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Alambyan, V., et al. (2018). "The Emerging Role of Inhaled Heroin in the Opioid Epidemic A Review." 

Jama Neurology 75(11): 1423-1434. 

 

 IMPORTANCE: Opioid addiction affects approximately 2.4 million Americans. Nearly 1 million 

individuals, including a growing subset of 21000 minors, abuse heroin. Its annual cost within the 

United States amounts to $51 billion. Inhaled heroin use represents a global phenomenon and is 

approaching epidemic levels east of the Mississippi River as well as among urban youth. Chasing 

the dragon (CTD) by heating heroin and inhaling its fumes is particularly concerning, because 

this method of heroin usage has greater availability, greater ease of administration, and 

impressive intensity of subjective experience (high) compared with sniffing or snorting, although 

it also has a safer infectious profile compared with heroin injection. This is relevant owing to 

peculiar and often catastrophic brain complications. Following the American Medical Association 

Opioid Task Force mandate, we contribute a description of the pharmacology, pathophysiology, 

clinical spectrum, neuroimaging, and neuropathology of CTD leukoencephalopathy, as distinct 

from other heroin abuse modalities. 

 

OBSERVATIONS: The unique spectrum of CTD-associated health outcomes includes an 

aggressive toxic leukoencephalopathy with pathognomonic neuropathologic features, along with 

sporadic instances of movement disorders and hydrocephalus. Clinical CTD severity is 

predominantly moderate at admission, frequently unmodified at discharge, and largely improved 

in the long term. Mild cases survive with minor sequelae, while moderate to severe presentations 

might deteriorate and progress to death. Other methods of heroin use may complicate with stroke, 

seizure, obstructive hydrocephalus, and (uncharacteristically) leukoencephalopathy. 

 

CONCLUSIONS AND RELEVANCE: The distinct pharmacology of CTD correlates with its 

specific clinical and radiological features and prompts grave concern for potential morbidity and 

long-term disability costs. Proposed diagnostic criteria and standardized reporting would 

ameliorate the limitations of CTD literature and facilitate patient selection fora coenzyme Q10 

therapeutic trial. 

 

Allibe, N., et al. (2018). "Fatality involving ocfentanil documented by identification of metabolites." Drug 

Testing and Analysis 10(6): 995-1000. 

 

 The use of new psychoactive substances (NPS) has rapidly increased over the last decade. In the 

last 4years, producers increasingly appear to be targeting non-controlled synthetic opioids, 

involving fentanyl derivatives such as ocfentanil (OcF). Identification of metabolites is of major 

importance in the context of NPS use, as it could improve the detection window in biological 

matrices in clinical and forensic intoxication cases. Hence, this work aims to report a fatality 

involving OcF documented by the identification of metabolites. A 30-year-old woman was found 
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dead at home: an unidentified powder was found near her body and some injection sites were 

found at the autopsy. Toxicological analyses allowed to determine the presence of OcF in the 

powder, blood (3.7/3.9g/L, peripheral/cardiac) and in other post-mortem samples. The most 

relevant potential CYP- and UGT-dependent metabolites of OcF were investigated in vitro using 

human liver microsome incubation and liquid chromatography coupled with high resolution mass 

spectrometry, and subsequently confirmed in post-mortem samples. Four OcF metabolites were 

produced in vitro (a mono-hydroxylated OcF, O-desmethylOcF, a hydroxylated desmethylOcF 

and a glucuronidated form of the O-desmethylOcF), and all except the glucuronide were observed 

in blood and bile post-mortem samples. Considering the relative intensity of the chromatographic 

peak areas, O-desmethylOcF can be suggested to be an abundant metabolite of OcF. 

Nevertheless, the relevance of O-desmethylOcF as being a complementary analytical target of 

OcF for OcF use detection needs further in vivo confirmation, especially through analysis of 

urines from users. 

 

Arnestad, M., et al. (2014). "Suicide Due to Cyclizine Overdose." Journal of Analytical Toxicology 38(2): 

110-112. 

 Cyclizine is an antihistamine with sedative effect used to treat motion sickness. A few studies 

have reported on cyclizine abuse among teenagers, and cyclizine abuse has been reported among 

opioid dependents receiving methadone, with the combination having been reported to produce 

strong psychoactive effects. Few reports exist on the possible toxic effects of cyclizine, and it is 

regarded as a safe drug most often sold as a non-prescription/over-the-counter drug. Very few 

cases of fatalities resulting from cyclizine overdose can be found in the literature. We present a 

case where a 22-year-old female was found unconscious and intoxication with drugs and alcohol 

was suspected. Whole blood from the femoral vein, urine and stomach content were collected 

during autopsy and screened for drugs of abuse and medicinal drugs. GCMS screening of the 

stomach contents revealed presence of cyclizine and meclozine. Cyclizine and meclozine 

concentrations in blood were determined using a UPLCMS-MS method. Quantification of 

femoral blood revealed a high concentration of cyclizine (16 mg/L), a low concentration of 

meclozine (0.2 mg/L) and ethanol 0.16 g/dL. No other medicinal drugs or drugs of abuse were 

detected. We report on a case of suicide where cyclizine was found to be the principal drug and 

question the safety of this drug. 

 

Avedschmidt, S., et al. (2019). "Acetyl Fentanyl: Trends and Concentrations in Metro Detroit." Journal of 

Forensic Sciences 64(1): 149-153. 

 

 Acetyl fentanyl (N-[1-phenethylpiperidin-4-yl]-N-phenylacetamide) is a potent opioid analgesic 

with no medicinal uses. We report deaths between 2016 and 2017 at the Medical Examiner's 

Office in Detroit, MI where acetyl fentanyl was found in the decedent's blood and compare them 

to previously published deaths between 2015 and 2016. The recent cases (cohort B) had a mean 

acetyl fentanyl concentration of 0.9 ng/mL (range: 0.1-5.3 ng/mL) and an associated higher 

concentration of fentanyl along with multiple other drugs present. The older cases (cohort A) had 
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higher concentrations of acetyl fentanyl (mean: 8.9 ng/mL; range: 0.28-37 ng/mL) with lower, yet 

still toxic, concentrations of fentanyl. We conclude that the cause of death in these recent cases 

was likely multiple drug toxicity with fentanyl and that the consistently observed lower peripheral 

blood concentrations of acetyl fentanyl are most likely an artifact in the manufacture of the 

consumed illicit fentanyl. 

 

Backberg, M., et al. (2015). "Opioid intoxications involving butyrfentanyl, 4-fluorobutyrfentanyl, and 

fentanyl from the Swedish STRIDA project." Clinical Toxicology 53(7): 609-617. 

 

 Background. The supply of unregulated "new psychoactive substances" (NPS) has shown a 

steady increase over the past six years. This report from the Swedish STRIDA project describes 

analytically confirmed non-fatal intoxications involving butyrfentanyl (butyrylfentanyl) or 4-

fluorobutyrfentanyl (para-fluorobutyrfentanyl), two fentanyl analogues recently introduced as 

NPS opioids. Study design. Observational case series of consecutive patients with suspected acute 

NPS exposure and requiring hospital care from all over Sweden. Patients and methods. From May 

2014 to January 2015, blood and urine samples were obtained from four intoxication cases 

involving butyrfentanyl and one case involving 4-fluorobutyrfentanyl (men, 19-30 years) 

presenting in emergency departments (ED) or intensive care units (ICU). Laboratory analysis of 

serum and/or urine samples was performed by multi-component liquid chromatography mass 

spectrometry methods. Data on clinical features were collected during consultations with the 

Poisons Information Centre and retrieved from medical records. Case details. Of the five patients, 

two were discharged home from the ED and three were admitted to the ICU, of whom two 

required intubation and mechanical ventilation. Clinical features included typical opioid 

symptoms such as unconsciousness, respiratory depression, and apnea. In one case, naloxone 

successfully countered the effects. All patients were discharged the same or the following day. 

Butyrfentanyl was detected in two serum (0.6 and 0.9 ng/mL) and three urine (2.0-65.6 ng/mL) 

samples from three of four cases; three cases also contained fentanyl. In the 4-fluorobutyrfentanyl 

case, the substance was detected in serum (similar to 15 ng/mL) and urine (similar to 10 ng/mL). 

In four cases, other NPS and/or classical drugs were also detected. Analysis of two 

"butyrfentanyl" NPS products (nasal spray and powder) brought to hospital by patients showed 

that the 10-fold more potent fentanyl was the main active ingredient (similar to 7.5-10-fold higher 

amount) in both. Conclusion. Typical and potentially life-threatening opioid toxicity was seen in 

acute intoxications involving butyrfentanyl, 4F-butyrfentanyl, and fentanyl. The incorrect 

labelling of butyrfentanyl NPS products which instead mainly contained fentanyl is alarming, 

given the narrow range between a safe and a lethal dose for opioids. 

 

Bakota, E., et al. (2017). "A Case Report of Fatal Desmethyl Carbodenafil Toxicity." Journal of 

Analytical Toxicology 41(3): 250-255. 

 

 We present the case report of a 34-year-old Hispanic male who was found unresponsive in the 

carport of his residence. Surveillance video footage from a security camera showed that he 
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collapsed as he was walking to his vehicle. The decedent had no medical history and no history of 

illicit drug use. Initial toxicology testing revealed no alcohol or illicit drugs. Autopsy findings 

indicated a need for additional toxicological analysis due to a lack of trauma and the paucity of 

pathophysiologically significant natural disease. Liquid chromatography time-of-flight mass 

spectrometry of postmortem blood revealed the presence of two large peaks corresponding to 

desmethyl carbodenafil, an unapproved sildenafil analogue and its hydroxy metabolite. Species 

that are probable desmethyl and hydroxydesmethyl metabolites of desmethyl carbodenafil were 

also found. The mass and retention time of the parent compound in the decedent's sample were 

matched to those of a commercial standard. Based on this preliminary match, a method was 

developed and validated to quantify desmethyl carbodenafil in human blood. This is the first 

known case of fatal intoxication by desmethyl carbodenafil, a phosphodiesterase-5 inhibitor that 

is not approved for use in the United States. Over the past several years, retailers have issued 

voluntary recalls for dietary supplements marketed as sexual performance enhancers on the basis 

that these supplements may contain undeclared desmethyl carbodenafil. 

 

Bakovic, M., et al. (2015). "Death by band-aid: fatal misuse of transdermal fentanyl patch." International 

Journal of Legal Medicine 129(6): 1247-1252. 

 

 We present a case of fatal intoxication by the application of a transdermal fentanyl patch upon a 

superficial bleeding abrasion of a 2-year-old girl. The grandmother discovered the body of the 

child in bed at approximately 7 a.m. External examination revealed a properly developed, 

nourished, and hydrated child, with some vomit in the nostrils and inside the mouth. There was 

no evidence of trauma besides small contusions and abrasions on the knees, with a patch placed 

over the largest abrasion. Closer inspection revealed that this was transdermal fentanyl patch. 

Internal examination and microscopic analysis revealed regurgitation of stomach content, cerebral 

and pulmonary edema, and liver congestion. Toxicology analysis revealed trace levels of fentanyl 

in the blood just above the limit of detection (2 ng/mL), while concentrations in the urine, liver, 

and kidney were approximately 102, 28, and 10 ng/mL, respectively. Investigation discovered 

that the child injured her knee while playing the evening before. The grandmother applied the 

patch to cover the injury, unaware that she had used a fentanyl transdermal patch instead of 

simple band-aid. Although fatal intoxications are uncommon among young children in high-

income countries, it is of major interest to raise awareness of such events especially since a great 

majority of these are preventable. The presented case points at the need for more thorough 

education of users and more strict rules in prescribing and handling of this potent medicine. As 

well, we find this case to be a useful contribution to the evaluation of postmortem fentanyl 

concentrations in fatal intoxication in a small child. 

 

Barratt, M., et al. (2018). "Urine drug screening for early detection of unwitting use of fentanyl and its 

analogues among people who inject heroin in Sydney, Australia." Drug and Alcohol Review 37(7): 847-

850. 



Investigation & Certification of Drug Toxicity Deaths 
 

ANNOTATED BIBLIOGRAPHY 

 5 

 Introduction and Aims North America has witnessed a dramatic rise in fatal opioid overdoses due 

to the unwitting consumption of non-pharmaceutical fentanyl and its analogues. While some of 

the drivers of this crisis-including profitability and access to high-potency opioids through 

internet sources-also apply in Australia, to our knowledge, there have been no ongoing 

surveillance studies of local populations. Therefore, this pilot study aimed to detect unintentional 

fentanyl consumption among people who inject heroin through instant urine screening and 

determine the feasibility and acceptability of voluntary urinalysis of clients at the Medically 

Supervised Injecting Centre, Kings Cross, Sydney. Design and Methods Results Brief surveys 

and urine drug screens were conducted with 67 participants in Wave 1 (October 2017) and 51 

participants in Wave 2 (March 2018). Urine samples were tested with BTNX Rapid Response 

(TM) fentanyl urine strip test at a detection level of 20 ng/mL norfentanyl. These strips also 

cross-react to numerous fentanyl analogues. There were no cases where positive urine tests 

suggested unwitting fentanyl use detected in this study. Discussion and Conclusions These 

negative findings contrast sharply with similar Canadian studies. While no cases of fentanyl-laced 

heroin use have been detected so far, we have demonstrated that this surveillance design is low-

cost, feasible and scalable approach to monitoring the considerable public-health threat of 

undetected fentanyl and its analogues in Australia. Further validation of cross-reactivity of test 

strips would strengthen this method. 

 

Baumann, M., et al. (2018). "Pharmacological characterization of novel synthetic opioids (NSO) found in 

the recreational drug marketplace." Neuropharmacology 134: 101-107. 

 

 Novel synthetic opioids (NSO) are increasingly encountered in illicit heroin and counterfeit pain 

pills. Many NSO are resurrected from older biomedical literature or patent applications, so 

limited information is available about their biological effects. Here we examined the 

pharmacology of three structurally distinct NSO found in the recreational drug market: N-(1-(2-

phenylethyl)-4-piperidinyl)-N-phenylbutyramide (butyrylfentanyl), 3,4-dichloro-N-[(1R,2R)-2-

(dimethylamino)cyclohexyl]-N-methylbenzamide (U-47700) and l-cyclohexyl-4-(1,2-

diphenylethyl)piperazine (MT-45). Radioligand binding and GTP gamma S functional assays 

were carried out in cells transfected with murine mu- (MOR-1), delta- (DOR1) or kappa-opioid 

receptors (KOR-1). Antinociceptive effects were determined using the radiant heat tail flick 

technique in mice, and opioid specificity was assessed with the mu-opioid antagonist naloxone. 

Butyrylfentanyl, U-47700 and MT-45 displayed nM affinities at MOR-1, but were less potent 

than morphine, and had much weaker effects at DOR-1 and KOR-1. All NSO exhibited agonist 

actions at MOR-1 in the GTP gamma S assay. Butyrylfentanyl and U-47700 were 31- and 12-fold 

more potent than morphine in the tail flick assay, whereas MT-45 was equipotent with morphine. 

Analgesic effects were reversed by naloxone and absent in genetically engineered mice lacking 

MOR-1. Our findings confirm that butyrylfentanyl, U-47700 and MT-45 are selective MOR-1 

agonists with in vitro affinities less than morphine. However, analgesic potencies vary more than 

30-fold across the compounds, and in vitro binding affinity does not predict in vivo potency. 

Taken together, our findings highlight the risks to humans who may unknowingly be exposed to 

these and other NSO when taking adulterated heroin or counterfeit pain medications. This article 

is part of the Special Issue entitled 'Designer Drugs and Legal Highs.' 
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Beck, O., et al. (2014). "Detectability of new psychoactive substances, 'legal highs', in CEDIA, EMIT, 

and KIMS immunochemical screening assays for drugs of abuse." Drug Testing and Analysis 6(5): 492-

499. 

 

 The increasing number of new psychoactive substances made available for recreational drug use 

has created a challenge for clinical toxicology and drug testing laboratories. As a consequence, 

the routine immunoassay drug testing may become less effective due to an increased occurrence 

of false negative and false positive screening results. This work aimed to extend the knowledge 

about analytical cross-reactivity of new substances in selected CEDIA, EMIT, and KIMS 

immunoassays for drugs-of-abuse screening. Urine standards were prepared by spiking blank 

urine with 45 new substances. Authentic urine samples from intoxication cases identified by 

liquid chromatography-tandem mass spectrometry (LC-MS/MS) were also studied. Several new 

psychoactive substances were demonstrated to display cross-reactivity in the immunoassays. 

CEDIA Amphetamine/Ecstasy and EMIT d.a.u. Amphetamine Class tests showed the highest 

reactivity towards the new drugs, which was expected since many have amphetamine-like 

structure and activity. In the samples from authentic cases, five new substances displayed 100% 

detection rate in the CEDIA Amphetamine/Ecstasy test. In conclusion, cross-reactivity data in 

routine urine drug screening immunoassays for a number of new psychoactive substances not 

studied before were reported. In both spiked and authentic urine samples, some new substances 

showed significant cross-reactivity and are thus detectable in the routine screening methods. 

Copyright (c) 2014 John Wiley & Sons, Ltd. 

 

Behonick, G., et al. (2014). "Four Postmortem Case Reports with Quantitative Detection of the Synthetic 

Cannabinoid, 5F-PB-22." Journal of Analytical Toxicology 38(8): 559-562. 

 

 In January 2014, the US government temporarily designated 5F-PB22, along with three other 

synthetic cannabinoids (AB-FUBINACA, ADB-PINACA and PB-22), into Schedule I. Over the 

course of a 4-month time period (July-October 2013), our laboratory quantitatively identified 5F-

PB-22 in specimens obtained from four postmortem cases. We describe the four cases, to include 

pertinent autopsy findings and decedent histories, together with quantitative results for 5F-PB-22 

determined in postmortem blood and antemortem serum. Samples were prepared via a liquid-

liquid extraction at pH 10.2 into hexane : ethyl acetate. Instrumental analysis was achieved with 

liquid chromatography coupled with electrospray ionization tandem mass spectrometry operating 

in multiple reaction monitoring mode. Two ion transitions were monitored for the analyte of 

interest, and one ion transition was monitored for the internal standard. The observed 

concentration range of 5F-PB-22 is 1.1-1.5 ng/mL for three postmortem blood specimens and one 

antemortem serum specimen. Three of the decedents experienced abrupt, sudden death; however, 

one decedent expired after a rapidly deteriorating hospital course. 
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Bergh, M., et al. (2018). "Addressing the Fentanyl Analogue Epidemic by Multiplex UHPLC-MS/MS 

Analysis of Whole Blood." Therapeutic Drug Monitoring 40(6): 738-748. 

 

 Background: Fentanyl and fentanyl analogues (fentanyls) are very potent opioids posing a serious 

threat to the public health. Thousands of overdose deaths across the world are caused by 

fentanyls, and the numbers are increasing. Rapid mapping of current trends in opioid abuse is 

necessary to accelerate preventive measures. To ensure this, there is a need for sensitive targeted 

multiplex MS/MS methods to pinpoint drugs of abuse. We present a fully validated UHPLC-

MS/MS method for the determination of 26 fentanyls, including several structural isomers, and 

the opioid antagonist naloxone in human whole blood. Methods: Blood samples were prepared by 

liquid-liquid extraction with ethyl acetate and heptane. The fentanyls were separated with 

UHPLC, using a Kinetex biphenyl column (2.1 x 100 mm, 1.7 mu m; Phenomenex, Verlose, 

Denmark) with an acidic mobile phase. Quantification was performed by MS/MS. The method 

was validated according to SWGTOX guidelines. Results: The developed method could 

successfully separate all 27 analytes, including 7 isomers, and was validated according to 

SWGTOX guidelines with very low limits of quantification (4-20 pg/mL). The applicability of 

the method was demonstrated by determination of fentanyls in postmortem blood samples from 2 

cases. Conclusions: A selective, highly sensitive, and robust method for determination of a large 

panel of fentanyls and naloxone in blood was developed and validated. Naloxone was included to 

monitor use and efficacy of the opioid antidote in cases of fentanyl overdoses. The method 

demonstrated good ability to separate structural isomers, which is important to differentiate 

between the numerous available fentanyls with variable potency, toxicity, and legal status. The 

developed method can be used to identify fentanyls on the drug market to help combat the 

fentanyl crisis. 

 

Bevalot, F., et al. (2014). "Quantification of Five Compounds with Heterogeneous Physicochemical 

Properties (Morphine, 6-Monoacetylmorphine, Cyamemazine, Meprobamate and Caffeine) in 11 Fluids 

and Tissues, Using Automated Solid-Phase Extraction and Gas Chromatography-Tandem Mass 

Spectrometry." Journal of Analytical Toxicology 38(5): 256-264. 

 

 An automated solid-phase extraction (SPE) protocol followed by gas chromatography coupled 

with tandem mass spectrometry was developed for quantification of caffeine, cyamemazine, 

meprobamate, morphine and 6-monoacetylmorphine (6-MAM) in 11 biological matrices [blood, 

urine, bile, vitreous humor, liver, kidney, lung and skeletal muscle, brain, adipose tissue and bone 

marrow (BM)]. The assay was validated for linearity, within- and between-day precision and 

accuracy, limits of quantification, selectivity, extraction recovery (ER), sample dilution and 

autosampler stability on BM. For the other matrices, partial validation was performed (limits of 

quantification, linearity, within-day precision, accuracy, selectivity and ER). The lower limits of 

quantification were 12.5 ng/mL(ng/g) for 6-MAM, morphine and cyamemazine, 100 ng/mL(ng/g) 

for meprobamate and 50 ng/mL(ng/g) for caffeine. Analysis of real-case samples demonstrated 

the performance of the assay in forensic toxicology to investigate challenging cases in which, for 

example, blood is not available or in which analysis in alternative matrices could be relevant. The 
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SPE protocol was also assessed as an extraction procedure that could target other relevant 

analytes of interest. The extraction procedure was applied to 12 molecules of forensic interest 

with various physicochemical properties (alimemazine, alprazolam, amitriptyline, citalopram, 

cocaine, diazepam, levomepromazine, nordazepam, tramadol, venlafaxine, pentobarbital and 

phenobarbital). All drugs were able to be detected at therapeutic concentrations in blood and in 

the alternate matrices. 

 

Brockbals, L., et al. (2019). "Fatal poisoning involving cyclopropylfentanyl - Investigation of time-

dependent postmortem redistribution." Forensic Science International 294: 80-85. 

 

 A growing number of fatal overdoses involving opioid drugs, in particular involving fentanyl and 

its analogues, pose an immense threat to public health. Postmortem casework of forensic 

toxicologists in such cases is challenging, as data on pharmacodynamic and pharmacokinetic 

properties as well as reference values for acute toxicities and data on potential postmortem 

redistribution (PMR) mechanisms often do not exist. A fatal case involving cyclopropylfentanyl 

was investigated at the Zurich Institute of Forensic Medicine and the Zurich Forensic Science 

Institute; an unknown powder found at the scene was reliably identified as cyclopropylfentanyl 

by gas chromatography-infrared spectroscopy (GC-IR). Femoral blood samples were collected at 

two time points after death; 11 h postmortem (t1) and during the medico-legal autopsy 29 h after 

death (t2). At the autopsy, additional samples from the heart blood, urine and gastric content were 

collected. Cyclopropylfentanyl was quantified using a validated liquid chromatography-tandem 

mass spectrometric (LC-MS/MS) method. Femoral blood concentration of cyclopropylfentanyl at 

autopsy was 19.8 ng/mL (t1 = 15.7 ng/mL; heart blood concentration at autopsy = 52.4 ng/mL). 

In the light of the current literature and under the exclusion that no other morphological findings 

could explain the cause of death, contribution of cyclopropylfentanyl to death was proposed 

(polydrug use). Significant postmortem concentration increases of cyclopropylfentanyl in femoral 

blood during 18 h after the first sampling were observed, thus indicating a relevant potential to 

undergo PMR. A central-to-peripheral blood concentration ratio of 2.6 supports this. 

Consequently, the current case suggests that postmortem cyclopropylfentanyl concentration 

should always be interpreted with care. (C) 2018 Elsevier B.V. All rights reserved. 

 

Butler, D., et al. (2018). "Three Cases of Fatal Acrylfentanyl Toxicity in the United States and a Review 

of Literature." Journal of Analytical Toxicology 42(1): E6-E11. 

 

 Fentanyl analogs pose a unique challenge for forensic pathologists and toxicologists. The extreme 

potency of these analogs results in minute blood, urine and vitreous concentrations that are 

technically difficult to identify. This in addition to their absence from standard drug screening 

may potentiate a setting of apparent drug overdose without an immediately identifiable source. 

The following case series illustrates three such encounters with acrylfentanyl, an analog whose 

presence has not yet been reported in the scientific literature in the United States. In case 1, a 23-

year-old male with a history of heroin abuse was found unresponsive in a field several feet away 
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from his parked vehicle. Drugs and paraphernalia recovered from the vehicle tested positive for 

methamphetamine and acrylfentanyl. Directed toxicology was requested, revealing acrylfentanyl 

concentrations of 0.3 ng/mL. In case 2, a 43-year-old male with a history of heroin abuse was 

found unresponsive in his home after allegedly injecting what he thought to be heroin. Directed 

toxicology revealed an acrylfentanyl concentration of 0.95 ng/mL in peripheral blood. In case 3, a 

26-year-old male with a history of heroin abuse use found unresponsive on the bathroom floor of 

a grocery store. Drug paraphernalia and a plastic baggy with residue were present. Directed 

analysis of peripheral blood for fentanyl analogs revealed acrylfentanyl and furanylfentanyl at 

concentrations of 0.32 and 0.95 ng/mL, respectively. In all three cases, the initial comprehensive 

blood toxicology did not reveal the presence of acrylfentanyl, highlighting the need for directed 

testing when scene findings and history suggest a possible substance outside the scope of 

traditional screening. 

 

Cannaert, A., et al. (2018). "Activity-Based Concept to Screen Biological Matrices for Opiates and 

(Synthetic) Opioids." Clinical Chemistry 64(8): 1221-1229. 

 

 BACKGROUND: Detection of new highly potent synthetic opioids is challenging as new 

compounds enter the market. Here we present a novel screening method for the detection of 

opiates and (synthetic) opioids based on their activity. 

 

METHODS: A cell-based system was set up in which activation of the mu-opioid receptor 

(MOR) led to recruitment of beta-arrestin 2, resulting in functional complementation of a split 

NanoLuc luciferase and allowing readout via bioluminescence. Assay performance was evaluated 

on 107 postmortem blood samples. Blood (500 mu L) was extracted via solid-phase extraction. 

Following evaporation and reconstitution in 100 mu L of Opti-MEM (R) I, 20 mu L was analyzed 

in the bioassay. 

 

RESULTS: In 8 samples containing synthetic opioids, in which no positive signal was obtained in 

the bioassay, quadrupole time-of-flight mass spectrometry revealed the MOR antagonist 

naloxone, which can prevent receptor activation. Hence, further evaluation did not include these 

samples. For U-47700 (74.5-547 ng/mL) and furanyl fentanyl (<1-38.8 ng/mL), detection was 

100% (8/8) for U-47700 and 95% (21/22) for furanyl fentanyl. An analytical specificity of 93% 

(55/59) was obtained for the opioid negatives. From an additional 10 samples found to contain 

other opioids, 5 were correctly scored positive. Nondetection in 5 cases could be explained by 

very low concentrations (<1 ng/mL alfentanil/sufentanil) or presence of inactive enantiomers. 

 

CONCLUSIONS: TheMORreporter assay allows rapid identification of opioid activity in blood. 

Although the cooccurrence of opioid antagonists is currently a limitation, the bioassay's high 

detection capability, specificity, and untargeted nature may render it a useful first-line screening 
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tool to investigate potential opioid intoxications. (C) 2018 American Association for Clinical 

Chemistry 

 

Cantrell, F., et al. (2016). "A tapentadol related fatality: Case report with postmortem concentrations." 

Forensic Science International 266: E1-E3. 

 

 Tapentadol (TAP) is an analgesic agent indicated for the management of different types of pain. It 

has a novel mechanism of action in that it induces analgesia via both mu-opioid receptor agonism 

and norepinephrine reuptake inhibition. Although deaths associated with TAP use have been 

reported, there is a paucity of published literature regarding TAP concentrations in biological 

samples obtained from TAP-associated fatalities. We report a case of TAP toxicity resulting in 

death with postmortem peripheral and central blood concentrations, liver, vitreous, urine, and 

gastric contents. A 41-year-old female was found slumped over a sink at home following a 

welfare check by police. She was transported to a local hospital where she was pronounced dead 

despite all resuscitative measures. The autopsy was remarkable only for pulmonary edema and 

signs of aspiration pneumonia. Postmortem concentrations of TAP were confirmed in peripheral 

blood at 1.1 mg/L, central blood 1.3 mg/L, liver 9.9 mg/kg, vitreous humor 0.94 mg/L, urine 88 

mg/L, and the gastric contained 2 mg. Also of note, oxycodone was found in the decedent's blood 

at a concentration of 0.58 mg/L. We report a death related to an intentional ingestion of TAP and 

oxycodone-the cause and manner of death were determined to be mixed drug intoxication; 

suicide. We hope that the variety of TAP concentrations identified in this case provide valuable 

points of reference for future cases of TAP intoxication. (C) 2016 Elsevier Ireland Ltd. All rights 

reserved. 

 

Carroll, J. J., et al. (2017). "Exposure to fentanyl-contaminated heroin and overdose risk among illicit 

opioid users in Rhode Island: A mixed methods study." International Journal of Drug Policy 46: 136-145. 

 

 Background: Illicit fentanyl use has become widespread in the US, causing high rates of overdose 

deaths among people who use drugs. This study describes patterns and perceptions of fentanyl 

exposure among opioid users in Rhode Island. 

 

Methods: A mixed methods study was conducted via questionnaire with a convenience sample of 

149 individuals using illicit opioids or misusing prescription opioids in Rhode Island between 

January and November 2016. Of these, 121 knew of fentanyl and reported known or suspected 

exposure to fentanyl in the past year. Semi-structured interviews were conducted with the first 47 

participants. 
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Results: Study participants were predominantly male (64%) and white (61%). Demographic 

variables were similar across sample strata. Heroin was the most frequently reported drug of 

choice (72%). Self-reported exposure to illicit fentanyl in the past year was common (50.4%, n = 

61). In multivariate models, regular (at least weekly) heroin use was independently associated 

with known or suspected fentanyl exposure in the past year (adjusted prevalence ratio (APR) = 

4.07, 95% CI: 1.24-13.3, p = 0.020). In interviews, users described fentanyl as unpleasant, 

potentially deadly, and to be avoided. Participants reporting fentanyl exposure routinely 

experienced or encountered non-fatal overdose. Heroin users reported limited ability to identify 

fentanyl in their drugs. Harm reduction strategies used to protect themselves from fentanyl 

exposure and overdose, included test hits, seeking prescription opioids in lieu of heroin, and 

seeking treatment with combination buprenorphine/naloxone. Participants were often 

unsuccessful in accessing structured treatment programs. 

 

Conclusion: Among illicit opioid users in Rhode Island, known or suspected fentanyl exposure is 

common, yet demand for fentanyl is low. Fentanyl-contaminated drugs are generating user 

interest in effective risk mitigation strategies, including treatment. Responses to the fentanyl 

epidemic should be informed by the perceptions and experiences of local users. The rapid scale-

up of buprenorphine/naloxone provision may slow the rate of fentanyl-involved overdose deaths. 

(c) 2017 The Authors. Published by Elsevier B.V. 

 

Chan, K. and H. Harun (2017). "Liquid chromatography tandem mass spectrometric method validation 

for the quantification of buprenorphine and norbuprenorphine in whole blood." Australian Journal of 

Forensic Sciences 49(2): 186-200. 

