT SPECT reflects
dopaminergic axonal dysfunction in the striatum, whereas
MRI-volumetry directly registers the size of relevant brain
structures. The SBR for the putamen as the region of interest

showed better classification performance compared to the
SBR for the whole striatum. Furthermore, the SBR for the puta-
men was positively correlated with arterial blood pH at admis-
sion to the hospital, acute laboratory parameter reflecting the
severity of methanol poisoning and main prognostic indicator
of hospital outcome [9,11,41,42]. Of all studied VOI, the SBR
for the posterior putamen demonstrated highest sensitivity
and specificity for detection of methanol-induced basal gan-
glia damage. Importantly, DaT expression in the posterior
putamen was positively associated with RNFL thickness, which
is a basic morphological feature of retinal neurodegeneration
after acute methanol poisoning [30].

An association exists between striatal '**l-ioflupane
uptake and both the number of dopaminergic neurons in
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Table 3. Summary of association factors for the SBR for the putamen posterior, putamen anterior, and the whole putamen in survivors of acute

methanol poisoning.

95% C
Variable B Standard error Beta t Significance Lower bound Upper bound
Putamen posteriot right
Constant —5.65 1.99 —2.84 0.008 —-9.70 —1.60
Arterial pH 1.04 0.28 0.50 3.64 0.001 0.46 1.61
Age —0.01 0.01 —0.25 —2.06 0.047 —0.02 0.00
Gender 0.35 0.14 032 2.58 0.014 0.07 0.62
Chronic alcohol 0.18 0.14 0.19 133 0.193 —0.10 047
Smoking 0.22 0.1 0.26 2.10 0.043 0.01 043
Putamen posterior left
Constant —8.21 2.35 —3.50 0.001 —12.98 —3.44
Arterial pH 142 034 0.56 423 0.000 0.74 210
Age —0.01 0.01 —0.28 —242 0.021 —0.02 —0.00
Gender 0.42 016 037 310 0.004 0.17 0.82
Chronic alcohol 0.15 0.16 0.12 0.93 0.360 -0.18 048
Smoking 0.1 012 020 173 0.024 —-0.04 046
Putamen anterior right
Constant —1.44 231 —0.62 0.537 —6.13 3.25
Arterial pH 0.49 0.33 0.24 149 0.145 -0.18 116
Age —0.01 0.01 —0.20 —137 0.180 -0.02 0.00
Gender 0.3¢ 0.16 0.36 248 0.018 0.07 071
Chronic alcohol 0.22 016 022 134 0182 -0 0.54
Smoking 0.28 0.12 033 231 0.027 0.03 053
Putamen anterfor left
Constant —2.48 241 —1.03 0.31 —7.38 242
Arterial pH 0.63 034 028 1.84 0.074 —0.07 133
Age —0.01 0.01 —0.22 —1.58 0.124 —0.02 0.00
Gender 0.32 0.16 033 238 0.023 0.06 072
Chronic alcohol 0.24 0.17 0.23 145 0.156 -0.10 0.58
Smoking 0.32 013 035 250 0.017 0.06 0.58
Putamen right
Constant —-2.79 2.14 —130 0.201 =715 1.56
Arterial pH 0.67 0.31 033 2.18 0.036 0.05 1.29
Age —0.01 0.01 —022 —164 0111 —0.02 0.00
Gender 0.37 0.16 0.36 2.57 0.015 0.08 0.67
Chronic alcohol 0.20 0.15 021 1.35 0.187 -0.10 0.50
Smoking 0.26 0.11 032 2.31 0.027 0.03 049
Putamen left
Constant —4.47 2.31 —1.94 0.061 —-8.17 022
Arterial pH 0.9 033 040 276 0.009 0.24 158
Age —0.01 0.01 —0.26 —1.97 0.057 —0.02 0.00
Gender 0.43 0.16 036 274 0.010 0.1 0.75
Chronic alcohol 0.22 0.16 0.20 1.34 0.188 -0.1 0.54
Smoking 0.28 0.12 030 232 0.026 0.04 0.53

Notes: Cl: confidence interval; arterial pH: arterial blood pH at admission to the hospital with acute methanol poisoning; age: age at admission
to the hospital; chronic alcohol: chronic alcohol abuse. The level of signfficance Ts p < 0.05 (bold numbers).

the substantia nigra pars compacta and the functional state
of those neuron’s axon terminals [48,49]. Outputs of the sub-
stantia nigra pars compacta are directed to the spines of
dendrites of GABAergic medium spiny neurons in the stri-
atum. Therefore, DaT SPECT, by evaluating the function of
dopaminergic terminal axons, provides indirect information
on the numbers of surviving GABAergic neurons in the puta-
men, especially within its posterior part, the caudal putamen,
containing motor circuits where the reductions of dopamine
transporters are most severe. Our data are in accordance
with results of previous studies that revealed the selective
vulnerability of the posterior putamen to hypoxic-ischemic
brain injury, which researchers determined to be due to vas-
cular and biochemical factars [50]. Further, we obhserved cer-
tain asymmetry in dopaminergic terminal function decrease
with relatively lower indices for the SBR for the left striatum.
It is interesting that Parkinsonian disease pathology occurs
asymmetrically as well, and clinical motor symptoms manifest
unilaterally in the early stages of the disease [51].

Common risk factors of poor prognosis in acute methanol
poisoning, such as severity of metabolic acidosis with high
anion gap, base deficit, serum lactate, and low arterial blood
pH [41,42], were associated with the SBR for the putamen,
especially for the posterior putamen, in our cohort of survi-
vors of poisoning. The SBR for the posterior putamen was
correlated not only with severity of acidaemia, but also with
stress glycaemia and serum creatinine levels upon admission
to the hospital. Further, while difference in MRI-based vol-
umes of the right putamen between two groups was under
the level of significance, SBR indices clearly demonstrated
significant decrease of dopaminergic activity in the right
putamen in the patients from group |. Therefore, DaT SPECT
may be comparable to, and in certain situations even more
accurate marker than MRI-based volumetry with regard to its
capacity to identify patients with toxic lesions of the puta-
men and quantify the scale of damage. One of the reasons is
related to the limitations of MRI-volumetry calculations in
the patients with striatum shrinkage, with substantially
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scarred or deformed basal ganglia as a result of glial repar-
ation processes within necrotic foci. On the other hand, the
spatial resolution of SPECT imaging is typically inferior to
that of MRI, and partial volume effects or smoothing may
prevent SPECT from detecting small focal lesions in the brain
of the patients with mild poisoning [52].

