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Abstract

:

Amphetamine abuse is a known problem in Saudi Arabia; it is estimated that 40% of drug abusers misuse amphetamines. Here, our aim was to perform an up-to-date epidemiological study of amphetamine-related postmortem cases in Jeddah, Saudi Arabia, in which 235 postmortem cases were included. The largest number of cases was recorded for the groups aged between 31 and 40 years (86 cases) and the lowest number of cases was recorded for the group aged between 61 and 70 years old (5 cases). Amphetamine was co-ingested with other drug(s) in 55% of the total cases (blood with sodium fluoride (BN), median, 0.3 mg/L). Approximately 23% of all deaths were due to other co-ingested drugs (BN, median, 0.2 mg/L). Amphetamines alone were detected in 107 cases, (BN, median, 0.5 mg/L). Amphetamine was the sole cause of death in 16% of the studied cases (BN, median, 1.0 mg/L). The combination of amphetamine and a pre-existing disease were observed in 9.4% of all deaths (BN, median, 0.7 mg/L). The causes of death were determined to be accidental in the majority (47%) of cases, homicides in 26% of cases, suicides in 11% of cases, and unknown in 7% of cases. This is the first discussion of the amphetamine concentration in bile in amphetamine-related deaths, the relationship between amphetamine concentration in different bodily fluids, and the amphetamine concentration in putrefied corpses. This study concluded that amphetamine abuse in Jeddah, Saudi Arabia, increased over 400% between 2012 and 2018, and 41% of these cases involved violence. This result also suggests that preventive programs targeting youth and adolescent students are required to keep schools and universities free from drugs, especially amphetamines.
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1. Introduction


Amphetamines are considered to be among the oldest stimulant drugs, first used in the early 1900s [1,2] and still consistently abused globally [3]. Amphetamines remain the recreational drug of choice in many countries, including Nordic and Middle Eastern countries. In Sweden, a 10-year study found that amphetamines were involved in 4% of postmortem cases related to road-traffic accidents [4]. Regular users of amphetamines are more likely to die from several causes [1].



Amphetamine abuse is a problem in Saudi Arabia, with 40% of drug abusers estimated to use amphetamines, particularly young individuals (12–22 years old) [5,6]. More than two-thirds of global amphetamine seizures are reported in Saudi Arabia [7,8]. It is not known when amphetamine use started in Saudi Arabia, but it has been banned since 1986 [9]. High rates of amphetamine abuse in this region can be explained by the general idea among users that amphetamine is a harmless and recreational drug that do not often result in fatality [10]. Amphetamine use increases during exam periods due to the belief by users that amphetamines can improve academic achievement. Some students believe that amphetamine use can help them overcome sleep deprivation and fatigue; however, amphetamines weaken cognition and can cause many serious complications [11].



The toxic effects of amphetamine use are observed when blood amphetamine concentrations are higher than 0.2 mg/L, and amphetamine fatalities are reported at blood amphetamine concentrations higher than 0.5 mg/L [12]. Decedents suffer nervousness, hyperthermia, convulsion, cardiac and respiratory failure prior to death [13]. Postmortem toxicology of amphetamine-related fatalities has rarely been reported, and most existing reports are dated in the 1970s [14,15,16,17], primarily reporting single-case investigations [15,18,19,20] or epidemiological studies involving large numbers of amphetamine-related fatalities [6,21]. It is common to detect amphetamines in postmortem specimens, but interpreting their contribution to fatalities is difficult. Although amphetamine-related fatalities have been reported, no link between death and amphetamine concentration has been demonstrated by autopsy. Death as a result of amphetamine ingestion is not rapid and often occurs several hours after the last dose, allowing for some of the drug to be metabolized and excreted [21,22]. This means that concentrations assessed after death do not reflect the concentration that led to death [23,24]. However, amphetamines are known to exhibit limited postmortem redistribution, which means that drug concentrations detected at the time of autopsy in a particular specimen are similar to those present at the time of death [6,13].



Most reported methods for extracting and detecting amphetamines are as a methamphetamine metabolite [25,26,27,28,29,30,31]. In fact, few reports are available for determining amphetamine in deaths solely attributable to amphetamine. Liquid–liquid extraction was the most common procedure for sample preparation [14,15,17,21,32,33,34], and three studies used solid-phase extraction (SPE; [10,18,35]). Techniques that have been applied to postmortem amphetamine detection include thin-layer chromatography [14,16], ultraviolet spectrometry [14,15,17], gas chromatography–mass spectrometry [18,20,32,33,36,37], liquid chromatography coupled with a photodiode array detector [22], and liquid chromatography–tandem mass spectrometry (LC-MS/MS) [10].



Although a well-known problem in Saudi Arabia, especially in the western region, no epidemiological studies concerning amphetamine-related postmortem cases have been conducted. Our aim here was to conduct an up-to-date epidemiological study of amphetamine-related postmortem cases in Jeddah, Saudi Arabia. In addition, we determined the demographic characteristics, circumstances, and pre-existing pathology of amphetamine-related postmortem deaths in Jeddah, Saudi Arabia (between 2012 and 2018). In this paper, we present new information regarding the distribution of amphetamines in amphetamine-related postmortem cases using an approach that considers multiple bodily fluids analysis (blood with sodium fluoride as a preservative (BN), urine, vitreous humor, bile, and stomach contents) and comparing these data with those obtained in previously reported studies.