 

 A liquid chromatography tandem mass spectrometric (LC-MS/MS) method was developed for the 

determination of buprenorphine and norbuprenorphine present in whole blood using codeine-d3 

as an internal standard. In this study, an alkaline buffer solution (pH12) and a mixture of 9:1 ethyl 

acetate:cyclohexane were found efficient in extracting the target compounds. With the aid of a 

C18 column, a mobile phase containing 45:15:40 acidic acetonitrile: methanol: acidic water was 

also proved to be sufficient for resolving the target compounds in an isocratic manner. A positive 

electrospray ionisation mode (ESI+) was utilised for detection. The method presented 

imprecision<12% for both analytes. Buprenorphine achieved an MDL=1.2ng/mL and an 

LOQ=4.4ng/mL, whereas norbuprenorphine obtained 0.9ng/mL and 3.4ng/mL for the respective 

measures. The regression lines showed a coefficient of determination, R-2>0.99 over the range 

between 10 and 400ng/mL for both compounds. However, the preferred working range was 

decided to be 10 - 200ng/mL for routine calibration. Within this routine range, the overall method 

achieved 83.5-103.1% accuracy at ng/mL level. This method is suitable for high throughput 

analysis as it is easy to use and affords rapid analysis. 

 

Chatterton, C. and M. Scott-Ham (2018). "The distribution and redistribution of fentanyl & norfentanyl in 

postmortem samples." Forensic Science International 284: 146-152. 
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 This article compares 249 postmortem case reports that were positive for fentanyl/norfentanyl. 

All the cases were submitted to, and analyzed by, the toxicology department of the Office of the 

Chief Medical Examiner, Edmonton, Alberta, Canada. This study highlights the varied 

distribution of fentanyl in the body after death as a result of misadventure, i.e., these are 

accidental drug overdose cases as opposed to a study of analytical data resulting from fentanyl 

use/administration in a clinical environment and/or death as a result of suicide. Postmortem 

samples were collected from more than one anatomical site and analyzed for fentanyl and 

norfentanyl using liquid chromatography-tandem mass spectrometry. Ante-mortem samples were 

available in 4 of these cases and were also analyzed. Postmortem mean blood fentanyl 

concentrations were found to be 13.2 ng/mL (femoral), 19.1 ng/mL (iliac) and 42.0 ng/mL 

(subclavian). For norfentanyl the mean concentrations were 4.6 ng/mL (femoral), 4.6 ng/mL 

(iliac) and 7.4 ng/mL (subclavian). Mean vitreous fentanyl and norfentanyl concentrations were 

10.8 ng/mL and 3.5 ng/mL respectively. Mean liver fentanyl and norfentanyl concentrations were 

found to be 185.5 ng/g and 18.8 ng/g respectively. |This study demonstrates the importance of 

multi-site sample collection and subsequent analysis for a thorough postmortem toxicological 

investigation. The study also highlights the risks and limitations associated with the interpretation 

of postmortem analytical results concerning fentanyl. (c) 2018 Elsevier B.V. All rights reserved. 

  

Chen, H. and J. deJong (2017). "Increased Lung Weights in Drug-related Fatalities." Journal of Forensic 

Sciences 62(6): 1632-1634. 

 

 This study is of autopsy data for potential validation as to whether increased weights of the lungs 

support toxic effects of drugs as the cause of death. This retrospective study compared data from 

133 deaths resulting from the toxic effects of drugs with previously reported normal lung weights 

(Toxicol Mech Methods, 22, 2012, 159; Am J Forensic Med Pathol 33, 2012, 368). The lung 

weights and their standard errors were used in a two-sample independent t-test comparing the 

average drug-related death weight to the average control weights. To account for multiple 

comparisons, a Bonferroni-adjusted alpha level of 0.0125 was used. We are 98.75% confident 

that the mean right lung weight for female drug-related deaths is between 227 and 377 g greater 

than the mean right lung weight for female non-drug-related deaths. We are 98.75% confident 

that the mean right lung weight for male drug-related deaths is between 245 and 378 g greater 

than the mean right lung weight for male non-drug-related deaths. 

 

Concheiro, M., et al. (2013). "Alternative Matrices for Cocaine, Heroin, and Methadone In Utero Drug 

Exposure Detection." Therapeutic Drug Monitoring 35(4): 502-509. 

 

 Introduction: Drug determination in biological matrices from the mother and the newborn is an 

objective measure of maternal and fetal drug exposure. The aim of this study was to compare 

maternal hair, meconium, umbilical cord, and placenta for detecting in utero drug exposure to 
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cocaine, opiates, methadone, and amphetamines. Method: Maternal hair, meconium, umbilical 

cord, and placenta were collected from 175 mother-newborn dyads. Maternal hair (segmented in 

trimesters) and meconium specimens were analyzed for cocaine, opiates, methadone, and 

amphetamines. If either maternal hair or meconium tested positive, umbilical cord and placenta 

were analyzed. Analyses were performed by liquid chromatography tandem mass spectrometry. 

Results: In hair, 24 participants tested positive; 21 for cocaine [cocaine 20-50,605, 

benzoylecgonine (BE) 17-46,668 pg/mg], 7 for methadone (76-26,845 pg/mg), 2 for opiates 

(morphine 298-2398 pg/mg, codeine 65-914 pg/mg, 6-acetylmorphine 1635-15,657 pg/mg), and 1 

for amphetamines (amphetamine 1990 pg/mg, 3,4-methylenedioxyamphetamine 30 pg/mg, 3,4-

methylenedioxymethamphetamine 294 pg/mg). In meconium, 6 were positive; 5 for methadone 

[methadone 88-3752, 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine (EDDP) 642-25,179 

ng/g], 3 for cocaine (cocaine 7, BE 79, hydroxybenzoylecgonine 5-135, ecgonine-methyl ester 2-

56 ng/g), and 2 for opiates (morphine 152-1025, morphine-3-glucuronide 22-23, codeine 4-34 

ng/g). Placenta and umbilical cord were positive in 5 and 6 cases, respectively; 5 for methadone 

in placenta (methadone 7-543, EDDP 10-51 ng/g) and cord (methadone 3-183, EDDP 2-109 

ng/g); 1 for cocaine in placenta (cocaine 7, BE 2 ng/g) and cord (BE 6 ng/g); and 1 for opiates in 

placenta (morphine 6, morphine-3-glucuronide 48 ng/g), and 2 in cord (morphine 2, morphine-3-

glucuronide 15-38, morphine-6-glucuronide 5 ng/g). Meconium, placenta, and umbilical cord 

only tested positive if hair concentrations were greater than Society of Hair Testing cutoffs. 

Conclusions: Maternal hair is the most sensitive specimen to detect drug consumption during 

pregnancy. Placenta and umbilical cord could be alternatives to meconium for detecting high in 

utero drug exposure. 

 

Concheiro, M., et al. (2017). "Bioanalysis for cocaine, opiates, methadone, and amphetamines exposure 

detection during pregnancy." Drug Testing and Analysis 9(6): 898-904. 

 

 Drug exposure during pregnancy constitutes a major legal issue and a public health concern. Drug 

and metabolite determination in biological matrices from mother and newborn is an objective 

indication of prenatal drug exposure. However, limited data are available regarding the 

interpretation of these analytical results in terms of window of detection and degree of exposure. 

We collected paired maternal hair, meconium, placenta, and umbilical cord from 727 mother-

newborn dyads. We analyzed these specimens by liquid chromatography-tandem mass 

spectrometry for the determination of cocaine, opioids, methadone, and amphetamines, and 

compared the analytical results from the four different matrices. The cases were divided in non-

exposure, low, and frequent exposure, based on maternal hair concentrations and segmental 

analysis by trimesters. For cocaine, 62 cases tested positive in hair, 9 in meconium, 6 in placenta 

and 7 in umbilical cord. In the case of opioids, 14 maternal hair cases were positive, 11 

meconium and umbilical cord and 9 placenta samples. For methadone, 11 cases were positive in 

hair, 9 in meconium and 6 in placenta and umbilical cord. For amphetamines, 18 cases were 

positive according to maternal hair, but all meconium, placenta, and umbilical cord tested 

negative. Maternal hair was the most sensitive specimen to detect drug exposure during 

pregnancy. Meconium, placenta, and umbilical cord tested positive if hair concentrations showed 

frequent drug use during the whole pregnancy, especially during the third trimester. Meconium, 
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placenta, and umbilical cord also tested positive for morphine and metabolites, if this drug was 

administered during labour and delivery. Copyright (c) 2016 John Wiley & Sons, Ltd. 

 

Costa, I., et al. (2013). "Postmortem Redistribution of Tramadol and O-Desmethyltramadol." Journal of 

Analytical Toxicology 37(9): 670-675. 

 

 Tramadol is a widely used analgesic opioid for moderate-to-severe pain due to its efficacy and 

safety. Although tramadol induces less adverse effects compared with other opioids, an increased 

number of documented cases of dependence, abuse, intentional overdose or intoxication have 

been described. In fatal intoxication, the interpretation of the probable cause of death often relies 

on the measurement of the tramadol concentration in blood. However, postmortem redistribution 

(PMR) may affect the results and therefore bias the autopsy report. In the present study, the 

postmortem cardiac and femoral blood samples from 15 cases of fatal tramadol intoxication were 

obtained to assess the PMR of tramadol and its main active metabolite, O-desmethyltramadol 

(M1). Toxicological analysis was performed by the gas chromatographyelectron impact-mass 

spectrometry (GCEI-MS) method, previously developed and validated for the quantification of 

both analytes. The cardiac-to-femoral blood ratios of 1.40 and 1.28 were obtained for tramadol 

and M1, respectively. Results were compared with those in the literature and it was possible to 

conclude that femoral blood should be considered for quantitative interpretations in fatal cases of 

tramadol intoxication. 

 

Cunningham, S., et al. (2016). "Fatal Intoxication with Acetyl Fentanyl." Journal of Forensic Sciences 61: 

S276-S280. 

 

 Among the new psychoactive substances encountered in forensic investigations is the opioid, 

acetyl fentanyl. The death of a 28-year-old man from recreational use of this compound is 

reported. The decedent was found in the bathroom of his residence with a tourniquet secured 

around his arm and a syringe nearby. Postmortem examination findings included marked 

pulmonary and cerebral edema and needle track marks. Toxicological analysis revealed acetyl 

fentanyl in subclavian blood, liver, vitreous fluid, and urine at concentrations of 235 ng/mL, 2400 

ng/g, 131 ng/mL, and 234 ng/mL, respectively. Acetyl fentanyl was also detected in the 

accompanying syringe. Death was attributed to recreational acetyl fentanyl abuse, likely through 

intravenous administration. The blood acetyl fentanyl concentration is considerably higher than 

typically found in fatal fentanyl intoxications. Analysis of this case underscores the need for 

consideration of a wide range of compounds with potential opioid-agonist activity when 

investigating apparent recreational drug-related deaths. 

 

Daniulaityte, R., et al. (2017). "Overdose Deaths Related to Fentanyl and Its Analogs - Ohio, January-

February 2017." MMWR-Morbidity and Mortality Weekly Report 66(34): 904-908. 
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 What is already known about this topic?|Illicitly manufactured fentanyl has become a significant 

contributor to unintentional overdose deaths in the United States. What is added by this 

report?|Approximately 90% of unintentional overdose deaths examined in 24 Ohio counties that 

occurred during January-February 2017 involved fentanyl, fentanyl analogs, or both, whereas 

heroin was identified in the minority (6%) of cases, with somewhat higher prevalence in 

Appalachian counties. Fentanyl is commonly appearing in combination with other analogs. What 

are the implications for public health practice?|These findings highlight the urgent need to make 

illicitly manufactured fentanyl testing a part of standard toxicology panels for biological 

specimens. Because multiple naloxone doses are often required to reverse overdoses from illicitly 

manufactured fentanyl, assuring that sufficient supplies are provided to first responders and 

distributed through community overdose prevention programs can mitigate the effects of opioid 

overdoses. 

 

DeRienz, R., et al. (2018). "Child Fatalities Due to Heroin/Fentanyl Exposure: What the Case History 

Missed." Journal of Analytical Toxicology 42(8): 581-585. 

 

 This case report presents three unrelated children found to have heroin and/or fentanyl in their 

systems after general unknown systematic toxicological analysis (STA). The first case involves 

an 11-month-old male found unresponsive at their residence. The scene response suggested a 

potentially unsafe sleeping condition or a sudden unexplained infant death. The second case is a 

14-month-old female found unresponsive after eating soft candies, suggesting that a choking 

related death may have occurred. The third case is a 12-year-old male found unresponsive in bed 

and foaming from the mouth. Gum was removed from the child's airway, suggesting another 

choking related death. The STA included a 14-drug category enzyme linked immunosorbant 

assay (ELISA) screening in whole blood. Cases 1 and 3 were presumptively positive for fentanyl, 

while Case 2 was presumptively positive for opiates and fentanyl. Reflex confirmation was 

performed in blood, urine and gastric contents, by solid-phase extraction (SPE) for 12 opiates 

including morphine and 6-monoacetylmorphine (6MAM) by gas chromatography-mass 

spectrometry (GC-MS) and for fentanyl, norfentanyl, and novel analogs, by liquid 

chromatography tandem mass spectrometry (LC-MS-MS). High concentrations of fentanyl and 

6MAM in the gastric contents of Case 1, along with the presence of diacetylmorphine, suggested 

probable enteral ingestion of heroin and fentanyl, separately or in a combined formulation. 

Interpretation of the toxicology results could not determine a probable route of exposure to 

heroin/fentanyl in Case 2, however, the cause of death was clearly related to this drug mixture. In 

Case 3, the presence of acetylfentanyl suggested an illicit fentanyl exposure. The intention of this 

case report is to demonstrate the need for a STA approach for all non-trauma postmortem cases 

regardless of case circumstances, age or suspicion of drug use. 

 

Dierksen, J., et al. (2015). "Poor Man's Methadone A Case Report of Loperamide Toxicity." American 

Journal of Forensic Medicine and Pathology 36(4): 268-270. 
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 Loperamide, a common over-the-counter antidiarrheal drug and opioid derivative, is formulated 

to act upon intestinal opioid receptors. However, at high doses, loperamide crosses the blood-

brain barrier and reaches central opioid receptors in the brain, leading to central opiate effects 

including euphoria and respiratory depression. We report the case of a young man found dead in 

his residence with a known history of drug abuse. At autopsy, the only significant findings were a 

distended bladder and bloody oral purge. Drug screening found nontoxic levels of alprazolam, 

fluoxetine, and marijuana metabolites. Liquid chromatography time-of-flight mass spectrometry 

found an unusual set of split isotope peaks consistent with chlorine. On the basis of autopsy and 

toxicological findings, loperamide toxicity was suspected because of its opioid properties and 

molecular formula containing chlorine. A sample of loperamide was analyzed by liquid 

chromatography time-of-flight mass spectrometry, resulting in a matching mass and retention 

time to the decedent's sample. Subsequently, quantitative testing detected 63 ng/mL of 

loperamide or more than 6 times of therapeutic peak concentration. Cause of death was 

determined as toxic effects of loperamide with fluoxetine and alprazolam. Because of its opioid 

effects and easy accessibility, loperamide is known as poor man's methadone and may go 

undetected at medical and forensic drug screening. 

 

Dolinak, D. (2017). "Opioid Toxicity." Acad Forensic Pathol 7(1): 19-35. 

 

 In recent years, there has been a substantial increase in opioid use and abuse, and in opioid-

related fatal overdoses. The increase in opioid use has resulted at least in part from individuals 

transitioning from prescribed opioids to heroin and fentanyl, which can cause significant 

respiratory depression that can progress to apnea and death. Heroin and fentanyl may be used 

individually, together, or in combination with other substances such as ethanol, benzodiazepines, 

or other drugs that can have additional deleterious effects on respiration. Suspicion that a death is 

drug-related begins with the decedent's medical and social history, and scene investigation, where 

drugs and drug paraphernalia may be encountered, and examination of the decedent, which may 

reveal needle punctures and needle track marks. At autopsy, the most significant internal finding 

that is reflective of opioid toxicity is pulmonary edema and congestion, and frothy watery fluid is 

often present in the airways. Various medical ailments such as heart and lung disease and obesity 

may limit an individual's physiologic reserve, rendering them more susceptible to the toxic effects 

of opioids and other drugs. Although many opioids will be detected on routine toxicology testing, 

more specialized testing may be warranted for opioid analogs, or other uncommon, synthetic, or 

semisynthetic drugs. 

 

Domingo, O., et al. (2017). "Mitragynine concentrations in two fatalities." Forensic Science International 

271: E1-E7. 

 Two cases of fatalities are reported of which the recreational use of Mitragyna speciosa 

("kratom") could be confirmed. One of these cases presents with one of the highest postmortem 

mitragynine concentrations published to date. Our results show that even extremely high 
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mitragynine blood concentrations following the consumption of kratom do not necessarily have to 

be the direct cause of death in such fatalities as a result of an acute overdose. The two cases are 

compared with regard to the differences in mitragynine concentrations detected and the role of 

mitragynine in the death of the subjects. Irrespective of the big differences in mitragynine 

concentrations in the postmortem blood samples, mitragynine was not the primary cause of death 

in either of the two cases reported here. Additionally, by rough estimation, a significant 

difference in ratio of mitragynine to its diastereomers in the blood and urine samples between the 

two cases could be seen. (C) 2016 Elsevier Ireland Ltd. All rights reserved. 

 

Dubois, N., et al. (2015). "Estimation of the Time Interval between the Administration of Heroin and the 

Sampling of Blood in Chronic Inhalers." Journal of Analytical Toxicology 39(4): 300-305. 

 

 To develop a model for estimating the time delay between last heroin consumption and blood 

sampling in chronic drug users. Eleven patients, all heroin inhalers undergoing detoxification, 

were included in the study. Several plasma samples were collected during the detoxification 

procedure and analyzed for the heroin metabolites 6-acetylmorphine (6AM), morphine (MOR), 

morphine-6-glucuronide (M6G) and morphine-3-glucuronide (M3G), according to a 

UHPLC/MSMS method. The general linear mixed model was applied to time-related 

concentrations and a pragmatic four-step delay estimation approach was proposed based on the 

simultaneous presence of metabolites in plasma. Validation of the model was carried out using 

the jackknife technique on the 11 patients, and on a group of 7 test patients. Quadratic equations 

were derived for all metabolites except 6AM. The interval delay estimation was 2-4 days when 

only M3G present in plasma, 1-2 days when M6G and M3G were both present, 0-1 day when 

MOR, M6G and M3G were present and < 2 h for all metabolites present. The 'jackknife' 

correlation between declared and actual estimated delays was 0.90. The overall precision of the 

delay estimates was 8-9 h. The delay between last heroin consumption and blood sampling in 

chronic drug users can be satisfactorily predicted from plasma heroin metabolites. 

 

Dwyer, J. B., et al. (2018). "Report of Increasing Overdose Deaths that include Acetyl Fentanyl in 

Multiple Counties of the Southwestern Region of the Commonwealth of Pennsylvania in 2015-2016." 

Journal of Forensic Sciences 63(1): 195-200. 

 

 Acetyl fentanyl is a Schedule I controlled synthetic opioid that is becoming an increasingly 

detected "designer drug." Routine drug screening procedures in local forensic toxicology 

laboratories identified a total of 41 overdose deaths associated with acetyl fentanyl within 

multiple counties of the southwestern region of the state of Pennsylvania. The range, median, 

mean, and standard deviation of blood acetyl fentanyl concentrations for these 41 cases were 

0.13-2100 ng/mL, 11 ng/mL, 169.3 ng/mL, and 405.3 ng/mL, respectively. Thirty-six individuals 

(88%) had a confirmed history of substance abuse, and all but one case (96%) were ruled multiple 

drug toxicities. This report characterizes this localized trend of overdose deaths associated with 



Investigation & Certification of Drug Toxicity Deaths 
 

ANNOTATED BIBLIOGRAPHY 

 18 

acetyl fentanyl and provides further evidence supporting an alarmingly concentrated opiate and 

opioid epidemic of both traditional and novel drugs within this region of the United States. 

 

Dye, D. W., et al. (2019). "Correctly Identifying Deaths Due to Drug Toxicity Without a Forensic 

Autopsy." American Journal of Forensic Medicine and Pathology 40(2): 99-101. 

 

 In 2005, the National Association of Medical Examiners approved the Forensic Autopsy 

Performance Standards. Standard B3.7 indicates that a forensic pathologist shall perform a 

forensic autopsy when the death is by apparent intoxication by alcohol, drugs, or poison. The 

Jefferson County Coroner/Medical Examiner Office has observed an increase in our caseload by 

10% per year since 2012. We designed a study to determine if a pathologist could correctly 

classify the cause of death (COD) and manner of death (MOD) of suspected drug-related deaths 

without information from the internal examination. The determination of the COD and MOD was 

then compared with the case file, which includes information from the internal examination and 

microscopy, to determine agreement between the case file and the reclassification. The percent 

correct for COD and MOD was calculated, and kappa values were calculated for MOD. The 

pathologists were able to correctly classify the COD in 73% of cases. For MOD, 2 pathologists 

achieved substantial agreement between the test cases and the actual case file. The third 

pathologist had moderate agreement. These findings indicate that a full postmortem examination 

is necessary to correctly classify the COD/MOD in cases of suspected drug toxicity. Our null 

hypothesis is that a full autopsy is not necessary to correctly classify the COD and MOD in cases 

of drug toxicity. 

 

Ellefsen, K., et al. (2016). "Synthetic cathinone pharmacokinetics, analytical methods, and toxicological 

findings from human performance and postmortem cases." Drug Metabolism Reviews 48(2): 237-265. 

 

 Synthetic cathinones are commonly abused novel psychoactive substances (NPS). We present a 

comprehensive systematic review addressing in vitro and in vivo synthetic cathinone 

pharmacokinetics, analytical methods for detection and quantification in biological matrices, and 

toxicological findings from human performance and postmortem toxicology cases. Few 

preclinical administration studies examined synthetic cathinone pharmacokinetic profiles 

(absorption, distribution, metabolism, and excretion), and only one investigated metabolite 

pharmacokinetics. Synthetic cathinone metabolic profiling studies, primarily with human liver 

microsomes, elucidated metabolite structures and identified suitable biomarkers to extend 

detection windows beyond those provided by parent compounds. Generally, cathinone derivatives 

underwent ketone reduction, carbonylation of the pyrrolidine ring, and oxidative reactions, with 

phase II metabolites also detected. Reliable analytical methods are necessary for cathinone 

identification in biological matrices to document intake and link adverse events to specific 

compounds and concentrations. NPS analytical methods are constrained in their ability to detect 

new emerging synthetic cathinones due to limited commercially available reference standards and 

continuous development of new analogs. Immunoassay screening methods are especially 
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affected, but also gas-chromatography and liquid-chromatography mass spectrometry 

confirmation methods. Non-targeted high-resolution-mass spectrometry screening methods are 

advantageous, as they allow for retrospective data analysis and easier addition of new synthetic 

cathinones to existing methods. Lack of controlled administration studies in humans complicate 

interpretation of synthetic cathinones in biological matrices, as dosing information is typically 

unknown. Furthermore, antemortem and postmortem concentrations often overlap and the 

presence of other psychoactive substances are typically found in combination with cathinones 

derivatives, further confounding result interpretation. 

 

Ellefsen, K., et al. (2017). "Multiple Drug-Toxicity Involving Novel Psychoactive Substances, 3-

Fluorophenmetrazine and U-47700." Journal of Analytical Toxicology 41(9): 765-770. 

 

 3-Fluorophenmetrazine (3-FPM) is a stimulant-like novel psychoactive substance (NPS) and 

fluorinated analog of phenmetrazine that has recently appeared on the recreational drug market, 

with limited published information. Likewise, the synthetic opioid U-47700 has gained popularity 

among recreational drug users and is frequently detected in postmortem casework. We present the 

case history, autopsy and toxicological findings of a fatality involving the designer drugs 3-FPM 

and U-47700 for the first time in the literature. A sensitive and specific liquid chromatography-

tandem mass spectrometry method was developed and validated for the quantification of 3-FPM 

in whole blood, with a 0.001-0.100 mg/L analytical range. The method met the requirements for 

acceptable linearity, bias and precision. 3-FPM was detected along with U-47700 and other drugs 

including amitriptyline, nortriptyline, methamphetamine, amphetamine, diazepam, nordiazepam, 

temazepam, and the designer benzodiazepines flubromazolam and delorazepam. 3-FPM was 

quantified in the decedent's peripheral (femoral) and central (aortic) blood at 2.4 and 2.6 mg/L, 

respectively. These concentrations are similar to reported concentrations in non-fatal 

intoxications. U-47700 was present in peripheral blood at a semi-quantitative concentration of 

0.36 mg/L, consistent with reported U-47700 postmortem concentrations. The cause of death was 

considered multiple drug-toxicity (3-FPM, U-47700, amitriptyline, methamphetamine, diazepam, 

temazepam, flubromazolam and delorazepam) and the manner of death ruled an accident. This 

case illustrates the dangers of polysubstance use and discusses the potential overlap between 

recreational and fatal concentrations for some NPS. 

 

Elliott, S. and E. Lopez (2018). "A Series of Deaths Involving Carfentanil in the UK and Associated Post-

mortem Blood Concentrations." Journal of Analytical Toxicology 42(4): E41-E45. 

 

 The potent opioid and veterinary drug, carfentanil has recently entered the illicit drug market, 

especially in relation to heroin and cocaine. Recent publications have reported carfentanil 

concentrations found in fatalities occurring in the USA. This article presents the toxicological 

findings in seven heroin/cocaine cases occurring in the UK within a short period of time where 

carfentanil was detected and measured. Carfentanil was detected along with other drugs in all 

cases with no alcohol detected in the post-mortem blood in any of the cases. Of the other drugs 
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detected, of particular note, cannabinoids were detected in three, cocaine in four, other opioids 

(methadone, dihydrocodeine and tramadol) in four and benzodiazepines were detected in four of 

the seven fatalities. A high concentration of ketamine and norketamine was found in one case. 

Morphine and its glucuronide metabolites were also measured where detected in six of the seven 

cases. The carfentanil concentrations were found to be between 0.22 and 3.3 ng/mL (mean 0.93, 

median 0.66 ng/mL) in post-mortem femoral blood. In one case where aortic and ventricular post-

mortem blood was submitted for analysis in addition to femoral blood, comparative 

concentrations of 1.05 (aortic), 0.57 (ventricular) and 0.50 (femoral) ng/mL were found. The 

concentrations support the necessity to ensure laboratory detection methods for carfentanil and 

subsequent measurement are appropriate as concentrations below 0.3 ng/mL may be present in 

post-mortem blood. The concentrations also support the notion that there is no particular "toxic" 

or "fatal" post-mortem blood carfentanil concentration associated with its use. 

 

Ellis, C., et al. (2018). "Predicting opioid receptor binding affinity of pharmacologically unclassified 

designer substances using molecular docking." Plos One 13(5). 

 

 Opioids represent a highly-abused and highly potent class of drugs that have become a significant 

threat to public safety. Often there are little to no pharmacological and toxicological data 

available for new, illicitly used and abused opioids, and this has resulted in a growing number of 

serious adverse events, including death. The large influx of new synthetic opioids permeating the 

street-drug market, including fentanyl and fentanyl analogs, has generated the need for a fast and 

effective method to evaluate the risk a substance poses to public safety. In response, the US 

FDA's Center for Drug Evaluation and Research (CDER) has developed a rapidly-deployable, 

multi-pronged computational approach to assess a drug's risk to public health. A key component 

of this approach is a molecular docking model to predict the binding affinity of biologically 

uncharacterized fentanyl analogs to the mu opioid receptor. The model was validated by 

correlating the docking scores of structurally diverse opioids with experimentally determined 

binding affinities. Fentanyl derivatives with sub-nanomolar binding affinity at the mu receptor 

(e.g. carfentanil and lofentanil) have significantly lower binding scores, while less potent fentanyl 

derivatives have increased binding scores. The strong correlation between the binding scores and 

the experimental binding affinities suggests that this approach can be used to accurately predict 

the binding strength of newly identified fentanyl analogs at the mu receptor in the absence of in 

vitro data and may assist in the temporary scheduling of those substances that pose a risk to 

public safety. 

 

Elzey, M., et al. (2016). "Patient Characteristics and Outcomes in Unintentional, Non-fatal Prescription 

Opioid Overdoses: A Systematic Review." Pain Physician 19(4): 215-228. 

 

 Background: Opioid overdose continues to be a significant and growing cause of preventable 

mortality and morbidity. Studies suggest that unintentional, non-fatal overdose from prescription 
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opioid analgesics constitutes a large portion of total overdose events. The societal burden 

associated with these events is a frequently overlooked public health concern. 

 

Objectives: To evaluate unintentional, non-fatal prescription opioid overdoses, including the 

identification of risk factors, societal burden, and knowledge gaps where further study is 

warranted. Study Design: Systematic review of the literature for unintentional, non-fatal opioid 

overdose. 

 

Methods: Preferred reporting items for systematic reviews and meta-analyses guidelines were 

used in constructing this systematic review. To determine the scope of the existing literature, a 

systematic search was conducted using the MEDLINE, CINAHL, PsycINFO, and Web of 

Science databases. 

 

Results: This systematic review analyzes 24 articles (21 retrospective descriptive analyses, 2 

prospective analyses, one phase III trial, and one meta-analysis). Articles were reviewed by 

authors and relevant data examined. Results show that opioid overdose morbidity is significantly 

more prevalent than mortality and sequelae of non-fatal events should be studied in more detail. 

 

Limitations: The limitations of this systematic review include the range of study populations and 

opioids discussed and the broad and variable definitions of "opioid overdose" in the literature. 

 

Conclusion(s): Opioid overdose morbidity and mortality is seen across the entire spectrum of 

inpatient and outpatient use with significant numbers of adverse events occurring in population 

segments not identified by high risk indicators. Increased physician awareness and a multi-modal 

approach could help mitigate the overdose epidemic while maintaining effective pain control for 

patients. 

 

Ezaki, J., et al. (2016). "Fatal overdose from synthetic cannabinoids and cathinones in Japan: 

demographics and autopsy findings." American Journal of Drug and Alcohol Abuse 42(5): 520-529. 

 

 Background: Sixty-one autopsy cases involving cathinones and/or cannabinoids (synthetic 

cathinones/cannabinoids) use have been reported. However, little is known about the 

demographics and autopsy findings in fatal synthetic cathinones/cannabinoids users.  

 

Objectives: To elucidate demographic and autopsy findings (i.e. major organ pathology and 

causes of death) in synthetic cathinones/cannabinoids cases. Methods: We reviewed forensic 
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autopsy reports in Department of Legal Medicine of Tokyo Women's Medical University (Tokyo, 

Japan) between 2011 and 2015 (a total of 359). We compared demographic and autopsy findings 

between synthetic cathinones/cannabinoids and methamphetamine cases (as control subjects).  

 

Results: There were 12 synthetic cathinones/cannabinoids cases and 10 methamphetamine cases. 

Synthetic cathinones/cannabinoids users were significantly younger than methamphetamine users 

(p < 0.01), and there were no cases that used both synthetic cathinones/cannabinoids and 

methamphetamine. Acute intoxication and cardiac ischemia were the two most prominent causes 

of death in both synthetic cathinones/cannabinoids users and methamphetamine users. Excited 

delirium syndrome and pulmonary aspiration were found only in synthetic 

cathinones/cannabinoids cases.  

 

Conclusions: The populations of synthetic cathinones/cannabinoids and methamphetamine users 

who died of an overdose are different in Japan. Acute intoxication, cardiac ischemia, excited 

delirium syndrome, pulmonary aspiration, and drowning are the major autopsy findings in 

synthetic cathinones/cannabinoids-related death. Clinicians should be aware of these potentially 

fatal complications in the medical management of synthetic cathinones/cannabinoids users. 

 

Fais, P., et al. (2017). ""Tampering to Death": A Fatal Codeine Intoxication Due to a Homemade 

Purification of a Medical Formulation." Journal of Forensic Sciences 62(6): 1671-1673. 

 

 Many homemade tamper processes of medical codeine formulations are available on selected 

forums on the Internet, where recreational codeine users claim to be able to purify codeine by 

removing additives, such as acetaminophen, to avoid or limit adverse effects. In this work, it is 

reported and discussed a fatal case of codeine intoxication. The findings of objects such as jars, 

filters, and tablets, and amounts of unknown liquid material at the death scene investigation 

suggested a fatal codeine intoxication after the tampering procedure called cold water extraction. 

