
BACLOFEN: TO SCREEN OR NOT TO SCREEN IN POST-MORTEM BLOOD?

Abstract

Baclofen (BLF) has been prescribed in the UK since 1972 for the alleviation of spasticity. However, evidence suggests BLF is also recreationally misused. It has been associated with ethanol, gamma - hydroxybutyric acid (GHB), pregabalin (PGL) and gabapentin (GBP) use/abuse and deaths have been reported. With current post-mortem (PM) toxicological screening approaches, BLF is not routinely included in the general drugs screen, and is only screened for if specifically mentioned in the case documents. The extent of BLF misuse is thus unclear. 
This study was carried out to determine the prevalence and concentrations of BLF in Coroners’ toxicology, to investigate whether BLF misuse with ethanol, GHB, PGL and GBP is causing death and to determine the potential extent of the under-reporting of BLF-associated deaths.

Between 01/01/2016 to 31/12/2017, 3750 PM femoral vein bloods were screened for BLF; all positive cases were quantified. 

Only 0.56% of samples screened positive for BLF, with concentration ranging from 0.08 to 102.00 µg/mL (median= 0.28). It was determined that routine analysis without additional screening of BLF had been performed, 43% of BLF positives cases would have been missed. However, given the low incidence of detection, this only represents 0.25% of the cohort. Likely illicit use of BLF with GHB was seen in one case only. Death from the recreational use of BLF with PGL and GBP was not observed. Only two cases positive for BLF had an ethanol concentration of ≥ 50 mg%. Two cases of presumed intentional overdose of BLF were observed.

This study highlights that although BLF abuse may be occurring, deaths are rare. It is therefore not cost or time effective to screen for BLF in all PM cases. With BLF currently being investigated for the treatment of alcoholism and withdrawal symptoms of illicit drug use, BLF-related deaths may rise in the future.
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INTRODUCTION 
Baclofen (BLF) is a licensed antispasmodic prescribed for the alleviation  of spasticity due to multiple sclerosis and spinal cord diseases, management of pain due to muscle spasm and treatment for hiccup due to gastric distension (1). BLF has been marketed in the United Kingdom (UK) as Lioresal® since 1972. 

BLF is a structural analogue of gamma-aminobutyric acid (GABA), the primary inhibitory neurotransmitter in the mammalian central nervous system (CNS). GABA has two main receptor systems, the GABAA receptor whose function is modulated by medications such as benzodiazepines and barbiturates as well as alcohol, and the GABAB receptor which is modulated by BLF (2, 3). The mechanism of action of BLF is not clearly understood, however it is known to inhibit the release of excitatory amino acids, causing relaxant and pain relief effects (4).

