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1 | N E W P S Y C H O A C T I V E S U B S TA N C E S
A N D TH E E M C D D A

reach for their products; some even offering custom synthesis. The
amounts offered for sale range from a few milligrams to tens or even
hundreds of kilograms; the purity often claimed to be high. Payments

New psychoactive substances make up a broad range of drugs – such as

by credit and debit cards, online payment services, or direct bank

synthetic cannabinoids, stimulants, opioids, benzodiazepines, and hallu-

transfers are accepted. Escrow services and online reputation systems

cinogens – that are not controlled under the international drug control

– similar to those found on established e‐commerce marketplace and

system.1,2 Usually they are intended as ‘legal’ replacements for the illicit

auction websites – may also be used which serve to decrease risk

drug market; while some are also used by small groups who wish to

and increases trust between buyer and seller, helping secure sales.16

3-6

From here substances can be shipped to Europe for as little as €50

explore them for possible novel experiences and effects.

Since 1997, the European Union has had a 3‐step legal framework

or less. The packages easily blend in among the thousands of small

of early warning, risk assessment, and control measures that allows it to

packages shipped from China to Europe each day. Larger amounts

rapidly identify and respond to the potential public health risks caused

are shipped by air or sea cargo. Once in Europe, some of the sub-

by the appearance of such new substances.1,2,6-9 The European Moni-

stances are processed into products before packaging and sale. This

toring Centre for Drugs and Drug Addiction (EMCDDA) is responsible

includes herbal smoking mixtures laced with synthetic cannabinoids –

for the first two steps in this system, namely operating an early warning

generally known as ‘Spice’9,17 – as well as the more recent develop-

system with Europol (the EU Police agency) and conducting risk assess-

ment of ready‐to‐use nasal sprays and e‐liquids for use in electronic

ments; while the European Commission, European Parliament, and

cigarettes containing fentanyl analogues.18,19 Some of these sub-

Council of the European Union are responsible for control measures.

stances are sold in specialized high‐street shops and their counterparts

As part of this work, the EMCDDA monitors more than 620 new psy-

on the surface web – typically as branded ‘legal high’ products or

choactive substances that have appeared on Europe's drug market over

‘research chemicals’ – as well as on anonymous marketplaces on

the past 20 years. Data on these substances are collected and reported

darknets20,21 and on the existing illicit market for drugs.3 Importantly,

to the EMCDDA through the EU Early Warning System as well as from

new substances may be sold as substances and products in their own

the EMCDDA's other monitoring systems.1,7-9 Most of these sub-

right as well as passed off to unsuspecting users as illicit drugs such

stances have been detected over the past decade, with more than

as heroin, cocaine, ‘Ecstasy’, and benzodiazepines.22

70% detected in the last five years alone – including 66 detected for

While recent indications suggest that certain policy responses can

the first time in 2016.4 This dramatic growth in the market is also

reduce availability in some circumstances – such as measures aimed at

reflected in substantial increases in seizures and other forms of confis-

reducing the open sale in high‐street shops – the overall continued

cations made by law enforcement over this period.3-6

availability is driving greater complexity into the drug problem.5 Most

Driving much of this growth is the exploitation of globalization,

recently in Europe, this includes an increase in the number and avail-

economic development, and new technologies by entrepreneurs.3-6

ability of fentanils detected, with some 20 appearing on the market

This includes a shift away from a reliance on clandestine laboratories

since 2012, including 8 detected for the first time in 2016 alone.4

typical of the 1980s and 1990s to commercial operations run by chem-

Responding to this development, the EMCDDA has strengthened its

ical and pharmaceutical companies in China3-6,10-15 Using business‐to‐

early warning and response activities to such potent opioids including

business (B2B) and business‐to‐consumer (B2C) online marketplaces,

launching detailed investigations into five of them – acetylfentanyl,

as well as their own websites, the companies have secured a global

acryloylfentanyl,
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furanylfentanyl,

wileyonlinelibrary.com/journal/dta

4‐fluoro‐isobutyrylfentanyl

and

Drug Test Anal. 2018;10:120–126.
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tetrahydrofuranylfentanyl – following reports of more than one

