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\ Antidotes and the Belgian Poison Centre 4
V What makes something an antidote ?

VV What do you need to expect from antidotes?

A Scientific, pharmacological quality

A Pharmaceutical quality

V What do you need to expect from the poisa@entre antidote

Intoxications vs. Antidotes. Are we prepared? ‘

stock?



\ Antidotes and the Belgian Poison Centre = ;

V What makes something an antidote ?

A pharmaceutical witlassesseanechanism of
action, able to modify either the@harmacokineticgs
the pharmacodynamicsr both of the poison and
whose administratioreliablyresults insignificant

benefite
Intoxications vs. Antidotes. Are we prepared? ‘

Quoted from Prof. Bruno MEGARBANE



| Antidotes and the Belgian Poison Centre =

Pharmacokinetics Clearance —— Chelators (BAL, Penicilammine,
Evolutions>> , DMSA, DMPS, Prussian Blue, Ca
(Evolution>>>severity) EDTA -Na)

Specific _(Digoxin immune Fab, viper
antidote, hydroxocobalamin?)

Aspecific_(Silibinin ?)

Metabol ites (NAC, Sodium thiosulfate,
ethanol/ fomepizole)

: : flumazenil,oxygen
(Severity>>>evolution) ygen )

Pharmacodynamics Competitors Y Target site  (naloxone,

Blood (hydroxocobalamine ?,
lipid emulsion)

Direct effect _ (pyridoxin, vitamin K, folinic acid,
methylene blue, oximes, physostigmin, biperiden )




\ Antidotes and the Belgian Poison Centre

V How do we expect antidotes to perforn&fficacy and urgency

Classification aspect

Efficacyin |.  Antidote efficacy is weldocumented

practice lI. The antidote is widely used but not yet universabcepted asffective due tolack
of research datafurther research is needetb confirm effectiveness and/or the
indications for use.

lll. The antidote is of questionable usefulness. More data regaitireffectiveness is

needed.
Urgencyof A. The antidote must be available immediately (within 30min)
availability B. The antidote must be available within 2 hr

C. The antidote must be available within 6 hr

Sohn CHRyooSM, Lim KS, Kim W, Lim H, Oh BJ. Kind and Estimated Stocking Amount of Antidotes for Initial Treatment for Acute Raisoning
Emergency Medic&entersin Korea. J Korean Med Sci. 2014 Nov;29(11):1562571




Antidotes and the Belgian Poison Centre

V' Availableas an antidote as such in each hosphal
A NaloxonelV NAC hydroxocobalamine

V' Avallable as frequently used therapeutic medication
A Insulin, penicillamine, calcium, vit k1,...

V' Avallable as frequently used medical agent
A Methylene blue, ethanol, glucose,...

Intoxications vs. Antidotes. Are we prepared? ‘
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V How do we expect antidotes to performPharmaceutical Quality

Intoxications vs. Antidotes. Are we prepared?
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| Antidotes and the Belgian Poison Centre

V' What can you expect from the poison centatidote stock

A Good evidence of efficacy

ATransport timeframe of two hours possible

A Good pharmaceutical quality

AAvaiIabiIity not guaranteed in each hospital
ABeIgian endemic acute accidental intoxication

e/ | ~ gr ®~ «®*"2® ®rk ®*k*"®{k|® ~p ~||
before the hospital can provide itself, if necessary, with help of the poison
gk|] ®2*k ~2 ~®rk? r-~«8s®"z«éeé

Intoxications vs. Antidotes. Are we prepared? ‘



‘ Antidotes and the Belgian Poison Centre 4

V Biperiden

Vv Physostigmine

v (Digoxin specific antibody fragments)
V 4- Methylpyrazole

vV Obidoxime

v Silibinin

V Viper antidote

Vv Chelators:

Prussian blue

Calcium Sodium Edetate
- DMPS

Penicillamine

- DMSA

» BAL

o

o

o

Intoxications vs. Antidotes. Are we prepared?




| Antidotes and the Belgian Poison Centre

U Most important BPC antidotes

ADigoxin Immune Fal(giFa®)
Cardioglycosides

A a- Methylpyrazole (Fomepizole Serb®)
Toxic alcohols (methanol, ethylene glycol)

AObidoximeToxogonir@)
Organophosphorowmgents (carbamatéy

Intoxications vs. Antidotes. Are we prepared? ‘
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| Antidotes and the Belgian Poison Centre

V' What can you expect from the poisaentre antidote stock?

A https:/www.antigifcentrum.be/medischmrofessionals/antidotdelqgi

A https./www.centreantipoisons.be/professionngds|a- sant/antidotes

U Call 070 245 245, pending the completion of a written statement. This may be
sent by fax (+32 02 264 96 46) or email medical.team@poisoncentre.be

Intoxications vs. Antidotes. Are we prepared? ‘

U Transport is provided by the Poison Centre


https://www.antigifcentrum.be/medische-professionals/antidota-belgi
https://www.centreantipoisons.be/professionnels-de-la-sant/antidotes
mailto:medical.team@poisoncentre.be
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| Antidotes and the Belgian Poison Centre

Dr. Kurt ‘

Prof. dr.

