
Page | 1  

 

Investigating post-mortem redistribution of drugs in a 
cohort of suspected unnatural deaths in Cape Town, South 

Africa 

 

 
 

Dissertation presented in partial fulfilment of the requirements for the 
Masters of Medicine (MMed) in Forensic Pathology at the University of 

Cape Town 

 

By 

Dr Liza Clegg 

Student Number: PRFLIZ001  

Division of Forensic Medicine and Toxicology, Department of Pathology, 
Faculty of Health Science, University of Cape Town 

 
 

 

Supervisor:  Dr Gavin Martin Kirk 

Co-supervisors:  Bronwen Beth Davies, Marie Belle Kathrina Mendoza Hlela 

Univ
ers

ity
 of

 C
ap

e T
ow

n



The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Page | 2 

Declaration 

I, Liza Clegg, hereby declare that the work on which this thesis is based is my original work (except where 

acknowledgements indicate otherwise) and that neither the whole work nor any part of it has been, is being, 

or is to be submitted for another degree in this or any other university. 

This work has not been reported or published prior to registration for the abovementioned degree. 

I authorise the University to reproduce for the purpose of research either the whole or any portion of the 

contents in any manner whatsoever.  

This thesis has been submitted to the Turnitin module and I confirm that my supervisors have seen my report 

and any concerns revealed by such have been resolved with my supervisors. 

Name: Liza Clegg 

Student Number: PRFLIZ001 

Signature: ……………………….………………. 

Date: ………………………………………. 



Page | 3  

Abstract 

 

Introduction: The interpretation of post-mortem toxicological analytical results is complex, specifically, due 

to the phenomenon of post-mortem redistribution (PMR). The latter needs to be taken into consideration 

when determining if, and to what extent a drug contributed to death. Additionally, case specific features also 

play a role and therefore no specific drug concentration can be deemed ‘fatal’. The accumulation of drugs in 

specific body areas before and around death creates drug reservoirs, influencing redistribution after death. 

However, patterns like concentration ratios between cardiac and peripheral blood aid in understanding PMR 

tendencies of specific drugs. By contributing data to the larger knowledge pool, we can better understand how 

different drugs behave in the post-mortem setting, thereby assisting toxicologists and pathologists to come to 

a rational conclusion regarding the post-mortem toxicological results on a case-by-case basis.  

Methods: This study is the first of its kind in South Africa, aiming to investigate the extent of PMR of common 

drugs of use and misuse. To this end, paired admission femoral blood and autopsy femoral and cardiac blood 

samples were tested on a quantitative LC-MS/MS panel for of 31 commonly misused drugs.  

Results: A total of 109 suspected unnatural cases admitted to the mortuary were included, of which 61 (56%) 

yielded positive toxicology results. The data was analysed using SPSS Version 28. The most common analytes 

detected were acetaminophen (n=13; 21.3%), 11-nor-9-carboxy-Δ⁹-tetrahydrocannabinol (THC-COOH) (n=20; 

37.8%),  amphetamine (n=30; 49.2%), methaqualone (n=33; 54.1%) and methamphetamine (n=33; 54.1%). 

Males represented the majority of cases in the cohort and the mean age of individuals testing positive was 33 

years (SD: 10 years). 

Cardiac/peripheral (C/P) ratios were calculated and significant pairwise differences with Bonferroni correction 

were found for amphetamine, methamphetamine and nor-carboxy-tetrahydrocannabinol, corresponding with 

current literature. Additionally, where the literature was previously lacking data on the PMR of methaqualone, 

this study suggested that it is less likely to undergo PMR. 
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Chapter 1 – Introduction and Literature Review 

 

1.1 Introduction 

 

Post-mortem investigations, which include autopsies, are systematic medical investigations of bodies after 

death (Fitsanakis, 2020). In South Africa, forensic post-mortems are performed by forensic pathologists or 

forensic medical practitioners and are mandated by The Inquests Act (Act 58 of 1959),which allows for the 

holding of inquests in cases of death or alleged deaths apparently occurring from other than natural causes 

(The Inquests Act, No. 58 of 1959, 1959). Unnatural deaths are further defined in the Regulations Regarding 

the Rendering of Forensic Pathology Services (reg 636), in terms of the National Health Act 2003 and the Health 

Professions Act   (Health Professions Amendment Act, 2007, No. 29 of 2007; National Health Act, No. 61 of 

2003; Regulations Regarding the Rendering of Forensic Pathology Service, 2007). These include deaths due to 

direct or indirect physical or chemical influence or arising complications, procedure-related deaths (whether 

therapeutic, diagnostic or palliative in nature), sudden unexpected deaths, and deaths suspected to be due to 

an act of omission or commission (Regulations Regarding the Rendering of Forensic Pathology Service, 2007).  

 

Forensic toxicology, an ancillary component of the death investigation, aims to determine potential drug or 

chemical toxicity or impairment prior to death and assess its contribution to the cause of death. Forensic 

pathologists may request toxicological analyses for various substances including ethanol, scheduled medicinal 

and recreational drugs, and chemicals, as these may be involved in a myriad of fatal incidents, including, but 

not limited to motor vehicle accidents, workplace accidents, or overdoses. The results of these tests are of 

great importance in medicolegal investigations, not only to confirm or exclude fatal intoxication, but also to 

be able to estimate the degree of incapacitation at the time of death (Zilg et al., 2017). In the living, reference 

values are available for therapeutic, and toxic levels of most drugs in serum/plasma, however, these rarely 

apply in the post-mortem setting (Pelissier-Alicot et al., 2003). 

 

It has been well established that drug concentrations at the time of autopsy do not necessarily reflect those 

at the time of death. This complicates the interpretation and conclusion of cause of death in forensic cases 

where drugs are involved (Pelissier-Alicot et al., 2003). Castle et al. (2022) re-iterate the wide overlap of 

therapeutic and potentially fatal blood concentrations with certain drugs, such as opioids (Castle et al., 

2022).There are several factors that contribute to the difference in drug concentrations and the complication 

of interpretation, including drug instability, lack of specimen integrity and site of collection, and post-mortem 

redistribution (PMR) of the drugs. PMR is a phenomenon that involves site- and time-dependent changes of 

drug concentrations in a body after death (Mantinieks et al., 2021). Despite the common use of post-mortem 

concentrations to calculate or assume antemortem concentrations for certain drugs such as ethanol, 

estimating the ante-mortem concentration of a drug from a post-mortem blood drug concentration is not 
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recommended, due to the myriad of factors that may influence the concentrations. Providing pathologists and 

toxicologists with more insight into PMR for certain drugs, together with stability and other interpretive data, 

may assist in arriving at a rational interpretation of post-mortem toxicological results within the context of the 

death (McIntyre, I., 2016).  

 

1.2 Background / Literature review 

 

1.2.1. Post-mortem redistribution 

 

The human body is not a static entity after death (Chesser et al., 2019). PMR is a prime example of this, as it 

encompasses the site- and time-dependent variations in drug concentrations in biological specimens after 

death (Mantinieks et al., 2021). This complex phenomenon is well recognised, yet under-explored and it 

complicates the interpretation of drug concentrations in decedents in medicolegal investigations (Saar et al., 

2012). There is a definite danger of over- or under interpretation of post-mortem drug levels, for example an 

artefactually elevated post-mortem drug level may be misinterpreted as a lethal overdose (Pounder & Jones, 

1990). The opposite may also be true, where falsely low levels may cause the contribution of drugs to the 

death to be overlooked or underestimated. Castle et al., (2022) re-iterated the importance of obtaining drug 

use history, as there is a wide overlap of therapeutic and potentially fatal blood concentrations, which may be 

attributed to the repeated administration of drugs such as opioids, leading to tolerance (Castle et al., 2022). 

 

Many avenues have been investigated in order to better understand a drug’s propensity for undergoing PMR 

and in doing so improve interpretation of post-mortem toxicology results. These include drug concentration 

ratios between cardiac and peripheral blood (C/P) (Emaus et al., 2023). A liver-to-peripheral (L/P) ratio has 

also been explored as an indicator for PMR (Lemaire et al., 2017), as drug blood-brain concentrations (Nedahl, 

Johansen & Linnet, 2021). Despite PMR playing an important part of the medicolegal death investigation, there 

are currently no accepted, reliable methods for the determination of PMR, due to its complexity and the 

numerous factors and mechanisms, which may cause PMR (Brockbals et al., 2021). 

 

1.2.2. Mechanisms of PMR 

 

The underlying mechanisms of PMR are complex and may involve various processes, such as diffusion, cell 

breakdown and other post-mortem processes, all of which have inter-individual variation (Yarema & Becker, 

2005). Post-mortem drug levels may be falsely low due to tissue uptake, metabolism, or instability of the 

analyte(s). Alternatively, the levels may be falsely high due to passive release of drugs from high concentration 

reservoirs, down a concentration gradient (Pelissier-Alicot et al., 2003), or post-mortem synthesis. The 

diffusion can occur through blood vessels or be transparietal, from the lung into nearby vasculature. As a result 
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of such high concentration reservoirs, there may be variations in drug concentrations in the same matrix (e.g., 

blood) from the same case, depending on the site of sampling and its proximity to high concentration 

reservoirs. For example, some sites, such as the heart are in close proximity to high concentrations of analytes 

in the gastrointestinal tract (Pelissier-Alicot et al., 2003). This gives rise to potential diffusion into cardiac 

blood, leading to artefactually high concentrations. 

 

Further causes of PMR include post-mortem processes such as putrefactive changes, cell death, coagulation 

of blood and hypostasis (Pelissier-Alicot et al., 2003).  Post-mortem degradation of cell membranes allows for 

diffusion of elements from one tissue to another, altering the drug concentrations (Gerostamoulos et al., 

2012). Post-mortem microbial action may further degrade drugs and metabolites, further complicating the 

interpretation of concentrations. (Castle et al., 2022). 

 

Another reason one cannot utilise living patient reference values for therapeutic, and toxic concentrations in 

the post-mortem setting in isolation, is due to the fact that that the composition of post-mortem blood is 

different. Usually whole blood is analysed in a post-mortem setting, whereas plasma and serum are analysed 

in ante-mortem cases, and the distribution of drugs between these matrices may vary (Pounder & Jones, 

1990). In addition to decomposition, the condition and position in which a body was found, transported and 

stored can cause changes to drug concentration (Gerostamoulos et al., 2012). The position of a corpse can 

influence the concentrations in certain areas, with corpses found in a left side position having lower cardiac-

to-peripheral (C/P) ratios when compared to those in a right sided position. This may be due to hypostasis, 

post-mortem ‘reflux’ and gravitational pull (Kamphuis et al., 2021). 