factors such as post‐mortem redistribution. When assessing new psy-

hundred deaths between them.18,19,23,24

choactive substances in particular, information and evidence

The fallout from the growth in the market for new substances has

pertaining to many of these considerations is not always known. In

been an increase in the number of serious adverse events – particularly

particular, depending on the nature and developmental history of the

non‐fatal and fatal poisonings.4,6 As part of its overall response to the

new substance, defined or typical concentrations found in varying

growth in the market, the EMCDDA has undertaken a rolling programme

circumstances are invariably not available. Appropriate pharmacologi-

of work over the past few years to strengthen key systems which form

cal information is also required to interpret metabolic and

part of its early warning and response activities. This includes developing

pharmacogenomic factors and determine possible drug–drug interac-

interconnected systems that allows it to better identify, understand, pri-

tions and the propensity for tolerance.35 Furthermore, experimental

oritize, and respond to public health threats – including a toxicovigilance

findings would also be required to assess substance instability36,37

system, signal management system, open source information monitoring

and case findings are needed to assess the occurrence and degree of

system, and risk communication system. In addition, it has also con-

post‐mortem redistribution in fatalities.38-40

ducted an increasing number of risk assessments on substances causing
25

particular concerns to the European Union.

Whilst it is preferable to assess situations where only the sub-

The toxicovigilance sys-

stance under review is involved, this is not always possible with new

tem allows the EMCDDA to identify, manage, understand, and, through

psychoactive substances due to the common use of multiple drugs.

other components of the EU Early Warning System and risk assessment

Such polydrug use may be both intentional and unintentional based

process, react to serious adverse events associated with new

on the mode of use and occurrence of multi‐component products,

substances. Much of the initial work has focused on strengthening the

respectively.3,41-44 Nevertheless, whilst additional substances may be

detection, reporting, and assessment of serious adverse events reported

involved, the toxicological relevance of other drugs may be low due

by the countries which are part of the EU Early Warning System as well

to their pharmacological nature, concentration, and/or their presence

as those events identified by the EMCDDA from the scientific and med-

in a particular specimen. For example, the presence of a drug in urine

ical literature and other open sources. As part of this work, the EMCDDA

only would indicate previous rather than recent use, and absence in

is examining a number of complementary approaches to assess and clas-

the blood would suggest that it was not exerting a pharmacological

sify the causal role of new psychoactive substances in serious adverse

effect at the time of death or specimen sampling. As such, if drugs

events. This is somewhat similar to the field of pharmacovigilance, where

are not present in the blood (especially in fatal instances), this reduces

a number of causality assessment/classification systems have been

their toxicological importance in relation to the new psychoactive sub-

developed for assessing the likelihood of the involvement of a medicine

stances under review. However, there are exceptions to this, for exam-

in an adverse event.26-33

ple in instances where use of a drug has resulted in actions leading to

The aims of this paper are three‐fold: (1) highlight the need for
such systems; (2) demonstrate one such system, known as the toxico-

death occurring many hours (or even days) after intake (such as
hanging, trauma and other injuries or adverse behaviour).

logical significance score (TSS), which has been developed to support

First, to allow an evidence‐based assessment of the toxicological

the risk assessment of new psychoactive substances by allowing the

significance of a substance, appropriate laboratory confirmed analyti-

role of specific new psychoactive substances in deaths to be better

cal findings are required. This is a prerequisite in toxicology casework

assessed and classified; and (3) call for further research into such

and it is important to have knowledge of the nature of the testing

systems in order to help support evidence‐based assessments and

performed (e.g. sensitivity and selectivity) as well as other quality and

strengthen the risk assessment of new psychoactive substances.

validation parameters (e.g. precision and accuracy if quantitative).45
In order to have assurances of detection in biological material, identification using mass spectrometry (invariably coupled to gas or liquid
chromatography) is widely accepted,46 in addition to other techniques

2 | RISK ASSESSMENT AND
T O X I C OL O G I C A L SI G N I F I C A N C E

(e.g. diode array detection) that may allow elucidation of a particular
isomeric form (which is a significant issue for many new psychoactive

Examination of the individual health risks of a substance is a funda1,9

mental requirement of the risk assessment process.

