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INTRODUCTION

> La question du traitement optimal au cours des intoxications aigués reste posée, en termes
d’efficacité, malgré les progres thérapeutiques durant les 20 derniéres années.
» Tendances actuelles :

- Réaffirmer le traitement symptomatique précoce,

- Favoriser les antidotes

- Réévaluer I'efficacité des méthodes d’épuration, digestive, rénales et extrarénale
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INTRODUCTION

Développement des techniques d’épuration sanguine

1955 Schreiner Hémodlalyse
Enthousiasme /
2000 Strange Molecular Adsorbent Recirculating System (MARS)




EER ET INTOXICATIONS: EPIDEMIOLOGIE

2800 200
700 /pd 180 jﬂ\‘
= 600 w 160 7
S 500 ~ g 119 A
L]
2 = 120 =
= 400 ,,_4/‘ S . ”\w
E W £ 100
‘_—.f’-
¢y =200 po =0
100 1—o="0=2 < 40 | P
e N R = 1= = =By > & H P 0 - - - - - - - T
o) ] ] o - - Uy 2
SFLF P FTF P PP S PP FHFS PSP TSP
S N N N S P P P
Years
—e— Hemodialysis —o— Hemoperfusion Year
—=— Aminophylline/Theophylline —s— Ethylene glycol
198519290 19911995 19962000 2001 -2005
Lithiurm (397) Lithium (714) Lithium (1178) Lithium (2583)
Ethwlene glycol (290) Ethylene glycol (649) Ethylene glycol (1138) Ethylene glycol (2077)
Methanol (236) Salicylates (358) Salicylates (580) Salicylates (14920)
Salicylates (233) Aminophylline (284) Methanaol (289) Valproic acid (516)
Aminophylline (229) Methanol (240) Arminophylline (240) Acetaminophen (474)
Phenothiazine (73) Acetaminophen (135) Acetaminophen (192) Methanol (463)
Ethanol (73) Ethanol (84) Valproic acid (170) Ethanol (297)
Acetaminophen (71) Phenothiazine (65) Ethanol (111) Benzodiazepine (281)
. lsopropanol (49) Isopropanol (59) Other (90) Other (274) |

Holubeck, KI 2008



CRITERES A REMPLIR

LEER d’un toxique doit etre significativement plus efficace que son
élimination spontanée.

Apport beénéfice réel par rapport aux thérapeutiques existantes
(symptomatiques, antidotes +++),

Doit répondre a trois objectifs:



CRITERES A REMPLIR

‘

Correction des troubles meétaboliques lies a sa deégradation ainsi que le
traitement de 'insuffisance rénale aigué d’origine toxique.

Elimination du toxique de maniere significative d’un point de vue toxicocinétique.

Raccourcissement de la durée d’évolution de I'intoxication ou I’amélioration de
son pronostic, d’un point de vue toxicodynamique.




EFFICACITE TOXICOCINETIQUE

=) Parametres influencant I'augmentation de I’élimination du toxique:

+ Volume de distribution et concentration plasmatique

»+ Clairance corporelle totale ( )

Cl Tot (ml/mn)=Vd (ml)x log.2/t(1/2)plasm (min)
% Clairance d’épuration ( )

% Quantite épuree ( )



EFFICACITE TOXICODYNAMIQUE

La notion d’'impact toxicodynamique est capitale; elle sous-entend clairement qu’il doit

exister:
+ Correlation nécessaire entre gravite / [C]. plasmatique / [C]. organes cibles
» Raccourcissement de la durée de la symptomatologie (amélioration du pronostic)

INTERET POUR TOXIQUES LESIONNELS




DONNEES ACTUELLES?

« American Academy of Clinical Toxicology,
« Furopean Association of Poisons Centres and Clinical Toxicologists,
« Société de Réanimation en Langue Francaise)

Niveau de preuve de l'utilité de 'EER est assez faible.

Peu de toxiques peuvent béenéficier
d’EER +++
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CRITERES DES TOXIQUES DIALYSABLES

Faible volume de distribution < 11/kg

Faible poids moléculaire

Faible liaison aux protéeines plasmatiques (< 60 %).
Clairance endogene < 4 ml/Kg/min.