 

Not only do all these factors influence PMR, but the properties of individual analytes including lipophilicity, 

volume of distribution, residual metabolic activity, acidic/basic properties and protein binding affinity also play 

a role (Lemaire et al., 2017). Additional drug specific factors influencing PMR, include the route of 

administration, bioavailability, synergism and antagonism of various drugs (Chung & Choe, 2019), additionally, 

the metabolic phase of the specific analyte at the time of death may also influence PMR, for example high 

arterial concentrations of diazepam and ethanol during the absorption phase, and higher venous 

concentrations during the elimination phase of drugs such as furosemide and propranolol  (Pelissier-Alicot et 

al., 2003). Once a sample is collected, further factors may influence the interpretation of post-mortem 

toxicology results include variations in drug stability, storage conditions and time between collection and 

testing (Kintz et al., 2020).  
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1.2.3. Sources of PMR 

 

Drugs may sequester in the ante-mortem and peri-mortem stage into organs and tissues, known as drug 

reservoirs (Pelissier-Alicot et al., 2003)(Figure 1). These include hollow organs such as the gastrointestinal 

tract (GIT), especially the stomach, which can contain undigested and unabsorbed drugs, and organs that 

function to concentrate drugs, such as the liver, lungs, heart, and in some cases, the renal cortex (Pounder & 

Jones, 1990). 

 

Redistribution from the stomach may occur rapidly through blood vessels to the left cardiac chambers, aorta, 

right cardiac chambers, and inferior vena cava, often within hours after death for substances like tricyclic 

antidepressants (Pelissier-Alicot et al., 2003). Stomach contents can be regurgitated or shifted during the post-

mortem period into the airways, leading to redistribution of drugs into pulmonary vessels and subsequently 

into the heart blood. 

 

The lungs can accumulate drugs because they receive a large volume of blood from the right ventricle of the 

heart. After death, drugs can be redistributed from the lungs to the cardiac chambers and vessels in the thorax 

(Pelissier-Alicot et al., 2003). Additionally, the fluid in the pleural and peritoneal cavities assists in the 

movement of drugs between organs and the different body cavities (Hilberg, Mørland & Bjørneboe, 1994). 

 

Drugs can be further redistributed from the liver, located in the peritoneal cavity, into the inferior vena cava 

via the hepatic veins and end up in organs in other body cavities, such as the right cardiac chambers, 

pulmonary blood vessels, and/or peripheral blood (Pounder, 1993).The anatomical position of the liver lends 

itself to direct redistribution of drugs into adjacent organs, including the stomach, proximal duodenum, and 

gallbladder (Pounder, 1993). 

 

Cardiac drugs such as digoxin, calcium channel blockers, and quinidine are concentrated in the heart muscle 

of patients in vivo, leading to concentrations up to 30 times higher compared to the blood within the heart 

(Pelissier-Alicot et al., 2003).  After death, the drugs can diffuse from the myocardium back into the heart 

blood and subclavian blood vessels, altering the concentrations at these sites. Subclavian blood cannot be 

considered a peripheral specimen in such cases (Prouty & Anderson, 1990). 

 

Considering that the stomach, lungs, and heart can be seen as drug sequesters, they may allow drugs to move 

back into the blood system in the central regions. It is for the above reasons that peripheral blood specimens 

are preferred for quantitative interpretation, given that peripheral sites are less likely to be affected by PMR, 

due to their proximity to these organs and reservoirs. 
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1.2.4. Site-dependent PMR variations 

  

Biological samples for toxicological analysis may be obtained from many sites or tissues in the body, and the 

collection of these may itself alter the validity of the result obtained (Pounder & Jones, 1990). High 

concentrations in certain regions can be linked to the route of administration – such as smoking/inhalation 

leading to high pulmonary concentrations (Mueller et al., 2021).  A study performed in Sweden has shown that 

drug concentrations in central blood were generally higher than the concentrations in peripheral blood. 

Specific drugs which exhibited this, included Oxazepam, Metoprolol, Warfarin, Diazepam, Nordazepam, 

Pregabalin, Sertraline, Desmetylsertraline, EDDP, Alprazolam, Propiomazine, Methadone, Paracetamol, 

Lamotrigine, Tramadol, O-desmetyltramadol, Zopiclone, Citalopram, Duloxetine, Metoprolol, Alimemazine, 

Morphine, Codeine, Oxycodone, MDMA, MDA, Salicylic acid, Amitriptyline,  Nortriptyline, Olanzapine and 

Venlafaxine. (Zilg et al., 2017). In addition, the drug concentrations also varied between arterial and venous 

blood, when comparing blood from the carotid artery to the jugular vein, the former having higher 

concentrations (Zilg et al., 2017). Statistically significant increases in drug concentrations were found in blood 

from the right heart (central), compared to the external iliac vein (peripheral) (Zilg et al., 2017). This study also 

showed that there was no significant difference in drug concentrations in drugs with low volume of 

distribution and cases with a short post-mortem interval (PMI). The latter is another important factor in PMR. 

Significant differences in concentration were noted with longer time periods between death and the autopsy 

 

Figure 1: Possible post-mortem diffusion routes of drugs from high concentration reservoirs into blood sources in the body. 
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and collection of biological samples (Zilg et al., 2017). Other studies have reviewed variation in central sites – 

heart and subclavian vessels - and others at peripheral sites – iliac, femoral, and popliteal vessels (Lemaire et 

al., 2017). They also have important comparative findings and recommend popliteal venous blood sampling 

as it appears to be more resistant to processes such as PMR (Lemaire et al., 2017).  

 

Examples of these site-dependent concentration differences were highlighted in a study evaluating free 

morphine and total morphine, which were higher than the peripheral concentrations, when comparing 

femoral vein and femoral artery blood to cardiac blood, when investigating suspected heroin overdoses 

(Crandall et al., 2006). Mean concentrations of drugs such as morphine, methadone and their respective 

metabolites tend to be lower at peripheral sites compared to cardiac concentrations (Lemaire et al., 2017). 

The same study revealed that the concentration of diazepam and its metabolites were slightly higher in 

peripheral samples, compared to the cardiac concentrations (Lemaire et al., 2017). 

 

1.2.5. Markers of PMR 

 

In light of interpretive difficulties in post-mortem toxicology, including the site-dependent variations of drug 

concentrations included in PMR, some authors have explored the use of alternative strategies to interpret 

PMR, such as the use of concentration ratios of drug at different anatomical sites. Concentration ratios 

between cardiac and femoral blood (C/P ratio) is often used to determine a drug’s propensity for PMR, as 

central blood is more prone to these changes. Peripheral blood should not be collected via blind stick method, 

but rather via direct visualisation and collection from a ligated peripheral vein, therefore functionally isolated 

from central contamination (Lemaire et al., 2017) without milking the vessel, whereas cardiac blood should 

be sampled from the right atrium or the inferior vena cava (Stimpfl et al., 2008)  A C/P ratio less than or equal 

to 1 suggests the absence of PMR, although there are some exceptions, such as codeine (Brockbals et al., 

2018). Therefore a liver-to-peripheral ratio has also been explored as an indicator for PMR (Lemaire et al., 

2017). Liver tissue is invaluable in toxicological analysis, as it is the site of metabolism for most drugs and will 

therefore contain both the parent drug and its metabolites. Ideally, the liver sample should be harvested from 

deep within the right lobe (Stimpfl et al., 2008). Nedahl et al. 2021, have suggested the supplementary use of 

blood-brain concentrations for the interpretation of stimulants, particularly in cases of exsanguination, 

decomposition and due to the brain’s lack of esterases which degrade cocaine (Nedahl, Johansen & Linnet, 

2021). Steuer (2018) summarised the main parameters to determine a high propensity for PMR as follows: C/P 

ratio of >1, L/P ratio of >20-30 and volume of distribution (Vd) of >3 (Steuer, 2018). 

 

Other solutions such as the use of endogenous molecules, as a surrogate marker for PMR, have been explored 

and found to be valuable in assessing PMR of xenobiotics with central actions (Brockbals et al., 2021). The 

same authors have found statistically significant correlations between morphine/methadone and several 
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endogenous compounds/features, including creatinine, glutaric acid, hypoxanthine, fructose, alanine, and 

three fatty acids (pentadecanoic acid, palmitoleic acid, and linoleic acid) (Brockbals et al., 2020). 

 

Iskiera et. al. (2021) investigated the correlation of xenobiotic concentrations between typical specimens, such 

as blood, urine and vitreous humor, as well as bone marrow. Their research showed strong correlations 

between the concentrations found in blood or vitreous humor and those found in bone marrow, with the 

exceptions of diazepam and 7-aminoclozepam. However, despite the usefulness of bone marrow as an 

alternative matrix, the PMR in this regards is poorly understood, further highlighting the need for future 

studies (Iskierka et al., 2021). Another example of the usefulness of alternative matrices  in post-mortem 

toxicology is the fact that some drugs, such as new psychoactive compounds and alcohols have a site of action 

in the central nervous system (CNS), making cerebrospinal fluid (CSF) a potentially important sample 

(Wachholz, Skowronek & Pawlas, 2021).  

 

1.2.6. Time-dependent PMR variations 

 

In the setting of medicolegal investigations, post-mortem interval (PMI) is the time period between death and 

the performance of the autopsy (Hayman, 2021). PMR processes progress with time (Lemaire et al., 2017). A 

study on the PMR of antipsychotic drugs, conducted in Australia, assessed cases with PMI of up to nine (9) 

days (Saar et al., 2012). They found that the average increase in blood concentrations after admission ranged 

up to 112% for drugs such as chlorpromazine and olanzapine but decreases in concentration of up to -43% 

were also documented for 9-OH-risperidone (Saar et al., 2012). Significant variations existed among sample 

pairs, with considerable standard deviations and notable day-to-day fluctuations. These variations underscore 

the challenge in interpreting post-mortem drug concentrations and the need for decreased PMI. (Saar et al., 

2012).  

 

A study reviewing the ratio of post-mortem femoral blood drug concentrations and antemortem (specimens 

from hospitals include whole blood, serum or plasma) concentrations of antidepressants calculated the ratio 

to be >1 and those for benzodiazepines as <1 (Mantinieks et al., 2021).  These findings were further 

consolidated by a study performed in Switzerland, which additionally identified minimal median post-mortem 

changes for drugs such as morphine and codeine (Brockbals et al., 2021). An Australian study compared 

femoral blood samples taken at admission to the mortuary, to those taken at autopsy, with PMI varying 

between 0.5 to 164 hours (6.4 days) (Gerostamoulos et al., 2012). The authors calculated increases in drug 

concentrations ranging from 30% (citalopram, mirtazapine and sertraline) up to 300% (doxylamine) 

(Gerostamoulos et al., 2012). This suggests that more reliable results are obtained by minimising the PMI, but 

also that the concentration may be altered in both directions - positively and negatively. Statistically significant 

pre-autopsy concentration increases were identified for methadone, EDDP, fluoxetine, mirtazapine and 
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sertraline (Gerostamoulos et al., 2012). Other agonal and cadaveric phenomena which can lead to 

concentration changes include cell autolysis and decomposition and the influence of bacteria (Sastre et al., 

2017). All these factors need to be taken into consideration when interpreting post-mortem toxicology results.  