substances).47,48 This is important in order to relate particular

The toxicologi-

findings (e.g. clinical and/or pathological) to the particular new

cal significance of the substance in serious adverse events, especially

psychoactive substance under review, for example, distinguishing 3‐

in deaths, is an essential consideration. Within toxicology, there are

methylmethcathinone from 4‐methylmethcathinone; mephedrone)

various factors that are involved in determining the significance of

which would not be possible even using accurate mass spectrometry

the presence, absence, or concentration of a substance or metabolites

due to an identical empirical formula.

found in biological material following laboratory analysis.34 These
include the circumstances of the case, the nature of the specimen(s)
analyzed, the type of analysis performed, the availability and applicability of known concentration ranges, an assessment of tolerance to the

3 | ASSESSING TOXICOLOGICAL
SIGNIFICANCE

substance, the impact of pharmacogenomics, the presence of other
substances, stability of the substance in biological material, and the

The process for assessing the toxicological significance of new

possible in vitro or in vivo production of the substance (especially in

psychoactive substances in fatalities requires the following factors to

post‐mortem situations), in addition to other potential influencing

be considered:
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1. Presence, concentration and nature of the new psychoactive
substance under review.
2. Presence, concentration and nature of other drugs present
(including alcohol).
3. Circumstances of death.
4. Cited cause of death, including pathology findings.

data. However, if another new psychoactive substance is involved
then there may not be the same types and volumes of data but its
significance can be assessed as above. As such, if no other drugs are
detected/involved or even if present the expected contribution to toxicity or death is low, then this provides more weight to the new psychoactive substances under review being significant to the adverse
event/death.

5. Depending on the number of cases, it may be possible to determine typical concentrations in varying circumstances (e.g. direct
cause of death, or alternative/unrelated cause of death).

3.3

|

Circumstances of death

When considering exclusion of other factors in a death, the manner
and cause are paramount. There are of course many circumstances in

3.1 | Presence, concentration and nature of the new
psychoactive substance under review
Assessment of the presence, concentration and nature of the new
psychoactive substance under review initially requires evaluation of
the analytical evidence (as already mentioned). The relevance of concentration is a primary toxicological consideration whereby invariably
the higher the concentration, the more significant the finding due to
likely higher probability of toxicity occurring and to a greater degree.
In order to assess whether a concentration is relevant or not, it is necessary to have comparative concentration datasets in varying circumstances. For instance, post‐mortem concentrations in fatalities with
an alternative cause of death (e.g. hanging, gunshot, road traffic accident, trauma from a fall), post‐mortem concentrations in drug‐related
fatalities involving the new psychoactive substance under review and
in life concentrations (e.g. non‐fatal cases and suspected driving under
the influence of drugs). The importance of this comparison incorporates the possibility of post‐mortem redistribution and other changes
that can occur after death which can result in artificially elevated drug
concentrations depending on the post‐mortem interval, nature of the

which death can occur. The involvement (or not) of a drug or drugs
in the death is a primary consideration. As mentioned elsewhere, whilst
hanging or fatal trauma may be the manner of death, it is possible that
use of a drug precipitated that event, either through altering the individual's state of mind (including suicidal ideation) or causing behaviours
or actions that lead to a trauma (e.g. fall from a height or accidental
injury). Aside from suspected drug toxicity or sudden unexplained
death, other situations whereby a new psychoactive substances under
review may be involved include road traffic incidents, drowning, gunshot wounds (including self‐inflicted), asphyxia, fire, etc. In casework
it is the role of the toxicologist to assist investigators in determining
the potential role of drugs in the death and, in the situation of new
psychoactive substances review, the same role applies but as much
information as possible is required concerning the circumstances.
Nevertheless, even an overview of the manner of death (e.g. hanging
or other mechanical suicide) provides information that the death may
not be directly related to the new psychoactive substance under
review.

priately from the femoral vein is the preferred source).38 If such a

3.4 | Cited cause of death, including pathology
findings

dataset is not available (as is often the case with new psychoactive

Based on the circumstances and pathological findings, ultimately the

substances) knowledge of the pharmacological nature of the new psy-

investigating pathologist will have stated a likely cause of death which

choactive substance is required to enable an initial evaluation of the

is recorded by the relevant authority (e.g. Coroner). When determining

new psychoactive substance's possible actions and effects, including

the cause of death, the concept of exclusion is also applied and the

characterization of the new psychoactive substance as, for example,

pathologist will look at a wide range of factors, including the

a central nervous system stimulant, depressant and/or hallucinogen,

deceased's previous medical history as well as macroscopic and micro-

etc. This could also be used to highlight potential interactions with

scopic findings post‐mortem. As it is invariably not possible to diag-

other drugs/substances involved or its impact on pre‐existing medical

nose drug toxicity at autopsy the pathologist equally relies on the

conditions.