Peter De Paepe Anseeuw @
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Intoxications vs. Antidotes. Are we prepared?
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Cyanide poisoning: Chemical forms of cyanide

i -
\ e
— -
. ———
-

4 HCN

4 CN salts (e.g. NaCN, KCN, CNCI)
4 Nitriles

4 Nitroprusside

4 Cyanogenic plants

20 /




Cyanide poisoning: Sources of exposure

4 Fire-related (mainly domestic fires)
e.g. wool, silk, polyurethane, polyacrylonitriles, synthetic rubber

4 Industrial
e.g. metal extraction in mining, electroplating in jewelry production,
photography, plastics and rubber manufacturing, pesticides

4 Medical
e.g. sodium nitroprusside

4 Diet
e.g. cassava root, pits and seeds from bitter almond, apricot, peach,
pear, apple

4 Suicide and homocidal/terrorist acts

21/




Cyanide poisoning: Pathophysiology

Glucose

ATP <: Anaerobic

glycolysis
Without . "
Pyruvic acid > Lactic acid
oxygen
With
oxygen

, /' Oxidative
COZ —~ phosphorylation |

> ATP

|\ Respiratory chainJjf?
A\ oxido-reduction )/

Inhibited
Cytochrome
oxidase

H,0

ATP
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Cyanide poisoning: Detoxification

cyt c 2t cyt c 3t
OxyHb >_<
l NO, cytas* cyt a 2*
Hydroxocobalamin MetHb
VitB12 < CN , l « CN
(Cyanocobalamin
CyanoMetHb
CN + MetHb
Rhodanese MetHb
| +Thiosulfate l l reductase

23 | SCN SCN OxyHb
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Cyanide poisoning: Onset of symptoms
4 Seconds ====p HCN (>> inhalation)

4 Minutes =) CN salts (>> ingestion)

4 Hours ) Cyanogenic compounds

4 Nitriles (ingestion, inhalation, dermal)
4 Nitroprusside (i.v.)




Cyanide poisoning: Clinical presentation

Neurological Respiratory Metabolic

Dizziness Hyperpnea Hypertension y Bl ood g
Restlessness Central apnea Tachycardia y Lactate
Anxiety Pulmonary edema  Shock Metabolic acidosis
Confusion Bradycardia Rhabdomyolysis
Coma Cardiac arrest Renal failure

Seizures

25/




Cyanide poisoning: Diagnostic testing

4 Making the diagnosis requires a high index of suspicion based on
history and clinical presentation

4 Aspecific findings
4y Anion gap metabolic acidosis
4 y Lactate

4y SvO?2
4 ECG: rhythm disturbances, ST segment abnormalities

4 Blood CN concentration
4 Not routinely available

26 /




Cyanide poisoning: Diagnostic testing
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Sensitivity : 94 %
Specificity : 70 %

PPV: 64 %
NPV: 98 %

Baud F. Crit Care Med 2002




Cyanide poisoning: Treatment

4 Decontamination

4 Supportive treatment

= L4
e — e 3]G

4 Activated charcoal

CYANOKIT

(hydroxocobalamin for injection)

4 Antidotes

4 Methemoglobin forming agents
4 Cobalt compounds

A Dicobalt EDTA T

A Hydroxocobalamin (first-line agent) "
4 Sulfur donors e al

A Thiosulfate e

28 /




Cyanide poisoning: Antidote treatment

cytc ?* cytc 3t
l NO, cytas* cyt a 2*
Hydroxocobalamin MetHb
VitB12 < CN . l « CN
(Cyanocobalamin
CyanoMetHb
CN + MetHb
Rhodanese MetHb
| +Thiosulfate l l reductase

20 | SCN SCN OxyHb




Cyanide poisoning: Hydroxocobalamin

4 Currently used in Europe and in the USA

4 50 g of hydroxycobalamin to bind 1 g of CN

4 Dose: 5 g (70 mg/kg in children, < 59g) IV (15 min), repeated
depending on severity & clinical response (10g; 140 mg/kQg)

4 Abllity to pass through the blood-brain barrier

4 Adverse effects: reddish discoloration of the skin and urine,
allergic reactions

30 / Borron SW Ann Emerg Med 2007




Cyanide poisoning: Patient case

4 30 yrs old male lab technician found comatose in his lab

4 On arrival of MICU team

4 A - obstructive airway (massive bronchorrhea, salivation)
4 B - Sa02 89%, respiratory rate 9/minute
4 C - pulse rate 76/minute, blood pressure 124/76 mmHg

4 D - GCS 3/15, miosis

4 E - floor covered with many broken bottles, one intact bottle
containing Aldicarb®, POCT glucose 1,27 g/L, urine loss,
faecal incontinence

31/




Cholinergic toxidrome

sweating
(diaphoresis) crying
pin point pupils / (lacrimation)
(miosis) ¢!

y 0

¥ o

-

running nose
(rhinorrhea)

frothing at "o &
the mouth™ ——__'¢ ¢ »
(salivation & bronchorrhea) .g‘ > \(/ommpg)]
g\ & emesis

