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Abstract The application of analytical techniques in
postmortem toxicology is often more difficult than in other
forms of forensic toxicology owing to the variable and
often degraded nature of the specimens and the diverse
range of specimens available for analysis. Consequently,
analysts must ensure that all methods are fully validated for
the particular postmortem specimen(s) used. Collection of
specimens must be standardized to minimize site-to-site
variability and should if available include a peripheral
blood sample and at least one other specimen. Urine and
vitreous humor are good specimens to complement blood.
In some circumstances solid tissues such as liver are
recommended as well as gastric contents. Substance-
screening techniques are the most important element since
they will determine the range of substances that were
targeted in the investigation and provide initial indication of
the possible role of substances in the death. While
immunoassay techniques are still commonly used for the
most common drugs-of-abuse, chromatographic screening
methods are required for general unknown testing. These
are still predominately gas chromatography (GC) based
using nitrogen/phosphorous detection and/or mass spec-
trometry (MS) detection, although some laboratories are
now using time-of-flight MS or liquid chromatography
(LC)–MS(MS) to cover a sometimes more limited range of
substances. It is recommended that laboratories include a
second chromatographic method to provide coverage of
acidic and other substances not readily covered by a GC-
based screen when extracts do not include all physiochem-

ical types. This may include a gradient high-performance
liquid chromatography (HPLC) photodiode array method,
or better LC-MS(MS). Substance-specific techniques (e.g.,
benzodiazepines, opiates) providing a second form of
identification (confirmation) are now divided between
GC-MS(MS) and LC-MS(MS) procedures. LC-MS(MS)
has taken over from many methods for the more polar
compounds previously used in HPLC or in GC methods
requiring derivatization. Analysts using LC-MS will need
to obtain clean extracts to avoid poor and variable
sensitivity caused by background suppression of the signal.
Isolation techniques in postmortem toxicology tend to favor
liquid extraction; however solid-phase extraction and solid-
phase microextraction methods are available for many
analytes.
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Introduction

The postmortem environment produces a number of
additional challenges to the forensic analyst. The specimens
are often less than ideal and may even be substantially
degraded or nonexistent. Moreover, it is expected that
analysts produce results that can be of use in the case
investigation since many of these cases are of forensic
interest and may involve criminal prosecutions. Subse-
quently, it is expected that any bioanalytical procedures and
results that stem from these investigations can meet the
rigor of court cross-examination and medicolegal scrutiny.

The application of robust and properly validated analyt-
ical methods is just as important in postmortem toxicology
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as it is in other branches of the science. The application of
the most appropriate procedures will provide the basis for
the most correct interpretation of toxicology findings.

The term “bioanalytical procedures” covers both the
appropriate selection of the sample and the application of
appropriate analytical methods to achieve the intended
purpose of the investigation.

In this paper, important considerations in the selection of
the sample or specimen and in the selection and application
of appropriate analytical methods will be reviewed. The
focus will be on methods published in the last 10 years.
This information will hopefully assist the forensic toxicol-
ogist in providing the most reliable and useful information
to their clients.

Purpose of conducting postmortem toxicological
analysis

The purpose of conducting toxicological analysis in
decedents will of course vary from case to case and will
depend on the policy of the jurisdiction. In some case types
it may only be appropriate to test for a specific drug. For
example, in the death of an elderly person in a nursing
home on digoxin when the cause of death is likely to be
associated with the consequences of heart failure it may
only be necessary to check the digoxin concentration to
ensure no component of the death was due to the treatment.
However, in another context the death of an elderly person
where there is no medical details of treatment or the
person’s health in the days to weeks leading up to death it
will be appropriate to perform (amongst other things, e.g.,
an autopsy) a comprehensive toxicological evaluation to
assess the role if any of drugs or poisons.