2. Materials and Methods


2.1. Chemicals


HPLC-grade solvents and ammonium formate were obtained from Sigma Aldrich (Steinheim, Germany). Amphetamine and its internal standards (Amphetamine-D5) were purchased from Lipomed (Arlesheim, Switzerland). Solid-phase extraction (SPE) cartridges were obtained from United Chemical Technologies (part #CSDAU203) (Bristol, PA, USA).




2.2. Sample Preparation and Analysis


A recently published method for methamphetamine and amphetamine, in multiple bodily fluid specimens (blood, urine, vitreous humor, bile, and gastric contents) was adopted for the current investigation, using SPE as a sample pretreatment and triple quadrupole mass spectrometry and liquid chromatography–tandem mass spectrometry techniques (LC–MS/MS) [38].




2.3. Method Validation


The method was validated according to the ANSI/ASB standard [39]. Focus was placed on the validation and applicability of the described method for analysis of amphetamines using multiple postmortem bodily fluid specimens. Negative bodily fluid specimens obtained from postmortem cases were used as blank controls during validation.




2.4. Case Samples


All forensic autopsy cases of drug-related deaths submitted to the Jeddah Poison Control and Forensic Medical Chemistry Center (JPCC); Jeddah Health Affairs Ethical Approval Committee, research code: 00188) from 1 January 2012 to 31 July 2018 were included in this study. All autopsy samples were collected and analyzed using routine methods, as previously described [38]. In total, 3293 routine postmortem cases were investigated. Information about cases included in this study was collected by JPCC staff using the Forensic Toxicology Jeddah Database Service, including sex, history of drug abuse, postmortem interval time (PMI) details, circumstances of death, and place of death.





3. Results


3.1. Method Validation


This report employed a validated LC-MS/MS method to quantify amphetamine in bodily fluids from 235 postmortem cases that involved amphetamine. This method was found to be specific and sensitive in analyzing amphetamine in different biological fluids. A linear calibration curve was established between 0.001 and 1.0 mg/L for all bodily fluid specimens, with a good coefficient of determination (R2 = 0.99). The lower limit of quantification was 0.001 mg/L. Within-run precision was less than 7% and between-run precision was less than 5%. The accuracy values for the three tested precision controls (0.025 mg/L, 0.1 mg/L, and 0.750 mg/L) ranged between −2% and +4%. Matrix effects and recoveries were examined for the three tested precision control concentrations described above, and acceptable matrix effect and recovery values were obtained and ranged from 98% to 112% and 88% to 96% of the target concentration, respectively. Two dilution controls were investigated—0.1 and 7.5 mg/L—which were diluted 1:10 and 1:100 times, respectively; the target dilution concentrations of 0.010 and 0.075 mg/L were achieved within an acceptable range with a method accuracy of ±15%. In this work, interference from frequently detected drugs and their metabolites, blank bodily fluid postmortem specimens, or carryover effects from the last injection were examined and no effect on analyte detection was observed.




3.2. Demographic Profile


In this study, 235 postmortem cases were tested using the method described above. Positive amphetamine cases accounted for nearly 10% of all autopsy cases handled by JPCC between 2012 and 2018 (median, 5.3%; range 3–25%). The annual rate of positive amphetamine cases among JPCC postmortem cases ranged between 16 and 63 cases/year. Of the 235 cases included, the majority were men (99%), with a median age of 37 years. Multiple specimens were collected during autopsy, including BN, vitreous humor, bile, urine, and stomach contents. PMIs varied among cases, with a median of 24 h (range, 12–2664 h). The analyte concentrations and case details are listed in Table 1.



The highest number of cases was recorded for the group aged between 31 and 40 years (86 cases) and between 21 and 30 years (84 cases), whereas the lowest number of cases was recorded for the group aged between 61 and 70 years (5 cases) (Figure 1). An increase in the concentrations of amphetamines in BN and corresponding bodily fluids was observed with an increase in the age of the deceased, with a more than two-fold increase observed in the group of deceased patients older than 30 years compared with those younger than 30 years old. Table 2 displays the relationship between the amphetamine concentration in the amphetamine-related postmortem cases in different bodily fluid specimens and the age group.




3.3. Multiple Specimens


In this study, blood was collected from the subclavian artery (n = 187 cases, 80% of total cases). The second most tested specimen type was vitreous humor, which was available in 165 cases (70%); this was followed by urine samples, available in 152 cases (64%); stomach contents, available in 91 cases (38%); and bile samples, available in 88 cases (37%).



The relationship between amphetamine concentrations among multiple specimens has rarely been reported. In the current study, the Spearman correlation coefficient (Rs) was used to determine the relationship between amphetamine concentrations in different bodily fluids. Figure 2 clearly shows a positive relationship between the amphetamine levels in different bodily fluids (Rs, range = 0.553–0.867), and the p-values were always significant (p < 0.001). The highest Rs value was observed between the BN and vitreous humor samples, and the lowest Rs was observed between the BN samples and stomach contents (Figure 2, Table 3).



The median amphetamine concentration was 0.44 mg/L, 4.4 mg/L, 0.55 mg/L, 1.0 mg/L and 0.83 mg/L among the BN, urine, vitreous humor, stomach contents, and bile samples, respectively. The median urine/BN, vitreous humor/BN, stomach content/BN and bile/BN ratio of the detected amphetamine concentrations were 21:1, 1.1:1, 3.3:1, and 2.5:1, respectively.