 

1.2.7. Case specific factors influencing PMR 

 

Patient specific factors may influence drug reservoirs, drug concentrations and drug metabolism. These 

include factors such as bariatric surgery, underlying diseases, co-administration of drugs, cytochrome 

polymorphisms, body mass index (BMI), trauma and resuscitation. Bariatric surgery can alter the individual’s 

pharmacokinetic abilities because it influences the gastrointestinal uptake and/or metabolism of drugs. In so-

called ‘malabsorptive procedures’ this occurs due to a decrease in functional gastrointestinal length, a faster 

intestinal transit time, a reduction in the absorptive surface area, decreased blood flow and a reduction in bile 

acid mixing, while increasing the intestinal pH  (Bishop-Freeman et al., 2019). Additionally, comorbidities, such 

as chronic liver or kidney diseases, must be taken into consideration as it may, for example, lead to greater 

post-mortem drugs increases, such as in the case of fentanyl (Reiter et al., 2019). Impaired kidney function 

may lead to a reduction in drug clearance while hepatic impairment can interfere with drug metabolism. These 

conditions may therefore lead to an increased accumulation of the lipophilic non-metabolised or non-

eliminated fentanyl in the fatty tissue in vivo (Reiter et al., 2019).  

 

A rat model study revealed that co-administration of substances such as alcohol, can influence PMR, such as 

for MDMA. The underlying mechanism for this is suggested to be an alcohol-induced accelerated diffusion of 

the MDMA from the stomach (Liang et al., 2017). Co-administration of certain medications such as ritonavir 

and fluconazole, which can inhibit metabolic liver enzymes, can lead to reduced metabolism of drugs such as  

fentanyl (Geile et al., 2019). Similarly, underlying liver conditions such as polymorphisms of metabolic enzyme 

cytochrome P450 2D6 (CYP2D6) may influence metabolism and PMR (Matsusue et al., 2018). Since some drugs 

are distributed into fat, the BMI of a decedent can also play a role in PMR, for example, cocaine has a higher 

lipophilicity than EME, causing the former to have larger reservoirs in adipose tissue, which may influence 

PMR (Emaus et al., 2023). 

Additional patient specific factors such as trauma, can cause damage to the physical epidermal barrier, 

allowing an influx of microorganisms which can influence the concentrations of cocaine and EME, by means 

of their enzymatic activity, adding to post-mortem drug alteration and/or degradation (Emaus et al., 2023). 

Additionally, resuscitation may alter drug concentrations and lead to higher C/P ratios. The latter is thought 

to be due to the resuscitative movements allowing increased diffusion to cardiac blood or internal injuries 

(Kamphuis et al., 2021).  
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1.2.8. Study Rationale 

 

The phenomenon of PMR of drugs is an important aspect in the field of forensic toxicology, particularly in 
the interpretation of drug concentrations obtained post-mortem. Despite its recognised impact, there is a 
notable lack of research on PMR in the South African context. This gap in knowledge is particularly critical 
given the unique drug misuse patterns prevalent in South Africa, particularly in relation to methaqualone, 
methamphetamine, and amphetamine. To address this, we initiated a study in Cape Town, focusing on the 
post-mortem redistribution of several key analytes commonly misused in the population, with the aim of 
assessing changes in drug concentrations from the time of admission (femoral blood samples) to the autopsy 
(cardiac and peripheral blood samples) in a series of suspected unnatural deaths. The rationale for targeting 
the specific drugs is based on an internal study performed by the Division of Clinical Pharmacology at the 
University of Cape Town. For this study, a total of 29 drugs and metabolites were selected for the panel. The 
method was designed to detect and quantify selected drugs of abuse that are frequently encountered in 
forensic casework. The testing panel included multiple drug classes and analytes that were selected based 
on the following considerations: 

The recommendations by the Academy Standards Board (ASB) for the analytical scope and sensitivity of 
forensic toxicological testing in medico-legal death investigations; the frequency of detection in post-
mortem casework [(based on evaluation of toxicology results received from the Forensic Chemistry 
Laboratory (2018 to 2020) and UCT Division of Clinical Pharmacology (2012 to 2021)]; and the availability of 
certified reference materials (CRM).   

 This research serves as a valuable resource for forensic pathologists and toxicologists working in the region 

(and globally) as well as provide a framework for future local studies in this area.  
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Chapter 2: Publication-Ready Manuscript 

 

Abstract 

 

Introduction: The interpretation of post-mortem toxicological analytical results often poses great difficulty, 

particularly due to the phenomenon of post-mortem redistribution (PMR). PMR involves the site- and time-

dependent variations in drug concentrations in biological specimens after death. The effects of PMR need to 

be taken into consideration when determining if, and to what extent a drug contributed to death. Additionally, 

case specific features also play a role (and therefore no specific drug concentration can be deemed ‘fatal’. By 

contributing data to the larger knowledge pool, we can better understand how different drugs behave in the 

post-mortem setting, thereby assisting toxicologists and pathologists to come to a rational conclusion 

regarding the post-mortem toxicological results on a case-by-case basis.  

Methods: This study is the first of its kind in South Africa, aiming to investigate the extent of PMR of common 

drugs of use and misuse. To this end, paired admission femoral blood and autopsy femoral and cardiac blood 

samples were tested on a quantitative UPLC-MS/MS panel for of 31 commonly misused drugs  

Results and Discussion: A total of 109 suspected unnatural cases admitted to the mortuary were included, of 

which 61 (56%) yielded positive toxicology results.  Cardiac/peripheral (C/P) ratios were calculated and 

significant pairwise differences with Bonferroni correction were found for amphetamine, methamphetamine 

and nor-carboxy-tetrahydrocannabinol, corresponding with current literature. Additionally, where the 

literature was previously lacking data on the PMR of methaqualone, this study suggested that it is less likely 

to undergo PMR. 

 

Keywords: C/P ratio, Forensic Toxicology, Pharmacokinetics, PMR, Post-mortem, Redistribution,  
 

1. Introduction 

 

It is well established that drug concentrations at the time of an individual’s autopsy do not necessarily reflect 

those at the time of their death, which complicates the interpretation and conclusion of cause of death in 

forensic cases where drugs are involved (Pelissier-Alicot et al., 2003). Post-mortem redistribution (PMR) is a 

phenomenon that involves site- and time-dependent changes of drug concentrations in a body after death. 

Estimating the dose administered and/or concentration of a drug in blood prior to death using post-mortem 

blood drug concentrations is not recommended, due to the post-mortem artefacts that may alter 

concentrations after death (McIntyre, I., 2016). Providing pathologists and toxicologists with more insight into 

PMR for certain drugs, together with stability and other interpretive data, may assist in coming to a rational 

interpretation of post-mortem toxicological results within the context of a death.  
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The mechanisms underlying PMR are multifaceted, encompassing diffusion, tissue and cell autolysis, and 

individual variations (Yarema & Becker, 2005). Post-mortem drug levels can change over time, appearing 

either lower due to tissue uptake and metabolism or higher due to passive drug release from reservoirs. 

Diffusion through blood vessels or transparietal routes may contribute to variable drug concentrations within 

the same matrix, influenced by proximity to high-concentration reservoirs (Pelissier-Alicot et al., 2003). PMR 

is also influenced by post-mortem changes like putrefaction, cell breakdown, coagulation, and hypostasis, 

allowing elements to diffuse across tissues and alter drug concentrations (Pelissier-Alicot et al., 2003). Post-

mortem microbial action may degrade drugs or generate unusual products (Castle et al., 2022). Utilising clinical 

reference values for post-mortem toxicology is not advised, due to differences in blood composition during 

life and post-mortem (whole blood vs. plasma/serum) (Pounder & Jones, 1990). Other factors which may 

influence the drug concentrations include decomposition, post-mortem body positioning, and storage 

conditions (Gerostamoulos et al., 2012). Individual drug properties, metabolic phases, and factors such as 

route of drug administration, bioavailability, and synergism further contribute to PMR (Chung & Choe, 2019). 

Interpretation of post-mortem toxicology results is further complicated by drug stability, storage conditions 

of specimens, and time elapsed between collection and testing (Kintz et al., 2020). 

 

While post-mortem drug concentrations cannot be equated to ante-mortem levels due to factors described, 

they may exhibit discernible patterns that aid in interpretation. These patterns, albeit influenced by post-

mortem changes and redistribution, can still offer valuable insights for understanding the presence, behaviour, 

and potential effects of substances in the deceased individual (Abdelaal et al., 2023). An example of such a 

pattern is the use of concentration ratios of drug concentrations at different anatomical sites. Concentration 

ratios between cardiac and peripheral (usually femoral) blood (C/P ratio) is often used to determine a drug’s 

propensity for PMR, as central blood is more prone to these changes (Abdelaal et al., 2023). It is generally 

accepted that the majority of drugs with a C/P ratio of >1 have a propensity for PMR (Steuer, 2018). The  post-

mortem interval (PMI), defined in this setting as the time between death and autopsy, must also be taken into 

consideration (Hayman, 2021). During the post-mortem interval, drug concentration may be altered in both 

directions - positively and negatively - by the various post-mortem processes. This was established by analysing 

paired blood samples from 149 cases, in which 30 different substances were detected. (Gerostamoulos et al., 

2012). Although  these changes may be insignificant for some drugs and unrelated to the length of PMI, the 

concentrations of some drugs, such as 6-acetylmorphine, caffeine and 9-hydroxy-risperidone, have shown to 

decrease significantly (Gerostamoulos et al., 2012). Where possible, it is recommended to minimise factors 

within one’s control, such as the PMI, to reduce the likelihood of variation in drug concentrations over time, 

particularly with drugs mentioned above.  
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An Australian study highlighted the complexity of interpreting PMR, which was illustrated by the findings of 

amphetamine, MDMA, and MDA. In the study, paired blood samples from 811 coronial cases were analysed, 

and 42 drugs and drug metabolites were identified. MDMA, and MDA showed to have a lower propensity for 

PMR (Mantinieks et al., 2021). In contrast, a 10-year Dutch study, performed by de Groot et al. (2023), focusing 

mainly on amphetamines (n=112) and benzodiazepines (n=179), reported low amphetamine C/P ratios in 

cases with high concentrations of amphetamine in femoral blood. The latter may be due to a short time 

between administration and death, thus limiting distribution of the drug into reservoirs (de Groot et al., 2023). 

These authors also found that C/P ratios of methylenedioxyamphetamine (MDA) were significantly lower in 

cases where there were resuscitation attempts, and higher when the cause of death was trauma related (de 

Groot et al., 2023). The authors thus recommended that cause of death, together with femoral blood 

concentrations should be taken into account in assessing PMR.  

