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Abstract A 32-year-old patient died of a cerebellar haemor- 
rhage and the blood coagulat ion analysis  before death 
suggested defective synthesis of v i tamin K-dependent  
clotting factors due to v i tamin  K deficiency. The post- 
mor tem toxicological  examinat ion  of different tissues re- 
vealed phenprocoumon poisoning as the cause of death. 
The differential diagnosis of v i tamin  K deficiency and the 
toxicology of hydroxycoumar ins  are discussed. 
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Introduction 

Criminal  poisoning with medical  drugs represents a seri- 
ous chal lenge for specialists in forensic medicine.  This is 
especially true for drugs in which the repeated administra-  
t ion of small  doses leads to a considerable increase in tox- 
icity and where symptoms only occur with an overdose. 
One such example is the group of hydroxycoumarins ,  
which c a n  cause serious bleeding after a few days of reg- 
ular ingestion. Al though these drugs are widely available 
and have been used in medical  practice since the end of 
the 1940s, very few cases of hydroxycoumar in  poisoning 
with fatal outcome have been  described in the literature. 
In  most  described cases unexpla ined episodes of nose 
bleeding or gastrointestinal  haemorrhages led to the dis- 
covery of the crime, prevent ing a fatal outcome. We de- 
scribe the case of a young patient who died of a cerebellar 
haemorrhage and in whom phenprocoumon poisoning 
was only detected after death. 

Case report 

A 32-year-old man collapsed into unconsciousness at work and af- 
ter resuscitation he was transferred to an intensive care unit. Physi- 
cal examination showed a comatose patient with multiple bruises 
on the left arm and both calves. The pupils were dilated and unre- 
active, there were no reactions to pain or other stimuli and brain 
stem reflexes were absent. A computer tomography scan of the 
head revealed a large haemorrhage in the left cerebellum and hy- 
podensity of the brain stem, suggesting ischaemia of this area. Lab- 
oratory results showed a normal platelet count of 309/nl. A throm- 
boelastogram was normal. Prothrombin time was 10% (normal 
70-100%), while activated partial thromboplastin and thrombin 
times were normal. Detailed analysis of the clotting factors (nor- 
mal 70-100%) showed factor II 25%, factor VII 20%, factor VIII 
160%, factor V 96% and factor X 25%. Liver function tests were 
normal with AST 12 U/1 (normal < 18 U/l), ALT 12 U/1 (normal < 
18 U/l), y-GT 11 U/1 (normal < 20 U/l), AP 115 U/1 (normal < 150 
U/l), bilirubin 0.5 mg/dl (normal < 0.8 mg/dl) and a cholinesterase 
level of 6.7 kU/1 (normal 4.5-6.8 kU/1). According to information 
obtained from the patient's wife he had recently suffered from re- 
current nose bleeds. A clotting test performed 1 year before ad- 
mission had been normal. There was no history of high blood pres- 
sure, liver disease or alcohol abuse. He had occasionally taken As- 
pirin because of headaches, but he did not take oral anticoagulants. 

Two days after admission brain death was diagnosed and life- 
sustaining therapy was stopped. A post-mortem examination 
showed superficial haemorrhages to the left arm and both legs. A 
large haemorrhage had destroyed the entire left cerebellar hemi- 
sphere and had ruptured into the subdural and subarachnoideal 
spaces. The liver weight was 840 g. Histological examination of 
the liver showed steatosis hepatis and a number of yon Meyenburg 
complexes. Lobe architecture was normal but portal tracts were 
slightly enlarged. There were no signs of cirrhosis. 

Post-mortem specimens of stomach content and venous blood, 
heart blood and tissues (liver, kidney, lungs) were investigated for 
anticoagulants and other drugs by means of thin-layer chromato- 
graphy (TLC), high-pressure liquid chromatography (HPLC) and 
gas chromatography/mass spectrometry (GC/MS). 
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Materials and methods 

Materials 

Acetonitrile and water were HPLC grade, all other chemicals and 
reagents were analytical grade and purchased from Merck (Darm- 
stadt, Germany). Phenprocoumon was kindly donated from Hoff- 
mann-La Roche (Grenzach-Wyhlen, Germany). 
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Instrumentation 

High-pressure liquid chromatography 

The chromatographic determinations were carried out using a HP 
1050 series liquid chromatograph (Hewlett Packard. Waldbronn, 
Germany) with quatemy pump, autosampler, and diode array de- 
tector. A Vectra Workstation with HPChemstation software and a 
Lichrospher 60 RP-Select B ECOCART column (125 x 3 mm i.d.) 
(Merck, Darmstadt, Germany) was used. Drug screening was per- 
formed using an eluent consisting of acetonitrile and 0.05 M 
KH2PO4, pH 2.3 buffer (31:69, v/v) with a flow rate of 0.5 
ml/min. The software used for identification was equipped with a 
special library containing the UV spectra and retention times of 
285 different substances (benzodiazepines, barbiturates, antide- 
pressants, anticoagulants, analgesics, J3-blockers and others). For 
phenoprocoumon quantification the column was eluted in an iso- 
cratic mode with acetonitrile-water, 48.5:51.5 (v/v), at a flow rate 
of 0.5 ml/min and a temperature of 35 ° C. The wavelength of the 
maximum with highest absorbance (285 nm) was used for quan- 
tification. Under these operating conditions the limit of detection 
for phenprocoumon was about 100 ng/ml. 