In the current investigation, as indicated in Table 1, the highest median amphetamine concentration was found in urine samples, followed by stomach contents, bile, vitreous humor, and BN. This can be explained by the postmortem distribution of blood to other bodily fluids and tissue, accumulation in urine following multiple doses, and oral administration being the most common route of administration.




3.4. Causes of Death


Amphetamine is a recreational drug often detected in postmortem cases and rarely linked to the cause of death. Moreover, the combination of chronic amphetamine abuse and pre-existing disease has been reported [40]. In this investigation, amphetamines were the only detected drug in 107 cases (median BN concentration of 0.5 mg/L). Death was attributable to amphetamine intoxication (median BN concentration of 1.0 mg/L) in 37 cases (16% of all cases). In these cases, the median amphetamine concentrations were investigated in other bodily fluids and found to be ≥1.0 mg/L, as indicated in Table 1. In the current study, death was attributed to other co-ingested drugs in 53 (23%) cases, and the median amphetamine concentrations were often lower than 1.0 mg/L. Amphetamine concentration in the BN, vitreous humor, urine, stomach contents, and bile were 5-, 4-, 12-, 3-, and 3.3-fold higher, respectively, in cases of amphetamine-only-related death compared with cases in which death was attributed to co-ingested drugs.



In 22 cases, deaths were attributed to pre-existing diseases (9.4% of all cases), and the median amphetamine concentrations were higher in these cases than in those involving co-ingested-drug-related fatality cases but lower than amphetamine-only-related death cases, except for bile, for which amphetamine concentrations were similar to those of co-ingested-drug-related fatalities. In another 16 cases, the cause of death could not be determined due to a lack of information, as most were putrefied corpses and a few blood samples were available for testing, with a median concentration of 0.23 mg/L. In that group, high amphetamine concentrations were detected in urine, stomach contents, and bile specimens, with medians of 14.0, 1.7, and 4.3 mg/L, respectively. No vitreous humor samples were available in this group. Amphetamine concentrations in multiple bodily fluid specimens with the corresponding PMI, age, and cause of death are listed in Table 1.




3.5. Manner of Death


In the current investigation, cause of death can be divided into intentional (homicidal or suicidal), unintentional (accidental), and natural (deaths related to pre-existing diseases). In some cases, the manner of death could not be determined due to lack of information. Table 1 shows that the cause of death was accidental in 46% of cases. Homicide was the second most common manner of death in this investigation, accounting for 26% of total cases. Deaths were attributed to stabbing (20 cases), gunshot (15 cases), fighting (7 cases), vehicular assault (3 cases), fall from height (3 cases), and other causes (8 cases). Homicides were observed in both cases only involving amphetamines (39%) as well as polydrug cases (15%).



In the current study, the cause of death was suicide in 26 (11%) cases. Among the cases in which amphetamines were the only ingested drug (107 cases), suicides accounted for 17 cases (16%), while nine cases among polydrug cases (128 cases) were determined as suicide (7%). The most common method of suicide was hanging (18 cases, 69% of all suicides), followed by self-gunshot (11%), fall from height (8%), self-stabbing (8% cases), and self-immolation (reported in one case). In the current study, 9% of cases were due to natural causes, and cause of death was undetermined in 7% of cases. Interestingly, the median BN amphetamine concentration among cases of natural deaths was 0.70 mg/L, which is slightly lower than that of cases solely attributable to amphetamines (median: 1.0 mg/L). In 18 cases, the cause of death was unknown, as most putrefied cases in this study could not be assigned a definitive cause of death based on the available information. In addition, few BN or humor samples were available for testing. Instead, other biological fluids were investigated. The amphetamine concentrations, classed by cause of death, in multiple bodily fluid specimens, along with the corresponding PMI and age, are listed in Table 1.




3.6. Amphetamines and Polydrug Deaths


Among the 128 polydrug cases, the additional drugs detected included THC metabolites (45% of polydrug cases), methamphetamine (36%), heroin metabolites (24%), alcohol (17%), cocaine (3%), tramadol (1%), alprazolam (4%), diazepam (3%), olanzapine (2%), midazolam (2%), clonazepam (1%), carbon monoxide (6%), and sildenafil (6%). Table 1 shows the high BN amphetamine concentration in solely amphetamine-caused deaths, which could be interpreted in two different ways: it gives convincing evidence for chronic amphetamine abuse [34] and it confirms that the deceased had ingested large amounts of this stimulant [3]. In this study, the median BN amphetamine concentration was 1.0 mg/L and 0.2 mg/L in solely amphetamine and polydrug intoxication, respectively.




3.7. Route of Amphetamine Administration


In the current study, the most common route of administration was oral (174 cases, 74%), with a further 30 cases using intravenous injection (13%), whereas the route of administration was unavailable for 31 cases (13%). The route of amphetamine intake resulting in the highest BN (median concentration 0.52 mg/L) was oral. Amphetamine injection was determined as the route of injected in the fewest number of cases, with a median level of BN amphetamine concentration of 0.14 mg/L (Table 1).



