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An Overview of International Opioid Overdose Symposium

by

Wayne Hall, Director, NDARC*!

Introduction

The aim of the International Opioid Overdose Symposium was to review trends in illicit
opioid overdose deaths in a number of countries in order to identify strategies for
preventing such deaths. Australia was prompted to host this meeting because it has
experienced a sustained increase in illicit opioid overdose deaths over the past decade.
One response to this increase has been an expansion in methadone maintenance
treatment places. An apparent increase in methadone-related deaths among persons in
treatment and from diverted methadone has produced community concern about the
methadone program.

It therefore was timely to meet to discuss trends in heroin and methadone-related deaths
in Australia and to invite international speakers to help place recent Australian
experience in an international context. A Symposium was jointly convened by the
Central Sydney Area Drug and Alcohol Services and the National Drug and Alcohol
Research Centre in its role as a WHO Collaborating Centre in the Treatment and
Prevention of Drug and Alcohol. Funding for the meeting was provided by the
Commonwealth Department of Health and Family Services and the Drug and Alcohol
Directorate of the New South Wales Department of Health. This paper summarises the
issues discussed at the Symposium.

International Trends in Heroin Use

In his introduction to the Symposium, Dr Alan Lopez (Programme on Substance Abuse,
World Health Organization) reviewed evidence on international trends in opioid use
around the world. While acknowledging the difficulties in obtaining accurate information
on an illegal and socially stigmatised form of behaviour as heroin injecting, he noted that
there has been a global increase in the production and in the illicit consumption of
opioids, especially heroin by injection. New sources of opium production in Colombia
and Mexico, and new trafficking routes in Western and Southern Africa and in Eastern
Europe, have exposed new populations to opiate and heroin use. In recent years opiate
use appears to have increased in North America, Eastern Europe and Australia.

1. National Drug and Alcohol Research Centre (NDARC), University of New South Wales,
Sydney, NSW, 2052, Australia.



Increases in heroin use appear to be cyclical and epidemic. A major epidemic occurred
in the UK in the mid 1980s (Strang and Gossop, 1994). This followed a decade or more
during which heroin use had decreased, as indicated by the steady aging of heroin users
in treatment who had initiated use in the 1970s. The mid 1980s epidemic was fuelled by
the availability of cheap and high purity heroin from SW Asia, principally from Pakistan.
There was a similar epidemic in the USA in the late 1960s and early 1970s. There is
recent evidence of a new epidemic of heroin use among young drug users in Australia
who have initiated by snorting with a substantial minority moving to injecting as their
opioid tolerance increases (Maher, 1996).

Different regions of the world show variations in patterns of opiate use. Synthetic opiates
(e.g. methadone, buprenorphine, and fentanyl) are increasingly used in developed
countries. In some countries, drug users are resorting to crude forms of manufactured
opiates, such as, "homebake" in Australia and New Zealand, and "kompot" in Poland.
There has also been a trend in Pakistan, China, India, Vietnam Thailand for opiate users
to make a transition from more traditional opium smoking to injecting heroin. There is
now evidence of an injecting drug use problem in 122 countries. A small number of
mainly developed countries, such as the Netherlands and the UK, have shown a move
away from injecting to "chasing" and snorting heroin.

Despite its substantial public health impact, the prevalence of heroin use is typically
below 1% of population in USA (Anthony and Helzer, 1991; Anthony et al, 1994) and
Australia (Hall, 1995). Among those who become dependent on heroin, there is a high
rate of premature mortality, approximately 1-3% per annum, a rate that is 13 times
higher than that among non-heroin using peers (English et al, 1995). Users are also at
higher risk of infectious disease transmission. Opioid overdose remains the major cause
of death among heroin users despite the advent of HIV and HCV (English et al, 1995).

Definition of an Opioid Overdose

The WHO defines a drug overdose (from WHO lexicon of alcohol and drug terms) as:
"the use of any drug in such an amount that acute adverse physical or mental effects are
produced”. The ICD-10 allows for the classification of opioid overdose as acute
intoxication (for those with a substance use disorder) and "poisoning by narcotics and
psychodysleptics" for those who do not have a substance use disorder.

Dr Jason White, (Department of Pharmacology, University of Adelaide) outlined the
pharmacology of opioid overdose. He described the distribution of mu receptors in the
brain stem regions and explained their role in controlling respiration. He also discussed
the possible interactive effects between GABA, glutamate and opioid receptors in the
respiratory centres.

Sandra Sunjic (South Western Sydney Drug and Alcohol Services), described the
pathway to a diagnosis of opioid related death in New South Wales, Australia. This
illustrated how uninformative are the diagnoses that are often made by coroners and
pathologists in opioid-related deaths. The most frequent diagnoses in such cases were
"acute narcotism", "opiate dependence”, and "accidental opiate poisoning".



The difficulties with diagnosing a cause of death in "opioid overdoses" were outlined in a
paper by a forensic pathologist, Dr Johan Duflou (New South Wales Institute of Forensic
Medicine). He reported a small study in which pathologists were asked to judge the
cause of death in several hypothetical cases of presumed overdose. The analyses of
blood samples in these cases showed either a high or low blood morphine level, in the
presence or absence of high blood alcohol levels and benzodiazepines. The results
showed substantial lack of agreement on the contribution that opioid and other
depressant drug use made to these hypothetical deaths.

The problems in understanding opioid overdose deaths are compounded in developing
countries which do not have sophisticated systems for the collection of mortality and
other health data. Even when reasonable mortality data exist, there are problems in
calculating rates of overdose mortality and morbidity because of our ignorance of the
number of heroin and other drug users in the population. Differences in the definition of
an overdose between countries also make it difficult to compare incidence and
prevalence rates across countries. It is still nonetheless useful to examine trends in
opioid overdose deaths within particular countries.

Trends in Opioid Overdose deaths

Wayne Hall (National Drug and Alcohol Research Centre) described trends in opioid
overdose deaths in Australia between 1979 and 1995. Opioid overdose deaths in 1992
comprised 76% of all illicit drug deaths in the 15-34 age group in Australia. This was a
third of all drug related deaths in that age group, second to alcohol which accounted for
52% of drug-related deaths in this age group. It also comprised 9% of all deaths in the
age group. The most frequent "causes" of opioid overdose deaths were "opiate
dependence"” and "accidental poisoning"”.

The number of opioid overdose deaths attributed to dependence and accidental
poisoning increased sixfold from 70 in 1979 to 550 in 1995. Males accounted for 79%
of overdose deaths over the period. The increase was more marked among males. Half
of all male deaths occurred in New South Wales which had an overdose mortality rate
almost twice that in Victoria, and three times that in the remaining states (Hall and
Darke, 1997).

The mean age at death for males increased from 24.5 years in 1979 to 30.1 years in
1995. This reflected large increases in overdose mortality among men and women aged
35 to 44 years, and 25 and 34 years. The rate of increase was lowest among those
aged between 15 and 24 years. Analysis by decade of birth showed that 46% of male
and 50% of female overdose deaths in the period occurred among those born between
1960 and 1969. Deaths among persons born between 1950 and 1959 accounted for
38% of male and 33% of female deaths. These figures indicate that most overdose
deaths occurred among persons who initiated their heroin use in the late 1970s and
early 1980s (Hall and Darke, 1997).

A number of possible explanations of the increase in opioid overdose mortality were
briefly considered. It was unlikely that the increase reflected a change in the diagnostic



practices of pathologists and coroners since any such changes would have to be large
and to have varied strongly with the age and sex of the deceased.

It was also unlikely that the increase was due to an increase in the number of heroin
users. The increase in the age at death throughout the period for men and women, and
the marked differences in mortality for the different age cohorts, suggest that most of the
increase in mortality has not been due to increase in deaths among new recruits to
heroin use.

The popular explanation for the rise in opioid overdose deaths is an increase in heroin
purity. There is reasonable evidence that purity increased between 1992 and 1995 but
this is unlikely to be the reasons for the increase. If increased heroin purity was the
explanation one would reasonably expect that most of the increase would be among
newer recruits who would have the lowest tolerance for opioid drugs and be the least
experienced in using street drugs. But deaths among young, inexperienced users in the
15-24 age group were outnumbered by deaths among older users.

Data were also presented on opioid overdose deaths in the United Kingdom and Europe
by Dr Michael Farrell (National Addiction Centre, London). His data indicated that there
has been an increase in opioid overdose deaths in UK (Neeleman and Farrell, 1997) and
parts of Europe over the past decade. Britain has also had an increase in methadone-
related deaths among drug users who were not enrolled in methadone treatment. Dr
Farrell stressed that it was difficult to compare rates between different European
countries and between Europe and Australia because of differences in diagnosis and
classification of causes of death between countries.

Data on opioid deaths in New Zealand were presented by Dr Doug Sellman (National
Treatment Development Centre, Christchurch School of Medicine). New Zealand has no
dependable illicit heroin supply so illicit opioid users either use diverted pharmaceutical
drugs, such as slow release morphine and temgesic, or they extract opiates from over-
the-counter analgesic medications ("homebake"). There are a small number of opioid
overdose deaths in New Zealand each year, most of which occur among older drug
users and show polydrug involvement in a substantial proportion of cases.

Trends in Methadone-related deaths

Methadone-related deaths are a concern in countries which methadone maintenance
treatment is used to treat opiate dependence. Dr Deborah Zador (Central Sydney Area
Drug and Alcohol Services), described trends in methadone-related deaths and causes
of deaths among persons in the NSW methadone maintenance program between 1990
and 1995. During this period the number enrolled in methadone treatment increased
from 7,419 in 1990 to 12,924 in 1995.

There was a total of 211 deaths among program participants between 1990 and 1995.
Most of these were among males (72%) and the average age at death was 34 years.
The number of deaths per annum increased but the rate of deaths from all causes did
not. That is, the increase in the number of deaths was proportional to the increase in the
number of persons who were enrolled in methadone treatment. The overall mortality rate



among methadone participants was 3.4 times that of age peers in New South Wales
who did not use heroin. But this was only 26% of the rate reported in studies of
untreated heroin users, a finding that was consistent with the literature (Caplehorn et al,
1994).

Drug overdose accounted for 40% of deaths among MMT patients. Medical ilinesses
accounted for 29% of all deaths, 14% were attributable to trauma (e.g. motor vehicle
accidents) and the remainder were due to suicide or a combination of two or more of
these causes (8%). Only 24 deaths occurred within the first seven days of treatment and
in two of these the persons may have presented a false history of opioid dependence.

Ms Sandra Sunjic (South Western Sydney Area Drug and Alcohol Service), reported on
242 methadone-related deaths in NSW between 1990 and 1995. These accounted for
10% of all opioid-related deaths during this period. Of these 134 deaths involved
methadone syrup, the form of the drug exclusively prescribed for opioid dependence in
New South Wales. Among these deaths, 72 were enrolled in a methadone program at
the time of their death. In 89% of these cases polydrug use a contributory factor.

Professor A.T. McLellan, (Department of Psychiatry, University of Pennsylvania)
described American research on methadone diversion. He noted the media
preoccupation with methadone diversion despite the fact that there were low rates of
street methadone use, low rates of methadone mentions in the Drug Abuse early
Warning Network, and no evidence of primary methadone dependence among illicit drug
users who were not in methadone treatment. Professor McLellan concluded that
methadone diversion was an indication of unmet demand for methadone treatment since
it was largely used to avert withdrawal symptoms.

Risk Factors for Heroin Overdose

Variations in individual tolerance are likely to be an important factor in opioid overdose
deaths. Such deaths appear to be more common after release from prison or after
detoxification when the user's opioid tolerance has been substantially reduced (Darke et
al, 1996a,b). Variations in purity are also a contributory factor but they are unlikely to be
the sole explanation. Dr Shane Darke (National Drug and Alcohol Research Centre),
summarised the findings of a recently published review of risk factors of fatal opioid
overdose (Darke and Zador, 1996). He reported that there is substantial variation in
blood morphine levels among persons who die of apparent "heroin overdoses"”. There is
also a marked overlap in the blood morphine levels in those who have died of an
"overdose" and heroin users who have died of other causes. Most persons who die of
heroin overdoses are also older and experienced users rather than neophytes (Darke
and Zador, 1996).

A major risk factor for heroin overdose appears to be the concurrent use of heroin with
alcohol and other drugs. Polydrug use is increasingly common among drug users, and
especially heroin users (Darke and Hall, 1995). Such combinations increase the
overdose risk and make it more difficult to attribute the cause of overdose to specific
drugs.
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Dr Wendy Loxley (National Centre for Research into the Prevention of Drug Abuse)
reported findings from the Australia Study of HIV and Injecting Drug Use on the
prevalence and correlates of self-reported nonfatal overdose (Loxley et al, 1995). These
confirmed earlier studies in showing that heroin users had a high lifetime risk of personal
overdose and most had been present at someone else's nonfatal or fatal overdose (e.g.
Bammer and Stengoz, 1993; Darke et al, 1996a,b). The risk of a nonfatal overdose
increased with the duration of opioid use, as did the risks of contracting infectious
diseases, such as hepatitis C. The users' preferred explanation of nonfatal overdoses
was increased heroin purity.

Preventing Heroin-related Deaths

A workshop on preventing heroin related deaths was convened by Professor Tim
Stockwell and Mr Simon Lenton (National Centre for Research into the Prevention of
Drug Abuse) and Dr Robert Ali (Drug and Alcohol Services Council of South Australia)
on the second day of the Conference. The consensus among participants was that
opioid overdose needed urgent attention. Such deaths have increased and they are
responsible for substantial monetary and human costs. An appropriate response
requires collaboration between different sectors and an adaptation of responses to
specific local circumstances.