Age dependency has been reported for both males and
females for DaT SPECT measurements [53]. In the present
study, no correlation of the SBR with age and gender was
observed. This lack of association can be explained by the
relatively homogenous young age of the study population
(IQR 35-58years), small group size, and the capacity of
methanol-induced basal ganglia damage to mask age-related
DaT decline. Nevertheless, in the multivariate regression
model, both age and gender were significantly associated
with DaT availability in the putamen. This model demon-
strated that arterial blood pH at admission most strongly
affected DaT SPECT measurements (Table 3). The dissociation
constant of formic acid (pKa) is 3.8, therefore, a pH drop by
0.3 would double the undissociated formic acid levels and
produce significant increases in toxicity. This occurs because
only undissociated formic acid crosses the blood-brain barrier
and reaches neurons of the basal ganglia [54].

In the current study, no significant differences were
observed in the SBR for the nucleus caudate between the
patients with and without MRI-signs of basal ganglia dam-
age. Differences in the SBR for the anterior putamen
between two groups were smaller than for the posterior
putamen. These data may indicate that the anterior portions
of the striatum, which are involved in cognitively demanding
tasks that require the generation of novel movement
sequences, are less vulnerable to acute methanol toxicity
than posterior portions that are involved in simple motor
functioning.

Treatment modalities applied during hospitalisation with
acute methanol poisoning, administration of fomepizole or
ethanol to inhibit ADH, and folate substitution as a co-factor
of formic acid oxidation, had no association with DaT avail-
ability in the striatum. The effect of chronic alcohol abuse on
the SBR was not significant; one of the reasons could be the
high proportion (74%) of patients with chronic alcohol abuse
in the cohort of survivors of methanol poisoning. No differ-
ences were observed in follow-up laboratory parameters
(glucose, glycated haemaglobin, TSH, vitamins By and Biy,
and others) of the two groups, which indicated the absence
of further confounders affecting DaT availability in the study
cohort. Smoking produced an independent effect on the SBR
of the putamen in the multivariate regression model.
Smoking most significantly affected the anterior portion of
the putamen. It has been previously reported that higher
putaminal volume was associated with longer lifetime cigar-
ette use and younger age of smoking initiation [55].

Abnormal thickness of RNFL on optical coherence tomog-
raphy as a result of the toxic effect of formic acid on retinal
ganglion cells, followed by chronic retinal neurodegenera-
tion, has been previously reported in survivors of acute
methanol poisoning [30,56]. DaT SPECT measurements
revealed a positive correlation between RNFL thickness and
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the SBR of the posterior putamen. This finding indicates that
OCT with RNFL measurement can be used as a reliable,
cheap and simple screening method, indicating the group of
methanol-poisoning survivors with possible basal ganglia
damage. In this group, DaT SPECT with '*|-ioflupane can be
used for verifying the diagnosis.

Bradykinesia with rigidity and tremor, executive deficit,
balance impairment and frontal gait disorder as neurological
signs reflecting putaminal damage and disrupted connec-
tions in the cortico-basal ganglia loops in the survivors of
acute methanol poisoning had been reported in our previous
study [57]. More than 40% of the patients in our study popu-
lation had signs of bradykinesia with rigidity and/or tremor
with mean combined NNIPPS score 25+9 corresponding to
mild to moderate parkinsonism. In these patients, clinical
signs of parkinsonism reflected both morphological (lower
volume of the putamen), and functional (lower SBR of the
putamen posterior) findings registered by MRI-volumetry and
DaT SPECT. However, certain asymmetry in dopaminergic ter-
minal function decrease with relatively lower indices for the
SBR for the left striatum led to the fact that the difference in
morphological and functional findings between the patients
with and without clinical signs of parkinsonism was signifi-
cant only for the left putamen.

The current study has several limitations. First, the num-
ber of study participants who underwent MRI-volumetry was
smaller than the number of patients who underwent DaT
SPECT. This may have affected correlations between the SBR
and volumetry data. Further, short 2-year time span between
the first and the second DaT SPECT examinations is insuffi-
cient for the conclusion if the SBR findings are progressive or
not. In the longitudinal PRECEPT study, the percent change
from baseline in striatal SBR at 22 months was —0.2% (SD
12.2) only in 72 newly diagnosed untreated subjects with
Parkinson disease and a baseline scan without evidence of
dopaminergic deficit [58]. Therefore, longer follow-up period
is necessary for any conclusion on the dynamics of SBR after
acute methanol poisoning. Nevertheless, this is the first study
that prospectively assessed a homogenous cohort of survi-
vors of acute methanol poisoning from single clinical setting.
The patients of the study were subjected to the same study
protocol and equipment for 6 years, and were recruited after
a single, mass methanol poisoning event. Brain MRI was per-
formed on all patients to detect the signs of methancl-
induced damage. Second, patients with MR| data indicative
of necrotic lesions of the putamen tended to be younger
than those without signs of putaminal damage, but differ-
ence was not significant. Third, DaT SPECT was not per-
formed on healthy controls due to ethical reasons. The
diagnosis of acute methanol poiscning was confirmed via
toxicological laboratory analysis in all patients. A reliable
diagnosis of long-term CNS sequelae of acute methanol poi-
soning requires a relatively long follow-up. The strength of
the study consisted in its prospective longitudinal character.
MRI of the brain was performed, and patients were examined
consecutively four times within a 6-year period post-dis-
charge from the hospital. For each patient, DaT SPECT was
performed twice in the same medical facility using the same
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camera, hardware, and acquisition/reconstruction protocol to
minimize variability.

