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Abstract  

We present an autopsy case of a patient with liver 

cirrhosis and relatively high concentrations of 

ethanol and diazepam and its metabolites. 

Quantitative toxicological analysis showed that 

concentrations of diazepam and its metabolites 

(nordiazepam, temazepam and oxazepam) in 

femoral blood were 0.078 µg/ml, 0.136 µg/ml, 

0.011 µg/ml, 0.004 µg/ml, respectively, while the 

concentration of ethanol was 280 mg/dl. We 

concluded that the cause of death was combined 

intoxication by ethanol and benzodiazepines. The 

present case indicates that delays in metabolism 

and decreased protein binding may increase the 

sensitivity to drugs and ethanol in patients with 

cirrhosis. 
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INTRODUCTION 

In daily forensic practice, hepatic dysfunction 

such as steatosis, steatohepatitis or liver cirrhosis 

is sometimes encountered (1). The liver is a major 

organ participating in the metabolism of 

xenobiotics such as ethanol and various drugs. 

Liver cirrhosis, as a late stage of hepatic 

dysfunction, cause jaundice, fatigue, easy bleeding 

and other symptoms (1). It also impairs the 

metabolism of drugs and chemicals, but the 

precise effects are still not fully understood (2).  

Ethanol is frequently detected in combination with 

benzodiazepines in forensic practice (3-6), and 

forensic toxicologists often discuss the 

interactions between ethanol and benzodiazepines. 

Ethanol is usually ingested as an alcoholic 

beverage and mainly metabolized in the liver (7), 

however, its elimination is largely unaffected by 

hepatic dysfunction, such as liver cirrhosis (8,9). 

Diazepam is a benzodiazepine that is widely 

prescribed as an anxiolytic or anticonvulsant (10). 

Diazepam is metabolized via N-demethylation to 

nordiazepam and by 3-hydroxylation to 

temazepam, mainly mediated by the cytochrome 

P450 enzymes CYP2C19 and CYP3A4, 

respectively (3,5,11). Both metabolites are 

pharmacologically active. The half-life of 

diazepam is prolonged 2- to 5-fold in patients with 

liver cirrhosis, and sensitivity to diazepam is also 

increased (12,13). Although many reports have 

described fatal cases involving drug interactions 

following co-administration of ethanol and 

diazepam (3-6), few reports have considered the 

effects of concomitant liver dysfunction.  

Here we report a case of death due to combined 

use of ethanol and diazepam in a patient with 

severe liver cirrhosis, and discuss the interactions 

involved.  

CASE REPORT 

A female in her 40s was found dead in her house. 

Subsequent police investigations revealed that the 

deceased had been receiving therapy for 

decompensated cirrhosis, with symptoms of 

hepatic encephalopathy. Medico-legal autopsy 

revealed many bruises, but these were not 

considered contributory to the cause of death. 

The deceased was 160 cm tall and weighed 62.5 

kg. Slight yellowish discoloration of the skin and 

sclera was observed. The heart weighed 314 g and 

contained 320 ml of blood without coagulum. The 

brain weighed 1186 g without any injuries. The 

left and right lungs weighed 382 g and 411 g, 

respectively, and were congested. The liver 

weighed 1737 g, and showed a hard surface with 

multiple nodules (Fig. 1a).  

 

Figure 1. a) The cut surface of the liver was hard with 

multiple nodules 

Histological findings showed thick collagen bands 

around cirrhotic nodules (Fig. 1b).  
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Approximately 1200 ml of yellowish ascites had 

accumulated in the abdominal cavity. Negative 

results were obtained for hepatitis B surface 

antigen and hepatitis C antibody using 

immunochromatography kits.  

 

Figure 1. b) Thick collagen bands surround cirrhotic 

nodules (objective  4) 

A drug screening test using a TriageTM panel 

(Biosite Diagnostic, San Diego, CA) yielded 

positive results for benzodiazepines. Postmortem 

blood, urine and bile were collected for 

toxicological investigations. Toxicological 

analysis using liquid chromatography tandem 

mass spectrometry was performed in accordance 

with a previous report (14). Quantitation of 

ethanol was performed using headspace gas 

chromatography. 

RESULTS AND DISCUSSION 

Toxicological analysis identified diazepam and its 

metabolites (nordiazepam, oxazepam and 

temazepam), and ethanol. Ethanol concentrations 

in blood and urine were 280 mg/dl and 310 mg/dl, 

respectively. Table 1 shows the quantification of 

each drug in the victim’s blood, along with the 

current ranges for fatal, toxic and therapeutic 

levels (15,16).  

Analytical results indicated that concentrations of 

diazepam and its metabolites were at the 

therapeutic level or below, while ethanol was 

within the intoxication range. As diazepam and 

nordiazepam have similar pharmacological 

effects, the sum of their concentrations (0.214 

µg/ml) was used for the purposes of interpretation 

(4). 

High blood concentrations of ethanol have been 

reported as the major causative factor in ethanol-

diazepam deaths (6), and a high concentration of 

diazepam in blood (>0.8 µg/ml) along with a high 

Table 1. Concentrations found for each drug and metabolite in the post-mortem samples (µg/ml) 

Specimen Blood Urine Bile Therapeuticl range * Toxic range* Lethal range * 

diazepam 0.078  0.011  0.064  0.1-2.5 3-5 4.8-30 

nordiazepam 0.136  0.037  0.156  0.02-0.8 1.5-2 5.5-15 

oxazepam 0.004  0.109  B.D.L 0.2-1.5 2 3-5 

temazepam 0.011  0.298  B.D.L 0.02-0.9 1 8.2-14 

* Therapeutic, Toxic and lethal ranges are cited from the reference (15) and (16). 

B.D.L : below the detection limit  
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blood ethanol level (200 mg/dl) raises the 

potential for toxic drug interactions (6). In the 

present case, a high blood ethanol concentration 

(280 mg/dl) was detected, but the sum of 

diazepam and nordiazepam (0.214 µg/ml) 

remained at a therapeutic concentration. Patients 

with liver disease have been reported to show 

increased sensitivity to diazepam, and the risk of 

excessive sedation should be considered (17). This 

may be due to a decrease in the plasma protein 

binding rate for diazepam against a background of 

liver cirrhosis, and the resulting increase in the 

free diazepam ratio in plasma (18).   

Based on the autopsy findings and the results of 

toxicological examinations, we concluded that 

diazepam and ethanol led to her death due to their 

combined toxicity enhanced by severe liver 

dysfunction.  

From the perspective of forensic toxicokinetic 

practice, it is interesting to note that the ratio of 

diazepam to nordiazepam in the present case was 

0.57. This suggests that the victim may have taken 

the last dose of diazepam long before her death 

(6). Although only a small amount of data exists 

concerning the effects of hepatic dysfunction on 

drug metabolism and sensitivity to drugs, the 

present case suggests the need for greater attention 

to metabolic retardation in patients with liver 

cirrhosis.  
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