Most of the cases with unknown routes of administration were putrefied cases. Of the cases with unknown routes of administration, 23% showed partial putrefaction and 71% were heavily decomposed. In these cases, amphetamine was detected in alternative specimens when no blood samples were available, with median levels of 0.32 mg/L in vitreous humor, 10.00 mg/L in urine, 1.24 mg/L in stomach contents, and 0.70 mg/L in bile.




3.8. Location of Deaths, Putrefaction, and Postmortem Intervals


In the current study, location of death was crucial to identification of the effects of environmental conditions (temperature and humidity) on amphetamine concentration in postmortem specimens. Outdoor locations of death were the most reported among cases in this investigation (58%). PMI was relatively low in non-putrefied cases (69%). In putrefied cases, 60% showed partial purification, with the remaining 40% in an advanced state of decomposition. Median BN amphetamine concentrations were higher in heavily decomposed cases than in partially decomposed cases (heavily decomposed: 0.44 mg/L, partially decomposed: 0.30 mg/L; Table 1).



Some outdoor cases had been transferred to a hospital, which increased the time between dose and death. Among outdoor deaths, the highest median amphetamine concentration was found in cases where the death occurred in the desert (1.30 mg/L); this was followed by hospitals (0.50 mg/L); open space, i.e., streets or gardens (0.40 mg/L); and car accidents (0.20 mg/L).





4. Discussion


4.1. Multiple Specimens


Few publications have reported amphetamine concentrations in different postmortem bodily fluids. In the current study, the advantage of analyzing different postmortem bodily fluids can be observed in the 48 putrefied cases for which no blood samples were available or deemed not suitable for analysis. The ratios of the median amphetamine concentrations among the different postmortem bodily fluids tested herein were always higher than 1:1. Blood is the most common postmortem sample studied for amphetamine. Previously reported amphetamine concentrations in blood ranged from 0.1 to 14.0 mg/L [14,15,16,22,33,34,41]. In three previous studies of amphetamine-related fatalities reported stomach content concentrations ranging between 2.1 and 22 mg/L total [16,41]. Stomach contents have been suggested to be valuable for distinguishing between oral routes of administration and other routes of administration, with higher concentrations in stomach contents than blood hypothesized to result from oral administration [19,29,31]. The ratio of the amphetamine concentration in stomach contents to blood has been previously reported to range 3–22 fold [16,41]. The ratios obtained in the current study were higher than previously reported, with a median of 3.3-fold (range: 0.3–60 fold). This can be explained by the high probability of oral administration compared to intravenous injections that occurred in most previous reports [34]. One of the strengths of the current study is the large number of stomach content specimens tested (91) compared to previous work.



Urine is a helpful matrix in this kind of analysis, especially in cases of delayed deaths (in which blood concentration drops sharply) and cases of bleeding or trauma. It allows confirmation of drug use over a much wider time window compared to blood. Urine samples have been examined for many amphetamine-related fatalities, with concentrations ranging from 0.4 to 775.0 mg/L, and the ratios of the amphetamine concentration in urine to blood ranging from 2 to 116 fold [13,14,16,17,33,41]. In the current study, the median ratio of amphetamine concentration in urine to BN was 21 fold (range: 1–247 fold), which is higher than previous reports.



Bile is used to identify chronic users [42]. There is no previous report of bile concentration in amphetamine-related deaths. However, it has been reported as a methamphetamine metabolite; in these reports, the ratios of amphetamine concentrations in bile to blood have ranged 1–5 fold [29,31,42]. In the current study, a higher ratio of amphetamine concentration in bile to BN was also observed (range: 1–46 fold) compared to previous reports, which may indicate that users in the current study were chronic amphetamine users.



Vitreous humor is known to eliminate drugs of abuse slower than other bodily fluids [43]; therefore, some of the detected concentration could include a previous dose. The amphetamine concentration in vitreous humor has only been previously reported in a single study (n = 5, median: 0.52 mg/L, range: 0.1–1.8 mg/L), while the median ratio of amphetamine concentration in vitreous humor to blood ranged 3–6 fold [41], which is in agreement with the results of this study (median: 1.1 fold, range: 3–6 fold).




4.2. Manners of Death


Most of the deaths for which amphetamine was detected occurred in those younger than 40 years old. Amphetamine abuse begins with no experience of drug-related complications and may be a trigger for abuse of other dangerous and harmful drugs, which may cause users to suffer poor health, eventually leading to death [43]. In agreement with current study, De Letter et al. reported a similar finding in their study, with 60% of deaths determined to be accidental, 26% determined as suicides, 6% determined as homicides, and 3% determined as undermined [41]. Verschraagen et al. found that almost 46% of their amphetamine-related fatalities were accidental, whereas 54% of their cases were violent homicides, i.e., gunshot, stabbing, or strangulation [22]. A similar study in Sweden found that amphetamines were most often detected incidentally and that most deaths were related to drug combinations [6]. In a Spanish study, accidental death was the most common cause of death (82%), followed by suicide (14%) and homicide (4%) [35]. Others found that 2–54% of amphetamine-related deaths involved homicide [22,33,44,45]. Similarly to the current study, amphetamine-related suicides in previous studies accounted for 11–26% of all amphetamine-related violent deaths [33,35,41]. Furthermore, 33–86% of amphetamine-related suicides used violent means [46]. In prior studies, the most common volent means of death was hanging (33–57%) [33,35,41], followed by gunshot (50%) [33], traffic accidents (29%), and stabbing (14%) [41].