Gas chromatography~mass spectrometry 

GC/MS analysis was performed with an 8600 Perkin Elmer gas 
chromatograph (Perkin Elmer, Oberlingen, Germany) equipped 
with a Permaphase DMS (25 m x 0.32 mm i.d.) capillary column 
and an ion trap detector (ITD 800), operated in the electron-impact 
mode (70 eV) and full scan mode. The flow of carrier gas (helium) 
was 2 ml/min, the injection temperature was 280°C and the gas 
chromatograph was temperature-programmed from 100°C (2 min 
hold) to 280°C at 30°C/min (11 min hold). Drag screening was 
done by visual and computerized comparison of the peak underly- 
ing full mass spectra with reference spectra (Fig. 1). 

General drug screening 

Aliquots of heart blood and stomach contents were extracted using 
Extrelut columns (Merck, Darmstadt, Germany) and standard rou- 
tine procedures. Acid and neutral compounds were separated from 
basic compounds by subsequent elution at pH 2 and pH 10 with di- 
ethylether and dichlorornethane/isopropanol (85: 15). The organic 
phases were evaporated to dryness and reconstituted with 0.5 ml 
methanol. Aliquots of the extracts were analysed by means of 
TLC, HPLC and GC/MS. 

Phenprocoumon quantification 

Tissue samples (20 g) were homogenized using a blade type ho- 
mogenizer (Ultra turrax) after addition of 20 ml water. Aliquots of 
1 ml of blood, tissue homogenates and stomach contents were 
mixed with 5 ml 2 M HC1 and 14 ml water. Phenprocoumon was 
extracted with 50 ml diethylether using Extrelut columns. The elu- 
ates were evaporated to dryness and reconstituted with 0.5 ml of the 
ttPLC eluent (acetonitrile-water, 48.5:51.5). From each of these 
extracts 0.01 ml was injected into the HPLC. Quantification was 
achieved for each sample by means of external standard calibration 
with spiked blood samples. The extraction recovery for phenpro- 
coumon under these operating conditions was about 60%. The re- 
producibility in terms of coefficients of variations was about 7% 
for blood and about 20% for tissue samples. 

Results and discussion 

Fatal  cerebra l  haemorrhages  in young  pat ients  most  fre- 
quent ly  occur  because  of  ruptured ber ry  aneurysms.  How-  
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Table 1 Phenprocoumon concentrations in various specimens 
from the patient 

Specimen Phenprocoumon (mg/kg) 

Venous blood 1.8 
Heart blood 2.8 
Stomach contents 0.7 
Lung 3.2 
Liver 3.5 
Kidney 1.5 

ever, in this case the a typical  locat ion of  the haemorrhage  
(aneurysms rarely occur  in the area suppl ied  by  the basi-  
lar artery and its branches)  and the clott ing analysis  sug- 
ges ted  a coagulat ion defect  as the under ly ing  disease.  The 
ex t remely  decreased  pro thrombin  t ime of  10% was sug- 
gest ive  of  defect ive  clot t ing factors II, V, VII  or X or the 
presence of  an inhibi tor  o f  these factors.  The deta i led 
analysis  of  the clott ing factors could  exclude severe l iver  
disease  with factor  V as the most  sensi t ive paramete r  of  
l iver  synthesis  funct ion being 96%. In contrast  v i tamin  K- 
dependent  clot t ing factors II, VII  and X were  marked ly  
decreased.  

There  are four  major  causes of  v i tamin  K def ic iency  in 
adults  (Shearer  1995): inadequate  die tary intake; intesti-  
nal  malabsorpt ion;  loss of  s torage sites due to hepatocel -  
lular  disease,  and inges t ion  of  v i tamin  K antagonists  (e.g. 
hydroxycoumar ins ,  such as phenprocoumon or warfarin).  

Vitamin K is widely distributed in nature and contained 
in var iable  quanti t ies in such different  foods as green 
leafy vegetables ,  cereals,  f ish and meat  (Shearer  1995). A 
cons iderab le  contr ibut ion to body  v i tamin  K stores is 
p robab ly  made  by  microf lora l  synthesis ,  espec ia l ly  in the 
terminal  i leum (Shearer  1995). For  these reasons v i tamin  
K def ic iency in adults  has only been  observed  in pat ients  
with malabsorp t ion  o f  bi le  salts and pat ients  undergoing  
broad-spec t rum ant ibiot ic  therapy. In the case descr ibed  
there was no his tory of  intest inal  malabsorp t ion  or any an- 
t ibiotic treatment.  As  he had been hea l thy  before  the inci-  
dent  and l iver  funct ion tests were normal ,  inges t ion  o f  vi- 
tamin K antagonists  was the most  l ike ly  diagnosis .  Post-  
mor tem toxico logica l  analysis  revea led  the fo l lowing  
phenprocoumon  concentra t ions  (Table 1). 