Toxicological results obtained from the analysis of both the nonbiological material and the body 

fluids of the decedent integrated with the information collected at the death scene investigation 

confirmed the above-mentioned hypothesis. This report underlines the importance of a tight 

interconnection between criminalistics and legal medicine to strengthen the identification of the 

cause of death and the reconstruction of the event. 

 

Ferner, R. and J. Aronson (2018). "The toxicological significance of post-mortem drug concentrations in 

bile." Clinical Toxicology 56(1): 7-14. 

 

 Context: Some authors have proposed that post-mortem drug concentrations in bile are useful in 

estimating concentrations in blood. Both The International Association of Forensic Toxicologists 
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(TIAFT) and the US Federal Aviation Administration recommend that samples of bile should be 

obtained in some circumstances. Furthermore, standard toxicological texts compare blood and 

bile concentrations, implying that concentrations in bile are of forensic value. 

 

Aim: To review the evidence on simultaneous measurements of blood and bile drug 

concentrations reported in the medical literature. Methods: We made a systematic search of 

EMBASE 1980-2016 using the search terms ("bile/" OR "exp drug bile level/concentration/") 

AND "drug blood level/concentration/", PubMed 1975-2017 for ("bile[tw]" OR "biliary[tw]") 

AND ("concentration[tw]" OR "concentrations[tw]" OR "level[tw]" OR "levels[tw]") AND 

"post-mortem[tw]" and also MEDLINE 1990-2016 for information on drugs whose biliary 

concentrations were mentioned in standard textbooks. The search was limited to human studies 

without language restrictions. We also examined recent reviews, indexes of relevant journals and 

citations in Web of Science and Google Scholar. We calculated the bile: blood concentration 

ratio. The searches together yielded 1031 titles with abstracts. We scanned titles and abstracts for 

relevance and retrieved 230, of which 161 were considered further. We excluded 49 papers 

because: the paper reported only one case (30 references); the data referred only to a metabolite 

(1); the work was published before 1980 (3); the information concerned only samples taken 

during life (10); or the paper referred to a toxin or unusual recreational drug (5). The remaining 

112 papers provided data for analysis, with at least two observations for each of 58 drugs. 

Bile:blood concentration ratios: Median bile: blood concentration ratios varied from 0.18 (range 

0.058-0.32) for dextromoramide to 520 (range 0.62-43,000) for buprenorphine. Median bile 

concentrations exceeded blood concentrations by one order of magnitude for several drugs, 

including dihydrocodeine, quetiapine and sildenafil; and by two orders of magnitude of for 

buprenorphine, colchicine and 3,4-methylenedioxy-methamphetamine (MDMA), among others. 

The minimum and maximum values for the ratio differed by a factor of three or more in three-

quarters of the cases where data were available and by a factor of 10 or more for over half of the 

analytes. 

 

Limitations: The data were difficult to find. Medline does not explicitly index the term "drug bile 

concentration". It may well be that other reports exist, although they would not alter our major 

conclusion. Many of the papers that contributed data failed to specify the source of the blood 

samples or the post-mortem interval, so that no judgment was possible regarding post-mortem 

redistribution in whole blood or bile. 

Conclusions: For most drugs, there are wide ranges of bile:blood concentration ratios, which 

means that bile and blood concentrations are generally poorly correlated. Bile concentration 

measurements cannot readily be used to establish post-mortem blood concentrations; nor can they 

be extrapolated to ante-mortem concentrations. However, because drug concentrations in bile 

often exceed those in blood, bile may allow qualitative identification of drugs present, even when 

the blood concentration is below the limit of detection. 
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Fields, M., et al. (2015). "Parent and Metabolite Opioid Drug Concentrations in Unintentional Deaths 

Involving Opioid and Benzodiazepine Combinations." Journal of Forensic Sciences 60(4): 950-956. 

 

 Effects of benzodiazepines on postmortem opioid parent and parent/metabolite blood 

concentration ratios were determined for fentanyl-, hydrocodone-, methadone-, or oxycodone-

related accidental deaths. These opioids are partially metabolized by the CYP3A4 enzyme 

system, which is also affected by diazepam and alprazolam. Opioid/metabolite combinations 

examined were as follows: fentanyl/norfentanyl, hydrocodone/dihydrocodeine, 

methadone/EDDP, and oxycodone/oxymorphone. Parent opioid concentrations were analyzed for 

877 deaths. Parent/metabolite concentration ratios were analyzed for 349 deaths, excluding cases 

with co-intoxicants present known to interfere with opioid elimination. Alprazolam in 

combination with diazepam significantly decreased median hydrocodone concentrations by 48% 

(p = 0.01) compared to hydrocodone alone. The methadone parent/metabolite concentration ratio 

was reduced by 35% in the presence of diazepam compared to methadone alone (p = 0.03). 

Benzodiazepines did not statistically significantly affect fentanyl or oxycodone concentrations. 

Possible factors affecting opioid concentrations and possible toxicity development, including any 

differential effects on specific opioids, should continue to be explored. 

 

Fischer, B., et al. (2018). "Correlations between population-levels of prescription opioid dispensing and 

related deaths in Ontario (Canada), 2005-2016." Preventive Medicine 116: 112-118. 

 

 Canada is experiencing an ongoing opioid-related public health crisis, including persistently 

rising opioid (e.g., poisoning) mortality. Previous research has documented marked correlations 

between population-levels of opioid dispensing and deaths. We examined possible correlations 

between annual population-level dispensing of specific opioid formulations and related poisoning 

deaths in Ontario (Canada), for the period 2005-2016. Annual coroner statistics-based numbers of 

poisoning deaths associated with six main opioid formulations (codeine, fentanyl, 

hydromorphone, methadone, morphine, and oxycodone) for Ontario were converted into annual 

death rates (per 100,000 population). Annual dispensing data for the opioid formulations under 

study were based on commercial retail-sales data from a representative, stratified sample of 

community pharmacies (IMSQuintiles/IQVIA CompuScript), converted into Defined Daily 

Doses (DDD/1,000 population/day). Possible relationships between the annual death and 

dispensing rates were assessed by Pearson's correlation coefficient analyses. Death rates 

increased for almost all, while dispensing rates increased for half of the opioid categories. A 

significant positive correlation between death and dispensing rates was found for hydromorphone 

(r = 0.97, 95% CI: 0.88-0.99) and oxycodone (r = 0.90, 95% CI: 0.68-0.97) formulations; a 

significant negative correlation was found for codeine (r = -0.78, 95% CI: -0.93 to -0.37). No 

significant correlations were detected for fentanyl, methadone, and morphine related deaths. 

Strong correlations between levels of dispensing and deaths for select opioid formulations were 

found. For select others, extrinsic factors - e.g., increasing involvement of non-medical opioid 

products (e.g., fentanyl) in overdose deaths - likely confounded underlying correlation effects. 
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Opioid dispensing levels continue to influence population-level mortality levels and need to be 

addressed by prevention strategies. 

 

Fogarty, M., et al. (2018). "Analysis of Fentanyl and 18 Novel Fentanyl Analogs and Metabolites by LC-

MS-MS, and report of Fatalities Associated with Methoxyacetylfentanyl and Cyclopropylfentanyl." 

Journal of Analytical Toxicology 42(9): 592-604. 

 

 Methoxyacetylfentanyl and cyclopropylfentanyl are two of the newest illicit opioids that are 

infiltrating the heroin market. Methoxyacetylfentanyl and cyclopropylfentanyl were reported by 

the Drug Enforcement Administration (DEA) in their third quarter report of 2017 to have been 

chemically identified seven and five times, respectively, from drug evidence analyzed by the 

DEA's lab system; Q3 was the first time cyclopropylfentanyl was identified by the DEA's lab 

system, while methoxyacetylfentanyl was reported one time in Q2 2017. A method was 

developed using liquid chromatography tandem mass spectrometry for the quantitation of 

fentanyl, norfentanyl and 17 fentanyl analogs: furanylfentanyl, butyrylfentanyl, 

despropionylfentanyl (4-ANPP), methoxyacetylfentanyl, tetrahydrofuran fentanyl, fluoro-

isobutyrylfentanyl, acrylfentanyl, para-fluorofentanyl, ortho-fluorofentanyl, carfentanil, beta-

methylfentanyl, isobutyrylfentanyl, para-methylfentanyl, cyclopentylfentanyl, 

cyclopropylfentanyl, beta-hydroxyfentanyl and alpha-methylfentanyl. The calibration range for 

all compounds was 0.1-100 ng/mL. Blood samples from 42 postmortem cases involving 

cyclopropylfentanyl and methoxyacetylfentanyl from Florida, Illinois, Michigan and Tennessee 

were submitted for toxicological analysis. The mean and median concentration for the cases 

testing positive for cyclopropylfentanyl (n = 32) was 15.3 (+/- 11.9) ng/mL and 12.3 ng/mL, 

respectively, with a range of 1.4-43.3 ng/mL. The mean (+/- SD) and median concentrations for 

the 11 cases quantitatively confirmed (3 cases were below the limit of quantitation) for 

methoxyacetylfentanyl was 17.7 (+/- 11.4) ng/mL and 15.1 ng/mL respectively, with a range of 

0.21-39.9 ng/mL. These novel illicit substances typically are outside the scope of routine drug 

testing by hospitals and toxicology laboratories or below the sensitivity levels for the detection of 

these substances in biological specimens. These compounds have not previously been studied in 

humans; therefore, it is significant to be able to associate the pharmacological effects derived 

from case reports to the quantitative values found in the postmortem specimens. 

 

Fogarty, M., et al. (2018). "Analysis of cis and trans 3-methylfentanyl by liquid chromatography-high 

resolution mass spectrometry and findings in forensic toxicology casework." Drug Testing and Analysis 

10(9): 1474-1482. 

  

3-methylfentanyl (3-MF), N-(3-methyl-1-phenethyl-4-piperidyl)-N-phenyl-propanamide, has 

reappeared on the US illicit drug market since its disappearance after a series of overdose deaths 

in 1988. 3-MF presents an analytical challenge, due to presence of cis and trans stereoisomers, 

each with different potencies, and ultimately very low concentrations in the blood after use. A 

method was developed using liquid chromatography-time-of-flight-mass spectrometry for the 
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analysis of (+/-)-cis-3-MF and (+/-)-trans-3-MF in blood specimens after solid phase extraction. 

The linear dynamic range of this method was 0.1-10 ng/mL. Blood samples from 25 postmortem 

cases and 2 human performance case involving 3-MF were submitted for quantitative analysis. 

The mean and median concentration for the (+/-)-cis-3-MF were 0.84 ng/mL (+/- 0.81) and 0.67 

ng/mL, respectively, range 0.14-3.43 ng/mL. The resulting (+/-)-trans-3-MF mean concentration 

was 0.46 ng/mL (+/- 0.38) and the median concentration was 0.37 ng/mL with a range of 0.11-

1.90 ng/mL. The resulting (+/-)-cis-3-MF and (+/-)trans-3-MF concentrations were summed to 

give the total amount of 3-MF present in the case with the resulting average concentration at 1.28 

ng/mL (+/- 1.16), median at 1.01 ng/mL and range 0.18-5.18. As the estimated dose of this 

compound is approximately 0.1 mg-0.5 mg with the resulting concentrations in the sub-nanogram 

range, it is necessary for forensic toxicology laboratories to obtain instruments sensitive enough 

to detect these substances in driving under the influence of drugs and postmortem cases. 

Quantitation of 3-MF with separation of (+/-)-cis and (+/-)-trans-3-MF provides additional detail 

for more specific toxicological interpretation. 

 

Fort, C., et al. (2016). "Acetyl Fentanyl Toxicity: Two Case Reports." Journal of Analytical Toxicology 

40(9): 754-757. 

 

 Acetyl fentanyl is an illicit fentanyl analog recently appearing in forensic casework. A 

quantitative method was created for measuring acetyl fentanyl in various biological matrices 

acquired postmortem due to recent positive screening results in casework. Initial detection by 

immunoassay and standard gas chromatography mass spectrometry (GC/MS) methods have been 

previously reported for acetyl fentanyl and are examined further here. A Selective Ion Monitoring 

(SIM) method was created using a GC/MS for quantitation. In two separate cases, acetyl fentanyl 

was found to be in similar concentrations to those previously reported and ruled to be the cause of 

death. Acetyl fentanyl concentrations were determined in blood samples, liver, brain, vitreous 

humor, and urine. Individual 1 had acetyl fentanyl concentrations as follows: heart blood-285 

ng/mL, femoral blood-192 ng/mL, liver-1,100 ng/g, brain-620 ng/g, and urine-3,420 ng/mL. 

Individual 2 had acetyl fentanyl concentrations as follows: heart blood-210 ng/mL, femoral 

blood-255 ng/mL, urine-2,720 ng/mL and vitreous humor-140 ng/mL. Experimental conditions 

for screening and quantitation are provided, using immunoassay and GC/MS methods. Due to the 

recent emergence of acetyl fentanyl, more data will need to be generated to fully differentiate 

recreational and fatal concentrations of acetyl fentanyl to assist toxicologists accurately 

understanding its physiological impact. 

 

Franco, D., et al. (2014). "Case Report of a Fatal Intoxication by Nucynta." American Journal of Forensic 

Medicine and Pathology 35(4): 234-236. 

 

 Tapentadol (Nucynta) is a centrally acting opioid analgesic prescribed for the treatment of 

moderate to severe acute pain. Its efficacy is believed to be due to K-opioid receptor agonist 

activity and inhibition of norepinephrine reuptake resulting in increased norepinephrine 
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concentrations. There is only one other case in the literature relating to the toxicity of this agent 

or report of a fatality. This case report documents a case in which tapentadol was identified as the 

cause of death. The tapentadol concentration found in the heart blood submitted in this case was 

more than 20 times the upper limit of the therapeutic range. Possible mechanisms of death include 

respiratory depression, central nervous system depression, and serotonin syndrome. Based on the 

scene investigation and autopsy findings in this case, the medical examiner determined that the 

cause of death was narcotic (Nucynta) intoxication and the manner of death was undetermined. 

 

Fryer, E., et al. (2013). "High risk medicolegal autopsies: is a full postmortem examination necessary?" 

Journal of Clinical Pathology 66(1): 1-7. 

 

 Aims Aiming to reduce the numbers of high-risk autopsies, we use a minimally invasive 

approach. HIV/hepatitis C virus (HCV)-positive coronial referrals, mainly intravenous drug 

abusers, have full autopsy only if external examination, toxicology and/or postmortem CT scan 

do not provide the cause of death. In this study, we review and validate this protocol. Methods 

and results 62 HIV/HCV-positive subjects were investigated. All had external examination, 59 

toxicology and 24 CT. In 42/62, this minimally invasive approach provided a cause of death. 

Invasive autopsy was required in 20/62, CT/toxicology being inconclusive, giving a potential 

rather than definite cause of death. Autopsy findings provided the cause of death in 6/20; in the 

remainder, a negative autopsy allowed more weight to be given to toxicological results previously 

regarded as inconclusive. In order to validate selection of cases for invasive autopsy using 

history, external examination and toxicology, a separate group of 57 non-infectious full autopsies 

were analysed. These were consecutive cases in which there was a history that suggested drug 

abuse. A review pathologist, provided only with clinical summary, external findings and 

toxicology, formulated a cause of death. This formulation was compared with the original cause 

of death, based on full autopsy. The review pathologist correctly identified a drug-related death or 

requirement for full autopsy in 56/57 cases. In one case, diagnosed as cocaine toxicity by the 

review pathologist, autopsy additionally revealed subarachnoid hemorrhage and Berry aneurysm. 

Conclusions These findings support the use of minimally invasive techniques in high risk 

autopsies, which result in a two-thirds reduction in full postmortems. 

 

Gardner, M., et al. (2015). "Analysis of Fentanyl in Urine by DLLME-GC-MS." Journal of Analytical 

Toxicology 39(2): 118-125. 

 Fentanyl is a synthetic narcotic anesthetic similar to 80-100 times more potent than morphine. 

Owing to the potential for its abuse, the drug may be included in a forensic toxicology work-up, 

which requires fast, precise and accurate measurements. Here, the stability of fentanyl was 

assessed when stored at three different temperatures (-20, 4 and 25 degrees C) in synthetic urine. 

Stability at those three temperatures was demonstrated over 12 weeks upon analysis by gas 

chromatography-mass spectrometry with a deuterated internal standard (fentanyl-D-5) utilizing 

three different extraction techniques: liquid-liquid extraction (LLE), solid-phase extraction and 

dispersed liquid-liquid micro-extraction (DLLME). The DLLME method was then optimized 
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before use in the analysis of fentanyl in urine samples obtained from autopsy cases at the El Paso 

County Coroner's Office. Accuracy of the DLLME method was assessed by completing spike and 

recovery studies at three different fortification levels (10, 100 and 250 ng/mL) with excellent 

recovery (89.9-102.6%). The excellent comparability between DLLME and LLE is demonstrated 

(Bland-Altman difference plot with a mean difference of 4.9 ng/mL) and the use of this 

methodology in the analysis of forensically relevant samples is discussed. 

 

Garg, R., et al. (2017). "Patterns of Opioid Use and Risk of Opioid Overdose Death Among Medicaid 

Patients." Medical Care 55(7): 661-668. 

 

 Background: The Centers for Disease Control and Prevention recognizes Medicaid as a high-risk 

population for fatal opioid overdose. Further research is needed to identify factors that put 

Medicaid patients at increased risk. 

 

Objective: To determine whether patterns of opioid use are associated with risk of opioid-related 

mortality among opioid users. Design: This is a retrospective cohort study. 

 

Patients: In total, 150,821 noncancer pain patients aged 18-64 years with >= 1 opioid 

prescription, April 2006 to December 2010, Washington Medicaid. 

 

Measures: Average daily dose (morphine equivalents), opioid schedule/duration of action, 

sedative-hypnotic use. Results: Compared with patients at 1-19 mg/d, risk of opioid overdose 

death significantly increased at 50-89 mg/d [ adjusted hazard ratio (aHR), 2.3; 95% confidence 

interval (CI), 1.4-4.1], 90-119 mg/d (aHR, 4.0; 95% CI, 2.2-7.3), 120-199 mg/d (aHR, 3.8; 95% 

CI, 2.1-6.9), and >= 200 mg/d (aHR, 4.9; 95% CI, 2.9-8.1). Patients using long-acting plus short-

acting Schedule II opioids had 4.7 times the risk of opioid overdose death than non-Schedule II 

opioids alone (aHR, 4.7; 95% CI, 3.3-6.9). Sedative-hypnotic use compared with nonuse was 

associated with 6.4 times the risk of opioid overdose death (aHR, 6.4; 95% CI, 5.0-8.4). Risk was 

particularly high for opioids combined with benzodiazepines and skeletal muscle relaxants (aHR, 

12.6; 95% CI, 8.9-17.9). Even at opioid doses 1-19 mg/d, patients using sedative-hypnotics 

concurrently had 5.6 times the risk than patients without sedative-hypnotics (aHR, 5.6; 95% CI, 

1.6-19.3). 

 

Conclusions: Our findings support Federal guideline-recommended dosing thresholds in opioid 

prescribing. Concurrent sedative-hypnotic use even at low opioid doses poses substantially 

greater risk of opioid overdose. 
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Gerace, E., et al. (2018). "Analytical Approaches in Fatal Intoxication Cases Involving New Syn-thetic 

Opioids." Current Pharmaceutical Biotechnology 19(2): 113-123. 

 

 Background: Synthetic opioids are compounds that were created to act on the opioid receptors. 

Novel synthetic opioids include various analogs of fentanyl (e.g., acetylfentanyl, 

acryloylfentanyl, carfentanil, furanylfentanyl, 4-fluorobutyrylfentanyl or ocfentanil) and newly 

emerging non-fentanyl compounds with different chemical structures, such as AH-7921, MT-45, 

and U-47700. In the last years, these drugs have rapidly emerged on the recreational drug market, 

and their abuse has been increasing worldwide. Due to the high potency and the low dose 

required to produce desired effects, the risk of overdose for these compounds including severe 

health implications, is quite high. Several fatal intoxication cases related to the abuse of synthetic 

opioids have recently been reported in the literature. 

 

Conclusion: As a consequence, the detection of these compounds in biological samples is crucial 

in order to get a better understanding of their concentration and distribution in body fluids. We 

over viewed the analytical approaches for the investigation of synthetic opioids in postmortem 

samples reported in the literature, with special emphasis given to cases of lethal intoxication. 

 

Gharehdaghi, J., et al. (2017). "Suspected Methadone Toxicity: from Hospital to Autopsy Bed." Basic & 

Clinical Pharmacology & Toxicology 121(6): 531-539. 

 

 High mortality rates have been reported for methadone in both adults and children. We aimed to 

determine the pattern of toxicity, possible underlying diseases and treatment challenges in 

patients referred to our centre with early diagnosis of methadone toxicity and who later died. 

Medical files of all methadone-poisoned patients who had been admitted to a referral centre of 

toxicology between March 2011 and March 2016, died during the hospital stay and sent for 

autopsy to Legal Medicine Organization were retrospectively evaluated. In a total of 94 patients, 

autopsy findings and laboratory evaluations showed that cause of death was pure methadone 

toxicity in 57 (60.6%). Other causes of death were ischaemic heart disease in ten, co-ingestions 

(toxicities including methadone) in eight, brain hemorrhage, multi-organ failure and 

pneumosepsis (each in four), meningitis/encephalitis in three and head trauma and other toxicities 

(other than methadone but including an opioid, each in two) patients. Time of cardiopulmonary 

arrest was significantly different between those with pure methadone toxicity and those who died 

due to other causes (p = 0.01). Patients who had died due to co-ingestions and other toxicities 

were younger (p = 0.029) and took more bolus doses of naloxone (p = 0.042). In methadone 

users, especially in older ages and those with trivial response to naloxone administration, loss of 

consciousness should not be strictly attributed to methadone toxicity. In such patients, thorough 

evaluation for other possible causes of loss of consciousness is mandatory. 
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Gioia, S., et al. (2017). "Two Fatal Intoxications Due to Tramadol Alone Autopsy Case Reports and 

Review of the Literature." American Journal of Forensic Medicine and Pathology 38(4): 345-348. 

 

 Since tramadol was marketed, it has been widely prescribed as a pain killer because of its 

relatively safe profile among opioids. Nevertheless, intoxication can occur: overdose can lead to 

fatal outcomes mostly in association with other drugs, via the potential interaction with 

serotonergic antidepressant medications, as well as the potential for increased central nervous 

system (CNS) depression. Fatal outcomes only attributable to tramadol are a rare entity. In this 

case report, 2 fatal cases are described due to tramadol stand-alone intoxication with peculiar 

characteristics. In case 1, gas chromatography - mass spectrometry analysis detected tramadol in 

all specimens (32 g/mL in the heart blood, 23.9 g/mL in the femoral blood, 3.3 g/mL in the bile, 

and 1.4 g/mL in the urine). No other CNS depressants were detected by toxicological analysis. In 

case 2, gas chromatography - mass spectrometry analysis detected tramadol in all specimens (7.5 

g/mL in the heart blood, 5.8 g/mL in the femoral blood, and 18 g/mL in the urine). No other CNS 

depressants were detected by toxicological analysis. Review of the literature was performed to 

clarify the actual knowledge on this topic. 

 

Gomes, T., et al. (2018). "Contributions of prescribed and non-prescribed opioids to opioid related deaths: 

population-based cohort study in Ontario, Canada." Bmj-British Medical Journal 362. 

 

 OBJECTIVE: To describe the contributions of prescribed and non-prescribed opioids to opioid 

related deaths. 

 

DESIGN: Population based cohort study. 

 

SETTING: Ontario, Canada, from 1 January 2013 to 31 December 2016.|PARTICIPANTS|All 

Ontarians who died of an opioid related cause. 

 

EXPOSURE: Active opioid prescriptions, defined as those with a duration overlapping the date 

of death, and recent opioid prescriptions, defined as those dispensed in the 30- and 180-days 

preceding death. Postmortem toxicology results from the Drug and Drug/Alcohol Related Death 

database were used to characterise deaths on the basis of presence of prescribed and non-

prescribed (that is, diverted or illicit) opioids, overall and stratified by year and age 

 

RESULTS: 2833 opioid related deaths occurred. An active opioid prescription on the date of 

death was relatively common but declined slightly throughout the study period (38.2% (241/631) 

in 2013 and 32.5% (278/855) in 2016; P for trend=0.03). Older people and women were 
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relatively more likely to have an active opioid prescription at time of death. In 2016, 46% 

(169/364) of people aged 45-64 had an active opioid prescription compared with only 12% (8/69) 

among those aged 24 or younger (P for trend<0.001). Similarly, 46% (124/272) of women had an 

active opioid prescription at time of death compared with 26.4% (154/583) of men (P<0.001). 

Among people with active opioid prescriptions at time of death, 37.8% (375/993) also had 

evidence of a non-prescribed opioid on postmortem toxicology. By 2016, the non-prescribed 

opioid most commonly identified after death was fentanyl (41%; 47 of 115 cases). Among people 

without an active opioid prescription at time of death, fentanyl was detected in 20% (78/390) of 

deaths in 2013, increasing to 47.5% (274/577) by 2016 (P<0.001). 

 

CONCLUSIONS: Prescribed, diverted, and illicit opioids all play an important role in opioid 

related deaths. Although more than half of all opioid related deaths still involved prescription 

drugs (either dispensed or diverted) in 2016, the increased rate of deaths involving fentanyl 

between 2015 and 2016 is concerning and suggests the need for a multifactorial approach to this 

problem that considers both the prescribed and illicit opioid environments. 

 

Guale, F., et al. (2013). "Validation of LCTOF-MS Screening for Drugs, Metabolites, and Collateral 

Compounds in Forensic Toxicology Specimens." Journal of Analytical Toxicology 37(1): 17-24. 

 

 Liquid chromatography time-of-flight mass spectrometry (LCTOF-MS) analysis provides an 

expansive technique for identifying many known and unknown analytes. This study developed a 

screening method that utilizes automated solid-phase extraction to purify a wide array of analytes 

involving stimulants, benzodiazepines, opiates, muscle relaxants, hypnotics, antihistamines, 

antidepressants and newer synthetic Spice/K2 cannabinoids and cathinone bath salt designer 

drugs. The extract was applied to LCTOF-MS analysis, implementing a 13 min chromatography 

gradient with mobile phases of ammonium formate and methanol using positive mode 

electrospray. Several common drugs and metabolites can share the same mass and chemical 

formula among unrelated compounds, but they are structurally different. In this method, the 

LCTOF-MS was able to resolve many isobaric compounds by accurate mass correlation within 

15 ppm mass units and a narrow retention time interval of less than 10 s of separation. Drug 

recovery yields varied among spiked compounds but resulted in overall robust area counts to 

deliver an average match score of 86 when compared to the retention time and mass of authentic 

standards. In summary, this method represents a rapid, enhanced screen for blood and urine 

specimens in postmortem, driving under the influence, and drug facilitated sexual assault forensic 

toxicology casework. 

 

Guerrieri, D., et al. (2017). "Acrylfentanyl: Another new psychoactive drug with fatal consequences." 

Forensic Science International 277: E21-E29. 
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 The European Nordic Countries are the most exposed to opioid-related deaths. Between April and 

October 2016, a series of forty lethal intoxications occurred in Sweden, in which the presence of 

the synthetic opioid acrylfentanyl was determined to be the main - or a contributing - cause of 

death. In the reported cases, the blood concentration of acrylfentanyl - mostly detected in 

combination with other drugs - ranged from 0.01 ng/g to 5 ng/g; victims were predominantly 

males (34 males and 6 females), and their age varied between 18 and 53 years. We further 

describe five cases, representative of the different drug administration route (nasal spray, tablets) 

and intentions (accidental or voluntary intoxication). Moreover, we address nine cases of non-

lethal intoxication, in single (8 cases) or polydrug scenario (1 case). We discuss the present 

characteristics of the Swedish drug market for fentanyl-analogs in general and acrylfentanyl in 

particular, reporting a structural difficulty to effectively counteracting the appearance of 

unscheduled substances due to the constant turnover of new molecules on the recreational drug 

market. (C) 2017 Published by Elsevier Ireland Ltd. 

 

Hargrove, V. and D. Molina (2014). "Peripheral Postmortem Redistribution of Morphine." American 

Journal of Forensic Medicine and Pathology 35(2): 106-108. 

 

 It is known that postmortem drug concentrations can vary depending on the sampling site and 

that, in general, central sites have higher drug concentrations than do peripheral sites. It has also 

been suggested that clamping the femoral vessel. before drawing the sample may eliminate 

possible contribution from central sites. Morphine is a commonly prescribed and commonly 

encountered opiate medication that is often found in postmortem examinations, both as a cause of 

death and also as an incidental finding. It is important to understand the degree of postmortem 

redistribution of morphine to peripheral sites and whether clamping the femoral vessel can 

eliminate postmortem redistribution of morphine to ensure the correct interpretation of 

postmortem morphine concentrations. Morphine drug concentrations were evaluated in clamped 

and unclamped femoral vein blood samples at 3 different times before autopsy, and no significant 

change in either the clamped or the unclamped femoral vein morphine concentration was seen 

over time. Furthermore, no significant difference was found between the clamped and unclamped 

blood concentrations at any period. Therefore, it can be concluded that for morphine, unclamped 

femoral blood samples do not show significant redistribution from central sites within the first 24 

hours after death in bodies kept refrigerated at 4 degrees C. 

 

Harper, L., et al. (2017). "An overview of forensic drug testing methods and their suitability for harm 

reduction point-of-care services." Harm Reduction Journal 14. 

 

 Given the current opioid crisis around the world, harm reduction agencies are seeking to help 

people who use drugs to do so more safely. Many harm reduction agencies are exploring 

techniques to test illicit drugs to identify and, where possible, quantify their constituents allowing 

their users to make informed decisions. While these technologies have been used for years in 

Europe (Nightlife Empowerment & Well-being Implementation Project, Drug Checking Service: 
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Good Practice Standards; Trans European Drugs Information (TEDI) Workgroup, Factsheet on 

Drug Checking in Europe, 2011; European Monitoring Centre for Drugs and Drug Addiction, An 

Inventory of On-site Pill-Testing Interventions in the EU: Fact Files, 2001), they are only now 

starting to be utilized in this context in North America. The goal of this paper is to describe the 

most common methods for testing illicit substances and then, based on this broad, encompassing 

review, recommend the most appropriate methods for testing at point of care. Based on our 

review, the best methods for point-of-care drug testing are handheld infrared spectroscopy, 

Raman spectroscopy, and ion mobility spectrometry; mass spectrometry is the current gold 

standard in forensic drug analysis. It would be prudent for agencies or clinics that can obtain the 

funding to contact the companies who produce these devices to discuss possible usage in a harm 

reduction setting. Lower tech options, such as spot/color tests and immunoassays, are limited in 

their use but affordable and easy to use. 

 

Hasegawa, K., et al. (2014). "Postmortem distribution of alpha-pyrrolidinovalerophenone and its 

metabolite in body fluids and solid tissues in a fatal poisoning case measured by LC-MS-MS with the 

standard addition method." Forensic Toxicology 32(2): 225-234. 

 

 We experienced an autopsy case, in which the cause of death was judged as alpha-

pyrrolidinovalerophenone (alpha-PVP) poisoning. Other drugs or poisons that could have caused 

the death were not detected by our screening using gas chromatography-mass spectrometry. The 

deceased was a 41-year-old man. The postmortem interval was about 40 h. Cardiac blood, 

femoral vein blood, urine, stomach contents, and seven solid tissues were collected and frozen 

until analysis to investigate the distribution of alpha-PVP and its metabolite 1-phenyl-2-

(pyrrolidin-1-yl)pentan-1-ol (OH-alpha-PVP) in the body of the cadaver. After sample 

pretreatment, they were subjected to solid-phase extraction with Oasis HLB cartridges and 

analysis by liquid chromatography-tandem mass spectrometry. Because the distribution study 

dealt with different matrices, we used the standard addition method to overcome the matrix 

effects. The concentration of alpha-PVP in urine was much higher than in other specimens; the 

concentrations of alpha-PVP in solid tissues except for the spleen were about twofold those in 

blood specimens. Among the solid tissues, the highest alpha-PVP concentration was found in the 

pancreas, followed by the kidney. The extremely high concentration of the drug in urine and the 

relatively high concentration in the kidney suggested that alpha-PVP is rapidly excreted into urine 

via the kidney. The distribution profile of OH-alpha-PVP was generally similar to that of alpha-

PVP in body fluids and solid tissues. The concentration of OH-alpha-PVP in urine was also much 

higher than those in other specimens. Among the solid tissues, the OH-alpha-PVP concentration 

was highest in the liver, followed by the kidney. The high concentration of OH-alpha-PVP in the 

liver was expected, because the metabolism of alpha-PVP was probably most active in the liver. 

