
Int J Legal Med (1996) 108:248-251 © Springer-Verlag 1996 

O R I G I N A L  A R T I C L E  

Anni Steentoft  • Karen W o r m  • Carsten Boe Pedersen 
Michael  Sprehn • Torben Mogensen  
Mogens  Bredgaard S0rensen • Erik  Nielsen 

Drugs in blood samples from unconscious drug addicts 
after the intake of an overdose 

Received: 14 July 1995 / Received in revised form: 25 October 1995 

Abstract  This investigation includes whole blood sam- 
ples from 53 drug addicts found unconscious in the Copen- 
hagen area with evidence of  a heroin overdose. Heroin/  
morphine was detected in 85% of  the patients and other 
opioids in 11%. One or more  benzodiazepines,  most  often 
diazepam, were detected in 75% of  the patients. A blood 
alcohol concentration higher than 1.00 mg/g was detected 
in 57% of  the patients. Methadone was detected in seven 
patients, ketobemidone in four, amphetamine in five and 
cocaine in one. This investigation showed widespread multi- 
drug abuse and heroin/morphine alone was detected in 
only one patient. As indicators o f  heroin intake, 6-mono-  
acetylmorphine (MAM) and morphine were detected in 
this investigation. 

Key words  Drug addicts • Drug-related emergencies • 
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Introduction 

When a drug addict is found unconscious in the Copen- 
hagen area, a mobile intensive care unit is sent to perform 
first aid including injection o f  an antidote for opioids. 
Most  of  these drug addicts leave shortly after the first aid 
treatment and do not want hospitalization. The purpose o f  
this study was to gather information on the misuse pattern 
and to investigate the morphine blood concentrations in 
the unconscious stage. 

Material and methods 

This investigation includes whole blood samples from 53 drug ad- 
dicts found unconscious in the Copenhagen area during a 1.5- 
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month period in 1991 with evidence of an overdose of heroin. The 
blood samples were taken from the patients while the antidote was 
being prepared. After awakening the patients were informed that 
the blood samples had been taken and thereby given the opportu- 
nity to refuse further investigation. The investigation was ap- 
proved by the local ethics committee. 

The blood samples were investigated for the presence of 
heroin/morphine and other strong analgesics such as methadone, 
ketobemidone and buprenorphine as well as amphetamine, co- 
caine, benzodiazepines and alcohol. Other drugs found by the tox- 
icological investigation were noted. Heroin is metabolized to 6- 
monoacetylmorphine (MAM) very rapidly after intake and more 
slowly to morphine. In this study both morphine and MAM were 
detected. 

The analytical methods used were radioimmunoassay [Roche 
Abuscreen morphine, DPC buprenorphine (double antibody) and 
DPC cocaine metabolite (Coat-A-Count)l, a radioreceptor method 
[1], and gas, thin-layer and high-performance liquid chromatogra- 
phy methods [2, 3]. The determination of morphine and MAM was 
performed by high-performance liquid chromatography with ultra- 
violet light and electrochemical detectors after solid-phase extrac- 
tion using Bondelut Certify columns. 

Results 

The mean age of  the 53 drug addicts was 24 years (range 
19--46 years); 19% were females. Of  the 53 blood sam- 
ples, 45 (85%) were found positive for morphine,  and 
M A M  was detected in 26 (58%). The concentrations o f  
morphine and M A M  are shown in Table 1. Alcohol  was 
detected in 33 of  the 45 patients positive for morphine, 
and in 25 the blood alcohol concentration (BAC) was 
higher than 1.00 mg/g (Fig. 1). In 34 (76%) of  the heroin/ 
morphine-posit ive patients one or more drugs of  the ben- 
zodiazepine type were detected (Fig. 1), in 17 patients di- 
azepam and in 9 patients flunitrazepam. Different combi-  
nations of  drugs were detected in the group "other drugs", 
including benzodiazepines, methadone, ketobemidone and 
amphetamine.  Cocaine was detected in one patient only. 
In eight patients no heroin/morphine was detected (Table 
2) and in six of  these methadone and/or ketobemidone 
were detected. Diazepam and/or flunitrazepam were de- 
tected in six of  the heroin/morphine-negative patients. In 
only two patients were no strong analgesics detected. A 
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Table 1 Whole blood concen- 
trations of morphine and 6- 
monoacetylmorphine (MAN). 
BAC Blood alcohol concentra- 
tion 