There was agreement that health professionals, drug users and their friends and families
needed to be educated about the risk factors for overdose and how best to respond to
an overdose. Education of users may best be done by using outreach peer educators,
as has been done in India and Nepal where overdose education is combined with needle
and syringe distribution and HIV education. An intervention program conducted by the
Drug and Alcohol Services Council in South Australia is another good example of peer
education. Other approaches that have been used include disseminating information
through users' group newsletters (e.g. in New Zealand) and targeting dealer injectors in
Vietnam.

The role of opioid antagonists in resuscitating persons who overdose remains
controversial. Some have recommended that naloxone should be distributed to opioid
users at high risks of overdose (e.g. Strang et al, 1996). Its cost, however, probably
means that it is not an option in many developing countries. Ms Annie O'Loughlin
(Kirketon Road Centre, Darlinghurst) described an outreach program in the inner city
area of Sydney that successfully used intramuscular naloxone to resuscitate a high risk
population of street injectors.

Drug maintenance treatment programs such as methadone maintenance are effective in
reducing opiate overdoses. There have been arguments about the net benefits of
methadone treatment, given the overdose risks of methadone. The data presented the
previous day by Dr Deborah Zador and colleagues suggest that this concern is
overstated. If overdose is a major concern, alternative maintenance agents which have a
lower risk of overdose, such as, buprenorphine, can be used.

Preventing Methadone-related Deaths
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A workshop on the prevention of methadone-related deaths in treatment was convened
by Dr Deborah Zador and Dr James Bell. Workshop participants agreed that good
clinical guidelines were needed to assess applicants' suitability for MMT. This needed to
include: a more rigorous assessment of the applicants' opioid dependence, the extent of
their polydrug use, and the amount and type of psychological morbidity.

Structured induction protocols were also required for the first seven days of treatment,
when new entrants to methadone maintenance treatment are at increased risk of drug
overdose. These protocols needed to be supplemented by regular clinical reviews of
patients and the education of patients about the risks of polydrug use and the symptoms
of methadone overdose. Amendments were suggested to national policy guidelines on
induction doses during the first week of treatment, and assessments of liver function.

There was agreement on the desirability of achieving consensus among coroners and
forensic pathologists on the definition of and criteria for a "methadone related death”,
especially when other drug use was involved. There was no consensus on a methadone
take-away policy that balanced the goal of maximising participants' reintegration into the
community while minimising diversion of methadone.
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by

Martin Donoghoe, Scientist, WHO Programme on Substance Abuse?
Andrew Ball, Medical Officer, WHO Programme on Substance Abuse
Alan Lopez, Acting Programme Manager, WHO Programme on Substance Abuse

Introduction

Australia is a fitting country in which to debate the complex issues of opioid overdose.
The World Health Organization is impressed by the pragmatism, innovation and
commitment which may be observed in Australian drug policy and programming. The
International Opioid Overdose Symposium demonstrates how sensible and open the
Australian approach is. WHO is aware of some of those local factors which provided the
impetus for holding this meeting and some of the current issues which are fuelling the
debate.

As with other critical drug policy issues, such as HIV infection and hepatitis C, the
Australian response to increasing numbers of opioid overdose fatalities in the past few
years appears to be one of careful analysis of the situation, drawing on overseas
experiences and encouraging public debate, development of pragmatic interventions
and ensuring effectiveness through thorough evaluation and practical research. Such an
approach has been facilitated by the Australian National Drug Strategy, a coordinated
and comprehensive national initiative which provides a model for many other countries.

Although it is apparent that many of the important issues that need to be addressed with
regard to opioid overdoses in Australia are locally specific, many share commonalities
with situations in other countries. This paper comments on some of these issues and
places them within an international context. It concludes with some suggestions about
how WHO might assist in responding to opioid overdose and other drug related deaths.

Nature and extent of opioid use

The methodological challenges presented by drug use epidemiology, particularly when
the drugs concerned are opioids such as heroin, are well known and will not be repeated
here. It is acknowledged that accurate information on the nature and extent of heroin
and other opioid use is difficult to obtain and interpret. The available evidence does
suggest that there has been a global increase in the production, transportation and
consumption of opioids, mainly heroin (Childress, 1994; Gossop and Grant, 1990;
UNDCP, 1997).

Heroin use has become increasingly common in some developed countries in North-

1. WHO Programme on Substance Abuse, World Health Organization, Geneva, Switzerland
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America, Europe and Australia since the 1960s. More recently, traditional patterns of
opium use in some developing countries of south-east Asia have been replaced by more
wide-spread use of opium solution, heroin and buprenorphine (Stimson and Choopanya,
in press). Opioid use and injection are being reported from countries where traditionally
opioid drugs and injection have not been reported in the past, for example Mexico and
Nigeria (Adelekan and Stimson, 1997; International Narcotics Control Board, 1996).

While the current global trend in opioid use is generally upward, historical patterns of
heroin use in some countries have been cyclical, with increases in use following periods
of relative stability or even decline. In Australia, an epidemic of heroin use which
occurred in the late 1960s and early 1970s led to the establishment of methadone
maintenance treatment for dependent heroin users (Manderson, 1993; Ward et al.,
1992). A second Australian epidemic began in the early and mid-1980s. In the United
Kingdom there was also a well reported heroin epidemic in the mid 1980s, following a
period in the 1970s when the heroin using population was generally stable and ageing
(Power, 1994). The UK epidemic in the 1980s was in part the result of the availability of
cheap, high purity heroin from South-west Asia, notably Pakistan. This form of heroin
could be smoked and became attractive to young non-injecting users, fuelling an
epidemic of young heroin smokers (Pearson, 1987).

There is some recent evidence to suggest a new interest in heroin among the young in
the UK. In contrast, in other European countries, for example the Netherlands, the
number of young heroin users has been reported as falling, whilst the number of older
users has remained stable (WHO, 1997). Recent evidence suggests that the use of
heroin has once again become increasingly common in the United States. Unlike an
earlier epidemic of heroin injecting in the US from 1964 to 1972 (Boyle and Brunswick,
1980), these increases in heroin use are associated with new, younger users taking the
drug intra-nasally (snorting) rather than injecting (National Institutes of Health, 1997).
This new "epidemic" of heroin use in the United States is in part associated with the
availability of cheap, high purity heroin from South America (National Institutes of Health,
1997).

In Europe and the United States the role of the media has come under some scrutiny for
glamorising heroin use and creating a climate in which heroin use is more socially
acceptable, although there is no scientific evidence to prove this association.
Availability, price and purity are important factors influencing the extent and nature of
opioid use. Increased tolerance or declining purity of the drug may eventually lead
opioid smokers or snorters to injection as a favoured route of administration.

Heroin is not the only opioid of concern. Never before has there been such a diverse
range of opioids being used for non-medical purposes. The "traditional" opiates, such as
opium and heroin, are increasingly sharing the scene with synthetic opioids (such as
methadone, buprenorphine and fentanyl) often diverted from medical sources. A range
of locally produced opioids are also used in different countries. In Western Australia and
New Zealand "home-bake" is manufactured from pharmaceutical preparations containing
codeine (Black and Caswell, 1993). In Poland "kompot" and "soup” prepared from
poppy straw are injected. In Ukraine "himier", an opium solution, is injected.
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The mode of administration is also changing in many regions. The transition from opium
smoking to heroin smoking and "chasing", then to heroin and buprenorphine injecting is
a familiar scenario in many countries, particularly those countries where opium is
produced or trafficking occurs, such as Pakistan, India, Thailand, Viet-Nam and China
(Stimson et al., 1996). There are now at least 127 countries and territories where
injecting drug use occurs (Ball, in press; Stimson and Choopanya, 1996). With this
transition to injecting the risk for overdose increases dramatically, as does risk of HIV
and hepatitis infection.

On the other hand, some countries are seeing a transition in routes of administration
from opioid injecting to smoking, chasing and snorting, particularly as drug purity
increases. Transitions from injecting to non-injecting use have also been observed in
response to HIV. The transition from heroin injecting to non-injecting use has been
observed in the United States and Europe (Des Jarlais et al., 1994; Griffiths et al., 1994).
The United States Community Epidemiology Work Group (CEWG), which has a
tradition of identifying new, emerging and re-emerging trends in drug use, reports
increases in heroin use in many US cities. These increases, first noted in 1995, are
associated with snorting and smoking the drug, increases in purity and younger heroin
users. In some of these cities (including Newark and New York City) the majority of
heroin users entering treatment are currently non-injectors (National Institutes of Health,
1997). The CEWG has also reported a new method of heroin use: dissolving heroin,
putting it into a syringe, nasal spray or dropper and squirting it into the nostrils (National
Institutes of Health, 1997). Opioid use is also being reported in regions and countries
where opioids have not traditionally been used by drug users. This has resulted from
areas of new production, such as Colombia and Mexico, and the establishment of new
trafficking routes, such as through western and southern Africa and Eastern Europe
(International Narcotics Control Board, 1996).

These changes in opioid availability; new and changing patterns of use; shifts in the
modes of administration; and variations in levels of purity of opioids all influence
transitions to injecting use, and increase risks of blood borne infection and overdose.
The relationships are complex and there is ongoing debate about this reflected in other
papers in this monograph.

Opioid related mortality

Whilst the estimated world-wide production of heroin is reported to have more than
doubled since 1985 (Childress, 1994; UNDCP, 1997) the actual prevalence of heroin
use in general populations is low, typically less than 1% of the adult population, even in
identified "consumer" countries, such as the United States, Australia, and certain
European countries (Childress, 1994; Hall and Darke, 1997; EMCDDA, 1996). In spite
of the comparatively low prevalence of use, heroin and other opioids cause widespread
health and social problems in many countries. In many countries they are the most
commonly used drugs among those seeking treatment for illicit drug use.

Longitudinal and cross-sectional studies conducted in the United States and Europe

indicate yearly all-cause mortality rates (including HIV) of between 1% and 3% among
dependent opioid (mainly heroin) users (Darke and Zador, 1996; Danish Board of
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Health, 1997; Frischer et al., 1997; Oppenheimer et al., 1994). There is also evidence
from studies in some countries that mortality rates among opioid users are increasing,
sometimes dramatically, over time. There are, however, variations over time and
between locations, even in the same countries. In western Europe, heroin injectors who
regularly consume large amounts of different drugs, face a risk of death which may be
as much as 20 or even 30 times higher than non-drug users in the same age range
(EMCDDA, 1996). In Glasgow, Scotland, drug injectors are 22 times more likely to die
than their peers and mortality rates for drug injectors have been increasing since the
early 1980s (Frischer et al., 1997). Mortality rates among opiate addicts in Catalonia,
Spain increased from 13.8 to 34.8 per 100,000 between 1985 and 1991 (Orti et al.,
1996). In Amsterdam, the Netherlands, a mortality rate of 32.3 was reported for drug
injectors recruited through low-threshold methadone clinics and a sexually transmitted
disease clinic (van Haastrecht et al., 1996). In Milan, Italy an overall mortality rate of
25.2 per 100,000 was reported for injectors attending treatment centres. These rates
remained under 16 from 1981 to 1986 then increased rapidly to 63.8 in the first half of
1991, when the follow-up period was closed (Galli and Mussicco, 1994).

Since heroin and other opioids are commonly used by injection, health risks including
that of HIV and viral hepatitis transmission, are substantial (Donoghoe and Wodak, in
press). However, even prior to HIV, pooled estimates from twelve studies indicated that
opioid injectors faced a relative risk of death 17 times greater than non-using peers
(Holman et al., 1990). In Baltimore (United States) and Amsterdam (Netherlands)
similarly high standardised mortality rates have been calculated for HIV-1 negative drug
injectors (van Ameijden et al., 1996). In spite of the devastating epidemics of HIV
among drug injectors in some countries, overdose remains a major cause of death, and
in many countries it is the leading cause of death among drug injectors (Darke and
Zador, 1996; Frischer et al., 1994; Perucci et al., 1991; Oppenheimer et al., 1994). In
spite of the importance of overdose as a major cause of death for opioid users, it
remains poorly understood because of the methodological difficulties and confounding
factors discussed below.

Methodological difficulties in defining and recording "overdose”

An overdose is generally understood to be an excessive dose of a drug which results in
coma and respiratory failure (Proudfoot, 1988). According to the WHO Lexicon of
Alcohol and Drug Terms (WHO, 1994) overdose is defined as: "The use of any drug in
such an amount that acute adverse physical or mental effects are produced”. The
current tenth edition of the International Statistical Classification of Diseases and
Related Health Problems (ICD-10) (WHO, 1992) allows for the classification of opioid
overdose (under F11.0 Mental and behavioural disorders due to use of opioids) as:
acute intoxication due to use of opioids (for those with a substance use disorder) or
poisoning by narcotics and psychodysleptics (for those who do not have a substance
use disorder). Previous editions of the International Statistical Classification of Diseases
and Related Health Problems were not able to code drug related deaths in this way and
changes in the tenth edition were made to enable a more adequate coding system. The
inadequacies of earlier ICD classifications to capture opioid related deaths may in part
explain the lack of reliable and comparable international data. The introduction of ICD-
10 will greatly improve the classification and coding of drug-related deaths. This is a
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long-term process, even in countries with relatively well developed reporting systems. In
the countries of the European Union, for example, only five countries have begun using
ICD-10, although most have plans to introduce it over the next three or four years
(Danish National Board of Health, 1997).

Even countries which collect data on drug related deaths classified according to the ICD
coding system experience other problems. These include the extent to which
toxicological analysis and forensic examination are undertaken to determine whether
opioid use is a factor; whether all toxicological and forensic data are considered when
the final ICD code is registered; different attitudes and traditions regarding the
application of codes; and the extent to which information from the original death
certificates is coded and transferred to the death register (Danish National Board of
Health, 1997). Some opioid overdose deaths may be missed because they are not
recorded as such. For example a death may be coded under "respiratory illness" or
"heart failure" and the fact that an opioid was involved goes unrecorded. Drug related
deaths are often under reported in national registers (Lecomte et al., 1995; Rodrigues et
al., 1993). In addition to misreporting and under-reporting national registers are often
slow to report. Even in countries with sophisticated and well developed reporting
systems, drug related deaths can take more than a year to be nationally registered
(Danish National Board of Health, 1997). Registers with such slow response may be of
limited use in detecting trends to allow a rapid and effective intervention.