Although BLF has been used clinically for many years, it is also being misused recreationally 
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(5-7)
. The potential mechanism for recreationally desirable effects may be through GABAB modulation of mesolimbic dopamine neurons, which are involved in meditating the rewarding effects of drugs and alcohol (8). From 2010 to 2018 in England there was a rise in prescriptions for BLF of approximately 48%, with the number of annual prescriptions increasing from 742.6 thousand to 1.1 million (9, 10).
BLF is available in tablet form, oral solution and as an intrathecal injection. Side effects from the use of BLF include sedation, somnolence, respiratory depression and euphoric mood (11). Data from clinical studies show individuals taking therapeutic oral doses between 10 to 240 mg/day of BLF have concentrations in plasma ranging from 0.06 to 1.10 µg/mL (12, 13).
Clinical studies have been conducted on BLF showing promising results, due to its ability to manipulate the release of dopamine, in reducing craving for cocaine (14), and also treating opiate (15) and gamma-hydroxybutyric acid (GHB) withdrawal symptoms (16). Baclofen is also currently being investigated as a treatment for alcohol dependence and has been shown to increase abstinence,  and to reduce alcohol associated craving and anxiety (2, 3). There is much debate about what dose is effective in treating alcoholism since those with alcohol dependence appear to tolerate high doses, with some users believing high doses to be necessary for effectiveness (17). Alcohol and BLF are both depressants and if taken together will have an enhancing depressive effect. The use of BLF at high doses by alcoholics is a cause for concern. Acute self-inflicted overdose of prescribed BLF has been observed in alcoholics (18) and seizures have been reported when BLF is co-ingested with alcohol (19). The General Medical Council (UK) has already approved off-license use of BLF for treating alcoholism.
One of the earliest examples of oral BLF abuse was reported in 1978, when three adults were hospitalised after ingesting BLF because a paraplegic friend informed them about the ‘buzz’ he experienced from taking it (20). Misuse and overdose of BLF has since been observed both nationally and internationally 
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(18, 21, 22)
. Symptoms of overdose include cardiovascular and respiratory depression, seizures, coma and death (23, 24).
More recently there has been anecdotal evidence from online forums regarding the recreational use of BLF. Users suggest at very high doses BLF can provide similar effects to GHB but with much harsher withdrawal symptoms. However, some illicit users of BLF stated they were using it to treat their GHB withdrawal symptoms (25). Nevertheless, symptoms of toxicity (rapid development of coma) was observed when a GHB-dependent female co-ingested her prescribed BLF with GHB (26). GHB-dependant individuals have stated that combining BLF with the GABA analogues gabapentin (GBP) or pregabalin (PGL) reduces the withdrawal effects of BLF use and provides them with enhanced euphoria so that they stop taking GHB altogether (27). Both GBP and PGL are prescription only drugs and have been reclassified as Class C controlled dugs in the UK since April 2019 (28). 
Of 1500 respondents to a UK online survey, conducted in 2014, investigating the prevalence and the frequency of BLF, GBP and PGL misuse, 1.3% admitted to misusing BLF (5). In a more recent study conducted in 2015, data received by the European Drug Emergencies Network, which collects data from 16 emergency departments across 10 European countries found that 60 out of 3,573 emergency department presentations involved misuse of GABA analogues, of which 13.3% involved BLF (7). 
There are many reports in the literature on single intoxication, BLF alone, where individuals have survived with supportive care. Fatal overdose involving BLF alone have also been reported. In two case reports of accidental overdose from recreational use of BLF, serum concentrations ranged from less than 0.02 to 1.15 µg/mL several hours post ingestion (23, 24) In two cases of intentional overdose of BLF, BLF was observed at 2.7 µg/mL (ante-mortem sample type unknown) (29) and 2.06 µg/mL (plasma), 15 and 16 hours post ingestion, respectively (22). All patients required hospital intervention and survived, but symptoms of overdose lingered even when the plasma/serum concentration of BLF was sub-therapeutic.
In case studies of fatal overdose of BLF, a post-mortem (PM) ‘blood’ concentration is generally provided. However, the sampling site is not always clear or sampling is reported not to be from the femoral vein 
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(30-32)
, the recommended site for PM analysis. In some cases it is unclear if other drugs were present (33). In a case of a fatal overdose of BLF, the patient had a serum BLF concentration of 17 µg/mL on hospital admission and died five days later (33). In three other cases of intentional fatal overdoses of BLF, PM ‘blood’ concentrations ranged from 2.7 to 106 µg/mL 
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(30-32)
. 
It has to be highlighted that in each of the toxic and fatal cases referenced above, BLF was always known to be present at the scene of the incident or was known to be prescribed to the patient or deceased. If this had not been the case, BLF would not have been screened for or quantified in the hospital, and with the current PM toxicological screening approach used by majority of toxicologists, BLF would not have been screened for in PM samples unless specifically mentioned in the case documents. 
Anecdotal evidence and literature reviews suggest that BLF is being misused alone and with other drugs/ ethanol, and deaths are occurring. However no studies have been conducted to determine the prevalence of BLF-associated deaths, alone or in combination with other drugs, either nationally or internationally. No data were found in the literature summarising the range of concentrations of BLF seen in PM femoral vein blood representing all deaths, not just overdoses. 
The Toxicology Unit, Imperial College London, conducted the first study to determine the prevalence and concentrations of BLF in an entire Coroners’ PM cohort (femoral vein blood), to establish whether there is a need to screen for BLF in all PM cases and if deaths are occurring due to BLF abuse/misuse.  The potential extent of under-reporting of BLF in PM cases was evaluated.  This study also investigated the incidence of BLF in combination with PGL, GBP, GHB, ethanol and other drugs.
METHODS
The Toxicology Unit performs toxicological analysis on PM samples submitted by pathologists on behalf of Coroners. The Coroners’ jurisdictions covered by the Unit include 7 of the 8 jurisdictions in London (North, Inner North, South, Inner South, Inner West, East and City of London) and areas in the South East of England (Berkshire, Cambridgeshire and Suffolk) covering approximately 15% of England’s population.  Based on the request by the pathologist and consideration of the case history and samples submitted, PM analyses may include a routine toxicological drugs screen in blood for prescribed, over-the-counter and controlled drugs (includes amphetamines, anti-depressants, anti-psychotics, benzodiazepines, cocaine, drugs given during emergency treatment and opioids) (34), measurement of alcohol, a specific screen for morphine and a urine drugs of abuse screen (includes amphetamines, cocainics, cannabis metabolite, GHB and opioids) (35). During the general drugs screen in blood, the concentration of the select drugs that are detected are estimated using an in-house published method (34). Drugs are only accurately quantified when the estimate is above its’ therapeutic concentration or when necessary for case interpretation. The ‘therapeutic’ and ‘potentially toxic/fatal’ reference ranges used by the Toxicology Unit are routinely taken from toxicological reference books such as Disposition of Toxic Drugs and Chemicals in Man (36) and Clarke's Analysis of Drugs and Poisons (37) which includes data from published literature. 