A psychoactive drug screen would include ethanol
(alcohol), common drugs-of-abuse (e.g., amphetamines,
benzodiazepines, cocaine, cannabis, and opiates), and a range
of other substances, including anticonvulsants, antidepres-
sants, antipsychotics (neuroleptics), sedating antihistamines,
and a number of other opioid drugs, such as methadone and
meperidine (pethidine). In some jurisdictions variations of
these drugs-of-abuse classes might occur owing to local
usage, e.g., γ-hydroxybutyrate (GHB), phencyclidine, fen-
tanyl, and muscle relaxants (e.g., carisoprodol).

A comprehensive drug screen should include the
psychoactive drugs of interest to the jurisdiction but should
also include a range of less common psychoactive drugs
and other substances likely to exhibit behavioral changes in
a person, or even be toxic and therefore be potentially fatal.
These substances might include GHB (and its precursors),
acetaminophen (paracetamol), diuretics, cardiovascular
drugs (at least some), barbiturates, and antidiabetic drugs.
Testing might include other therapeutic substances, volatile

substances and some heavy metals, depending on the type
of case and possible risk. In some circles this is called
systematic toxicological analysis (STA) or general un-
known screening (GUS) and ensures as far as it is possible
that a series of tests have been conducted to cover a large
range of possible substances.

Whatever policy is applied in a particular jurisdiction it
should consider that whenever possible a reasonably
comprehensive toxicological analysis should be conducted
on most case types since this provides a greater assurance
that no relevant substance has been missed. The desire to
conduct no toxicological analysis or very limited toxico-
logical analysis based on what substances the person was
known to consume will very frequently miss relevant
substances. This can lead to misinterpretations and even
miscarriages of justice.

Selection of sample

In postmortem toxicology the selection of the most
appropriate specimens is far more important than in other
branches of forensic toxicology [1].

Wherever possible blood is the preferred specimen and
allows concentrations to be compared with clinical and
pharmacokinetic data. Importantly, blood does need to be
taken from a peripheral site to avoid excessive postmortem
changes due to redistribution. Reviews illustrating the
extent of changes for drugs can be found in [1–4]. It
should be recognized that some changes in drug concen-
tration will occur for all drugs even when blood is taken
from a peripheral site, particularly for lipid-soluble drugs.
Moreover, in cases of putrefaction further changes are
likely owing to changes in the composition of the blood,
instability of the substance, and diffusion of other fluids
from neighboring sites [5].

For these reasons it is never necessary to quote drug
concentrations to any degree of accuracy, e.g., three
significant figures; one or two significant figures is
sufficient. However, in order to properly interpret blood
concentrations in a postmortem specimen it is preferable to
quantify the substance in another specimen. The specimen
will depend on the availability of the specimen and the
substances present in the case [6].

In the case of ethanol, vitreous humor is the preferred
second specimen. Quantitative analysis of ethanol in blood
and vitreous humor enables (in most cases) a proper
interpretation of the presence of alcohol in the decedent
[7]. Vitreous humor has not been used routinely for analysis
of other drugs owing to the more complex distribution
kinetics although all substances present in blood are also
present in vitreous humor [6, 8].
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Liver has been one of the most common second
specimens. Most case reports illustrating toxicology find-
ings will include concentrations of the substance(s) in liver.
This solid specimen is the major metabolic organ and is
reasonably homogeneous and importantly can be readily
homogenized to provide a useful medium for extraction
techniques. A variety of homogenization techniques are
available, but most simply a section of tissue is diced and
homogenized with a mechanical device with 1–5 vol of
water or dilute buffer. The use of a proteolytic enzyme (e.g.,
subtilisin) to remove fibrous tissue can improve homoge-
neity of the final fluid and increase recovery of drugs [9].

Urine is widely used in clinical toxicology for drug
screening and indeed is also used in postmortem toxicol-
ogy. When it is available in cases it can be quite useful to
supplement blood-based screening procedures. Indeed
many laboratories conduct drugs-of-abuse screening using
immunological methods on this specimen in addition to
blood-based or liver-based drug screening.