A recent study on cannabinoids, performed by Swiss and Canadian authors compiled a dataset comprised of 

276 post-mortem cases and 351 antemortem cases, over a two-year period, has revealed that post-mortem 

blood concentrations of THC were significantly higher than in antemortem blood. Additionally, they showed 

that THC has a tendency to redistribute towards peripheral blood, whereas THCCOOH redistributes towards 

central blood. The authors advise that PMR can be suspected in THC, if there is a high THC blood concentration, 

the C/P ratio is less than 1.0, when the blood THC/THCCOOH ratio is more than 1.0 and THCCOOH is not 

detectable in urine (Tascon et al., 2023). 

To assist pathologists and toxicologists in a local South African setting, we performed a pilot study to 

investigate statistical changes in the admission femoral blood, autopsy cardiac, and autopsy peripheral blood 

concentrations of frequently misused drugs (with a focus on methamphetamine, amphetamine, and 

methaqualone), in a series of suspected unnatural death cases in Cape Town, South Africa. 

 

2. Materials and Methods 

 

2.1 Study Setting and Inclusion Criteria 

 
Biological specimens (whole blood) were collected from suspected unnatural deaths admitted to Salt River 

Mortuary, in the Cape Town metropole, over a five-month period (February - June 2023). Salt River Mortuary 

is one of 16 forensic mortuaries in the Western Cape Province and services the west metropole of the City of 

Cape Town. Cape Town has an estimated population of 4,602,248, with approximately 69% of these aged 

between 15 and 65 years (Western Cape Government, 2020).  Salt River Mortuary admits ±4,000 suspected 

unnatural death cases annually. Approximately 60% of the total admissions to the Western Cape Forensic 

Pathology services are due to injuries, classified into the broad groups of homicide, suicide and accidents 

(Evans et al., 2018).  
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Cases were selected by the researcher (forensic pathology registrar) on admission to the mortuary and 

included suspected unnatural deaths where whole blood for toxicological analysis was to be routinely 

collected for ancillary investigations (i.e., homicide, suicide, accidental and sudden unexpected deaths). 

Exclusion criteria included decedents below the age of 18 years, decedents with significant signs of 

decomposition, cases where the date of death was not known with reasonable certainty, cases where 

adequate samples could not be obtained (exsanguination or extensive burning or trauma), cases with features 

of terminal resuscitative efforts (including intravenous fluid administration), and cases where there was 

prolonged hospital admission prior to death.  

 

2.2 Specimen Collection  

 

The researcher (forensic pathologist) was stationed at the mortuary facility for the admission of decedents 

and selection for their inclusion to the study. Pre-prepared study packs were utilised, comprised of an 

admission specimen toxicology request form with a 4 mL grey-top tube vacutainer (containing sodium fluoride 

and potassium oxalate) labelled as ‘F1’ (admission femoral blood), and a separate post-mortem specimen test 

request form along with two 4 mL grey-top tube vacutainers, labelled as ‘F2’ (autopsy femoral blood) and ‘C’ 

(autopsy cardiac blood), respectively. All request forms and vacutainers were labelled with a unique study 

number, the sample (F1/F2/C), date- and time of collection and the unique Salt River Mortuary case number.  

 

Upon admission to the mortuary, and following confirmation that the case met the required inclusion criteria, 

the researcher collected an admission whole blood sample (F1) from the decedent. These samples were 

obtained using a sterile needle and syringe, through percutaneous venepuncture (blind-stick technique) in the 

right or left femoral region (based on blood availability and injury location) of the decedent. Each sample 

consisted of 3-4 ml of whole blood and was placed in vacutainers containing sodium fluoride and potassium 

oxalate for preservation. The pre-populated request form and vacutainers were attached to the case 

paperwork handed to the pathologist to whom the case was allocated and a note was made on the case docket 

folder to indicate that the team assisting the family with identification should inform the researcher when the 

next-of-kin arrived at the mortuary, to obtain informed consent.  

 

Autopsy specimens, specifically femoral blood (F2) and cardiac blood (C), were collected by the forensic 

pathologist performing the autopsy and/or by a supervised forensic pathology officer, who assisted with 

evisceration. The autopsies performed ranged from full autopsies, where the skull-, chest-, abdominal- and 

pelvic cavities were opened, the organs removed and individually examined, to partial autopsies, where only 

some of the cavities are opened to examine targeted organs, based on the discretion of the pathologist. The 

latter is usually reserved for cases where a natural cause of death is identified and, therefore did not require 

further examination, whereas the former may include further tests, including blood alcohol concentrations, 
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toxicological analysis and histology, depending on the case. The femoral blood was obtained from either the 

left or right leg, through an incision through the skin and subcutaneous tissue of the superomedial thigh, 

visualisation and transection of the femoral blood vessels (cut-down procedure) followed by aspiration with a 

sterile syringe. Cardiac blood was directly aspirated from the right atrium or ventricle of the heart, depending 

on blood availability, predominantly after opening the pericardial sac, using a clean needle and syringe. In a 

minority of cases, where blood volume was minimal, blood was aspirated directly from the chamber during 

dissection of the organ. Similar to the admission samples, these autopsy samples also contained 3-4 ml of 

blood and were preserved in vacutainers containing sodium fluoride and potassium oxalate. In the few cases 

where the autopsy pathologist did not indicate the time of specimen collection, the time of collection was 

estimated, based on the usual autopsy times at the mortuary. 

 

All collected specimens were promptly refrigerated (4 °C) following collection. On a daily basis, the specimens 

were transported from the mortuary to the Forensic Toxicology Unit (FTU) laboratory, where they were frozen 

at -20°C to maintain their integrity until the time of testing. Specimens obtained outside regular working hours 

and over weekends were immediately transported to the laboratory and placed in the freezer to ensure 

preservation. 

 

2.3 Toxicological Analysis 

 
Specimens were submitted for toxicological analysis with the Western Cape Government Department of 

Health and Wellness (WCGHW) Forensic Toxicology Unit (FTU) laboratory in Observatory, Cape Town. The 

specimens were prepared directly for targeted quantitative analyses, which was performed by forensic 

toxicologists, using a Waters® ACQUITY I-Class UPLC coupled to a XEVO TQD liquid chromatography tandem 

mass spectrometer system (UPLC-MS/MS). The analytes included in the targeted quantitation are indicated in 

Table 1. The method was previously validated in accordance with the recommendations of the Academy 

Standards Board (ANSI/ASB) Standard 036 and South African National Accreditation System (SANAS) TG 41-

03.  

 
Table 1: Analytes and internal standards included in the targeted quantitative UPLC-MS/MS analysis with the lower limits of 
quantitation in brackets (ng/mL) 

Analyte Corresponding ISTD a Analyte Corresponding ISTD* Analyte Corresponding ISTD* 
6-Acetylmorphine (10) 6-Acetylmorphine-d3 Codeine (10) Codeine-d3 Methamphetamine (20) Methamphetamine-d5 
Acetaminophen (100) Acetaminophen-d4 Diazepam (20) Diazepam-d5 Methaqualone (50) Methaqualone-d7 

Alprazolam (5) Alprazolam-d5 Diphenhydramine (40) Diphenhydramine-d3 Methcathinone (20) Methamphetamine-d5 
Amitriptyline (20) Amitriptyline-d3 Fentanyl (1) Fentanyl-d5 Morphine (10) Morphine-d3 

Amphetamine (20) Amphetamine-d6 Hydrocodone (10) Hydrocodone-d3 O-desmethyltramadol (10) O-desmethyltramadol-d6 
Benzoylecgonine (20) Benzoylecgonine-d3 Hydromorphone (10) Hydromorphone-d3 Oxycodone (10) Oxycodone-d3 

Buprenorphine (4) Buprenorphine-d4 Ketamine (20) Ketamine-d4 Oxymorphone (10) Oxymorphone-d3 
Clobazam (10) Diazepam-d5 MDA b (10) MDA-d5 THC-COOH (10) THC-COOH-d3 

Cocaethylene (20) Cocaethylene-d3 MDMA c  (10) MDMA-d5 Tramadol (20) Tramadol-d3 
Cocaine (20) Cocaine-d3 Methadone (20) Methadone-d3   

a ISTD: Internal standard; b MDA: methylenedioxyamphetamine; c MDMA: methylenedioxymethamphetamine; d THC-COOH: delta-9-nor-carboxy-
tetrahydrocannabinol 
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Blood samples were extracted, and qualitative analysis was performed by the FTU analysts using Ostro™ Pass-

Through Sample Preparation plates (Waters Corporation, Milford, MA, USA). Briefly, 150 µL of lysis buffer (0.1 

M ZnSO4/0.1 M NH4CH3CO2) was added to each well of the plate, followed by 50 µL of blood, and then 600 µL 

of acetonitrile (ACN) containing 0.1% formic acid and internal standards (final concentration of 60 ng/mL).  The 

Ostro™ plate was vortexed and a positive pressure manifold (Waters, Milford, MA, USA) was used to elute the 

samples, which were evaporated to dryness, and reconstituted in 50 µL of equal parts of 2% ACN and 1% 

formic acid, as well as 5% ammonium hydroxide (NH4OH) in ACN:methanol (1:1) and vortexed thoroughly. 

The supernatants were transferred to HPLC vials which were loaded onto the autosampler for injection (5 µL 

into the UPLC-MS/MS using a ACQUITY BEH C18 column (130 Å, 1.7 µm particle size, 100 mm x 2.1 mm I.D.) 

fitted with an ACQUITY UPLC BEH C18 VanGuard pre-column (130 Å, 1.7 µm particle size., 5 mm x 2.1 mm I.D.) 

(Waters, Milford, MA, USA).  The instrumental conditions are outlined in table 2 and the multiple reaction  

monitoring (MRM) parameters for analytes and internal standards for whole blood method are indicated in 

table 3. The laboratory does not run external quality controls batch-on-batch, however proficiency testing 

samples are run according to the laboratory’s internal proficiency testing plan and schedule as per the 

standard proficiency testing requirements. This is to ensure and monitor the validity of the laboratory’s test 

results according to ISO 17025:2017. Analysis of the instrumental data was carried out using MassLynx 

software v4.2. 

