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SUMMARY
A case of drowning involving brotizolam, flunitrazepam and ethanol ingestion was presented. Quantitative toxicological analysis sho-
wed that the concentrations of brotizolam, 7-aminoflunitrazepam (a metabolite of flunitrazepam) and ethanol in the femoral blood we-
re 0.025μg/ml, 0.094μg/ml and 0.29mg/ml, respectively, and these drugs were also detected in the stomach contents. We concluded
that the cause of death was drowning whilst under the influence of combined use of brotizolam, flunitrazepam and ethanol.
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Pfiípad utopení pod vlivem brotizolamu, flunitrazepamu a etanolu

SOUHRN
Je prezentován pfiípad utopení po poÏití brotizolamu, flunitrazepamu a etanolu. Kvantitativní toxikologická anal˘za ukázala, Ïe kon-
centrace v krvi ze stehenní Ïíly u brotizolamu byla 0,025 μg/ml, 7-aminoflunitrazepamu (metabolit flunitrazepamu) 0,094 μg/ml a
etanolu 0,29 mg/ml. Tyto látky byly detekovány v obsahu Ïaludku.
Lze usuzovat, Ïe v daném pfiípadû bylo pfiíãinou smrti utopení, zpÛsobené vlivem kombinovaného uÏití brotizolamu, flunitrazepamu a
etanolu. 
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Benzodiazepines are commonly detected in many medi-
co-legal autopsy cases (6). They are widely used as sedati-
ve and/or hypnotic agents, since they are characterized as
having a wide therapeutic index with a low risk of serious
adverse reactions and toxicity (5). Proper evaluation of the
psychomotor performance under the influence of benzodia-
zepine by itself or combined with ethanol ingestion is one
of the problems in the fields of forensic practice. Here we
report on a case of drowning whilst under the influence of
brotizolam, a triazolothienodiazepine derivative (2), flunit-
razepam, a N-methyl-2’-fluoro analogue of nitrazepam (3,4)
and ethanol. 

CASE HISTORY

A 75-year-old woman (height 141cm, weight 54.5kg) was
found submerged in the bathtub of her house. She had been

prescribed hypnotics. Autopsy findings indicated no evidence
of external injury. The left lung weighed 318g and the right
421g, showed edematous, with approximately 70ml and
120ml of red-tinged effusion in the left and right pleural spa-
ce, respectively. There was filled with frothy fluid in the trachea
and bronchi. Histologically, the lung showed dilation of the al-
veoli with elongation of septa. No findings such as myocardi-
al infarction or myocarditis were observed. The stomach con-
tained 50ml of a brownish fluid with granules. Drug screening
testing using a TriageTM (Biosite Diagnostic Inc, San Diego, USA)
panel was negative. Postmortem samples including femoral blo-
od and stomach contents were collected for toxicological exa-
mination and kept at -20°C until analysis.  

MATERIALS AND METHODS

Toxicological analysis was performed using a GC-MS sys-
tem (QP-2010 Plus, Shimadzu, Kyoto, Japan). Identificati-
on and quantification of each drug was performed by the
slightly modified method of the previous report (8). Quanti-
tation of ethanol was performed using head-space gas-chro-
matography. 
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RESULTS AND DISCUSSION

Toxicological analysis identified brotizolam and 7-aminof-
lunitrazepam, a metabolite of flunitrazepam. Table 1 shows
the quantitation of brotoizolam and 7-aminoflunitrazepam in
the victim’s blood and stomach contents and also summarizes
their therapeutic and fatal levels (5,12,13). The 0.29 mg/ml
of ethanol was detected in the blood. Although 7-aminoflu-
nitrazepam was identified, no flunitrazepam was detected in
any sample. This may have been due to postmortem biocon-
version of flunitrazepam to 7-aminoflunitrazepam (11), and
therefore the presence of 7-aminoflunitrazepam was an im-
portant marker of flunitrazepam usage (4,7). The victim’s fe-
moral blood concentrations of brotizolam and 7-aminoflunit-
razepam were 0.025 and 0.094 μg/ml respectively. The es-
timated antemortem blood concentration of flunitrazepam was
0.10 μg/ml, calculated from 7-aminoflunitrazepam data in
the femoral blood. These concentrations were within toxic le-
vels, but not fatal levels (5,13). The negative result of Triage-
TM test may be due to the low sensitivity for thienodiazepine
(brotizolam) (9) and 7-aminoflunitrazepam (10).

Flunitrazepam is a central nervous system depressant that
may cause drowsiness, hangover, fatigue, dizziness and ata-

xia (1), and additive effects may occur when other central
nervous system depressant such as brotizolam or ethanol are
co-administered (1). In the present case, flunitrazepam, bro-
tizolam and ethanol were detected concurrently in the blo-
od. Therefore, additive psychomotor impairment would ha-
ve occurred, and would have led to loss of consciousness.
From the autopsy findings and the results of the toxicologi-
cal examination, we concluded that death was due to the
drowning whilst under the influence of brotizolam, flunitra-
zepam and ethanol intoxication. The present case indicates
that we should consider the effects of drugs on psychomo-
tor performance in case of drowning. 