On occasions analysis of gastric contents (and other
intestinal tissues) can be useful to determine if oral
ingestion occurred within hours of a death, and if so to
determine the remaining drug contents. While the results
are not always conclusive, the presence of a large amount
of a chemical substance in the gastric contents is pivotal in
understanding the significance of a blood concentration.

Since resampling is rarely possible it is recommended to
collect as a minimum set of specimens for postmortem
toxicology two blood samples (at least one that is
peripheral), vitreous humor, urine, section of liver, hair,
and gastric contents. In some cases not all of these
specimens are available owing to the state of the body
and in some situations other specimens may be needed;
hence, it is recommended that medical examiners/patholo-
gists, and if necessary the police investigators or judicial
authority, discuss the case with toxicologists in advance of
collection to ensure the most appropriate specimens are
collected.

Isolation techniques

The isolation of substances from postmortem matrices is in
general more difficult than that from clinical specimens
primarily owing to the range of specimens encountered and
the inferior quality of many specimens received in the
laboratory resulting from putrefaction or trauma of the body
during the death process, or both. For example, it is almost
impossible to obtain serum or plasma because of postmor-
tem hemolysis; hence, whole blood is the most common
specimen. Since blood is more viscous than serum/plasma,
solid-phase extraction (SPE) techniques are often too
difficult unless they are used for some forms of drug
analyses in urine or vitreous humor.

Some published procedures adopt extraction methods
that enable acidic, neutral, and basic drugs to be present in
one chromatograph. This can occur most economically by
combining two SPE-based eluates [10] or using polar
solvents such as ethyl acetate at pH 4.6 [11] or acetone
precipitation [12]. Clearly chromatography of separate
extracts can also be performed, but this lengthens the
analysis time for the case (Table 1).

Solid-phase microextraction has been used for the
analysis of a number of specific substances; however, its
application for GUS is limited since the absorption of each
substance onto fibers needs to be optimized [13, 14].
Developments such as in-tube extraction or single-drop
microextraction have allowed some exciting applications to
be developed for specific substances [13, 15].

Solvent-extraction techniques for blood and urine vary
substantially between publications. In essence the choice of
solvent is determined by its selectivity or ability to have
reasonable solubility for target drugs but not to be too polar
and also allow extraneous or endogenous material to be
also extracted. Safety and environmental concerns preclude
use of diethyl ether, chloroform, and toluene. Useful
solvents include 1-chlorobutane, hexane/isoamyl alcohol
(98:2), butyl acetate, and dichloromethane/isopropyl alco-
hol/ethyl acetate (1:1:3) [16].

Extractive methylation has been successfully used for
acidic compounds such as diuretics and uricosurics,
stimulant laxatives and/or their metabolites, and nonsteroi-
dal anti-inflammatory drugs [17–19], as well as for
buprenorphine and metabolites [20].

Selection of analytical methods

The modern analyst has a wide array of techniques and
procedures available to conduct toxicological investiga-
tions. Notwithstanding the issue of specimen type and
quality discussed earlier, the analyst will first of all
determine what form of testing is required. Is a compre-

Table 2 Essential elements of validated methods used in postmortem
toxicology

Validation requirement Anticipated weakness

Lower limit of detection False identifications or missed analytes
Limit of quantitation Poor accuracy at low concentrations
Upper limit of quantitation Poor accuracy at high concentrations
Calibration and linearity Poor accuracy generally
Recovery Poor accuracy or undetected analytes
Selectivity False identifications or missed analytes
Precision Imprecision of results
Accuracy or bias Poor accuracy
Stability of analytes Poor accuracy or missed analytes
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hensive screen required or can some more limited form of
toxicological analysis be conducted? As discussed earlier,
most often the answer to this question should be to conduct
a comprehensive toxicological investigation. This needs to
cover as many substances as reasonably possible while still
taking into consideration the circumstances of the case,
including any substances thought to have been used by the
decedent.