 

Table 2: Instrumental conditions 
Column temperature 40 ˚C Ionisation mode 

 
Electrospray ionisation 
positive mode Sample temperature 10 ˚C 

Flow rate 0.6 mL/min Acquisition mode  Multiple Reaction 
Monitoring Injection volume 5 µL 

Run time 7 min Source temperature 
 

150 ˚C 
Mobile phase (A) 0.1% Formic acid in 

water 
(B) 0.1% Formic acid in 

acetonitrile 
Gradient Desolvation 

temperature  
400 ˚C 

Time (min) % Mobile 
Phase A 

% Mobile 
Phase B 

0:00 98 2 Desolvation gas flow 
 

850 L/hr 
3:33 33 67 
4:00 10 90 Cone gas flow 10 L/hr 
5:50 10 90 
6:00 98 2 Capillary voltage 2.5 kV 
7:00 98 2 
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Table 3: MRM parameters for analytes and internal standards for whole blood method 

 

 

2.4 Data collection and management 

 

Paired mortuary admission femoral blood and autopsy femoral and cardiac blood drug concentrations 

together with relevant case information were collated in Microsoft 365® Excel® (Microsoft, USA). Time points 

that were recorded include date and time of death declaration, date and time of mortuary admission, date 

and time of admission blood sample collection (F1), date and time of post-mortem and collection times for F2 

and C samples. Case demographic information recorded included reported age (in years), sex and suspected 

cause of death. 
 

As per the researcher’s Data Management Plan, all information collected was collated by the researcher in a 

password protected and access-controlled Microsoft Excel database. The biological sample information was 

recorded in a secure sample repository database as per laboratory standard operating procedures by the 
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Forensic Toxicology Unit. After analysis, the instrumental raw data and processed data was stored in the 

project's OneDrive account accessible only by the researcher and supervisors. 
 

2.5 Statistical analysis 

 

All data was analysed using the statistical Package for Social Sciences (SPSS) Ver 28 (IBM Corp. Armonk, NY)  

Frequency statistics were generated for all categorical variables. Normality of numerical data was assessed 

using Shapiro Wilk test. The mean age between sexes was assessed using a student’s t-test. Drug 

concentrations were not normally distributed, therefore differences between collection times or sites were 

assessed using a Friedmans test. Pairwise differences were assessed post-hoc using the Wilcoxon sign rank 

test with Bonferroni correction applied.  Correlation between sample point ratios and PMI were assessed using 

Spearman’s rank correlation. The level of significance was set at α = 0.05 for all statistical tests. 

 

2.6 Ethics 

 

This research study was approved by the University of Cape Town’s Human Research Ethics Committee (HREC 

298/2022) (Appendix 2). Retrospective informed consent for sample collection was obtained by the researcher 

from the next-of-kin at the time of the identification process at the mortuary facility. Once the family arrived 

at the facility, the identification team informed the researcher, who would explain to the next-of-kin the need 

for the research and how the study was being conducted. In cases where the family did not speak English or 

Afrikaans, an interpreter was used. If the next-of-kin was willing to give consent, written consent was obtained 

on a standardised consent form (Appendix 3). The family was provided with a study information leaflet to take 

home, containing a description of the study and the researchers’ contact details if the next-of-kin were to 

retract their consent or have further questions or queries regarding the study (Appendix 3). Only samples from 

cases where consent was obtained were included for analysis in the study. 

 

3. Results 

 

3.1 Case characteristics 

 

Admission blood specimens were collected in 200 cases and consent for testing was obtained in 117 (58.5%) 

of these cases (Figure 2). In six cases, consent was obtained, however, autopsy specimens were not collected, 

or a full autopsy was not performed. In total, specimens from 109 (54.5%) cases with consent were analysed. 

Of these, 107 (98.1%) cases had all three specimens (F1, F2 and C) present, while in two cases only admission 

(F1) and autopsy (F2) femoral blood specimens were available. Drugs present on the panel were detected and 

quantified in one or more of the specimens in 61 cases (55.9%) (Figure 2 and Appendix 4). Drugs on the panel 
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were not detected in 48 (44.0%) cases, and two (1.8%) cases were not analysed at the time of study conclusion, 

thus these cases were excluded from further analysis. Of all positive cases, the most common analytes 

detected were acetaminophen (n=13; 21.3%), 11-nor-9-carboxy-Δ⁹-tetrahydrocannabinol (THC-COOH) (n=20; 

37.8%),  amphetamine (n=30; 49.2%), methaqualone (n=33; 54.1%) and methamphetamine (n=33; 54.1%). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Overview of number of admission samples collected, attrition due to lack of full post-mortem or consent, the 
number of cases tested, and the number of cases yielding positive or negative results. 
Table 2 describes the basic demographics and circumstances of admission of the cases tested (n=109). It 

should be noted that these may not represent the demographics of all decedents admitted to the mortuary 

during the study period. In this cohort, the mean age of individuals testing positive was 33 years (SD: 10 years), 

with no significant difference in mean age between males and females (p=0.2964).  

 

Table 4. Overview of the number of cases analysed (n=109) and whether positive analytical results were obtained 
according to sex and the admission circumstances and/or cause of death.  

Cause or 
circumstance of 

death 

Analytes Detected [n (% of total cases)] No Analytes Detected [n (% of total cases)] Total Cases 
[n (%)] Male Female Male Female 

Assault 3 (2.8) - 1 (0.9) - 4 (3.7) 

Drown - - 1 (0.9) - 1 (0.9) 

Hang 6 (5.5) 2 (1.8) 6 (5.5) 1 (0.9) 15 (13.8) 

Overdose 1 (0.9) - - - 1 (0.9) 

RTAa Passenger 2 (1.8) - - - 2 (1.8) 

RTAa Pedestrian - 1 (0.9) 2 (1.8) - 3 (2.8) 

Shot 23 (21.1) 1 (0.9) 18 (16.5) 2 (1.8) 44 (40.4) 

Stab 7 (6.4) - 6 (5.5) - 13 (11.9) 

SUDAb 10 (9.2) 5 (4.6) 8 (7.3) 2 (1.8) 25 (22.9) 
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Unknown - - 1 (0.9) - 1 (0.9) 

Total [n (%)] 52 (47.7) 9 (8.3) 43 (39.4) 5 (4.6) 109 (100) 
a RTA: Road traffic accident  
b SUDA: Sudden unexpected death of an adult (this acronym is used at mortuary admission of a case where no clear information is available regarding 
a possible cause of death. These cases can therefore entail natural and unnatural causes of death. If a cause of death is identified. death after the 
autopsy and ancillary investigations, the case is no longer classified as a SUDA. 

 

3.2 Admission and specimen collection times 

 

Time points were recorded between the death declaration, admission to the mortuary, and collection of 

admission and autopsy specimens, and analysed for all included positive cases (n=61). The average post-

mortem interval (PMI) (time between death declaration and autopsy) for positive cases was 81.1 hours (SD±44 

hours), and the average time between admission sample collection and autopsy sample collection for positive 

cases was 76.8 hours and 79.7 hours for femoral and cardiac blood respectively (Table 3), compared to the 

provincial average of 75.12 hours from admission to autopsy. 

 

Table 5. Number of cases with available data for each time point, together with the average and standard deviation 
times (hours) between those time points  

Timepoints Timepoint Summary 
Number of cases with 

available data  
[n (% of total positive cases)] 

Average Time ± 
Standard Deviation 

(hours) 
Death Declaration to Mortuary Admission Death          Admission 61 (100) 3.4 ± 1.7 
Death Declaration to Admission Femoral Blood 
Collection (F1) 

Death                F1 61 (100) 4.3 ± 3.3 

Death Declaration to Autopsy Femoral Blood 
Collection (F2) 

Death                F2 57 (93.4) 81.1 ± 44.0 

Death Declaration to Autopsy Cardiac Blood 
Collection (C) 

Death                C 55 (90.2) 81.7 ± 44.5 

Mortuary Admission to Admission Femoral Blood 
Collection (F1) 

Admission            F1 61 (100) 0.5 ± 0.6 

Mortuary Admission to Autopsy Femoral Blood 
Collection (F2) 

Admission            F2 57 (93.4) 78.7 + 45.1 

Mortuary Admission to Autopsy Cardiac Blood 
Collection (C) 

Admission            C 55 (90.2) 79.3 ± 45.6 

Admission (F1) to Autopsy (F2) Femoral Blood 
Collection 

F1            F2 57 (93.4) 76.8 ± 43.9 

Admission Femoral Blood (F1) to Autopsy Cardiac 
Blood Collection (C) 

F1             C 55 (90.2) 79.7 ± 45.1 

Abbreviations: F1: Admission femoral blood; F2: Autopsy femoral blood; C: Autopsy cardiac blood.  

 

3.3 Concentration Changes Between Post-mortem Specimens 

 

Table 4 illustrates the number of cases for which analytes were positive, together with the mean concentration 

of those analytes within the admission femoral (F1), autopsy femoral (F2) and cardiac specimens. Where 

analytes were positive in five or more cases, these were assessed for statistical differences (Riffenburgh, 2012). 

Cases where concentrations were reported as below the limits of quantitation (e.g., <0.01 mg/L) were treated 

as ‘missing’ for concentration calculations but were included in total counts of positive cases. 
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Table 6. Number of cases positive for analytes for cases, with their mean femoral admission blood (F1), autopsy 
femoral blood (F2), and cardiac blood concentrations in mg/L (where above the limit of quantitation). 

Analyte 

Number of 
cases positive 

for analyte   
[n (% of total)] 

Admission  
Femoral Blood (F1) 

Conc. 
[Mean (SD) (mg/L)] 

Autopsy Femoral 
Blood (F2) Conc.  

[Mean (SD) (mg/L)] 

Cardiac Blood (C) 
Conc. 

[Mean (SD) (mg/L)] 
p-value 

6-Acetylmorphine 1 (0.9) - 0.01 - - 
Acetaminophen 13 (11.9) 7.3 (12.9) 5.95 (11.94) 8.43 (14.98) 0.07 
Alprazolam 2 (1.8) 0.01 - 0.01 - 
Amphetamine 30 (27.5) 0.05 (0.05)a 0.07 (0.04)b 0.17 (0.14)ab <0.001 
Benzoylecgonine 2 (1.8) 0.14 (0.17) 0.1 (0.09) 0.13 (0.15) - 
Clobazam 1 (0.9) 0.10 0.15 0.19 - 
Cocaine 1 (0.9) 0.02 0.02 0.02 - 
Codeine 1 (0.9) 0.15 0.2 0.34 - 
Diazepam 6 (5.5) 0.07 (0.06) 0.05 (0.03) 0.06 (0.02) 0.223 
Diphenhydramine 11 (10.1) 0.1 (0.1) 0.09 (0.08) 0.15 (0.15) 0.097 
MDA * 1 (0.9) 0.01 0.02 0.06 - 
MDMA ** 1 (0.9) 0.49 0.44 4.06 - 
Methadone 1 (0.9) 0.13 0.08 0.14 - 
Methamphetamine 33 (30.3) 0.36 (0.34)a 0.51 (0.51)a 1.08 (1.2)a <0.001 
Methaqualone 33 (30.3) 1.08 (0.70) 1.06 (0.67) 1.23 (0.78) 0.131 
Morphine 3 (2.8) 0.04 0.03 (0.02) 0.25 (0.31) - 
O-desmethyltramadol 2 (1.8) 0.01 0.01 0.01 - 
THC-COOH*** 20 (18.4) 0.05 (0.04)a 0.04 (0.06) 0.04 (0.03)a 0.017 
Tramadol 3 (2.8) 0.07 0.06 (0.04) 0.06 (0.04) - 
a,b Denotes significant pairwise differences with Bonferroni correction  
*     Methylenedioxyamphetamine 
**   3,4-Methylenedioxymethamphetamine 
*** 11-nor-9-carboxy-Δ⁹-tetrahydrocannabinol 

 

Significant pairwise differences were found between both admission (F1) and cardiac (C) as well as autopsy 

(F2) and cardiac (C) blood concentrations for amphetamine. Methamphetamine demonstrated significant 

differences between all specimens (F1, F2, and C). Significant differences were also observed for THC-COOH 

admission (F1) and cardiac (C) blood specimens. No significant changes in concentrations between specimens 

were observed for diazepam (n=6), diphenhydramine (n=11), and methaqualone (n=33).  

