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Throughout the world, the practice of toxicology is 
influenced by an interaction between two major forces. On 
one side of the equation, the epidemiology of poisoning is 
driven by environmental issues (natural flora and fauna), 
variability of toxins (urban vs agricultural region), scope of 
pharmaceuticals (industrialised vs developing nations) and a 
variety of other factors, including awareness, cultural 
practices and patterns of substance use or misuse. These 
factors interact to determine the incidence and severity of 
poisoning. On the other side of the equation, the response 
to poisoning is determined largely by the level of 
community and professional education and by resource 
availability such as number, type and distribution of 
hospitals, critical care beds, antidotes and ventilators.

Although estimates of the global burden of acute 
poisoning are astounding, the major contributors to 
lethality come from pesticides and venomous bites.1,2 
While these events are of great concern, they are less 
applicable to urban areas of developed nations where 
pharmaceuticals, drugs of abuse and environmental 
toxins (such as carbon monoxide) predominate. Early 
attempts to reduce the consequences of poisoning in 
the US involved legislative solutions that mandated 
warning labels, minimised the concentration of caustics 
in household products, and required restrictive packaging 
materials such as child-resistant closures on high-risk 
toxins.3–6 Many interventions in the UK mirrored those 
described in America.7 Collectively, these efforts are 
credited with a reduction in both hospital admissions 
and serious and fatal childhood poisonings. A 
comprehensive review analysed poisoning deaths 
certified in children under the age of 10 years in England 
and Wales between 1968 and 2000. The authors noted 

an 80% decline in deaths, which they attributed to a 
variety of interventions, most notably child-resistant 
closures, community education and the withdrawal of 
harmful products.8 Unfortunately, since 2000, opioids 
have resurfaced as the leading cause of death. 

More recent programmes have targeted intentional 
overdoses. One such example in the UK was an 
administrative control that limited the amount of 
paracetamol that could be dispensed at one time. 
Unfortunately, it is unclear if this effort has been 
successful.9,10 Despite these and other programmes, 
current data suggest that the overall mortality from 
poisoning is increasing. A 1998 study that evaluated 
injury deaths in the US between 1985 and 1995 reported 
that poisoning ranked third among all causes of injury-
related mortality, only behind motor vehicle crashes and 
firearms fatalities.11 When similar data were analysed for 
the five years between 1999 and 2004, poisoning 
mortality had risen above firearms fatalities, becoming 
the second leading cause of unintentional injury mortality 
in America.12  While completed suicides from firearms 
fell by nearly 11%, suicidal poison deaths actually 
increased. Likewise, despite the fall in childhood poisoning 
in England and Wales described above, the shift towards 
opioids as the leading cause of childhood fatalities is 
likely reflective of the increase in opioid deaths recently 
reported in English and Welsh men.13 Data over the 
same period for Scotland were strikingly similar, 
demonstrating a decrease in paracetamol poisoning and 
an increase in antidepressant and opioid poisoning.14 

This paper will focus on three emerging trends designed 
to limit poison-related fatalities and which are most 
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useful in developed urban settings. Successful inter-
ventions in developing nations, such as preventing the sale 
of highly toxic pesticides, will not be discussed further.15 

Limiting Opioid Deaths 

Harm reduction for opioid addiction and toxicity began in 
the late 1960s in New York when Dole and Nyswander 
pioneered the use of methadone.16  The UK parallel involved 
the distribution of pharmaceutical-grade heroin designed 
to improve safety through the regulation of purity and 
dose and to limit criminal behaviours associated with drug 
sale and acquisition. Later, needle exchange programmes 
were introduced in an attempt to limit the spread of 
hepatitis and human immunodeficiency virus.17,18 

Unfortunately, opioid deaths continued. Between 1990 
and 1998, 7,451 total overdose deaths were recorded in 
New York City alone; 1,024 were from methadone, 4,627 
from heroin and 408 were attributed to both methadone 
and heroin.19 A follow-up study between 1990 and 2000 
demonstrated a 10% increase in the percentage of 
overdose deaths attributed to opioids.20 By 2003 nearly 
9% of all deaths certified by the New York City medical 
examiner tested positive for methadone.21 Comparable 
trends are reported from other major cities in the US,22,23 
Canada24 and the UK.13 Although it is unclear whether 
some of these deaths represent suicides using drugs of 
abuse, most authorities believe that the vast majority of 
fatalities result from unintended dosing errors or other 
complications of intentional drug use without overt 
suicidality. While the benefits of methadone and heroin 
(and, more recently, buprenorphine) therapy and needle 
exchange programmes are undeniable, limited enrollment, 
social stigma, fear of arrest and prosecution and growing 
trends in prescription opioid abuse maintain the rate of 
opioid deaths at epidemic proportions. 