In prior work, natural and undetermined causes of death have been reported in cases in which testing revealed the presence of amphetamines. In one study, somatic disease accounted for 14% of deaths, and 2% of the cases had undetermined causes of death [44]. Åhman et al. found that natural disease was the major cause of death in almost 40% of their postmortem cases. The authors attributed such a high rate of natural death to their long study period, which made it easy to distinguish deaths caused by natural diseases that developed with increasing age from those caused by amphetamine use [40]. This study had a similar percentage of undetermined cases as was reported by Ericsson et al. (8%) [44], but a higher percentage than that reported by De Letter et al. (3%) [41].



Several postmortem toxicology studies have tried to address the relationship between amphetamine concentration and violent behavior. The connection between crime and amphetamine use is obvious from the current study. Out of 235 cases, 97 (41%) had violent-behavior causes of death. Of these violent deaths, 66% resulted from the violent action of another, and 34% were considered violence against themselves. The median BN concentrations were slightly higher in those who harmed themselves: 0.45 mg/L versus 0.41 mg/L in those harmed by others. This trend held true in urine, vitreous humor, stomach contents, and bile. Even though these accidents and violent deaths were not directly caused by the drug, it is believed that because they occurred under the influence of amphetamines that they contributed to these deaths [26,34].



In this study, death due to somatic disease was associated with older age (median age, 45 years), which is in agreement with a previous report by Lee et al. [47]. In contrast, suicides were more common in younger individuals, with a median age of 30 years, also in agreement with previous reports [47,48]. In the current study, polydrug use that included amphetamines accounted for 35% of suicides, 31% of homicides, and 48% of accidents. Almost 44% of those who died as a result of car accidents in the current study were polydrug users, which is similar to data previously reported [3,49].




4.3. Amphetamines and Polydrug Deaths


Jones et al. presented a total of 419 postmortem cases, among which only 36 were amphetamine-related deaths (9%). Of these 36 cases, 50% were amphetamine-related intoxication, 8% were suicide by overdose, while amphetamines were detected in combination with disease in 11% [49]. In a Holmgren and Lindquist study, 40% of amphetamine-related fatalities were related to the combined toxicity of amphetamines and additional drugs and 9% had pre-existing cardiac diseases that contributed to the deaths [33]. These published conclusions are in agreement with the details of the current investigation.



In published reports, the median blood amphetamine concentration was 0.7–1.5 mg/L when only amphetamine was detected and 0.4–0.5 mg/L when at least one other drug was detected [3,6,34]. As reported by Jones et al. [34], there appeared to be a dose effect with the blood amphetamine concentration decreasing more with higher numbers of detected drugs. For example, a median concentration of 1.2 mg/L was reported when amphetamine was detected alongside one extra drug. This concentration further decreased to 0.2 mg/L when the number of other drugs in the blood increased to 10 [34]. In the current study, the median amphetamine concentrations also decreased when a greater number of drugs were involved. The median BN amphetamine concentration was 0.4 mg/L when only one extra drug was detected, 0.25 mg/L when two additional drugs were detected, and 0.12 mg/L when more than four drugs were detected.



In previous reports, THC co-occurred in 26–33% of amphetamine-related postmortem cases [3,6,41], alcohol co-occurred in 13–48% [3,6,21,41], cocaine co-occurred in 19–21% [35,41], and benzodiazepines co-occurred in 37–43% [3,6,41]. Cannabinoids were found in 58 of the 235 cases in this study (25% of total cases), followed by methamphetamines. Amphetamines are known to be active methamphetamine metabolites [50,51]. In several studies, the percentage of amphetamine concentration compared with its parent drug was estimated to be within 5–10% of the methamphetamine concentration in BN samples [26,52]. In prior reports, the postmortem percentage of amphetamine to methamphetamine varied based on the route of administration, time of administration, and purity of amphetamines used, ranging from 1 to 15% [33,41,50,51]. In some amphetamine-related postmortem cases, a low methamphetamine concentration could be due to methamphetamine’s presence as an impurity of amphetamine synthesis, or methamphetamine could be formed by a minor metabolic pathway of amphetamine methylation due to its high concentration [53]. A methamphetamine percentage higher than 10% may indicate that both drugs were used. In a recent study from Saudi Arabia of cases known to be related to methamphetamine intoxication, the median amphetamine/methamphetamine percentage was higher than 50% among cases, in which the authors supposed that both drugs were administrated [38].



In current investigation, heroin co-ingestions in addition to amphetamines accounted for 13% of all cases (n = 31, median amphetamine BN concentration of 0.2 mg/L). In a previous report, 29% of amphetamine-related fatalities were in combination with morphine [35]. In one previous study, heroin contributed to the death in 3 of the 19 amphetamine-related fatalities (16%), and blood amphetamine concentrations ranged from 0.05 to 0.09 mg/L [54].




4.4. Route of Amphetamine Administration


Few reports have discussed the route of amphetamine administration in amphetamine-related fatalities. In those that did, the most reported route of amphetamine administration was reported to be injection [3,6,14,16,17]. Oral routes of amphetamine administration have only been investigated in two previous studies [15,19]. Our study increases our knowledge of cases of oral amphetamine administration, which has not been the main route of administration reported in previous investigations.