Analytical methods can be broadly classified into three
types of procedures: (1) screening procedures, (2) confir-
mation procedures, and (3) specific methods for an analyte
or for a narrow range of analytes.

Screening procedures

This is the most important part of the toxicological analysis
since what is done defines the extent to which analytes are
sought and detected. Procedures that are deficient owing to
insufficient sensitivity or coverage of substances will
devalue the toxicological investigations. While there is no
one ideal method it is essential that more than one method
is conducted to allow a sufficient coverage of substances.

Often a first step is a test for the presence of ethanol,
ideally in blood. It is recommended that a gas chromatog-
raphy (GC) method is adopted since it allows concomitant
detection of other simple volatiles, including acetone and
methanol [7]. Acetone is a product of metabolic disease,
including diabetic ketoacidosis. Other volatile substances
can be included if deemed necessary using similar GC
methods [21].

Immunoassay screens for common drugs-of-abuse
should be included on either blood or urine. Blood-based
tests involving ELISA technology are preferred for blood
analyses over test kits designed for urine analysis since this
combination gives higher sensitivity and is less prone to
interference, but nevertheless has proven successful [22–
25]. Naturally, urine kits can be used for urine screening;
however, urine is not always available in postmortem cases.

Additionally a comprehensive chromatographic screen(s)
for basic or basic/neutral substances is required. In
postmortem cases peripheral blood is the preferred speci-
men for GUS since it provides the best direct evidence of
substances having pharmacological actions compared with
urine. Various methods have been published for blood
screening using GC–nitrogen/phosphorous detection(NPD),
some of which are listed in Table 1. Naturally, GC–mass
spectrometry (MS) is widely used [26–28]. The use of GC-
NPD in combination with MS is a powerful technique and
offers the advantage of nitrogen-selective detection on a
capillary column with MS detection [29]. The use of
automated procedures using retention indices reduces the
time spent on postchromatographic analysis and improves
turnaround times [30]. Furthermore, the use of two columns

of different polarity from one extract improves the
identification power if MS is not available [30, 31].
Reviews on the various merits of chromatographic methods
are also available [16, 32–36].

Urine is used by some groups, and like clinical
toxicology applications, can provide a reasonable specimen
to determine prior exposure to foreign substances [37–42].
However, it is not recommended to use urine alone, but
rather blood or liver plus urine if it is to be included in the
analyses conducted. The use of GC-MS screening in blood
combined with fully automated high-performance liquid
chromatography (HPLC) methods such as Remedi™ on
urine has also been shown to be quite effective in screening
for a large number of possible analytes [43].

While it is more difficult to conduct GUS with liquid
chromatography (LC)–MS than with GC-MS it has been
successfully applied to a large range of compounds of
diverse structure [10, 37, 44]. This method is further
enhanced using sophisticated library searching algorithms
or macros based on MS/MS data and has been shown to
detect and identify large numbers of drugs in one single
LC-MS/MS run [37, 39, 45]. The application of MS/MS
techniques using GC or HPLC, or use of negative ion
chemical ionization, affords greater sensitivity (and selec-
tivity) but may limit the range of substances detected if
these methods are used alone [46]. Nevertheless it does
afford better detection of polar compounds and better
analysis of macromolecules than GC-MS or other more
traditional techniques (Table 1).

Photodiode or multiwavelength UV detection (DAD)
coupled to HPLC has been widely used to detect acidic and
neutral compounds, and even basic compounds, and is a
useful adjunct to a GC-MS-based screening method
(Table 1) [42, 47–53]. These acidic compounds include
many diuretics, nonsteroidal anti-inflammatory drugs, anti-
diabetic drugs, barbiturates, and the benzodiazepines, as
well as a number of pesticides and herbicides. Additionally,
nonnarcotic analgesics such as acetaminophen and salicy-
late are easily detected using these HPLC techniques. Basic
compounds can also be detected using HPLC-DAD and
traditional extraction from basic solution as well as using
in-line extraction techniques [42].