All work is carried out in accordance with appropriate guidelines (38). Prior to this study, the Unit did not have a screening method for BLF in PM blood.
Study population
Permission was obtained from the relevant Coroners to additionally screen for BLF in all deceased aged 16 years and over, where PM femoral vein blood, the optimal specimen for PM forensic toxicology, was submitted for a routine toxicological drugs screen. All results were reported to the Coroner as part of the routine death investigation.  This study commenced on 1 January 2016 and ended on 31 December 2017. 
Determining prevalence and concentrations of baclofen in post-mortem femoral vein bloods
A simple protein precipitation method was developed to screen and quantity BLF in PM blood using liquid chromatography–tandem mass spectrometry (Triple Quadrupole mass spectrometer). The limit of detection and quantification of the method was set at 0.05 µg/mL, with a linear calibration range from 0.05 to 1.00 µg/mL. Deuterated BLF was used as the internal standard (BLF-d4 ) (39). The cohorts were initially screened for BLF in femoral vein blood. A BLF concentration greater than or equal to 0.05 µg/mL was recorded as positive finding. All samples that screened positive for BLF were then accurately quantified in duplicate (39).

Demographics and the incidence of other drugs

In the BLF positive cases, the demographics (age, sex) and the presence of PGL, GBP, ethanol (equal or greater than 50 mg%), GHB and other drugs/drug groups were assessed. This was done by retrospectively investigating the case documents received with the samples, and the final toxicology reports. 
Determining the extent of under-reporting of baclofen in post-mortem cases