The high levels of OH-alpha-PVP in urine and kidney also suggested that the metabolite was also 

rapidly excreted into urine via the kidney. To test whether conjugated metabolites were present in 

urine and solid tissues, urine and homogenates of the liver and spleen were incubated with beta-

glucuronidase/sulfatase at 37 A degrees C for 5 h. Concentrations of OH-alpha-PVP were 

measured before and after the incubation, but differences in the concentrations before and after 

the incubation were within 10 % for the urine, liver, and spleen samples. To date, data on the 
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distribution of alpha-PVP and OH-alpha-PVP in body fluids and solid tissues in a fatal alpha-

PVP poisoning case have not been reported; thus, the findings of our study will be useful for 

assessment of future cases of alpha-PVP poisoning. 

 

Hasegawa, K., et al. (2015). "Postmortem distribution of AB-CHMINACA, 5-fluoro-AMB, and 

diphenidine in body fluids and solid tissues in a fatal poisoning case: usefulness of adipose tissue for 

detection of the drugs in unchanged forms." Forensic Toxicology 33(1): 45-53. 

 

 We encountered an autopsy case in which the cause of death was judged as poisoning by multiple 

drugs, including AB-CHMINACA, 5-fluoro-AMB, and diphenidine. The deceased was a 30-year-

old man. The postmortem interval to autopsy was estimated to be 3.5 days. Femoral vein blood, 

right heart blood, left heart blood, urine, and eight solid tissues including adipose tissue were 

collected and frozen until analysis. Extraction of the three drugs, and internal standards 

phencyclidine and 5-fluoro-AB-PINACA was performed by a modified QuEChERS method, 

followed by analysis by liquid chromatography-tandem mass spectrometry. Because this study 

dealt with various kinds of human matrices, we used the standard addition method to overcome 

the matrix effects. Quantitation of all three compounds was only achieved for the adipose tissue, 

whereas the levels of 5-fluoro-AMB were below the lower limit of quantitation (about 1 ng/g or 

ml) in all other samples. AB-CHMINACA was quantitated for all solid tissues, but not for all 

body fluid specimens. Diphenidine showed high concentrations in all specimens; it was highest in 

the adipose tissue (11,100 +/- A 1,120 ng/g), an order of magnitude lower in other solid tissue 

specimens, and two orders of magnitude lower in body fluid samples. The results suggest that 

adipose tissue is the best specimen for detection of lipophilic drugs, such as AB-CHMINACA, 5-

fluoro-AMB, and diphenidine, in their unchanged forms. In this poisoning case, diphenidine 

appeared to have played the major role in the cause of death, because the concentrations of 

diphenidine were much higher than those of the synthetic cannabinoids in all specimens tested. 

To our knowledge, this is the first report to document the presence of AB-CHMINACA, 5-fluoro-

AMB, and diphenidine in actual postmortem specimens in a fatal poisoning case. 

 

Hasegawa, K., et al. (2015). "Postmortem distribution of flunitrazepam and its metabolite 7-

aminoflunitrazepam in body fluids and solid tissues in an autopsy case: Usefulness of bile for their 

detection." Legal Medicine 17(5): 394-400. 

 

 We experienced an autopsy case of a woman in her 70s, in which the direct cause of her death 

was Judged as asphyxia due to the occlusion of food in the trachea. The postmortem interval was 

estimated at about 2 days. The specimens dealt with were femoral vein blood, right heart blood, 

left heart blood, bile, brain, lung, heart muscle, liver, spleen, kidney, pancreas, skeletal muscle, 

and adipose tissue. By tentative drug screening, we found a high concentration of 7-

aminoflunitrazepam in the femoral vein blood, which lead us to examine the postmortem 

distribution of flunitrazepam and its metabolite 7-aminoflunitrazepam in her body fluids and solid 

tissues. The extraction of flunitrazepam, 7-aminoflunitrazepam and internal standard 
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nimetazepam was performed by a modified QuEChERS method, followed by the analysis by 

liquid chromatography-tandem mass spectrometry. Because this study included various kinds of 

human matrices with quite different properties, we used the standard additional method to 

overcome the matrix effects. The concentration of 7-aminoflunitrazepam were generally much 

higher than those of the parent drug flunitrazepam for most specimens except for the adipose 

tissue, showing that flunitrazepam is readily metabolized to its 7-amino metabolite after 

absorption into the body both antemortem and postmortem. The outstandingly highest 

concentration of 7-animoflunitrazepam was found in the bile, followed by the kidney, pancreas, 

left heart blood, spleen and liver. Although a majority of flunitrazepam was converted to 7-

aminoflunitrazepam, the flunitrazepam concentration was highest in the pancreas, followed by the 

spleen, bile, left heart blood, and brain. In contrast to the results on synthetic cannabinoids, the 

levels of flunitrazepam and 7-animoflunitrazepam in the adipose tissue were relatively low. The 

present study showed that the bile may be a useful specimen for detection of unchanged 

benzodiazepines/their metabolites to be collected at autopsy. (C) 2015 Elsevier Ireland Ltd. All 

rights reserved. 

 

Hasegawa, K., et al. (2015). "Postmortem distribution of MAB-CHMINACA in body fluids and solid 

tissues of a human cadaver." Forensic Toxicology 33(2): 380-387. 

 

 During the latter part of 2014, we experienced an autopsy case in which 5-fluoro-ADB, one of the 

most dangerous synthetic cannabinoids, was identified and quantitated in solid tissues and in 

three herbal blend products [Forensic Toxicol (2015) 33:112-121]. At that time, although we 

suspected that there may be some drug(s) other than 5-fluoro-ADB in the herbal products, all 

trials to find it/them were unsuccessful. Subsequently, we carefully re-examined the presence of 

other synthetic cannabinoid(s) in the above herbal blend products using accurate mass 

spectrometry and found two new compounds, 5-fluoro-ADB-PINACA and MAB-CHMINACA 

(Forensic Toxicol. doi: 10.1007/s 11419-015-0264-y). In the present communication, we report 

the distribution of MAB-CHMINACA in body fluids and solid tissue specimens collected from 

the same deceased individual (kept frozen at -80 A degrees C) as described above for 

demonstration of 5-fluoro-ADB. Unexpectedly, unchanged MAB-CHMINACA could be 

identified and quantitated in whole blood and in pericardial fluid specimens, but it was below the 

detection limit (0.1 ng/ml) in the urine specimen. A higher concentration of MAB-CHMINACA 

could be found in all of the nine solid tissues; the highest concentration of MAB-CHMINACA 

was found in the liver (156 ng/g), followed by the kidney, pancreas and so on. The compounds 

were detected in all nine solid tissues; their levels were generally higher than those in the whole 

blood and pericardial fluid. Contrary to expectations, the concentration of MAB-CHMINACA in 

the adipose tissue was relatively low. Our results show that the victim smoked one of the three 

herbal blend products containing both MAB-CHMINACA and 5-fluoro-ADB, resulting in the 

coexistence of both compounds. It should be concluded that 5-fluoro-ADB and MAB-

CHMINACA synergically exerted their toxicities, leading to death after a short interval. The 

differences in the distribution of 5-fluoro-ADB and MAB-CHMINACA among the cadaver 

specimens were also discussed in view of the structures of both compounds. To our knowledge, 

this is the first report to demonstrate MAB-CHMINACA in biological/human specimens. 
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Hasegawa, K., et al. (2015). "Postmortem distribution of PV9, a new cathinone derivative, in human solid 

tissues in a fatal poisoning case." Forensic Toxicology 33(1): 141-147. 

 

 In our previous study, we identified PV9 [1-phenyl-2-(pyrrolidin-1-yl)octan-1-one] in human 

blood and urine in a fatal poisoning case. The victim was an 18-year-old woman. After ingesting 

"aroma liquid" solution, the victim showed various symptoms including low levels of 

consciousness and was taken to a hospital emergency department. Although the victim received 

intensive medical treatment including an intravenous drip infusion of a large volume of 

transfusion solution, she was pronounced dead about 20 h after admission. In this study, we 

carefully examined the postmortem distribution of PV9 in nine solid tissues of the victim 

collected at forensic autopsy. The extraction of PV9 and internal standard (IS) PV8 [1-phenyl-2-

(1-pyrrolidinyl)-1-heptanone] was performed by acetonitrile deproteinization, followed by 

modified QuEChERS dispersive solid-phase extraction and filtration through Captiva ND Lipids 

cartridges. Analysis was performed by liquid chromatography-tandem mass spectrometry. 

Because this study dealt with various kinds of human matrices, we used the standard addition 

method to overcome matrix effects. After thorough validations, such as checking the product ion 

mass spectra, selected reaction monitoring chromatograms, linearity of the standard addition 

calibration curves, the intraday and interday repeatability, matrix effects, and recovery rates for 

the method, the concentrations of PV9 in nine solid tissue specimens were measured using PV8 

as IS. The highest level of PV9 was found in the kidney at 907 +/- A 19.5 ng/g followed by the 

skeletal muscle, pancreas, adipose tissue, liver, lung, spleen, heart muscle, and brain. The lowest 

level of PV9 in the brain was 212 +/- A 11.9 ng/g. The high level of PV9 in the kidney suggests 

that this drug tends to be rapidly excreted into urine via the kidney as was the case for alpha-

pyrrolidinovalerophenone. The low concentration of PV9 in the brain was unexpected, because 

this drug is a psychotropic drug with a long hydrophobic side chain and is considered to cross the 

blood-brain barrier very easily. To our knowledge, this is the first demonstration of the 

distribution of the new pyrrolidinophenone derivative PV9 in human solid tissues in a poisoning 

case. 

 

Heikman, P., et al. (2016). "New psychoactive substances as part of polydrug abuse within opioid 

maintenance treatment revealed by comprehensive high-resolution mass spectrometric urine drug 

screening." Human Psychopharmacology-Clinical and Experimental 31(1): 44-52. 

 

 Objective: At present, polydrug abuse comprises, besides traditional illicit drugs, new 

psychoactive substances (NPS) and non-prescribed psychotropic medicines (N-PPM). Polydrug 

abuse was comprehensively evaluated among opioid-dependent patients undergoing opioid 

maintenance treatment (OMT). 
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Methods: Two hundred consecutively collected urine samples from 82 OMT patients (52 male) 

treated with methadone or buprenorphine-naloxone medication were studied using a liquid 

chromatography/ time-of-flight mass spectrometry screening method. The method enables 

simultaneous detection of hundreds of abused substances covering the traditional drugs of abuse 

and many NPS as well as N-PPM. Results Ninety-two (45.8%) samples were positive for the 

abused substances. Benzodiazepines (29.0%), amphetamines (19.5%), cannabinoids (17.0%), 

NPS (13.0%), N-PPM (9.0%), and opioids (9.0%) were detected in different combinations. The 

simultaneous occurrence of up to three groups of abused substances was common (40.0%), and in 

one sample, all six groups were found. The stimulant NPS alpha-pyrrolidinovalerophenone was 

found in 10.0% and the sedative N-PPM pregabalin in 4.0% of the samples. The patients were 

seldom aware of what particular NPS they had abused. Conclusions A widespread occurrence of 

abused substances beyond the ordinary was revealed. Identifying these patients is essential as 

polydrug abuse is a safety risk to the patient and may cause attrition from OMT. Copyright (C) 

2016 John Wiley & Sons, Ltd. 

 

Helander, A., et al. (2017). "Intoxications involving acrylfentanyl and other novel designer fentanyls - 

results from the Swedish STRIDA project." Clinical Toxicology 55(6): 589-599. 

 

 Background: The number of new psychoactive substances (NPS) introduced through the online 

recreational drugs market increases continuously. This report from the Swedish STRIDA project 

describes analytically confirmed intoxications involving the novel fentanyl analogs acrylfentanyl, 

4-chloroisobutyrfentanyl (4Cl-iBF), 4-fluoroisobutyrfentanyl (4F-iBF), and 

tetrahydrofuranfentanyl (THF-F), and cyclopentylfentanyl in a drug product. 

 

Methods: Patients with suspected NPS exposure presenting in emergency departments (ED) or 

intensive care units (ICU) in Sweden and requiring hospital care are invited to the STRIDA 

project. NPS analysis of serum and urine samples was performed by multi-component liquid 

chromatography-mass spectrometry. Data on clinical features were retrieved from telephone 

consultations with the Swedish Poisons Information Centre and from medical records. 

 

Results: Between April and October 2016, eleven intoxications involving acrylfentanyl (8 cases), 

acrylfentanyl together with 4Cl-iBF (1), 4F-iBF (1), and THF-F (1) were analytically confirmed. 

Patients were aged 19-51 (median 28) years and 91% were men. Six (55%) were monitored at the 

ED, and five admitted to the ICU. Typical clinical features were decreased consciousness, 

respiratory depression, and miosis. In 8 cases, the antidote naloxone was administered to counter 

the opioid effects. The 4F-iBF positive patient eventually died of brain edema. The serum 

acrylfentanyl concentration (n=8) ranged 0.5-2.1 (median 0.9) ng/mL, and in urine (n=9) 0.2-10.5 

(mean 4.6, median 5.2) g/mmol creatinine. For 4Cl-iBF, 4F-iBF, and THF-F (n=1 each), higher 

serum (5-45ng/mL) and urine (11-136g/mmol creatinine) concentrations were found. Other NPS 

(e.g., flunitrazolam) and/or classical drugs were detected in five cases. In early 2016, nasal sprays 

with a claimed content of acrylfentanyl brought to hospital by patients or obtained by test 
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purchase were demonstrated to instead contain fentanyl. Conclusions: Potentially life-threatening 

opioid toxicity was seen in 11 acute intoxications involving the fentanyl analogs acrylfentanyl, 

4Cl-iBF, 4F-iBF, and THF-F, which are available through open Internet trading. All patients were 

supported with acute and intensive hospital care, and naloxone was effective to reverse the opioid 

symptoms. One patient died of brain edema. 

 

Helander, A., et al. (2018). "Detectability of fentanyl and designer fentanyls in urine by 3 commercial 

fentanyl immunoassays." Drug Testing and Analysis 10(8): 1297-1304. 

 

 In recent times, structural variants of fentanyl (designer fentanyls) have appeared on the 

recreational drug market for new psychoactive substances (NPS). These potent opioids have 

caused harmful intoxications and increased opioid-related mortality in many countries. This work 

evaluated 3 commercial immunoassays for fentanyl screening in urine and investigated whether 

they are useful also for screening of designer fentanyls. The assays examined were the Thermo 

DRI (R) Fentanyl Enzyme Immunoassay, the ARK Fentanyl Assay homogeneous enzyme 

immunoassay, and the Immunalysis (R) Fentanyl Urine SEFRIA Drug Screening Kit. A liquid 

chromatography-high-resolution mass spectrometry method was used as reference. The DRI 

fentanyl immunoassay generated somewhat higher assay imprecision values (%CV) compared 

with the ARK and SEFRIA assays, but all assays showed %CV values acceptable for routine use. 

The 3 assays showed overall good detectability (33%-95% cross-reactivity) for blank urine 

samples spiked with acetylfentanyl, acrylfentanyl, butyrfentanyl, 4-chloroisobutyrfentanyl, 4-

fluorobutyrfentanyl, 4-fluorofentanyl, 4-fluoroisobutyrfentnyl, isobutyrfentanyl, 

methoxyacetylfentanyl, or tetrahydrofuranfentanyl, whereas 4-methoxybutyrfentanyl (all assays) 

and 2-fluorofentanyl (DRI assay) showed low cross-reactivity. A good detectability of designer 

fentanyls was confirmed in urine samples from authentic acute intoxications. In conclusion, the 

present results demonstrate that the urinary fentanyl immunoassays are generally useful also for 

preliminary screening of fentanyl analogs sold as NPS. When the SEFRIA assay was applied for 

testing of 980 urine samples from patients treated for drug dependence in Sweden, only 1 sample 

was confirmed positive for fentanyl. 

 

Heppell, S. and G. Isbister (2017). "Lack of respiratory depression in paracetamol-codeine combination 

overdoses." British Journal of Clinical Pharmacology 83(6): 1273-1278. 

 

 Aims: Codeine containing analgesics are commonly taken in overdose, but the frequency of 

respiratory depression is unknown. We investigated whether paracetamol-codeine combination 

overdoses caused respiratory depression more than paracetamol alone. 

 

Methods: We reviewed deliberate self-poisoning admissions with paracetamol (>2 g) and 

paracetamol-codeine combinations presenting to a tertiary toxicology unit (1987-2013). 
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Demographic information, clinical effects, treatment (naloxone, length of stay [LOS], mechanical 

ventilation) were extracted from a prospective database. Primary outcome was naloxone 

requirement or ventilation for respiratory depression. 

 

Results: From 4488 presentations, 1376 admissions were included with paracetamol alone (929), 

paracetamol-codeine combinations (346) or paracetamol-codeine-doxylamine combinations (101) 

without co-ingestants. Median age was 23 years (12-89 years); 1002 (73%) were female. Median 

dose was 12 g (interquartile range [IQR]: 7.5-20 g). Median LOS was 16 h (IQR: 6.5-27 h) and 

564 (41%) were given acetylcysteine. Significantly larger paracetamol doses were ingested and 

more acetylcysteine given in paracetamol alone versus paracetamol combination overdoses. 

Seven out of 1376 patients were intubated or received naloxone (0.5%; 95% CI: 0.2-1.1%), three 

intubated, three given naloxone and one both. Three out of 929 patients ingesting paracetamol 

alone (0.3%; 95% CI: 0.1-1%) required intubation or naloxone, compared to two out of 346 

ingesting paracetamol-codeine combinations (0.6%; 95% CI: 0.1-2.3%; absolute difference, 

0.26%; 95% CI: -0.7-1.2%; P=0.62). Two out of 101 patients ingesting paracetamol-codeine-

doxylamine combinations (2%; 95% CI: 0.3-8%) required intubation or naloxone. Four patients 

were intubated for reasons other than respiratory depression: hepatotoxicity (2), retrieval (1), no 

data (1). Two out of 929 (0.2%) paracetamol alone overdoses had a Glasgow coma score < 9 

compared to three out of 346 (0.9%) in the paracetamol-codeine group. 

 

Conclusions:Paracetamol-codeine combination overdoses are rarely associated with severe 

respiratory depression, with only two given naloxone and none intubated for respiratory 

depression. 

 

Hesselink, J. and M. Schatman (2018). "Rediscovery of old drugs: the forgotten case of dermorphin for 

postoperative pain and palliation." Journal of Pain Research 11: 2991-2995. 

 

 The repurposing of old drugs for new indications is becoming more accepted as a cost-efficient 

solution for complicated health problems. However, older drugs are often forgotten when they are 

not repositioned. This analysis makes a case for re-exploration of dermorphin for intrathecal use 

in postoperative pain and in a palliative context, with the goal of re-establishing this compound. 

Dermorphin was isolated from the skin of an Amazonian frog, characterized and identified as a 

bioactive heptapeptide by Vittorio Erspamer's research group in the early 1980s. It was 

traditionally called "Kambo" or "Sapo" by Amazon tribes and was used to improve their physical 

and psychic skills as hunters. Its structure is rather enigmatic, containing a D-amino acid, and its 

pharmacological activity in a number of assays was found to be quite impressive and superior to 

morphine. Moreover, it has been established as more selective and potent with long-lasting 

analgesia compared to morphine after intracerebroventricular administration in animal models. In 

1985, the first clinical trial results of a randomized, placebo-controlled study in postoperative 

pain were reported, and dermorphin administered via the intrathecal route was again impressively 

superior over the placebo and the reference compound morphine. This milestone study was 
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apparently minimally read by clinicians, as the study has never been referenced; only 15 

pharmacological and review papers after 1985 mentioned the results, with not one being a clinical 

paper. The interest in dermorphin decreased after 1985, and the compound was never again 

introduced in the clinical setting. Considering the enormous pressure to find superior acting 

opioids, this is quite puzzling. We suggest new clinical studies to further evaluate the safety and 

efficacy of dermorphin, especially administered via the intrathecal route in postoperative pain or 

for palliative use in terminal patients. 

 

Hieger, M., et al. (2016). "A CASE SERIES OF CLENBUTEROL TOXICITY CAUSED BY 

ADULTERATED HEROIN." Journal of Emergency Medicine 51(3): 259-261. 

 

 Background: Adulteration of drugs of abuse may be done to increase profits. Some adulterants 

are relatively innocuous and others result in significant toxicity. Clenbuterol is a b2-adrenergic 

agonist with veterinary uses that has not been approved by the U.S. Food and Drug 

Administration for human use. It is an infrequently reported heroin adulterant. We describe a 

cluster of hospitalized patients with laboratory-confirmed clenbuterol exposure resulting in 

serious clinical effects.  

 

Case Series: Ten patients presented with unexpected symptoms shortly after heroin use. Seven 

evaluated by our medical toxicology service are summarized. Presenting symptoms included 

chest pain, dyspnea, palpitations, and nausea/vomiting. All patients were male, with a median age 

of 40 years (interquartile range [IQR] 38-46 years). Initial vital signs included a heart rate of 120 

beats/min (IQR 91-137 beats/min), a respiratory rate of 20 breaths/min (IQR 18-22 breaths/min), 

a temperature of 36.8 degrees C (IQR 36.7-37.0 degrees C), a systolic blood pressure of 107 mm 

Hg (IQR 91-131 mm Hg), and a diastolic blood pressure of 49 mm Hg (IQR 40-70 mm Hg). 

Serum potassium nadir was 2.5 mEq/L (IQR 2.2-2.6 mEq/L), initial glucose was 179 mg/dL (IQR 

125-231 mg/dL), initial lactate was 9.4 mmol/L (IQR 4.7-10.5 mmol/L), and peak creatine 

phosphokinase was 953 units/L (IQR 367-10,363 units/L). The median peak troponin level in six 

patients was 0.7 ng/mL (IQR 0.3-2.4 ng/mL). Three patients underwent cardiac catheterization 

and none had significant coronary artery disease. Clenbuterol was detected in all patients after 

comprehensive testing. All patients survived with supportive care. Why Should an Emergency 

Physician Be Aware of This?: Atypical presentations of illicit drug intoxication may raise 

concern for drug adulteration. In the case of heroin use, the presence of adrenergic symptoms or 

chest pain with hypokalemia, lactic acidosis, and hyperglycemia suggests adulteration with a 

beta-agonist, such as clenbuterol, and patients presenting with these symptoms often require 

hospitalization. (C) 2016 Elsevier Inc. All rights reserved. 

 

Hoiseth, G., et al. (2014). "Long-term stability of morphine, codeine, and 6-acetylmorphine in real-life 

whole blood samples, stored at -20 degrees C." Forensic Science International 239: 6-10. 
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 Purpose: Stability of drugs during storage is important in forensic toxicology. For the analytes 

detected after intake of heroin (6-acetylmorphine (6-AM), morphine and codeine), long-time 

stability in real life whole blood samples are studied in only a small number of cases. 

 

Methods: Whole blood post mortem (n = 37) and whole blood samples from living persons (n = 

22) containing morphine and codeine as well as 6-AM in blood or urine were selected. All cases 

represented intake of heroin. All samples contained fluoride and were initially analysed and 

stored in normal conditions (-20 degrees C) for 4-9 years. All samples were then reanalysed using 

the same analytical methods and the results were compared. Results: For samples from living 

persons, the median change in concentration was -3.7% for morphine and -5.3% for codeine. For 

post mortem samples, the median change in concentration was -12% for morphine and -11% for 

codeine. Both for samples from living persons and post mortem samples, the decrease in the 

concentrations from the original analysis to reanalysis were statistically significant for morphine 

and codeine. Regarding 6-AM, all living samples were negative at reanalysis. For post mortem 

samples, four cases still tested positive for 6-AM at reanalysis with a median change in the 

concentrations of -81%. There was no significant change in the morphine to codeine 

concentration ratios neither for living nor post mortem samples. 

 

Conclusion: This study showed that in real life whole blood samples, the concentrations of 

morphine and codeine are relatively stable during long-term storage at -20 degrees C. 6-AM on 

the other hand, shows a considerable decrease in concentrations that is important to consider 

when interpreting results from reanalyses of forensic cases. (C) 2014 Elsevier Ireland Ltd. All 

rights reserved. 

 

Hurstak, E., et al. (2018). "Using medical examiner case narratives to improve opioid overdose 

surveillance." International Journal of Drug Policy 54: 35-42. 

 

 Background: Current opioid overdose mortality surveillance methods do not capture the 

complexity of the overdose epidemic. Most rely on death certificates, which may underestimate 

both opioid analgesic and heroin deaths. Categorizing deaths using other characteristics from the 

death record including route of drug administration may provide useful information to design and 

evaluate overdose prevention interventions. 

 

Methods: We reviewed California Electronic Death Reporting System records and San Francisco 

Office of the Chief Medical Examiner (OCME) toxicology reports and investigative case 

narratives for all unintentional opioid overdose deaths in San Francisco County from 2006 to 

2012. We chose this time period because it encompassed a period of evolution in local opioid use 

patterns and expansion of overdose prevention efforts. We created a classification system for 
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heroin-related and injection-related opioid overdose deaths and compared demographic, death 

scene, and toxicology characteristics among these groups. 

 

Results: We identified 816 unintentional opioid overdose deaths. One hundred fifty-two (19%) 

were standard heroin deaths, as designated by the OCME or by the presence of 6-

monoacetylmorphine. An "expanded" classification for heroin deaths incorporating information 

from toxicology reports and case narratives added 20 additional heroin deaths (13% increase), 

accounting for 21% of all opioid deaths. Two hundred five deaths (25%) were injection-related, 

60% of which were attributed to heroin. A combined classification of expanded heroin and 

injection-related deaths accounted for 31% of opioid overdose deaths during this period. 

 

Conclusions: Using additional sources of information to classify opioid overdose cases resulted in 

a modest increase in the count of heroin overdose deaths but identified a substantial number of 

non-heroin injection-related opioid analgesic deaths. Including the route of administration in the 

characterization of opioid overdose deaths can identify meaningful subgroups of opioid users to 

enhance surveillance efforts and inform targeted public health programming including overdose 

prevention programs. (C) 2017 Elsevier B.V. All rights reserved. 

 

Indorato, F., et al. (2016). "Levamisole-adulterated cocaine: Two fatal case reports and evaluation of 

possible cocaine toxicity potentiation." Forensic Science International 265: 103-106. 

 

 Levamisole has been identified as a cocaine adulterant in the United States since 2002. Although 

there is a variation in the percentage of levamisole in cocaine samples between European 

countries, measurement of levamisole in human samples of cocaine users has become 

increasingly important. To our best knowledge, only five deaths are reported (one twice) as a 

result of complications secondary to levamisole-tainted cocaine and none of these cases reports 

the post-mortem levamisole concentration. In this article, we present the post-mortem levamisole 

concentrations in fluids and tissues in two young cocaine users, dead after levamisole-adulterated 

cocaine intake. With the dearth of levamisole reported concentrations in literature, this particular 

report is of interest to the forensic toxicological and pathological communities. This article aims 

to be a supplementary alert to aware the risk that may occur using levamisole-adulterated cocaine 

and an incentive to publication of toxicity reports and new researches involving the combination 

of levamisole and cocaine. (C) 2016 Elsevier Ireland Ltd. All rights reserved. 

 

Kahl, J., et al. (2018). "Quantitative Analysis of Fentanyl and Six Fentanyl Analogs in Postmortem 

Specimens by UHPLC-MS-MS." Journal of Analytical Toxicology 42(8): 570-580. 

 



Investigation & Certification of Drug Toxicity Deaths 
 

ANNOTATED BIBLIOGRAPHY 

 43 

 Since 2013, opioid-related deaths have increased in Miami-Dade County, FL due to fentanyl and 

fentanyl analogs in the local heroin supply. From 2014 to 2015, a near 600% increase in fentanyl 

and fentanyl analog-related deaths was observed, followed by another 200% increase in 2016. In 

addition to fentanyl, six fentanyl analogs were identified in this time period: beta-

hydroxythiofentanyl, acetyl fentanyl, furanyl fentanyl, carfentanil, butyryl fentanyl and para-

fluoroisobutyryl fentanyl. As a result, an analytical method to quantify these compounds in 

postmortem biological fluids and tissues using solid-phase extraction with analysis by ultra high-

performance liquid chromatography-tandem mass spectrometry (UHPLC-MS-MS) was 

developed and validated. All analytes except carfentanil were linear from 1 to 50 ng/mL with a 

limit of detection (LOD) of 0.5 ng/mL; carfentanil was linear from 0.2 to 10 ng/mL with a LOD 

of 0.1 ng/mL. For all analytes, bias was within +/- 14%, intra- and inter-day precision were <= 

5% and extraction efficiency was >87%. Dilution integrity was assessed at 1:1, 1:4 and 1:9 (v/v) 

ratios; percent error from target was <12% for all analytes. No exogenous interferences were 

observed. Analytes were stable in preserved whole blood stored at 4 degrees C for 9 months; 

extracted samples were stable in the refrigerated autosampler (15 degrees C) for up to 72 h. The 

ability to distinguish the isomer pairs isobutyryl/butyryl fentanyl and p-fluoroisobutyryl/p-

fluorobutyryl fentanyl is achieved by this method. The method was applied to 312 cases in which 

fentanyl and/or fentanyl analogs were previously identified. Postmortem concentrations in blood 

ranged from <0.2 to 0.73 ng/mL for carfentanil and from 30.6 to 91.7 ng/mL for p-

fluoroisobutyryl fentanyl in cases in which these analytes were listed as the sole cause of death. 

 

Karinen, R. and G. Hoiseth (2017). "A literature review of blood concentrations of new psychoactive 

substances classified as phenethylamines, aminoindanes, arylalkylamines, arylcyclohexylamines, and 

indolalkylamines." Forensic Science International 276: 120-125. 

 

 Interpretation of blood concentrations of new psychoactive substances (NPS) requires comparison 

of the results to previously published case reports; as only a few experimental studies for these 

substances exist. A large number of articles representing single or multiple cases have been 

published for a great number of substances, making a unified overview difficult. In this review 

we have collected all published blood concentrations from the NPS groups classified as 

phenethylamines, aminoindanes, arylalkylamines, arylcyclohexylamines, and indolalkylamines, 

and also included unpublished results for MPA, MXE, 4-FMA, 4-FA and 4-MA analyzed in our 

laboratory. In total, 71 publications on 35 different drugs were summarized. For most of the 

drugs, the total number of reported cases was very low (<= 5). For some of the synthetic drugs, 

however, a higher number of blood concentrations are now available; especially for 5-IT (32 

reported cases in total), MPA (31 reported cases in total) and MXE (36 reported cases in total), 

thus the published results are more substantial. The present compilation could be a helpful tool 

for forensic toxicologists when blood concentrations of NPS are assessed. (C) 2017 Published by 

Elsevier Ireland Ltd. 
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Klavz, J., et al. (2016). "Suicide attempt with a mix of synthetic cannabinoids and synthetic cathinones: 

Case report of non-fatal intoxication with AB-CHMINACA, AB-FUBINACA, alpha-PHP, alpha-PVP 

and 4-CMC." Forensic Science International 265: 121-124. 