The use of fast gradient elution HPLC with DAD has been
used to achieve analysis times of less than 3 min, including
column reequilibration between analyses. A corrected reten-
tion index to account for day-to-day and column-to-column
variations in retention time has been shown to produce a
discriminating power and mean list length of 0.95 and 3.26
for a set of 47 target compounds [52, 53].

More recently, time-of-flight MS has been used success-
fully as a screening tool to identify drugs and drug
metabolites in urine using their accurate molecular masses
[38, 54].
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In common practice is the use of databases to assist with
the identification of drugs. A number of databases and
algorithms are available for HPLC-DAD [42, 47–51, 53].
Similarly, GC-MS databases have been used successfully
for many years and have formed an important basis of the
identification of drugs and poisons in biological matrices
(see the reviews in [16, 26–28] for details). Increasingly
LC-MS databases are being used despite the greater
difficulties in obtaining standard mass spectral patterns
using this technique [10, 37].

Confirmation procedures

In many situations screening methods will provide confir-
mation of a suspected analyte, based on MS data. It is still
recommended that another analysis be performed to
confirm the assignment. This should use another chromato-
graphic method to avoid repeating an earlier misidentifica-
tion and ensures that sample contamination or injection port
cross-contamination has not occurred. This second method
may use selected ion monitoring with a deuterated internal
standard if using GC-MS technology for a new extract, or it
may use an entirely different procedure, e.g., LC-MS if GC-
MS was previously used.

Additionally, it is advised that if results are likely to be
important in the case and affect the outcome of an
investigation or criminal trial, then the substance should
also be detected in another specimen. This reduces issues
associated with contamination of the specimen or extract of
the sample and may improve the ability to interpret the
concentrations [1, 4–6]. This may also include measure-
ment of morphine conjugates with morphine (total mor-
phine) in blood and 6-acetylmorphine in urine to ascertain
the source and relevance of a morphine concentration.

Drug-specific procedures

Numerous procedures exist in the literature that detect and
quantify specific drugs or classes of like drugs. It would be too
difficult to review all of them here except to outline some GC-
MS or LC-MS procedures for some of the more important
drug classes. Recent reviews have been published [34, 35].

Blood-based methods for drug classes of most interest to
forensic toxicologists engaged in death investigation in-
clude amphetamines [55, 56], antidiabetic drugs [57–59],
benzodiazepines, including the non-benzodiazepine hyp-
notics zolpidem and zopiclone [60–62], and the neuro-
leptics, including antidepressants [63–67]. Procedures for
anticonvulsants and a variety of narcotic analgesics also
exist but tend to be more diverse owing to widely differing
chemical structures of these classes [68, 69].

Increasingly chromatographic methods allowing simul-
taneous detection and quantitation of drugs-of-abuse are

being published, mainly using LC-MS [68, 70]. This is in
part driven by small sample volumes in oral fluid analysis
[71, 72]. However, it is likely that this will extend to
postmortem specimens when limited screens for psychoac-
tive drugs are desired, e.g., persons involved in misadven-
tures such as drownings and motor vehicle crashes.

Hair has also been increasingly used in postmortem
analyses to assist in determining if the presence of a drug
was related to longer-term exposure or if doses changed
substantially in the months prior to death. Recent reviews
on this topic are available [73, 74].

Limitations of analytical methods

One of the biggest and most common limitations of
analytical methods used in postmortem toxicology is their
lack of suitability for the complex matrix. This was
discussed earlier. Simply adopting an isolation method for
one specimen with another can lead to problems, such as
poor recovery or interference from coextractants [75, 76].

With the advent of LC-MS as a routine analytical tool
for drug analyses in biological specimens the usual criteria
for identification based on GC-MS principles have
changed. Typically, spectra seen with electron ionization
(EI) do not occur with the various forms of LC-MS; hence,
the spectral information is much more limited than with
conventional EI GC-MS. While some spectral information
can be obtained at high fragmentor voltages, the patterns
are not consistent and vary between instruments; hence, the
use of large-scale mass spectrum libraries is quite limited.
This means that LC-MS does not easily lend itself to GUS
or STA [77–80].