The documents submitted with the cases that screened positive for BLF were retrospectively examined to determine the number of cases that mentioned BLF (generic and brand names). By comparing the number of cases that screened positive for BLF to the number of cases that mentioned BLF in the case documents and thus would usually have been investigated for BLF, the potential extent of the under-reporting of BLF can be determined. 
Statistical analyses
All statistical analyses were carried out using IBM SPSS Statistics version 23.0 (Armonk, NY: IBM Corp). Prevalence was calculated by a simple percentage calculation ([number of cases screened positive for BLF/ total number of cases screened] X 100). A parametric, two-tailed t-test was used to compare the age of the male and female deceased whom were positive for BLF. A P value of less than 0.05 was considered significant. An outlier concentration was defined as the concentration that was 1.5 times the interquartile range (IQR) of the concentrations distribution. An extreme outlier concentration was a concentration that was 3 (or more) times the IQR. An outlier concentration may be considered an overdose. 
RESULTS
Prevalence of baclofen and demographics

From 1 January 2016 to 31 December 2017, the cohort consisted of 3750 deceased. 2662 (71%) males and 1088 (29%) females were screened for BLF. Only 0.56% or 21 cases of the 3750 cases, screened positive for BLF. Of those 21 cases, 11 were male (52%) and 10 were female (48%). The age ranged from 31 to  69 years (median = 47 years) for male and 31 to  71 years (median = 52 years) for female. Two-tailed t-test showed no statistical difference between the age ranges for male and female (P = 0.18).
Concentrations of baclofen observed in post-mortem femoral vein blood
The concentration range observed for BLF in PM femoral vein blood (n = 21) ranged from 0.08 to 102.00 µg/mL (median = 0.28 µg/mL, mean = 5.90 µg/mL ± 22.2 standard deviation – SD). The concentration range observed in males was from 0.08 to 102.00 µg/mL (median = 0.27 µg/mL) and 0.10 to 14.00 µg/mL (median = 0.30 µg/mL) in females. One outlier and two extreme outlier concentrations were observed.
Outliers - Potential cases of baclofen overdose/overuse
Three cases were observed with BLF at concentrations which were greater than the upper end of the therapeutic concentration range described in the literature (up to 1.10 µg/mL) (12, 13). Two extreme outlier concentrations of BLF were observed at 14.00 and 102.00 µg/mL, and one outlier concentration of 2.00 µg/mL.  In these cases BLF had been prescribed to the deceased. The cases are described in detail below.
Case a) A 31 year old female was found deceased at home with large amounts of medications around her. She suffered from depression and anxiety, and was wheelchair bound. The blood toxicology showed a BLF concentration of 14.00 µg/mL and overdose/fatal concentrations of oxycodone (3.55 µg/mL) and tramadol (6.14 µg/mL). Amitriptyline was present at 1.27 µg/mL and nortriptyline at less than 0.20 µg/mL. GBP was found at 53 µg/mL, which is more than double the upper end of its therapeutic reference range (2 to 20 µg/mL) (40). PGL was found at 6 µg/mL. No ethanol was detected.
Case b) A 50 year old male was found deceased at home with large amounts of medications around his body; a suicide note was left. The deceased suffered from depression and was an alcoholic. The deceased’s blood toxicology showed a BLF concentration of 102.00 µg/mL, overdose/fatal concentrations of codeine (4.5 µg/mL) and paracetamol (1099 µg/mL) and an ethanol concentration of 157 mg% (213 mg% in urine). Morphine was seen at 0.39 µg/mL, which most likely was the metabolic product of the ingested codeine.

In both cases, circumstantial and toxicological evidence suggested the deceased intended to take their life and that BLF concentrations of 14.00 and 102.00 µg/mL were overdose amounts. In both of those cases the prescribed daily dose for BLF was unknown.