 

 We report on a case of intoxication with a mix of new psychoactive substances. A 38-year-old 

male was brought to the emergency department (ED) following the ingestion of an unknown drug 

in a suicide attempt. During the transport, he became progressively more somnolent and 

unresponsive to painful stimuli. Urine and stomach content were collected on admission to be 

screened for drugs of abuse and medicinal drugs. After admission, the patient's next of kin 

presented five small grip seal plastic bags containing different powders/crystals, and they were 

sent for analysis along with urine and stomach content to the toxicology laboratory. An easy and 

rapid sample preparation technique was applied for the extraction of urine and stomach content. 

Samples were extracted with liquid-liquid extraction (LLE) technique and analysed using gas 

chromatography-mass spectrometry (GC-MS). A small amount of powder material from the bags 

was diluted in methanol and injected directly into the GC-MS instrument. Obtained spectra (EI) 

were evaluated against SWGDRUG library. Five different designer drugs were identified in the 

powder material, including synthetic cannabinoids (AB-CHMINACA, AB-FUBINACA) and 

synthetic cathinones (alpha-PHP, alpha-PVP and 4-CMC). With the exception of 4-CMC, all of 

these substances were also detected in the stomach content along with the prescription drugs. This 

is the first time that a positive identification of these five drugs has been made by a clinical 

laboratory in Slovenia. (C) 2016 Elsevier Ireland Ltd. All rights reserved. 

 

Kriikku, P., et al. (2018). "High buprenorphine-related mortality is persistent in Finland." Forensic 

Science International 291: 76-82. 

 

 Sublingual buprenorphine is used in opioid maintenance treatment but buprenorphine is also 

widely abused and causes fatal poisonings. The aim of this study was to investigate 

buprenorphine-positive fatalities in order to gain novel information on the magnitude and nature 

of buprenorphine abuse. All post-mortem toxicology cases positive for urinary buprenorphine, 

including fatal poisonings caused by buprenorphine and fatalities in which the cause of death was 

unrelated to buprenorphine, in the five-year period of 2010-2014 in Finland were characterized 

according to urine buprenorphine and naloxone concentrations (n = 775). Urine concentrations 

were used to assess which buprenorphine preparation had been used; mono-buprenorphine or a 

buprenorphine-naloxone combination, and whether they had been administered parenterally. In at 

least 28.8% of the buprenorphine-positive cases the drug had been administered parenterally. The 

majority of the parenteral users (68.6%) had taken mono-buprenorphine. Fatal poisoning was 

significantly more common among the identified parenteral users (65.5%) than among other users 

of buprenorphine products (45.3%). The proportion of buprenorphine-related poisoning was 

similar in identified parenteral users of mono-buprenorphine (68.6%) and buprenorphine-

naloxone (64.1%). In nearly all of the fatal poisonings the deceased had used other drugs and/or 

alcohol along with buprenorphine (98.7%). The median age of the deceased increased 

significantly over the study period, from 32 to 38 years. Our results show that there is ongoing 
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parenteral abuse of both mono-buprenorphine and buprenorphine-naloxone combination. 

Parenteral users of buprenorphine put themselves into a great risk of fatal poisoning or other 

accidental injury death which is further exacerbated by the frequent polydrug use. (c) 2018 

Elsevier B.V. All rights reserved. 

 

Krinsky, C., et al. (2014). "An Examination of the Postmortem Redistribution of Fentanyl and 

Interlaboratory Variability." Journal of Forensic Sciences 59(5): 1275-1279. 

 

 Fentanyl is a synthetic opioid agonist used for pain control. Often administered as a transdermal 

patch, it is an interesting drug for study of postmortem redistribution. We hypothesized that 

fentanyl concentrations would increase over time after death, as measured in blood drawn on the 

day prior to autopsy and in blood drawn at the time of autopsy in ten cases where fentanyl patches 

were identified at the scene. Concentrations were compared, and heart blood to femoral blood 

ratios were calculated as markers of postmortem redistribution. Fentanyl concentrations measured 

in peripheral blood drawn the day of autopsy (peripheral blood 2 [PB2]) were higher than those 

drawn the day prior to autopsy (peripheral blood 1 [PB1]) with a mean ratio (PB2/PB1) of 1.80. 

The ratio of heart blood concentrations (HB) to femoral blood concentrations drawn at autopsy 

(PB2) had a mean ratio (HB/PB2) of 1.08. Some cases had blood from the same source analyzed 

at two different laboratories, and concentrations of fentanyl in those samples showed inter- and 

intralaboratory differences up to 25ng/mL. Postmortem fentanyl concentrations may be affected 

by antemortem factors, postmortem redistribution, and laboratory variability. Forensic 

pathologists must use caution in interpreting fentanyl levels as part of death investigation. 

 

Krotulski, A., et al. (2018). "Fatality Following Ingestion of Tetrahydrofuranylfentanyl, U-49900 and 

Methoxy-Phencyclidine." Journal of Analytical Toxicology 42(3): E27-E32. 

 

 Novel psychoactive substances (NPS), and specifically novel opioids, continue to cause adverse 

events, including death, within drug-using populations. As the number of opioid-related 

overdoses continues to increase, laboratories have identified the emergence of new fentanyl 

analogues and other synthetic opioid-related drugs. Tetrahydrofuranylfentanyl (THFF) has been 

identified in Europe and the United States as an emerging novel opioid, causing death in at least 

15 drug-using individuals to date. THFF is structurally similar to furanylfentanyl, a previously 

characterized novel opioid responsible for numerous adverse events, including death. In this case 

report, THFF, U-49900 and methoxy-phencyclidine were identified in postmortem blood and 

urine specimens collected after a suspected overdose. As part of the death investigation, an 

unknown substance was collected from the scene and analytically confirmed as THFF and U-

49900. To further assist laboratories in identifying THFF ingestion, metabolic profiling was 

conducted using pooled human liver microsomes. Characterized metabolites were then confirmed 

in the specimens collected during this investigation. In total, seven metabolites were identified for 

THFF, most notably THF-norfentanyl and hydroxyl-THFF. THF-norfentanyl provides utility as a 

biomarker because it is a unique metabolite of THFF. 4-Anilino-N-phenethylpiperidine (4-ANPP) 



Investigation & Certification of Drug Toxicity Deaths 
 

ANNOTATED BIBLIOGRAPHY 

 46 

and its metabolite, hydroxyl-4-ANPP, were identified in microsomal incubations and collected 

specimens, but usefulness as biomarkers is limited due to commonality between other fentanyl 

analogues and co-ingestion as a synthesis precursor. To our knowledge, this case report is the first 

to document a fatality after ingestion of THFF and U-49900 in the United States. 

 

Krpo, M., et al. (2018). "A fatal blood concentration of 5-APB." Forensic Science International 291: E1-

E3. 

 

 For the new psychoactive drug 5-(2-aminopropyl) benzofuran (5-APB), very limited knowledge 

is available regarding lethal concentrations. We present a case and report the post mortem blood 

concentration of a fatal outcome for a 25-year-old man related to the consumption of 5-APB. 

After intake, he became unconscious and stopped breathing. Cardiopulmonary resuscitation was 

started without success. After 30 min he was declared dead at the scene. During autopsy, whole 

blood from the femoral vein was collected and screened for a wide range of medicinal drugs and 

drugs of abuse. 5-APB was initially identified by ultra high performance liquid chromatography-

quadrupole time-of-flight mass spectrometry (UHPLC-QTOF-MS) and subsequently confirmed 

by using ultra high performance liquid chromatography-tandem mass spectrometry (UHPLC-

MS/MS).|The only toxicological findings were ethanol 0.6 g/L, tetrahydrocannabinol (THC) 

0.0024 mg/L and 5-APB 0.86 mg/L. The cause of death was attributed to intake of 5-APB. Only 

one previous report of a fatal 5-APB concentration as the main toxicological agent exist in the 

literature, and the present concentration indicated that 5-APB could be lethal in lower 

concentrations than previously reported. (c) 2018 Elsevier B.V. All rights reserved. 

 

Labay, L., et al. (2016). "Synthetic cannabinoid drug use as a cause or contributory cause of death." 

Forensic Science International 260: 31-39. 

 

 Adverse effects associated with synthetic cannabinoid use include agitation, psychosis, seizures 

and cardiovascular effects, all which may result in a lethal outcome. We report the collection of 

data from 25 medical examiner and coroner cases where the presence of synthetic cannabinoids 

was analytically determined. Participating offices provided case history, investigative and 

relevant autopsy findings and toxicology results along with the cause and manner of death 

determination. This information, with the agency and cause and manner of death determinations 

blinded, was sent to participants. Participants offered their opinions regarding the likely 

contribution of the toxicology findings to cause and manner of death. The results show that some 

deaths are being attributed to synthetic cannabinoids, with the highest risk areas being behavioral 

toxicity resulting in excited delirium, trauma or accidents and as contributing factors in subjects 

with pre-existing cardiopulmonary disease. While insufficient information exists to correlate 

blood synthetic cannabinoid concentrations to effect, in the absence of other reasonable causes, 

the drugs should be considered as a cause or contributory cause of death based on history and 

circumstances with supporting toxicological data. (C) 2016 Elsevier Ireland Ltd. All rights 

reserved. 
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Labay, L. and C. Catanese (2018). "Illicit Drug Delivery Via Administration of Human Blood." Journal of 

Forensic Sciences 63(2): 644-647. 

 

 The physiological, psychological, and social consequences associated with illicit drug use are 

well documented. In addition to the effects directly related to the drug(s), the delivery mechanism 

can precipitate other serious health conditions. A case is reported where an individual stopped by 

law enforcement was discovered to be in possession of a vial containing a red-colored fluid, 

which the person stated was blood and contained fentanyl. Analysis by headspace GC, ELISA, 

and LC-TOF/MS screening in with mass spectral confirmation revealed the presence of several 

substances, including ethanol, methamphetamine, amphetamine, MDA, 6-monoacetylmorphine, 

codeine, morphine, alprazolam, delta-9 THC, ephedrine, pseudoephedrine, and 

norpseudoephedrine; serology testing verified the fluid was consistent with human blood. 

Methamphetamine was present at a dosage form amount (11mg). The purpose of this study was to 

detail the analytical findings, interpret their meaning, and discuss the public health concerns 

associated with the drug delivery by the administration of human blood. 

 

Lee, D., et al. (2016). "Illicit Fentanyl-Related Fatalities in Florida: Toxicological Findings." Journal of 

Analytical Toxicology 40(8): 588-594. 

 

 Fentanyl induces pharmacological effects and abuse liability comparable to other prescription 

opioids and heroin. A surge in fentanyl-related fatalities has been periodically reported 

throughout the USA. The University of Florida Forensic Toxicology Laboratory observed a 

significant increase in fentanyl-related deaths starting in mid-2014. The present report evaluated 

toxicological findings, demographics of the decedents and circumstances of death in the 

postmortem cases that were submitted to the laboratory for toxicological analysis from July 2014 

to January 2015 and that were tested for fentanyl in biological specimens. The cases originated 

from 6 of the 24 Florida Medical Examiner Districts, with the majority from District 12 (Desoto, 

Manatee and Sarasota counties). The specimens were analyzed for fentanyl by gas 

chromatography-mass spectrometry; the limit of detection (LOD) was 0.62 ng/mL and the limit 

of quantification (LOQ) was 2.5 ng/mL. During the 7-month period, the laboratory tested 143 

postmortem cases for fentanyl and 50% had quantifiable fentanyl in postmortem blood. Fentanyl 

concentrations ranged from 2.5 to 68 ng/mL (n = 66; median: 9.8 ng/mL); six cases were positive 

for fentanyl > LOD but < LOQ. The majority of the cases (85%) had indications of possible drug 

abuse with heroin use being the most often suspected. Concurrent detection of 6-acetylmorphine, 

morphine and cocaine along with other opioids and benzodiazepines was common. Of the 59 

deaths from District 12, the cause of death was accidental drug intoxication with fentanyl as a 

sole or contributing factor for 57 cases (two non-drug intoxication deaths). The median age of the 

57 decedents was 35 (range: 19-63) years. Males represented 87% of the deaths and 96% were 

Whites. Most of the decedents (n = 53) had no prescription for fentanyl. Considering fentanyl's 
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high potency and abuse liability, the recent rise in fentanyl-related deaths is a serious public 

health concern and signifies the urgent need to establish prevention and treatment efforts. 

 

Liu, H., et al. (2017). "Developing a UHPLC-QTOF-MS and Automated Library Search Method for 

Screening Drugs and Toxic Compounds in Postmortem Specimens." Journal of Analytical Toxicology 

41(5): 421-430. 

 

 Screening and confirming the presence of drugs and toxic compounds in various matrices are 

important and challenging tasks routinely faced by forensic and clinical laboratories. Recent 

advances in the liquid chromatographic and mass spectrometric technologies have provided an 

opportunity for the development of more specific and effective approaches to achieve the 

"screening" and "confirmation" goals in a single analytical step. The objectives of this study are: 

(i) the establishment of an ultra-high performance liquid chromatographic, quadrupole time-of-

flight mass spectrometric mass spectrometric and MS-MS spectral database, including 1,200 

compounds of interest; and (ii) the development of an effective protocol, using this database and 

three searching algorithms, for general unknown screening of these compounds. The established 

database and protocol were evaluated through the analysis of 30 external proficiency test and 100 

postmortem samples and found to be significantly more effective than the LC-IT-MS and GC-MS 

approaches previously established in our laboratory. 

 

Liu, L., et al. (2018). "Newly Emerging Drugs of Abuse and Their Detection Methods An ACLPS Critical 

Review." American Journal of Clinical Pathology 149(2): 105-116. 

 

 Objectives: Illicit drug abuse has reached an epidemic level in the United States. Drug overdose 

has become the leading cause of injury-related deaths since 2008 due to the recent surge of opioid 

overdose by heroin, controlled prescription drugs, and nonmethadone synthetic opioids. Synthetic 

designer drugs such as synthetic cathinones ("bath salts") and synthetic cannabinoids ("Spice" 

and "K2") continue to emerge and attract recreational users. 

 

Methods: The emergence of new drugs of abuse poses a steep challenge for clinical toxicology 

laboratories. Limited information about the emerging drugs and their metabolism, "rebranding" of 

the illicit drugs, and a lack of Food and Drug Administration-approved screening methods for 

these drugs contribute to this difficulty. Here we review detection methods that can aid in 

identifying emerging drugs of abuse. 

 

Results: One promising approach is the utilization of untargeted drug screening by mass 

spectrometry. Historically, gas chromatography-mass spectrometry has been the gold standard. 
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Conclusions: Liquid chromatography-tandem mass spectrometry and liquid chromatography-

high-resolution mass spectrometry offer improved detection capability of new drugs with 

simplified sample preparation, making it the new standard. 

 

Logan, B., et al. (2017). "Reports of Adverse Events Associated with Use of Novel Psychoactive 

Substances, 2013-2016: A Review." Journal of Analytical Toxicology 41(7): 573-610. 

 

 Novel psychoactive substances (NPS) represent significant analytical and interpretive challenges 

to forensic and clinical toxicologists. Timely access to case reports and reports of adverse 

incidents of impairment or toxicity is imperative to clinical diagnosis and treatment, as well as to 

interpretation of forensic results. Delays in identifying the presence of a novel intoxicating agent 

have significant consequences for public health and public safety. Adverse effects of 

intoxications with novel cannabinoids, stimulants, hallucinogens, benzodiazepines and opioids 

spanning January 2013 through December 2016 as reported in emergency departments, death 

investigations, impaired driving cases and other forensic contexts are the subject of this review. 

Discussion of the chemistry, pharmacology and adverse events associated with novel drug classes 

is summarized and described within. Adverse effects or symptoms associated with ingestion of 

more than 45 NPS have been abstracted and summarized in tables, including demographics, case 

history, clinical or behavioral symptoms, autopsy findings and drug confirmations with 

quantitative results when provided. Based on these findings and gaps in the available data, we 

provide recommendations for future toxicological testing of these evolving substances. These 

include development and management of a national monitoring program to provide real-time 

clinical and toxicological data, confirmed analytically, on emerging drugs and their known 

toxidromes and side effect profiles. Increased efforts should be made to analytically confirm the 

agents responsible for clinical intoxications involving adverse events in emergency department 

admissions or hospitalizations. Evidence-based community preparedness among analytical 

laboratories gained through active communication and sharing of toxicological findings and 

trends in NPS is imperative to assist in enabling early detection of new drugs in forensic and 

clinical populations. 

 

Lowry, J., et al. (2019). "Quantification of seven novel synthetic opioids in blood using LC-MS/MS." 

Forensic Toxicology 37(1): 215-223. 

 

 Purpose: The objective of this study was to develop, optimize, and validate a method for the 

simultaneous quantification of U-47700, AH-7921, U-49900, U-50488, MT-45, W-18, and W-15 

in whole blood using liquid chromatography-tandem mass spectrometry (LC-MS/MS). 

 

Methods: Blood samples (500 mu L) were fortified with mixed calibrator or quality control (25 

mu L) and internal standard (10 mu L) solutions. Analytes were isolated via a solid-phase 
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extraction procedure. Analysis was performed using an Agilent 1290 Infinity II liquid 

chromatograph coupled to an Agilent 6470 triple quadrupole mass spectrometer. The method was 

validated in accordance with Scientific Working Group for Forensic Toxicology (SWGTOX) 

standard practices for method validation in forensic toxicology and applied to the analysis of 

postmortem blood specimens. 

 

Results: Lower limits of quantification were 0.25-1ng/mL and the upper limits of quantification 

were 100ng/mL. The coefficients of determination (R-2) for the calibration curves were>0.99. 

Analytical bias, within-run imprecision, and between-run imprecision were within15%,16%, 

and17%, respectively. All analytes were found to be stable at room temperature for 24h, 

refrigerated (4 degrees C) for 72h, and in the autosampler (4 degrees C) for 72h. Authentic blood 

samples (n=30) were analyzed using the validated method. Mean (range) U-47700 concentrations 

were 214 (3.2-1448) ng/mL in 15 cases. 

 

Conclusions: A quantification method for seven synthetic opioids (U-47700, AH-7921, U-49900, 

U-50488, MT-45, W-18, and W-15) in whole blood was developed, optimized, and validated in 

accordance with SWGTOX standard practices for method validation in forensic toxicology. This 

sensitive method was successfully applied to postmortem casework. 

 

Lusetti, M., et al. (2018). "Appearance/Image- and Performance-Enhancing Drug Users: A Forensic 

Approach." American Journal of Forensic Medicine and Pathology 39(4): 325-329. 

 

 Image- and performance-enhancing drugs include a wide range of substances used to promote 

physical changes to enhance appearance. Anabolic androgen steroids are the most widely used 

image- and performance-enhancing drugs along with a wide variety of additional substances. The 

aim of this study was to identify the pathological changes pertaining to the cardiovascular system 

possibly involved in the death and characterize the substances associated with steroid use and 

their possible role in the death. A series of deaths involving image- and performance-enhancing 

drug users were selected. Nandrolone and testosterone were the most frequently identified 

steroids. The most commonly illegal drugs found were tetrahydrocannabinol, cocaine, and 

methadone. Antidepressants, opioids, benzodiazepines, and barbiturates were also found. These 

findings highlight that results obtained from postmortem investigations should be meticulously 

evaluated to understand the weight that each identified substance may have played in the death 

process and exclude any alternative causes of death. 

 

Mahlke, N., et al. (2014). "Quantitative low-volume assay for simultaneous determination of fentanyl, 

norfentanyl, and minor metabolites in human plasma and urine by liquid chromatography-tandem mass 

spectrometry (LC-MS/MS)." International Journal of Legal Medicine 128(5): 771-778. 
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 A rapid and sensitive liquid chromatography/tandem mass spectrometric (LC-MS/MS) method 

for simultaneous quantification of fentanyl (F), norfentanyl (NF), despropionylfentanyl (DPF), 

and hydroxynorfentanyl (OHNF) in human plasma and urine specimens has been developed and 

validated according to international guidelines. Analytes were extracted from 250-mu L plasma 

or urine by liquid-liquid extraction. OHNF in urine affords a second extraction step and analysis 

with a different column. Calibration curves in plasma were linear from 0.05-10 ng/mL for F, 

0.07-0.5 ng/mL for NF, 0.02-1.0 ng/ml for DPF, and 0.67-3.0 ng/mL for OHNF; in urine, from 

0.09-10.0, 0.17-50, 0.08-1.0, and 1.0-5.0 ng/mL for F, NF, DPF, and OHNF, respectively. 

Analytical bias and intra- and inter-assay imprecision were within +/- 15 % of target, except for 

OHNF in plasma and DPF in urine at the respective lower quality control level. All analytes were 

stable in processed samples when stored for 24 h at room temperature. Recoveries and process 

efficiencies were above 82.9 and 75.1 % for all analytes in plasma and urine. The low level of 

DPF in plasma indicated with a matrix effect of 71.3 % moderate ion suppression, all other 

analytes in plasma and urine showed no matrix effects. The lower limit of quantification (LOQ) 

in plasma was 0.05, 0.07, 0.02 and 0.67 ng/mL for F, NF, DPF, and OHNF, respectively. In urine, 

the LOQ of F, NF, DPF, and OHNF were 0.09, 0.17, 0.08, and 1.28 ng/mL, respectively. This 

assay has been applied to human specimens collected during a clinical drug-drug interaction 

study. 

 

Majchrzak, M., et al. (2018). "The newest cathinone derivatives as designer drugs: an analytical and 

toxicological review." Forensic Toxicology 36(1): 33-50. 

 

 Purpose Currently, among new psychoactive substances, cathinone derivatives constitute the 

biggest group, which are mainly classified into N-alkylated, 3,4-methylenedioxy-N-alkylated, N-

pyrrolidinyl, and 3,4-methylenedioxy-N-pyrrolidinyl derivatives. These derivatives are actively 

being subjected to minor modifications at the alkyl chains or the aromatic ring to create new 

synthetic cathinones with the goal of circumventing laws. In this review, the new synthetic 

cathinones that have appeared on the illegal drug market during the period 2014-2017 are 

highlighted, and their characterization by gas chromatography-mass spectrometry and liquid 

chromatography-tandem mass spectrometry is presented. 

 

Methods Various key words were used to conduct an extensive literature search across a number 

of databases, specifically for synthetic cathinones that emerged between 2014 and 2017.|Results 

More than 30 new cathinone derivatives were discovered. The preexisting parental compounds 

for the new derivatives are also referenced, and their mass spectral data are compiled in a table to 

facilitate their identification by forensic toxicologists. 

 

Conclusions To our knowledge, this is the most current review presenting new synthetic 

cathinones. Political authorities should take measures to implement and enforce generic 

scheduling (comprehensive system) laws to control the diversely modified synthetic cathinones. 
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Supplementing the existing databases with new findings can greatly facilitate the efforts of 

forensic toxicologists. 

 

Marchei, E., et al. (2018). "New synthetic opioids in biological and non-biological matrices: A review of 

current analytical methods." Trac-Trends in Analytical Chemistry 102: 1-15. 

 

 Abuse of new synthetic opioids is a worldwide rising issue posing a serious threat to the health of 

consumers. Unlike commonly abused drugs, which can be identified through routine drug testing, 

these new psychoactive substances may escape immunological screening tests and appropriate 

confirmation methods have not yet been developed and validated. Gas chromatography combined 

with mass spectrometry (GC MS) and more frequently liquid chromatography tandem mass 

spectrometry (LC-MS/MS) as well as ultra high-liquid chromatography tandem mass 

spectrometry (UHPLC-MS/MS) are the methods required to attack this analytical problem. The 

technologies are sufficiently sensitive and specific to be used with antemortem and postmortem 

specimens and also to disclose drug metabolism for substances used in very low doses, resulting 

in minute concentrations in biological matrices. An updated review and current trends concerning 

analytical methods for the determination of illicit fentanyl analogues and other new synthetic 

opioids at risk of abuse is reported here for both ante- and postmortem biological matrices and 

non-biological specimens. (C) 2018 Elsevier B.V. All rights reserved. 

 

Mardal, M., et al. (2018). "Postmortem analysis of three methoxyacetylfentanyl-related deaths in 

Denmark and in vitro metabolite profiling in pooled human hepatocytes." Forensic Science International 

290: 310-317. 

 

 Methoxyacetylfentanyl belongs to the group of fentanyl analogues and has been associated with 

several deaths in recent years. We present three case reports of deceased individuals that tested 

positive for methoxyacetylfentanyl consumption, as well as in vitro and in vivo metabolite 

profiles. Methoxyacetylfentanyl was quantified by ultra-high performance liquid 

chromatography-tandem mass spectrometry (UHPLC-MS/MS) in femoral blood, as well as in 

urine and brain tissue when these were available. Metabolite profiling was performed by 

incubating methoxyacetylfentanyl with pooled human hepatocytes (pHH) in Leibovitz's L-15 

medium supplemented with fetal bovine serum. Metabolites were identified in vivo and in vitro 

using UHPLC-high resolution (HR)-MS/MS. The measured methoxyacetylfentanyl concentration 

was 0.022-0.056 mg/kg (N = 3) in femoral blood, 0.12 mg/kg (N = 1) in urine, and 0.074 mg/kg 

(N = 1) in brain tissue homogenate. A total of 10 metabolites were identified. The observed 

metabolic pathways were: hydroxylation(s), N-dealkylation, O-demethylation, deamination, 

glucuronidation, and combinations thereof. Major analytical targets in vitro and across measured 

biological samples in vivo were methoxyacetylfentanyl, the O-demethyl- metabolite, and the 

deamide-metabolite. Intoxication with methoxyacetylfentanyl was judged as the cause of death or 

a major contributing factor in all three presented cases. (C) 2018 Elsevier B.V. All rights 

reserved. 
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Martucci, H., et al. (2018). "Distribution of furanyl fentanyl and 4-ANPP in an accidental acute death: A 

case report." Forensic Science International 283: E13-E17. 

 

 Fatalities from emerging synthetic opioids have continued to reach new epidemic proportions 

throughout the world in recent years. Due to the sparsity of research in new opioid analogs, 

commonly observed lethal concentrations and their distribution following death have yet to be 

well documented. The prevalence of furanyl fentanyl in postmortem casework contributes to the 

opioid related deaths that are amongst half of drug-induced fatalities in the United States. In this 

case study, a 23-year-old man was found dead in San Francisco following the ingestion of blue 

pills imitating oxycodone. Initial toxicology screening did not detect oxycodone in blood. 

However, a positive fentanyl immunoassay result was obtained and analysis of the pills collected 

at the scene showed the presence of furanyl fentanyl. Analysis of postmortem samples revealed 

concentrations of furanyl fentanyl at 1.9 ng/mL in peripheral blood, 2.8 ng/mL in cardiac blood, 

and similar to 55,000 ng in gastric contents. Metabolite 4-anilino-N-phenethyl-piperidine (4-

ANPP) was also confirmed at 4.3 ng/mL and 5.8 ng/mL in peripheral blood and cardiac blood, 

respectively. Trace amounts of both analytes were detected in urine and the vitreous humor. Liver 

4-ANPP concentrations of >40 ng/g were also detected. This case study of acute furanyl fentanyl 

overdose in a young male thought to be using oxycodone highlights illicit drug users are often 

subject to unknown drug entities. The toxicological analysis provides preliminary information of 

the distribution of furanyl fentanyl and its metabolite in a range of postmortem specimens and 

collection sites. (c) 2017 Elsevier B.V. All rights reserved. 

 

McIntyre, I., et al. (2017). "A Fatality Related to the Synthetic Opioid U-47700: Postmortem 

Concentration Distribution." Journal of Analytical Toxicology 41(2): 158-160. 

 

 In this case report, we present an evaluation of the distribution of postmortem concentrations of 

3,4-dichloro-N-[ 2-(dimethylamino) cyclohexyl]-N-methylbenzamide (U-47700) in a fatality 

attributed principally to the drug. A man who had a history of drug abuse was found unresponsive 

and not breathing on his bed. Drug paraphernalia, indicating drug insufflation, was located in the 

decedent's room. Toxicology screening tests in peripheral blood initially identified U-47700 using 

an alkaline drug screen with gas chromatography-mass spectrometry (GC-MS) following solid-

phase extraction. It was subsequently confirmed and quantitated by GC-MS-specific ion 

monitoring analysis following liquid-liquid extraction. The U-47700 peripheral blood 

concentration was quantitated at 190 ng/mL compared to the central blood concentration of 340 

ng/mL. The liver concentration was 1,700 ng/g, the vitreous was 170 ng/mL, the urine was 360 

ng/mL and the gastric contained only a trace amount (< 1mg). Other drugs detected in peripheral 

blood were alprazolam (0.12mg/L), nordiazepam (< 0.05 mg/L), doxylamine (0.30 mg/L), 

diphenhydramine (0.14 mg/L), ibuprofen (2.4 mg/L), salicylic acid (< 20mg/L) and 11-nor-9-

carboxy-delta-9-tetrahydrocannabinol (2.4 ng/mL). The cause of death was certified as acute U-

47700 and alprazolam abuse, and the manner of death was certified as accident. 
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McIntyre, I., et al. (2015). "Acute 3,4-Methylenedioxy-N-Ethylcathinone (Ethylone) Intoxication and 

Related Fatality: A Case Report with Postmortem Concentrations." Journal of Analytical Toxicology 

39(3): 225-228. 

 

 A 30-year-old man reportedly ingested pills and used illicit drugs with another person. They both 

fell asleep that night and the following afternoon the other person found him dead. There were 

used hypodermic needles and a metal spoon with dark tarry substance at the death scene, and two 

recent puncture sites were found on his body. It was uncertain if he had a history of illicit drug 

use. Postmortem blood initially screened borderline positive for methamphetamine by ELISA. An 

alkaline drug screen-detected ethylone which was subsequently confirmed and quantified by a 

specific GC-MS SIM analysis following solid-phase extraction. Concentrations were determined 

in the peripheral blood (0.39 mg/L), central blood (0.38 mg/L), liver (1.4 mg/kg), vitreous (0.58 

mg/L), urine (20 mg/L) and gastric contents (12 mg). Other compounds detected in peripheral 

blood were morphine (0.05 mg/L), alprazolam (<0.05 mg/L), delta-9-THC (<1 ng/mL), delta-9-

carboxy-THC (3.6 ng/mL) and naproxen (<5 mg/L). A urine screen (GC-MS) also confirmed 6-

monoacetylmorphine, codeine and sildenafil. The cause of death was certified due to mixed 

ethylone, heroin and alprazolam intoxication. The manner of death was certified as accident. 

 

McIntyre, I., et al. (2015). "An Acute Acetyl Fentanyl Fatality: A Case Report With Postmortem 

Concentrations." Journal of Analytical Toxicology 39(6): 490-494. 

 

 In this case report, we present an evaluation of the distribution of postmortem concentrations of 

acetyl fentanyl in a fatality attributed to the drug. A young man who had a history of heroin abuse 

was found deceased at his parents' home. Toxicology testing, which initially screened positive for 

fentanyl by ELISA, subsequently confirmed acetyl fentanyl by gas chromatography-mass 

spectrometry specific ion monitoring (GC-MS SIM) analysis following liquid-liquid extraction. 

No other drugs or medications, including fentanyl, were detected. The acetyl fentanyl peripheral 

blood concentration was quantified at 260 ng/mL compared with the central blood concentration 

of 250 ng/mL. The liver concentration was 1,000 ng/kg, the vitreous was 240 ng/mL and the 

urine was 2,600 ng/mL. The cause of death was certified due to acute acetyl fentanyl intoxication, 

and the manner of death was certified as an accident. 

 

McIntyre, I., et al. (2016). "An Acute Butyr-Fentanyl Fatality: A Case Report with Postmortem 

Concentrations." Journal of Analytical Toxicology 40(2): 162-166. 