Clairance d’élimination obtenue par la technique au moins égale ou

supérieure a la clairance spontanée, ou une demi vie diminuant de moitie.

Jaeger in intoxications aigués, Paris 1999, 162-178
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HEMODIALYSE & INTOXICATIONS

+ Alcools toxiques

- Méthanol
- Ethylene glycol

% Lithium



HEMODIALYSE & METHANOL

® Méthanol :

= PM 32 Da HD: 3 objectifs potentiels
=Vd 0,7 I/kg - [Met], [formates]
= Pas de liaison protéique = Correction de I'acidose métabolique

= CIHD 95-280 mi/mn>1-30 mi/mn
par rein
=T 2,2-3,8 hVs 820 h

Intensive Care Med (2005) 31:189-195 = Nephron Clin Pract 2010;115:¢c1-c6
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Pk e Current recommendations for treatment
Stephen W. Borron E - 3
Frédéric J. Baud of severe toxic alcohol poisonings

HEMODIALYSE & METHANOL

Methanol poisoning:

Initial arterial pH <7.10” or 7.25-7.30 [16]

Drop in arterial pH >0.05 resulting in a pH outside the normal range despite bicarbonate infusion
Inability to maintain arterial pH >7.3 despite bicarbonate therapy

Decrease in bicarbonate concentration >5 mmol/l, despite bicarbonate therapy

Visual impairment

Renal failure

Deteriorating vital signs despite intensive supportive care

Initial plasma methanol concentration > 0.5 g/l (15.6 mmol/1)*

Rate of methanol decline <0.1 g/l (3.1 mmol/l) per 24 h

Hémodialyse > 8 heures
Correction Acidose/ annulation [Meth]
la plus précoce possible




Bruno Mégarbane Current recommendations for treatment

Intensive Care Med (2005) 31:189-195 5}(‘_})'!_0!'! W. Borron = 2 :
DOT 10,1007/5001 4-004-2521-0 REVIEW Frédéric J. Baud of severe toxic alcohol poisonings

Admission to emergency room or intensive carve undt (ICTT)
with suspicion of toxic alcohol poisoning

|

Loading dose of fomepizole

!

Evidence of toxic metabolism:
meitabohc acidosis, blurred vision
tmethanol), renal insufliciency or
Al h: 3 =

] ¥

e ) j

Methanol poisoning:

Initial arterial pH <7.10” or 7.25-7.30 [16]

Drop in arterial pH >0.05 resulting in a pH outside the normal range despite bicarbonate infusion
Inability to maintain arterial pH >7.3 despite bicarbonate therapy

Decrease in bicarbonate concentration >5 mmol/l, despite bicarbonate therapy

Visual impairment

Renal failure

Deteriorating vital signs despite intensive supportive care

Initial plasma methanol concentration > 0.5 g/l (15.6 mmoVl/1)*

Rate of methanol decline <0.1 g/l (3.1 mmol/l) per 24 h

,f‘!_'“x\. ,.-——! fomepirole
[\_\"r'-::n. P, lf"x N
+_o—r S— S
I Chalvecs I i
* Continue fomepizole uncil serum EG or methanaol
concentrations become neghoible
Increase dosage of F Consider transter o general medical seard

tomepizole during dialysis
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Methanol poisonings in
one referral center in
Teheran, lran 2004-2009
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Methanol poisonings in
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Suspected methanol

Outbreak Norway
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")

poisoned patients with
ABG drawn on admission

n = 320

Patients treated
before admission
n =16

—

Fig. 1. Overview of the patients in the study. The patients treated with fomepizole and their origin is shaded.
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203

/

Ethanol group
n =171

\

n=32

Fomepizole group




Table 1. The different outcome groups among the patients as related to different admission parameters.