Case c) A 44 year old female was found deceased at home with large amounts of medications around her body. The deceased had had an argument with her boyfriend the night before. The blood toxicology showed a BLF concentration of 2.00 µg/mL and ethanol concentration of 93 mg% (128 mg% in urine). Prescribed drugs, zopiclone and nortriptyline were present at 0.11 and 1.8 µg/mL respectively. Cocaine and benzoylecgonine were present in the blood. In this case, the deceased was prescribed BLF at 60 mg/day; however, the concentration observed for BLF was double that expected to be seen with a 60 mg/day dose (12, 13). This suggested that a BLF concentration of 2.00 µg/mL was potentially an overdose or at least an overuse concentration of BLF. A BLF concentration of 2.00 µg/mL combined with 93 mg% of ethanol, and the presence of zopiclone and nortriptyline (both depressants) will have a combined enhancing CNS depressant effect and therefore will increase the risk of toxic effects. No alternative cause of death was suggested at PM examination.
Incidence of other drugs with baclofen
Out of the 21 BLF positive cases, BLF was seen alone in only three cases (at 0.11, 0.20 and 0.30 µg/mL); in those cases BLF was present within the therapeutic concentration range reported in the literature (12, 13) and death was not drug related.

The three most common drug combinations seen with BLF, in descending order, were opioids (13 cases), anti-depressants (12 cases) and PGL (8 cases). Only one case was found to be positive for BLF, GBP and PGL together. Figure 1 represents the number of BLF cases that were positive for other drugs or drug groups. 

Pregabalin with baclofen
Eight cases were positive for PGL with BLF. PGL was prescribed to the deceased in six cases, and for two cases no prescription history was provided. In those eight cases PGL concentrations were within its therapeutic reference range (from 1 to  14 µg/mL) (41) . In seven out of those eight cases positive for PGL, BLF was present within its therapeutic range. Only one case (mentioned previously as Case a) had BLF present at 14.00 µg/mL but with a therapeutic concentration of PGL (6 µg/mL). Recreational misuse of PGL was not suggested in any of the above cases.

Gabapentin with baclofen
Four cases were positive for GBP with BLF. GBP was prescribed to the deceased in two cases, and for two cases no prescription history was provided. In two cases both BLF and GBP (0.16 µg/mL of BLF with 8 µg/mL of GBP and 0.83 µg/mL of BLF with 12 µg/mL of GBP) were within their therapeutic reference ranges. In one case the GBP concentration (33 µg/mL) was greater than its therapeutic reference range (from 2 to  20 µg/mL (40)) and BLF (0.60 µg/mL) was within its therapeutic range for oral dosage (from 0.06 to 1.10) (12, 13); the deceased was known to take excessive quantities of prescribed medication. In one case GBP was present at 53 µg/mL with BLF at 14.00 µg/mL. This case has been mentioned previously (Case a). Recreational misuse of GBP was not suggested in any of the above cases.

Ethanol with baclofen
Out of the 3750 cases analysed 857 had ethanol present at concentrations greater or equal to 50 mg% in PM blood. Five cases positive for BLF had a known history of alcoholism (23.8%), with only one case known to be prescribed BLF. In three of these cases the blood ethanol concentration was less than 10 mg% and BLF was present at therapeutic concentrations (ranging from 0.16 to 0.83 µg/mL). Ethanol at concentrations greater than 50 mg% with BLF was positive in only three cases, (two known alcoholics and one without a history of alcoholism). In those cases the ethanol concentrations were 93, 157 and 157 mg%. In two of those cases BLF was prescribed to the deceased, and for one case no prescription list was provided. In two cases (one prescribed, one unknown), the deceased were known alcoholics (157 and 157 mg%). In one alcoholic case, BLF was present within the therapeutic concentration. In the other case BLF (prescribed) was present at a fatal concentration of 102.00 µg/mL; this case has also been mentioned (Case b). The case with 93 mg% of ethanol did not have a history of alcoholism but had a BLF concentration of 2.00 µg/mL; this case has previously been mentioned (Case c). 
Gamma-hydroxybutyric acid with baclofen
Only one case was identified where the deceased was positive for GHB and BLF. The Toxicology Unit only screens for GHB in cases where GHB is mentioned in the case history, or the case circumstances strongly suggests GHB use or it is detected in a urine drugs of abuse screen. During the study period, 53 cases were found positive for GHB. Fifteen of those cases had GHB at concentrations less than 50 µg/mL; in those cases PM GHB production should be considered. Only one GHB positive case was positive for BLF. The case detail is as follows: 
A 31 year of male collapsed at a doctor’s waiting room. He was taken to hospital where he admitted to taking a combination of diazepam, pregabalin, codeine (all prescribed) and vodka. He was discharged the same day and the following morning was found dead at home. The deceased was a known GHB user. In the blood toxicology, BLF (0.08 µg/mL), PGL (6 µg/mL), diazepam and diphenhydramine were found at therapeutic concentrations and codeine was present at 0.43 µg/mL. GHB was present at 643 µg/mL; a potentially fatal concentration. No ethanol was present. A full prescription history was provided and BLF was not prescribed to the deceased, suggesting BLF was being used illicitly.