Conclusion

DaT SPECT with "Zlioflupane demonstrates potential for the
assessment of dopaminergic function in the putamen, espe-
cially within its posterior region, as a diagnostic tool for eval-
uating sequelae of toxic brain damage in survivors of acute
methancl poisoning. Importantly, DaT SPECT demonstrated
high diagnostic correspondence with MRI-volumetry, and the
SBR decrease in the striatum correlated with acute laboratory
parameters of poisoning severity and prognostic indicators
of hospital outcome, which indicated that DaT SPECT has the
potential to more accurately identify patients with basal gan-
glia damage than brain MRI-volumetry. Therefore, DaT SPECT
with 'l-ioflupane is useful for diagnosing sequelae of toxic
brain damage in acute methanol poisoning.
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ARTICLEINFO ABSTRACT

Keywords: Background: Methanol is a widely used industrial short-chain aliphatic aleohol with known neurotoxic prop-
Methanol poisoning erties. Mass poisoning outbreaks due to the consumption of methanol-adulterated alcoholic drinks present a
Long-term health sequelae challenge to healthcare providers due to the high mortality and serious central nervous system (CNS) damage in

Peripheral polyneuropathy
Electromyography
Chronic alcoholism

survivors. However, the impact of methanol exposure on the peripheral nervous system is unknown.
Objectives: To investigate the role of acute methanol exposure in the development of peripheral polyneuropathy
(PNP) during the years following discharge from the hospital.

Methods: A total of 55 patients with confirmed methanol poisoning (mean age of 47.9 * 3.6 years; 9 females)
were examined 4 times within a 6-year prospective longitudinal cohort study. The program included neurolo-
gical and electromyographic examinations, visual evoked potentials, ocular examinations with retinal nerve
fibre layer thickness measurements, brain magnetic resonance imaging, and a series of biochemical and tox-
icological tests.

Results: PNP was observed in 20/55 (36 %) patients, which, in most of the cases, was mild axonal sensorimotor
neuropathy. In 8/55 (15 %) patients, worsening of electromyographic findings was registered during the follow-
up period, including 5 cases with newly diagnosed PNP and 3 cases of PNP progression. In one subject, complete
reversal of PNP was registered after cessation of alcohol intake. 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 (17/20 versus 20/35; p = 0.034).
No associations between PNP prevalence/ dynamics and acute paramelers of poisoning severity, arterial blood
pH (7.26 = 0.07 with PNP versus 7.18 £ 0.09 without PNP; p = 0.150), or serum methanol (1320.0 = 700.0
with PNP versus 1430.0 £ 510.0 mg/L without PNP; p = 0.813) and ethanol (460.0 + 560.0 with PNP versus
340.0 + 230.0 mg/L without PNP; p = 0.675) concentrations at admission were found. No difference in the
number of patients with visual (9/20 with PNP versus 12/35 patients without PNP; p = 0.431) and CNS se-
quelae (9/20 with PNP versus 15/35 patients without PNP; p = 0.877) of poisoning was present.

Discussion: Despite the relatively high number of PNP cases, no association was found between the severity of
acute methanol poisoning and the prevalence of PNP and its dynamies during six years of observation. We did
not find an association between methanol-induced visual/ brain damage and the prevalence of PNP in survivors
of poisoning. A high prevalence of PNP and its progression might be attributed to other causes, mainly a history
of chronic alcohol abuse and insufficiently treated diabetes mellitus. Our results highlight the importance of
complete cessation of alcohol consumption and better control of glycaemia in diabetic patients in the prevention
and treatment of peripheral PNP.
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1. Introduction
1.1. Background

Methanol is one of the most widely used industrial short-chain ali-
phatic aleohols with known neurotoxic properties (Tanner, 1992;
Zakharov et al., 2017a, 2018). Cases of acute, subacute, and chronic
methanol intoxication due to occupational inhalational exposure with
severe visual and neurological sequelae have been reported in China,
Korea, Thailand, and other Asian countries (Choi et al,, 2017; Kang
et al, 2018; Ma et al,, 2019). Methanol poisonings occur either in-
tentionally through abuse or attempted suicide or unintentionally
through misuse or accident (Bucaretchi et al,, 2009; Zakharov et al.,
2013a,b). Mass or cluster poisoning outbreaks due to the consumption
of methanol-adulterated alcoholic drinks occur worldwide and present
a challenge to healthcare providers due to the high mortality and ser-
ious central nervous system {(CNS) damage in survivors (Bezdicek et al.,
2017; Hovda et al., 2005; Paasma et al., 2007; Peterova et al., 2018;
Rostrup et al,, 2016).

The key treatment measure in methanol poisoning is timely appli-
cation of an antidote, ethanol or fomepizole, to inhibit its oxidation by
aleohol dehydrogenase to highly neurotoxic formaldehyde and formic
acid {McMartin et al., 2016; Zakharov et al., 2014a, 2015a, 2016a,
2017b). Additional therapy includes extended extracorporeal elimina-
tion techniques, different modalities of continuous renal replacement
therapy or intermittent haemodialysis, alkalisation with bicarbonate,
folate supplementation, and complex intensive care measures
{Barceloux et al., 2002; Hassanian-Moghaddam et al., 2019; Kraut and
Mullins, 2018; Rulisek et al., 2017; Zakharov et al., 2014b,c, 2017c,d).

If treatment measures are inadequate or delayed, brain damage due
to histotoxic effects of formic acid on neurons leads to bilateral necrosis
of the basal ganglia, mostly of the putamen and globus pallidus, and
haemorrhagic necrotic lesions in the subcortical white matter in up to
50 % of survivors of methanol poisoning (Vaneckova et al., 2014, 2015;
Zakharov et al., 2016¢). Formic acid, the main toxic product of me-
thanol oxidation, causes neuronal hypoxia by inhibiting mitochondrial
cytochrome ¢ oxidase when its concentration is higher than 9.0-11.0
mmol/L (Drangsholt et al,, 2018; Liesivuori and Savolainen, 1991).
However, the first signs of visual toxicity might already appear with
approximately 4.0 mmol/L of serum formate (Zakharov et al,, 2015d).
Experimental studies demonstrated retinotoxic effects at blood formate
concentrations as low as 5.0 mmol/L in folate-deficient rodents (Eells
et al., 1996; Treichel et al., 2004). Methanol-induced brain lesions can
be associated with neurotoxic disorders, mainly extrapyramidal syn-
drome, characterised by rigidity, dystonia, bradykinesia, mild tremor,
and cognitive deficits (Bezdicek et al., 2014; Galvez-Ruiz et al., 2015;
Reddy et al., 2010).