Significance between
groups (p-values)™™

Group I Group IT” Group IIT7 Overall Overall p
(n=121) (n=34) (n=48) (n=203) (ANOVA) I-11 I-I11 I1-111
Gender (: 2) 00:22 2T 34:14 160:43 — e — -
Age (years) Median (range) 44 (3-—77) 42 (17—-65) 42 (15—-65) 44 (3-T77) - ns ns ns
Coma (GCS <<8) on 8 (6.6%) 11 (32.4%) 41 (85.4%) 60 (30.0%) = <0.001 <<0.001 <0.001
admission n (%)"™"
Serum-methanol (mmol/L)**** 31 (1-179) 65 (18-158) 59 (8-199) 45 (1-199) — — — —
Median (range)
pH Median (range) 7.24 (6.52—-7.57) 7.15 (6.60-7.46) 6.73 (6.34-7.29) 7.16 (6.34-7.57) p<<0.001 <<0.001 <=0.001 <0.001
pCO, (kPa) Median (range) 3.2 (1.0-7.5) 2.9 (1.2-6.8) 4.3 (1.3-15.9) 34 (1.0-15.9) p<<0.001 ns <<0.001 0.002
HCO, (mmol/L) 10 (2.0-37.8) 7 (1.0-26.0) 4.2 (1.0-11.0) 6.2 (1.0-37.8) p <<0.001 0.03 <<0.001 0.04
Median (range)
Base deficit (mmol/L) 17 (—3-30) 23 (—241) 29 (1842) 21 (—342) p<<0.001 0.04 <<0.001 0.001
Median (range)
Serum-K (mmol/L) 4.3 (2.6-7.7) 4.2 (3.7-8.1) 5.8 (3.0-8.1) 4.6 (2.6-8.1) p<<0.001 ns <0.001 0.02
Median (range)
Serum-creatinine (umol/L) 79 (35 R < >
Median (range) Table 3. Factors associated with mortality.
Antidote (F = fomepizole F: 22 (
E = ethanol) E: 99 (i - -
= Prognostic Odds ratio
marker Threshold (959 CI)
Coma™ yves/no 48.2 (18.1—-128.7)
pH™ 7.00 354 (14.1-88.8)
Creatinine (mol/L) 106 15.0 (3.9-58.2)
BD (mmol/L) 25 13.1 (5.1-33.8)
HCO, (mmol/L) 5 6.6 (3.1-14.1)
pCO, =" (kPa) 3.1 5.0(1.2—4.7)
Serum-K (mmol/L) >:7 3.0 (0.97—-9.3)
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RESEARCH ARTICLE

Risk factors related to poor outcome after methanol poisoning
and the relation between outcome and antidotes —
a multicenter study

RAIDO PAASMA.!' KNUT ERIK HOVDA * HOSSEIN HASSANIAN-MOGHADDAM.? NOZHA BRAHMI.* REZA AFSHARIL?>
LEIV SANDVIK®’ and DAG JACOBSEN®
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HEMODIALYSE & ETHYLENE GLYCOL

® Ethylene glycol
= PM 62 Da

*Vd 0,7 I/kg

Ethylene glycol poisoning:

Arterial pH <7.107 or 7.25-7.30 [16]

Drop in arterial pH >0.05 resulting in a pH outside the normal range despite bicarbonate infusion

Inability to maintain arterial pH >7.3 despite bicarbonate therapy

Decrease 1n bicarbonate concentration >5 mmol/l, despite bicarbonate therapy

Renal failure (serum creatinine concentration >265 pumol/l or rise in the serum creatinine by
>90 pumol/l [10])

Deteriorating vital signs despite intensive supportive care

Initial plasma e.g.. concentration > 0.5 g/l (8.1 mmol/l) unless fomepizole i1s administered in the
absence of both renal dysfunction and significant acidosis”




HEMODIALYSE & ETHYLENE GLYCOL

Etude muticentrique prospective : META study Group
10 malades ; 4-MP/ + Hemodialysis

—

1/2 vie: 626+474 min 12 vie: 155+ 42 min
[cl]: 170+ 23 mi/min

Moreau. J Toxical Clin Toxical 1998: 36: 659-66



HEMODIALYSE et ETHYLENE GLYCOL

Etude multicentrique, University of Massachusetts

In ethylene glycol {(EG in mg/dl)

{ ® Normal renal function (creatinine <1.2 mg/dL)

[ < Renal insufficiency (creatinine >1.2 mg/dL)