=

‘//
~

diarrhea

bradycardia

urination —

32/




Cyanide poisoning: Patient case

4 Heteroanamnesis: autointoxication with Aldicarb® 30 minutes
before arrival of MICU team

4 Treatment by MICU team

4 Safety first

4 Endotracheal intubation
4 High doses of atropine
4 Transfer to hospital

33/




Cyanide poisoning: Patient case

4 Treatment in the ED
4 Decontamination
4 Atropine + pralidoxime

4 Stable vital signs
4 Normal ECG and chest X-ray

4 Normal arterial blood gas values

34/




Cyanide poisoning: Patient case

4 Abnormal blood results

Blood test

Osmolality (mOsm/kg) 376 275-295
Acetylcholinesterase RBC (U/L) 3920 11188-16698
Acetylcholinesterase RBC (U/L) 616 1700-5778
Osmolal gap (mOsm/kg) 30 <10

4 Positive toxicology results

Blood tes:

Ethanol (g/L) 2.3

Acetone +

35/




Cyanide poisoning: Patient case

Tachypnea, dyspnea
Severe lactic acidosis ED admission

23h 240 o1 ICU admission
’Mh

v\ {‘m

11h

Atropine & pralldOX|me 14h

stopped 13h

12h

36 /
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Cyanide poisoning: Patient case

4 After exclusion of other causes of lactic acidosis, cyanide
poisoning with a cyanogenic compound was considered

4 Cyanide antidotes were given with good clinical response

4 Acetone was mistaken for acetonitrile as both substances
have identical retention times on GC-MS




Cyanide poisoning: Patient case

30

{} Hydroxocobalamin 5g +
Sodium Thiosulfate 12.5g

- Bicarbonate (mmol/L)

+ Lactate (mmol/L)
N
(=)

4+ 4+ + 4+
0 50 100 150 200 250 300
Time (hours)
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Cyanide poisoning: Patient case

30

{} Hydroxocobalamin 5g +
Sodium Thiosulfate 12.5g

- Bicarbonate (mmol/L)

+ Lactate (mmol/L)
N
(=)

4+ 4+ + 4+
0 50 100 150 200 250 300
Time (hours)
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Cyanide poisoning: Patient case

Disulfiram
Ethanol Ethanol Cyanocobalamin
Inhibition l Inhibition l T\ Hydroxocobalamin
oxidation Catalase .0
H,C—C=N-—>HO—CH,—C=N ———-2>H* C=N + H-— C\
CYP2E1 H
Acetonitrile Cyanohydrin Cyanide Formaldehyde
Thiosulfate
Rhodanese
Y _o
~
H* §=C=N H-—CT{

O—H
Thiocyanate Formic acid

40 /




Cyanide poisoning: Patient case

30
2 - - - --
— - - ‘- =3 -—
£ S
E g - -
L -
= E 2 -
g2 -
o © {} Hydroxocobalamin 5g +
S g Sodium Thiosulfate 12.5g
=z & Disulfiram 400mg

10

0 + e +

0 50 100 150 200 250 300

4“ Time (hours)




Cyanide poisoning: Patient case

10000

1000

= Acetonitrile (mmol/L)
-Ar Thiocyanate (umol/L)
O Cyanide (umol/L)

=2

3

g B

0 50 100 150 200 250 300
42 | Time (hours)




Cyanide poisoning: Patient case

4 ICU course was further complicated by a pneumonia
4 Patient finally made an uneventful recovery

4 Transfer to the psychiatry ward on day 11

4 Patient was familiar with the toxic effects of both carbamates
and acetonitrile

4 Patient admitted having also ingested acetonitrile in case the
suicide attempt with the carbamate would fall

43 /
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CLINICAL TOXICOLOGY, 2016
http://dx.doi.org/10.3109/15563650.2015.1101770

Taylor & Francis
Taylor & Francis Group

BRIEF COMMUNICATION

Disulfiram inhibition of cyanide formation after acetonitrile poisoning

Peter De Paepe®®, Pieter Colin®, Pieter Depuydt®, An-Sofie Decavele®, Julie De Smet®, Koen Boussery®,
Christophe Stove’, Dominique Benoit®, Alain Verstraete®, Jan Van BocxlaerS, and Walter Buylaert?

“Department of Emergency Medicine, Ghent University Hospital, Ghent, Belgium; "Heymans Institute of Pharmacology, Ghent University,
Ghent, Belgium; “Laboratory of Medical Biochemistry and Clinical Analysis, Faculty of Pharmaceutical Sciences, Ghent University, Ghent, Belgium;
9Department of Intensive Care Medicine, Ghent University Hospital, Ghent, Belgium; ®Department of Clinical Chemistry, Microbiology

and Immunology, Ghent University, Ghent, Belgium; fLaboratory of Toxicology, Faculty of Pharmaceutical Sciences, Ghent University,

Ghent, Belgium

ABSTRACT
Context Cyanide poisoning may be caused by acetonitrile, a common industrial organic solvent

and laboratory agent. Objective To describe the potential use of disulfiram in treating acetonitrile
poisoning in a human clinical case and to further study its effect in human liver microsomes in vitro.
Case details A 30-year-old man initially presented with a cholinergic toxic syndrome following
ingestion of aldicarb. Toxicological analysis revealed coingestion of ethanol. He subsequently
developed severe metabolic acidosis caused by the cyanogenic compound acetonitrile which was
erroneously interpreted as acetone in the chromatogram. After three treatments with
hydroxocobalamin (5 g i.v.) and sodium thiosulfate (12.5 g iv.) on days 2, 3, and 5, he had
transient improvement but recurrent lactic acidosis. Treatment with disulfiram was associated on
day 7 with resolution of metabolic acidosis and slowing of the decrease in acetonitrile
concentration. He recovered from acetonitrile toxicity completely. The time course of acetonitrile,
thiocyanate, and cyanide concentrations suggested that disulfiram inhibited cyanide formation.
Results In vitro experiments with human liver microsomes showed the cyanide concentration was
significantly lower after incubation with acetonitrile and disulfiram than acetonitrile alone (a mean
60% reduction in cyanide level). Discussion Although disulfiram was given late in the course of the
poisoning it is possible that it contributed to the recovery.
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78 yrs old woman found comatose (evolution to cardiac arrest)
4 other inhabitants unwell
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50 yrs old woman found comatose by her husband who came
home after a walk and complained of mucosal irritation