1.2, Importance

There are several prognostic factors for hospital survival in acute
methanol poisoning. The severity of acidemia, serum ethanol con-
centration, state of consciousness at admission, time to presentation
after methanol ingestion, and the number and character of treatment
complications are the most important ones (Hassanian-Moghaddam
etal., 2007; Paasma et al., 2012; Zakharov et al., 2015¢;Zakharov et al.,
2020). However, there is increasing community interest in the long-
term neutrological sequelae and the health-related quality of life of
survivors of methanol intoxication and the factors that contribute to
recovery or deterioration in the following years {Chung et al, 2018;
Mana et al., 2019; Nurieva et al., 2018, 2019). Long-term neurological
sequelae of poisoning may be responsible for decreased mobility, dif-
ficulty walking, chronic pain in the extremities, problems in one’s social
life, lower chances to regain the same working position, and a need for
medico-social rehabilitation (Bezdicek et al, 2017; Peterova et al.,
2018; Rulisek er al., 2020; Zakharov et al., 2020).
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At present, no studies have investigated the impact of acute me-
thanol exposure on the peripheral nerves of patients in the years fol-
lowing discharge from the hospital. The association between clinically
significant peripheral polyneuropathy (PNP) and occupational exposure
to organic solvents containing methanol remains controversial (Albers
et al., 1999; Hageman et al.,, 1999). Rare clinical case reports have
demonstrated the possible involvement of the peripheral nervous
system in chronic motor dysfunction and PNP after acute methanol
poisoning (Chid et al.,, 2004; Guggenheim et al., 1971; Jarwani et al.,
2012; Quartarone et al., 2000). In a cohort study by Paasma et al.
{2009), 8/27 (30 %) patients who survived methanol poisoning de-
veloped PNP six years after discharge from the hospital.

However, these studies have serious confounders and limitations of
individual case reports, such as possible effect of other coingestants in
the solvent mixtures, chronic alcohol abuse and other conditions that
could be alternative causes of PNP, insufficient biochemical and tox-
icological data, the absence of baseline electromyographic examination
on discharge or shortly after discharge with further systematic follow-
up, and a very limited number of observed patients. Experimental
studies on rats did not demonstrate the direct effect of acute methanol
exposure on neuromuscular functions, but these studies are of limited
interest due to the different metabolic pathways of methanol oxidation
in rodents compared to humans {(Moral et al., 2015),

Therefore, how to account for the influence of long-term neurolo-
gical sequelae of methanol intoxication, the possible progression or
development of new methanol-associated illnesses, the physical and
mental state of these patients, their need for specific treatment and
rehabilitation, their social re-adaptation, and their medical and psy-
chological support remain unclear. No data are available in the litera-
ture as to whether the severity of acute methanol poisoning, the co-
morbidities burden, chronic alcohol abuse, or the character of me-
thanol-induced visual damage and brain damage may independently
impact the subsequent development of peripheral PNP in patients poi-
soned with methanol. This makes the evaluation of the effectiveness of
therapeutic interventions, the timely intervention needed to enhance
the quality of life of methanol-poisoning survivors, and their prognosis
challenging.

1.3. Study goals

We report data based on the recent methanol mass poisoning out-
break, with more than 130 cases and more than 50 deaths {Rulisek
et al,, 2017; §ejvl et al., 2019; Zakharov et al., 2014a). In this pro-
spective longitudinal cohort study, we investigated the possible role of
acute methanol exposure in the development of peripheral PNP in the
years following discharge from the hospital. We analysed the associa-
tion between the electromyographic examination results and the ad-
mission laboratory data (arterial blood pH, serum methanol and
ethanol concentrations), the demographic characteristics, and the re-
sults of objective examinations performed during the follow-up period.

During the six years after the mass poisoning outbreak in 2012, we
performed four consecutive clinical examinations of the survivors ac-
cording to the same standardised clinical protocol, which included
neurological and electromyographic examination, in the same medical
facility to study the state of the peripheral nerves of the upper and
lower extremities, dynamics of EMG changes, and its association with
key clinical and laboratory determinants.

2. Materials and methods
2.1. Study design and setting

The patients with confirmed methanol poisoning treated in hospitals
during a poisoning outbreak were included in the prospective ob-

servational cohort study {Zakharov et al., 2014a, 2015b). A standar-
dised data collection form was used for the collection of clinical,
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toxicological, and biochemical data. The data regarding the treatment
outcome were received from hospital discharge reports. Follow-up
clinical examinations were performed 4 times in the same hospital: 4-6
months after discharge; then 2, 4, and 6 years later.

2.2. Patient population

All cases of hospital admission with confirmed methanol poisoning
had been mandatorily reported to the Ministry of Health and
Toxicological Information Center (TIC), and nationwide daily mon-
itoring of the situation in all hospitals was established. All patients
hospitalised with confirmed methanol poisoning were eligible for this
study.

During hospitalisation with acute methanol poisoning, each pa-
tient’s disease history and clinical, toxicological, and biochemical data
were collected (arterial blood pH, serum methanol, ethanol, glucose,
creatinine, and lactate concentrations). Ocular examination with stan-
dard ophthalmologic tests, cerebral computed tomography (CT) or
magnetic resonance {MR) brain imaging, and neurological examina-
tions were performed. Methanol exposure histories were based on the
individual's description and the serum concentrations of methanol,
ethanol, and formic acid at admission. Patients were considered to have
visual sequelae of methanol poisoning if the symptoms of optic neu-
ropathy were documented during hospitalisation, with pathologic
findings on visual acuity, perimeter, colour vision, contrast sensitivity,
and persisting lesions on fundoscopy on discharge from the hospital.
Furthermore, patients were considered to have CNS sequelae of poi-
soning if symmetrical necrosis and haemorrhages of the basal ganglia
and subcortical white matter, compatible with the diagnosis of acute
methanol poisoning, were present on CT or MR imaging of the brain.