 

 In this case report, we present an evaluation of the distribution of postmortem concentrations of 

butyr-fentanyl in a fatality attributed principally to the drug. A man who had a history of 

intravenous drug abuse was found unresponsive on the bathroom floor of his home. Drug 
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paraphernalia was located on the bathroom counter. Toxicology testing, which initially screened 

positive for fentanyl by enzyme-linked immunosorbent assay, subsequently confirmed butyr-

fentanyl, which was then quantitated by gas chromatography-mass spectrometry-specific ion 

monitoring (GC-MS SIM) analysis following liquid-liquid extraction. The butyr-fentanyl 

peripheral blood concentration was quantitated at 58 ng/mL compared with the central blood 

concentration of 97 ng/mL. The liver concentration was 320 ng/g, the vitreous was 40 ng/mL, the 

urine was 670 ng/mL and the gastric contained 170 mg. Acetyl-fentanyl was also detected in all 

biological specimens tested. Peripheral blood concentration was quantitated at 38 ng/mL 

compared with the central blood concentration of 32 ng/mL. The liver concentration was 110 

ng/g, the vitreous was 38 ng/mL, the urine was 540 ng/mL and the gastric contained < 70 mg. 

The only other drug detected was a relatively low concentration of benzoylecgonine. The cause of 

death was certified as acute butyr-fentanyl, acetyl-fentanyl and cocaine intoxication, and the 

manner of death was certified as accident. 

 

McIntyre, I., et al. (2015). "Mitragynine 'Kratom' Related Fatality: A Case Report with Postmortem 

Concentrations." Journal of Analytical Toxicology 39(2): 152-155. 

 

 A 24-year-old man whose medical history was significant for alcohol abuse and depression was 

found unresponsive in bed. He had several prior suicide attempts with 'pills' and had also been 

hospitalized for an accidental overdose on a previous occasion. Autopsy findings were 

unremarkable apart from pulmonary edema and congestion, and urinary retention. Postmortem 

peripheral blood initially screened positive for mitragynine 'Kratom' (by routine alkaline drug 

screen by gas chromatography-mass spectrometry, GC-MS), which was subsequently confirmed 

by a specific GC-MS selective ion mode analysis following solid-phase extraction. 

Concentrations were determined in the peripheral blood (0.23 mg/L), central blood (0.19 mg/L), 

liver (0.43 mg/kg), vitreous (< 0.05 mg/L), urine (0.37 mg/L) and was not detected in the gastric. 

Therapeutic concentrations of venlafaxine, diphenhydramine and mirtazapine were also detected 

together with a negligible ethanol of 0.02% (w/v). The results are discussed in relation to 

previous cases of toxicity, and the lack of potential for mitragynine postmortem redistribution. 

 

McLaughlin, P., et al. (2019). "Use of the Randox Evidence Investigator immunoassay system for near-

body drug screening during post-mortem examination in 261 forensic cases." Forensic Science 

International 294: 211-215. 

 

 Background: This paper describes the performance of four Randox drug arrays, designed for 

whole blood, for the near-body analysis of drugs in a range of post-mortem body specimens. 

 

Methods: Liver, psoas muscle, femoral blood, vitreous humor and urine from 261 post-mortem 

cases were screened in the mortuary and results were obtained within the time taken to complete a 
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post-mortem. Specimens were screened for the presence of amfetamine, barbiturates, 

benzodiazepines, benzoylecgonine, buprenorphine, cannabinoids, dextropropoxyphene, fentanyl, 

ketamine, lysergide, methadone, metamfetamine, methaqualone, 3,4-

methylenedioxymetamfetamine, opioids, paracetamol, phencyclidine, salicylate, salicylic acid, 

zaleplon, zopiclone and zolpidem using the DOA I, DOA I+, DOA II and Custom arrays. 

 

Results: Liver and muscle specimens were obtained from each of the 261 post-mortem cases; 

femoral blood, vitreous humor and urine were available in 98%, 92% and 72% of the cases, 

respectively. As such, the equivalent of 12,978 individual drug-specific, or drug-group, 

immunoassay tests were undertaken. Overall >98% of the 12,978 screening tests undertaken 

agreed with laboratory confirmatory tests performed on femoral blood. 

 

Conclusions: There is growing interest in the development of non-invasive procedures for 

determining the cause of death using MRI and CT scanning however these procedures are, in 

most cases, unable to determine whether death may have been associated with drug use. The 

Randox arrays can provide qualitative and semi-quantitative results in a mortuary environment 

enabling pathologists to decide whether to remove specimens from the body and submit them for 

laboratory analysis. Analysis can be undertaken on a range of autopsy specimens which is 

particularly useful when conventional specimens such as blood are unavailable. (C) 2018 Elsevier 

B.V. All rights reserved. 

 

McLaughlin, P., et al. (2013). "Real-time near-body drug screening during autopsy I: use of the Randox 

biochip drugs of abuse DOA I and DOA II immunoassays." Forensic Toxicology 31(1): 113-118. 

 

 Screening for drugs of abuse is widely employed as part of forensic toxicology investigations. 

The nature of specimens collected at autopsy varies depending on local customs, the case 

circumstances, and the condition of the cadaver. It is generally accepted that wherever possible 

specimens of peripheral blood, liver, stomach contents, vitreous humor, and muscle can be useful 

for toxicological analysis. In some countries, legislation or religious custom may mitigate against 

the removal of postmortem tissue unless shown to be necessary. The availability of a sensitive 

and broad ranging near-body screening test may provide a useful tool to assist pathologists in 

making decisions regarding the retention of tissues for toxicology analysis. We describe the 

performance of the Randox drugs-of-abuse (DOA) arrays, DOA I and DOA II, for near-body 

screening using whole blood, urine, vitreous humor, liver, and psoas major muscle. Samples were 

obtained from 106 autopsies and screened for the presence of amphetamine, barbiturates, 

benzodiazepines, benzoylecgonine, buprenorphine, cannabinoids, fentanyl, ketamine, lysergic 

acid diethylamide, methadone, methamphetamine, methaqualone, 

methylenedioxymethylamphetamine (Ecstasy), opiates, oxycodone, phencyclidine, and 

propoxyphene in the mortuary whilst the postmortem was being performed. Blood from each case 

underwent confirmatory analysis using either gas chromatography-mass spectrometry, liquid 

chromatography with tandem mass spectrometry or diode array detection. Excellent agreement 
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between the near-body screening tests on a variety of tissues and confirmatory analyses in blood 

was obtained. 

 

Mertz, K., et al. (2014). "Underrepresentation of Heroin Involvement in Unintentional Drug Overdose 

Deaths in Allegheny County, PA." Journal of Forensic Sciences 59(6): 1583-1585. 

 

 Drugs contributing to overdose deaths are listed on death certificates, but their validity is rarely 

studied. To assess the accuracy of morphine and codeine listings on death certificates for 

unintentional overdose deaths in Allegheny County, PA, investigative and laboratory reports were 

reviewed. Deaths were reclassified as heroin-related if documentation showed 6-

monoacetylmorphine in blood or urine, stamp bags or drug paraphernalia at scene, history of 

heroin use, or track marks. Deaths were considered morphine-related if notes indicated morphine 

use, prescription, or morphine at scene, or codeine-related if the codeine blood level exceeded 

morphine. Of 112 deaths with morphine but not heroin listed on the death certificate, 74 met 

heroin criteria and 21 morphine criteria. Of 20 deaths with both morphine and heroin listed, only 

one met morphine criteria. Of 34 deaths with codeine listed, only five were attributed to codeine. 

Consideration of patient history, death scene evidence, and expanded toxicology testing may 

improve the accuracy of death certificate drug listings. 

 

Misailidi, N., et al. (2019). "A GC-MS method for the determination of furanylfentanyl and ocfentanil in 

whole blood with full validation." Forensic Toxicology 37(1): 238-244. 

 

 Purpose: Fentanyl analogues are popular in recent years among drug addicts and have been 

related to many overdoses and deaths worldwide. Furanylfentanyl, ocfentanil, acetylfentanyl and 

butyrfentanyl are among the most common of these drugs. Methods for the determination of 

furanylfentanyl and ocfentanil by gas chromatography-mass spectrometry (GC-MS) in biological 

samples do not exist, and therefore, their development would be extremely useful for routine 

toxicological analysis. 

 

Methods: A GC-MS method was developed and fully validated for the determination of 

furanylfentanyl and ocfentanil in whole blood. This method was also suitable for the 

determination of acetylfentanyl and butyrfentanyl. The method included solid-phase extraction 

after protein precipitation using acetonitrile, and it was applied during the toxicological 

investigation of forensic cases. Methadone-d(3) was used as internal standard for the 

quantification of the analytes. Results: The limit of detection and limit of quantification values 

were 0.30 and 1.0ng/mL for furanylfentanyl and ocfentanil and 0.15 and 0.50ng/mL for 

acetylfentanyl and butyrfentanyl, respectively. The calibration curves were linear (R(2)0.993) 

from 1.00 to 100ng/mL for furanylfentanyl and ocfentanil and from 0.50 to 50.0ng/mL for 

acetylfentanyl and butyrfentanyl. The recoveries were not lower than 85%, while accuracies and 
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precisions were not greater than 6.0% (% error) and 8.0% (% relative standard deviation), 

respectively, for all four fentanyl analogues. Conclusions: The developed method is the first one 

in the literature for the detection of furanylfentanyl and ocfentanil in biological fluids by GC-MS, 

and it provides very high sensitivity comparable to that by liquid chromatography-tandem mass 

spectrometry. 

 

Mochizuki, A., et al. (2018). "Identification and quantification of mepirapim and acetyl fentanyl in 

authentic human whole blood and urine samples by GC-MS/MS and LC-MS/MS." Forensic Toxicology 

36(1): 81-87. 

 

 Purpose: We encountered a curious case in which two male subjects self-administered mepirapim 

plus acetyl fentanyl by different routes, i.e., intravenously and by inhalation. We have thus 

established a detailed procedure for quantification of mepirapim and acetyl fentanyl in whole 

blood and urine specimens using gas chromatography (GC)tandem mass spectrometry (MS/MS). 

 

Methods: The GC-MS/MS method was validated for linearity, extraction recovery, accuracy, and 

precision. Liquid chromatography-MS/MS was also used for identification of the target 

compounds. 

 

Results: Good linearity and reproducibility were achieved in the range of 20-1000 ng/g for both 

target compounds in both matrices. The concentrations of mepirapim in heart whole blood, 

femoral vein whole blood, and urine of the deceased individual with administration by 

intravenous injection were 593, 567, and 527 ng/g, respectively; those of acetyl fentanyl were 

155, 125, and 126 ng/g, respectively. The mepirapim and acetyl fentanyl concentrations in the 

urine specimen of the surviving individual who had administered them by inhalation were 4900 

and 570 ng/g, respectively. 

 

Conclusions: To our knowledge, with the exception of a brief mention of a mepirapim 

concentration in a serum sample in emergency medicine, there are no reported data on the 

identification and quantification of mepirapim in biological samples. Mepirapim is a new 

synthetic cannabinoid. The concentration profiles of unchanged mepirapim in whole blood and 

urine were quite different and unique. A detailed clarification of such uniqueness is under way in 

our laboratory. 

 

Mogler, L., et al. (2018). "Phase I metabolism of the recently emerged synthetic cannabinoid CUMYL-

PEGACLONE and detection in human urine samples." Drug Testing and Analysis 10(5): 886-891. 
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 Indole-, indazole-, or azaindole-based synthetic cannabinoids (SCs), bearing a cumyl substituent 

are a widespread, recreationally used subgroup of new psychoactive substances (NPS). The latest 

cumyl-derivative, CUMYL-PEGACLONE, emerged in December 2016 on the German drug 

market. The substance features a novel -carboline core structure, which is most likely synthesized 

to bypass generic legislative approaches to control SCs by prohibiting distinct core structures. 

Using liquid chromatography-tandem mass spectrometry and liquid chromatography-high 

resolution mass spectrometry techniques, the main in vivo phase I metabolites of this new 

substance were detected. A pooled human liver microsome assay was applied to generate in vitro 

reference spectra of CUMYL-PEGACLONE phase I metabolites. Additionally, 30 urine samples 

were investigated leading to 22 in vivo metabolites. A metabolite mono-hydroxylated at the -

carbolinone core system and a metabolite with an additional carbonyl group at the pentyl side 

chain were evaluated as highly specific and sensitive markers to proof CUMYL-PEGACLONE 

uptake. Moreover, 3 immunochemical assays commonly used for SC screening in urine were 

tested for their capability of detecting the new drug but failed due to insufficient cross-reactivity. 

 

Mojtabai, R. (2018). "National trends in long-term use of prescription opioids." Pharmacoepidemiology 

and Drug Safety 27(5): 526-534. 

 

 Purpose: This study examined recent trends and correlates of prescription opioid use and long-

term use in the United States. Methods: Data were from 47 356 adult participants of National 

Health and Nutrition Survey from 1999-2000 to 2013-2014. Participants were asked about 

prescription medications used in the past 30 days. Long-term use of prescription opioids was 

defined by use for 90 days or longer.| 

 

Results: The prevalence of prescription opioid use increased from 4.1% of US adults in 19992000 

to 68% in 2013-2014 (odds ratio [OR] = 1.38, 95% confidence interval [CI] = 1.10-1.75, P 

=.007). This trend was driven by a sharp increase in long-term use which increased from 1.8% to 

5.4% (OR = 2.22, 95% CI = 1.65-3.00, P <.001). Of all opioid users in 2013-2014, 79.4% were 

long-term users compared with 45.1% in 1999-2000. Long-term use was associated with poorer 

physical health, concurrent benzodiazepine use, and history of heroin use. 

 

Conclusions: The findings highlight the need for research on potential benefits and harms of long-

term use of opioids and efforts to restrict long-term use to patients for whom the benefits 

outweigh the risks. 

 

Molina, D. and V. Hargrove (2017). "Can Intoxication Status Be Used as a Prediction Tool for Manner of 

Death? A Comparison of the Intoxication Status in Violent Suicides and Homicides." American Journal 

of Forensic Medicine and Pathology 38(1): 69-73. 
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 Determining the manner of death in medicolegal death investigations can be difficult. The 

investigator relies on many facets of death investigation, including the circumstances of death and 

autopsy examination. A study was designed to analyze whether the intoxication status of the 

decedent could be used as another tool in death investigations. The intoxication status of violent 

(nonoverdose or poisoning) suicides and homicides was retrospectively reviewed and compared. 

A total of 625 deaths were identified, including 366 suicides and 259 homicides. Age, sex, cause 

of death, and intoxication status, including the specific drugs present, were analyzed. Gunshot 

wounds were the most common cause of death in both groups, with hanging being the second 

most common cause in suicides and sharp force injuries in homicides. Analysis found that 

although the overall intoxication status for suicides versus homicides did not differ significantly, 

certain drugs were more prevalent in one group over the other. Specifically, illicit drugs, that is, 

heroin, cocaine, and methamphetamine, were more likely to be present in homicides, whereas 

antidepressants or antipsychotics, benzodiazepines, and zolpidem were more common in suicides. 

 

Monteil-Ganiere, C., et al. (2014). "Fatal anoxia due to rachacha consumption: Two cases reported." 

Forensic Science International 245: E1-E5. 

 

 Deaths due to ingesting rachacha, which is a homemade paste obtained by decocting poppy 

heads, are very rare. No fatalities have been recorded in scientific publications. This product is 

not considered to be very dangerous by its users. We are reporting the first deaths (a 30-year-old 

man and a 28-year-old woman), after ingesting rachacha balls and alcohol consumption during an 

evening with a friend. Signs compatible with acute anoxia were observed during autopsy. 

Toxicological analyses highlighted the presence of morphine and codeine in the blood, urine and 

bile, with an absence of 6-acetylmorphine. Concomitant consumption of alcohol certainly played 

a role in the occurrence of death. The black paste found at the scene was identified as rachacha. 

The mean of consumption (orally) was confirmed by the presence of morphine and codeine in the 

gastric contents of both victims. The analysis of hair samples was performed to reveal the 

substance consumption history. Therefore, a possibility of contamination by sweat and/or 

putrefactive liquids in the post-mortem period must be considered for the interpretation of the 

results. These two cases show that taking rachacha can be dangerous, especially when combined 

with the consumption of substances which could potentiate respiratory depression induced by 

morphine. (C) 2014 Elsevier Ireland Ltd. All rights reserved. 

 

Moody, M., et al. (2018). "Analysis of fentanyl analogs and novel synthetic opioids in blood, 

serum/plasma, and urine in forensic casework." Drug Testing and Analysis 10(9): 1358-1367. 

 

 In recent years an increasing number of novel opioids have appeared on the illicit drug market 

and have been linked to the growing opioid crisis in the United States. It is suspected that 

synthetic-opioid-related deaths are underestimated since many laboratories either use a screening 

method that is not specific and sensitive enough for these compounds or testing is not performed 

for fentanyl and its related analogs in general. We describe a method for the analysis of 19 of the 
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most current novel opioid drugs quantitatively in whole blood and serum, and 17 analytes 

qualitatively in urine using solid phase extraction with liquid chromatography-tandem mass 

spectrometry (LC-MS/MS). The limit of detection was determined to be at a minimum 0.25 

ng/mL for beta-hydroxythiofentanyl, 0.05 ng/mL for butyryl/isobutyrylfentanyl, AH-7921, 2-

furanylfentanyl, 4-ANPP, and U-47700; 0.025 ng/mL for MT-45, paramethoxybutyrylfentanyl, 4-

methylphenethyl acetyl fentanyl, U-50488, acrylfentanyl, valerylfentanyl, and carfentanil; and 

0.0125 ng/ml. for para-fluorofentanyl, orthofluorofentanyl, para-fluorobutyrylfentanyl/FIBF, and 

alpha-methylfentanyl. The lower limit of quantitation was determined to be 0.1 ng/mL for all 

analytes except AH-7921, U-47700, U-50488 which were 0.05 ng/mL and beta-

hydroxythiofentanyl which was 0.5 ng/mL. The method was validated successfully according to a 

Scientific Working Group in Forensic Toxicology (SWGTOX) compliant approach. This method 

was applied to the analysis of 2758 samples between October 2016 and September 2017. It was 

determined that 4-ANPP, furanylfentanyl, and carfentanil were the 3 most prevalent fentanyl 

related compounds detected: 56.1% of cases were positive for 4-ANPP, 44.5% were positive for 

furanylfentanyl, and 25.2% cases were positive for carfentanil. 

 

Nielsen, M., et al. (2015). "Evaluation of poly-drug use in methadone-related fatalities using segmental 

hair analysis." Forensic Science International 248: 134-139. 

 

 In Denmark, fatal poisoning among drug addicts is often related to methadone. The primary 

mechanism contributing to fatal methadone overdose is respiratory depression. Concurrent use of 

other central nervous system (CNS) depressants is suggested to heighten the potential for fatal 

methadone toxicity. Reduced tolerance due to a short-time abstinence period is also proposed to 

determine a risk for fatal overdose. The primary aims of this study were to investigate if 

concurrent use of CNS depressants or reduced tolerance were significant risk factors in 

methadone-related fatalities using segmental hair analysis. The study included 99 methadone-

related fatalities collected in Denmark from 2008 to 2011, where both blood and hair were 

available. The cases were divided into three subgroups based on the cause of death; methadone 

poisoning (N = 64), poly-drug poisoning (N = 28) or methadone poisoning combined with fatal 

diseases (N = 7). No significant differences between methadone concentrations in the subgroups 

were obtained in both blood and hair. The methadone blood concentrations were highly variable 

(0.015-5.3, median: 0.52 mg/kg) and mainly within the concentration range detected in living 

methadone users. In hair, methadone was detected in 97 fatalities with concentrations ranging 

from 0.061 to 211 ng/mg (median: 11 ng/mg). In the remaining two cases, methadone was 

detected in blood but absent in hair specimens, suggesting that these two subjects were 

methadone-naive users. Extensive poly-drug use was observed in all three subgroups, both 

recently and within the last months prior to death. Especially, concurrent use of multiple 

benzodiazepines was prevalent among the deceased followed by the abuse of morphine, codeine, 

amphetamine, cannabis, cocaine and ethanol. By including quantitative segmental hair analysis, 

additional information on poly-drug use was obtained. Especially, 6-acetylmorphine was detected 

more frequently in hair specimens, indicating that regular abuse of heroin was common among 

the deceased. In conclusion, continuous exposure of methadone provide by segmental hair 

analysis suggested that reduced tolerance of methadone was not a critical factor among 
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methadone-related fatalities. In contrast, a high abundance of co-ingested CNS depressants 

suggested that adverse effects from drug-drug interactions were more important risk factors for 

fatal outcome in these deaths. (C) 2015 Elsevier Ireland Ltd. All rights reserved. 

 

Noble, C., et al. (2018). "Application of a screening method for fentanyl and its analogues using UHPLC-

QTOF-MS with data-independent acquisition (DIA) in MSE mode and retrospective analysis of authentic 

forensic blood samples." Drug Testing and Analysis 10(4): 651-662. 

 

 The steady appearance of new fentanyl analogues and the associated overdose deaths require the 

development of sensitive screening approaches to detect these compounds in biological samples 

and seizures. We developed a targeted screening method to detect 50 4-anilidopiperidine-related 

fentanyl analogues in whole blood using ultra-high performance liquid chromatography 

quadrupole time-of-flight mass spectrometry in data-independent acquisition mode. Sample 

preparation was performed using protein precipitation on a fully automated robotic setup. 

Thirteen analogues were selected to validate the method. A small matrix ion enhancement effect 

(110-123%) was observed for all of the compounds; the recovery ranged from 67% to 81% and 

the process efficiency from 81% to 98%. Limit of detection was within 0.0005-0.001mg/kg and 

limit of identification ranged from 0.001 to 0.005mg/kg. In the retrospective analysis of 2339 

forensic blood samples, the major finding was fentanyl (n=56), followed by alfentanil (n=5) and 

remifentanil (n=1). Identification of 34 fentanyl analogues was based on the predicted product 

ions resulting from common fentanyl-specific collision-induced cleavages, particularly on the 

product ion result of the fragmentation on the C-N bond between the phenylamide moiety and the 

piperidine ring. The proposed hypothesis was supported by the targeted analysis of 16 fentanyl 

analogues using this method and available published mass spectral data sources for fentanyl 

analogues. A targeted screening method for 50 fentanyl analogues was successfully validated and 

implemented to analyse authentic blood samples, where identifying targeted fentanyl analogues 

was tentatively achieved without using reference standards. 

 

Olfson, M., et al. (2018). "Risks of fatal opioid overdose during the first year following nonfatal 

overdose." Drug and Alcohol Dependence 190: 112-119. 

 

 Background: Little is known about risk factors for repeated opioid overdose and fatal opioid 

overdose in the first year following nonfatal opioid overdose. Methods: We identified a national 

retrospective longitudinal cohort of patients aged 18-64 years in the Medicaid program who 

received a clinical diagnosis of nonfatal opioid overdose. Repeated overdoses and fatal opioid 

overdoses were measured with the Medicaid record and the National Death Index. Rates of repeat 

overdose per 1000 person-years and fatal overdose per 100,000 person-years were determined. 

Hazard ratios of repeated opioid overdose and fatal opioid overdose were estimated by Cox 

proportional hazards. Results: Nearly two-thirds (64.8%) of the patients with nonfatal overdoses 

(total n = 75,556) had filled opioid prescriptions in the 180 days before initial overdose. During 

the 12 months after nonfatal overdose, the rate of repeat overdose was 295.0 per 1000 person-
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years and that of fatal opioid overdose was 1154 per 100,000 person-years. After controlling for 

age, sex, race/ethnicity, and region, the hazard of fatal opioid overdose was increased for patients 

who had filled a benzodiazepine prescription in the 180 days prior to their initial overdose (HR = 

1.71, 95%CI: 1.46-1.99), whose initial overdose involved heroin (HR = 1.57, 95%CI:1.30-1.89), 

or who required mechanical ventilation at the initial overdose (HR = 1.86, 95%CI = 1.50-

2.31).|Conclusions: Adults treated for opioid overdose frequently have repeated opioid overdoses 

in the following year. They are also at high risk of fatal opioid overdose throughout this period, 

which underscores the importance of efforts to engage and maintain patients in evidence-based 

opioid treatments following nonfatal overdose. 

 

Oliva, E., et al. (2017). "Development and Applications of the Veterans Health Administration's 

Stratification Tool for Opioid Risk Mitigation (STORM) to Improve Opioid Safety and Prevent Overdose 

and Suicide." Psychological Services 14(1): 34-49. 

 

 Concerns about opioid-related adverse events, including overdose, prompted the Veterans Health 

Administration (VHA) to launch an Opioid Safety Initiative and Overdose Education and 

Naloxone Distribution program. To mitigate risks associated with opioid prescribing, a holistic 

approach that takes into consideration both risk factors (e.g., dose, substance use disorders) and 

risk mitigation interventions (e.g., urine drug screening, psychosocial treatment) is needed. This 

article describes the Stratification Tool for Opioid Risk Mitigation ( STORM), a tool developed 

in VHA that reflects this holistic approach and facilitates patient identification and monitoring. 

STORM prioritizes patients for review and intervention according to their modeled risk for 

overdose/suicide-related events and displays risk factors and risk mitigation interventions 

obtained from VHA electronic medical record (EMR)-data extracts. Patients' estimated risk is 

based on a predictive risk model developed using fiscal year 2010 ( FY2010: 10/1/2009-

9/30/2010) EMR- data extracts and mortality data among 1,135,601 VHA patients prescribed 

opioid analgesics to predict risk for an overdose/suicide-related event in FY2011 ( 2.1% 

experienced an event). Cross-validation was used to validate the model, with receiver operating 

characteristic curves for the training and test data sets performing well ( >.80 area under the 

curve). The predictive risk model distinguished patients based on risk for overdose/ suicide-

related adverse events, allowing for identification of high-risk patients and enrichment of target 

populations of patients with greater safety concerns for proactive monitoring and application of 

risk mitigation interventions. Results suggest that clinical informatics can leverage EMR-

extracted data to identify patients at-risk for overdose/suicide-related events and provide 

clinicians with actionable information to mitigate risk. 

 

Park, T., et al. (2016). "Understanding Risk Factors for Opioid Overdose in Clinical Populations to 

Inform Treatment and Policy." Journal of Addiction Medicine 10(6): 369-381. 

 

 Overdoses involving opioid analgesics represent a significant public health problem in the United 

States. We reviewed the literature on risk factors for overdose, with a focus on studies that 
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examine clinical populations of patients receiving opioids for pain and potential risk factors for 

overdose in these populations. A structured review resulted in 15 articles published between 2007 

and 2015 that examined risk factors for fatal and nonfatal overdose in patients receiving opioid 

analgesics. Opioid dosage was the factor most consistently analyzed and also associated with 

increased risk of overdose. Other risk factors include concurrent use of sedative-hypnotics, use of 

extended-release/long-acting opioids, and the presence of substance use and other mental health 

disorder comorbidities. Future research is needed to better characterize populations taking opioids 

for pain to help clarify discrepancies between existing studies and identify previously unexplored 

risk factors for overdose. Given that policy and clinical practice have shifted as a result of prior 

studies reviewed here, further efforts in understanding patient groups and opioid-related 

prescribing practices associated with overdose risk have great potential to impact policy and 

practice in the treatment of pain while improving the safety around opioid prescribing. 

 

Partridge, E., et al. (2018). "A Case Study Involving U-47700, Diclazepam and Flubromazepam-

Application of Retrospective Analysis of HRMS Data." Journal of Analytical Toxicology 42(9): 655-660. 

 

 The number of new psychoactive substances (NPS) available is constantly increasing, making it 

difficult for toxicology laboratories to keep screening methods up to date. Full scan high-

resolution mass spectrometry (HRMS) is a versatile technique which allows for progressive 

updating of spectral databases to increase the scope of screening. It also allows for retrospective 

screening of data-specifically, reprocessing of data files using an updated spectral database 

without the need for re-extraction or reanalysis. The coronial case reported here illustrates the 

application of retrospective processing of HRMS data in the detection of emerging NPS. A 28-

year-old male with a history of illicit drug use was found deceased at home. Initial routine 

screening of the post-mortem peripheral blood identified only methylamphetamine, amphetamine 

and trace amounts of lorazepam. A compound with an accurate mass and isotope ratio consistent 

with the opioid AH-7921 was also detected in the liquid chromatography (LC)-HRMS screen; 

however; the retention time and mass spectrum did not match the library. Further investigation 

confirmed the compound to be U-47700, another opioid and structural isomer of AH-7921. 

Several months later, after additional NPS had been added to the in-house HRMS database, 

retrospective screening of the HRMS data was performed, revealing the presence of designer 

benzodiazepines, diclazepam and flubromazepam as well as the psychedelic drug 2,5-dimethoxy-

4-chloroamphetamine (DOC). Quantitative analysis gave the following results in peripheral post-

mortem blood: U-47700 (330 mu g/L), diclazepam (70 mu g/L), flubromazepam (10 mu g/L), 

methylamphetamine (290 mu g/L) and amphetamine (150 mu g/L) (DOC not quantitated). These 

substances, along with lorazepam and etizolam, were also confirmed in the post-mortem urine 

and an investigation into blood and urinary metabolites was carried out. All analyses were 

performed using the same LC-quadrupole-time of flight method. The cause of death was 

aspiration (of gastric content into airways and lungs) due to mixed drug toxicity. 

 

Patton, A., et al. (2013). "K2 Toxicity: Fatal Case of Psychiatric Complications Following AM2201 

Exposure." Journal of Forensic Sciences 58(6): 1676-1680. 
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 Limited forensic and clinical experience and the lack of confirmatory testing strategies for 

synthetic cannabinoids (SC) prevent adequate characterization of SC toxicity and the potential 

impact on public health. A statewide surveillance system identified a fatality involving a 23-year-

old man found with a large stab wound to the neck following use of a SC product suspected of 

containing AM2201. Analytical testing for common SCs, SC metabolites, routine drugs of abuse, 

and over-the-counter medications was performed on heart blood obtained at autopsy. 

Additionally, assays were performed on the SC raw material and drug paraphernalia found on the 

decedent. High concentrations of AM2201 were detected in all samples. AM2201 metabolites 

were detected in postmortem blood. Other than a trace amount of JWH-073 found in smoke 

residue, no other substances were detected. Psychiatric complications including self-induced, 

lethal trauma can occur after the use of SC products. 

 

Paul, A., et al. (2018). "Teens and Spice: A Review of Adolescent Fatalities Associated with Synthetic 

Cannabinoid Use." Journal of Forensic Sciences 63(4): 1321-1324. 

 

 Synthetic cannabinoids (SCs) are commonly abused by adolescents with reported past year 

(2013) use in high school students between 3 and 10%. Standard adolescent postmortem 

toxicology does not include routine SC analysis, and thus, the true burden of fatalities related to 

SCs is unknown. A retrospective case review of two cases included scene investigation, 

interviews, autopsy, and toxicology. SCs were confirmed by liquid chromatography-tandem mass 

spectrometry (LC-MS/MS). Review of the eight adolescent SC-associated fatalities in the 

literature revealed five of eight cases had no other discernible cause of death on autopsy. 

Compounds detected included PB-22 (1.1ng/mL), JWH-210 (12ng/mL), XLR-11 (1.3ng/mL), 

JWH-122, AB-CHMINACA (8.2ng/mL), UR-144 (12.3ng/mL), and JWH-022 (3ng/mL). With 

synthetic drug use on the rise, forensic experts should have a high index of suspicion for the 

possibility of SC intoxication in adolescent fatalities with no other discernible cause of death. 

 

Peiper, N., et al. (2019). "Fentanyl test strips as an opioid overdose prevention strategy: Findings from a 

syringe services program in the Southeastern United States." International Journal of Drug Policy 63: 

122-128. 

 

 Background: In 2016, the number of overdose deaths involving illicitly-manufactured fentanyl 

(IMF) surpassed heroin and prescription opioid deaths in the United States for the first time, with 

IMF-involved overdose deaths increasing more than 500% across 10 states from 2013 to 2016. 

IMF is an extremely potent synthetic opioid that is regularly mixed with heroin and often sold to 

unwitting consumers. Community-based organizations have started to distribute fentanyl test 

strips (FTS) as a strategy to identify IMF in street purchased products. We investigated the 

association between FTS use and changes in drug use behavior and perceived overdose safety 

among a community-based sample of people who inject drugs (PWID) in the United States. 
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Methods: Between September-October 2017, a total of 125 PWID completed an online survey 

about their most recent FTS use in Greensboro, North Carolina. Our first outcome of interest 

included whether PWID engaged in any of the following changes in drug use behavior after using 

FTS: used less than usual, administered tester shot, pushed syringe plunger slower than usual, and 

snorted instead of injected. Our second outcome of interest was whether PWID felt that FTS use 

made them feel better able to protect themselves from overdose. We conducted bivariate and 

multivariate analyses to determine the association between FTS use and these two outcomes. 