1 ]
40 60
Abnormal renal function

k =0.0142+=0.00186 hour™

elim

’ £ - - =2 P
|u_1 =48 9+5 7 hours: r< =0.585)

Overatl
=0.0351+0.0023 hour—!

elim

{(t:.=19.7+1.3 hours; ~ =0.72)

NS
\\ -
~
- Normal renal function ‘\\

o 04 +0 0O20 hatir—)
Ke1;m=0:0413+0.0020 hou \;\
{t:».=16.8+0.8 hours; r2 =0.88) \\\
~
-~
25 =5

Sivilotti M.Ann Emerg Med 2000



HEMODIALYSE et ETHYLENE GLYCOL

Etude multicentrique, University of Massachusetts

Subjects With Normal Subjects With
Kinetic Parameter All Subjects Renal Function Renal Insufficiency PValue
Fomepizole monotherapy
= 0.035140.0023 0.0413+0 0020 01 0142+0 0016 <001

| Half-life {hour) 197413 16,8+0.8 48.9457 <.001
Hemodialysis |

ke O thour1) N 25940 N21 0.30240.029 0.21540.025 028

Half-life th) 2.68+0.22 2.29+0.22 3.23+0.38 028

Clearance {ml/min) 209115 226431 177422 NS

V, (L/kg) 0.680+0.084 0.774+0.124 0.585+0.134 NS

NS, Not significant.

Sivilotti. Ann Emerg Med 2000, 36: 114-125



HEMODIALYSE & INTOXICATIONS

% Lithium



HEMODIALYSE & LITHIUM

# Profil toxicocinétique # Indications

= ]on divalent (Li2*
(L) = Anomalies SNC (confusion, coma, convulsions...)

= PM 74 Da
= Détresse respiratoire

= Vd 0,6- 0,9 L/kg

o . = Intoxication A°/C > intoxication A° isolée
= Liaison proteique= 0

= HD CI Li : 63-114 ml/mn " Lithemie ?

(x 5-10 CICr)

Minireview. Nephron Clin Pract 2010;1 5:cl—é6



HEMODIALYSE ET LITHIUM

+ Indication selon lithémie?

= Lithémie > 6 mmol/I ( aigué) et >4 mmol/I
( Intoxication chronique symptomatique, plus grave)

« Lithémlie : 2,5- 4 mmol/I avec des signes neurologiques: convulsions+++, Insuffilsance
rénale, ou instabilité hémodynamique

» Pour une lithémie < 2,5 mmol/I:
*Insuffisance rénale terminale
* cinétique a la hausse de la lithémie

* lithémie > 1 mmol/I aprés 30 h de traitement

Beckmann. Clin Toxicol 2001;




HEMODIALYSE & LITHIUM

HD: Extraction du lithium intracellulaire est beaucoup plus lente que I’extraction du

lithium plasmatique

===) Effet rebond =ER Effet REBOND
EER
) EER
- Prolonger la seance (6- 8 h)
CVVHDF
- HD +/- CVVHF/HDF —

Elimination prolongeée et plus complete du lithium intracellulaire

Intérét: intoxications chroniques

Beckmann. Clin Toxicol 2001;39:393-7 Timmer. | Am Soc Nephrol 1999; 10: 666-74



m—————————————————————————————————————————————————
HEMODIALYSE & LITHIUM

HDF: Les méthodes veino-veineuses :

= Debit d’ultrafiltration de 1000 mi/h et un flux de dialysat a base de bicarbonate de

1000 mi/h (Excreétion Li: 2 % pour ’acétate contre 60 % pour le bicarbonate).