 

3.4 Correlation of F2/F1 and C/F2 with Post-mortem Interval (PMI) 

The mean autopsy/admission (F2/F1) and cardiac/autopsy (C/F2) ratios for analytes positive in five or more 

cases are presented in Table 5. Diazepam was removed from correlation analysis as only two samples with 

values for both measures were available. F2/F1 ratios were correlated against the time between the two 

samples. C/F2 was correlated against the time since death. No C/F2 ratios were significantly correlated with 

time. The F2/F1 ratio for amphetamine had a moderate association with time between the collection of the 

two specimens. 
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Table 7. Mean ratios of F2/F1 and C/F2 correlated with time between specimen collection and PMI, respectively. 

Analyte 
Autopsy/Admission Femoral (F2/F1) Ratio Cardiac/Autopsy Femoral (C/F2) Ratio 

Mean Ratio (SD) rs p-value Mean Ratio (SD) rs p-value 
Acetaminophen 1.55 (0.72) 0.0455 0.8944 1.31 (0.62) 0.2909 0.3855 
Amphetamine 1.71 (1.04) 0.4455 0.0377 2.61 (1.75) -0.1354 0.538 
Diphenhydramine 1.63 (1.28) -0.5 0.6667 1.59 (0.52) 0.7 0.1881 
Methamphetamine 1.81 (1.67) 0.3095 0.0961 2.28 (1.44) 0.1005 0.604 
Methaqualone 0.99 (0.27) 0.2494 0.1838 1.21 (0.49) -0.0345 0.8617 
THC-COOH* 0.84 (0.65) -0.0971 0.7207 1.33 (1.17) -0.0321 0.9095 

*11-nor-9-carboxy-Δ⁹-tetrahydrocannabinol 
 

The mean autopsy/admission (F2/F1) and cardiac/autopsy (C/F2) ratios are further represented graphically 

in Figure 3.  

 

Figure 3: Mean sample ratio concentration ratios of autopsy/admission femoral (F2/F1) blood concentrations, and cardiac/autopsy 
femoral (C/F2) concentrations for positive analytes with more than five detections. Error bars indicate +1 SD. (Abbreviations: ACE: 
acetaminophen; AMP: amphetamine; DZP: diazepam; DIP: diphenhydramine; MET: methamphetamine; MEQ: methaqualone; NCT: 
THC-COOH) 
 

4. Discussion 
 

This pilot study investigated post-mortem redistribution between admission and autopsy specimens for 

commonly misused drugs in Cape Town, South Africa, for which sufficient positive cases for seven drugs 

permitted further statistical assessment. In this study PMR was evaluated using C/F2 (or cardiac/peripheral 

autopsy concentrations) and F2/F1 (autopsy/admission concentrations) concentration ratios as proxies.  

 

In this study, most cases included in the cohort were males. Males are overrepresented in the mortuary 

population in the Western Cape (Evans et al., 2018). While suspected cause of death was recorded, further 

analyses to evaluate the relationship of the drug concentrations and the cause of death were not performed 

as these cases represented a minor cohort of cases in that time frame, highlighting the need for further studies 

to evaluate this relationship. 
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The average pre-autopsy interval in the current study, of 81.1 ± 44.0 hours, was slightly longer than those of 

previous studies, which had average intervals of 64 hours and 65.2 hours (Gerostamoulos et al., 2012; 

Kamphuis et al., 2021). This may be a consequence of the high case load seen at Salt River Mortuary. Despite 

this longer PMI, there was no significant relationship between PMR and the pre-autopsy interval for any of 

the drugs, which is in agreement with a previous study (Gerostamoulos et al., 2012). 

 

Significant pairwise differences in concentrations between specimen types were observed for amphetamine 

(between peripheral and cardiac blood), methamphetamine (all specimens) and 11-nor-9-carboxy-Δ⁹-

tetrahydrocannabinol (between admission femoral and autopsy cardiac blood). Concentrations in cardiac 

blood were significantly higher than autopsy and/or admission femoral blood for amphetamine and 

methamphetamine, the latter is in agreement with previous literature (McIntyre, I., 2011). This highlights the 

possible pitfall for overinterpreting findings if only cardiac blood were to be analysed. Conversely, 

overinterpretation of femoral concentrations in isolation may also occur, as McIntyre revealed a 1.5-fold 

concentration increase from antemortem to post-mortem samples (McIntyre, I., 2011). In the local context, 

cardiac blood may be the only specimen available in infant and young child deaths, burn and trauma cases, 

which are all frequently encountered. In contrast, Gerostamoulos, et al. (2012) reported statistically 

insignificant femoral amphetamine and methamphetamine concentration decreases from admission to 

autopsy, despite these drugs having the largest concentration changes (Gerostamoulos et al., 2012). The latter 

once again highlighting the inconsistent concentration changes and myriad of factors which may influence 

PMR. 

 

Amphetamine and nor-carboxy-tetrahydrocannabinol had no significant difference when comparing 

admission femoral (F1) and autopsy femoral (F2) concentrations, supporting the recommendations for 

choosing peripheral blood samples over central sources when collecting specimens for toxicological analyses 

at the time of autopsy, as this is likely to be a more accurate representation of the concentrations at the time 

of death. There was also a significant difference in concentration when comparing results from autopsy 

femoral blood (F2) and autopsy cardiac blood (C), even though these are usually collected within a short 

timespan from one another, once again emphasising that central blood samples tend to reveal higher drug 

concentrations. The latter may be as a result of diffusion from nearby drug reservoirs, such as the stomach 

and liver and/or concentration of drugs within the heart tissue. It is interesting to note that methaqualone (n 

=33) revealed no significant concentration differences between the different time points, suggesting that the 

drug may not undergo significant redistribution in the post-mortem period. No data is available for PMR of 

Methaqualone.  This drug is rapidly absorbed from the digestive tract and concentrated in adipose and brain 

tissue after administration and released over several days (Nogué et al., 1996). This may suggest it is prone to 

redistribution, however, this was not observed in this sub-set of data and warrants further investigation.  
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A study comparing antemortem methamphetamine and amphetamine concentrations to those found in 

peripheral post-mortem blood revealed that post-mortem blood concentrations may be up to 1.5-fold more 

than ante-mortem concentrations (McIntyre, I. M. et al., 2013). The authors additionally highlighted that the 

effect of PMR in peripheral blood should not be disregarded. Additionally, the study highlighted a smaller 

concentration change with a decreased PMI (McIntyre, I. M. et al., 2013). These may be the reasons for 

methamphetamine showing significant differences between admission and autopsy femoral concentrations 

in the current study. Given the significance of methamphetamine being one of the most frequent drugs 

misused in Cape Town, besides minimising PMI (which didn’t show significant changes), it may be 

recommended to collect admission specimens in cases where a methamphetamine overdose is suspected. 

Amphetamine (n = 13; 11.9 %) was the only drug in this study which showed significant concentration 

differences between F1 and F2 when PMI specifically was considered (Table 5), supporting the 

recommendations that samples must be collected as soon as possible after death. 

 

C/P ratios for acetaminophen, amphetamine, methamphetamine and nor-carboxy-tetrahydrocannabinol in 

the current study were similar to previous studies (Table 6) falling within the ranges reported in these studies. 

All ratios were >1 suggesting, even with the small sample size, to support the indication that drug 

concentrations in cardiac blood are typically higher than femoral. C/P ratios for acetaminophen, 

amphetamine, diphenhydramine, methamphetamine, methaqualone and nor-carboxy-tetrahydrocannabinol 

were above 1, suggesting that they undergo PMR to some extent. Acetaminophen, methaqualone and nor-

carboxy-tetrahydrocannabinol had C/P ratios were close to one, which may indicate that these drugs undergo 

PMR to a lesser extent than the other drugs. 

 

Table 8: Comparison of C/P ratios between the current study and selected publications 

Analyte 
Mean C/P ratio in current 
study (number of positive 

cases) 

Mean C/P 
ratio (n) 

Median C/P 
ratio 

C/P ratio range Literature reference 

Acetaminophen 1.3 
(13) 

1.3 (37) - 0.7 – 2.8 (M. Dalpe-Scott, 1995) 

1.5 (4) - 1.1 – 2.5 (Yonemitsu & Pounder, 1992) 

 Amphetamine 2.6 
(30) 

2.0 (1) - - (M. Dalpe-Scott, 1995) 

2.4 (20) - 1.2 – 5.6 (Barnhart, Fogacci & Reed, 1999) 

2.1 (75) 1.9 0.67 – 6.6 (de Groot et al., 2023) 

Diphenhydramine 1.6 
(11) 

2.3 (32) - 0.8 - 21 (M. Dalpe-Scott, 1995) 

2.4 (7) - 0.4 – 6.0 (Anderson & Prouty, 1989; 
Roettger, 1990) 

Methamphetamine 2.3 
(33) 

1.6 (18) - 0.9 -2.4 (McIntyre, I., 2011) 

2.4 (1) - - (M. Dalpe-Scott, 1995) 

1.9 (5) - 1.0 – 3.8 (Prouty & Anderson, 1990) 

2.1 (20) - 1.2 – 5.0 (Barnhart, Fogacci & Reed, 1999) 

Methaqualone 1.2 
(33) - - - - 
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THC-COOH 1.3 (20) 

- 1.3 - (Hoffman et al., 2020) 
1.5 (17)* 1.2 0.3 – 3.1 

(Meneses & Hernandez, 2021) 
1.4 (16)** 1.3 0.3 – 2.4 

1.5 1.4 0.35 – 6.2 (Tascon et al., 2023) 
*FID: Fatally injured driver 
**non-FID: non-fatally injured driver cases (individuals who were not driving a vehicle at the time of death) 
 

The analytical method utilised did not analyse for tetrahydrocannabinol due to poor validation results, thus 

only THC-COOH was assessed in this study. While a mean C/F2 > 1 was obtained, the opposite was observed 

for autopsy/admission (F2/F1) ratios, however, the overall mean concentrations of these three groups were 

very similar. A recent study by Tascon et al. (2023) provides the most up-to-date assessment of PMR of Δ9-THC 

(THC) and its metabolites, finding that THC-COOH redistributed toward central blood (median C/P ratio of 1.3). 