Although the goal of preventing overdoses has not been 
abandoned, recent data have forced a re-evaluation of 
harm-reduction strategies. Injection drug users self-
reported overdose rates of 38% in the UK, 48% in the 
US and 59% in Russia.25 In Australia, 68% of users 
reported a median overdose rate of three times.25   
When a group of addicts in America were followed over 
22 years, 34% had died from overdose.26 A similar study 
from the UK showed that 52% of deaths in a cohort of 
addicts were from overdoses.27 These overdoses typically 
occurred in the presence of other people.28–30 Most 
commonly and somewhat intuitively, many of these 
‘bystanders’ were also heroin users.31 In fact, nearly  
90% of heroin users in Australia admitted to witnessing 
overdoses a median of six times.32 Unfortunately, 
many were reluctant to call for help for fear of arrest  
or prosecution.

Naloxone, a competitive opioid antagonist, has been 
available for the treatment of opioid overdose for decades. 

Its pharmacology and uses are extensively described 
elsewhere.33 Notably, naloxone is highly bioavailable, not 
only via subcutaneous and intramuscular injection but 
also via nasal aerosolisation.34 The recognition that 
overdoses will continue to occur, often in the presence of 
bystanders who are familiar with drug overdose and drug 
administration but who are reluctant to call for help, has 
produced a paradigm shift towards the controlled provision 
of rescue naloxone to opioid users and their families. 

This new direction is not free from debate. Many of the 
arguments against the use of bystander naloxone are the 
same ones previously advanced in discussions about 
methadone, pharmaceutical heroin and needle exchange 
programmes. These include concerns that many over-
doses occur alone, addicts will be unable to recognise 
and respond to overdose, inappropriate use of naloxone 
may lead to complications or delay definitive care, some 
treated patients will be able to refuse care that is 
desperately needed, physicians will be reluctant to 
prescribe naloxone, and by making drug use safer overall 
use will increase.25,35,36 Although the majority of these 
concerns have been discussed and settled in previous 
eras, they continue to resurface, possibly as a result of 
societal pressures and rooted belief systems.

Data suggest that bystanders can be taught to recognise 
and respond to overdose,37,38 in much the same way 
bystanders can be taught to recognise and respond to 
choking or cardiac arrest. Moreso, numerous publications 
now describe successful reports of bystander administra-
tion of naloxone with high rates of survival and low rates 
of adverse effects.39–41 In fact, based on an analysis of the 
existing data a recent paper by noted authors called for 
an ‘extensive scale-up of access to naloxone’.42

Limiting Cocaine Deaths

With some regional variation, cocaine use, complications 
and related fatalities pose as great a public health 
concern as opioids.20,43,44 According to the United Nations 
Office on Drugs and Crime’s 2009 World Drug Report 
nearly 1,000 metric tonnes of cocaine are produced 
each year and largely sold in the US and Europe. Rates 
of use range from 1.4% in Western and Central Europe 
to 2.3% in North America. European prevalence rates 
are highest in Scotland (3.8%) and Spain (3.0%) and are 
estimated to be 2.3% in England and Wales.45 

Cocaine toxicity is clinically distinct from opioid toxicity 
and reviewed elsewhere.46 In essence, the combined 
effects of central nervous system stimulation and the 
blockade of catecholamine reuptake interact to produce 
a syndrome of severe sympathomimetic excess. Patients 
present with hypertension, hyperthermia, tachycardia, 
diaphoresis, mydriasis and severe psychomotor agitation. 
Unfortunately, although good supportive measures such 
as sedation and cooling are essential interventions in 
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treating patients with cocaine toxicity, there is no 
currently available direct antidote to cocaine. 

Two areas of investigation deserve mention. Cocaine is 
rapidly metabolised by plasma cholinesterase (also 
known as butyrylcholinesterase or pseudocholinesterase). 
Early in-vitro work demonstrated that serum from 
individuals with plasma cholinesterase deficiency 
metabolised cocaine poorly.47 Subsequent human data 
associated more severe clinical cocaine toxicity with 
those individuals with lower plasma cholinesterase 
activity.48 This was later confirmed in an animal model, 
when induced plasma cholinesterase deficiency enhanced 
cocaine toxicity and the administration of exogenous 
plasma cholinesterase protected against lethal doses of 
cocaine.49,50 Current research is attempting to evaluate 
the use of highly efficient exogenous cocaine-esterases 
to protect against cocaine toxicity.51 Although preliminary 
results are exciting, it is becoming obvious that methods 
to enhance metabolic capacity may not be clinically 
useful unless they can be administered within moments 
of a lethal dose of cocaine. This major limitation may 
represent a fatal flaw for attempts to translate an 
otherwise fascinating science into clinical utility.