Morphine ~tmol/kg (~tg/g) MAN gmol/kg (gg/g) 

Range Median Range Median 
value value 

MAN: 0 
BAC = 0 ( n =  4) 

BAC > 0 _< 1.00 mg/g (n = 2) 

BAC > 1.00 mg/g (n = 13) 

MAN: positive 
BAC = 0 (n = 8) 

BAC > 0 < 1.00 mg/g (n = 5) 

BAC > 1.00 mg/g (n = 13) 

0.07-0.31 0.24 
(0.02-0.09) (0.07) 
0.14~0.21 0.18 

(0.04~0.06) (0.05) 
0.03-0.52 O. 13 

(0.01-0.15) (0.04) 

0.18-1.54 0.75 
(0.05-0.44) (0.21) 
0.19-0.99 0.33 

(0.05-0.28) (0.09) 
0.14-0.58 0.25 

(0.04-0.17) (0.07) 

0.07-0.51 0.14 
(0.02-0.15) (0.04) 
0.09-0.30 O. 16 

(0.03-0.09) (0.05) 
0.05-0.28 O. 12 

(0.01-0.08) (0.03) 

Fig. I Other drugs and alco- 
hol in the heroin/morphine- 
positive cases. BAC blood 
alcohol concentration 
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B A C  of  2.71 mg/g  was found in one of  these pat ients  and 
a B A C  of  2.79 mg/g  in combina t ion  with a high concen-  
trat ion of  f lun i t razepam in the other. In only one pat ient  
were  nei ther  a lcohol  nor  other  drugs detected.  A B A C  
higher  than 1.00 mg/g  was detected in 57% of  the 53 drug 
addicts.  Buprenorph ine  was not  found. 

The re la t ionship  be tween  morphine ,  alcohol,  d i azepam 
and f lun i t razepam was inves t iga ted  in the 35 cases  with 
morphine  and one or more  o f  the three other substances 
present  and no other  drugs detected.  In the calculat ions,  
"morph ine"  is the sum of  the concentra t ions  of  morphine  
and M A N ,  "d i azepam"  the sum of  d i azepam and des-  
me thy ld i azepam and " f lun i t razepam" the sum of  f luni-  
t razepam and desmethyl f lun i t razepam.  By a l inear  mult i -  
p le  regress ion  with "morph ine"  as the response  var iable  
and BAC,  "d iazepam" and "f luni t razepam" as explanatory 

Table 2 Other drugs found in the heroin/morphine-negative pa- 
tients 

BAC Number Other drugs detected 

0 1 

> 0 < 1 . 0 0  mg/g 2 

> 1.00 mg/g 5 

Methadone + amphetamine + 
diazepam + flunitrazepam 

Methadone + ketobemidone + 
diazepam 
Methadone + diazepam 

Methadone 
Ketobemidone + flunitrazepam 
Ketobemidone + diazepam + 
flunitrazepam 
Flunitrazepam 
None 
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Fig. 2 The relationship be- 
tween "morphine" (morphine 
+ 6-monoacetylmorphine), 
BAC and "flunitrazepam" 
(flunitrazepam + desmethyl- 
flunitrazepam) and the sum- 
mary of the regression o 

% 
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Pred ic to r  C o e f f  Stdev. t - rat io p 
Constant  0 .64965 0 .08818 7.37 <0.001 
BAC -0.1 7613 0 .04947 -3.56 0.001 

"Fluni t razepam" -2 .2764 0 .9394 -2.43 0.021 
s= 0 .2376 Rz= 0.296 

%% 

variables, only BAC and "flunitrazepam" showed signifi- 
cant results. The summary of the regression analysis and 
the regression plane are shown in Fig. 2. The model was 
checked by residual plots and a normal probability plot 
and found to be satisfactory. By introducing the product of 
BAC and "flunitrazepam" in the model as a new explana- 
tory variable, no interaction was seen between BAC and 
"flunitrazepam" (P = 0.322). From the summary of the re- 
gression it can be seen that the variance in this study is 
considerable (s = 0.2376, R 2 = 0.296). It can be seen that 
if the mean increase in BAC is 1 mg/g then the "mor- 
phine" level decreases by 0.18 btmol/kg (0.05 btg/g), and if 
the mean increase in "flunitrazepam" is 0.10 btmol/kg 
(0.03 btg/g), then the "morphine" level decreases by 0.23 
btmol/kg (0.07 btg/g). 