This was also demonstrated in this study, as was the finding that there were no statistical correlations to PMI. 

Tascon et al. (2023) indicated that they could not correlate changes in PMR to body-mass index (BMI), state 

of decomposition, or PMI. The authors further suggested that mechanisms for this distribution may include 

enterohepatic recirculation of THC-COOH-glucuronide and cleavage to THC-COOH in the small intestine, as 

well as laboratory workflows in terms of order of analyses and storage conditions of specimens, which may 

alter concentrations due to in vitro degradation of THC-COOH-glucuronide to THC-COOH (Tascon et al., 2023).  

Key recommendations made by Tascon et al. (2023) included the analysis of cardiac blood, peripheral 

(femoral) blood, and urine in all cases in a close time frame (for comparison). While this was specific to Δ9-THC 

and its metabolites, it could be applied to other drugs as well in order to routinely assess the role of PMR in 

casework. They also recommend the reporting of these cannabinoids as only detected or not detected, and it 

is recommended that a similar approach be taken locally, and especially for THC-COOH (an inactive metabolite) 

given the complexities associated with interpreting concentrations.  

 

4.1 Study Strengths 
 

In this research study, paired results from three specimen types were assessed: F1/F2, F1/C, and F2/C. 

Specimens from a single case were analysed in one batch, a method that helps minimise any alterations to the 

comparative concentrations among these specimen types, although it should be noted that there may have 

been slight changes in actual concentration over time depending on time frame of analysis. It is important to 

highlight that F1 provides a closer representation of concentrations at the time of death, thereby enabling a 

more reliable determination of its contribution to the cause of death. The added advantage of using the newly 

established inhouse laboratory to do the analysis, removes the historical problem of long waiting periods 

between collection and processing of samples at the National Health laboratories that were previously utilised 

for these purposes, and the resultant issues with interpretation. 
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This study distinguishes itself by offering novel insights into drugs that have received limited international 

attention, thereby contributing original knowledge to the field. By focusing on less commonly studied 

substances, it underscores the importance of broadening the scope of research within forensic toxicology. The 

dissertation's findings hold significant implications for forensic practices, particularly in regions where these 

drugs are more prevalent. By shedding light on their pharmacological properties and effects, the study can 

inform forensic toxicologists about the unique challenges associated with these substances, potentially leading 

to adjustments in forensic protocols. Moreover, this research advocates for a more globally inclusive approach 

to studying drugs, highlighting the need for increased attention to regionally significant substances. By 

advocating for greater international collaboration and research efforts, this study aims to expand the global 

knowledge base in forensic toxicology, ultimately enhancing our understanding of diverse substances 

encountered in forensic contexts worldwide. 

 

4.2 Study Limitations 

 
In the context of this research study, several limitations warrant consideration. Firstly, it is essential to 

acknowledge that the study was performed in a busy mortuary where ideal experimental scenarios are 

replaced by what is practically feasible and attainable with the available staff and resources. This was 

particularly evident in the inconsistent communication from mortuary staff regarding admissions and familial 

consent. This does, however, demonstrate the results that would be obtained in routine settings. 

Furthermore, it is important to note that the declaration of death may not consistently align with the actual 

time of death but rather when the deceased individuals were discovered and officially declared deceased. 

Additionally, significant variability exists in the durations between the declaration of death and the subsequent 

admission to the mortuary, introducing potential confounding factors. The latter may be due to lack of 

mortuary vehicles to fetch bodies or a single vehicle having to travel to various scenes for body collection prior 

to returning to the mortuary.  

 

The study is further constrained by the relatively small number of cases available for analysis. Moreover, drug 

testing was limited to the examination of the 31 most commonly encountered substances. The methodology 

employed for admission sample collection relied on a blind-stick approach, and ethics permission was not 

granted for blind stick F2 collection, potentially excluding pertinent cases if full autopsy was not performed. 

Furthermore, religious considerations also played a role, as some religions and cultures prohibit the removal 

of bodily substances for research, limiting the ability to obtain consent. The generalisability of the findings to 

other drugs is restricted, as each drug or medication necessitates independent investigation. Importantly, the 

study did not assess the effects of decomposition, body-mass index, resuscitation, or underlying medical 

conditions on the parameters of interest. The latter is due to the scanty information available to the 

pathologist prior to the post-mortem, as the next-of-kin or by-standers at the scene of death either do not 

know or understand the decedents’ medical history or are reluctant to divulge such information. The limited 
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number of cases available posed a challenge when attempting to compare results between trauma and non-

trauma cases. Furthermore, it should be noted that factors such as changes in haematocrit, protein binding, 

and pH due to post-mortem changes and body position could not be adequately controlled. Finally, some 

collection times were not consistently documented or not documented at all, potentially affecting the 

accuracy and completeness of the dataset. These limitations should be taken into account when interpreting 

the study's findings. 

 

4.3 Recommendations 

 

To strengthen and build on the current study, future studies should consider including larger case numbers 

and expanding the panel of drugs which are tested for. This would enable contributing more data to the 

current pool of information. Additionally, evaluating concentration ratios between whole blood and vitreous 

humour can prove helpful, as vitreous is less susceptible to PMR processes (Pigaiani et al., 2020). Adding more 

specimen types, such as urine and bile can add additional knowledge on PMR. A cut-down method of sampling 

in conjunction with vessel ligation may improve reliability of femoral results. In addition, having a single 

pathologist perform all blood collections, would permit consistency in experimental procedures, but may not 

necessarily represent routine conditions. To this end, it is recommended that universal (at Salt River Mortuary 

and throughout the province) sampling techniques be implemented, as well as training the Forensic Officers 

to recognise potential toxicological cases, to collect admission blood samples and flagging the cases for 

prioritisation of autopsy, thereby decreasing the PMI. The latter may prove difficult considering the mortuary’s 

resource constraints and high case load. 

 

5. Conclusion 
 

To the best of the authors’ knowledge, this is the first study on PMR in South Africa. The results of 109 

authentic autopsy cases in a practical mortuary setting were analysed for the 31 most commonly abused drugs 

in the mortuary’s drainage area. This included cases with short and long post-mortem intervals. This study 

adds valuable data to the existing research with regards to the propensity, extent and potential of post-

mortem redistribution of acetaminophen, nor-carboxy-tetrahydrocannabinol, amphetamine, methaqualone 

and methamphetamine. Methamphetamine was noted to undergo significant changes between admission 

and autopsy samples (both femoral and cardiac), and care must be taken in interpreting concentrations. 

Methaqualone, however, showed limited propensity towards PMR, however, this should be confirmed with 

further studies. The study further provides insight into the burden of drug misuse in the setting of deaths in 

the West Metropole of Cape Town. While there is currently no single solution to eliminate all the factors 

causing these difficulties, there are strategies to overcome some of the problems when facing PMR. A 

multipronged and individualised approach should be followed throughout the entire post-mortem process for 



Page | 36  

each case. Starting at minimising the PMI, continuing through to appropriate sampling technique and storage, 

sample preparation and analysis, result reporting and possible alternative strategies. 
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6. Full results tables  

 

Case Nr Sample ACM ACE AMP BEN DZP DIP MDA MDM MTD MET MEQ MOR NCT TRM

Admission - F1 - 0.590 - - - - - - - - - - - -
Autopsy - F2 - 1.226 - - - - - - - - - - - -
Autopsy - C - - <0.02 - - - - - - 0.0489 0.1764 - 0.0298 -
Admission - F1 - - <0.01 - - - - - - 0.0391 0.1606 - 0.0164 -
Autopsy - F2 - - <0.02 - - - - - - 0.0561 0.1808 - 0.0333 -
Autopsy - C - 8.196 0.0285 - - - - - - 0.4353 1.2570 - - 0.0283
Admission - F1 - 5.142 <0.01 - - - - - - 0.2502 0.6599 - - <0.02
Autopsy - F2 - 7.408 0.0237 - - - - - - 0.2916 1.0413 - - 0.0295
Autopsy - C - - - - - - - - - - 0.0768 - - -

Admission - F1 - - - - - - - - - - 0.0788 - - -

Autopsy - F2 - - - - - - - - - - <0.05 - - -

Autopsy - C - - - - - - - - - - - - 0.0144 -
Admission - F1 - - - - - - - - - - - - 0.0103 -
Autopsy - F2 - - - - - - - - - - - - <0.01 -

Autopsy - C - - 0.0906 - <0.01 <0.04 - - - 1.1394 0.9132 - -

Admission - F1 - - 0.0271 - <0.02 <0.01 - - - 0.6842 0.9326 - -

Autopsy - F2 - - 0.0553 - <0.02 <0.04 - - - 0.9098 1.1711 - -

Autopsy - C - - - 0.2336 - - - - - - 1.2396 - -

Admission - F1 - - - 0.2607 - - - - - - 0.5801 - -

Autopsy - F2 - - - 0.1619 - - - - - - 0.3994 - -

Autopsy - C - - 0.1033 - - - - - - 0.5921 1.6263 0.0287 -
Admission - F1 - - 0.0326 - - - - - - 0.2966 1.116 <0.01 - -
Autopsy - F2 - - 0.0515 - - - - - - 0.3906 1.1958 0.0447 - -
Autopsy - C - - 0.0834 - - - - - - 0.1686 - - - -
Admission - F1 - - 0.0274 - - - - - - 0.0591 - - - -
Autopsy - F2 - - 0.0470 - - - - - - 0.1168 - - - -
Autopsy - C - - 0.4847 - - - - - - 5.4592 0.0866 - - -
Admission - F1 - - 0.0658 - - - - - - 0.7898 0.0535 - - -
Autopsy - F2 - - 0.1695 - - - - - - 2.0653 0.0695 - 0.0200 -
Autopsy - C - - <0.02 - 0.0767 - - - - 0.0756 1.6445 - - -
Admission - F1 - - <0.01 - 0.1145 - - - - 0.0258 1.8373 - - -
Autopsy - F2 - - <0.02 - 0.0741 - - - - 0.0481 1.9264 - - -
Autopsy - C - - 0.1313 - - 0.0432 - - - 0.8653 0.9677 - - -
Admission - F1 - - 0.0265 - - <0,01 - - - 0.3096 0.6044 - - -
Autopsy - F2 - - 0.0279 - - <0,01 - - - 0.2441 0.5186 - - -
Autopsy - C - - 0.0597 - - - - - - 0.4964 2.3148 - - -
Admission - F1 - - 0.0312 - - - - - - 0.311 2.4289 - - -
Autopsy - F2 - - 0.0326 - - - - - - 0.2541 1.9744 - - -
Autopsy - C - 18.73112 - - - - - - - - - - - -
Admission - F1 - 23.520 - - - - - - - - - - - -
Autopsy - F2 - 15.83857 - - - - - - - - - - - -
Autopsy - C - 0.4291 - - - - - - - - - - - -
Admission - F1 - 0.2749 - - - - - - - - - - - -
Autopsy - F2 - 0.2374 - - - - - - - - - - - -
Autopsy - C - 1.1955 - - - - - - - - - - - -
Admission - F1 - 0.4241 - - - - - - - - - - - -
Autopsy - F2 - 0.4295 - - - - - - - - - - - -
Autopsy - C - - - - - - - - - - - - - -
Admission - F1 - - - - - - - - - - - - - -
Autopsy - F2 - - - - - - - - - - - - - -
Autopsy - C - - - - - - - - - - - - 0.0156 -
Admission - F1 - - - - - - - - - - - - 0.0227 -
Autopsy - F2 - - - - - - - - - - - - 0.0169 -
Autopsy - C - - 0.1479 - - 0.3262 - - - 0.8673 1.7605 - - -
Admission - F1 - - 0.1314 - - 0.2506 - - - 0.7595 1.4505 - - -
Autopsy - F2 - - 0.0773 - - 0.1846 - - - 0.5719 1.6059 - - -
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Case Nr Sample ACM ACE AMP BEN DZP DIP MDA MDM MTD MET MEQ MOR NCT TRM