Another approach to cocaine toxicity is to try to 
develop a vaccine against cocaine. One group has 
determined that humans can make anti-cocaine 
antibodies, and that if those antibody concentrations can 
be maintained, cocaine use will decrease.52 Although this 
work should be considered preliminary, several obstacles 
have surfaced. Users have to be sufficiently motivated 
and compliant enough to attend frequent administrations 
of the vaccine. Even with complete compliance, only a 
minority of patients will achieve and maintain ‘effective’ 
antibody concentrations. Finally, for the minority of 
patients with effective antibody concentrations, success 
is measured as a reduction in cocaine use, not a period 
of cocaine abstinence.  Although these obstacles may not 
be insurmountable, it would be premature to conclude 
that vaccination will be an effective strategy. For now, 
harm reduction efforts concentrate on education, 
detoxification and adjunctive pharmacological support. 

Paracetamol poisoning 

Although the case-fatality rate for paracetamol ingestion 
is quite low compared to cardiovascular toxins, anti-
depressants and pesticides, the number of paracetamol 
ingestions is so high that each year paracetamol poisoning 
is among the leading causes of drug-related fatalities 
reported to poison centres in the US and UK. Moreover, 
recent work has established that paracetamol is the 
leading cause of fulminant hepatic failure.53,54

Modern treatment for paracetamol poisoning began 
with the seminal work of Prescott, who noted that a 
prolonged paracetamol elimination half-life was 

associated with the development of hepatic injury.55 
Later, the Rumack-Matthew nomogram was developed 
and served as the basis for the initiation of N-acetylcysteine 
(NAC) therapy, which has prevented countless cases of 
illness and death.56 Most of the world treated with 
intravenous (IV) NAC, while for years Americans used 
the drug orally with the rationale that higher 
concentrations of NAC were delivered directly to the 
liver via first-pass metabolism and that oral NAC 
administration had a lower incidence of adverse drug 
effects. The current standard IV regimen involves three 
infusions delivered over 20–21 hours, 150 mg/kg over 
15–60 minutes, 50 mg/kg over the next four hours and 
100 mg/kg over the next 16 hours. In contrast, the oral 
regimen gives a loading dose of 140 mg/kg, followed by 
16 doses of 70 mg/kg every four hours. Thus the 
standard intravenous regimen delivers 300 mg/kg, while 
the total dose used for the 72-hour oral regimen was 
1,330 mg/kg.

Since a dose-response analysis of NAC therapy was 
never performed, these two treatment regimens were 
accepted based on the recognition that they were 
almost uniformly protective, especially if started within 
approximately eight hours of paracetamol ingestion. 
However, at least in the US, there was generally a 
perception that the total dose of oral NAC therapy was 
excessive. This belief was supported by two lines of 
evidence. First, although it was well established that a 
significant portion of NAC was adsorbed to activated 
charcoal,57,58 patients with paracetamol overdoses who 
received both oral NAC and activated charcoal appeared 
to have better outcomes, even when the charcoal was 
given well after paracetamol absorption should have 
been completed.59,60 Additional evidence came from a 
case stratification of paracetamol-poisoned patients. 
When Smilkstein and colleagues compared patient 
outcomes based on paracetamol concentrations, no 
difference could be identified between groups, despite 
patients with substantially elevated initial paracetamol 
concentrations.61 If, regardless of the dose of paracetamol 
ingested, NAC was equally protective, it was only logical 
to assume that the dose of oral NAC was excessive. 

It is unclear whether this assumption can be applied to 
IV NAC. Recent evidence suggests that in some select 
cases the standard IV NAC regimen may be inadequate. 
Several case reports and case series have emerged 
where, despite having received appropriate courses of IV 
NAC, patients with early presentations have progressed 
to fulminant hepatic failure or death.62–64 These cases 
share common features of concern. Many either involved 
massive ingestions with exceedingly high initial para-
cetamol concentrations or the patients co-ingesting 
substances (such as diphenhydramine) which slowed 
gastrointestinal absorption or produced a second delayed 
peak concentration. These events have stimulated a 
reassessment of the current IV NAC protocol.
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At the present time it is generally accepted that NAC 
should be continued IV beyond the standard 20-hour 
(or 21-hour) regimen for the following conditions: 
fulminant hepatic failure, persistence of paracetamol at 
the end of the NAC regimen, and possibly when there is 
evidence of clinical or numerical deterioration of liver 
function, even when paracetamol is no longer detectable 
in the serum. The standard practice in these situations is 
to continue the third maintenance infusion of NAC 
(6.25 mg/kg/hr or 100 mg/kg over 16 hours) until the 
patient improves, undergoes liver transplantation or dies. 
This regimen was developed at King’s College Liver 
Institute, demonstrated to be beneficial,65 but never 
established to be the optimal dose. 