Potential extent of under-reporting of baclofen
Of the 21 BLF positive cases, nine did not mention BLF in the case documents. In the remaining 12 cases, BLF was prescribed to the deceased. Thus if an additional specific screen for BLF had not been conducted on the entire cohort, the prevalence of BLF would have under-reported 43% (0.25% of the entire cohort). 
Discussion and conclusion

Although studies conducted in the UK and in mainland Europe indicate that recreational misuse of BLF is occurring (5, 7), the results described in this study identified only one case of potential illicit use of BLF. The prevalence of BLF in PM femoral vein blood was found to be low, detected in only 0.56% of all cases screened in concentrations ranging from 0.08 to  102.00 µg/mL (n = 21). Although there are reports in the literature suggesting recreational use of baclofen, our data suggests this recreational use is not commonly resulting in death. In those cases where BLF was found at overdose concentrations, evidence indicates the deceased intended to take an overdose rather than representing accidental overdose or recreational use.
Out of the 21 BLF positive cases, nine cases did not mention BLF in the cases documents, thus had an additional screen for BLF not been conducted, the presence of BLF would have been missed in 43% of BLF positive cases (representing only 0.25% of the entire cohort). In those 9 cases BLF was present at therapeutic concentrations (ranging from 0.08 to 0.91 µg/mL) and was not considered the cause of death alone, though in one case it may have been a contributory factor in death due to the combination with other CNS depressants which were present. In previous reports of individuals who recreationally used or tried to overdose with BLF, symptoms of toxicity still manifested several hours after ingestion and ante-mortem plasma/serum BLF concentrations ranged from 0.02 to 2.7 µg/mL 
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(22-24, 29)
 These case reports indicate that death or intoxication from BLF overdose is not immediate and toxic effects of BLF can be still seen in individuals with the therapeutic concentrations of BLF. Individuals found unconscious several hours post ingestion still required hospitalisation with ventilation due to prolonged respiratory and CNS depression 
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(18, 21, 29)
. Given the relatively quick half-life of BLF (from 3 to 4 hours) (42) and the information above, this suggests the concentration of BLF seen at PM will be less than that causing the initial toxic effect. Therefore, some of the cases from this study where the PM femoral vein blood concentration was within therapeutic concentration may have been previously within the toxic range 
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(30-32)
. There is no information regarding PM redistribution on BLF in the literature. However considering the low the volume of distribution of BLF (0.8 kg/L) PM redistribution should be minimal (43).
Three cases were found with BLF at concentrations far greater than the therapeutic range. In two cases BLF was potentially at fatal concentrations and in one case at a concentration which suggested potential excessive overuse. In each case the deceased was known, from case documents, to be prescribed BLF, and therefore during routine toxicological screening BLF ‘would’ have been additionally screened for. In two cases the deceased was positive for other drugs which were present at fatal concentrations, where death would have occurred even without BLF being present. These were drugs that are included in the routine screening approach. Therefore, without screening for BLF in those two cases, a drug-related cause of death could have been given. 