toxicological findings but paradoxically in terms of new psychoactive

drug and anatomical site of sampling (whereby blood obtained appro-

substances, there may be a lack of data to allow such a diagnosis by

3.2 | Presence, concentration and nature of other
drugs present (including alcohol)

the pathologist. Therefore, it is possible that the cause of death may
be cited as being “unascertained”. Alternatively, and especially if other
drugs are involved, the cause of death may be described as, for exam-

As toxicological significance can also be assessed through exclusion of

ple, ‘multiple drug toxicity’ or ‘stimulant drug toxicity’ based on any

other factors, it is necessary to consider the other drugs that may or

known or suspected action of the drug(s) involved. In these examples,

may not be involved, including ethanol (alcohol). Consequently, as for

the new psychoactive substance under review may not be specifically

the new psychoactive substances under review as described above,

mentioned but does not rule out its contribution to the death and

the same pharmacological aspects and toxicological data need to be

should be treated as such when assigning a TSS after performing the

assessed. If a medicine is also detected in the biological material, there

assessment and exclusion process above. Primarily, the cited cause of

is likely to be pre‐clinical and clinical data available as well as informa-

death and pathological findings can be used to determine if there has

tion regarding its actions and expected concentrations with recorded

been an alternative reason for death irrespective of the involvement

outcomes, including a potential therapeutic range and post‐mortem

of the new psychoactive substance.
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3.5

Typical concentrations in varying circumstances

|

There are often no defined concentration ranges associated with
(especially emerging) new psychoactive substances that would constitute ‘recreational’ or excessive use and corresponding degrees of
toxicity and expected outcomes. Furthermore, as outlined above, in
fatalities it is necessary to compare post‐mortem blood concentrations in cases where new psychoactive substance toxicity is
suspected and where there has been an alternative cause of death
and/or where new psychoactive substance toxicity is not suspected.
Due to the possibility of post‐mortem redistribution it is not appropriate to compare in life blood concentrations (including driving
under the influence) with post‐mortem blood concentrations (even
if obtained from a peripheral site such as the femoral vein) so collated data in varying circumstances are important if measured concentrations are to be used in the new psychoactive substances

have been purchased over the Internet from a ‘research chemical’ company. At autopsy, the deceased was found to have an enlarged heart
and hypertensive heart disease with no other contributory findings.
Cause of death was given as ‘methoxyphenidine use and hypertensive
heart disease’.
Toxicology findings: post‐mortem femoral blood 2‐MXP 24.0 mg/L
(also present in post‐mortem urine). Low concentrations of citalopram,
promethazine, lamotrigine and mirtazapine were also found in the blood.

Assessment
Whilst a blood concentration of 24.0 mg/L for ketamine or to an
extent, methoxetamine, would be considered to be high there are
insufficient comparative data to allow an assessment of the blood 2‐
MXP concentration in terms of likelihood and degree of any toxicity.
The low concentrations of the other drugs do not suggest excessive
use of these but it is not possible to rule out possible interactions with

review.49

2‐MXP. Based on the pre‐existing heart disease and potential cardiac
effects of 2‐MXP along with no other significant pathological findings,

4 | T OXIC OLOG I CAL SIG NIFICANC E SCO RE
(TSS)

2‐MXP can be considered to have likely contributed to death, even in
the presence of other drugs and was cited in the cause of death.
Toxicological Significance Score of 2‐MXP in this instance = 3 (high).