To appreciate the concern it must be acknowledged that 
the antidotal effects of NAC in paracetamol overdose are 
complex. Early after paracetamol ingestion NAC may serve 
as a substrate to enhance sulfation of paracetamol to a 
non-toxic metabolite, and as both a glutathione precursor 
and a glutathione substitute to detoxify the toxic metabolite 
known as NAPQI. Later in the course of toxicity NAC may 
help to prevent oxidative damage from leukocytes and 
improve cardiac output and hepatic oxygen extraction. 
The minimal concentration of NAC required for any of 
these benefits has never been established. 

Pharmacokinetic data demonstrate that with the 
standard IV infusion of NAC, plasma concentration 
reaches steady state at about 12 hours, which is well 
into the third maintenance infusion (6.25 mg/kg/hr).66 

This concentration is an order of magnitude lower than 
concentrations achieved during the first two infusions. 
Since, in patients who are treated early, the half-life of 
paracetamol elimination is generally less than four hours 
(more likely 1.5–2.5 hours), most patients will have low 
or negligible paracetamol concentrations by the time 
NAC concentrations have fallen to steady state. Thus it 
is reasonable to assume that an NAC infusion at 
6.25  mg/kg/hr provides at least the minimum 
concentration that is efficacious for the late benefits of 
NAC. However, these newly described patients who 
appear to fail standard NAC therapy often have 
paracetamol concentrations at the end of NAC therapy 
that are far in excess of the four-hour concentrations 
that would have been indicative of the need to initiate 
therapy. These high paracetamol concentrations may 
require higher concentrations of NAC (typically achieved 
with the loading and second infusion) in order to 
provide the metabolic benefits of NAC.

Because the toxicokinetics in these patients may 
represent a disconnect between the normal toxicokinetics 
of paracetamol and the pharmacokinetics of NAC, many 
clinicians in the US have modified NAC therapy along 
the following principles.  All patients have a paracetamol 
concentration and liver function tests determined at the 
end of the standard IV NAC regimen. If paracetamol is 

still present, or signs of significant liver disfunction have 
developed, IV NAC is continued using the regimen 
developed by the King’s College Liver Institute. With 
massive ingestions, coingestants such as diphenhydramine, 
or delayed second peak concentrations of paracetamol, 
either the rate of the third maintenance infusion is 
doubled (12.5 mg/kg/hr and continued indefinitely as 
described above) or the regimen is reinitiated with the 
original 100 mg/kg first infusion, and continued using 
standard parameters and reassessed. The goal is to 
maintain NAC concentrations at levels that are known 
to be efficacious when paracetamol concentrations are 
also significantly elevated. 

Intravenous Fat Emulsion (Lipid Rescue)

Among drugs intentionally ingested for attempted 
suicides, cardiovascular toxins rank highly with regard to 
both the degree of illness they produce and their case-
fatality rate. This group of toxins includes many 
representatives from diverse pharmacologic categories 
such antihypertensives, anti-arrhythmics, antidepressants, 
antipsychotics and local anaesthetics. The drugs of 
concern in these categories share at least two 
pharmacological properties: they are highly lipid soluble, 
giving them a large volume of distribution, and their 
actions occur predominantly on receptors or ion 
channels located on or near the external lipid bilayer of 
the cell. Typical clinical features of toxicity include cardiac 
(hypotension and arrhythmias) and neurologic (altered 
mental status and seizures) toxicity. 

Some therapies have greatly improved the care of 
poisoned patients, such as hypertonic sodium bicarbonate 
for cyclic antidepressant and other sodium channel 
blocker overdoses,67 or high-dose insulin euglycaemia 
therapy for calcium channel blocker toxicity.68 Yet in 
critically ill patients these therapies often fail. In a 1998 
paper, Weinberg and colleagues described a fortuitous 
discovery that 10–30% intravenous fat emulsion (IFE) 
protected rats against bupivacaine-induced cardiac 
arrest.69  While bupivacaine toxicity has limited prevalence 
outside of anaesthesia, this therapy is rapidly becoming 
acknowledged as a safe and effective treatment for other 
local anaesthetics (sodium channel blockers) and a wide 
variety of cardiovascular toxins.