4.5. Location of Deaths


The influence of the location of death on drug concentrations, whether in indoor residences or in an outdoor setting, has rarely been discussed for amphetamine-related postmortem cases. In previous reports, the median BN amphetamine concentrations ranged from 0.12 to 0.38 mg/L in indoor cases and from 0.10 to 0.27 mg/L in outdoor cases [34,42]. In the current investigation, the median amphetamine concentrations in different bodily fluids were higher in outdoor cases than indoor cases (Table 1), which is consistent with other reports [33,41].





5. Conclusions


We conclude that amphetamine-related postmortem cases in Jeddah, Saudi Arabia, increased more than 400% over the seven-year study period. This can be dangerous because of the high mortality associated with poly-drug intoxication. Poly-drug intoxication was involved in 23% of all cases in this study, and 41% of amphetamine-related postmortem cases involved violence. The high death rate among amphetamine users indicates that this is a serious problem in Saudi Arabia, which may continue to increase in the coming years. We found that amphetamine abusers died young and often began amphetamine abuse before the age of 20 years. The highest rate of death was reported for the group aged between 21 and 40 years, indicating a long period of amphetamine abuse, although the role of pre-existing disease cannot be excluded. This result also suggests that preventive programs targeting youth and adolescent students are required to keep schools and universities free from drugs, especially amphetamines.
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Figure 1. Distribution of the postmortem cases with positive amphetamine results, by age group. 
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Figure 2. Correlation (Spearman-Rho) between the concentrations of amphetamine (mg/L) in amphetamine-related postmortem cases in the current investigation: (a) in blood with sodium fluoride preservative and urine; (b) in blood with sodium fluoride preservative and vitreous humor; (c) in blood with sodium fluoride preservative and stomach contents; and (d) in blood with sodium fluoride preservative and bile. 
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Table 1. Characteristics of the amphetamine-related postmortem cases in Jeddah, Saudi Arabia, 2012–2018, based on age and postmortem interval as well as the cause, manner, and location of death.
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Circumstances of Death

	

	
Number of Cases

	

	
Age

(Year)

	
Postmortem Interval

(Hours)

	
Amphetamine Concentration (mg/L)




	
BN §

	
Urine

	
Vitreous Humor

	
Stomach Contents

	
Bile






	
Amphetamine-related postmortem cases

	
All cases

	
All cases

	
235

	
Median

	
35

	
24

	
0.4

	
4.4

	
0.55

	
1.00

	
0.83




	

	

	

	
Range

	
15–70

	
12–2664

	
0.05–11.00

	
0.10–475.4

	
0.05–7.90

	
0.06–26.60

	
0.05–44.50




	
Amphetamine only detected

	
All

	
107

	
Median

	
35

	
48.0

	
0.54

	
9.70

	
0.67

	
0.96

	
1.31




	

	

	

	
Range

	
15–70

	
15–1080

	
0.05–4.35

	
0.20–475.40

	
0.08–6.40

	
0.06–11.74

	
0.10–44.50




	
Other drugs plus Amphetamine

	

	
128

	
Median

	
33

	
24

	
0.26

	
2.45

	
0.31

	
0.90

	
0.42




	

	

	

	
Range

	
16–66

	
12–2664

	
0.05–11.00

	
0.10–323.20

	
0.05–7.90

	
0.10–26.60

	
0.05–24.60




	
Cause of Deaths

	
Amphetamine-only

	
All cases

	
37

	
Median

	
36

	
24

	
1.0

	
18.94

	
1.0

	
2.20

	
3.03




	

	
Range

	
20–57

	
24–2664

	
0.51–4.35

	
0.30–475.40

	
0.30–6.40

	
0.15–26.60

	
0.63–16.61




	
Polydrug intoxication

	
All cases

	
53

	
Median

	
36

	
24

	
0.20

	
1.63

	
0.24

	
0.70

	
0.90




	

	
Range

	
17–63

	
12–240

	
0.10–11.00

	
0.10–185.60

	
0.06–7.90

	
0.1–95.50

	
0.10–24.60




	
Natural diseases

	
All cases

	
22

	
Median

	
45

	
24

	
0.67

	
4.05

	
0.60

	
0.85

	
0.84




	

	

	

	
Range

	
23–66

	
24–768

	
0.10–2.94

	
0.30–128.54

	
0.10–2.56

	
0.80–2.60

	
0.80–0.90




	
Undetermined deaths

	
All cases

	
16

	
Median

	
38

	
134

	
0.23

	
14.00

	
n.a.

	
1.70

	
4.30




	

	

	

	
Range

	
20–55

	
24–1080

	
0.10–0.35

	
10.00–17.74

	
0.19

	
0.06–3.62

	
0.76–7.80




	
Manner of Deaths

	
Accidental

	
All cases

	
110

	
Median

	
36

	
24

	
0.50

	
2.65

	
0.61

	
1.10

	
1.00




	

	

	

	
Range

	
17–63

	
12–2664

	
0.10–11.00

	
0.10–475.40

	
0.06–7.90

	
0.07–26.70

	
0.05–44.53




	

	
Drug poisoning

	
90

	
Median

	
37

	
24

	
0.53

	
4.60

	
0.63

	
1.14

	
1.40




	

	

	

	
Range

	
17–63

	
12–2664

	
0.10–11.00

	
0.10–475.40

	
0.06–7.90

	
0.10–26.60

	
0.09–24.60




	