It is possible based on the considerations above for an appropriately
qualified and experienced toxicologist to assign a level of significance
to the new psychoactive substance under review according to the
following scores;

4.1.2

|

Case 2

Male found dead at home with a medical history of epilepsy and
attention deficit hyperactivity disorder. He had been prescribed
levetiracetam, dexamphetamine and diazepam. A sachet labelled

1 = Low, i.e., alternative cause of death.

methoxphenidine 2 g was found in his pocket. At autopsy, the

2 = Medium, i.e., the new psychoactive substance may have contributed to toxicity/death, other drugs present may be more toxicologically significant.
3 = High, i.e., new psychoactive substance cited as cause of death
or likely to have contributed to toxicity/death, even in presence of
other drugs.

deceased was found to have a moderately enlarged heart and mild atheroma with no other contributory findings. The cause of death was
given as ‘probable methoxyphenidine toxicity’ due to the absence of
any other pathological findings.
Toxicology findings: post‐mortem femoral blood 2‐MXP 2.0 mg/L
(also present in post‐mortem urine). Low concentrations of diazepam

U = Unclassified, i.e., insufficient data to allow assessment.

and quinine were also found in the blood. No levetiracetam or

Although there may be some clear assignations during assessment,

dexamphetamine was detected.

there will equally be some situations where scoring may be unclear. In
these situations, it may be more appropriate to assign the higher score

Assessment

to ensure sufficient consideration of the new psychoactive substance's

Whilst the blood concentration of 2.0 mg/L is lower than that for the

involvement or make a critical review of the data to decide whether it

other case of suspected 2‐MXP toxicity (24.0 mg/L) this does not

is sufficient or not to make an assignation (i.e., unclassified). The

decrease the likelihood of excessive use, nor support it, solely based

following provide worked examples of the classification applied to a

on this finding. The low concentrations of the other drugs do not sug-

50

new psychoactive substance based on published case report data.

gest excessive use of these and whilst non‐compliance of anti‐epileptic
medication was considered circumstantial and other evidence

4.1

Application example: 2‐Methoxphenidine

|

excluded this as a factor. With no other significant pathological findings, 2‐MXP can be considered to have likely contributed to death,

2‐Methoxphenidine; 2‐MXP; 2‐methoxydiphenidine) is a NMDA

even in presence of other drugs and was cited (albeit on the balance

receptor agonist,51 similar to ketamine and methoxetamine with

of probability) in the cause of death. Toxicological Significance Score

purported ‘dissociative anaesthetic’, hallucinations and potential car-

of 2‐MXP in this instance = 3 (high).

diovascular effects.14

4.1.3
4.1.1

|

Case 1

|

Case 3

Male was found dead on a road having jumped or fallen from a road

Male found dead at home. There was evidence of drug paraphernalia

bridge suffering fatal injuries. He had a medical history of schizophrenia.

including white powder in clear bags that was later identified to be

The cause of death was due to multiple injuries following the fall and the

methoxphenidine (isomer not distinguished). The drug was found to

inquest conclusion was ‘suicide whilst suffering from a mental illness’.
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Toxicology findings: post‐mortem femoral blood 2‐MXP 1.36 mg/L.
Low concentration of risperidone also found in the blood.

MDMB‐CHMICA: TSS values High (3 score) – 46%, Medium (2 score)
– 38%, Low (1 score) – 16%.

Assessment
Despite measured concentrations in two cases of suspected 2‐MXP
toxicity, there are insufficient comparative data to allow an assessment
of the blood 2‐MXP concentration in terms of likelihood and degree of
any toxicity. Nevertheless, the circumstances and stated cause of
death conclude that the new psychoactive substance was not the
direct cause. Whilst an altered state of mind as a result of 2‐MXP
use could be a consideration, the pre‐existing mental health history is
a primary factor. The low concentration of risperidone does not suggest excessive use of this antipsychotic drug. Toxicological Significance
Score of 2‐MXP in this instance = 1 (low).
In these case situations, if the other (prescription) drugs had been
found to be at higher concentrations, it could not be determined with
certainty that the new psychoactive substance, 2‐MXP would have
likely contributed to toxicity/death, even in presence of these other
drugs. As such, if that had been the case then a TSS assignation of 2
(medium) would have been more appropriate as 2‐MXP may have
contributed to toxicity/death but the other drugs present may have
been more toxicologically significant.