2.3. Pollow-up investigation protocol

The follow-up clinical examination protocol that was applied four
times during the six-year observation period included standard clinical
neurological examinations and electromyography (EMG) tests using
TrueTrace EMG CL 2, 4-channel machine. Motor nerve conduction tests
of bilateral ribial and peroneal nerves and sensory nerve action po-
tential amplitudes of bilateral sural nerves, complete ocular examina-
tion and standard ophthalmic tests, optical coherence tomography with
retinal nerve fibre layer thickness measurements, visual evoked po-
tentials, MR imaging of the brain, addictological examination, bio-
chemical tests [complete blood count, electrolytes, liver tests, glucose,
glycohaemoglobin, albumin, pre-albumin, renal and hepatic tests,
cholesterol, lipids, thyroid-stimulating hormone, vitamins B; and Bqa,
thyroid-stimulating hormone (TSH), carbohydrate deficient transferrin
{CDT), and ethyl glucuronide in urine] were performed.

Medical records were reviewed to identify confounding conditions
unrelated to methanol exposure that could adversely affect the per-
ipheral nervous system. A diagnosis of peripheral PNP was determined
according to the presence of abnormalities related to the symptoms,
signs, and electrodiagnostic testing that were considered consistent
with standard clinical practice. To be considered positive, symptoms
and signs had to be judged by the examining neurologist as consistent
with symmetric sensory or sensorimotor PNP involving the lower or
upper and lower extremities. Clinical PNP was defined as an abnormal
clinical examination consistent with symmetric sensory ot sensorimotor
PNP. The examiners were masked to the admission laboratory para-
meters, 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.

2.4. Calculations and data analysis

Basic descriptive statistics were calculated for all variables, which
wete subsequently tested for normality using the Kolmogorov-Smirnov
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test. The Chi-squared test was used to compare frequency counts of
demographic and clinical categorical variables. The bivariate relation-
ship was assessed using Pearson’s correlation coefficient. The in-
dependent variables included in the study were age; sex; the severity of
metabolic acidosis; chronic alcoholism, diabetes mellitus, hepatopathy,
hypothyroidism, and macrocytic anaemia status; serum glucose, gly-
cohaemoglobin, TSH, prealbumin, vitamin B,, vitamin B,5, and CDT
concentrations; acute serum concentrations of methanol and ethanol;
and visual and CNS sequelae of poisoning. The two-sided statistical
significance was set at p < 0.05. The study was approved by the
Institutional Ethics Committee.

3. Results
3.1. Patients and baseline characteristics

A total of 108 patients with acute methanol poisoning were treated
in the hospital. Of these patients [mean age with standard deviation
{SD) of 50.9 * 2.6 years], 24 patients deceased during hospitalisation.
Altogether, 84 patients with a mean age of 49.9 + 3.0 years, including
27 patients with MR signs of toxic brain damage, survived and were
discharged. Of those who survived poisoning, 55 patients (84 % males,
16 % females) provided their informed consent and were recruited into
the prospective study of neurological sequelae of poisoning.

Of the 55 patients included in the study, EMG examination was
performed 4 times in 31 patients, 3 times in 13 patients, 2 times in 6
patients, and 1 time in 5 patients. Ten patients died during the follow-
up period, and four patients were recruited after the first round of ex-
aminations. Basic demographic, clinical, and laboratory data of the
patients from the study population are presented in Table 1.

3.2. Prevalence of peripheral polyneuropathy in the stirdy population

Of the 55 patients, 20 {36 %) patients had symptoms, signs, and
electrodiagnostic abnormalities consistent with PNP. In most of the
cases, mild axonal sensorimotor neuropathy was registered. In 6 (11 %)
subjects a diagnosis of peripheral PNP had already been present in
medical records before methanol exposure, and in 14 (25 %) patients
peripheral PNP was diagnosed after acute poisoning and discharge from
the hospital within the follow-up period. Of these 14 patients, in 9
subjects, peripheral neuropathy was diagnosed during the first round of
the follow-up examinations, and in the rest of the 5 subjects abnormal
electrodiagnostic findings were detected later during the six-year
follow-up period.

There was no gender difference in the prevalence of peripheral PNP
{2/9 females versus 18/46 males, p = 0.335), but the patients with PNP
were significantly older than those without polyneuropathy (Table 1,
Fig. 1).

The patients with chronic alcohol abuse had a significantly higher
prevalence of peripheral PNP than the patients without alcoholism
{Fig. 2). Only two patients without chronic alcohol abuse had periph-
eral PNP: a 51-year-old male with insufficiently compensated diabetes
mellitus {serum glucose concentration of 11.0 mmol/L; glycohae-
moglobin concentration of 51.0 mmol/mol) and with diabetic PNP di-
agnosed before methanol exposure; and a 64-year-old male with un-
treated hypothyroidism (TSH concentration of 18.62 mIU/L) and with
PNP diagnosed during the first round of follow-up examinations. Of 37
patients with a history of chronic aleochol abuse, in 21 {57 %) patients,
carbohydrate deficient transferrin levels (sensitive and specific routine
alcohol biomarker for detection and follow-up of heavy drinking)
measured four times during six-year observation period was within
normal reference limit {0-2%). As the plasma half-life of CDT is 10-14
days, normal percentage of CDT is strongly suggestive of the absence of
episodes of chronic excessive alcohol consumption within at least two
weeks before the examination.

