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Basic Concepts

1. Toxins cause effects at receptors
2. Effect usually proportional to 

concentration
3. Speed of onset (absorption) may 3. Speed of onset (absorption) may 

effect dynamics of response
4. Xenobiotics are generally fat 

soluble (some notable exceptions)
5. Metabolism makes them water 

soluble



Why measure concentration in 
clinical practice?

There is a relationship between concentration 
and effect:-

1. To predict patient outcome

2. To decide treatment modality

3. To monitor effect of treatment
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Basic Concepts: 
1. Bioavailability

Effect of metoclopramide or 
activated charcoal on drug 
absorption



BLOOD

Basic Concepts:  2. Volume of  
distribution and blood-brain barrier

BLOODFAT

BLOOD

BRAIN

ACCESS  RELATES TO FAT
SOLUBILITY



Volumes of distribution

• Aspirin 0.15 L/kg

(physiological pH)

• Paracetamol 0.8-1 L/kg

• Propranolol 4 L/kg

• Tricyclic antidepressants 20 L/kg



Basic concepts: 3. Clearance and Half-life 



1st order elimination Zero order kinetics-
Saturation



Basic Concepts

4. Protein binding
• Only free plasma concentrations of 

drugs are active

• Only free plasma concentrations are • Only free plasma concentrations are 
immediately available to cross 
membranes

• Binding varies from 0 (ethanol) to 
>95% (phenytoin)



Basic Concepts

5. Induction and 
inhibitioninhibition



Enzyme Inducers

REQUIRE PROTEIN SYNTHESIS

Rifampicin

PhenytoinPhenytoin

Carbamazepine

Phenobarbitone

St John’s Wort

Chronic ethanol



Enzyme Inhibitors

WORK IMMEDIATELY BY DIRECT 
INTERACTION WITH ENZYME

CYP 450

CimetidineCimetidine

Ciprofloxacin

Erythromicin

Ethanol

Fluconazole



Competitive Enzyme Inhibitors

WORK IMMEDIATELY BY DIRECT 
INTERACTION WITH ENZYME

Eg Alcohol dehydrogenase

Ethanol or fomepizole in methanol and 
glycol poisoning



Measuring blood 
concentrations

1. To identify need for 
treatment

2. To exclude need for 
treatment

3. To determine when to 3. To determine when to 
stop treatment

Only where it makes a 
difference to treatment 
choice

eg Not for opioids or TCAs



Have to make a differenceHave to make a difference
in clinical care

( ??)



Risk of ALT > 1000 without 
treatment at 100, 200 and 300 

mg/L  “Risk lines”
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of 52

Prescott LF, Health Bulletin 1978, 204-212

23 %  
of 22

All 3 deaths in 
>300 group

Prescott et al Lancet 1972



Which approach to risk assessment?

UK 1995-2012 USA since 1970s 
(NZ and Australia since 2008)



Salicylate 
Concentration-effect relationship

• Mild toxicity - peak plasma salicylate concn. less 
than 300 mg/L (< 2.2 mmol/L).

• Moderate toxicity - 300-700 mg/L 
(2.2-5.1 mmol/L).

• Severe toxicity - over 700 mg/L • Severe toxicity - over 700 mg/L 
(5.1 mmol/L). 

• Very severe toxicity – over 900 mg/L 
(6.4 mmol/L)

TOXCITY DEPENDANT ON DISTRIBUTION INTO BRAIN:
ACIDOSIS CAUSES CHANGE IN VD WITH BRAIN ACCESS



Discuss assay with clinical toxicologist



The kinetic approach to treatment

Hepatic 
metabolism

GI tract Tissues

Receptors

Blood Target organ

Renal elimination Toxic effects

(

(

(

Elimination by the procedure



First use of haemodialysis in 
aspirin poisoning,1957



Maher JF and 
Schreiner GE.
Trans Amer Soc Artific
Int Organs
1967;13:369-93. 



Dialysis

• dialysis is the process of 
separating elements in a 
solution by diffusion 
across a semi-permeable 
membrane, down a 
concentration gradientconcentration gradient

• this is the principal 
process for removing 
small molecules and for 
repletion of the 
bicarbonate deficit of 
metabolic acidosis



Haemodialysis (HD) in poisoning

• molecules small 
enough to pass 
through the dialysis 
membrane diffuse 
down a concentration down a concentration 
gradient, from a 
higher plasma 
concentration (Cb) to 
a lower dialysate 
concentration (Cd)



Haemofiltration (HF)

• haemofiltration 
achieves molecular
clearance by 
convective transport
(the solvent drag (the solvent drag 
effect) through the 
membrane, with pore 
dimensions exceeding 
those in conventional 
dialysis treatment, by 
removing plasma 
water and toxin.



• The amount of drug removed depends on 

 plasma concentration

The kinetic approach

 plasma concentration

 clearance achieved by the procedure

 duration of the procedure



Techniques:

Haemodialysis, Haemofiltration, Haemoperfusion, 
Peritoneal dialysis, Albumen dialysis, Exchange 
Transfusion, Plasma exchange?

Which agents?

Which techniques?

Which assessments?



The kinetic approach: criteria of efficacy ?

• Plasma concentatrtion before v after the procedure

• T½ (during procedure) vs spontaneous T½

• Technique clearance vs estimated total clearance 

• Amount recovered vs estimated intrinsic elimination
(renal, hepatic metabolism)



GHANNOUM, M., et al. 2014. A Stepwise Approach for the Management of 
Poisoning with Extracorporeal Treatments. Seminars in Dialysis, 27, 362-370.



GHANNOUM, M., et al. 2014. A Stepwise Approach for the Management of 
Poisoning with Extracorporeal Treatments. Seminars in Dialysis, 27, 362-370.