65 yrs old man found deceased together with his dead dog
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Although acrylonitrile is heavier
than air it can ascend in the sewer
system of houses that have either
no or a failing isolation from the
main sewer system.
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Conclusion

4

Always maintain a high degree of suspicion when dealing with (auto-)
Intoxications

When the clinical course is atypical, the involvement of substances other
than the primary toxin should be considered

Decontamination, removal from the site of exposure, and oxygen are
essential with personal protection for responders

Patient management is based on history, clinical presentation, simple lab
tests

Toxicology test results usually are not timely for diagnostic purposes
Hydroxocobalamin is the preferred antidote in cyanide poisoning

Considering the mechanism of toxicity during treatment of suspected
poisoning Is important
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Methanolpoisoning outbreaks triage
and medicalresources
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Background

Epidemicoutbreaksare notuncommon especiallyn poorincomecountries, and
are probablyunder-reported

Casdatality ratesusuallyexceed30%,with significantmorbidity in survivors
Reasoneﬁor poor prognosisare multiple:

Themostimportant: delayin seekingor obtainingeffective medicalcare
In somecountries,ethanolconsumptionis prohibited (illicit manufacture)
Signsand symptomsof early methanolpoisoningare often nonspecific
Symptomsare misdiagnosedor ethanolintoxication

Knowledgeof pathophysiologyf methanolpoisoning diagnosisandtreatment may
be limited

Triageis complicated patientswith early presentation poorly symptomatic but at
highrisk of severetoxicity andrequiringoptimal therapy>< patientswvith late
presentation severetoxicity, andpoor outcomeregardlesf the treatment



Origin ofmethanoloutbreaks
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Methanol poisoningand COVIE19: anunexpected
link for outbreak

Death by hand sanitizer: syndemic methanol poisoning in the age of COVID-19.
Holzman 50, Larsen J, Kaur R, Smelski G, Dudley 5, Shirazi FM.

Clin Toxicol (Phila). 2021 Nov;59(11):1009-1014. doi: 10.1080/15563650.2021.1895202. Epub 2021 Mar
23,

PMID: 33755514

COVID-19 and contamination: impact on exposures to alcohol-based hand
sanitizers reported to Texas Poison Control Centers, 2020.

Phillips T, Schulte IM, Smith EA, Roth B, Kleinschmidt KC.

Clin Toxicol (Phila). 2021 Oct:59(10):926-931. doi: 10.1080/15563650.2021.1887491. Epub 2021 Feb 19,
PMID: 33605823
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METHANOL POISONING

Diagnosislgorithm

INTERSECTION DOCUMENT

2019 MSF EMACC-WG

[ Suspect methanol poisoning ]
fastures

based an history and/or dinkcal
Awake 7
Yes | No
/, G ‘\\ ."//,./ o \
~~ Hyperventilation ? < Hyperventilation ? ™,
\RR >20-25/min * _~ “_RR >20-25/min * -~
2 N S~
RS 7 RS "
’\_\ % g \_\ /
No Yes Yes | No

1 | |

; Observe min 24h Visual disturbances ? Consider ethanol or other
if suspect of drinking meshanal poisoning/medical conditions as
Re-assess every 1-4h No l Yes causes
‘ - Obsarve, treat symplomatically and
diracted towards likely cause (0.9
Give NaCl 1-2L + Dexirosa IV + Thiamne hypoglycemia, inlracerebral cause elc.)
whithin 1h - it very high suspicion of
‘ methanol: Pocr prognoss. Consider
treating &5 & methanol poisoning
Improved (less) hyperventilation
after 1h of aggressive fluid ++
trestment ?
Yes | Mo
l E l A 2
1 Suspect methanol poisoning: \

« Continue suppartive treatment
» Observe min. 24h after treatment is terminated \

<

Likely alcoholic / diabetic ketoacidosis: ‘4"

« Give fomepizode / ethanol + bicarbonate + folic acd
« Haemodialysis (HD) J

* Always consider other causes of metabolic acidosis:
- Diabetic ketoaddosis: Known dizbetes? Check blood glucase
- Renal fadure: Known renal fasure? Diuresis? Creatinine?

- Sepsis: Other signs of infection? Fever? WBC? CRP? Etc.




METHANOL POISONING

PROTOCOL 2019 MSF EMACC-WG Dlag nOS|$|gOr|th m

INTERSECTION DOCUMENT

based on history and/or cinical features

.