The difference in the number of patients with diabetes mellitus (n =
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Table 1

Basic demographic, clinical, acute and follow-up laboratory data of the patients from the study population, means with standard deviation (n = 55) and numbers {n,

%).
Characteristics All patients {(n = 55} No PNP Yes PNP Yes PNP** D P,

n = 35) n = 20} n =14

Age, years 479 + 3.6 425 £ 3.9 57.3+53 59.0 £ 5.8 < 0.001 < 0.001
Gender (M/F} 46/9 28/7 18/2 13/1 0.335 0.271
History of chronie aleohol abuse, n (%) 37 (67 %) 20 (57 %} 17 (85 %) 13 (93 %) 0.034 0.016
CDT, % 3413 29£15 4.3 £ 3.0 3.3+ 32 0.375 0.824
Diabetes mellitus, n (%} 9 (16 %} 4011 %) 5 (25 %) 2 (14 %) 0.191 0.783
Glucose, mmol/L 5.15 £ 0.38 4.81 £ 0.32 5.93 £ 0.97 5.41 £ 0.50 0.035 0.060
Glyeohaemoglobin, mmol/mol 35820 346 = 2.4 37.8+ 36 37.0 £ 3.2 0.134 0.276
Hepatopathy, n (%) 34 (62 %) 20 (57 %) 14 (70 %3 10 (71 %) 0.345 0.354
Hypothyroidism, n (%)} 3 (5%} 2 (6%} 1 (5%} 1 (7%} 0.911 0.851
TSH, mIU/L 2.68 + 0.40 2.94 £ 0.56 3.10 + 1.90 3.40 = 2.80 0.900 0.767
Prealbumin, g/T. 0.29 + 0.02 0.29 = 0.02 0.29 + 0.03 0.29 = 0.04 0.990 0.986
Vitamin By, ng/L 451.0 £ 69.0 417.0 = 57.0 510.0 + 170.0 490.0 + 230.0 0.294 0.566
Vitamin By, ug/L 61.0 £ 14.0 575 £5.2 455+ 7.4 46.0 £ 11.0 0.015 0.040
Macrocytic anaemia, n (%) 3 (5%) 0 3 (15 %) 1 (7%} - -
MetOH#*, mg/L 1390.0 = 400.0 1430.0 + 510.0 1320.0 + 700.0 1170.0 + 700.0 0.813 0.587
Arterial blood pH* 7.21 + 0.06 7.18 = 0.09 7.26 + 0.07 7.27 £ 0.09 0.150 0.146
EtOH*, mg/L 380.0 = 230.0 340.0 + 230.0 460.0 £ 560.0 230.0 £ 240.0 0.675 0.493
Time, hours 306 29+8 31 +10 26 +9 0.677 0.658
Visual sequelae, n (%) 21 (38 %) 12 (34 %) 9 (45 %) 5 (36 %) 0.431 0.924
Brain damage, n (%) 24 (44 %) 15 (43 %) 9 (45 %) 4 (29 %) 0.877 0.354

Notes: M — male; F - female; CDT — carbohydrate-deficient transferrin; TSH — thyroid-stimulating hormone; MetOH — serum methanol concentration; EtOH — serum
ethanol concentration; PNP — peripheral polyneuropathy; Time - time span between methanol ingestion and hospital admission/blood testing * - at admission to
hospital with acute methanol poisoning; ** - after exclusion of six patients with pre-existing PNP diagnosed before intoxication. The level of significance is p < 0.05

{bold numbers).

@ No PNP EYesPNP

2130 31-40 41-50 51-60 61-

Fig. 1. Histogram of age of the patients from the study population with (n
20) and without (n = 35) peripheral polyneuropathy (PNP).
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Fig. 2. Prevalence of peripheral polyneuropathy (PNP) stratified by chronic
alcohol abuse in the groups of patients with (n = 20) and without (n = 35) PNP
(n = 55).
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9) in the two groups was not significant (4/35 patients without PNP
versus 5/20 patients with PNP; p = 0.206), but the mean serum glucose
concentration in the group of patients with PNP was significantly
higher {Table 1). The patients with peripheral PNP had lower serum
vitamin B, concentrations {see Table 1), but the difference in the
number of patients with vitamin B, concentrations below the normal
reference limit of 42.0 ug/L was not significant berween the two groups
{6/35 without PNP versus 7/20 with PNP; p = 0.134). Of the seven
patients with low serum vitamin B, concentrations in the group with
PNP, three patients had macrocytic anaemia.

In the group of patients with peripheral PNP, three patients had low
prealbumin concentrations, suggesting malnutrition, and one patient
had a low serum concentration of vitamin Bi, {no patients with low
serum prealbumin and vitamin B1s concentrations were present in the
group of patients without PNP).

3.3. Association between the severity of acute methanol poisoning, the
treatment outconte, and the prevalence of peripheral polyneuropathy

The difference in the severity of methanol poisoning, defined as the
degree of acidaemia at admission (arterial blood pH), between the
groups of patients with and without peripheral PNP was not significant
{Table 1). Moreover, the patients with PNP had relatively higher ar-
terial blood pH values than those without PNP, suggesting less severe
poisoning (Fig. 3).

The patients with peripheral PNP had relatively lower serum me-
thanol concentrations and relatively higher protective serum ethanol
concentrations at admission to the hospital {Fig. 4), demonstrating the
absence of a dose-response association between the concentration of
methanol and PNP; although, the difference between the two groups
was insignificant {(p = 0.813 for methanol and p = 0.675 for ethanol,
see Table 1). No difference in time span between methanol ingestion
and hospital admission and blood testing was present between the
groups.

To eliminate uncertainties brought by six patients with pre-existing
peripheral polyneuropathy before acute methanol intoxication, the
calculations were performed after exclusion of these subjects. The ef-
fects of age, history of chronic alcohol abuse, and concentration of
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Fig. 3. Arterial blood pH at hospital admission with acute methanol poisoning
in the groups of patients with and without peripheral polyneuropathy (PNP).
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Fig. 4. Serum methanol and ethanol concentrations at hospital during admis-
sion in the groups of patients with (n = 20) and without (n = 35) peripheral
polyneurcpathy (PNP).

vitamin B; remained significant {the significance of history of chronic
alcohol abuse has even increased). Only the significance of serum
glucose concentration decreased, because of six excluded patients with
pre-existing polyneuropathy, three of them had diabetes mellitus. The
effects of acute serum methanol and ethanol concentrations, as well as
arterial blood pH at admission remained insignificant.