	
Traffic accidents

	
9

	
Median

	
26

	
48

	
0.35

	
1.45

	
0.37

	
0.40

	
0.30




	

	

	

	
Range

	
17–40

	
18–96

	
0.05–2.44

	
0.13–18.04

	
0.13–1.31

	
0.07–3.10

	
0.10–2.14




	

	
Fall from height

	
10

	
Median

	
35

	
24

	
0.30

	
1.80

	
0.48

	
0.60

	
0.50




	

	

	

	
Range

	
22–50

	
24–288

	
0.10–0.95

	
0.30–68.40

	
0.12–2.82

	
0.20–3.53

	
0.13–1.25




	

	
Drowning

	
3

	
Median

	
24

	
48

	
1.85

	
n.a *

	
3.30

	
n.s. #

	
n.s.




	

	

	

	
Range

	
20–33

	
34–72

	
1.68–2.01

	
0.33–323.23

	
1.80–4.90

	
n.s.

	
n.s.




	
Suicidal

	
All cases

	
26

	
Median

	
30

	
24

	
0.36

	
5.40

	
0.31

	
0.55

	
0.50




	

	

	

	
Range

	
16–70

	
12–480

	
0.05–1.20

	
0.15–90.92

	
0.05–1.00

	
0.07–4.10

	
0.09–2.34




	
Violent means

	
Hanging

	
18

	
Median

	
29

	
24

	
0.41

	
4.02

	
0.30

	
0.13

	
0.20




	

	

	

	
Range

	
21–40

	
12–480

	
0.15–0.52

	
0.15–82.60

	
0.05–1.00

	
0.07–0.27

	
0.09–2.34




	

	
Gunshot

	
3

	
Median

	
37

	
24

	
0.28

	
27.00

	
0.38

	
0.60

	
n.a




	

	

	

	
Range

	
29–40

	
24–120

	
0.28–1.15

	
18.60–90.82

	
0.34–0.42

	
0.55–0.64

	
0.14




	
Homicidal

	
All

	
61

	
Median

	
30

	
24

	
0.43

	
5.00

	
0.55

	
0.90

	
0.67




	

	

	

	
Range

	
15–63

	
18–192

	
0.06–3.85

	
0.12–167.80

	
0.06–2.35

	
0.21–8.06

	
0.10–44.53




	

	
Stabbing

	
20

	
Median

	
29

	
24

	
0.50

	
4.40

	
0.45

	
0.55

	
0.60




	

	

	

	
Range

	
17–60

	
22–120

	
0.06–3.06

	
0.20–89.20

	
0.06–1.20

	
0.21–4.80

	
0.13–4.03




	

	
Gunshot

	
15

	
Median

	
31

	
24

	
0.41

	
5.60

	
0.20

	
0.56

	
0.59




	

	

	

	
Range

	
25–63

	
18–72

	
0.07–3.64

	
0.31–16.80

	
0.08–2.30

	
0.45–8.06

	
0.10–1.34




	

	
Blunt force injury

	
8

	
Median

	
37

	
36

	
0.73

	
5.40

	
0.88

	
1.80

	
9.83




	

	

	

	
Range

	
27–60

	
24–192

	
0.10–3.47

	
0.81–32.04

	
0.06–1.75

	
0.50–4.75

	
2.23–19.20




	

	
Fight

	
7

	
Median

	
26

	
24

	
0.12

	
5.00

	
0.33

	
0.96

	
1.55




	

	

	

	
Range

	
18–42

	
24–48

	
0.06–0.40

	
0.12–22.60

	
0.08–1.61

	
0.29–5.54

	
0.200–19.43




	

	
Car related homicide

	
3

	
Median

	
28

	
24

	
0.35

	
0.85

	
1.85

	
n.s.

	
n.s.




	

	

	

	
Range

	
15–32

	
24–72

	
0.35–3.85

	
0.23–24.13

	
1.36–2.35

	
n.s.

	
n.s.




	

	
Others

	
8

	
Median

	
27

	
84

	
1.60

	
n.a.

	
0.85

	
3.14

	
0.28




	

	

	

	
Range

	
21–42

	
24–456

	
0.74–2.44

	
1.40

	
0.71–0.98

	
1.92–6.00

	
0.22–0.45




	
Unknown

	
All cases

	
18

	
Median

	
36

	
96

	
n.a

	
11.5

	
n.a

	
1.2

	
4.3




	

	

	

	
Range

	
25–55

	
24–1080

	
n.a

	
6.3–17.7

	
n.a

	
0.1–3.6

	
0.8–7.8




	
Route of administration

	

	
Oral

	
174

	
Median

	
34

	
24

	
0.52

	
5.40

	
0.62

	
1.00

	
0.90




	

	

	

	
Range

	
15–70

	
12–2664

	
0.10–11.00

	
0.12–475.40

	
0.05–6.40

	
0.13–26.60

	
0.05–24.62




	

	
Injection

	
30

	
Median

	
36

	
24

	
0.14

	
2.04

	
0.17

	
0.70

	
0.47




	

	

	

	
Range

	
18–56

	
24–96

	
0.05–0.70

	
0.10–70.31

	
0.06–7.90

	
0.13–6.60

	
0.26–2.00




	