Autopsy - C - - 0.0764 - - - - - - 0.4458 - - - -
Admission - F1 - - 0.0309 - - - - - - 0.2146 - - - -
Autopsy - F2 - - 0.0289 - - - - - - 0.2249 - - - -
Autopsy - C - - - - - - - - - - - - 0.0109 -
Admission - F1 - - - - - - - - - - - - 0.0278 -
Autopsy - F2 - 0.3641 - - - - - - - - - - 0.0236 -
Autopsy - C - - 0.0273 - - - - - - 0.1198 0.1096 - - -
Admission - F1 - - <0.02 - - - - - - 0.0731 0.1275 - - -
Autopsy - F2 - - 0.0588 - - - - - - 0.2914 0.1995 - - -
Autopsy - C - - 0.0585 - - - - - - 0.8384 1.3748 - - -
Admission - F1 - - <0.01 - - - - - - 0.1894 0.9511 - - -
Autopsy - F2 - - <0.02 - - - - - - 0.2212 0.8865 - - -
Autopsy - C - - - - - - - - - - - - 0.0450 -
Admission - F1 - - - - - - - - - - - - 0.0546 -
Autopsy - F2 - - - - - - - - - - - - 0.0267 -
Autopsy - C - - - 0.0218 - - 0.0613 4.0612 - - - - 0.0662 -
Admission - F1 - - - 0.0241 - - 0.0126 0.4897 - - - - 0.0837 -
Autopsy - F2 - - - 0.0295 - - 0.0157 0.4367 - - - - 0.0419 -
Autopsy - C - - - - - - - - - - - - 0.0447 -
Admission - F1 - - - - - - - - - - - - 0.0607 -
Autopsy - F2 - - - - - - - - - - - - <0,01 -
Autopsy - C - 49.52079 - - - - - - - - - - - -
Admission - F1 - 39.72536 - - - - - - - - - - - -
Autopsy - F2 - 44.00781 - - - - - - - - - - - -
Autopsy - C - 12.391 - - - - - - - - 0.1314 - - -
Admission - F1 - 9.0771 - - - - - - - - 0.1915 - - -
Autopsy - F2 - 10.063 - - - - - - - - 0.1853 - - -
Autopsy - C - - 0.0723 - 0.0355 0.0916 - - - 0.7649 1.8724 - - -
Admission - F1 - - <0,02 - 0.0315 <0,01 - - - 0.1823 1.6337 - - -
Autopsy - F2 - - 0.0369 - <0,02 <0,04 - - - 0.2775 1.7038 - - -
Autopsy - C - 0.9821 - - - - - - - - - - - -
Admission - F1 - 0.2312 - - - - - - - - - - - -
Autopsy - F2 - 0.6104 - - - - - - - - - - - -
Autopsy - C - - - - - - - - - - - - 0.0541 -
Admission - F1 - - - - - - - - - - - - 0.0921 -
Autopsy - F2 - - - - - - - - - - - - 0.0558 -
Autopsy - C - - 0.1149 - 0.0477 - - - - 1.9246 1.2922 - - -
Admission - F1 - - 0.0221 - 0.0289 - - - - 0.3121 0.8708 - - -
Autopsy - F2 - - 0.0240 - 0.0266 - - - - 0.4010 0.9230 - - -
Autopsy - C - 0.2208 - - - - - - - - - - - -
Admission - F1 - 0.1752 - - - - - - - - - - - -
Autopsy - F2 - 0.2888 - - - - - - - - - - - -
Autopsy - C - - - - - - - - - - - - 0.0217 -
Admission - F1 - - - - - - - - - - - - 0.0195 -
Autopsy - F2 - - - - - - - - - - - - 0.0147 -
Autopsy - C - - - - - - - - - - - - 0.0118 -
Admission - F1 - - - - - - - - - - - - 0.0239 -
Autopsy - F2 - - - - - - - - - - - - 0.0112 -
Autopsy - C - - 0.0314 - - - - - - 0.2782 1.4759 - - -
Admission - F1 - - 0.0303 - - - - - - 0.3174 2.3343 - - -
Autopsy - F2 - - 0.0229 - - - - - - 0.2965 2.1772 - - -
Autopsy - C - - - - - - - - - - - - 0.0162 -
Admission - F1 - - - - - - - - - - - - 0.0472 -
Autopsy - F2 - - - - - - - - - - - - 0.0134 -
Autopsy - C - - 0.3559 - - - - - - 1.8158 1.2215 - - -
Admission - F1 - - 0.0493 - - - - - - 0.5110 1.1962 - - -
Autopsy - F2 - - 0.0950 - - - - - - 0.5245 0.9728 - - -
Autopsy - C - 0.2620 - - - - - - 0.1417 0.0415 - <0,01 - 0.0895
Admission - F1 - 0.1492 - - - - - - 0.1265 0.0342 - <0,01 - 0.0723
Autopsy - F2 - 0.2333 - - - - - - 0.0798 0.0317 - 0.0118 - 0.0809

103

102

98

96

89

90

95

94

73

77

76

91

78

79

86

83

67

70

61

66
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Case Nr Sample ACM ACE AMP BEN DZP DIP MDA MDM MTD MET MEQ MOR NCT TRM

Autopsy - C - - - - 0.0275 - - - - 0.1507 - - - -
Admission - F1 - - - - 0.0313 - - - - 0.0489 - - - -
Autopsy - F2 - - - - <0.01 - - - - 0.0858 - - - -
Autopsy - C - - 0.1794 - - - - - - 1.7441 0.7789 - - -
Admission - F1 - - 0.2459 - - - - - - 1.4575 0.7372 - - -
Autopsy - F2 - - 0.0223 - - - - - - 0.3017 0.7391 - - -
Autopsy - C - - 0.0897 - - - - - - 0.8423 0.2969 - 0.0231 -
Admission - F1 - - 0.0733 - - - - - - 0.8676 0.2532 - 0.0258 -
Autopsy - F2 - - 0.0675 - - - - - - 0.5449 0.1912 - - -
Autopsy - C - - 0.2447 - - 0.1022 - - - 2.4644 1.5959 - 0.0257 -
Admission - F1 - - 0.0564 - - <0.04 - - - 0.4948 1.9268 - 0.0404 -
Autopsy - F2 - - 0.0453 - - <0.04 - - - 0.4758 1.8868 - 0.0194 -
Autopsy - C - <0,1 0.4528 - - - - - - 1.7265 0.7853 0.4696 - -
Admission - F1 - <0,1 0.0298 - - - - - - 0.2282 0.7439 0.0351 - -
Autopsy - F2 0.0118 0.5820 0.1058 - - - - - - 0.6967 0.7620 2.0333 - -
Autopsy - C - - - - - - - - - - - - 0.0534 -
Admission - F1 - - - - - - - - - - - - 0.0901 -
Autopsy - F2 - - - - - - - - - - - - 0.2410 -
Autopsy - C - - - - - - - - - - - - 0.0368 -
Admission - F1 - - - - - - - - - - - - 0.1425 -
Autopsy - F2 - - - - - - - - - - - - 0.0601 -
Autopsy - C 0.0535
Admission - F1 0.0881
Autopsy - F2 0.034
Autopsy - C <0,025 <0,01
Admission - F1 0.0544 0.0131
Autopsy - F2 <0,05 <0,005
Autopsy - C 0.0361
Admission - F1 0.0404
Autopsy - F2 0.0554
Autopsy - C 0.1537
Admission - F1 <0,02
Autopsy - F2 0.1132
Autopsy - C 0.6605 0.0765 0.052 0.2406 2.2206
Admission - F1 0.6334 0.0352 0.04 0.1872 1.9383
Autopsy - F2 1.8497 0.0719 0.0419 0.3802 1.6909
Autopsy - C 0.0993 0.7493 0.6522
Admission - F1 0.0487 0.2301 0.9016
Autopsy - F2 0.076 0.5787 0.8066
Autopsy - C 0.1502 0.0568 2.3082 0.7547
Admission - F1 0.0278 <0,04 0.2796 0.4574
Autopsy - F2 0.0434 <0,04 0.4639 0.5175
Autopsy - C

Admission - F1 0.015
Autopsy - F2 0.01  
Autopsy - C 0.1485 0.0735 0.48 1.3535
Admission - F1 0.0239 0.015 0.0733 1.6466
Autopsy - F2 0.0535 0.0465 0.2248 1.4401
Autopsy - C 0.2239 2.3785
Admission - F1 0.0691 2.2205
Autopsy - F2 0.0599 1.9574
Admission - F1 0.0341 0.2553 0.481
Autopsy - F2 0.0383 0.2674 0.4302
Autopsy - C 0.1232 0.0724 1.1052 2.0026 0.1248
Admission - F1 0.0269 <0,01 0.3134 1.0564 0.0333
Autopsy - F2 0.1066 0.0728 1.4405 1.0826 0.0237
Autopsy - C 0.4985 0.0456 4.1245 0.8139
Admission - F1 0.0654 <0,01 1.1988 0.8527
Autopsy - F2 0.1334 <0,01 1.4207 0.7389
Autopsy - C 0.0933 <0,01 0.5855 0.405
Admission - F1 0.035 0.0216 0.4662 0.5946
Autopsy - F2 0.0602 <0,02 0.3374 0.5617
Autopsy - C 0.1242 0.1346 1.5417 3.4198
Admission - F1 0.0387 <0,01 0.2114 1.9021
Autopsy - F2 0.163 0.0572 1.9705 2.4222

149

192

199

197

187

164

188

185

168

172

160

171

151

167

146

166

127

162 

115
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104
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