Arterial blood gas (ABG) *

l
X ! ] }

27N G\ N

=

\, N B P . 8

NormalABG . .~ HCO3” »150rBD <10 ~, ~HCO3  10-150rBD10-15~, .~ HCO3" <100r BD>15 °

No Symptoms -~ TS_pH typically >7,2%% “pH typically 7.0-7.2* % “._pH typically <7.0%* -
Observe min 24h Visual Mrhmu ?
il suspect of drinking methanck ¥ coma veut as 0o
Re-assass avery 1.4h No I Yes
v
6!%0! taLoDmrwoNoThhmtD
whithin th
v
lon
still present ?
No l Yes
l = i; " A J 9
Likely alcoholic / diabetic ketoacidosis: ,-"‘ Suspect methanol poisoning: R
« Continue supportive treatment « Give fomepizoie / ethanol + bicarbonate + folic ackd
« Observe min, 24h after treatment is terminated .« Haemodalyss (HD) )

* Always consider other causes of metabolic acidosis:

- Diabetic ketoacidosis: Known diebetes? Check blood glucose

- Renal falure: Knawn renal failure? Diuresis? Creatnine?

- Sepsis: Other signs of infection? Fever? WBC? CRP? Etc.

** pH will alwarys depend on degree of hyperventiation. Therefore focus
primarily on base defict (BD)/HCC 4

DD Dows Setcr
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Result of analyzes {(mmol/L
or mOsm/kgH,0)

0

EARLY INTERMEDIATE LATE

Methanol 100 mg/dl => 34 mOsm/kg H20
Ethanol 100 mg/dl => 24 mOsm/kg H20

(Hovda et al., Intensive Care Med, 2004)

Laboratorydiagnosis

Osmolal gap (mOsm/kgH,0)
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Difficultiesin differential diagnOSIS sz ouwsmmescs anston i oo mioeaes

mnemonic assnmated with. an elevﬂted anmn gap metahallr.'
. a.mdugu; ............................................

Acetammuphen
Aminocaproic acid

A Othertoxic alcoholsingestion: P P R
ethyleneglycol (d, or tri- Gatecholamins ; j |
ethyleneglycol, ISPPFOpanOl, .E%Hél.n.e..é ......... ......... ......... .........
propylene3 f € O2f X0 Dithyiene glicol -

Fluorde. . 0 o
Formaldehyde € 5 5 5

A Othercauses ofmetabolic e

. . . . . . lbuprofen ' E E
acidosisdiabeticketoacidosis nbom arors o matabasm LG
. - - Metformin
but alsoalcoholicketoacidosis faon -
itroprusside - -
_Nonsteroidal anti- !nﬂi@m.a.twdr.uys. . f U
Polyethylene glycol : :
Propofol
Propylene glvml* _ Generateur de Iaf:tate
Pseudoephedrine
. Sfrﬂﬁtﬂ‘zﬂtﬂmn ......... ......... ......... .........
Sulfur
Theophyrllme
Thnammtiﬁehcmncy
Toluene ) )
. Tr'léthi.fie'né'g'l',r-':dl* .............. S ]
Valproate - - -
Zidovudine -



Difficultiesin differential diagnosismind the gaps!

1 'Box 1. Tuxms and dlsease states assocmted with-an- elevated
anion gap metabnllc acldoﬂs : : )

Methancnl

Diabetic ketodcidosis, alcoholic ketoacidosis, starvation
ketoacidosis

Paraldehyde, phenfurmm

| Iron, isoniazid :

Lactic acidosis

Ethylene glycol

Salicylates

. .Bux 5. Tmuns assnclated with. an: elevated usmul ga.p

Mannitol ; ; ;
Alcohols: ethanol, ethylene glyco[ |snpr0panol methanol
propylene glvcul

Glycerol
Acetone
SDI‘hltﬂ|

Fram Chahalif R. Diagncs:tic use of énian and G:smclal gaps: in pediatrié:
emergency medicine. Pediatr Emerg Care 1997;13:204; 'with permission. '

A Difficultiesoccurwhenanion orosmolgaps are at théimit of

«normal range»




o To o To o Do I

Bedsidediagnostic test for formatgaromising

Enzymatienethodsfor methanoldeterminationin serumand urine arecomplex
andinterferencespossiblewith ethanol

With late presentation methanolmayhavedisappearedrom blood
Formateanalysigepresentsa potential diagnostidool!

Highspecificityand sensibility allowsto excludethe responsabilityof methanolin
metabolicacidosisof unknownorigin

Formate teststrip with a dry-reagentand colorimetrictest device
Semiquantitativemethod, 2 minanalysidime
Promisingool for methanoloutbreaks

(Hovdaet al.,Scand] ClirLablnvest, 2015)



Difficultiesin differential diagnosissomerecentexemple

Do To Io Po o To o Do

46-yr-old chronicabuserwomanadmittedto the EDwith alteredconsciousnessho
clearhistoryfrom relatives

GCS 14/15, ABP 75/8tmHg RR 32/min

Labresults glucose 40 mglL, pH 6,95, pCO2 X¥6mHg HCO3 énmol/L, lactate 27
mmol/L, serumosmolality306 mOsnikg ketonebodies §)

Whatisthe next step?

Anion gap: 3mmol/L, Osmolgap: 12mOsnikg

Istoxic alcoholingestion possible?