Additionally, the presence of coextractants near the
substance of interest can affect formation of ionized
droplets in the ionization stage, leading to a phenomenon
known as ion suppression. This may reduce or even
eliminate the signal due to the substance of interest.
Electrospray ionization is most susceptible to this phenom-
enon [81, 82]. This can be reduced or even eliminated by
proper cleanup procedures.

Validation of analytical methods

Validation requirements for analytical methods have been
published before, with the more relevant examples for
forensic toxicology listed in [83–85]. In essence, the
international community through various organizations,
international journals, and professional societies has rea-
sonable concordant views that for any method to be
adopted and applied in case work it must be properly
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validated and shown to be an appropriate method for the
intended application. Indeed laboratories seeking accredita-
tion under the International Organization for Standardization
standard 17025 or 15189 require laboratories to demonstrate
such validation prior to its application in real cases.

This review will not detail the requirements; this can be
found in a recent paper [83]. However, a number of features
that play a dominant role in forensic toxicology are often
overlooked or underplayed in the analysis of postmortem
specimens. Table 2 lists the essential elements of a
validated method and the expected outcome if a particular
validation requirement is not complete.

The two major outcome of incomplete validation are
poor quality of the quantitative result and the possibility
that an analyte (e.g., drug or poison) has been misidentified
or more likely even missed altogether.

Poor quantitative results may or may not affect the
interpretation. This will of course depend on the result and
the circumstances. An example might be an overestimation
of a result for a drug with a narrow therapeutic index. What
was therapeutic might now be toxic, or conversely what
was toxic could now be regarded as nontoxic. A result in
substantial error can be potentially misleading and lead to a
misinterpretation of the results. This is clearly not desired.

Misidentifications can be corrected when the laboratory
engages in a confirmation procedure subsequent to the
initial test. A requirement in forensic toxicology is to
confirm all drug identifications. If the initial assignment is
not confirmed it has the net result of wasting valuable
laboratory time, but also raises the issue of what this
substance might have been.

Arguably of more importance is the possibility that a
substance has been missed since its recovery or detectabil-
ity in a particular specimen is so poor it will not be detected
even when it is present in concentrations associated with
toxicity. This will arise because the validation process has
not considered the recovery of the analyte(s) when the
matrix is different and/or the stability of the analyte in the
matrix or drug-isolation procedure.

For example, validation was performed on blood for a
range of analytes but did not consider what happens to drug
recovery and stability when the blood is partially putrefied.
Alternatively, validation was performed on blood as a
specimen and it was assumed that the same extraction
procedure will work for another specimen type. Validation
will need to be conducted on all specimen types used in
case work to ensure that the laboratory fully understands
the limitations of the method.

It is just as important to employ properly qualified
analysts who have the appropriate experience and who have
been shown to be technically competent for the analytical
aspects of their work. Competency is also required for the
interpretation of any analytical result. Failure to use

competent personnel can be lead to poor or even incorrect
results. This has the potential to cause erroneous diagnoses
and even miscarriages of justice.

Conclusions

The adoption of a comprehensive drug-screening approach
in postmortem toxicology is preferred for many case types
and should involve a combination of bioanalytical proce-
dures to cover the widest range of substances possible. This
should include a chromatographic screen for basic or basic
and neutral substances together with a series of other tests
for alcohol, common drugs-of-abuse, and other substances
indicated in the circumstances but not covered in the
screening procedures. Other chromatographic screening
methods for acidic compounds are recommended and may
include HPLC-DAD. LC-MS(MS) provides a very useful
complementary technique to those listed earlier for targeted
compounds, for confirmation, and for the analysis of acidic
or polar compounds. Peripheral blood is the preferred
specimen and can be used in combination with other
specimens such as vitreous humor, urine, liver, and gastric
contents.
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