Whereas there is clear, well documented, evidence in a few countries, including
Australia (Hall and Darke 1997) and Scotland (Glasgow) (Frischer et al., 1997), of recent
increases in the number of opioid overdose fatalities, there are recognised difficulties in
obtaining reliable data in which the cause of death can be confidently attributed. This is
a much greater problem when trying to assess the incidence of non-fatal overdoses
where many cases do not come into contact with the health care system. These
difficulties occur in countries such as Australia and Scotland which have comparatively
sophisticated systems for collection of health data. In many developing countries, and
even in some developed countries, the most basic data on opioid use, mortality and
health service contact do not exist.

Defining what constitutes an opioid overdose or any drug related death is problematic
because of the lack of a common terminology across or even within countries. Standard
epidemiological techniques cannot easily be adapted to calculate overdose and drug
related deaths because of the lack of reliable estimates of denominator populations of
drug users in the general population. Even where mortality data are collected they are
often not comparable across countries because of the lack of standardisation and
categorisation. Defining exactly what constitutes an overdose is problematic. The term
itself may be misleading, since in many cases it is not clearly established that an
"overdose" is a direct consequence of an excessive dose of the drug in question (Darke
and Zador, 1996; Frischer et al., 1994). There are many confounding factors, such as
individual tolerance and the consumption of other drugs (such as benzodiazepines and
alcohol). Some of these factors are explored below.

Confounding factors
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Individual tolerance

Variable individual tolerance is likely to be an important and complicating factor
associated with overdose. Evidence suggests that some overdose deaths are more
common within days of release from prison (Frischer et al., 1997) or after detoxification
when tolerance to opioids has been lowered (Zador et al., 1996). Variations in the
market, for example sudden increases in purity, may also be associated with overdose.
Increased heroin purity has been noted as a probable contributory factor in increases in
opioid related mortality in Australia (Hall and Darke, 1997). There is however a wide
variation in post mortem blood levels of morphine (the major metabolite of heroin),
suggesting that factors other than increased purity and individual tolerance are involved.
Furthermore, persons whose deaths are attributed to overdose in Australia and
elsewhere are unlikely to have blood morphine levels higher than overdose survivors or
heroin users who die from other causes (Darke and Zador, 1996; Zador et al., 1996;
Fugelstad, 1994). In many cases of fatal overdose in Australia the blood morphine
levels fall below the conventionally accepted fatal range (Hall and Darke, 1997).
Evidence from Australia and other countries suggests that overdose is not associated
with young, inexperienced or first time users (Darke and Zador, 1996). This evidence
strongly suggests that factors other than the purity, dose of the drug and individual
tolerance are involved in "overdoses”. There is a paucity of research evidence regarding
tolerance to opioids, particular for opioid users in developing countries. Itis not unusual
to find individuals with very high tolerance to opioids in regions where these drugs are
produced and are readily available at high levels of purity.

Consumption of alcohol, benzodiazepines and other drugs

One of the factors most strongly associated with opioid overdose is the concurrent use
of other drugs, particularly alcohol and benzodiazepines (Darke et al., 1997; Darke and
Zador, 1996; Fugelstad, 1994; Oppenheimer et al., 1994; Hammersley et al., 1995;
Zador et al., 1996). Poly-substance use is becoming the norm for many drug users in
many communities around the world. For example, dramatic increases in the past few
years of amphetamine production along the Thai-Myanmar border has seen the drug
users in Thailand using both amphetamines and heroin. In Vietnam, morphine and a
wide range of pharmaceuticals, including benzodiazepines and barbiturates, are mixed
in the syringe with "black water opium™ and injected (Power, 1993). Combinations of
cocaine and heroin (called a "speed ball" in the United States) are increasingly used in
countries in Latin America. "Himier", (an opium solution), and "vint", (an amphetamine-
type stimulant produced from ephedrine), are used in combination in Ukraine.
Combinations of alcohol, benzodiazepines and opioids are common in most regions of
the world where opioids are used. In the United States for example, heroin users
typically also use cocaine, marijuana, benzodiazepines and alcohol (National Institutes
of Health, 1997). Such combinations increase overdose risk considerably and make it
difficult to attribute causation to a specific substance used (Gutierrez-Cebollada et al.,
1994).

A special case for consideration is that of individuals on opioid substitution programmes.

Notable has been a number of incidents in Australia of methadone related deaths, both
among people enrolled in methadone maintenance programmes, and among heroin
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users who used methadone diverted from a legitimate source. In Australia cases of
methadone overdose are often associated with concomitant use of other drugs, including
alcohol, benzodiazepines and heroin (Sunjic and Zador, 1997). Some methadone
overdose in Australia is associated with the injection of methadone syrup intended for
oral consumption. On the other hand, evidence also shows that methadone
maintenance has a substantial protective effect on mortality from overdose (Caplehorn
etal., 1994; Sunjic and Zador, 1996). Research is necessary to further investigate both
the protective effect of methadone and methadone's contribution to increased rates of
opioid overdose mortality.

Contaminants and adulterants

Often contaminants and adulterants, which may have toxic effects, are present in illicit
opioids. Inthe United States the presence of quinine in heroin has been associated with
overdose deaths (Ruttenber and Luke, 1984). Crude preparation methods used for
producing such opioid solutions as "kompot" and "himier" made from opium poppy straw
in Central and Eastern Europe and "home-bake" in Western Australia and New Zealand,
utilise various toxic substances including gasoline, sulfuric acid and sodium hydroxide.
Lack of access to clean water for preparing injecting solutions is a major problem for
drug injectors from most developing countries. The role of contaminants and adulterants
in opioid related overdose deaths is unclear and subject to much regional variation
(Darke and Zador, 1996).

General health status of opioid users

As compared with opioid users in developed countries such as Australia, it is reasonable
to assume that the health status of opioid users in most developing countries is much
poorer. A high prevalence of malnutrition, tuberculosis, HIV infection, diarrhoeal
diseases and malaria are some of the health problems which make drug using
populations in developing countries more vulnerable to overdose. The comparative
health status of opioid and other drug users in different countries will be investigated in a
series of longitudinal cohort studies on the health implications of substance use currently
being developed by the World Health Organization Programme Substance Abuse.

Other factors

A range of other factors have been associated with opioid overdose. Some of these
factors are important when considering interventions to reduce the number of overdose
fatalities. For example some studies suggest that it is likely that other people will be
present during a fatal overdose and that the elapsed time from injection to death is often
measured in hours. A "typical" death by overdose is therefore neither solitary nor
instant. This provides opportunities for intervention (Darke and Zador, 1996). Some
injectors are more likely to overdose when injecting on the street (Klee and Morris, 1995;
Darke et al 1997). Street overdoses provide another opportunity for intervention.

Interventions
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Overdose interventions may be classified as overdose prevention and overdose
management. Such interventions may target individual behaviour change or more
broadly promote a supportive environment.

Risk Assessment and Management

A critical intervention, that has been identified as having universal application for both
prevention and management of overdose, is the education of drug users and their
friends or other peers, who may be present during an overdose (Darke and Zador,
1996). Such education should cover a broad range of issues such as: risk assessment;
risk management; specific strategies for prevention of overdose; and management of
overdose, including resuscitation techniques.

Individual risk assessment covers three domains: i) the drug user's health status and
tolerance; ii) the substances being used; and iii) the context of use. Individual risk-
assessment is based on the premise that drug users should be able to determine their
health status and tolerance so that they can titrate the drug dose in order to avoid
overdose. Attimes of significant illness, malnourishment or after a period of abstinence,
tolerance may be lowered and subsequently doses reduced. Users should also be
aware of the type, quantity and purity of the substance(s) being used, and the risks
associated with using combinations of different substances. Finally, they should be
aware of the specific environmental risks that might exist within the drug use setting, and
how to access assistance if necessary. As these variables are constantly changing, risk
needs to be assessed prior to each drug using event.

A wide range of methods may be used by drug users to undertake such an assessment,
including: observational techniques; monitoring of media and other sources of
information; exchange of information through informal and formal drug user networks;
seeking medical advice; mapping of drug using venues and sympathetic health services;
and using test doses of drugs. This information enables the user to analyse the situation
and modify drug using behaviour to minimise health risks such as overdose or HIV
infection.

Outreach and Peer Education

Risk assessment and management requires drug users to have access to accurate
information and opportunities to gain appropriate knowledge. Interventions which aimto
educate drug users need to reach those at risk and be acceptable and credible to those
targeted. Outreach programmes are operating in various regions of the world, many
using drug users as peer educators. For example, in India and Nepal, outreach
interventions, such as needle and bleach distribution, and HIV prevention education
provide opportunities for overdose prevention and management education (Peak et al.,
1995; Kanga, 1996). The "Drop" overdose campaign, developed by the Drug and
Alcohol Services Council of South Australia and SAVIVE is one example of a formal
education campaign targeting heroin users (Drug and Alcohol Services Council, 1996).
The Centre for Education and Information on Drugs and Alcohol (CEIDA) received
funding from the New South Wales (Australia) Health Department to conduct and

17



evaluate a nine month pilot peer education project targeting injecting drug users at risk
of heroin overdose (CEIDA, 1997). Overdose is addressed in newsletters of a range of
drug user groups, such as the Spike Collective of New Zealand (The Spike Collective,
1995).

Strategies Targeting Individual Risk Reduction

It has been shown that drug users can adopt specific behaviours which may reduce the
risk of overdose. Some of these behaviours require new skills development, but most
are simple and can be implemented relatively easily. Examples of individual overdose
risk reduction strategies promoted in Australia include: testing (using a small amount to
gauge the purity of the substance) and splitting (administering the drug in two or more
doses) of doses; injecting slowly; avoiding using combination of substances (such as
alcohol and sedatives with heroin or methadone); and using in the company of others
(CEIDA, 1997).

Training of drug users and their peers in overdose assessment, resuscitation
techniques, first aid and accessing emergency and other health services are
components of a range of overdose intervention strategies promoted in Australia
(CEIDA, 1997; Drug and Alcohol Services Council 1996; The Spike Collective, 1995).
Some opioid users may have little control over the administration of their drug and
therefore may not be able to take precautionary measures. For example, in so called
'shooting galleries’ in Hanoi, Vietham, the dealer manages all aspects of the opioid
administration, including the preparation, drawing up of doses and injecting the client. It
has been suggested therefore that outreach education needs to target dealer-injectors
(Power, 1993).

Increasing Access to Emergency and other Health Services

In most communities, particularly developing ones, it is likely that the majority of
overdose incidents are managed at the drug use setting, without involvement of the
formal emergency or health care sectors. Various reasons for this are suggested: that
the overdose incident may be adequately managed by those witnessing the incident,
without outside intervention; in many countries, access to even the most basic health
care services are limited due to limited resources; drug users may be discriminated
against and refused treatment or be treated unsympathetically (New South Wales Users
and AIDS Association, 1996); and drug users and witnesses may be fearful of contacting
services in the event of an overdose because of risk of detection and recrimination for
being involved in an illegal activity. Itis suggested that strategies need to be developed
which aim to increase access and utilisation of such services. This may require training
of health professional staff to increase their understanding of drug users and their
preparedness to provide services to them; training of community health workers and
volunteers in overdose interventions; a review of confidentiality issues and requirements
for reporting illicit drug users to authorities; and educating drug users on how to access
services, providing accurate information to health providers on their drug use and
dispelling fears they may have in utilising such services.

In response to increases in drug-related deaths in Glasgow, Scotland, the Glasgow Drug

Problem Service was established in 1994. This service provides methadone prescribing
linked with counselling and support. The Glasgow Drug Crisis Centre also opened in
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1994 provides low threshold twenty-four hour walk-in assessment and support service
and a short stay residential unit (Frischer et al., 1997).

Creating "Safer" Drug Using Environments

It has been suggested that drug using environments can be made "safer" through the
education of drug users and others present in such venues. "Injecting rooms" aim to
reduce deaths from drug overdoses and needle sharing and to minimise public nuisance
by providing a safe and supervised environment for drug users to inject. (Dolan, 1997).
Such interventions are not acceptable in many countries, but have been implemented in
Switzerland and the Netherlands and are currently being debated in Australia (Mundy,
1997).

Opioid Antagonists

The role of opioid antagonists, such as naloxone and naltrexone, in treating opioid
overdoses remains controversial (Moss, 1997). These interventions are under
consideration in countries such as Australia, but because of their cost and availability,
they have a limited role in developing countries. Adequate training of health
professionals and others using opioid antagonists for treating opioid overdose is
important, particularly with regard to risks of inadequate dosing when treating overdose
from long acting opioids.

Drug Treatment

Drug treatment, including opioid substitution programmes, have been demonstrated to
be effective in reducing overdose fatalities. In particular, methadone maintenance has
been shown to have a substantial protective effect on mortality from overdose (Sunijic
and Zador, 1997; Caplehorn et al., 1994; Darke and Zador, 1996). In some countries,
including Australia, government guidelines set out strict rules for substitution prescribing,
such as methadone, which aim to reduce the risk of overdose (Swiss Federal Office of
Public Health, 1996; Drug Advisory Committee, 1992). Training materials and prescriber
accreditation courses have been established in some countries to ensure rational and
safe prescribing (Drug and Alcohol Services Council, 1994). It has been noted that while
retaining users in treatment would also reduce overdose, adequate doctor or prescriber
education may be more important than strict regulation, which may compromise access
to treatment. Reports from various community based opioid substitution programmes in
India, Nepal and Thailand indicate that overdoses are uncommon, even though strict
guidelines do not exist and medical supervision is quite limited (WHO, in press). The
use of buprenorphine in opioid substitution programmes, with its partial opioid antagonist
properties, has an advantage over pure agonist opioids, such as methadone, by
reducing overdose risks (Walsh et al., 1994).