Toxicologicascreeningethanol ethyleneglycol,methanol isopropanolnegative

Whatdo yousugges?
I Supportivetherapy
I Antidotaltherapy. ethanolor fomepizole
I Hemodialysi®



Difficultiesin differential diagnosissomerecentexemple

Dayl Dayl Dayl Dayl Day2 Day?2 Day 2 Day 2
4:00 7:00 8:00 10:00 0:30 4:00 8:00 12:00
pm pm pm pm am am am am
Arterial pH 6.95 7.16 7.21 7.36 7.45 7.39 7.37 7.41
(7.357.45)
Serum bicarbonate 6 6 7 14 20 14 14 20
(mmol/L)(22-28)
Anion gap 37 29 32 20 - 9 19 15
(mEQ/L)8-12)
Serum osmolality 306 310 - - - 310 - -
(mOsm/kg)280-300)
Osmolal gap 12 19 - - - 36 (2*) - -
(mOsm/kg)
Urine ketone Absent - - - - - - -
bodies
Serumethanol 0 0 - 80 50 130 - -
(mg/dL)
Seruml-lactate 27 25 19 11.7 6.8 10.8 10.0 5.8
(mmol/L)* (0.52.0)
Serum creatinine 2.80 - - 0.89 - 0.79 - -
(mg/dL)(0.6-1.30)
*determined on Radiometer ABL 800
** adjusted for aserum ethanol level of 130 mg/dL




Difficultiesin differential diagnosissomerecentexemple

A Whatwe did: Treatmentfirst! cbicarbonate hemodialysisandethanolut aliquidX
I Theclinicalconditionimprovedtogetherwith correction ofmetabolicacidosi$
A Furtherinvestigations
I Llactate:realor false? (falsencreasepossiblewith glycolateinterference
I D-lactate? Yesalsopresentin bloodand urine!
.
:

Ketonebodies €): but high' -hydroxobutyratein urine! aavropmedil
Urine: propyleneglycol 108 mg/L \ -
A Finaldiagnosis

DL-lactaldehyde —— Methylglyoxal

I Mixedalcoholicketoacidosisaand PQGoxicity
i Treatment /\ / o
A Supportive glucose 4nsulinfor KA

L-lactate D-lactate

A Ethanol ofomepizole+ HD for PG [ | oo

Glucose Pyruvate + CO,



Prognostidactors a clue for triage?

A Fromthe dataobtainedfrom two recentoutbreaks(Estonia CzechRepubli}

6.74-6.99
n=38

$ ' t
: 3

Risk C* Risk B*

Category 25% dead 14% dead
(n=1/4) (n=2/14)

66% Sequela 17% Sequela

(n=2/3 Survivors) (n=2/12 Survivors)

Risk E* Risk D* Category2 Categoryl
63% dead 42% dead
(n=15/24) (n=6/14) — Categ o) r)B
44% Sequela 87% Sequela
(n=4/9 Survivors) (n=7/8 Survivors)




Consensus statements on the approach to

Fomeplzole/e rsuseth anol patients in a methanol poisoning outbreak

o o o I

Hossein Hassanian-Moghaddam, Nasim Zamani, Darren M. Roberts,

Jeffrey Brent, Kenneth McMartin, Cynthia Aaron, Michael Eddleston, Paul

I. Dargan, Kent Olson, Lewis Nelson, Ashish Bhalla, Philippe Hantson, Dag
Jacobsen, Bruno Megarbane, Mahdi Balali-Mood, Nicholas A. Buckley, Sergey
Zakharov, Raido Paasma, Bhavesh Jarwani, Amirhossein Mirafzal, Tomas
Salek & Knut Erik Hovda

Antidotesshouldbe administeredpromptly basedon the highprobability of
methanoloutbreak(1C)

|deally antidoteshouldbe alreadystartedin the pre-hospitalsetting (1B)
No specialconcernabout the concurrenmisuseof ethanol

Whichantidote?\Whenfomepizoleand ethanolare both available patientswith
more severepoisoning(acidosisvisualdisturbancescoma)shouldreceive
fomepizole(1D)

I Whataboutpediatricpatients andoregnantwomen?

I Whatabout patients at highisk of toxicity but no currentacidosisandorgan
damage ¢smolalgap > 2680 mOsmmethanol> 50 mgdL)? Fomepizolewith
the objective toreducethe needfor ICU admission? (1D)



Do Po  Po o Do D>

TOXICOLOGY/ORIGINAL RESEARCH

Adverse Drug Events Associated With the Antidotes for Methanol
and Eth}-’lenﬁ Gl}-'c::rl Poisoning: A Comparison of Ethanol and
Fomepizole

Cohortstudyincludingpatientsadmitted between1996 and 2005 for M or Hi®isoning and
treated with at least one dose adthanolor fomepizole

172 chartsanalyzed at least 1 adversdrugeventin 74 of 130 (57%@thanoltreated and 5 of 42
(12%)fomepizoletreated cases

Medianadversedrugeventonsetwaswithin 3 hafter the start of either antidote

CNSsymptomsaccountedfor mostadversedrug events(48%ethanottreated, 2%fomepizole
treated)

Severeadversedrugeventsoccurredin 26 of 130 (209%®@thanoltreated (coma,extreme
agitation,cardiovasculgrand 2 of 42 (5%pmepizoletreated (coma,cardiovasculgr