 

Results: Overall, 63% of the sample reported a positive FTS test result and 81% reported using 

FTS prior to consuming their drugs. For the outcomes, 43% reported a change in drug use 

behavior and 77% indicated increased perceived overdose safety by using FTS. In multivariable 

models adjusting for demographic and FTS correlates, PWID with a positive FTS test result had 

five times the odds of reporting changes in drug use behavior compared to those with a negative 

result. PWID who used the FTS after drug consumption were 70% less likely to report behavioral 

changes at subsequent drug consumption compared to those who used it before consumption. 

PWID who were not existing clients of the syringe services program had four times higher odds 

than existing clients to report increased overdose safety from using FTS. 

 

Conclusions: We found that using FTS and receiving a positive test result was associated with 

changes in drug use behavior and perceptions of overdose safety. FTS may represent an effective 

addition to current overdose prevention efforts when included with other evidence-based 

strategies to prevent opioid overdose and related harm. 

 

Perez-Mana, C., et al. (2018). "Drug Interactions With New Synthetic Opioids." Frontiers in 

Pharmacology 9. 

 

 Fentanyl, fentanyl analogs, and other new synthetic opioids (NSO) have burst onto the illegal 

drug market as new psychoactive substances (NPS). They are often sold as heroin to unsuspecting 

users and produce euphoria through their agonist action on mu - opioid receptors. Their high 

consumption, often combined with other substances, has led to multiple intoxications during 

recent years. In some countries, such as the United States, the consumption of opioids, whether 

for medical or recreational purposes, has become epidemic and is considered a public health 

problem. Fentanyl analogs are more potent than fentanyl which in turn is 50 times more potent 

than morphine. Furthermore, some fentanyl analogs have longer duration of action and therefore 

interactions with other substances and medicines can be more serious. This review is focused on 

the potentially most frequent interactions of opioid NPS taking into account the drugs present in 

the reported cases of poly-intoxication, including other illegal drugs of abuse and medication. 

Substances involved are mainly antidepressants, antihistamines, antipsychotics, benzodiazepines, 

analgesics, anesthetics, psychostimulants, other opioids, alcohol, and illegal drugs of abuse. The 
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interactions can be produced due to pharmacokinetic and pharmacodynamic mechanisms. 

Naloxone can be used as an antidote, although required doses might be higher than for traditional 

opioid intoxications. It is crucial that doctors who habitually prescribe opioids, which are often 

misused by patients and NPS users, be aware of designer opioids' potentially life-threatening 

drug-drug interactions in order to prevent new cases of intoxication. 

 

Peterson, B., et al. (2019). "Opioid Deaths in Milwaukee County, Wisconsin 2013-2017: The Primacy of 

Heroin and Fentanyl." Journal of Forensic Sciences 64(1): 144-148. 

 

 Heroin and fentanyl are the overwhelming and increasing cause of opioid deaths in Milwaukee 

County, Wisconsin. We reviewed all drug and opioid deaths from 2013 to 2017 to delineate the 

specific opioid drugs involved and changes in their incidence. From 2013 to 2017, 980 deaths 

were due to opioids, rising from 184 in 2013 to 337 in 2017. In 2017, opioid deaths exceeded 

combined non-natural deaths from homicide and suicide. Illicit heroin and fentanyl/analogs 

caused 84% of opioid deaths and 80% of drug deaths, with no increase in deaths due to oral 

prescription drugs such as oxycodone and hydrocodone. Any approach to decreasing this 

dramatic increase in opioid deaths should first focus on interdicting the supply and cheap 

availability of these illicit opioids. Fentanyl and its analogs represent the most deadly opioids and 

the greatest threat to human life in our population. 

 

Pham, T., et al. (2018). "Overview of Prescription Opioid Deaths in the Oklahoma State Medicaid 

Population, 2012-2016." Medical Care 56(8): 727-735. 

 

 Background: Medicaid members are predisposed to unintentional prescription opioid overdose. 

However, little is known about their individual risk factors. 

 

Objectives: To describe demographic and clinical characteristics, medical utilization, opioid use, 

concurrent use of benzodiazepines, risk factors, and substances involved in death for Oklahoma's 

Medicaid members who died of unintentional prescription opioid poisoning. 

 

Subjects: Decedents who were Medicaid eligible in Oklahoma during the year of death, had an 

opioid recorded in cause of death, and had 1 opioid prescription claim between January 1, 2011 

and June 30, 2016 were cases. Controls were living Medicaid members and were matched 3:1 to 

cases through propensity score matching. 

 

Measures: Demographics, clinical characteristics, and medical/pharmacy utilization were 

examined in the 12 months before the index date. 
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Results: Of 639 members with fatal unintentional prescription opioid overdoses, 321 had 1 opioid 

prescription claim in the year before death; these were matched to 963 controls. Compared with 

controls, decedents had significantly greater proportions of nonopioid substance use disorders, 

opioid abuse/dependence, hepatitis, gastrointestinal bleeding, trauma not involving motor vehicle 

accidents, nonopioid poisonings, and mental illness disorders. Decedents had significantly higher 

daily morphine milligram equivalent doses (67.274.4 vs. 47.2 +/- 50.9mg) and greater 

opioid/benzodiazepine overlap (70.4% vs. 35.9%). Benzodiazepines were involved in 29.3% of 

deaths. 

 

Conclusions: Several comorbidities indicative of opioid use disorder and greater exposure to 

opioids and concomitant benzodiazepines were associated with unintentional prescription opioid 

overdose fatalities. Prescribers and state agencies should be aware of these addressable patient-

level factors among the Medicaid population. Targeting these factors with appropriate policy 

interventions and education may prevent future deaths. 

 

Pieprzyca, E., et al. (2018). "A two fatal cases of poisoning involving new cathinone derivative PV8." 

Legal Medicine 33: 42-47. 

 

 alpha-Pyrrolidinoheptiophenone (PV8) is a representative of alpha-pyrrolidinophenone 

derivatives, a new group of synthetic cathinones. PV8 was first detected in illegal products in 

Japan in 2013. It is closely related to alpha-pyrrolidinovalerophenone (alpha-PVP), which was 

one of the most popular novel psychoactive substance (NPS) in Poland in years 2013-2015. The 

article presents two cases of fatal poisonings of 36-year-old man and 37-year-old woman, where a 

new cathinone derivative - PV8 was detected in biological material collected during medicolegal 

autopsies. The concentration of PV8, measured with LC-MS method, was in the first case - 0.26 

mu g/mL in blood and 0.11 mu g/mL in urine and in the second - 0.07 mu g/mL and 0.13 mu 

g/mL, respectively. In both cases medicolegal experts finally have determined that the cause of 

death was fatal intoxication with the main role of PV8. This substance is another synthetic 

cathinone which is dangerous for live of the users and requires constant monitoring and further 

research. 

 

Pilatti, D., et al. (2019). "Comparison of the phytochemical profiles of five native plant species in two 

different forest formations." Brazilian Journal of Biology 79(2): 233-242. 

 

 The expression of chemical compounds by individual plants of the same species in different 

locations may be affected by abiotic factors resulting in differences in the production of 

allelopathic compounds. The objective of this study was to compare the phytochemical profiles of 

plant species from two different forest formations in the state of Parana, Brazil. The forest 
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formations were Seasonal Semideciduous Forest (SSF) and Lowland Ombrophilous Dense Forest 

(LODF), and the five study species were Jacaranda micrantha, Cecropia pachystachya, Mimosa 

bimucronata, Schinus terebinthifolius and Cedrela fissilis. Secondary metabolites were extracted 

by exhaustive extraction with methanol, and the crude extract was fractionated using column 

chromatography. The fractions were used to calculate the retention factor of the main compounds 

using thin layer chromatography and phytochemical tests. The classes of compounds identified 

were practically the same among the analyzed species, however, at different levels of 

concentration. The type of tannins found in S. terebinthifolius differed between the two forest 

formations. 

 

Poklis, J., et al. (2016). "Two Fatal Intoxications Involving Butyryl Fentanyl." Journal of Analytical 

Toxicology 40(8): 703-708. 

 

 We present the case histories, autopsy findings and toxicology findings of two fatal intoxications 

involving the designer drug, butyryl fentanyl. The quantitative analysis of butyryl fentanyl in 

postmortem fluids and tissues was performed by an ultrahigh-performance liquid chromatography 

tandem mass spectrometry method. In the first case, butyryl fentanyl was the only drug detected 

with concentrations of 99 ng/mL in peripheral blood, 220 ng/mL in heart blood, 32 ng/mL in 

vitreous humor, 590 ng/mL in gastric contents, 93 ng/g in brain, 41 ng/g in liver, 260 ng/mL in 

bile and 64 ng/mL in urine. The cause of death was ruled fatal intoxication by butyryl fentanyl. In 

the second case, butyryl fentanyl was detected along with acetyl fentanyl, alprazolam and ethanol. 

The butyryl fentanyl concentrations were 3.7 ng/mL in peripheral blood, 9.2 ng/mL in heart 

blood, 9.8 ng/mL in vitreous humor, 4,000 ng/mL in gastric contents, 63 ng/g in brain, 39 ng/g in 

liver, 49 ng/mL in bile and 2 ng/mL in urine. The acetyl fentanyl concentrations were 21 ng/mL 

in peripheral blood, 95 ng/mL in heart blood, 68 ng/mL in vitreous humor, 28,000 ng/mL in 

gastric contents, 200 ng/g in brain, 160 ng/g in liver, 330 ng/mL in bile and 8 ng/mL in urine. In 

addition, the alprazolam concentration was 40 ng/mL and the ethanol concentration was 0.11 

g/dL, both measured in peripheral blood. The cause of death in the second case was ruled a mixed 

drug intoxication. In both cases, the manner of death was accident. 

 

Poklis, J., et al. (2015). "Postmortem tissue distribution of acetyl fentanyl, fentanyl and their respective 

nor-metabolites analyzed by ultrahigh performance liquid chromatography with tandem mass 

spectrometry." Forensic Science International 257: 435-441. 

 

 In the last two years, an epidemic of fatal narcotic overdose cases has occurred in the Tampa area 

of Florida. Fourteen of these deaths involved fentanyl and/or the new designer drug, acetyl 

fentanyl. Victim demographics, case histories, toxicology findings and causes and manners of 

death, as well as, disposition of fentanyl derivatives and their nor-metabolites in postmortem 

heart blood, peripheral blood, bile, brain, liver, urine and vitreous humor are presented. In the 

cases involving only acetyl fentanyl (without fentanyl, n = 4), the average peripheral blood acetyl 

fentanyl concentration was 0.467 mg/L (range 0.31 to 0.60 mg/L) and average acetyl norfentanyl 
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concentration was 0.053 mg/L (range 0.002 to 0.086 mg/L). In the cases involving fentanyl 

(without acetyl fentanyl, n = 7), the average peripheral blood fentanyl concentration was 0.012 

mg/L (range 0.004 to 0.027 mg/L) and average norfentanyl blood concentration was 0.001 mg/L 

(range 0.0002 to 0.003 mg/L). In the cases involving both acetyl fentanyl and fentanyl (n = 3), the 

average peripheral blood acetyl fentanyl concentration was 0.008 mg/L (range 0.006 to 0.012 

mg/L), the average peripheral blood acetyl norfentanyl concentration was 0.001 mg/L (range 

0.001 to 0.002 mg/L), the average peripheral blood fentanyl concentration was 0.018 mg/L (range 

0.015 to 0.021 mg/L) and the average peripheral blood norfentanyl concentration was 0.002 mg/L 

(range 0.001 mg/L to 0.003 mg/L). Based on the toxicology results, it is evident that when 

fentanyl and/or acetyl fentanyl were present, they contributed to the cause of death. A novel 

ultrahigh performance liquid chromatography (UPLC) tandem mass spectrometry (MS/MS) 

method to identify and quantify acetyl fentanyl, acetyl norfentanyl, fentanyl and norfentanyl in 

postmortem fluids and tissues is also presented. (C) 2015 Elsevier Ireland Ltd. All rights 

reserved. 

 

Pourmand, A., et al. (2018). "Designer drugs: Review and implications for emergency management." 

Human & Experimental Toxicology 37(1): 94-101. 

 

 In the past 10 years, "designer drugs" such as synthetic cannabinoids and cathinones have 

emerged and come into widespread use, resulting in more overdose cases involving these new 

drugs in the United States. Emergency departments regularly treat a diverse array of drug 

intoxications, and providers must be cognizant of novel drugs of abuse and the associated clinical 

presentations in order to provide the most appropriate care. This review aims to describe the 

epidemiology, mechanism of action, clinical presentation, and treatment of intoxication for both 

the common and newest drugs of abuse. 

 

Prekupec, M., et al. (2017). "Misuse of Novel Synthetic Opioids: A Deadly New Trend." Journal of 

Addiction Medicine 11(4): 256-265. 

 

 Novel synthetic opioids (NSOs) include various analogs of fentanyl and newly emerging non-

fentanyl compounds. Together with illicitly manufactured fentanyl (IMF), these drugs have 

caused a recent spike in overdose deaths, whereas deaths from prescription opioids have 

stabilized. NSOs are used as stand-alone products, as adulterants in heroin, or as constituents of 

counterfeit prescription medications. During 2015 alone, there were 9580 deaths from synthetic 

opioids other than methadone. Most of these fatalities were associated with IMF rather than 

diverted pharmaceutical fentanyl. In opioid overdose cases, where the presence of fentanyl 

analogs was examined, analogs were implicated in 17% of fatalities. Recent data from law 

enforcement sources show increasing confiscation of acetylfentanyl, butyrylfentanyl, and 

furanylfentanyl, in addition to non-fentanyl compounds such as U-47700. Since 2013, deaths 

from NSOs in the United States were 52 for acetylfentanyl, 40 for butyrylfentanyl, 128 for 

furanylfentanyl, and 46 for U-47700. All of these substances induce a classic opioid toxidrome, 
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which can be reversed with the competitive antagonist naloxone. However, due to the putative 

high potency of NSOs and their growing prevalence, it is recommended to forgo the 0.4 mg initial 

dose of naloxone and start with 2mg. Because NSOs offer enormous profit potential, and there is 

strong demand for their use, these drugs are being trafficked by organized crime. NSOs present 

major challenges for medical professionals, law enforcement agencies, and policymakers. 

Resources must be distributed equitably to enhance harm reduction though public education, 

medication-assisted therapies, and improved access to naloxone. 

 

Ray, B., et al. (2017). "Examining Fatal Opioid Overdoses in Marion County, Indiana." Journal of Urban 

Health-Bulletin of the New York Academy of Medicine 94(2): 301-310. 

 

 Drug-related overdoses are now the leading injury-related death in the USA, and many of these 

deaths are associated with illicit opioids and prescription opiate pain medication. This study uses 

multiple sources of data to examine accidental opioid overdoses across 6 years, 2010 through 

2015, in Marion County, IN, an urban jurisdiction in the USA. The primary sources of data are 

toxicology reports from the county coroner, which reveal that during this period, the most 

commonly detected opioid substance was heroin. During the study period, 918 deaths involved 

heroin, and there were significant increases in accidental overdose deaths involving both heroin 

and fentanyl. In order to disentangle the nature and source of opioid overdose deaths, we also 

examine data from Indiana's prescription drug monitoring program and the law enforcement 

forensic services agency. Results suggest that there have been decreases in the number of opiate 

prescriptions dispensed and increases in law enforcement detection of both heroin and fentanyl. 

Consistent with recent literature, we suggest that increased regulation of prescription opiates 

reduced the likelihood of overdoses from these substances but might have also had an iatrogenic 

effect of increasing deaths from heroin and fentanyl. We discuss several policy implications and 

recommendations for Indiana. 

 

Rojkiewicz, M., et al. (2017). "Identification and physicochemical characterization of 4-

fluorobutyrfentanyl (1-((4-fluorophenyl)(1-phenethylpiperidin-4-yl)amino)butan-1-one, 4-FBF) in seized 

materials and post-mortem biological samples." Drug Testing and Analysis 9(3): 405-414. 

 

 During the last decade, a substantial growth in new psychoactive substances (NPS) has been 

recorded. Within this group, a considerably fast-growing sub-group is represented by the opioids, 

which are based on modifications of the fentanyl structure. In this study, identification and 

analytical characterization of a new fentanyl derivative, 4-fluorobutyrfentanyl (1-((4-

fluorophenyl)(1-phenethylpiperidin-4-yl)amino)butan-1-one, 4-FBF), is described. Apart from 

the seized powder, 4-FBF was also identified in the e-cigarette liquid secured in Case 1. The 

concentration of the compound in the liquid was 35mg/mL. The main component of the liquid 

was glycerol, and nicotine was also present. This substance was detected in seized material that 

originated from the illegal drug market in Poland. To the best of the authors' knowledge, this 

report presents the first two analytically confirmed cases of fatal intoxication associated with 4-
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FBF. Case 1 was a 26-year-old male drug user who was found dead at home. Case 2 was a 25-

year-old female, occasional user of NPS and drugs, who was also found dead at home. The 

concentrations of 4-FBF in blood were 91 and 112ng/mL and in urine 200 and 414ng/mL. The 

concentrations of 4-FBF in liver and kidney were 902 and 411ng/g, and 136 and 197ng/g, for 

Case 1 and Case 2, respectively. Copyright (C) 2016 John Wiley & Sons, Ltd. 

 

Rosano, T., et al. (2017). "Screening with Quantification for 64 Drugs and Metabolites in Human Urine 

using UPLC-MS-MS Analysis and a Threshold Accurate Calibration." Journal of Analytical Toxicology 

41(6): 536-546. 

 

 Drug and metabolite (analytes) identification together with quantification is an important 

analytical tool in forensic and clinical toxicology. We report the development and validation of a 

definitive detection and quantification method (UPLC-MS-MS) for initial screening of 64 

analytes in urine. The principle of the method is a quantitative extension of a recently reported 

threshold accurate calibration (TAC) technique which employs a rapid dual-specimen analysis 

i.e., with and without addition of a reference-analyte standard for normalization of matrix effects. 

Analytes include pharmaceutical and illicit agents from opiate and opioid agonist, opiate-

antagonist, benzodiazepine, amphetamine, designer amphetamine, cathinone, cocaine, 

hallucinogen, gabapentinoid and sedative drug classes. Using a 96-well plate format, the protocol 

employs glucuronidase hydrolysis, 27-fold urine dilution and a 3 min UPLC-MS-MS acquisition. 

Subsequent data management includes calculation of a normalized TAC ratio response and 

weighted least squares calibration. The method utilizes analyte-specific calibration ranges from 

2.5 to 1,500 ng/mL with quality control (QC) monitoring of transition-ion ratio, calibrator re-

analysis, injection precision and multi-level QC analysis. Method precision, bias, calibration 

linearity, detection limit, carryover, crossover studies and external proficiency performance were 

evaluated based on pre-established criteria. The validated method provides an alternative to 

stable-isotope internal standardization methods of quantification and is applicable to screening 

with quantification in routine toxicology practice. 

 

Rosano, T., et al. (2013). "Drug Screening in Medical Examiner Casework by High-Resolution Mass 

Spectrometry (UPLC-MSE-TOF)." Journal of Analytical Toxicology 37(8): 580-593. 

 

 Postmortem drug findings yield important analytical evidence in medical examiner casework, and 

chromatography coupled with nominal mass spectrometry (MS) serves as the predominant 

general unknown screening approach. We report screening by ultra performance liquid 

chromatography (UPLC) coupled with hybrid quadrupole time-of-flight mass spectrometer 

(MSE-TOF), with comparison to previously validated nominal mass UPLC-MS and UPLC-MS-

MS methods. UPLC-MSE-TOF screening for over 950 toxicologically relevant drugs and 

metabolites was performed in a full-spectrum (m/z 50-1,000) mode using an MSE acquisition of 

both molecular and fragment ion data at low (6 eV) and ramped (10-40 eV) collision energies. 

Mass error averaged 1.27 ppm for a large panel of reference drugs and metabolites. The limit of 
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detection by UPLC-MSE-TOF ranges from 0.5 to 100 ng/mL and compares closely with UPLC-

MS-MS. The influence of column recovery and matrix effect on the limit of detection was 

demonstrated with ion suppression by matrix components correlating closely with early and late 

eluting reference analytes. Drug and metabolite findings by UPLC-(MSTOF)-T-E were compared 

with UPLC-MS and UPLC-MS-MS analyses of postmortem blood in 300 medical examiner 

cases. Positive findings by all methods totaled 1,528, with a detection rate of 57% by UPLC-MS, 

72% by UPLC-MS-MS and 80% by combined UPLC-MS and UPLC-MS-MS screening. 

Compared with nominal mass screening methods, UPLC-MSE-TOF screening resulted in a 99% 

detection rate and, in addition, offered the potential for the detection of nontargeted analytes via 

high-resolution acquisition of molecular and fragment ion data. 

 

Roxburgh, A., et al. (2018). "Accurate identification of opioid overdose deaths using coronial data." 

Forensic Science International 287: 40-46. 

 

 Introduction: Defining drug-related mortality is complex as these deaths can include a wide range 

of diseases and circumstances. This paper outlines a method to identify deaths that are directly 

due to fatal opioid toxicity (i.e. overdose), utilising coronial data. 

 

Materials and methods: The National Coronial Information System (NCIS), an online coronial 

database containing information on all deaths that are reported to a coroner in Australia, is used to 

develop methods to more accurately identify opioid overdose deaths. The NCIS contains 

demographic information, Medical Cause of Death, and associated documentation on toxicology, 

clinical and police investigations. 

 

Results: Identifying overdose deaths using the coroner determined Medical Cause of Death 

provided greater capture, and specificity, of opioid overdose deaths. Distinguishing morphine 

from heroin-related deaths presented challenges, requiring analysis of clinical and investigative 

information in addition to toxicology results. One-quarter of the deaths attributed to morphine 

were recorded to heroin as a result of further investigation. There was also some underestimation 

of codeine-related deaths. Access to clinical and investigative information also yields important 

information in relation to comorbid conditions among these decedents, such as history of chronic 

pain, substance use issues and mental health problems. 

 

Conclusions: Reliance on toxicology results alone leads to an underestimate of heroin-related 

deaths. Differentiating between heroin and pharmaceutical opioid (e.g. morphine) overdose 

deaths has important public health and policy implications, particularly in relation to prescribing 

practices and development of a strategic response. Understanding comorbidities among these 

decedents is also important in efforts to reduce preventable causes of death such as opioid 

overdose. (c) 2018 Elsevier B.V. All rights reserved. 
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Schiff, D., et al. (2018). "Fatal and Nonfatal Overdose Among Pregnant and Postpartum Women in 

Massachusetts." Obstetrics and Gynecology 132(2): 466-474. 

 

 OBJECTIVE: To estimate fatal and nonfatal opioid overdose events in pregnant and postpartum 

women in Massachusetts, comparing rates in individuals receiving and not receiving 

pharmacotherapy for opioid use disorder (OUD). 

 

METHODS: We conducted a population-based retrospective cohort study using linked 

administrative and vital statistics databases in Massachusetts to identify women with evidence of 

OUD who delivered a liveborn neonate in 2012-2014. We described maternal sociodemographic, 

medical, and substance use characteristics, computed rates of opioid overdose events in the year 

before and after delivery and compared overdose rates by receipt of pharmacotherapy with 

methadone or buprenorphine in the prenatal and postpartum periods. 

 

RESULTS: Among 177,876 unique deliveries, 4,154 (2.3%) were to women with evidence of 

OUD in the year before delivery, who experienced 242 total opioid-related overdose events (231 

nonfatal, 11 fatal) in the year before or after delivery. The overall overdose rate was 8.0 per 

100,000 person-days. Overdoses were lowest in the third trimester (3.3/100,000 person-days in 

the third trimester) and then increased in the postpartum period with the highest overdose rate 7-

12 months after delivery (12.3/100,000 person-days). Overall, 64.3% of women with evidence of 

OUD in the year before delivery received any pharmacotherapy in the year before delivery. 

Women receiving pharmacotherapy had reduced overdose rates in the early postpartum period. 

 

CONCLUSION: Pregnant women in Massachusetts have high rates of OUD. The year after 

delivery is a vulnerable period for women with OUD. Additional longitudinal supports and 

interventions tailored to women in the first year postpartum are needed to prevent and reduce 

overdose events. 

 

Sharma, K., et al. (2019). "The search for the "next" euphoric non-fentanyl novel synthetic opioids on the 

illicit drugs market: current status and horizon scanning." Forensic Toxicology 37(1): 1-16. 

  

Purpose: A detailed review on the chemistry and pharmacology of non-fentanyl novel synthetic opioid 

receptor agonists, particularly N-substituted benzamides and acetamides (known colloquially as 

U-drugs) and 4-aminocyclohexanols, developed at the Upjohn Company in the 1970s and 1980s 

is presented. 
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Method: Peer-reviewed literature, patents, professional literature, data from international early 

warning systems and drug user fora discussion threads have been used to track their emergence as 

substances of abuse. 

 

Results: In terms of impact on drug markets, prevalence and harm, the most significant compound 

of this class to date has been U-47700 (trans-3,4-dichloro-N-[2-(dimethylamino)cyclohexyl]-N-

methylbenzamide), reported by users to give short-lasting euphoric effects and a desire to re-dose. 

Since U-47700 was internationally controlled in 2017, a range of related compounds with similar 

chemical structures, adapted from the original patented compounds, have appeared on the illicit 

drugs market. Interest in a structurally unrelated opioid developed by the Upjohn Company and 

now known as BDPC/bromadol appears to be increasing and should be closely monitored. 

 

Conclusions: International early warning systems are an essential part of tracking emerging 

psychoactive substances and allow responsive action to be taken to facilitate the gathering of 

relevant data for detailed risk assessments. Pre-emptive research on the most likely compounds to 

emerge next, so providing drug metabolism and pharmacokinetic data to ensure that new 

substances are detected early in toxicological samples is recommended. As these compounds are 

chiral compounds and stereochemistry has a large effect on their potency, it is recommended that 

detection methods consider the determination of configuration. 

 

Shoff, E., et al. (2017). "Qualitative Identification of Fentanyl Analogs and Other Opioids in Postmortem 

Cases by UHPLC-Ion Trap-MSn." Journal of Analytical Toxicology 41(6): 484-492. 

 

 Since 2013, the Miami-Dade County Medical Examiner Department has experienced an increase 

in the number of opioid-related deaths. The majority of cases coincided with the introduction of 

fentanyl into the local heroin supply. From 2014 to 2015, Miami-Dade County experienced a near 

600% increase in fentanyl-related deaths, followed by an additional 200% increase in 2016. In 

2015, two novel fentanyl analogs were identified in medical examiner cases: beta-

hydroxythiofentanyl and acetyl fentanyl. In 2016, four additional fentanyl analogs emerged: para-

fluoroisobutyryl fentanyl, butyryl fentanyl, furanyl fentanyl and carfentanil, as well as the 

synthetic opioid U-47700. In order to address this epidemic, a method was developed and 

validated to identify 44 opioid-related and analgesic compounds in postmortem samples using 

ultra high performance liquid chromatography ion trap mass spectrometry with MSn capabilities. 

The limit of detection for all compounds ranged from 0.1 to 5 ng/mL, with a majority having 

MS3 spectral fragmentation. Blood, urine, liver or brain specimens from similar to 500 

postmortem cases were submitted for analysis based on case history and/or initial screening 

results. Of those cases, 375 were positive for illicit fentanyl and/or one or more fentanyl analogs. 

Due to the potency of these compounds, they were almost always included in the cause of death. 

Worth emphasizing and extremely alarming is the detection of carfentanil in 134 cases, 104 of 

which were initially missed by gas chromatography mass spectrometry. By incorporating this 

sensitive, highly specific, and evolving screening procedure into the workflow, the toxicology 
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laboratory continues to effectively assist the medical examiners in determining the cause and 

manner of death of decedents in Miami-Dade County. 

 

Sofalvi, S., et al. (2017). "An LC-MS-MS Method for the Analysis of Carfentanil, 3-Methylfentanyl, 2-

Furanyl Fentanyl, Acetyl Fentanyl, Fentanyl and Norfentanyl in Postmortem and Impaired-Driving 

Cases." Journal of Analytical Toxicology 41(6): 473-483. 

 

 In July of 2016, carfentanil (CF) emerged in Northeast Ohio resulting in over 25 deaths within a 

30-day period. A total of 125 deaths have occurred in Summit County and Cuyahoga County has 

reported 40 deaths, relating to the presence of CF either alone, or in combinations with heroin and 

fentanyl. Prior to this surge in CF cases, positive fentanyl enzyme-linked immunosorbent assay 

(ELISA) screening results were increasing in number. Many were negative for fentanyl 

confirmation by gas chromatography-mass spectrometry. Fentanyl analogs such as CF, acetyl 

fentanyl (AF), 2-furanyl fentanyl (2-Fu-F) and 3-methylfentanyl (3-MF) may be present in these 

cases. Some fentanyl analogs like CF and 3-MF do not cross-react with the Immunalysis ELISA 

fentanyl assay. With the emergence of potent synthetic fentanyl analogs, questions arose as to 

how to interpret their very low concentrations or absence in the blood in relation to cause of 

death. Driving under the influence of drugs (DUID) blood specimens had also tested positive for 

CF by reference laboratories. A liquid chromatography-tandem mass spectrometry method was 

developed to identify and quantify fentanyl, norfentanyl (NF) and four analogs: AF, 2-Fu-F, 3-

MF and CF. The method has been utilized to quantify these fentanyl analogs in blood and 

vitreous humor in authentic antemortem and postmortem cases. Calibration curves were 

established between 0.10-4.0 ng/mL (NF, AF, 3-MF, 2-Fu-F and CF) and 1.0-40 ng/mL for 

fentanyl. In total, 98 postmortem cases analyzed produced the following blood concentration 

ranges: CF (0.11-0.88 ng/mL), 3-MF (0.15-1.7 ng/mL), 2-Fu-F (0.15-0.30 ng/mL), AF (0.14-0.16 

ng/mL), fentanyl (1.1-15 ng/mL) and NF (0.10-3.7 ng/mL). Only CF, fentanyl and NF were 

detected in a statistically significant subset DUID population of 26 cases producing concentration 

ranges between 0.11 and 0.47 ng/mL, 1.0 and 9.8 ng/mL, and 0.11 and 3.5 ng/mL, respectively. 

  

Staeheli, S., et al. (2017). "Time-dependent postmortem redistribution of morphine and its metabolites in 

blood and alternative matrices-application of CT-guided biopsy sampling." International Journal of Legal 

Medicine 131(2): 379-389. 

 

 Interpretation of postmortem morphine concentrations in forensic toxicology provides several 

pitfalls such as missing information on tolerance, analyte stability, or postmortem redistribution 

(PMR). Recently, it had been shown that computed tomography (CT)-guided collection of 

biopsies using a robotic arm (virtobot) provides a valuable strategy for systematic studies on 

time-dependent PMR. Using this technique, time-dependent PMR of morphine and its 

metabolites was investigated in 12 cases. At admission to the institute (t1), femoral and heart 

blood (right ventricle) as well as biopsies from the right lung, the right kidney, liver, spleen, and 

muscle tissue were collected. At autopsy approximately 24 h later (t2), samples from the same 
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body regions were collected again. Additionally, gastric contents, urine, brain tissue, and heart 

blood from the left ventricle was collected. Morphine, normorphine, hydromorphone, morphine-

3-glucuronide, morphine-6-glucuronide, and morphine-sulfate were quantified with LC-MS/MS. 

In femoral blood, significant increase of morphine concentrations was observed, although 

ultimately not relevant for forensic interpretation. In the alternative matrices, increases as well as 

decreases were observed without a clear trend. The morphine metabolites did not exhibit relevant 

concentration changes. Investigation of underlying redistribution mechanisms indicated that 

concentration change (i.e., increase) of morphine in femoral blood rather resulted from diffusion 

processes than from release of morphine from its conjugates. Concentration changes in heart 

blood might have been caused by redistribution from lung tissue or gastric content. This study 

also proved that CT-guided collection of biopsies using a virtobot arm is an invaluable tool for 

future studies on PMR redistribution of other substance groups. 