Drug and Policing Policies

Variations in drug purity may play an important role in overdose, although the evidence
for this is unclear (see above). It has been suggested however that the purity of street
drugs is determined in part through policing and other enforcement activities. For
example, the interruption of heroin supply networks may result in uncut heroin of high
purity reaching the streets. Sudden increases in the purity of street drugs, such as
heroin, can result in drug users using excessive doses unknowingly. On the other hand,
reduction in drug availability and purity may increase transitions from non-injecting drug
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use to injecting drug use which will, in turn, increase overdose risk. Those responsible
for community policing and drug enforcement need to be aware of the potential
consequences of drug interdiction and they have a role to play in responding to opioid
overdose.

Conclusion

The World Health Organization's Programme on Substance Abuse advocates for a
better coordinated response to reduce the risk of opioid and other drug related deaths.
This response includes the improvement of the quality and comparability of opioid
overdose and other drug-related death data; the design and development of effective
overdose prevention and management interventions, and increasing the capacity of
communities and countries to respond to these issues.

This may be achieved by: 1) a standardisation of definitions using a common
classification which distinguishes between direct and indirect drug related causes of
death; 2) a standardisation in reporting procedures; and 3) an accurate and uniform
coding, certifying and registration practices. These aims may be assisted by the
application of the ICD-10 classification in a uniform way using the full range of codes and
wherever possible additional information on the drugs involved. In the longer term,
these data could be further improved by the: 4) encouragement of toxicological analysis
and forensic examination where drug use is thought to be a contributing factor; and 5)
making full use of this information when registering and recording causes of death.

In the absence of reliable, uniform and comparable data from national registers of drug
related death (and the lack of any registers in some countries), WHO encourages: 6)
cross national retrospective and prospective cohort studies of health implications of
opioid and other drug use using standardised methodologies and instruments (the
results from these studies could also be used to validate national registers); and 7) in
depth investigations using qualitative methods of circumstances relating to fatal and non
fatal overdose.

A number of initiatives of the WHO Programme on Substance Abuse are attempting to
address the issue of opioid overdose. The WHO Drug Injecting Project is collecting data
on injecting drug use in 21 cities around the world through rapid assessment methods
and a survey, which includes components on overdose. The project also aims to assist
project sites develop comprehensive and integrated policies and programmes targeting
health risks associated with injecting drug use, including overdose. The WHO Drug
Substitution Project aims to evaluate existing opioid substitution programmes,
particularly in developing countries, and prepare guidelines and training materials to
ensure rational and safe substitution prescribing. The project will develop policy and
programme guidelines, together with training materials for prescribers and others
involved in opioid substitution which aim to reduce overdose risk. Work is beginning on
longitudinal cohort studies on the health implications of substance use, which will
examine the comparative health status of opioid and other drug users in different
countries and which will also look at overdose. These projects will identify and inform
the development of appropriate interventions to prevent health risks and other problems
related to drug use, including overdose. Further work is necessary in a number of areas
including the relationship between opioids, alcohol and other drugs in the aetiology of
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deaths attribute to overdose.
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Introduction

Despite the pandemic of HIV among injecting drug users, deaths attributed to overdose
remain the major cause of mortality among opioid users (Frischer et al, 1997; O'Doherty
& Farrington, 1997; Oppenheimer et al, 1994; Perucci et al, 1991). Zador et al (1996)
reported that 80% of heroin-related deaths in NSW during 1992 were classified as due
to "dependence” (IDC-9 code 304.0). In an analysis of all heroin-related deaths in south
western Sydney during 1995, pathologists and coroners attributed the cause of death to
"narcotism" in 80% of cases (Darke et al, 1997).

Recent reports of opioid overdose deaths among young Australian adults, and the media
attention they have received, have created an impression that the frequency of opioid
overdose has dramatically increased in Australia in recent years among young adults.
This paper critically examines the data on opioid overdose deaths over the period 1979
to 1995 with a view to answering the following questions:

1. Has there been a statistically significant increase in the rate of opioid overdose
deaths over the period?

2. If there has been an increase: has it been similar for men and women, for
persons in different age groups, and for persons in different jurisdictions?

3. What are the most plausible explanations of any such increase?

4, Do the data suggest any potentially effective ways of reducing opioid overdose
fatalities in Australia?

Methods

Data were obtained from the Australian Bureau of Statistics (ABS) on the number of
deaths attributed to opioid dependence and accidental opioid poisoning for the years
1979 to 1995 inclusive. The age at death was obtained for males and females in each
jurisdiction and the whole of Australia. Data were also obtained from the ABS on the
numbers of men and women of each age between birth and 85 who were resident in
each state, and in the whole of Australia, at June 30 of each year between 1979 and
1995 inclusive. These data were used to calculate age and sex-specific mortality rates.

1. National Drug and Alcohol Research Centre (NDARC), University of New South Wales,
Sydney, NSW, 2052, Australia
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Data on deaths from opioid dependence and accidental poisoning were combined to
give the total number of opioid "overdose" deaths occurring in each year for males and
females. Most analyses were performed on deaths among persons aged between 15
and 44, the age group within which the overwhelming majority of heroin use occurs in
Australian adults (English et al, 1995). Analyses of mortality in different birth cohorts
used an extended age range of 15 to 54 years.

Mortality rates were calculated for each year for males and females in three age
groupings: 15 to 24 years, 25 to 34 years and 35 to 44 years. These rates were used to
calculate a mortality rate for each year for male and females which was standardised to
the 1979 Australian adult population aged 15 to 44 years. Overdose mortality rates over
the study period were compared between New South Wales, Victoria and the remaining
states and territories.

The statistical significance of changes in rates were assessed by multiple logistic
regression analysis of the odds of an opioid overdose death occurring with sex, year of
death and age group as predictors. Multiple linear regression analyses were performed
to discover whether the average age at death had changed between 1979 and 1995.

Results
Overall Mortality

The numbers of deaths attributed to opioid dependence or accidental poisoning between
1979 and 1995 in Australia among young adults between 15 and 44 years rose from 70
in 1979 to 550 in 1995. The standardised mortality rate (per 1,000,000 of population)
increased from 10.7 in 1979 to 67.0 in 1995. For males, the rate increased 6.8 times,
from 15.3in 1979 to 104.6 in 1995. For females, the rate increased 4.7 times, from 5.9 in
1979 to 27.9 in 1995 (see figure 1). This represented a total of 3313 male and 957
female deaths between 1979 and 1985 among persons aged between 15 and 44.
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Figure 1

Overdose mortality rates also varied between the different jurisdictions, especially
among males. For the purposes of description, the jurisdictions were divided into New
South Wales, Victoria and the other states and territories. Among males, New South
Wales accounted for around a half of all overdose fatalities, and its rate was almost
twice that in Victoria, and three times the rate in the remaining states. There was a
similar but less marked pattern among females. A logistic regression analysis confirmed
that these differences were statistically significant. These differences in overall overdose
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mortality closely parallel differences between the jurisdictions in rates of enrolment in
methadone maintenance treatment (Hall, 1996), and probably reflect real differences in
the prevalence of opioid dependence between different jurisdictions.

Mortality and age

The average age at death for males increased from 24.5 in 1979 to 30.6 years in 1995
while the average age for females increased from 23.5 years to 28.0 years over the
same period (see figure 2). A multiple regression analysis confirmed that there was a
significant linear relationship between age at death and year. Age at death increased by
4.2 months per calendar year and men were on average 21 months older at death than
women.

A plot of age-specific mortality rates for males (see Figure 3) and females (see figure 4)
between 1979 and 1995 confirms that the rate of increase in overdose mortality varied
between the three age groups. For men and women the steepest rates of increase were
among those aged between 35 and 44 years, and between 25 and 34 years at death.
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A multiple logistic regression analysis indicated that there was a substantial increase in
the odds of an opioid overdose death between 1979 and 1995. The model indicated that
the rate of increase in the risk of opioid overdose death over the period 1979-1995
differed between men and women and the three age groups, and that the relationships
between age group and year differed between men and women. The rate of increase in
the odds of an overdose death was greatest among men and women who were 35 years

or older at the time of their death.

by age at death
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Female Overdose Mortality 1979-1995

by age at death
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Age Cohort and Mortality

The numbers of death were calculated among men and women in the birth cohorts
1940-1949, 1950-1959, 1960-1969, and 1970-1979. This analysis indicated whether
opioid overdose mortality risk depended upon when persons had initiated heroin use.
Persons born between 1940 and 1949 had the lowest risk of initiation since most had
passed the age of 25 before the first recorded post-war epidemic of heroin use in
Australia in the late 1960s and early 1970s (Manderson, 1993). Persons born between
1950 and 1959 were at risk of initiating heroin use (ages 15 to 25) during an epidemic of
heroin use in the mid 1970s. Persons born between 1960 and 1969 passed through
adolescence and early adult life in the middle 1980s when there was another increase in
the initiation of heroin use. Those born between 1970 and 1979 are now mid way
through the risk period for initiation.

The analysis showed that 46% of all male overdose deaths and 50% of all female
overdose deaths in the period occurred among those who were born between 1960 and
1969. Deaths among persons born between 1950 and 1959 accounted for another 38%
of male and 33% of female deaths. Even among male deaths between 1991 and 1995,
50% occurred among men who were born between 1960 and 1969, and 27% among
those who were born between 1950 and 1959. Deaths since 1970 accounted for 18% of
male and 27% of female deaths between 1991 and 1995.

Most of the increase in opioid overdose mortality over the whole period 1979 to 1995,
and more than two thirds of overdose deaths between 1991 and 1995, occurred among
persons who initiated heroin use in the 1970s and 1980s. Recent initiations to heroin use
among the youngest age cohort have just begun to be reflected in an increased rate of
overdose deaths. If the mortality experience among the youngest cohort replicates that
in the two older ones, then we can expect an epidemic of overdose deaths in this birth
cohort within 10 to 15 years.

These mortality trends are highlighted when the cumulative overdose mortality is plotted
for each cohort over the period 1979-1995. Cumulative mortality can be thought of as
the total mortality rate between 1979 and any subsequent year in a cohort of 1,000,000
age peers. Thus, the cumulative mortality rate in 1995 is the cumulative rate of mortality
among this birth cohort between 1979 and 1995. The rate at any year in between is the
total mortality rate between 1979 and that year.

Figure 5 shows that for males the cumulative mortality rate was greatest among those
born between 1950-1959 and 1960-1969. The cumulative mortality rate among those
born between 1940 and 1949 was very low. That among the youngest cohort, born
between 1970 and 1979, has begun to increase in the past several years as they have
entered the period of risk of heroin initiation. Among females, there was a similar pattern
but with a much lower cumulative mortality.
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Discussion

There has been a statistically significant six-fold increase in the rate of opioid overdose
mortality between 1979 and 1995. The overdose mortality rate in New South Wales was
approximately twice that in Victoria, and three times higher than that in the other
Australian states and territories. The rate of increase was much higher among males
than females, and highest for men and women in the age group of 35 to 44 years.
There was also a substantial rate of increase among those aged between 25 and 34.
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This age-related pattern of opioid overdose mortality was reflected in an increase in the
average age at death for males from 24.5 years in 1979 to 30.6 years in 1995.

Most of these deaths occurred among older heroin users who had initiated their heroin
use in the late 1970s and the early 1980s. Deaths among younger recruits to heroin use
have increased but they have not been a major contributor to the recent increase in
opioid overdose mortality rate.

The sex difference in mortality reflects a combination of the greater likelihood of opioid
dependence among males than females (Anthony & Helzer, 1991; Anthony et al, 1994)
and greater risk taking among males than females (Plant & Plant, 1992). The
differences between jurisdictions in overdose mortality closely parallel differences
between the jurisdictions in rates of enrolment in methadone maintenance treatment
(Hall, 1996), and probably reflect real differences in the prevalence of opioid
dependence.

Possible Explanations of the Increase

Diagnostic changes

The first explanation that must be considered is that the mortality increase reflects a
change in the diagnostic practices of pathologists and the conclusions reached by
coroners as to cause of death. This is unlikely for a number of reasons. First, the
change in diagnostic practice would have to be very marked to explain the six fold
increase in mortality rate from these causes. Second, there is no evidence that such
changes have occurred. Darke et al (1997) compared the conclusions as to cause of
death by pathologists in heroin-related deaths in south western Sydney in 1992 and
1995. There was a doubling in the number of heroin-related fatalities between 1992 and
1995 but in both years the proportion of cases attributed to "narcotism” (opiate
dependence) was 80%, and in the majority of these deaths other drugs were detected at
autopsy. Third, the change in diagnostic practice would need to have varied strongly
with the age and sex of the deceased to explain the observed trends. Fourth, a very
similar pattern of results has recently been reported among opiate- and cocaine-related
deaths in Spain between 1983 and 1991 (Sanchez et al, 1995).

An increase in the number of heroin users

This possibility is difficult to evaluate because of the lack of good estimates of the
number of people who engage in an illegal and socially stigmatised act like using heroin
(Hall, 1995). Nonetheless, indirect evidence is against the hypothesis that any such
increase explains the increased opioid overdose mortality between 1991 and 1995. The
increase in the age at death throughout the period for men and women, and the marked
differences in mortality for the different age cohorts, suggest that deaths among younger
recruits to heroin use has not made a major contribution to the increase. Rather, the rate
of increase in overdose mortality has been steepest among adults in the 35 to 44 age
group who initiated heroin use in the late 1970s and early 1980s.