~

Clairance de lithium de g
: Meéthode d’EER continue de choix en cas de contre-indication ou d’impossibilité

de I’'HD conventionnelle.




m—————————————————————————————————————————————————
HEMODIALYSE & AUTRES INTOXICATIONS

AUTRES INDICATIONS

% Les Biguanides
# L'Acide salicylique
% Lacide valproic

+ L'Acide 2-4D dichlorophenoxy



HEMODIALYSE & BIGUANDES

Criteres toxicocinétiques Indications

Metformine Acidose lactique réfractaire
PM 166 Da IRA
vVd 0,5 I/kg HD: correction surtout de I'acidose lactique
Liaison proteique= 0 Cl Big 450 ml/mn (clairance endogéne spontanée)
HD: CI Big 170 ml/mn

Minireview .Nephron Clin Pract 2010;115:c1—é6



Metformin-associated lactic acidosis: A prognostic and

therapeutic study™

Alexandre Seidowsky, MD; Saad Nseir, MD; Nicole Houdret, PhD; Francois Fourrier, MD, FCCM

Metlormin level (mg.l)

pH
Figure 1. A, Correlation between arterial pH and metformin blood levels (mg/L)
(%) and arterial lactate levels (mmol/L) (r = —.568; p < 0.0001).

Crit Care Med 2009 Vol. 37, No. 7

Decreme of metformin levels
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HEMODIALYSE & ACIDE SALICYLIQUE

[ Salicylate level: ] Mild poisoning: y
- Adults < 300 mg/l Salicvide levek aas
- Children/elderly < 200 mg/! m mg/|

Clinical features:
Patient asymptomatic

~ -

- Children/eldery 200-450 mg/I
Clinical features:

Lethargy, nausea, vomiting,
Lrinnitus, dizziness

Y Y

Moderate poisoning? 16
Salicylate level:
- Adults 600-800 mg/|
- Children/elderly 450-700 mg/|
Clinical features:
Mild features + tachypnoea,
hyperpyrexia, sweating, dehydration,
loss oFcoordinotion, restlessness

N

Rehydrate with

oral fluids

Rehydrate with oral
or intravenous fluids

Y

Severe poisoning' 22:

Salicylate level:

- Adults > 800 mg/!

- Children/elderly > 700 mg/!
Clinical features:

Hypotension, significant metabolic
acidosis ofter rehydration, renal
failure (oliguria), CNS features e.g.
hallucinations, stupor, fits, coma

A
Y

Urina

alkalinisation
[see box for details)

Y

111622

Y

p
Monitor urine output and
fluid balance carefully

L.

\

1
1
1
]
1
1

Haemodialysis' ' 2

+

. Give sodium bicarbonate
| (cautious with volume if

' anuric)

particularly with enteric coated aspirin)

Repeat salicylate level every 3 hours until a
peak concentration is reached
(this can be as late as 12 hours after ingestion,

71819

Urinary alkalinisation

8.4% sodium bicarbonate in 10 ml/kg sodium chloride
kg potassium. This should be given at a rate of

2 ml/kg/h as an iy infysion.

Check trinary pH hourly, aiming for a pH of 7.5-8.5; the rate of sodium bicarbonate
administration given above will need to be increased if the urine pH remains < 7.5.
Check U&E every 3 hours, the serum potassium should be kept in the range 4.0 to 4.5

Adults: Give 11 of 1.26% sodium bicarbonate with 20 to 40 mmol potassium
as an iv infusion over 3 hours.

Children: Dilute 1 ml/k

solution and add 1 mmo

Emerg Med J 2002;19:206-209



Clinical Toxicology (2009) 47, 609-616 -

Copyright © Informa UK, Ltd. Informa
ISSN: 1556-3650 print / 1556-9519 online healthcare

DOI: 10.1080/15563650903167772

REVIEW

Extracorporeal elimination 1in acute valproic acid poisoning

RUBEN H.K. THANACOODY

The major reason quoted for initiation of extracorporeal elim-
ination in most case reports was a deterioration in clinical sta-
tus (maimly coma and hemodynamic instability) 1n
association with an ;_Im_a_t_\_;l_p_l_ahnn VPA concentration (gen-
erally >850 mg/L).>11.13:17-19.21,24,26-30.32.34  Other factors
influencing the decision to use extracorporeal techniques
included the presence of electrolyte disturbances (especially
hypernatremia and hyper kalemia), 520025 4cid-base dis-
turbances_(metabolic a 8,11,13,24.26,30,32.34.35  and hyper-
ammonemia. - /+!5:2%2