Finally, no difference between the two groups in the number of
patients with long-term visual sequelae {12/35 without PNP versus 9/
20 with PNP; p = 0.431) and CNS sequelae (15/35 without PNP versus
9720 with PNP; p = 0.877) of methanol poisoning was present.
Therefore, no association between the severity of acute methanol poi-
soning, visual loss, brain damage, and the prevalence of peripheral PNP
in survivors during the follow-up period was found.

3.4. Determinants of negative dynamics of electrontyographic findings
during the follow-up period

In 8/55 (15 %) patients, worsening of electromyographic findings
was registered during the follow-up period, including 5 cases with
newly diagnosed peripheral PNP (not present during the first round of
follow-up examinations) and 3 cases with the progression of PNP di-
agnosed before methanol intoxication. An improvement in electro-
myographic findings was registered during the follow-up period, after
complete cessation of aleohol intake for more than two years, for only 1
subject of the 20 patients with PNP, as reported by the patients and
confirmed by repeated CDT and liver tests. The demographic, labora-
tory, and clinical data of 8 patients with negative dynamics of EMG
findings are presented in Table 2.

All eight parients in this subgroup were chronic alcohol abusers,

71

Newrotoxicology 79 (2020) 67-74

with hepatopathy and/or repeatedly detected high CDT. One of the
patients had diabetes mellitus, with high serum glucose and glycohae-
moglobin concentrations of 55.0 mmol/mol, suggesting insufticient
therapy. Another patient had liver cirrhosis, macrocytic anaemia, and
malnutrition with low serum prealbumin. Vitamin B, deficiency was
also present in another case.

No patients in this subgroup had severe metabolic acidosis upon
admission to the hospital with acute methanol poisoning (defined as
having an arterial blood pH lower than 7.20). The serum concentration
of methanol varied from very low (non-toxic) to very high, up to 4100.0
mg/L, and the serum ethanol concentration upon admission varied
from negative to sufficiently protective {1410.0 mg/L), suggesting the
absence of a dose-response association. Finally, only two of the eight
patients had MR signs of methanol-induced brain damage, while six
patients had no brain damage.

4. Discussion

At present, no information is available regarding the effect of acute
methanol exposure on the peripheral nervous system. Here, we report
the results of a longitudinal study that prospectively evaluated the six-
year dynamics of electromyographic findings in a cohort of patients
after a mass methanol poisoning outbreak; the prevalence of peripheral
PNP; and its association with basic demographic, clinical, and labora-
tory parameters; the severity of poisoning; and long-term visual and
CNS sequelae. Our study demonstrates the absence of a dose-response
association between the severity of methanol poisoning, defined by the
arterial blood pH, serum methanol and ethanol concentrations, and the
prevalence of peripheral PNP, as well as the dynamics of electromyo-
graphic findings in the following years. Furthermore, we did not find
any association between methanol-induced visual loss, MR signs of
toxic brain damage, and the prevalence of peripheral PNP in the study
population.

The patients with peripheral PNP were mostly elderly, with a his-
tory of chronic alcohol abuse continuing after discharge from the hos-
pital, alcoholic hepatopathy, diabetes mellitus, hypothyroidism, and
higher serum glucose and lower vitamin B, concentrations, suggesting
new causative agents for the development and progression of PNP other
than methanol. Newly diagnosed cases of PNP, as well as cases of PNP
progression during the follow-up period, can be attributed to causes
other than methanol, mainly a history of chronic alcohol abuse. A re-
versal of the pathologic electromyographic findings after several years
of abstinence observed in one patient from the study population con-
firms this conclusion.

In acute methanol intoxications, mortality may exceed 30-40 %,
and the issue of impact of neurological sequelae of poisoning on the
quality of life of survivors may be considered “of secondary im-
portance.” Nevertheless, a high prevalence of peripheral PNP in the
population of methanol-exposed patients presents a challenge for health
care providers. The frequency of alcoholic PNP reported in the litera-
ture varies from 12.5%-29.6% {Beghi and Monticelli, 1998; Wetterling
et al,, 1999). In our study, peripheral PNP was diagnosed in 36 % of the
patients, or more than one third of the methanol-exposed population,
while a diagnosis of peripheral PNP had been reported in medical re-
cords before methanol poisoning in only 11 % of the examined subjects.
These high figures correspond to the prevalence of long-term visual
sequelae of toxic optic neuropathy, which reaches up to 40 % of me-
thanol poisoning survivors, and of toxic brain damage, with a pre-
valence of 30-50 % {Hlusicka et al., 2018, 2019a, 2019b; Urban et al.,
2016; Zakharov et al., 2015b, Zakharov et al., 2020). Nevertheless, if
the prevalence, character, and dynamics of neuroophthalmological
findings, as well as the prevalence and character of toxic brain damage,
in survivors of poisoning demonstrate a significant assoeiation with the
severity of acidaemia and serum methanol and ethanol concentrations,
or certain dose—response relation, no association was observed between
these acute laboratory parameters and EMG findings in our study
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Table 2
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Demographic, laboratory, and clinical data of 8 patients with negative dynamics of electromyographic findings.

Patient Age/ Alcohol abuse CDT, % Diabetes Glucose, mmol/L Hepatopathy Arterfal blood pH MetOH, mg/L EtOH, mg/L Brain damage
gender
i, 70/M yes 5.78 yes 8.4 yes 7.24 980.0 NI no
2 29/M yes 16.43 no 4.4 yes 7.41 420.0 370.0 yes
3 52/F* yes NI no 5.1 yes 7.20 5313.0 0.0 yes
4 55/M yes 2.44 no 5.5 yes 7.41 360.0 1410.0 no
5 61/M yes 15.62 no 43 no 7.28 2269.0 330.0 no
6 S58/ML yes 1.55 no 4.8 yes 717 406.0 0.0 no
7 34/M yes 1.36 no 5.1 yes 7.26 4100.0 0.0 no
8 54,/ M** yes 4.00 1o 5.0 i 7.45 85.0 260.0 o

Notes: CDT — carbohydrate-deficient transferrin; ND —not determined; * malnutrition with prealbumin 0.13 g/L, liver cirrhosis and macrocytic anaemia; **vitamin By
deficiency 28.6 ug/L; bold figures — the patients without polyneuropathy at the first round of the follow-up examinations.