Increased purity of heroin

The popular explanation for the rise in opioid overdose deaths is that it is the result of
increased heroin purity. There is reasonable evidence that purity increased between
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1992 and 1995 (Australian Bureau of Criminal Intelligence, 1996; Darke et al, 1997,
Weatherburn & Lind, 1995). Increased heroin purity has, in all probability, made a
contribution to the increase in opiate-related mortality, since the higher the blood
morphine level, all else being equal, the easier it will be for a heroin user to overdose.

Nonetheless, heroin purity is unlikely to be the major explanation of the increase. First,
mortality increased throughout the study period, rather than being confined to the last
three years of the period. Second, retrospective analyses of overdose fatalities in 1995
found that it was still the case that a large proportion of fatalities had blood morphine
levels that were below the conventionally defined fatal range, and polydrug use was still
a feature of half of these cases (Darke et al, 1997). The average blood morphine level
doubled but the proportion of users who had used heroin in combination with alcohol and
benzodiazepines was unchanged.

Third, if increased heroin purity was the explanation of the mortality increase one would
expect that most of the increase would be among newer recruits who would have the
lowest tolerance for opioid drugs and are the least experienced in judging the purity of
street drugs. But deaths among young, inexperienced users in the 15-24 age group
were rare. Instead, the typical overdose fatality towards the end of the study period was
a 30 year old male with a 12 year history of dependent heroin use. It is seems more
likely that increased heroin purity has increased the risk of overdose by amplifying the
risks of pre-existing polydrug use (Darke and Zador, 1996).

Changes in patterns of opioid and other drug use
A number of changes in patterns of drug use could explain the increased rate of opiate
overdose deaths between 1979 and 1995.

The first possibility is that opioid users may have adopted more risky patterns of heroin
use, such as injecting alone, or in the street. There is also some evidence that street
injecting has increased in the south western suburbs of Sydney (Maher, 1996), and this
has been reflected in a doubling of the number of fatal overdoses in public places that
have occurred in that region between 1992 and 1995 (Darke et al, 1997). It remains to
be discovered to what extent these trends have occurred in other areas of Australia.

A second possibility is that there has been an increase in polydrug use among opioid
users, especially an increased use of CNS depressants that are self-administered in
riskier ways. The majority of Australian opioid users have traditionally used a wide range
of other drugs, including alcohol and benzodiazepines (e.g. Darke & Hall, 1995) but
there is no evidence that the prevalence of polydrug use has increased among persons
who have died of opioid overdoses over the study period. In the Darke et al (1997)
study, the proportions of cases in 1992 and 1995 in which alcohol, benzodiazepines and
other drugs were detected were the same, as were the blood alcohol levels of cases in
which alcohol was detected.

A third possibility is that changes in the route of administration of other CNS drugs over
the period have increased the risk of opioid overdose deaths. There has been, for
example, a trend in New South Wales for heroin users to inject preparations intended
for oral consumption, such as, benzodiazepines tablets (Darke et al, 1995) and
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methadone syrup (Darke et al, 1996a). Injectors of these substances are more likely to
report a drug overdose (Darke et al, 1996 a,b), as would be expected because the peak
plasma level of benzodiazepines and methadone is higher when they are injected rather
than taken orally. When combined with heroin, the risk of overdose would be
considerably increased by the injection of benzodiazepines or long-acting opioids like
methadone.

A fourth possibility is that these more risky drug use patterns may be adopted as opioid
users age. Older heroin users may find it more difficult to sustain a high rate of daily
heroin injection so they use benzodizepines and alcohol to manage their withdrawal
symptoms. Their tolerance for opioids would be reduced and vary more day to day than
younger more regular heroin users, making older users more vulnerable to the
respiratory depressant effects of purer heroin when used in combination with alcohol and
other CNS depressant drugs. It also may be that liver disease in older users (caused by
chronic hepatitis) could make them less able to metabolise opioids, alcohol and other
drugs, and hence, more vulnerable to polydrug toxicity.

These changes in drug use patterns may have contributed to increased rates of opioid
overdose deaths in some locations in New South Wales. The extent of their contribution
is difficult to estimate because it is uncertain how widespread the adoption of riskier drug
use and injection practices has been. It also remains to be discovered whether there has
been an increased resort to polydrug use as heroin users have aged.

An increased number of methadone-related deaths

It has been claimed in the media that there has been a marked increase in methadone-
related deaths in the early 1990s among heroin users enrolled in methadone
maintenance programs and heroin users not in treatment who use diverted methadone.
The number of heroin users enrolled in methadone treatment has increased over the
study period from approximately 2000 in 1985 to an estimated 20,000 in 1996, and the
rate of increase has been highest in New South Wales which has the highest rate of
overdose deaths. There is also evidence that oral methadone syrup is being injected by
Sydney heroin users enrolled in methadone programs, and that diverted methadone is
being injected by heroin users who are not enrolled in methadone programs (Darke et al,
1996a).

This hypothesis cannot be tested on these mortality data because no distinction is made
in the ABS coding of cause of death between deaths attributed to heroin use and deaths
attributed to the use of methadone. Nonetheless, there are a number of reasons why this
explanation is unlikely to explain the increase in opioid overdose mortality. First, Zador et
al's (1996) data on opioid deaths in 1992 found that 80% of opioid related deaths were
due to heroin. There is no evidence that this proportion has changed. Second, Sunjic
and Zador's (1997) analysis of deaths among patients in the NSW methadone program
(see chapter 12) found that methadone maintenance had a substantial protective effect
on mortality. Mortality from all causes among those in methadone treatment was 26%
that of heroin users who were not in methadone maintenance treatment, a finding that is
consistent with the literature (e.g. Caplehorn et al, 1994; Ward et al, 1992). Sunjic and
Zador also found that there had not been an increase in the rate of deaths among
methadone program participants.
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Implications

The data show that much of the recent increase in opioid overdose mortality has
occurred among older heroin users. This suggests that it would be desirable to increase
the recruitment of older heroin users into treatment. Peer education of drug users also
needs to focus on persuading them of the overdose risks of using heroin in conjunction
with other CNS depressants. Serious consideration should be given to a controlled
evaluation of the impact of naloxone distribution on overdose fatalities among heroin
users (Darke and Hall, 1997). Special efforts need to be made to prevent a future
epidemic of overdose death among recent recruits to heroin use. These should include
educational and other policies to reduce initiation of heroin use, and peer education to
reduce polydrug use and risky injecting practices among young persons who have
recently initiated heroin use.
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Introduction

There are calls to limit the usage of methadone in the management of opiate addicts as
a result of reports of high methadone related mortality through overdose (Harding-Pink,
1993; Marks, 1994; Newcombe, 1996). The main aim of the present analysis was to
examine the available empirical evidence and published data to determine what
contribution methadone has made to opiate overdose deaths in comparison to other
opiates, and to assess the trends in opiate related deaths over time.

Two approaches are taken in this presentation: the first is to examine the relationship
and contribution of both methadone and heroin to overdose deaths in England and
Wales between 1979 and 1993 (Neeleman and Farrell, 1997), and the second is to use
a period of reporting to Home Office Addicts Index to make some preliminary
assessment of the role of prescribed versus non prescribed methadone in opiate
overdose deaths.

Marks and colleagues (Marks, 1993; Newcombe, 1996) have reported that methadone
is associated with a nineteen times greater risk of overdose death than heroin, based on
an analysis of official data from 1991. However, this analysis is based on the
assumption that the denominator is 92% heroin addicts and 8% methadone dependent,

1. National Addiction Centre, Addiction Sciences Building, Institute of Psychiatry, Denmark Hill,
London SE5 8AZ
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giving a death rate of 1 per 2582 heroin users compared to 1 per 134 methadone users.
If one assumes a denominator of 40% methadone users and 60% heroin users then the
death rate is 1 per 1684 heroin users and 1 per 668 methadone users with a risk ratio of
3 to 1 for methadone to heroin. However, even these calculations are based on some
major assumptions about the size of the denominator and are therefore likely to be
crude estimates.

We obtained data by hand searching the Office of Population Census Studies
tabulations of all self poisonings, accidental, undetermined and suicidal, between 1974
and 1992. This was done in preference to relying on aggregate data reported by the
OPCS and the Home Office. The aim was to determine the rate of rise of deaths from
heroin and from methadone (Neeleman and Farrell, 1997). We assumed that, given the
fairly rapid expansion in methadone usage since the mid nineteen eighties, the
proportion of opiate addicts dying from methadone poisoning should rise at a faster rate
than those taking heroin. By using a proportionate mortality design we could avoid
having to make assumptions about the size of the methadone or heroin taking
population.

The time trend was analysed with logistic regression. Changes in the ratio of heroin to
methadone deaths over time from baseline were compared by means of a ratio of ratios,
which is analogous to a proportional mortality ratio.

There were 43,231 self poisoning deaths between 1974 and 1992. The number fell from
8,958 between 1974 and 1977 to 6,125 between 1990 and 1992 (-32%). By contrast,
over the same period, lethal self poisonings involving heroin alone, and methadone with
or without heroin rose from 7 to 90 (a 1186%) increase and from 26 to 240 (an 823%)
increase respectively. The ratio between the number of poisoning deaths involving
heroin alone and those involving other substances increased from 7/8951 (ie 0.0008;
proportion 0.08%) in 1974-1977 to 90/6035 (0.01; proportion 1.5%) in 1990-1992. The
summary proportional mortality was 1.76 indicating that the ratio in 1990-92 was 76%
higher than that in 1974-77. For deaths involving methadone, rates ratios rose at a
comparable pace (proportional mortality ratio 1.80). However, the rate in the last three
year period was greater for methadone and indicated a departure from linearity.

Overall then, while the total number of deaths from self poisonings declined by 32%
between 1974-77 and 1990-92, deaths from methadone and/or heroin rose by 900%
(from 33 to 330) over the same period. The proportional contribution of opiate deaths to
both accidental and suicidal self poisonings increased from 0.4% in 1974-77 to 5% in
1990-1992 (Neeleman and Farrell, 1997).

In a separate exercise, data on fatal methadone poisonings (suicides, open and
accidental verdicts) among notified addicts were obtained for the years 1989-1992, as
well as information on whether they were receiving methadone treatment at their last
notification. Total numbers of notified addicts increased from 14,785 in 1989 to 24,151
in 1992. The proportion prescribed methadone increased from 54% (7,945) in 1989 to
71% (17,266) in 1992. The total number of deaths among notified addicts due to
accidental methadone poisoning was 39 in 1989 (i.e. 264 per 100,000) and 76 in 1992
(i.e. 315 per 100,000). Deaths due to methadone amongst notified addicts who were not
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on methadone treatment rose from 33 (i.e. 482 per 100,000) in 1989 to 56 (i.e. 813 per
100,000) in 1992. Deaths due to methadone amongst methadone prescribed addicts
rose from 6 in 1989 (76 per 100,000) to 20 in 1992 (115 per 100,000). Poisson
regression was used to examine linear trends in the change of rates from the baseline
(the 1989 rate). All three time series fitted a linear model. Methadone-related death
rates amongst all notified addicts and amongst those who had been on methadone
treatment, did not increase significantly over the four year period (rate ratio per year
increase 1.03 [95% C.I. 0.92-1.16] and 1.12 [95% C.l. 0.88-1.43] respectively).
Amongst notified addicts who had not been notified as receiving methadone treatment,
rates had risen by a factor of 1.15 (95% C.I. 1.0006-1.32) per year.

In each of the four years, rates of death due to accidental overdose from non-prescribed
methadone were higher than those involving prescribed methadone. Expressed in rate
ratios, notified addicts in 1989 who were not prescribed methadone were 6.4 times (95%
C.12.6-18.7) times more likely to die of accidental methadone ingestion than those who
were prescribed methadone. The corresponding u rate ratios in the following years were
1990-5.9 (95% CI 3.0-12.8), 1991-3.9 (95% Cl 2.1-7.1) and 1992-7.0 (95% Cl 4.2-12.3).

Comment

Overall, the data indicate that there has been a dramatic rise in opiate self poisonings in
England and Wales at a time when all other forms of deaths from self poisonings have
fallen. The current data does not support the contention that methadone is
disproportionately contributing to opiate self poisoning deaths despite the rapid increase
in usage. However the Home Office Addicts Index data indicates that between 1989
and 1992 methadone used in a non prescribed way disproportionately contributed to
methadone related deaths. This would indicate that diversion of methadone into the
black market carries serious negative consequences that have not hitherto been
reported.

The principal difficulty with studies of this nature is to obtain an adequate estimate of the
population at risk. Over the period 1989-1992, the increasing methadone self-poisoning
rate amongst notified addicts is attributable to overdoses of methadone obtained from
sources other than a prescribed course of treatment. Within the notified addict
population, the vast bulk of methadone related mortality appears to occur in those not
notified as prescribed methadone. A certain degree of misclassification may inevitably
have been present if methadone was prescribed to an addict after his date of last
notification and vice versa, but this should have produced underestimates rather than
overestimates of rate ratios.

Much of the concern about the high mortality rates associated with methadone, should
be directed at the diversion of this substance onto the black market, rather than its use
in the treatment of opiate addicts.

An underlying death rate of approximately 1% per annum occurs within the notified
opiate dependent population (Howes et al 1995). The available evidence indicates that
methadone treatment is likely to significantly reduce the high mortality rate among this
highly at risk population ( Capelhorn et al 1994; Zador and Sunjic, 1998).
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Death As A Result Of Consuming Opioid Drugs:
A New Zealand Perspective

by

JD Sellman, National Centre for Treatment Development °
GM Robinson, Capital Coast Health®

Introduction

There are no New Zealand data relating to death as a result of consuming opioid drugs for
New Zealand as a whole. However, there have been three regional reports: one from
Auckland and two from Wellington, the two largest cities in New Zealand.