Although the mechanism for what has now been termed 
‘lipid rescue’ has not fully been elucidated, several 
plausible mechanisms have sound experimental support. 
The easiest to conceptualise has been called ‘lipid sink’. 
Simply put, if the lipid content of the blood is increased 
dramatically, the drug will repartition into the blood 
space, moving away from target organs, and thereby 
lessening toxicity. This concept of an altered volume of 
distribution as a result of binding in a ‘non-toxic 
compartment’ is analagous to the use of digoxin-specific 
antibody fragments or multiple-dose activated charcoal. 
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Support for this theory comes from the demonstration 
of enhanced tissue clearance of drugs,70 and increased 
drug concentration in the lipid compartment.71 The 
other mechanisms are more complex and extensively 
reviewed elsewhere.72,73 They have been collectively 
called ‘bioenergetic’ mechanisms in that lipid serves as 
an energy substrate for a failing myocardium and directly 
increases intracellular calcium availability, which is 
essential for excitation contraction coupling. 

Animal experiments provide excellent support for basic 
science in-vitro and ex-vivo studies. Dramatic examples 
include the ability of IFE to outperform standard therapy 
(hypertonic sodium bicarbonate) in a model of cyclic 
antidepressant toxicity,74 and multiple models of 
successful resuscitation from bupivacaine toxicity (which 
is almost universally fatal)71,75 and verapamil toxicity.76,77 
Human data consist of case reports and small case 
series, some of which chronicle what appears to be 
dramatic efficacy.78–80 Since at present there is no 
randomised clinical trial, authorities in the field have 
called for a case registry, which can now be accessed on 
the internet.81

As with many new therapies several controversies exist. 
Although many clinicians have adopted a dosing regimen 
developed for bupivacaine (Table 1), it is unclear if this is 
the optimal regimen.  Animal models use wide variations 
in dose,82 and no human dose-finding studies have been 
performed for obvious ethical reasons. Safety concerns 
have not been raised with the current human dosing 
regimen, but the number of patients that have been 
treated is small and their cases are so complex that 
adverse effects cannot be excluded. Most importantly, 
although this therapy is rapidly gaining support in many 
scenarios, with the exception of bupivacaine toxicity it 
must be considered somewhat experimental. Thus the 
greatest controversy is at what point in therapy lipid 
should be given.  At present, the term ‘lipid rescue’ best 
describes its role in the therapeutic armamentarium. 
Under most circumstances existing data are insufficient to 
support the use of lipid before other standard therapies 
have been tried. However, since the risk appears low and 
the benefits are potentially great, it seems reasonable to 
move toward lipid rescue rapidly when patients are gravely 
ill and/or response to standard therapy is inadequate.

Conclusion

It is essential for clinicians to recognise that the 
demographics of life-threatening poisoning are changing. 
Efforts to reduce fatalities in children have been largely 
successful and both prevention and treatment must now 
focus on drug interactions, the elderly, people with low 
health literacy, substance users and novel treatments for 
high-risk toxins. The restriction of high-risk toxins and 
assurance of antidotes and basic resources seem the most 
cost-effective strategies for the developing world.  Although 
some efforts to remove or restrict high-risk pharma-
ceuticals have occurred in developed nations, the narrow 
therapeutic index of many essential pharmaceuticals will 
pose a continuing problem in depressed and suicidal 
individuals. New methods of harm reduction and treat-
ment of commonly lethal toxins are being developed. 
Readers are encouraged to seek out their local 
toxicologists and poison information and treatment 
centres for continued updates in these areas. 

Disclaimer The findings and conclusions in this article 
are those of the author and do not necessarily represent 
the views of the New York City Department of Health 
and Mental Hygiene.
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table 1 Lipid rescue therapy

Indications Contraindications

Initial response for cardio-
vascular collapse following 
an inadvertent intravenous 
administration of bupivacaine 
or a similar local anaesthetic. 

Life-threatening cardiovascular 
collapse from a toxin with 
high lipid solubility when 
standard therapy is failing.

Other than known 
hypersensitivity, no absolute 
contraindications exist. 

Lipid rescue may not 
provide additional benefits 
if the patient is already 
receiving high-dose insulin 
euglycaemia therapy.

Initial bolus71 Maintenance therapy71

1.5 ml/kg via rapid bolus 0.25 ml/kg/min for 30–60 mins 
OR 15 ml/kg/hr

Bolus dose may be repeated 
1–2 times for asystole or 
persistent hypertension.

Infusion rate may be increased 
for declining blood pressure.

Maximal safe dose is 
unknown.

Maximal safe dose is 
unknown.

Note:  The dosing regimen listed is for 20% intravenous fat emulsion. 
These doses should be doubled if a 10% fat emulsion is used.
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