Discussion 

The average age of the drug addicts in this investigation 
was 24 years, in contrast to the average age of drug ad- 
dicts found dead in Denmark in 1991, which was 32 years 
[4]. The lower average age in this investigation may be 
explained by better health of younger drug addicts, giving 
them a greater chance of surviving until the arrival of the 
ambulance. Multi-drug abuse was very pronounced in this 
investigation, and heroin/morphine alone was detected in 
one patient only. One or more benzodiazepines were de- 
tected in 75% of the patients, and diazepam was detected 
in about half of the drug addicts found dead in 1991 [4] 
and about half of the drug addicts in this study. The fre- 
quent use of benzodiazepines among drug addicts is also 
in accordance with the statistics from the police for the 
same period, when diazepam and flunitrazepam domi- 
nated among prescription drugs on the illicit market. In 
this study flunitrazepam was detected in 26% of the pa- 
tients compared with only 5% of the drug addicts found 
dead [4]. An explanation for this difference could be the 

degradation of flunitrazepam to 7-aminoflunitrazepam in 
autopsy blood samples [5]; analyses for this degradation 
product were not routinely performed in 1991. 

An investigation of emergency cases in Hamburg in 
1991-1992 [6] showed a BAC higher than 1 mg/g in 20% 
of the patients, compared to 57% in this investigation. The 
difference was not so pronounced for drug addicts found 
dead during the same period. A BAC higher than 1 mg/g 
was seen in 17.5% of the drug addicts found dead in Ham- 
burg compared to 25% in Denmark [4]. 

No information was available about methadone treat- 
ment in the seven patients positive for methadone. In this 
study, methadone was detected in 13% of the cases, com- 
pared to 36% in drug addicts found dead [4]. Methadone 
is frequently used in the treatment of drug addicts in 
Denmark [7]. Control measures for the dispensing of 
methadone are, however, often insufficient, and according 
to the annual report from the Danish police methadone is 
traded illicitly [8]. 

Despite the increasing abuse of amphetamine in Den- 
mark since the late 1980s [9], amphetamine was detected 
in only five cases, in four of these in combination with 
heroin/morphine, possibly from "speedball", an illicit pre- 
paration of these two drugs. Also in the drug addicts 
found dead, amphetamine was detected in only a few 
cases [4]. 

During the period from 1991 until 1995 the drug abuse 
pattern in drug addicts found dead in the Copenhagen area 
did not change. Only few cocaine-positive cases were 
found, and no increase was seen in the number of cases 
positive for cocaine and amphetamine during this period. 

In this investigation it was shown that the blood level 
of morphine resulting in unconsciousness is significantly 
influenced by the presence of alcohol and/or fluni- 
trazepam. An average increase in BAC of approximately 
1 mg/g or in the flunitrazepam concentration of 0.1 btmol/ 
kg corresponds to a decrease of 0.2 gmol/kg in the mor- 
phine concentration resulting in unconsciousness. In other 



A. Steentoft et al.: Drugs in blood samples from unconscious drug 

words,  the more  a lcohol  or f lun i t razepam taken, the less 
hero in /morphine  is needed  for intoxicat ion.  

The morph ine  concentra t ions  in the b lood  samples  in 
this inves t igat ion were  within the range seen in fatal in- 
toxicat ions  wi th  heroin  and/or  morphine  in drug addic ts  
[10, 11]. Low b lood  concentra t ions  are often seen in fatal 
in toxicat ions  with heroin  and other  strong analges ics  l ike 
methadone  and ke tobemidone  in drug addicts  [7, 12], and 
f rom all informat ion  avai lable  about  a case it wil l  be pos-  
s ible to de te rmine  whether  the cause of  death could  be in- 
toxicat ion,  poss ib ly  in combina t ion  with poor  health.  This 
invest igat ion fur thermore  conf i rms that it is a lmost  im- 
possible to make a toxicological  evaluat ion of  a case from 
blood concentrations alone. 
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