In 1983, Cairns and colleagues published data from the Auckland coroner’s record for the
years 1975 to 1982 and found that of 11,262 deaths, 394 (3.5%) were due to the primary
action of a drug or a poison. Of these 45 were due to the accidental overdose of opioids.
These comprised two groups: 36 who were considered to be accidental drug overdose in
“drug addicts” where the most common drugs found on toxicological analysis were
morphine/heroin, methadone and dextromoramide; and 9 deaths were due at least in part
to accidental dextropropoxyphene use.

In 1992, Dukes and colleagues reported two sets of Wellington data. In the first (Dukes et
al., 1992a), data was examined from the Wellington coroner’s record, for the years 1970 to
1989, in which death was considered to be the result of drug or poison consumption. The
autopsy report, toxicological report from the DSIR and the police report were examined for
all cases which were categorised as suicide, accidental, therapeutic misadventure or
uncertain. There were 130 deaths due to prescription drugs, of which 33 deaths were due
to the consumption of opioid drugs, although a breakdown into the four categories was not
fully reported. Of the opioid deaths, 16 (48%) were due to dextropropoxyphene. There were
nine deaths (27%) due to methadone, three of which had myocarditis leading to uncertainty
as to the cause of death. Of the seven deaths due to morphine, four were accidental and

1. Senior Lecturer, Department of Psychological Medicine, Christchurch School of Medicine,
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these all occurred in men under the age of 25 who were known intravenous drug users.

In the second study (Dukes et al., 1992b), a mortality study of 997 patients registered for
treatment at the Wellington Drug Clinic was undertaken from the New Zealand death
records. During this 18 year period there were 28 deaths due to primary drug overdose (23
accidental and 5 suicides) as follows: dextropropoxyphene (6), methadone (4), heroin (2),
other opiates (4), barbiturates (6), chloral hydrate (2), multiple drugs (1) and one unknown.
No breakdown of drugs for the accidental deaths versus the suicide deaths were reported.
The total death rate from opioid overdose was therefore less than 1 death per year.

There is currently no central coronial record in New Zealand and each of the 74 offices is
organised differently making it difficult to assemble national coronial data on deaths
following the consumption of opioid drugs.

However, in New Zealand, all suspicious deaths reported to coroners in which there is a
possibility of involvement of drug ingestion are analysed centrally by the Institute of
Environmental Science and Research, (ESR) formally known as the DSIR. The fact that
one laboratory conducts all analyses avoids the problem of variance between different
laboratories. It has also fostered expertise in correlating toxicological findings with death.
ESR toxicological reports, which include a judgement as to the probable cause of death,
have provided coroners with quality data with which to make definitive legal judgements.
Furthermore, all blood taken for analysis has for some time now been iliac vein samples,
bringing about further standardisation in the establishment of data.

This paper reports data on death following the consumption of opioid drugs from the ESR
covering the past two years. This period of time coincided with the development of
significant methadone treatment waiting lists in New Zealand. Methadone maintenance
treatment was established in the mid-1970s in New Zealand and by 1979 there were 219
patients being prescribed methadone (Sellman et al., 1995). This number increased slowly
over the next 12 years so that in 1991 there were 537 patients. However, over the
subsequent six years there was a surge in the numbers of patients being enrolled for
methadone maintenance treatment which began to exceed 2,000 in 1995. This was the
year that the new Health Reforms began to take effect in New Zealand with detailed service
contracts under a funder/provider split. This development limited the numbers of patients
on methadone, the result of which was the development of waiting lists for methadone
treatment. There were 420+ patients estimated to be formally enrolled on methadone
treatment waiting lists in 1996 (Sellman et al., 1996). The street value of methadone has
increased from $1 per mg to $1.50-$2 per mg over the last 3 years.

The main aims of this paper were:

1. to describe a current profile of New Zealanders who accidently die following consumption of opioid drugs and
to investigate whether this differs from that of suicides;

2. to investigate whether the profile of 1995/6 accidental deaths differs from that of 1996/7 data;
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3. to compare the death rates in Auckland and Wellington from previous reports (Cairns et al., 1983; Dukes et al.,
1992a), with the current 1995-1997 data to ascertain whether there has been any appreciable increase in the rate
of deaths over the past 15 years.

Method

All deaths were examined that were referred to the Institute of Environmental Science and
Research Limited between 1 July 1995 to 26 May 1997 and were judged to have been
caused at least in part by the consumption of opioid drugs. The cause of death as judged
by the ESR was recorded along with the demographic and clinical data available. Data
were entered into the database Paradox and transferred to SYSTAT for statistical analysis.
Chi square tests for contingency tables were used for comparing categorical data and t-test
analyses for continuous data.

There were 78 opioid related deaths identified. Thirteen of these 78 cases were suicides,
as evidenced by suicide notes or recent discussions of suicide with friends and/or relatives.
58 were considered to be accidental overdose. The remaining seven cases were due to
the ingestion of opioid drugs as part of medical treatment and were also not included in
further analysis. This provided a sample of 71 cases of death which involved the
consumption of either unprescribed drugs or prescribed opioid drugs taken in an
unprescribed manner.

Results

Subjects who suicided (n=13) were significantly older on average than those judged to
have died through accidental overdose (n=58) (mean age 49.7 years (sd 19.4) vs 31.7
years (9.6), t=4.82, p<0.001). Only 5% of suicides were under the age of 20 years. There
were no significant differences in other demographic variables (gender, ethnicity, marital
status, work status). All five cancer patients were in the suicide group and all five patients
known to be on a methadone treatment programme at the time of death were in the
accidental group. Morphine was included in the drugs judged to be responsible for death
more often in the suicide group than the accidental death group (85% vs 43%, Chi
square=7.32, df=1, p=0.007). Methadone was included in the accidental death group more
often than the suicide group (48% vs 15%, Chi square=4.71, df=1, p=0.03).

Closer examination of the 58 accidental deaths by year, 1995/96 (n=37), 1996/97 (n=21),
showed that there was no difference in the demographic profile (age, gender, ethnicity,
marital status, work status) of cases over the two years. There were, however, significant
differences in the opioid drug profile. Morphine was more likely to be included in the drugs
considered to be responsible for death in the 1995/96 group than the 1996/97 group (54%
Vs 24%, chi square=5.0, p=0.03). Methadone alone was considered to be the cause of
death more commonly in the 1996/97 group compared with the earlier group (48% vs 22%,
chi square=4.23, p=0.03). Overall, there were only 18 cases (31%) in which opioids were
the only drugs detected. The main additional drugs detected were alcohol and
benzodiazepines.
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When accidental deaths were examined according to the place of death, there was a
significant difference in the opioid death rate between the South Island and North Island of
New Zealand. The main South Island cities (Christchurch and Dunedin) had about three
times the death rate compared with the main North Island cities (Auckland, Hamilton and
Wellington) (p<0.001). Sixty-nine percent of deaths occurred in these five main cities. The
rate of death was significantly higher in these five cities overall, compared with the death
rate outside of these main metropolitan areas (p<0.01).

Finally, trends in the rate of accidental deaths due to the consumption of opioid drugs were
examined over the past 15 years in two New Zealand cities. The rates of death in Auckland
and Wellington from the present data were compared to data of the death rate in the past
from two previous studies (Cairns et al., 1983; Dukes et al., 1992). The mean death rate in
Auckland from 1975-1982 was one death every 65 days (Cairns et al 1983) which is not
substantially different from the one death every 58 days in Auckland in the present data. In
Wellington there was one death every 243 days on average during the period 1970-1989
(Dukes et al., 1992) compared with one death every 116 days in the past two years.

Conclusions

1. The overall death rate in New Zealand from accidental opioid consumption currently remains relatively low
(about 30 deaths per year);

2. There appears to have been some increase in the rate of accidental death involving opioids over the past 15
years, but there has not been a dramatic increase;

3. People who accidently die following consumption of opioid drugs:
. are not generally young novice users;
. have often used multiple drugs;
. are not currently in treatment;
. are different to those who use opioids in completed suicide in that they are younger, less likely to use

morphine and more likely to use methadone and not likely to be cancer patients;

4. There is evidence of a recent shift in the opioids used in accidental opioid deaths from morphine to methadone
in New Zealand;

5. People who accidently die following consumption of opioid drugs are not uniformally distributed across the
country; South Island cities have about a three times higher death rate compared with North Island cities.

Discussion

New Zealand’s geographical isolation has probably been a major factor in preventing the
dramatic increase in opioid use and dependence seen in the Western World over the past
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few decades. This has been despite the short distance between New Zealand and
Australia which has shown such an increase. This isolation has ensured a paucity of
opioids, particularly heroin, being imported into New Zealand. Nevertheless, there has been
a five fold increase in the numbers of patients being treated with methadone maintenance
treatment in New Zealand over the past six years (Sellman et al., 1996) suggesting a
significant increase in the rate of opioid dependence. The homegrown industry of
“*homebaking” morphine and heroin from codeine based pharmaceutical products in New
Zealand is well known (Bedford et al., 1987). This rate of growth in patient numbers is
continuing although waiting lists remain, indicating ongoing demand for treatment.

Even though New Zealand’s opioid problem is not at the obvious epidemic level of other
countries at the current time, it is important to not be complacent about the problem. It is
anticipated that there will continue to be growth of opioid dependant numbers in the region
of 15% in the foreseeable future (Sellman et al., 1996). This is likely to be associated with a
similar increase in opioid related accidental deaths unless there are a number of significant
changes. Listed below is a set of ten practical suggestions on how to help reduce the death
rate amongst those who use opioid drugs in New Zealand. They are not placed in any
particular order of priority.

1. Embark on an assertive strategy of recruiting people with opioid dependence into effective treatment. In the first
instance the aim could be to eliminate the waiting lists in various regions. For the vast majority of people with
opioid dependence, effective treatment means opioid substitution therapy. In New Zealand at the current time
this consists, almost exclusively, of methadone maintenance therapy. This would mean increased numbers of
methadone places. An assertive strategy could additionally mean the development of outreach workers whose
aim it is to attract users into treatment who are more resistant to treatment. These may well be individuals at
greatest risk of overdose death.

2. Establish service protocols related to service contracts, which actively encourage the retention of people in
opioid substitution therapy, particularly “difficult” patients who are likely to be at most risk of overdose death,
if discharged from treatment.

3. Continue to facilitate a shift in therapeutic culture for the treatment of opioid dependence, supported at the
highest political levels, away from detoxification towards retention in substitution therapy, as the most effective
form of intervention.

4. Actively encourage the development of alternative opioids such as buprenorphine and LAAM for use in opioid
substitution therapy. Because of the mixed agonist/antagonist nature of buprenorphine, death following
overdose is likely to be rare. LAAM as an additional alternative to methadone may help recruit new patients
into treatment given its longer half-life, allowing less than daily attendance at pharmacies and clinics for
administration of medication.

5. Invest in the training of alcohol and drug clinicians, beginning with assessment skills. Specific attention needs
to be given to attempting to identify new recruits who may be at increased risk of death from opioid overdose,
in much the same way suicidality is a prominent concern of clinicians when assessing patients with major
depression. A number of possible risk factors related to death from opioid overdose are:

. history of previous overdoses;

. propensity to “nod” or “snore” on opioid drugs;
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10.

. personality traits of impulsivity, high novelty seeking or grandiosity;
. severe opioid dependence;

. use of other drugs, particularly alcohol and benzodiazepines;

. dysphoria.

Establish a methadone induction protocol requiring all patients initiated on substitution therapy to be routinely
reviewed three hours after the opioid dose (around peak level) on the third day of treatment as well as following
any increases in dose.

Link “takeaway” doses to measures of improved psychosocial functioning for example educational involvement
and employment rather than either, time in treatment or (by itself) urinary drug screen status.

Make naloxone (short-acting opioid antagonist) highly available to people with opioid dependence. Strategies
could include selling naloxone “over the counter” and distributing it with educational material at needle
exchanges and methadone programmes.

Widely distributing educational material targeted towards people with opioid dependence, beginning at needle
exchanges and methadone programmes. This information would include specific warnings about mixing opioids
with CNS depressant drugs, particularly alcohol and benzodiazepines, as well as providing informative
instruction about loss of tolerance to opioid drugs occurring as a result of the short term reduction or cessation
of opioid drug use.

Facilitate improved collaboration between the police, emergency services especially ambulance services,
pharmacists and treatment providers with two main aims in mind:

. to better identify high risk individuals in the community who should be actively encouraged to gain
treatment;

. to encourage opioid users to ring for assistance, without fear of prosecution, when an overdose occurs.
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Introduction

The Australian Study of HIV and Injecting Drug Use (ASHIDU), like other Australian
research, demonstrates that overdose among injecting drug users is so ubiquitous and
takes such an unacceptable toll of this population that it is imperative that action to prevent
it be increased.

We have used the term ‘overdose’ although we know that Shane Darke and Deborah
Zador, who deserve much of the credit for drawing attention to overdose in Australia, have
suggested that the correct term should be "multiple drug toxicity” (Darke & Zador, 1996, p.
1770). The question of whether ASHIDU data can be used to support the multiple drug
toxicity thesis, will be addressed.

There is very little literature which deals with the specific risk of overdose among younger
IDUs, and although the ASHIDU was not designed to examine youth in particular, quota
sampling was used to obtain a reasonable proportion of younger IDUs. In this paper we
have examined age differences in the overdose data - in most cases with two age groups:
those up to the age of 25, and those aged 25 and over - in order to examine whether there
are characteristics of younger overdose victims that put them in need of specific prevention
strategies.

Background and Methodology of ASHIDU

The ASHIDU was a cross-sectional, multi-city study which was designed to investigate
aspects of injecting risk behaviour in Australian IDUs (Loxley, Carruthers & Bevan, 1995).
Data were collected during 1994 from 872 IDUs in roughly equal numbers in Adelaide,
Melbourne, Perth and Sydney. Quota sampling within cities was used to ensure adequate
numbers of IDUs who were female, under 25, had never received treatment and/or lived in
the outer suburbs of cities.