	
Unknown

	
31

	
Median

	
38

	
96

	
0.16

	
10.00

	
0.32

	
1.24

	
0.70




	

	

	

	
Range

	
20–60

	
12–1080

	
0.09–0.53

	
1.100–18.74

	
0.20–0.39

	
0.06–3.63

	
0.13–44.50




	
Location of deaths

	

	
Home environment

	
99

	
Median

	
36

	
24

	
0.34

	
4.00

	
0.30

	
0.70

	
0.60




	

	

	

	
Range

	
16–66

	
12–480

	
0.05–4.05

	
0.12–175.74

	
0.06–6.40

	
0.03–11.74

	
0.09–19.43




	

	
Public location

	
136

	
Median

	
35

	
24

	
0.40

	
5.80

	
0.63

	
1.25

	
0.94




	

	

	

	
Range

	
15–70

	
18–2664

	
0.05–11.00

	
0.10–475.40

	
0.06–7.90

	
0.07–26.60

	
0.07–44.50




	

	
Hospital

	
21

	
Median

	
36

	
24

	
0.50

	
2.80

	
0.61

	
0.70

	
0.40




	

	

	

	
Range

	
25–57

	
18–120

	
0.13–4.33

	
0.30–475.40

	
0.13–5.50

	
0.35–9.60

	
0.10–4.35




	

	
Cars

	
26

	
Median

	
29

	
48

	
0.35

	
1.50

	
0.45

	
0.90

	
0.36




	

	

	

	
Range

	
15–56

	
18–240

	
0.05–3.85

	
0.13–185.60

	
0.06–2.35

	
0.07–5.90

	
0.10–13.60




	

	
The desert

	
22

	
Median

	
40

	
96

	
1.30

	
31.20

	
0.70

	
4.22

	
7.80




	

	

	

	
Range

	
21–60

	
24–2664

	
0.11–8.20

	
1.80–185.60

	
0.40–2.03

	
0.90–22.31

	
0.90–44.50




	

	
Street/open area

	
69

	
Median

	
35

	
24

	
0.51

	
6.40

	
0.70

	
1.20

	
1.50




	

	

	

	
Range

	
15–63

	
18–432

	
0.05–3.85

	
0.10–323.23

	
0.06–7.90

	
0.13–26.60

	
0.13–14.80




	
Putrefaction

	
Putrefied cases

	
All

	
73

	
Median

	
37

	
96

	
0.43

	
5.00

	
0.44

	
1.14

	
0.93




	

	

	

	
Range

	
19–70

	
24–2664

	
0.05–11.00

	
0.12–185.60

	
0.07–7.90

	
0.06–22.31

	
0.07–44.50




	

	
Some

	
43

	
Median

	
35

	
72

	
0.31

	
1.70

	
0.51

	
0.70

	
1.00




	

	

	

	
Range

	
19–70

	
24–480

	
0.05–3.50

	
0.12–185.60

	
0.07–7.90

	
0.10–22.31

	
0.10–19.20




	

	
Heavy

	
30

	
Median

	
40

	
168

	
0.44

	
22.20

	
0.37

	
1.24

	
0.76




	

	

	

	
Range

	
21–60

	
24–2664

	
0.20–8.20

	
10.00–36.40

	
0.12–0.50

	
0.06–3.63

	
0.07–44.50




	
Non-putrefied

	
All

	
163

	
Median

	
33

	
24

	
0.44

	
4.40

	
0.60

	
0.91

	
0.80




	

	

	

	
Range

	
15–66

	
12–384

	
0.05–4.35

	
0.10–475.40

	
0.05–6.40

	
0.13–26.60

	
0.09–19.43








§ BN: blood with sodium fluoride; * n.a: not available; # n.s: no sample.
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Table 2. The relationship between the amphetamine concentration in amphetamine-related postmortem cases in the bodily fluid specimens and age group.
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Age Group

	
Number of Cases

	

	
Specimen’s Type




	

	

	
BN *

	
Urine

	
VH Ҿ

	
ST #

	
Bile




	
(Years)

	

	

	
Median Amphetamine Concentration (mg/L)






	
15–20

	
12

	
0.12

	
1.5

	
0.31

	
2.72

	
0.41




	
21–30

	
84

	
0.15

	
5

	
0.44

	
0.9

	
0.95




	
31–40

	
86

	
0.33

	
6.3

	
0.7

	
1.2

	
0.8




	
41–50

	
27

	
0.20

	
3.4

	
0.45

	
0.83

	
0.4




	
51–60

	
21

	
0.44

	
1.6

	
0.63

	
1.3

	
1.1




	
61–70

	
5

	
0.35

	
5.9

	
0.4

	
0

	
0.8








* BN: blood with sodium fluoride; Ҿ VH: vitreous humor; # ST: stomach contents.
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Table 3. Correlation (Spearman-Rho) between the amphetamine concentration detected in 235 amphetamine-related postmortem cases.
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	Specimen’s Type
	BN
	Urine
	VH Ҿ
	ST #
	Bile





	BN *
	1
	
	
	
	



	Urine
	0.722
	1
	
	
	



	VH
	0.867
	0.635
	1
	
	



	ST
	0.800
	0.562
	0.703
	1
	



	Bile
	0.778
	0.747
	0.801
	0.739
	1







* BN: blood with sodium fluoride; Ҿ VH: vitreous humor; # ST: stomach contents.
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