Serioudlife-threatening adversedrugeventsoccurredin 11 of 130 (8%gthanoltreated
(respiratorydepression hypotension) and 1 of 42 (2%6mepizoletreated (hypotension,
bradycardia

Resultssuggestower occurrence of adverserug eventswith fomepizolethan ethanol

(Lepik, Ann EmergMed, 2009)



Fomepizole versus ethanol in the treatment of
acute methanol poisoning: Comparison of clinical
effectiveness in a mass poisoning outbreak

lab

Sergey Zakharov®, Daniela Pelclova®, Tomas Navratil®, Jaromir Belacek®, Martin Komarc©,

Michael Eddleston® & Knut Erik Hovda®

== Antidote ethanol

A 25 pts withfomepizolecompared with 68 receiving = Antidote fomepizole
ethanol. More severely acidotip£ 0.001) and
late-presenting (12 hp=0.028) patients received
fomepizolemore often than ethanol, as reflected in
the higher number ofomepizoletreated patients
being intubated [=0.009).

A No association was found between the type of
antidote and the survival in either the case series
(p=0.205) or the quastontrol groups §=0.705) in
which patients were very closely matched to
minimize confounding by allocation.

Risk of death

6,6 6,7 6,8 6,9 7,0 7.1 1.2 7,3 74 1.5 7,6
Arterial blood pH

To cite this article: Sergey Zakharov, Daniela Pelclova, Tomas Navratil, Jaromir Belacek, Martin Komarc, Michael Eddleston
& Knut Erik Hovda (2015): Fomepizole versus ethanol in the treatment of acute methanol poisoning: Comparison of clinical
effectiveness in a mass poisoning outbreak, Clinical Toxicology



Practicaluse of antidotes

Ethanol Fomepizole
A Ethanol 94, diluted in D5% A Loadingdose: 15 mg/kg iv
A Loadingdose: 0,60,8 g/kg ivover 280 A Maitenance 10 mg/kg.httiv
min A Hemodialysis1-1,5 mg/kg.htt or 15
A Maintenance: 66154 mg/kg.htt mg/kgevery4 hours(couldby reduced
A Hemodialysisx 2 maintenance dose by 50% for CRRT)
A High inter and intreindividualvariability A Doses argrobably«in excess>
A Ethanolblood monitoring:ideallyevery A Fomepizolenot approvedin pregnant

hour for adaptation

womenandchildren(despitepublished
experience, butprobablysafeat the
samedosage

Folid folinic acid
A Nofirm evidence



Recommendations for the Role of Extracorporeal
Treatments in the Management of Acute Methanol

EXtr&re n al e p U ratl O n Poisoning: A Systematic Review and Consensus

Statement

We recommend ECTR is initiated in the following circumstances:

1) Severe methanol poisoning (grade 1D), including any of:

a) Coma (grade 1D)
b) Seizures (grade 1D)
c) New vision deficits (grade 1D)
d) Metabolic acidosis from methanol poisoning
i) Blood pH < 7.15 (grade 1D)
i) Persistent metabolic acidosis despite adequate supportive measures and antidotes (grade 1D)

e) Serum anion gap > 24 mmol/L (grade 1D); calculated by serum [Na*] = [CIF] — [Hco_"].

9) Serum methanol concentration

a) > 700mg/L or 21.8 mmol/L in the context of fomepizole therapy (grade 1D)
b) > 600mg/L or 18.7 mmol/L in the context of ethanol treatment (grade 1D)
c) > 500mg/L or 15.6 mmol/L in the absence of an ADH blocker (grade 1D)

d) In the absence of a methanol concentration, the osmolal/osmolar gap may be informative (grade 1D)

3) In context of impaired kidney function (grade 1D)

To optimize the outcomes from ECTR, we recommend:

4) Intermittent hemodialysis is the modality of choice in methanol poisoning (grade 1D). Continuous modalities are acceptable
alternatives if intermittent hemodialysis is not available (grade 1D).

5) ADH inhibitors are to be continued during ECTR for methanol poisoning (grade 1D) as well as folic acid

6) ECTR can be terminated when the methanol concentration is < 200mg/L or 6.2 mmol/L and a clinical improvement is observed
(grade 1D)

ECTR = extracorporeal treatment, ADH = alcohol dehydrogenase.




Intermittent versus continuous renal
replacement therapy in acute methanol
poisoning: comparison of clinical effectiveness
in mass poisoning outbreaks

Sergey Zakharov' ®, Jan Rulisek?, Olga Nurieva', Katerina Kotikova', Tomas Navratil, Martin Komarc®,
Daniela Pelclova' and Knut Frik Hovda®

Table 4 Univariate logistic regression analysis of impact of different parameters including hemodialysis modality (IHD
vs. CRRT) on mortality and survival with sequelae in the patients with acute methanol poisoning (n = 81)

Variable Qutcome

Mortality Survival with long-term visual/CNS sequelae

OR (95% Cl) OR (95% Cl) p R?