 

Stam, N., et al. (2017). "The attribution of a death to heroin: A model to help improve the consistent and 

transparent classification and reporting of heroin-related deaths." Forensic Science International 281: 18-

28. 

 

 Introduction: Accurate attribution of heroin-related deaths, as well as the differentiation from 

other opioid analgesic-related deaths, is essential from a public health perspective. Heroin-related 

deaths involve a number of complexities where heroin-specific or non-specific metabolites and 

indicators (6-acetylmorphine [6-AM], morphine, and codeine) may or may not be detected. The 

aims of this study were therefore to develop a model for improved consistency in the attribution 

of heroin-related deaths and to determine areas of variation in the current decision-making 

processes. 

 

Methods: A model was developed using different toxicological indicators of heroin use (6-AM, 

morphine to codeine ratio (M: C) or morphine alone) along with investigative evidence of heroin 

use (circumstances, scene and clinical findings) which were used to assign a weighted score. The 

combined scores for the toxicological and investigative evidence were used to determine the 

relative strength of association for the death being attributable to heroin according to three 

categories: suspected; likely; or strong. An expert panel was convened to validate the model and a 

series of test cases were provided to a cohort of forensic toxicologists and pathologists in order to 

identify sources of variation in decision-making within this group. The model was also evaluated 

for sensitivity and specificity by reviewing potential heroin-related cases and examining the 

evidence associated with the attribution of these cases to heroin or not. 

 

Results and Discussion: Across all potential heroin-related death cases, the use of this model 

enabled a greater level of consistency in the attribution of death to heroin, especially in cases 

where 6-AM was not detected. The largest amount of variation in the attribution of a death to 

heroin was observed with potential intoxication-related deaths and in toxicity cases where a M: C 

ratio only was reported, even more than when no toxicological evidence was available. The 
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reviewed cases highlighted the same variation in the attribution of a death to heroin, including a 

large number of cases that were attributed to morphine where 6-AM was not detected. 

 

Conclusion: This model provides a useful tool for improved accuracy and consistency in the 

differentiation, attribution and reporting of heroin-related deaths. Previously challenging cases 

where death occurred after a significant period of time and either no 6-AM was detected or no 

samples were taken, are able to be captured using this model. (C) 2017 Elsevier B.V. All rights 

reserved. 

 

Steuer, A., et al. (2017). "Studies on the metabolism of the fentanyl-derived designer drug butyrfentanyl 

in human in vitro liver preparations and authentic human samples using liquid chromatography-high 

resolution mass spectrometry (LC-HRMS)." Drug Testing and Analysis 9(7): 1085-1092. 

 

 Increasing numbers of new psychoactive substances (NPS) among them fentanyl derivatives has 

been reported by the European monitoring centre for drugs and drug addiction (EMCDDA). 

Butyrfentanyl is a new fentanyl derivative whose potency ratio was found to be seven compared 

to morphine and 0.13 compared to fentanyl. Several case reports on butyrfentanyl intoxications 

have been described. Little is known about its pharmacokinetic properties including its 

metabolism. However, knowledge of metabolism is essential for analytical detection in clinical 

and forensic toxicology. Therefore, in vitro and in vivo phase I and phase II metabolites of 

butyrfentanyl were elucidated combining liquid chromatography with a qTOF high resolution 

mass spectrometer. Human liver microsomes and recombinant cytochrome P450 enzymes (CYP) 

were used for in vitro assays. Authentic blood and urine samples from a fatal intoxication case 

were available for in vivo comparison. Butyrfentanyl was shown to undergo extensive 

metabolism. Six pathways could be postulated with hydroxylation and N-dealkylation being the 

major ones in vitro. In vivo, hydroxylation of the butanamide side chain followed by subsequent 

oxidation to the carboxylic acid represented the major metabolic step in the authentic case. Initial 

screening experiments with the most relevant CYPs indicated that mainly CYP2D6 and 3A4 were 

involved in the primary metabolic steps. Altered CYP2D6 and CYP3A4 status might cause a 

different metabolite pattern, making the inclusion of metabolites of different pathways 

recommendable when applying targeted screening procedures in clinical and forensic toxicology. 

Copyright (C) 2016 John Wiley & Sons, Ltd. 

 

Strayer, K., et al. (2018). "LC-MS/MS-Based Method for the Multiplex Detection of 24 Fentanyl 

Analogues and Metabolites in Whole Blood at Sub ng mL(-1) Concentrations." Acs Omega 3(1): 514-

523. 

 

 The United States and numerous other countries worldwide are currently experiencing a public 

health crisis due to the abuse of illicitly manufactured fentanyl (IMF) and its analogues. This 
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manuscript describes the development of a liquid chromatography-tandem mass spectrometry-

based method for the multiplex detection of N = 24 IMF analogues and metabolites in whole 

blood at concentrations as low as 0.1-0.5 ng mL(-1). These available IMFs were fentanyl, 

norfentanyl, furanyl norfentanyl, remifentanil acid, butyryl norfentanyl, remifentanil, acetyl 

fentanyl, alfentanil, AH-7921, U-47700, acetyl fentanyl 4-methylphenethyl, acrylfentanyl, para-

methoxyfentanyl, despropionyl fentanyl (4-ANPP), furanyl fentanyl, despropionyl para-

fluorofentanyl, carfentanil, (+/-)-cis-3-methyl fentanyl, butyryl fentanyl, isobutyryl fentanyl, 

sufentanil, valeryl fentanyl, para-fluorobutyryl fentanyl, and para-fluoroisobutyryl fentanyl. Most 

IMF analogues (N = 22) could be easily distinguished from one another; the isomeric forms 

butyryl/isobutyryl fentanyl and para-uorobutyryl/para-fluoroisobutyryl fentanyl could not be 

differentiated. N = 13 of these IMF analogues were quantified for illustrative purposes, and their 

forensic quality control standards were also validated for limit of detection (0.017-0.056 ng mL(-

1)), limit of quantitation (0.100-0.500 ng mL(-1)), selectivity/sensitivity, ionization 

suppression/enhancement (87-118%), process efficiency (60-95%), recovery (64-97%), bias (< 

20%), and precision (> 80%). This flexible, time- and cost-efficient method was successfully 

implemented at the Montgomery County Coroner's Office/Miami Valley Regional Crime 

Laboratory in Dayton, Ohio, where it aided in the analysis of N = 725 postmortem blood samples 

collected from February 2015 to November 2016. 

 

Sundstrom, M., et al. (2016). "Patterns of drug abuse among drug users with regular and irregular 

attendance for treatment as detected by comprehensive UHPLC-HR-TOF-MS." Drug Testing and 

Analysis 8(1): 39-45. 

 

 The most severe consequences of drug abuse include infectious diseases, overdoses, and drug-

related deaths. As the range of toxicologically relevant compounds is continually changing due to 

the emergence of new psychoactive substances (NPS), laboratories are encountering analytical 

challenges. Current immunoassays are insufficient for determining the whole range of the drugs 

abused, and a broad-spectrum screening method is therefore needed. Here, the patterns of drug 

abuse in two groups of drug users were studied from urine samples using a comprehensive 

screening method based on high-resolution time-of-flight mass spectrometry. The two groups 

comprised drug abusers undergoing opioid maintenance treatment (OMT) or drug withdrawal 

therapy and routinely visiting a rehabilitation clinic, and drug abusers with irregular attendance at 

a harm reduction unit (HRU) and suspected of potential NPS abuse. Polydrug abuse was observed 

in both groups but was more pronounced among the HRU subjects with a mean number of 

concurrent drugs per sample of 3.9, whereas among the regularly treated subjects the 

corresponding number was 2.1. NPS and pregabalin were more frequent among HRU subjects, 

and their abuse was always related to drug co-use. The most common drug combination for an 

HRU subject included amphetamine, cannabis, buprenorphine, benzodiazepine, and alpha-

pyrrolidinovalerophenone. A typical set of drugs for treated subjects was buprenorphine, 

benzodiazepine, and occasionally amphetamine. Abuse of several concurrent drugs poses a higher 

risk of drug intoxication and a threat of premature termination of OMT. Since the subjects 

attending treatment used fewer concurrent drugs, this treatment could be valuable in reducing 

polydrug abuse. Copyright (c) 2015 John Wiley & Sons, Ltd. 
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Swanson, D., et al. (2017). "Fatalities Involving Carfentanil and Furanyl Fentanyl: Two Case Reports." 

Journal of Analytical Toxicology 41(6): 498-502. 

 

 Carfentanil is a fentanyl analog frequently used in large animal veterinary medicine. Recently, 

carfentanil has been discovered in postmortem and antemortem cases throughout the United 

States in the heroin supply either alone or mixed with heroin and/or other fentanyl analogs. The 

potency of carfentanil is similar to 10,000 times greater than morphine and 100 times greater than 

fentanyl. In two recent cases, carfentanil was identified and ruled to be the cause of death, either 

alone or in combination with other drugs. Case 1 involved a known heroin user. He was 

discovered slumped over in a running van blocking the bays of a carwash. Two syringes, a spoon 

with cotton and residue and a yellow baggie of powder were found in the van. Case 2 involved a 

man living in a tent in a park with his mother. He was last heard from by a sister via phone who 

stated he sounded very intoxicated and by his mother who noted him to be "itching all over" and 

upset over his girlfriend. When the mother returned from work, she discovered him unresponsive 

with a small baggie of brown powder next to him. Routine drug and volatile screening tests were 

performed on heart blood using headspace gas chromatography, immunoassay and gas 

chromatography mass spectrometry methods. Results from initial testing on both cases did not 

have any significant toxicological findings. However, due to the history, scene photos, 

toxicological findings in blood and urine and analysis of the drug paraphernalia on one of the 

cases which identified carfentanil and furanyl fentanyl, fentanyl analogues were suspected. Heart 

blood was sent to a reference laboratory for carfentanil and furanyl fentanyl analysis. Case 1 had 

a carfentanil concentration of 1.3 ng/mL and a furanyl fentanyl concentration of 0.34 ng/mL. 

Case 2 had a carfentanil concentration of 0.12 ng/mL. 

 

Takase, I., et al. (2016). "An autopsy case of acetyl fentanyl intoxication caused by insufflation of 

'designer drugs'." Legal Medicine 21: 38-44. 

 

 We present a fatal case of intoxication due to insufflation of acetyl fentanyl. His blood 

concentration of acetyl fentanyl was 270 ng/mL, and the manner of death was classified as an 

accident. This is the first report of an autopsy case of acetyl fentanyl delivered by insufflation, 

rather than intravenous administration. He had been snoring loudly for at least 12 h prior to death, 

and transport to a hospital during this time and treatment with naloxone may have saved his life. 

In this sense, it can be said that his death was preventable. This case reemphasizes the risk of 

death associated with drug overdose and the narrow range of acetyl fentanyl between the effective 

dose (ED50) and lethal dose (LD50). The case should also raise awareness among medical 

professionals of the effectiveness of naloxone and the need to establish a comprehensive system 

for toxicological analysis while keeping the possibility of use of 'designer drugs' in mind. (C) 

2016 Elsevier Ireland Ltd. All rights reserved. 
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Tomczak, E., et al. (2018). "Blood concentrations of a new psychoactive substance 4-

chloromethcathinone (4-CMC) determined in 15 forensic cases." Forensic Toxicology 36(2): 476-485. 

 

 The 4-chloromethcathinone (4-CMC) is a synthetic derivative of cathinone and belongs to new 

psychoactive substances. Neither data on the effects of 4-CMC on the human body, nor on 

nontoxic, toxic and lethal concentrations in biological materials have been published in the 

literature. This paper describes the results of an analysis of the blood concentrations of 4-CMC 

determined in 15 forensic cases related to nonfatal intoxication including driving under the 

influence, and fatalities including overdoses, suicide and traffic accidents. A new method for the 

quantification of 4-CMC using gas chromatography-mass spectrometry (GC-MS) was developed. 

The symptoms of 4-CMC use were also studied based on an analysis of the documents prepared 

during the collection of samples or at autopsies. The limits of detection and quantification of the 

method for blood samples were 0.3 and 1 ng/mL, respectively. The calibration curve was linear in 

the studied concentration range (1-500 ng/mL) with the correlation coefficient at 0.9979. The 

extraction recoveries varied in the range of 94.3-98.8%. The accuracy and precision were 

acceptable. The determined concentrations in nonfatal cases ranged from 1.3 to 75.3 ng/mL, and 

in fatalities from 56.2 to 1870 ng/mL. Our study can assist in the recognition of the possible 

effects caused by 4-CMC and can be helpful during the preparation of forensic toxicological 

opinions for courts of law. The validation parameters indicate the sensitivity and accuracy of the 

method. This is the first work presenting a validated method for the determination of 4-CMC in 

blood samples by GC-MS. 

 

Vadivelu, N., et al. (2018). "The Opioid Crisis: a Comprehensive Overview." Current Pain and Headache 

Reports 22(3). 

 

 Purpose of Review The opioid crisis most likely is the most profound public health crisis our 

nation has faced. In 2015 alone, 52,000 people died of drug overdoses, with over 30,000 of those 

people dying from opioid drugs. A recent community forum led by the Cleveland Clinic 

contrasted this yearly death rate with the loss of 58,000 American lives in 4 years of the Vietnam 

War. The present review describes the origins of this opioid epidemic and provides context for 

our present circumstances. 

 

Recent Findings Alarmingly, the overwhelming majority of opioid abusers begin their addiction 

with prescription medications, primarily for chronic pain. Chronic postoperative pain, which 

occurs in 10-50% of surgical patients, is a major concern in many types of surgery. Nationwide, 

the medical community has made it a priority to ensure that postsurgical analgesia is sufficient to 

control pain without increasing non-medically appropriate opioid use. 
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Summary The opioid epidemic remains a significant pressing issue and will not resolve easily. 

Numerous factors, including the inappropriate prescription of opioids, lack of understanding of 

the potential adverse effects of long-term therapy, opioid misuse, abuse, and dependence, have 

contributed to the current crisis. 

 

Ventura, L., et al. (2018). "Opioids in the Frame of New Psychoactive Substances Network: A Complex 

Pharmacological and Toxicological Issue." Current Molecular Pharmacology 11(2): 97-108. 

 

 Background: New psychoactive substances (NPS), often referred to as "legal highs" or "designer 

drugs", are derivatives and analogues of existing psychoactive drugs that are introduced in the 

recreational market to circumvent existing legislation on drugs of abuse. 

Objective: This systematic review aims to gather the state of the art regarding chemical, 

molecular pharmacology and toxicological information of opioid class of NPS. 

Methods: Chemical, pharmacological, toxicological and clinical effects of opioid class of NPS 

were searched in books and in PubMed (U.S. National Library of Medicine) without a limiting 

period. 

Results: Within this class, fentanyl analogues are among the most frequently abused and pose 

several clinical concerns and therefore will be thoroughly discussed. Other opioid sub-categories 

of NPS frequently misused include AH-7921, MT-45, U-47700, U-50488, desomorphine, 

mitragynine, tramadol, tapentadol, salvinorin A and its analogue herkinorin. 

Conclusion: Due to inefficient monitoring techniques, as well as limited knowledge regarding the 

acute and long-term effects of opioids NPS, further clinical and forensic toxicological studies are 

required. 

 

Vorce, S., et al. (2014). "A Fatality Involving AH-7921." Journal of Analytical Toxicology 38(4): 226-

230. 

 

 A case is presented of a 19-year-old white male who was found dead in bed by a friend. While no 

anatomic cause of death was observed at autopsy, toxicological analysis of his blood identified 

AH-7921, a synthetic opioid. AH-7921 was isolated by liquidliquid extraction into n-butyl 

chloride from alkalinized samples. Extracts were analyzed and quantified by gas chromatography 

mass spectrometry in selected ion monitoring mode. The heart blood had an AH-7921 

concentration of 3.9 mg/L and the peripheral blood concentration was 9.1 mg/L. In addition to the 

blood, all submitted postmortem specimens including urine, liver, kidney, spleen, heart, lung, 

brain, bile and stomach content were quantified. The following concentrations of AH-7921 were 

reported: 6.0 mg/L in urine, 26 mg/kg in liver, 7.2 mg/kg in kidney, 8.0 mg/kg in spleen, 5.1 

mg/kg in heart, 21 mg/kg in lung, 7.7 mg/kg in brain, 17 mg/L in bile and 120 mg/125 mL in the 
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stomach content. The medical examiner reported that the cause of death was opioid intoxication 

and the manner of death was accident. 

 

Wikstrom, M., et al. (2013). "An Accidental Fatal Intoxication with Methoxetamine." Journal of 

Analytical Toxicology 37(1): 43-46. 

 This paper reports an unintentional death involving the administration of methoxetamine [2-(3-

methoxyphenyl)-2-(ethylamino)-cyclohexanone] and offers some reference values from living 

drug abusers. Methoxetamine is a new recreational drug with a similar structure to ketamine. The 

deceased was a 26-year-old male with a history of drug abuse; he was found lying on the floor in 

his apartment. Several red-line plastic bags were found, one of which was labeled 2-(3-

methoxyphenyl)-2-(ethylamino)-cyclohexanone and another labeled Haze. In four cases from 

living subjects with unknown doses, concentrations of methoxetamine were found from 0.13 to 

0.49 g/g. In three of the cases, the blood samples also contained natural or synthetic cannabinoids. 

In the autopsy case, a considerably higher concentration of methoxetamine, 8.6 g/g, was found in 

femoral blood. In addition, tetrahydrocannabinol and the three different synthetic cannabinoids 

AM-694, AM-2201, and JWH-018, were present in femoral blood. The circumstances and the 

high femoral blood concentration of methoxetamine point toward an unintentional, acute fatal 

intoxication with methoxetamine, although the presence of the three synthetic cannabinoids may 

have contributed to the death. 

 

Winborn, J. and S. Kerrigan (2017). "Desomorphine Screening Using Commercial Enzyme-Linked 

Immunosorbent Assays." Journal of Analytical Toxicology 41(5): 455-460. 

 

 Desomorphine ("Krokodil") is a semi-synthetic opioid that has drawn attention as a recreational 

drug, particularly in Russia, neighboring former Soviet Republics, Eastern and Central Europe. It 

has no accepted medicinal uses and is currently a schedule I drug in the United States. In 

clandestine environments, desomorphine is synthesized from codeine using red phosphorous, 

hydroiodic acid and gasoline. Residual starting materials in illicit preparations have been 

associated with severe dermatological effects and extensive tissue necrosis. Desomorphine is not 

well studied, and there are limited reports concerning its pharmacology or detection in biological 

matrices. Immunoassays are widely relied upon for both antemortem and postmortem toxicology 

screening. Although desomorphine is an opioid of the phenanthrene-type, its ability to bind to 

conventional opioid antibodies has not been described. In this report we describe the cross-

reactivity of desomorphine using six commercially available enzyme-linked immunosorbent 

assays (Immunalysis Opiates Direct ELISA, Immunalysis Oxycodone/Oxymorphone Direct 

ELISA, Randox Opiate ELISA, OraSure Technologies OTI Opiate Micro-plate EIA, Neogen 

Opiate Group ELISA and Neogen Oxycodone/Oxymorphone ELISA). Cross-reactivites were 

highly variable between assays, ranging from 77 to <2.5%. In general, assays directed towards 

morphine produced greater cross-reactivity with desomorphine than those directed towards 

oxycodone. The Immunalysis Opiates Direct ELISA produced the greatest cross-reactivity, 
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although several of the assays evaluated produced cross-reactivity of a sufficient magnitude to be 

effective for desomorphine screening. 

 

Winklhofer, S., et al. (2014). "Post-mortem whole body computed tomography of opioid (heroin and 

methadone) fatalities: frequent findings and comparison to autopsy." European Radiology 24(6): 1276-

1282. 

 

 To investigate frequent findings in cases of fatal opioid intoxication in whole-body post-mortem 

computed tomography (PMCT).|PMCT of 55 cases in which heroin and/or methadone had been 

found responsible for death were retrospectively evaluated (study group), and were compared 

with PMCT images of an age- and sex-matched control group. Imaging results were compared 

with conventional autopsy. The most common findings in the study group were: pulmonary 

oedema (95 %), aspiration (66 %), distended urinary bladder (42 %), cerebral oedema (49 %), 

pulmonary emphysema (38 %) and fatty liver disease (36 %). These PMCT findings occurred 

significantly more often in the study group than in the control group (p < 0.05). The combination 

of lung oedema, brain oedema and distended urinary bladder was seen in 26 % of the cases in the 

study group but never in the control group (0 %). This triad, as indicator of opioid-related deaths, 

had a specificity of 100 %, as confirmed by autopsy and toxicological analysis. Frequent findings 

in cases of fatal opioid intoxication were demonstrated. The triad of brain oedema, lung oedema 

and a distended urinary bladder on PMCT was highly specific for drug-associated cases of death. 

Aero cent Frequent findings in cases of fatal opioid intoxication were investigated. Aero cent 

Lung oedema, brain oedema and full urinary bladder represent a highly specific constellation. 

Aero cent This combination of findings in post-mortem CT should raise suspicion of intoxication. 

 

Yamagishi, I., et al. (2018). "A case of intoxication with a mixture of synthetic cannabinoids EAM-2201, 

AB-PINACA and AB-FUBINACA, and a synthetic cathinone alpha-PVP." Legal Medicine 35: 44-49. 

 

 We report a case of intoxication with a mixture of three synthetic cannabinoids and a synthetic 

cathinone, which have been disclosed by a highly sensitive progressing technology. A man was 

found dead, and his forensic autopsy was performed at our department. After further 

examinations of his specimens, EAM-2201 and alpha-PVP have been newly found in his lung. 

The concentrations of EAM-2201 have not been reported yet in any authentic human specimens 

although its existence (not quantified) in blood was reported in 2015. Therefore, a sensitive 

quantitation method of these compounds in blood and solid tissues has been devised using the 

sensitive instrument. The limits of detection of these compounds were in the range of 3-10 pg/ml 

with their quantification range of 10-1000 pg/ml in blood. The femoral vein blood levels of 

EAM-2201 and AB-PINACA were 56.6 +/- 4.2 and 12.6 +/- 0.1 pg/ml, respectively, and AB-

FUBINACA could be detected but not quantifiable in the blood specimens; alpha-PVP could not 

be detected. The standard addition method was employed for the quantification of these 

compounds in the lung, liver and kidney specimens. The lung levels of EAM-2201, AB-

PINACA, AB-FUBINACA and alpha-PVP were 348 +/- 34, 355 +/- 30, 124 +/- 12 and 59.0 +/- 
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7.4 pg/g, respectively. In conclusion, in this study, the concentrations of EAM-2201 in authentic 

human specimens including blood and solid tissues and those of AB-PINACA and AB-

FUBINACA in solid tissue specimens were quantified for the first time to our knowledge. 

 

Yang, H., et al. (2016). "Development and Validation of a Novel LC-MS/MS Opioid Confirmation 

Assay: Evaluation of beta-glucuronidase Enzymes and Sample Cleanup Methods." Journal of Analytical 

Toxicology 40(5): 323-329. 

 

 With the rise in the use and misuse of prescription opioids, there is an increasing need for the 

confirmed identification of opioid analgesics in toxicology laboratories. The goals of this study 

were to (i) systematically evaluate the hydrolysis efficiency of four beta-glucuronidase enzymes 

under optimized condition; (ii) evaluate compound recovery, matrix effects and precision of three 

protein precipitation plates and (iii) develop and validate a qualitative liquid-chromatography 

mass spectrometry (LC-MS/MS) assay to identify 13 opioids in urine. A recombinant beta-

glucuronidase exhibited the best overall hydrolysis efficiency for seven opioid glucuronide 

conjugates compared with beta-glucuronidase from red abalone, Escherichia coli and Patella 

vulgata. One of the protein precipitation plates tested exhibited overall better recovery of the 

opioids and lower ion suppression compared with the other two plates. An ESI positive mode LC-

MS/MS assay for qualitative opioid analysis was developed and validated. Linearity, LOD, 

precision, matrix effect, recovery, carryover and interference of the method were evaluated. 

Sixty-two patient samples were analyzed by both a legacy GC-MS opioid method and the LC-

MS/MS method, and 22 samples were analyzed by the LC-MS/MS and an LC-MS/MS reference 

method. The results of the comparisons showed good concordance. Overall, we described an 

efficient sample preparation procedure for a sensitive qualitative opioid confirmation assay in 

urine. 

 

Yeter, O. (2017). "Identification of the Synthetic Cannabinoid 1-(4-cyanobutyl)-N-(2-phenylpropan-2-yl)-

1H-indazole-3-carboxamide (CUMYL-4CN-BINACA) in Plant Material and Quantification in Post-

Mortem Blood Samples." Journal of Analytical Toxicology 41(9): 720-728. 

 

 In May 2016, a new type of synthetic indazole-3-carboxamide cannabinoid (CUMYL-4CN-

BINACA) was detected in seized plant material submitted to the Istanbul Council of Forensic 

Medicine by the National Police Office. The major ingredient in this material was purified using 

preparative liquid chromatography, and its structure was identified using liquid chromatography-

high-resolution mass spectrometry (LC-HR/MS), gas chromatography-electron ionization/mass 

spectrometry (GC-EI/MS), nuclear magnetic resonance (NMR) spectroscopy and Fourier 

transform-infrared spectroscopy (FT-IR). Using HR-MS, the molecular formula of the compound 

was determined to be C22H24N4O (MW = 360.1950). The H-1 and C-13-NMR and FT-IR 

spectrometric data revealed that the structure of compound was 1-(4-cyanobutyl)-N-(2-

phenylpropan-2-yl)-1H-indazole-3-carboxamide (CUMYL-4CN-BINACA). After identification, 

it was quickly added to our generic drug list, and an ultra performance liquid chromatography-
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tandem mass spectrometry (UPLC-MS-MS) method was developed to determine its presence in 

blood samples. This study reports on the identification of CUMYL-4CN-BINACA in plant 

material using LC-HR/MS, GC-EI/MS, NMR and FT-IR as well as a validated method for 

quantification of CUMYL-4CN-BINACA in post-mortem blood samples by UPLC-MS-MS 

analysis. The quantification method has been validated in terms of linearity (0.1-50 ng/mL), 

selectivity, intra- and inter-assay accuracy and precision (CV < 15%), recovery (94-99%), limit of 

detection (0.07 ng/mL) and limit of quantification (0.1 ng/mL). Matrix effects, stability and 

process efficiency were also assessed. The method has been applied to 2,350 post-mortem blood 

samples from the autopsy cases in the Morgue Department of the Council of Forensic Medicine 

(Istanbul, Turkey) between 1 July 2016 and 31 December 2016. 

 

Yonemitsu, K., et al. (2016). "A fatal poisoning case by intravenous injection of "bath salts" containing 

acetyl fentanyl and 4-methoxy PV8." Forensic Science International 267: E6-E9. 

 

 A man in his 30's was found at home, not breathing. He was admitted to an emergency hospital 

and the doctor confirmed his death. He had a history of methamphetamine abuse spanning several 

years, and while fresh needle marks were visible on his arm, the only other autopsy findings 

indicated an acute death. A small plastic bag containing a pale brown white powder, and a small 

amount of liquid in a syringe were found at the scene. The police forensic laboratory detected 

acetyl fentanyl and 4-methoxy PV8 (4-methoxy PHPP) in both the powder and the liquid. Scan 

analysis by gas chromatography-mass spectrometry (GC-MS) and liquid chromatography-mass 

spectrometry (LC-MS) identified acetyl fentanyl and 4-methoxy PV8 in the urine sample. Both 

drugs were quantitated simultaneously by liquid chromatography-tandem mass spectrometry (LC-

MS/MS), using the selected reaction monitoring method. The concentration of acetyl fentanyl in 

the femoral vein blood, urine, and gastric contents were 153, 240, and 880 ng/mL respectively, 

and the concentration of 4-methoxy PV8 in the femoral vein blood, urine, and gastric contents 

were 389, 245, and 500 ng/mL respectively. Cause of death was attributed to acute poisoning by 

"bath salts" containing acetyl fentanyl and 4-methoxy PV8. Evidence indicated that self-

administered intravenous injection was the most likely scenario, and that the deceased had been a 

habitual user of the "bath salt" drug for some time. Drugs detected in the gastric contents could be 

explained by the gastric secretion of basic drugs, or drug-containing bile entering the gastric 

contents. (C) 2016 Elsevier Ireland Ltd. All rights reserved. 

 

Zawilska, J. (2017). "An expanding world of Novel Psychoactive Substances: Opioids." Frontiers in 

Psychiatry 8. 

 

 The abuse of novel psychoactive substances (NPS) has been increasing dramatically worldwide 

since late 2000s. By the end of 2015, more than 560 NPS had been reported to the European 

Monitoring Centre for Drugs and Drug Addiction. Although the most popular compounds are 

synthetic cannabinoids and psychostimulatory derivatives of cathinone (so-called beta-keto-

amphetamines), novel synthetic opioids have recently emerged on the recreational drug market. 
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They include fentanyl (a potent narcotic analgesic) and its analogs (e.g., acetylfentanyl, 

acryloylfentanyl, carfentanil, alpha-methylfentanyl, 3-methylfentanyl, furanylfentanyl, 4-

fluorobutyrylfentanyl, 4-methoxybutyrylfentanyl, 4-chloroisobutyrylfentanyl, 4-

fluoroisobutyrylfentanyl, tetrahydrofuranylfentanyl, cyclopentylfentanyl, and ocfentanil) and 

compounds with different chemical structures, such as AH-7921, MT-45, and U-47700. This 

survey provides an overview of the pharmacological properties, pattern of use, and desired and 

unwanted effects of the above-listed novel opioids. Special emphasis is given to cases of non-

fatal and lethal intoxication involving these compounds. 

 

Ziesenitz, V., et al. (2018). "Pharmacokinetics of Fentanyl and Its Derivatives in Children: A 

Comprehensive Review." Clinical Pharmacokinetics 57(2): 125-149. 

 

 Fentanyl and its derivatives sufentanil, alfentanil, and remifentanil are potent opioids. A 

comprehensive review of the use of fentanyl and its derivatives in the pediatric population was 

performed using the National Library of Medicine PubMed. Studies were included if they 

contained original pharmacokinetic parameters or models using established routes of 

administration in patients younger than 18 years of age. Of 372 retrieved articles, 44 eligible 

pharmacokinetic studies contained data of 821 patients younger than 18 years of age, including 

more than 46 preterm infants, 64 full-term neonates, 115 infants/toddlers, 188 children, and 28 

adolescents. Underlying diagnoses included congenital heart and pulmonary disease and 

abdominal disorders. Routes of drug administration were intravenous, epidural, oral-

transmucosal, intranasal, and transdermal. Despite extensive use in daily clinical practice, few 

studies have been performed. Preterm and term infants have lower clearance and protein binding. 

Pharmacokinetics was not altered by chronic renal or hepatic disease. Analyses of the pooled 

individual patients' data revealed that clearance maturation relating to body weight could be best 

described by the Hill function for sufentanil (R-2 = 0.71, B-max 876 mL/min, K-50 16.3 kg) and 

alfentanil (R-2 = 0.70, B-max ((fixed)) 420 mL/min, K-50 28 kg). The allometric exponent for 

estimation of clearance of sufentanil was 0.99 and 0.75 for alfentanil clearance. Maturation of 

remifentanil clearance was described by linear regression to bodyweight (R-2 = 0.69). The 

allometric exponent for estimation of remifentanil clearance was 0.76. For fentanyl, linear 

regression showed only a weak correlation between clearance and bodyweight in preterm and 

term neonates (R-2 = 0.22) owing to a lack of data in older age groups. A large heterogeneity 

regarding study design, clinical setting, drug administration, laboratory assays, and 

pharmacokinetic estimation was observed between studies introducing bias into the analyses 

performed in this review. A limitation of this review is that pharmacokinetic data, based on 

different modes of administration, dosing schemes, and parameter estimation methods, were 

combined. 
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