5

|

FURTHER DISCUSSION

Over the last decade or so, the large increase in the number, type, and
availability of new psychoactive substances has led to a range of challenges for public health policy and practice. With an assessment of risk
to health being essential and central factor in decision making, it is
imperative that some form of mechanism exists such that serious
adverse events and other issues are properly evaluated in relation to
the potential role of a substance under review. An appropriate
appraisal of toxicological significance is a primary part of this process.
The proposed TSS is one approach that may assist, a primary strength
being based on the same principles as those routinely used in post‐
mortem toxicology for assessing the potential role of drugs in a death.
The approach also allows a ‘quantitative’ presentation of significance,
for example in relation to the proportion of cases at each level of significance/contribution but it may also be used for relative comparison
to other substances previously reviewed. This is achieved by providing
a consistent approach and subsequent output that does not necessarily require toxicological expertise to understand the conclusions and

4.2

|

EMCDDA risk assessment

Overall, this classification system allows the evaluation of the toxicological significance of a substance in a death. Systematic assessment
of case reports using the described process can be used to produce a
matrix of TSS values for new psychoactive substances under review,
with quantitative collation of the numbers of cases associated with
low, medium and high scores. Specific examples of its application within
a risk assessment process include the assessments of 4,4′‐DMAR
(4,4′‐dimethylaminorex;

4‐methyl‐5‐(p‐tolyl)‐4,5‐dihydrooxazol‐2‐

amine), MT‐45 (1‐cyclohexyl‐4‐(1,2‐diphenylethyl)‐piperazine), and
MDMB‐CHIMCA

(methyl‐(S)‐2‐(1‐(cyclohexylmethyl)‐1H–indole‐3‐

carboxamido)‐3,3‐dimethylbutanoate) by the EMCDDA.52-54 For 4,4′‐
DMAR, out of 31 reported fatalities, 4,4′‐DMAR was either the cause
of death or was likely to have contributed to death in 23 cases (74%)
even in the presence of other substances; in one of these deaths 4,4′‐
DMAR was the sole drug present. In 8 cases (26%) 4,4′‐DMAR may
have contributed to toxicity but other substances were present that
may have been more toxicologically significant.52 For MDMB‐
CHMICA, out of 26 analytically confirmed fatalities with sufficient
information, MDMB‐CHMICA was reported either as the cause of

relative harm. There are limitations, however, much of which is dependent on the individual serious adverse events, including the circumstances of death (which may not be straightforward or fully known),
as well as potentially unknown or complicated pharmacology of the
substance in question in addition to any other drugs involved (which
may also involve unpredictable drug–drug interactions). Moreover,
important analytical challenges and considerations exist around the
measurement of new psychoactive substances, including lack of availability of reference material and validation requirements.55 Therefore,
even if measured, without a sufficient dataset, discrete concentrations
may be of little assistance, notwithstanding additional factors that may
adversely affect the findings such as instability of some substances
resulting in lower concentrations, hence not reflecting the true situation. Finally, the approach is focused on deaths within serious adverse
events but non‐fatal intoxications and other situations (e.g. drug driving) where a new psychoactive substance may have contributed are
also important and necessary aspects of substance review. These
limitations may lead to an underestimation of significance or unintentional incomplete evaluation of the factors but this does not detract
from the strengths and purpose of the approach.

death or as contributing to death (even in the presence of other
substances) in 12 deaths (46%); in 3 of these deaths MDMB‐CHMICA

6

|

CO NC LUSIO N

was the sole drug present. In 10 deaths (38%) MDMB‐CHMICA may
have contributed to death but other substances were present that

In this paper, we present a system that allows the toxicological signif-

may have been more toxicologically significant. An alternative cause

icance of new psychoactive substances to be assessed for the pur-

of death was recorded in 4 cases (16%).54

poses of risk assessment — an essential component in helping
characterize the potential health and social risks of a substance.1,2,9,25

4,4′‐DMAR: TSS values High (3 score) – 74%, Medium (2 score) – 26%,
Low (1 score) – none.
MT‐45: TSS values High (3 score) – 68%, Medium (2 score) – 29%, Low
(1 score) – 3%.

This, in turn, can help inform public health policy and practice in
respect to risk reduction – including informing risk communication
activities, harm reduction, as well as decision making such as consideration of the need for control measures. Causality assessment/
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classification systems all have limitations26-33 but there is a need for
systematic, reproducible and transparent approaches.

56,57

Whilst there

is equally a need for validation and additional research of this particular
approach, the TSS addresses many of the challenges in the assessment
of new substances and provides a basis for further discussion and
future studies.
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