Respondents, who had all injected within the previous three months, were recruited by
advertising, "snowballing” and networking. They were interviewed individually and
anonymously using a questionnaire developed for the study, and offered $20.00
remuneration for the time spent in the interview process.

Although the primary purpose of the ASHIDU was to examine issues relating to the

transmission of blood borne viral infections, questions were asked about a number of other
issues, including overdose. Overdose was defined as: “Any occasion that you lost
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consciousness while using and needed assistance to come round”. These data do thus not
specify opioid overdose, although, will become clear, opioids are the drug type most
frequently cited as being implicated.

Results
The Study Group: Age and Gender

The mean age of the total group was 28.5 years. Of the 872 respondents, 41% were
‘younger’ (up to 25), and 59% were ‘older’ (25 and over). Mean ages of the younger and
older groups were 21.4 and 33.4 years respectively. Sixty five percent of the total group
were male and 35% female. Age and gender interacted as shown in the following figure:

O Male
B Female

Percent

Younger Older

Age Groups

Figure 1: Age by gender

Figure 1 shows that there was a higher proportion of women among the younger
respondents. It is not clear whether this is a cohort effect (that is, the proportion of women
to men will remain relatively constant as these IDUs get older) or whether women are more
likely than men to drop out of injecting drug use as they get older.

Experience Of Others’ Overdose

All respondents, regardless of overdose history, were asked whether they had witnessed a
fatal overdose. One of four reported that they had, at least once, but there was a significant
age difference: 19% of younger compared to 29% of older respondents had witnessed at
least one fatal overdose. There was also a significant gender difference with 27% of males,
and 21% of females having witnessed a fatal overdose. Once again, age and gender
interacted.
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Figure 2: Percentage of those who had withessed at least one fatal overdose by age and
gender (n = 215)

Figure 2 shows that while there was no gender difference among younger respondents,
older men were more likely than older women to have witnessed a fatal overdose.

The mean number of fatal overdoses that respondents had witnessed was 2.8 range 1 to
50), with no age or gender differences.

Given that 25% of respondents had witnessed a fatal overdose, it is hardly surprising to find
that almost three quarters (74%) had witnessed at least one non-fatal overdose (82% of
older respondents versus 63% of younger ones). However, in this case there was no
gender difference, which perhaps relates to the ubiquity of the experience. On average,
respondents had witnessed 7 non-fatal overdoses (range 1-50) with younger respondents
having witnessed an average of 5.6 and older an average of 7.9 non-fatal overdoses.

Personal Experience Of Overdose

Just over half (53%) of the respondents (44% of the younger and 60% of the older)
reported that they had had at least one overdose. A closer look at the relationship of age to
overdose suggests that duration of years as an injector was a more powerful influence than
age (although of course the two are closely related). In fact, the relationship between
duration as an injector and overdose is very similar to that found for duration as an injector
and hepatitis C. In order to show this more clearly, both have been put on the same scale
in figure 3.
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Figure 3: Experience of overdose and experience of HCV by duration as injector
(n=787)

Unfortunately, we were not able to test all respondents for hepatitis C: either because they
declined to give us blood, or because there was insufficient blood in a sample. There were
no differences, however, in the rates of overdose between those who were, and those who
were not, tested for hepatitis C.

Figure 3 shows that the prevalence of overdose, like HCV, rises very rapidly, so that almost
60% of those individuals who have been injecting for between 7 and 11 years have either
experienced an overdose, or become HCV positive, or both. The chance of either outcome
continues to rise with duration of injecting. It is clear that with overdose, as with hepatitis C,
there is a very narrow window of opportunity when people first start injecting, to putin place
strategies to prevent the first overdose.

Frequency Of Overdose

The data that follow have been collected from the subset of 465 respondents who had
experienced at least one overdose. Almost one in three (29%) had overdosed once;
another third (32%) had overdosed 2-3 times, 15% had overdose 4-5 times and the
remainder (24%) had either overdosed more than five times, or couldn’t remember how
many times (which probably means that they had overdosed many times). Again, there was
an age difference: as might be expected, younger respondents had had fewer overdoses
than older respondents.

Drugs Ever Involved In Overdose
Respondents were asked after taking which drug types they had ever overdosed, and they

were allowed to nominate as many as they liked. The responses for the whole group are
shown in table 1.
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Table 1
Drugs ever involved in overdose for respondents who reported
having ever experienced an overdose (n=464)*

Drug f %
respondents

Heroin 376 81.0
Benzodiazepines 124 26.7
Other opiates 66 14.2
Amphetamine 45 9.7
Barbiturates 44 9.5
Hallucinogens 26 5.6
Homebake 25 5.4
Methadone 16 54
Cocaine 18 3.9
MDMA 12 2.6
Other 45 9.5

* Multiple response

Clearly, heroin was the most significant drug associated with overdose, and this is not
surprising, nor is the extent to which other CNS depressants such as benzodiazepines or
other opiates were nominated. It is more surprising that 10% nominated amphetamines, 6%
hallucinogens and between 3 and 4% nominated cocaine or MDMA as drugs which had
caused overdose.

Age differences found in the drug types implicated in overdose, relate mainly to the type of
drugs which were popular with younger and older IDUs in 1994. Only the seven most
frequently implicated drugs have been included in the Figure 4, and because these are
multiple responses, the frequencies do not add to 100%.
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Figure 4: Drugs ever implicated in overdose by age groups (n=464).

O Younger
O Older

Although heroin and benzodiazepines were the major overdose drugs for respondents of all
ages, younger respondents were more likely than older to nominate amphetamines and

hallucinogens as drugs that caused overdose.

We turn now to a more detailed description of the last occasion on which respondents had

overdosed.

Main Drug Overdosed On The Last Occasion

The main drug involved in most (70%) overdoses was, as might be expected, heroin. No
other single drug was reported by more than 10% of respondents. Drugs reported as
primarily responsible for the last overdose have been reclassified as opioids (76%); other
CNS depressants (11%); psychostimulants (6%) and other (7%). The relationship of these

to age can be seen in Figure 5.
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Figure 5: Main drug type implicated in last overdose by age (n = 459).

The overwhelming importance of opioids in the overdoses of both younger and older
respondents is clear from this figure, but younger respondents were more likely than older
to nominate psychostimulant or other non-CNS depressants as responsible for the last
overdose.

Reasons For Last Overdose

Table 2 shows the responses given when respondents were asked what they believed to
be the single major reason for the last overdose.

Table 2
Main Reason for the Last Overdose For Respondents Who Reported
Having Ever Experienced An Overdose (n=465)

Main Reason f %
'‘Unexpected good quality’ 155 33.3
"Too many hits in a session’ 49 10.5
'Deliberate’ 49 10.5
'Had used a lot of other drugs’ 45 9.7
'Was just careless’ 44 9.5
'Had not used for a long time’ 30 6.5
Other* 93 20.0

* Eg. It was my first time'; 'l wanted the ultimate hit'; ‘physical health was poor’
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Table 2 shows that the most prevalent single reason for the last overdose, given by a third
of respondents, was ‘unexpected good quality’. The second highest group (20%) were
other reasons which were generally related to the individual.

These responses have been recoded into three categories: those that relate to the drug
(quality, quantity); the individual (eg deliberate, careless, tolerance etc.) and responses
relating to concomitant use of other drugs. This results in 46% of respondents ascribing
their last overdose to themselves; 44% to the drug and only 10% to the use of other drugs
at the same time. There were no age differences.

Use Of Other Drugs On The Last Occasion

Despite most respondents not ascribing their overdose to the use of other drugs, 72%, said
they were using other drugs at the time of their last overdose: most commonly alcohol
(50%); cannabis (42%) and benzodiazepines (34%). Other drug types were used at the
same time by fewer than 10%. The only significant age difference was in the use of
cannabis, where 38% of younger respondents compared to 28% of older reported that they
were using cannabis as well as the main overdose drug (p = .03).

Different patterns emerged from these data depending on the reported main overdose
drug. The following table is based on those who reported that their last overdose followed
the use of heroin.

Table 3

Use of other CNS depressants at the time of heroin overdose (n = 322)
# other CNS depressants | f %

None 138 43

One 141 44

Two 36 11

Three 6 2

Four 1 0.3

Where a single other CNS depressant was used as well as heroin, this was mainly alcohol
(n=67) or benzodiazepines (n = 60). Where two CNS depressants were used, 15 of the 36
were combinations of alcohol and benzodiazepines, and there were 9 each of
combinations of alcohol or benzodiazepines with one other drug. Where three drugs were
used, 5/6 were combinations of methadone, benzodiazepines and alcohol. The one person
who used four other drugs used another opioid, methadone, benzodiazepines and alcohol.
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Action Following Overdose

Finally, we look at what happened to respondents after their last overdose: both
immediately and in the longer term. For the following analysis, only those whose last
overdose followed opioid use (n = 349) have been included. Immediately, the largest single
group of respondents (44%) were looked after by their friends; 15% were admitted to
hospital and 12% went to casualty; in 15% of cases an ambulance attended; 5% were
given Narcan; 1% attended a doctor; and the remaining 8% either couldn’t remember or
had some other outcome. Thus almost half (48%) received some medical or paramedical
attention after their overdose. There were no significant age differences.

City differences in actions taken following opioid overdose were also investigated. To
control for the fact that there were variations in the rates in which respondents in different
cities had been involved in treatment, only those who had ever been involved in treatment,
and only those for whom the outcome was one of the major categories, have been included
in this analysis. The patterns were consistent across age groups.
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Figure 6: Actions taken after opioid overdose by city: respondents who had ever been
in treatment.

Figure 6 shows that Perth respondents were more likely than others to be looked after by
their friends, while Sydney respondents were more likely than others to be taken to hospital
(either casualty, or admitted). Respondents in Melbourne were the most likely to use other
paramedical or medical services.

In general, those who were admitted to hospital after an overdose (n = 99) reporting staying
for an average of 5 days, but 70% stayed for only 1 or 2 days. A few had long stays, but
these might have been related to admission to psychiatric wards. There were no age
differences in the length of stay. 44% of those who were admitted to hospital reported
being asked about their drug use.
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Behaviour Change After Overdose

45% reported changing the way they used drugs as a consequence of the last overdose,
and there were no age differences in the proportions who reported these changes.

The most common change reported, by around 1 in 3, was to use smaller amounts of drugs
on subsequent occasions. ‘Taking more care’ when using other drugs was the next most
common response (23%). Other popular outcomes included no longer using the primary
overdose drug (19%), or some individual responses such as 'test dose of new batch’;
‘gather information from dealer about drug purity' or ‘control own use' (18%). Only 8% used
the overdose experience as a catalyst to enter treatment, stop drug use or stop injecting.

These strategies have been compared by age, with the less popular strategies (entered
treatment, stopped all use, stopped injecting) combined.
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Figure 7: Behaviour Change After Overdose, By Age.

Figure 7 shows that younger IDUs were more likely to reduce the amount of the drug they
were using, or to stop using that drug altogether, than older respondents who were more
likely to be careful with the use of other drugs, or to adopt more individualistic strategies.
Entering treatment or giving up use or injecting were not popular strategies with either age

group.

There was a relationship between the type of change that followed an overdose, and the
reasons respondents gave for having had the overdose, as shown in the following figure:
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Figure 8: Behaviour Change After Overdose By Reasons Given For Overdose.

Figure 8 shows that those who felt that their last overdose was due to the quality or quantity
of the drug used were more likely to say they would use less on the next occasion, while
those (few) who ascribed their overdose to the use of other drugs at the same time, were
more likely to say they would be careful with use of other drugs in the future.

Discussion

These data reinforce other Australian studies in demonstrating that overdose is a common
experience among injectors. What is particularly disheartening, however, is that overdose
becomes a common experience so early in an injecting career. According to these data,
27% of IDUs will experience at least one overdose within the first three years of injecting.

Younger IDUs and Overdose

There were few important differences in the pattern of overdose as experienced by younger
and older respondents in the ASHIDU. If the age/gender interaction is a cohort effect, we
can expect, all other things being equal, the proportion of female overdose cases to rise.
Younger respondents had had fewer overdoses than older, but this appears to be a
duration of injecting effect and again, without intervention, we can expect them to reach the
same rates as the older respondents over time.

Although opioids were the drugs most commonly nominated as those that caused overdose
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by respondents of all ages, younger respondents were more likely than older to nominate
non-CNS depressant drugs. The question of whether these drugs caused ‘overdose’
precisely as defined in the questionnaire, or whether respondents had some other kind of
unpleasant acute drug effect in mind, when they said overdose was caused by
amphetamine or LSD, is one that merits more methodological attention.

Younger respondents were more likely than older respondents to use cannabis at the same
time as the major overdose drug, although no less likely to use alcohol or other drugs.
While the major concern has been with the toxicity produced by combinations of CNS
depressants, we might also ask ourselves whether intoxication with combinations of drugs
such as cannabis and alcohol, at times when heroin or other opioids are being injected,
lends itself to carelessness and possible tragic outcomes.

Finally, after an overdose younger respondents were more ready than older respondents to
stop using the overdose drug altogether. This may be a characteristic of some early stage
IDUs that can be used to motivate long lasting and life saving behaviour change.

It is clear, however, that there is a great deal that we do not know about the experience of
younger IDUs and overdose. Given the clinical and anecdotal evidence which suggests that
heroin is now so much more commonly used by younger IDUs than it was in 1994 when the
ASHIDU was conducted, there is scope for research which is particularly focused at this
sub-population.

Prevention

Many of the prevention strategies suggested by these data are well known and underway.
Clearly, peer education which focuses on issues relating to multiple drug toxicity,
understandings of tolerance and cross tolerance, the social context in which opioids are
used, and appropriate user responses to overdose, is critical. Other prevention strategies
might include exhorting hospital staff to take up the question of preventing further
overdoses with IDUs who have been admitted as in-patients following an overdose.