{(Nurieva et al., 2016, 2018, 2019; Zakharov et al., 2016c).

The severity of metabolic acidosis, characterised by the arterial
blood pH at admission, is a known prognostic factor of the outcome of
acute methanol poisoning (Hassanian-Moghaddam et al., 2007; Paasma
et al., 2012; Zakharov et al., 2015¢). Patients with higher serum me-
thanol concentrations are typically more severely poisoned (Hassanian-
Moghaddam et al., 2019; Hovda et al., 2004). A positive serum ethanol
concentration at admission has a protective effect and is known as a
prognostic factor of survival without health sequelae of poisoning
(Zakharov et al., 2016a, 2016b). If acute methanol exposure has an
independent effect on the peripheral nervous system, certain dose—r-
esponse relations could occur with more severe acidaemia, higher
serum methanol, and lower ethanol concentrations during admission in
the group of patients with peripheral PNP, as well as in the patients
with newly diagnosed or worsened PNP during the follow-up period.
Nevertheless, in our study, we did not find an association between the
acute parameters of poisoning and the electromyographic findings. The
group of patients with peripheral PNP had relatively higher arterial
blood pH values, lower serum methanol concentrations, and higher
serum ethanol concentrations, suggesting a lower grade of poisoning.
Finally, no association was found between the prevalence of peripheral
PNP and long-term health sequelae of methanol poisoning, visual da-
mage, and brain damage.

The only cohort study reporting new cases of peripheral PNP in 8/
27 survivors of acute methanol poisoning six years after discharge was
the study by Paasma et al. {2009). However, in this study, no electro-
myographic examinations were performed and the diagnosis was based
on the neurological examinations; no toxicological and biochemical
data were collected, and the impact of other conditions was not con-
sidered. Despite these limitations, the authors of the study stated that
“the most likely reason {for new neurological impairment) was the
continuous use of excess alcohol.” This conclusion is in line with our
findings that previous and current chronic aleohol abuse, often in
combination with hepatopathy, diabetes mellitus, hypothyroidism,
malnutrition, and vitamin B; deficiency, leads to metabolic alterations
and degeneration of the peripheral nerves (Vittadini et al., 2001).

The nutritional status of the patient, mainly vitamin B,, vitamin B;,
and protein deficiency, is often reported as one of the key elements in
the pathogenesis of alcoholic PNP {Charness et al., 1989; Victor, 1984).
In our study, the group of patients with PNP had significantly lower
mean serum vitamin B, concentrations than those without PNP; al-
though, only 35 % of the patients in the PNP group had vitamin B,
concentrations below 42.0 ug/L, and nobody had concentrations below
25.0 ug/L. Only one patient had a vitamin B,, deficiency and three
patients had low serum prealbumin concentrations, suggesting protein
deficiency.

The patients with peripheral PNP were significantly elder, with a
mean age of 57 = 5 years, compared to 43 = 4 years in those without
PNP. Therefore, there was a potentially longer history of chronic al-
cohol abuse in the group with PNP. The development of alcoholic PNP
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typically requires ten or more years of excessive drinking, although the
first subjective symptoms can occur after one to five years of excessive
alcohol abuse {Vittadini et al., 2001). From the literature, it is known
that cessation of drinking is a key factor for preventing the progression
of alcoholic PNP, with complete reversal of mild to moderate forms
after drinking stops {Savoldi, 1995). Therefore, our study confirms
these observations. All patients with negative dynamics of electro-
myographic findings were current alcohol abusers, and the only patient
with complete reversal of PNP stopped alcohol consumption for several
years.

Acute pancreatitis is a common complication of severe methanol
poisoning (Barceloux et al., 2002). There are case reports suggesting
that methanol poisoning may be a trigger for diabetes mellitus
{Mousavi et al., 2019). In our previously published study, diabetes
mellitus as a co-morbidity was present in 12 % of methanol-poisoned
population at admission to the hospital, and methanol poisoning may
lead to exacerbation with high hyperglycaemia and diabetic ketoaci-
dosis {Zakharov et al., 2020). Therefore, there is certain evidence
suggesting that methanol can cause, or exacerbate, diabetes mellitus,
and contribute by this way to the development of polyneuropathy via
diabetes. Diabetic PNP is a frequent complication of diabetes mellitus
{Galer et al., 2000). Up to 50 % of diabetics develop a neuropathy after
25 years of the disease (Pirart, 1977). In our study, 5/9 (56 %) patients
with diabetes had peripheral PNP, and the serum glucose concentration
in the group of patients with PNP was significantly higher than in the
patients without PNP. In four of the patients, elevated glycohae-
moglobin was detected, suggesting insufficient treatment. Therefore,
bettet control of glycaemia in diabetic patients is an important measure
for PNP prevention.

Our study has certain strengths and limitations. The strengths of the
study include its prospective longitudinal design with a six-year follow-
up and the four consecutive rounds of examinations, according to the
same standardised clinical protocel in the same medical facility. The 55
survivors of acute methanol poisoning exposed over a relatively short
time during one mass “epidemics” that were systematically examined at
one medical centre represent a sufficient sample size for statistical
analysis; but it is limited. A larger sample size might have provided
more significant associations for separate variables and the electro-
myographic findings. The six-year follow-up period provided sufficient
time to estimate the long-term dynamics of peripheral nervous system
changes; therefore, we worked with complete and reliable information
on the long-term impact of acute methanol poisoning on the peripheral
NErves.

5. Conclusions
In conclusion, acute methanol poisoning is a severe medical con-
dition with high mortality and morbidity, which may lead to long-term

visual and CNS sequelae in survivors. Nevertheless, we did not find the
association between acute methanol exposure and the prevalence and
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dynamics of peripheral PNP. The high prevalence of peripheral PNP and
its progression might be attributed to other causes, mainly a history of
chronic aleohol abuse and diabetes mellitus.
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