GHANNOUM, M., et al. 2014. A Stepwise Approach for the Management of 
Poisoning with Extracorporeal Treatments. Seminars in Dialysis, 27, 362-370.



• Efficacy
– Does the technique increase the elimination of 

a given poison ?

Evaluation of elimination techniques 

• Clinical Effectiveness
– Does the technique work in patients ?

• Efficiency
– Does the technique compare favourably with

other alternatives in terms of consequences
(morbidity, mortality, adverse effects…) and 
costs ?



• Dose estimate

The kinetic approach : pitfalls

• Role of continued absorption

• Decrease of plasma concentration 
may reflect clearance, absorption OR 
distribution



• Over-estimation of procedure
clearance

The kinetic approach : pitfalls

• Failure to assess procedure
clearance vs Total clearance





Lithium

Renal excretion
Pumped by Na+/K+ pumps in distal tubule
Accumulates in renal impairment

CAUSES: Renal, Thyroid and CNS toxicity



- Clinical

* coma, convulsions, respiratory failure

* underlying disease favouring complications

* acute/chronic or chronic poisoning (severity increased)

- Kinetic

Lithium and HD: criteria

- Kinetic

* decreased renal elimination

* increased Li concentration and half-life

* Li increasing with cellular diffusion

expected amount of Li removed by 6-H HD > amount
eliminated in urine over 24 H

- Jaeger et al. Clin Toxicol 1993;31:429-47.



Lithium poisoning treated by HD
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Variations of lithium T1/2

Authors T ½ plasma (h)

acute acute on 
chronic

chronic

Dyson et al 1987

Jaeger et al 1993

Ferron et al 1995

11.8

11.8 +/- 3.3

20.9 +/- 1.3

16.25 +/- 10.4

25.1 +/- 4.3

32.2 +/- 3.3

30.0 +/- 14.3

49.6 +/- 15.1



Lithium poisoning treated by HD

HD Li (mmol/l)

Before After

T ½ 

(h)

Cl HD

(ml/min)

Li eliminated

(mmol)

HD          Urine

1  H 7-13

2  H 15-25

3  H 38-46 

2.76    1.12

1.38    0.39

0.55    <0.2

4.75

5.75

5.40

85.9

84.8

75.8

56.0         1.11

36.2          0.37

11.6          0.30





Conclusions (1)

• High-performance HD seems to be more 
effective in the elimination of poisons -
shorter time of procedure.shorter time of procedure.

• HD delivers a more rapid elimination of 
toxin and a correction of associated 
acid-base and electrolyte disorders than 
continuous renal replacement therapy.



Conclusions (2)

• Continuous techniques are more widely 
used in the intensive care unit, mainly due to 
better haemodynamic tolerance.better haemodynamic tolerance.

• Continuous techniques achieve clearances 
close to normal renal clearance.

• Continuous techniques should be 
considered in patients who are 
haemodymically unstable.





Do you believe intralipid works?

A. Yes

B. No

C. Depends

D. Don’t knowD. Don’t know





Water-octanol partition constants, % decrease in 
serum drug concentration with 2% lipid and % CV

(French et al Clin Tox 2011)

Drug Partition % reduction % CV

Lamotrigine 1.4 1 24

Mepivacaine 1.9 12 7

Quetiapine 2.1 13 3

Zolpidem 2.5 18 7Zolpidem 2.5 18 7

Ropivacaine 2.9 7 9

Haloperidol 3.2 27 3

Bupivacaine 3.4 18 4

Verapamil 3.8 34 5

Sertraline 4.8 46 4

Amitryptiline 5 52 7





? The Science

Hypotheses:

1 Lipid sink

2 Action on sodium channel

3 Action on mitochondria



45 US PCC Directors: All felt intralipid had a role

In cardiac arrest: “always” or “often” in 
Bupivicaine (43/45) Verapamil (36/45) Bupivicaine (43/45) Verapamil (36/45) 
Amitriptylline (31/45)

In shock: “always” or “often”
Bupivicaine (40/45) Verapamil (28/45) 
Amitriptylline (25/45)



Clinical Toxicology 48: 26; 2010 
Jamaty et al.

• IFE should be used in local anaesthetic toxicity at the onset of 
neurological or cardiovascular symptoms.

• Reasonable to administer it in any other haemodynamically
significant intoxication from fat soluble drugs after general 
supportive measures and recognized antidotes have been 
attempted unsuccessfully. attempted unsuccessfully. 

• No optimal regimen has been established,
SUGGEST  IFE 1.5 m L/kg bolus then 0.25–0.5 mL/kg/min for 
30–60 min.2,20,22,36,39–41,44

• The bolus could be repeated in case of cardiac arrest. Titrating 
the infusion rate to the clinical response and repeating IFE 
administration at the onset of any recurrent deterioration 
appear reasonable.







Summary:

• Dialysis efficacy depends on equipment
clearance. High flow rates are therefore
likely to be more effective.

• Patient cardiovascular stability is key to • Patient cardiovascular stability is key to 
successful dialysis.

• Kinetic factors of the toxin are key to 
suitability of dialysis and perhaps intralipid. 

• Patient outcome is the key measure of 
success.



• Evaluate efficacy on kinetic and dynamic
criteria

Final Message

• Report inefficacy as well as success

• Evidence based medicine

Role of the clinical toxicology societies
position statements – guidelines

NPIS

Edinburgh



“A scientific paper is a mythical 

reconstruction of what 

happened.”

REMEMBER

Professor Ian Purchase

Fraud, Error and Gamesmanship in Clinical Toxicology
The British Toxicological Society 
Paton Prize lecture, 2004



Thankyou

drnickbateman@gmail.com