1dosis)
v B

acC
O,
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REVIEW

Extracorporeal elimination 1in acute valproic acid poisoning

RUBEN H.K. THANACOODY

Conclusions > |

Extracorporeal techniques appear to be useful in enhancing
the elimination of VPA in severe VPA poisoning. Hemodial-
ysis 1s the preferred modality. Although charcoal hemoperfu-

sion either alone or in combination with hemodialysis may !

also be effective, anecdotal data suggest that clearance may _




INDICATIONS INUTILES OU NON PROUVEES

+ Paraquat
» Métaux lourds

% Cardiotropes
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METHODOLOGY

The EXTRIP (EXtracorporeal TReatments In Poisoning)
workgroup: Guideline methodology




EXTRIP workgroup guideline methodology

14 560 records identified through database searching

Identification

= 11 232 records identified after duplicates removed
4
o
2
=
o \ 4
v RO o R e | £880 vicrioite nanlovidoe Iy G nt e BT
1423 records screened ! 6809 records excluded (not pertinent)
ct 42 -text articles assessed for eligibility »| 0 full-text articles excluded
0 4423 full xt ticl 1t bilhit )y furll i
[S8]
v
g 4423 studies included in qualitative synthesis. Languages: Bulganan =3, Chinese = 42
g Croaunan = 10, Czech = 40, Damish = 38, Dutch = 26, Englhish = 3253, Finnash = 3, French =
3 170, German = 350, Greek = 1, Hebrew = 5, Hunganan = 16, Italian = 61, Japanese = 74,
] Korean =1, Norwegian = 20, Polish = 64, Portuguese = 13, Romaman = 1, Russian = 93,
—

Serbian = 13, Slovak = 11, Slovene = 1, Spanish = 91, Swedish = 14, Turkish = 9

Fig. 1. Result of preliminary search (conducted October 22nd 2011).
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METHODOLOGY

The EXTRIP (EXtracorporeal TReatments In Poisoning)
workgroup: Guideline methodology

able 2. Poison selection.
Methanol Paraquat/Diquat Amanita Fluoride
Ethylene glycol Carbamazepine Phenytoin Baclofen
Lithium Quinine/Chloroquine Diethylene glycol Isoniazid
Salicylates Theophylline/methylxanthines Organophosphates Methotrexate
Valproic acid Tricyclic antidepressants Digoxin/Digitalis Thallium
Acetaminophen Phenobarbital/Barbiturates Isopropanol Metformin




EN CONCLUSION

Table 2. Treatment of selected xenobiotics

Theophylline

Supportive care; B-adrenergic antagonists are
useful. Charcoal hemoperfusion if available is

Xenobiotic Treatment of poisoning slightly more efficacious than hemodialysis,
- : : . e . atter usually suffices. yerfusi
Carbamazepine Multidose activated charcoal; NaHCO; possi- but the l‘ut?r “59“”? suftices. Hemopertusion
bly useful; high-flux hemodialysis for critically and hemodialysis can be used together
ill — - - - -
I'oxic alcohols Block acidosis and metabolism to toxic metab-
Digoxin Digoxin-specific Fab fragments olites with fomepizole if available or ethanol.
Lithium Normal saline to replete extracellular fluid vol- Hemodialysis often indicated for me}tabolic
ume; hemodialysis for significant neurologic acidosis, more serious clinical manifestations,
symptoms levels >50 mg/dl; pyridoxine and thiamine
Metformin Metformin-associated lactic acidosis usually may be useful for ethylene glycol, folic acid for
warrants hemodialysis methanol
Paracetamol Multidose activated charcoal; N-acetyl cyste-

(acetaminophen)

ine. Hemodialysis rarely if ever indicated, and
only if very early after ingestion

Salicylates

Alkalinization of blood and urine with
NaHCO; if tolerated, especially if kidney func-
tion is good; hemodialysis for impaired mental
status and significant respiratory alkalosis,
impaired kidney function

Tricyclic
antidepressants

Hypertonic NaHCO, for ventricular tachycar-
dia, dysrhythmia, hypotension; MgSO, for
ventricular dysrhythmias

Valproic acid

Multidose activated charcoal and supportive
care; hemodialysis indicated for rapid deterio-
ration, liver disease, serum levels >1,000 mg/|
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