Spec imens  were  analysed  7 days  after the admiss ion  of  
the pat ient  to the intensive care unit and 4 days  after 
death.  Dur ing the 3 days  in hospi ta l  he had not rece ived  
any hydroxycoumar ins ,  which suggests  that on the day  of  
admiss ion  the phenp rocoumon  concentra t ions  had  proba-  
b ly  been  cons iderab ly  higher. In cl inical  pract ice  antico- 
agulat ion with hydroxycoumar ins  is moni to red  by  mea-  
suring the p ro th rombin  t ime (PT). The  pa t ien t ' s  PT of  
10% on the day  of  admiss ion  sugges ted  an overdose,  as 
therapeut ic  inhibi t ion of  coagula t ion  (PT 2 5 - 3 5 % )  is usu- 
al ly achieved with phenprocoumon  concentra t ions  of  1-3 
mg/kg).  

Since the int roduct ion of  hydroxycoumar ins  into an- 
t i thrombot ic  therapy at the end o f  the 1940s and the ex- 
tension of  their  appl ica t ion  to use as rodent ic ides  in the 
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Fig. 1 Chromatogram (HPLC) 
of venous blood with UV spec- 
trum of phenprocoumon. - - - - 
patient - -  phenprocoumon 
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early 1950s,  a number of  papers have described acciden- 
tal intoxications (Stark et al. 1971; Held et al. 1980; Bode- 
mann et al. 1988), suicide attempts (Stafne and Moe 1951; 
Holmes and Love 1952; Richert et al. 1984; Blume 1990) 
and criminal poisoning (Ikkala et al. 1964; Pribilla 1966; 
Schneider et al. 1975) with these drugs. Coumarin antico- 
agulants prevent the reduction of vitamin K epoxides in 
the liver microsomes and induce a state analogous to vita- 
min K deficiency. In very rare cases they may induce he- 
patitis (H6hler et al. 1994) or even liver failure (Stark et 
al. 1971). 

Phenprocoumon is a colourless and tasteless white 
powder, as are other hydroxycoumarins. It is almost corn- 

pletely absorbed after oral administration (Moffat et al. 
1986). The protein binding in the plasma is more than 
99% and plasma half-life 3-9 days (mean 5 days) (Moffat 
et al. 1986). The volume of distribution is 0.1-0.2 1/kg 
(Moffat et al. 1986). In humans large single ingestions 
rarely lead to haemorrhages (Brewer and Hagerty 1957; 
Goulding 1968). The acute oral single-dose LDs0 for war- 
farin in male rats is 100 mg/kg, with the highest mortality 
rates between 4 and 10 days after treatment (Back et al. 
1978). Correspondingly, an average adult male of 70 kg 
would have to ingest 7 g of  warfarin, corresponding to 
1400 tablets (@ 5 mg) or 1400 g of a rodenticide contain- 
ing 0.5% of warfarin, making hydroxycoumarins unsuit- 
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able for successful  suic ide at tempts.  However ,  in c l in ical  
p rac t ice  e f fec t ive  an t i coagu la t ion  is usua l ly  ach ieved  af- 
ter 1 week  with as lit t le as 5 - 1 0  mg /day  of  warfar in  or 
equiva lent  (Handin  1991), demons t ra t ing  that a substan- 
t ial  increase  in effect is ach ieved  due to repeated  adminis-  
tration. This effect  has been  used by  a number  of  persons  
coming  mos t ly  f rom a med ica l ly  t rained environment ,  in 
at tempts at murder  (Schneider  et al. 1975). 

Po ison ing  ini t ia l ly  is wi thout  symptoms  in the vict ims.  
Only  haemorrhages  may  indicate inhibi ted coagulat ion,  
but  as in the descr ibed  case symptoms  such as repeated  
nose b leed ing  m a y  not  be taken seriously.  Aspir in ,  which  
the pat ient  in the descr ibed  case had been taking for 
headaches  before  the incident,  p robab ly  increased the 
phenp rocoumon  effect  due to its inhibi tory  act ion on 
pla te le t  aggrega t ion  leading to the cerebel lar  haemorhage .  

Our  case  repor t  underl ines  the high degree  o f  suspic ion 
necessary  in peop le  who  die of  haemorrhages  of  unclear  
origin. I f  there are any doubts  on cl inical  grounds,  m o d e m  
toxico logy  and HPLC make  the ident idicat ion of  hydroxy-  
coumar ins  in b lood  or  t issues a re la t ive ly  easy task. 
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