With only 21 BLF positive cases, there was insufficient data to reliably determine a concentration range where BLF should be considered a cause for concern. However, the case studies described in this project suggests a BLF concentration of 14.00 µg/mL and above should be considered as an overdose concentration. This concentration is consistent with other BLF overdose concentrations detected in PM blood from the literature (ranging from 2.7 to 106 µg/mL), although the sites of blood sampling were unclear in these cases 
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.
Opioids were one of the most common drug groups seen with BLF. As BLF is prescribed for the treatment of spasticity due to multiple sclerosis and muscle spasms, it is reasonable to expect BLF to be prescribed with other pain relief medication such as opioids, anti-depressants such as amitriptyline, nortriptyline, and drugs including PGL and GBP. Misuse of BLF with GBP or PGL was not indicated in the case documents in cases where BLF was present with GBP or PGL.  

Ethanol was present in three cases at greater than 50 mg% (up to 157 mg%), with alcoholism being mentioned in two cases. Of the deaths in which BLF was detected, 23.8 % had a history of alcoholism; however, BLF in alcoholics with ethanol concentrations equal or greater than 50 mg% was not a common occurrence. Research into BLF has been rapidly increasing due to its potential to be used to treat alcoholism (2). As BLF is a sedative drug, its use at high doses by alcoholics may be a cause for concern as the combined effects with ethanol will increase the risk of toxicity (19).

Only one case was found where BLF was used illicitly with GHB. This suggested that the misuse or use of BLF with GHB was not common, or at least not in the areas in which this study was conducted, or that if abuse is occurring, it does not often result in death. However, this result may be biased as GHB was not screened for in all cases. An alternative reason for not observing more cases with both BLF and GHB, is that BLF is being consumed to treat the withdrawal effects of GHB use, and therefore they should not be taken together. Studies have been and are being conducted to assess the effectiveness of BLF for treating withdrawal effects of GHB use 
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(16, 44, 45)
. This means that if BLF is prescribed to treat GHB withdrawal in the future, it may lead to more BLF abuse-related deaths occurring, with and without GHB. As indicated in this study, most of the deceased which are positive for BLF are consuming it in therapeutic amounts and those misusing BLF were attempting suicide.

This study showed that the prevalence of BLF was low in the PM population covered by the Toxicology Unit. It is therefore not cost or time effective for the Unit, and possibly for other forensic laboratories, to screen for BLF in all cases. This means there is a risk that some overdose cases may be missed, however the risk of missing an overdose is the same for other drugs that are not routinely screened for. It has to be noted that the prevalence of BLF may be low in our PM cohort, but deaths may be occurring in other regions, and therefore it is recommended each region of each country should conduct their own pilot study to assess their situation with BLF. Deaths from misuse of BLF in general and amongst alcoholics or GHB users was rarely seen during this study. However, as GBP and PGL are now controlled drugs in the UK (from April 2019), and with BLF being investigated for treatment of alcoholism and cocaine, GHB and opiate addiction, we may see a shift in drug use from GBP and PGL to BLF in the future. This study will provide useful ‘before licensing’ prevalence data for BLF in deaths. 
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Figure 1. Concomitant use of other drugs with baclofen in post-mortem femoral vein blood (n = 21)
Opioids: Medicinal morphine, codeine, methadone, oxycodone and tramadol. Morphine was not screened for in three cases.

Anti-depressants: Amitriptyline, citalopram, duloxetine, mirtazapine, nortriptyline, o-desmethylvenlafaxine, sertraline and venlafaxine

Benzodiazepines: Diazepam, desmethyldiazepam, and temazepam. Temazepam was not screened for in all cases.

Anti-psychotics: Quetiapine and risperidone.  Risperidone was not screened for in all cases.

Anti-epileptics (other): Phenytoin and valproate. These were not screened for in all cases. Excludes gabapentin/pregabalin
GHB: Gamma-hydroxybutyric acid
*Cases may be positive for more than one drug group, therefore the same case may be presented more than once
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