The peak concentration of flunitrazepam is reached three
hours following the administration of recommended dose (14).
In this case, it was apparent that the victim died during the ab-
sorption phase following oral ingestion, based on the detecti-
on of the quite high concentrations and large amounts of drugs
in the stomach. By using forensic toxicokinetic factors, we ha-
ve also estimated the victim’s total amounts of ingestion of bro-
tizolam and flunitrazepam. Using values of the distribution vo-
lume (Vd) for brotizolam (0.4-0.8 l/kg) and for flunitrazepam
(3.4-5.5 l/kg) (2,3), the victim’s body weight and femoral blo-
od levels, the calculated amounts of brotizolam and flunitra-
zepam were 0.55-1.1mg and 18.5-30.0 mg, respectively. The
total ingested dose of each drug is the sum of the above value
and the dose left in the stomach. We therefore estimated that
she had ingested at least 0.62 mg of brotizolam and 21.4 mg
of flunitrazepam.

CONCLUSION

The cause of her death was drowning whilst under the influ-
ence of brotizolam, flunitrazepam and ethanol, and it is esti-
mated that she died within three hours following ingestion of
at least 0.62 mg of brotizolam and 21.4 mg of flunitrazepam.

Specimen brotizolam 7-aminoflunitrazepam
(μg/ml) (μg/ml)   

Femoral venous blood 0.025 0.094              
Stomach contents 1.51 58.6    

(75.5 μg)* (2.93mg)*
Therapeutic range 0.001-0.02 (13) 0.005-0.015 (13)
Fatal range 0.01 (12)*** > 0.16 (5)**

Table 1. Brotizolam and 7-aminoflunitrazepam concentrations in the sam-
ple, and their therapeutic and fatal levels. 

* Each figure in parentheses represents the total amount of drug in the
stomach.
** Combined total levels of flunitrazepam and 7-aminoflunitrazepam.
*** Case report; combination of six drugs and alcohol poisoning.

REFERENCES

1. Baselt RC. Flunitrazepam. In: Baselt RC.
Drug effects on psychomotor performan-
ce. Foster City, CA: Biomedical Publicati-
ons; 2001: 159-162.

2. Baselt RC. Brotizolam. In: Baselt RC, ed.
Disposition of toxic drugs and chemicals
in man (8th ed). Foster City, CA: Biome-
dical Publications; 2008: 181-182.

3. Baselt RC. Flunitrazepam. In: Baselt RC,
ed. Disposition of toxic drugs and chemi-
cals in man (8th ed). Foster City, CA: Bi-
omedical Publications; 2008: 633-635.

4. Drummer OH, Syrjanen ML, Cordner SM.
Deaths involving the benzodiazepine flu-
nitrazepam. Am J Forensic Med Pathol
1993; 14: 238-243.

5. Drummer OH, Odell M. Benzodiazepines
and related drugs. In: The forensic phar-
macology of drug of abuse. London: Ar-
nold; 2001: 103-175.

6. Jönsson AK, Holmgren P, Druid H, Ahl-
ner J. Cause of death and drug use pat-
tern in deceased drug addicts in Sweden,

2002-2003. Forensic Sci Int 2007; 169:
101-107.

7. Kinoshita H, Nishiguchi M, Kasuda S, Ta-
kahashi M, Ouchi H, Minami T, Matsui K,
Yamamura T, Motomura H, Ohtsu N, Yos-
hida S, Adachi N, Ohta T, Komeda M,
Ameno K, Hishida S. Forensic toxicologi-
cal implication of an autopsy case of mi-
xed drug overdose involving clomiprami-
ne, chlorpromazine and flunitrazepam.
Soud Lek 2008; 53: 28-30.

8. Kudo K, Ishida T, Hikiji W, Hayashida M,
Uekusa K, Usumoto Y, Tsuji A, Ikeda
N. Construction of calibration-locking da-
tabases for rapid and reliable drug scre-
ening by gas chromatography-mass spect-
rometry. Forensic Toxicol 2009; 27: 21-
31.

9. Kurisaki E, Hayashida M, Nihira M, Oh-
no Y, Mashiko H, Okano T, Niwa SI, Hi-
raiwa K. Diagnostic performance of Tria-
geTM for benzodiazepines: urine analysis

of the dose of therapeutic cases. J Anal To-
xicol 2005; 29: 539-543.

10. Moriya F. Advantages and limitations of
Triage DOA screening in clinical and fo-
rensic drug testing. Chudoku Kenkyu
2008; 21: 273-283. 

11. Robertson MD, Drummer OH. Postmortem
drug metabolism by bacteria. J Forensic
Sci 1995; 40: 382-386.

12. Saito T, Takeichi S, Nakajima Y, Yukawa
N, Osawa M. A case of homicidal poiso-
ning involving several drugs. J Anal Toxi-
col 1997; 21: 584-586.

13. Schulz M, Schmoldt A. Therapeutic and
toxic blood concentrations of more than
800 drugs and other xenobiotics. Pharma-
zie 2003; 58: 447-474.

14. Wickstrøøm E, Amrein R, Haefelfinger P,
Hartmann D. Pharmacokinetic and clini-
cal observations on prolonged administ-
ration of flunitrazepam. Eur J Clin Phar-
macol 1980; 17: 189-196.

proLékaře.cz | 17.7.2026