HD modality (IHD vs. CRRT) 0231 0.075-0.719 0.101-0.671
Arterial blood pH 0.002 0.000-0.038 0.000-0.010

GCS
S-creatinine
S-glucose
5-EtOH

0.756
1.027
1.179
0.948

0.663-0.86.2
1.011-1.043
1.059-1.312
0813-1.106

0.679-0.868
1.019-1.064
1.034-1.310
0.998-1.000

The alpha level used in the univariate analysis is a = 0.05
Italic values indicate statistically significant result at p < 0.05

OR odds ratio, Tl confidence interval, HD modality—hemaodialysis modality, arterial blood pH—arterial blood pH on admission, GCS Glasgow Coma Scale on
admission, 5 serum, EfOH ethanol




Practicaluse ofextra-renalepuration

A Isthere anyinfluence ofextrarenalepurationon outcome?
I Not onmortality, influence ortoxicokineticgmethanol+ formic acid)
I Supportingevidencefor correction ofacidemiaandvisualdisturbancesbut effect not
totally independentfrom the administration of antidotes
A Best timing?

I Insufficientdata todeterminewhich patients areunlikelyto benefitfrom extra-renal
epurationon the basis otlinicalandlaboratoryfeatures

I Extrarenalepurationcanbe implementednonemergentliywhenthere is adequateADH
blockadeand in the absence of acuttinicalindications forextrarenalepuration

I Criteria not only basedon theamountingestedby history

A Triage andeconomicconsideration8
I Obviouslysomeethicalconcerngmoribund patient)

I In case of majomethanolingestion,extrarenalepurationcouldreducethe costsof
fomepizoletherapyor reducedthe duration ofethanoltherapy(complexity sideeffects

A Duration?
I 6 to 8hoursHDaccordingo the course ofmetabolicacidosis or 18hoursfor CRRT



Exemple oprotocol

-12h

12-24h

b 4

L R

[_roc

= onty ndicative, signz meght be delayed f concomytant etharo! ngesbon
ABG Arienal blood gas; BD: Base Deficd HOD: Hesmodalysis

-""'#' O Oslo
ﬁ;gl ~+ University Hospital

== Qibgerve up o 24h
depanding on level of suspicion

== Geve 1-2L 0.8% saline = thiarmine + glucose
IIUPE U TR TR L ITORT (ER R _E I TS
== Give sthanolfomepizcle + bicarbonate
== Consider transpoert 1o faciities with HD

= Guve ethanolfomeplzale
i Qive bicorbenolc

== Give folinic acid

== Gye HD

Asymptomatic el Marmal blood gases
HCO4>15 — BD<10
Hyperventilation " i
U visual Ulsiuibanues AN el ““:__:"' i
i HCOs 10-15 — BD 10-15
pH typlcally 7.0.7.2
e andior | HGO; <150 BD>10
Conscious PH tphaally ~7.2
Hvperventilatien _andior | HCO.=100rBD=15
Unconscious pH typically =7.0
ilation
“m""'""" e ™ andier HCOy=10 or BD=20
Unconscious pH typicalty =7.0

== Give sthanolffomepizale
v Ciyw Linmlas min

== Give folinic acid

== (Gve HD

Likely pasr prognasis if methanal poisaning
== B careful | it can be ethand poisening




Do o Po  Io Do

Conclusions

The incidence aihethanoloutbreaksis still increasingwith someunexpected
circumstance$Covid19)

Even inEasterncountries, clusters aihethanolpoisoningcouldrepresenta critical
Issue forany ED andhospitalfacilities(lab, hemodialysisICUbeds

Triage Iin the E¥ an essentiastep: clinicalandreadilyavailablebiologicalcriteria
(gaps oiformic acidfor the future), exclusion adlcoholicketoacidosis

Correction oimetabolicacidosisassupportivecare

Start antidote a®arlyas possiblepreparednesdor antidote availability(eventhe
cheapestantidote couldbe missing, HDdecision= not urgent

I Advantageof fomepizolein anepidemicsetting: firsti.v. loadingdosewith 12 hr efficacy no
additionalblood monitoring, noneedfor continuousadaptation of the dosageegimen(as
with ethanol), nosideeffectsif methanolpoisoningnot confirmed

In acrisissituation, use avhat you have» (antidote,epurationz X 0
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okyo (1995) - Lessons learned

o NO plan
o No chemical incident plan
o NO hospital disaster plan
o No multidisciplinary  coordination and communication

o NO preparedness

o Majority self -presenters
n 12 dead + 5500 wounded
o 700 by EMS
o NO awareness
o After 2 hours facetonitrile 6 ( FD) ;
o After 3 hours fiSarin 0 P¢lice) i no interagency sharing

ezna Acad Emerg Med 1998, 5(6): 613 -7 Acad Emerg Med 1998, 5(6): 618 -24 Crit Care 2005, 9:397 -400
Acad Emerg Med 1998, 5(6): 625 -8 Resuscitation 2006, 68:193 -202 Toxicol Appl Pharmacol 2005, 207(2):471 -6
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okyo (1995) - Lessons learned

o NO safety

o No decontamination
o On site
o In hospitals
o No PPE
o Hospital
o EMS

o Secondary contamination
o Medical 20% staff
o Police & Fire 10% staff
o Extent of secondary exposure a duration an

ezna Acad Emerg Med 1998, 5(6): 613 -7 Acad Emerg Med 1998, 5(6): 618 -24 Crit Care 2005, 9:397 -400
Acad Emerg Med 1998, 5(6): 625 -8 Resuscitation 2006, 68:193 -202 Toxicol Appl Pharmacol 2005, 207(2):471 -6