The city differences in opiate overdose outcomes stress the importance of investigations
and prevention strategies being linked to good understandings of local conditions. As an
example, is it still the case, in 1997, that IDUs in Perth are less likely than IDUs in other
cities to call for help when an overdose has occurred? And if so, why? And is it still the case
that Narcan is used with only 5% of opioid overdoses?

Finally, Shane Darke, in a recent seminar on overdose in Perth, talked about overdose
myths one of which was the myth of the ‘killer heroin’. The most common reason given for
the last overdose in this study was the ‘unexpected good quality’ of the drug they were
using, which suggests that this myth was alive and well. Despite this, 57% of those who
overdosed on heroin were using at least one CNS depressant and 13% were using two or
more at the same time. Clearly the risk of multiple drug toxicity was relatively unknown to
these respondents, but it appears very likely that it played a large role in some of the
overdoses. Respondents’ behaviour change after an overdose - to the extent that there
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was any - was related to the presumed reasons for that overdose, such that those who
ascribed their overdose to the use of other drugs at the same time, were more likely to say
they would be careful with use of other drugs in the future. This suggests that it is doubly
imperative that IDUs understand the dangers of using combinations of CNS depressant
drugs.
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Pharmacology of Opioid Overdose

by

Jason M. White, University of Adelaide®

The dangers of opioid overdose have been recognised for as long as the use of opium
itself. In the clinical context this danger is an important restriction on dosing with opioids for
the control of pain. While it has always been recognised that use of heroin and other
opioids in a non-medical context also carries significant risks, in recent years this has
received increasing attention. This is due, in part, to the markedly increased rate of
overdose in many countries.

The major consequences of opioid overdose are pulmonary oedema and respiratory
depression. The role of pulmonary oedema is problematic. While it can be of relatively
rapid onset and thus be a factor in death, it may also be of much more gradual onset and
less of a contributing factor (Karliner et al, 1969). Pulmonary oedema is also a
consequence of respiratory depression caused by non-opioid drugs. Thus, respiratory
depression may be the primary event, with pulmonary oedema a complicating factor in
some cases. The present review will examine the pharmacological basis of respiratory
depression following opioid administration. Consideration will also be given to the role of
drug interactions, as these have been important in the aetiology of overdose (Darke and
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Zador, 1996).

Control of respiration

The function of respiration is to maintain concentrations of oxygen and carbon dioxine
within optimal ranges. This is achieved by intake of oxygen through inspiration and
reduction of carbon dioxide concentration through expiration. This rhythmic process is
effected by the lungs and associated musculature, but relies on appropriate neural input to
the muscles. In contrast to the internally controlled rhythmicity of the heart, respiration is
entirely dependent upon external input from the central nervous system (CNS).

While there are influences from cortical and other regions, control of breathing is localised
principally in the brain stem. Two major groups of neurons have been identified, both within
the medulla region of the brainstem. These have been termed the dorsal respiratory group
(DRG) and the ventral respiratory group (VRG). In addition, important input comes from
the pons. The exact role of each of these structures is as yet unclear, despite considerable
research. In particular, the search for a central pattern generator or oscillator as a source
of the breathing rhythm has not produced a clear outcome. The most likely candidate is the
DRG which, in turn, influences the VRG. Efferent fibres emanating from the VRG innervate
the muscles of respiration. Thus, the VRG is likely to be involved in shaping motor output
rather than being the source of the rhythmic pattern. VRG neurons are also influenced by
innervation from the pons. While pontine regions are not essential for respiratory rhythm,
they may play some role in influencing the timing of the different phases. For more detail
on the physiology of breathing, the reader is referred to Bianchi et al (1995).

Neurotransmitters and the control of respiration

The generation of the respiratory rhythm requires phasic activation and inhibition.
Researchers have now identified the major neurotransmitters and receptors involved in
these processes (see Bonham, 1995, for a review). Within the VRG, excitation is mediated
via excitatory amino acid receptors while the inhibition is mediated via GABA receptors.
These are the most ubiquitous excitatory and inhibitory neurotransmitter systems in the
CNS and they appear to play the central roles in the control of respiration. Several different
sub-types of receptors for the excitatory amino acids (such as glutamate) have been
identified. They can be categorised as NMDA, non-NMDA (e.g. kainate) and metabotropic.
NMDA receptors are the best characterised, with sites identified for glutamate, glycine and
a PCP site. The NMDA receptor is believed to play an important role in memory (Rison and
Stanton, 1995). Its actions are affected by drugs such as phencyclidine and ketamine (via
the PCP site) and alcohol (at an unknown site). There is evidence of a role for both NMDA
and non-NMDA receptors in the control of respiration in the DRG, VRG and pons.

GABA is the main inhibitory neurotransmitter in the CNS and acts via GABA, and GABAg

receptors. The GABAA receptor, which is linked to a CI" channel, is more widely distributed
generally, and of greater importance in the control of respiration. A number of drugs as
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well as endogenous compounds produce their effects via this receptor complex. These
include benzodiazepines, alcohol, neurosteroids and barbiturates. GABA receptors are
found in relatively high density in the DRG and VRG. Glycine may also play some role in
producing inhibition in these centres.

Other neurotransmitters have the potential to modulate respiratory rhythm. These include
serotonin, substance P and opioid peptides. The role of serotonin has not been clearly
determined. In part, this is likely due to differential effects mediated through different
serotonin receptor subtypes. In contrast, substance P seems to have a principally
excitatory role: injections of substance P into respiratory regions of the medulla stimulate
respiration. The effects of the opioid peptides are largely opposite to those of substance P,
with decreased activity following administration of opioids into these brainstem regions.
Much of this activity of opioids appears to be due to a reduction in glutamate-induced
excitation (Bianchi et al, 1995).

Peripheral inputs to central respiratory centres

Adjustments in the rate and pattern of breathing occur in response to information from
peripheral sources. One such source provides information on the degree of inflation of the
lungs. Stretch receptors respond to inflation with input to the DRG via the vagus nerve.

Chemoreceptors which respond to changes in blood gases are located in the carotid and
aortic bodies. They are composed of specialised cells which are stimulated by a decrease
in oxygen and, to a lesser extent, by an increase in carbon dioxide or a decrease in pH.
Like the stretch receptors, projections from the peripheral chemoreceptors eventually
terminate in the DRG.

Opioid actions and effects

Opioids produce their effects through activity at three major receptor subtypes: u, k and &.
While agonists at each of the three receptor sub-types produce analgesia, there are also
important differences in the effects they mediate. Most of the familiar opioid drugs such as
morphine, methadone and fentanyl are agonists at u opioid receptors. In contrast, k
agonists do not produce the euphoric and reinforcing effects of pu agonists. Delta agonists
seem to have some reinforcing properties. With respect to respiration, drugs that have
agonist activity at either u or & receptors cause respiratory depression. Kappa receptor
agonists produce either no effect on respiration or cause a mild respiratory stimulation.

The p receptor subtype is sometimes further subdivided in to w3 and p, isoforms
(Pasternak, 1986). Analgesia is associated with activity at both isoforms, but possibly at
different CNS sites: u, receptors may mediate supraspinal analgesia and p;, spinal
analgesia. In the original schema, respiratory depression was p, mediated. This could
have important implications as it suggests that opioids could be developed with analgesic
properties (and other p-receptor mediated properties), but without respiratory depressant
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effects. However, there is still considerable controversy about the validity of the p; and .
isoforms.

Within the system controlling respiration described above, there are several sites at which
opioid drugs may produce an effect (Yeadon and Kitchen, 1989). At each of the sites the
action of opioids is depression of neuronal activity. The first group of sites is comprised of
the chemoreceptors. The inhibitory activity of opioids appears to be mediated principally by
u opioid receptors and results in diminished sensitivity to changes in oxygen and carbon
dioxide outside normal concentration ranges. Opioids may particularly affect the
magnitude of the response to increased carbon dioxide.

Opioid receptors are also found in central respiratory centres. Both u and 6 receptors are
located in these regions. This suggests that opioid peptides such as -endorphin and met-
enkephalin may have an important role in respiration. However, despite the profound effect
of exogenously administered opioids and the presence of opioid receptors at high
concentrations on respiratory neurons, there is, as yet, no clear role for endogenous opioid
peptides in normal control of respiration (Santiago and Edelman, 1985).

The effects of exogenous opioids on respiration include changes in both tidal volume and
respiratory frequency. The nature of the effect depends in part on the concentration of the
opioid. Low concentrations may have effects mainly on tidal volume, whereas at higher
concentrations both tidal volume and respiratory frequency may be affected (Santiago and
Edelman, 1985). There is some evidence to suggest that these two different parameters
may be modulated by different opioid receptors, with p opioid receptors mediating the
depression in tidal volume and 6 opioid receptors the depression of frequency (Morin-Surun
et al, 1984), but this account is by no means definitive.

Opioid agonists, partial agonists and antagonists

Most instances of death through opioid induced respiratory depression result from heroin
administration. Heroin (diacetylmorphine) is believed to have no significant opioid receptor
activity. However, itis rapidly metabolised to 6-monoacetylmorphine and then to morphine.
Both of these compounds are p opioid receptor agonists. While diacetylmorphine and 6-
monoacetyl-morphine readily cross the blood-brain barrier, morphine itself is much slower
to do so. Thus, heroin could be considered a prodrug which facilitates the entry of
morphine into the brain.

Recently, two major metabolites of morphine, morphine-3-glucuronide and morphine-6-
glucuronide, have been demonstrated to be pharmacologically active. While the action of
morphine-3-glucuronide is not entirely understood, morphine-6-glucuronide is an agonist at
u and o receptors. It is found in significant concentrations in the CNS after morphine
administration (Wolff et al, 1995) and hence may contribute to the actions of heroin.

Tolerance is known to develop to most effects of opioids and respiratory depression is no
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exception. Tolerance to respiratory depression in animals has been noted to be relatively
slow and incomplete and there is some evidence that this is also the case in humans. The
human studies have relied on observations of the effect of methadone because of the
relative ease of access to patients on long-term methadone maintenance. Two studies
(Marks and Goldring, 1973; Santiago et al, 1977) showed that tolerance to the respiratory
depressant effects of methadone was incomplete. The latter authors differentiated
tolerance to the carbon dioxide sensitive chemoreceptor mechanism which they suggested
was complete, and tolerance to the hypoxia-sensitive chemoreceptor mechanism, which
they suggested was incomplete. Whatever the mechanism, these results suggest that
even long-term opioid users are at significant risk of respiratory depression.

In contrast to the effects of full opioid agonists, partial agonists such as buprenorphine
appear to have less effects on respiration. Buprenorphine has been shown to produce
dose related decreases in respiratory rate in the lower dose range, but no further decline
with increases in dose (Walsh et al, 1995). Thus, partial agonists should be considerably
safer than full agonists, with much lower risk of overdose. However, potentially fatal
respiratory depression may still be produced by these drugs, particularly if they are co-
administered with other drugs that produce inhibitory effects on respiration.

Finally, pure opioid antagonists such as naloxone and naltrexone have relatively little effect
on respiration in healthy adults (Shook et al, 1990). As mentioned above, the role of
peptides in mediating normal respiration is, as yet, unclear. The evidence for this comes
principally from studies in which these antagonists have been administered. Their relative
lack of effect on respiration has made it difficult to find a role for opioid peptides. Thus,
therapeutic maintenance with antagonists such as naltrexone should not impair respiration.
However, opioid antagonists will completely block or reverse the effects of agonists such
as morphine. This is important in the treatment of opioid overdose where naloxone is the
drug of choice.

One of the limitations associated with the use of naloxone is its relatively short half-life.
This is not usually a problem in the treatment of heroin overdose, but if there is a
component of the respiratory depression due to other opioid agonists with longer half-lives
(such as methadone), then the effects of the full agonist may return after the naloxone has
been cleared. An antagonist with a longer half-life, such as naltrexone or the more recently
developed nalmefene, may therefore produce a similar reversal of the opioid effects, but
with minimal risk of respiratory depression returning. However, in opioid dependent
patients administration of an antagonist will precipitate withdrawal. The duration of
withdrawal is dependent on the duration of action of the antagonist. While longer acting
antagonists such as naltrexone may have benefits in terms of safety, they will also
precipitate a long-lasting withdrawal syndrome (Hung and Hoffman, 1997).

Finally, it should be also be recognised that in the presence of a full agonist, a partial
agonist such as buprenorphine will reverse a number of the effects of the full agonist and
may precipitate withdrawal. However, this is unlikely to have any significant therapeutic
use. Thus, following administration of heroin or morphine any respiratory depression may
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be reversed by subsequent administration of buprenorphine, but a withdrawal syndrome
may also be precipitated.

Opioid-drug interactions

There is now considerable evidence that many instances of overdose are due to the
combined effects of opioids with other drugs. The major drugs implicated in this way are
alcohol and the benzodiazepines. The potential for such interactions can be better
understood by considering the actions of these compounds in the central respiratory
regions.

As mentioned above, benzodiazepines produce their effects by action at the
benzodiazepine receptor site on the GABAa receptor complex. The effect of
benzodiazepines is to enhance the effect of GABA, increasing CI flux through an increased
rate of channel opening. GABAA receptors play a major role within the respiratory control
centres and so there is potential for a significant effect of benzodiazepine administration.
By themselves, benzodiazepines have less marked effects on respiratory rate than opioids,
although pronounced respiratory depression can be produced when high drug
concentrations are achieved (Gaudreault et al, 1991). However, the potential for
interaction with opioids clearly arises from the combined inhibitory effects of both the opioid
drug and the benzodiazepine via the GABAx receptor.

Alcohol also acts via the GABAa receptor. However, it does not bind to the benzodiazepine
site, but at some other (unknown) location on the receptor complex. It also enhances the
effect