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ABSTRACT: We analyzed the postmortem blood of a total of 100
fatal cases for beta-hydroxybutyric acid (BHBA). In 25 cases of
sudden and unexpected death of alcoholics we found pathologically
increased levels of BHBA of 1260 to 47 200 (median 8000)
mmol/L. This led us to the diagnosis of an alcoholic ketoacidosis
(AKA) as cause of death in these cases. The control group of 69
postmortem cases revealed that BHBA concentrations below 500
can be regarded as normal, and values up to 2500 mmol/L as ele-
vated. Our study shows that BHBA values over 2500 mmol/L could
lead to death, if no medical attention is sought. During storage we
did not find any indication of postmortem formation or decomposi-
tion of BHBA in blood in vitro or in the corpses. In our opinion,
BHBA should be considered the diagnostic marker of choice for the
postmortem determination of alcoholic ketoacidosis (AKA) as the
cause of death. The classical indications of such deaths are: unex-
pected death of a chronic alcoholic; none or only traces of ethanol
in the blood; increased acetone blood concentration; and neither au-
topsy, histology, microbiology, nor toxicology reveal the cause of
death. In six further cases a diabetic ketoacidosis (DKA) was diag-
nosed as the cause of death.
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ketoacidosis, beta-hydroxybutyric acid, beta-hydroxybutyrate,
chronic alcoholics, cause of death, postmortem, degradation, stabi-
lity, whole blood

Cases of sudden and unexpected deaths of chronic alcoholics
have been noted in which no or only little ethanol could be deter-
mined in the postmortem blood samples. An acute alcohol intoxi-
cation as the cause of death can therefore be ruled out. Furthermore
the autopsy, histology, microbiology, and toxicology could not de-
termine the cause of death. Proportionally such deaths in chronic
alcoholics make up 3 to 10% (2,3). In comparison, all the deaths in-
vestigated, where no cause of death could be determined through
forensic science, are estimated at 1 to 3% (4).

We closely investigated those cases of unexpectedly deceased
chronic alcoholics with no determined cause of death that were ex-
amined in the Institute of Forensic Medicine of Zurich between

1990 and 1998. In 1993 we published a report of three clinical sur-
vivors and six cases which ended in death (5). In the six examined
corpses blood alcohol concentrations below 0.01 g/100 mL and
BHBA concentrations between 4100 and 47 200 mmol /L (1
mmol/L 5 0.104 mg/L) were determined. During that investiga-
tion we found the diagnostic marker of choice to be beta-hydroxy-
butyric acid (BHBA) for the postmortem investigation of alcoholic
ketoacidosis (AKA). Our present investigation reconfirms the re-
sults of this study.

The Role of Beta-Hydroxybutyric Acid in the Metabolism

In order to understand how the BHBA concentration can in-
crease, we need a closer look at the different steps of the metabolic
pathway. Ethanol is mainly degraded via acetaldehyde and acetate
to acetyl-CoA. Drinking copious amounts of ethanol, as is the case
in chronic alcoholics, a large amount of NADH is produced in the
first and second steps (Fig. 1). The NADH/NAD1-equilibrium is
shifted towards NADH (6–8). As shown in Fig. 2, the accumulation
of NADH causes a rise in the lactate level, an increase in the keto-
genesis, and a shift of the BHBA/acetoacetate ratio towards BHBA
(8–14). This leads to a suppression of the citric acid cycle. There is
an increased lactate concentration in the blood, but levels usually
remain under those of a lactic acidosis (9,13–15).

Typical for chronic alcoholics and an important factor in the
pathogenesis of AKA is the condition of primary nourishment with
ethanol and minimal ingestion of food. Fasting causes the glycogen
levels in the liver to be used up. The increase of the glucagon/in-
sulin ratio causes increased lipolysis and ketogenesis. Due to the
dropping insulin level, the lipolysis is increasingly less inhibited.
The concentration of free fatty acids rises in the blood. The pro-
duction rate of the ketone bodies is directly proportional to the
amount of available free fatty acids. The result of this rapid in-
crease of lipolysis seems to be responsible for an increased keto-
genesis in alcoholic ketoacidosis (AKA) as well as in diabetic ke-
toacidosis (DKA). Additionally, low carbohydrate diets are
ketogenic and lipolytic.

The production of the ketone bodies acetoacetate, acetone and
BHBA is regulated, among others, through the available concen-
tration of acetyl-CoA; see Fig. 3. The breakdown of ethanol, the
suppression of the citric acid cycle, and the increase of fatty acids
all increase the concentration of acetyl-CoA. Acetoacetate sponta-
neously decarboxylates to acetone, which is a neutral substance
and does not contribute to an acidosis (16). BHBA is produced in a
NADH-dependent reaction from acetoacetate. The ketone body ra-
tio is two-thirds BHBA and one-third acetoacetate and acetone
(17).
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FIG. 1—Major pathway of ethanol degradation in the human body.

FIG. 2—Accumulation of NADH may cause dramatic changes in different metabolic pathways and leads to an increase of BHBA. D massive increase,
↑ increase, ↓ decrease, K shift to right side.
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Review of the Literature

To date there have been few publications dealing with post-
mortem examinations of alcohol-induced metabolic disturbances
as the cause of death in chronic alcoholics. The relevant laboratory
results of these studies are summarized in Table 1. In 1993 Den-
mark (18), Thomsen et al. (19), and Caspar et al. (5) published the
first studies.

Of the 13 chronic alcoholic deaths investigated by Denmark (18)
the cause of death could not be determined through autopsy in six
cases. He used BHBA as a diagnostic marker for the determination
of AKA. Because of the advanced stage of haemolysis in many of
the postmortem whole blood samples and the associated analytical
problems, he investigated the vitreous humour and urine.

Thomsen et al. determined the ketone body concentration in the
postmortem blood of 122 deceased persons (19) using gas chro-
matography with head-space injection (20). Sixteen of them were
chronic alcoholics who suffered sudden and unexpected death with

little or no ethanol in their blood. In those authors’ opinion the cause
of death in this group was in whole or partially due to ketoacidosis.
In 1995, Thomsen et al. (21) published a second study where a total
of 131 deceased persons were investigated. However, the group of
17 chronic alcoholics without ascertainable cause of death showed
low BHBA blood concentrations of 147 to 833 mmol/L.

Pounder et al. (22) determined the total ketone body concen-
tration (acetone 1 acetoacetate 1 BHBA) in 105 autopsy cases
using gas chromatography with head-space injection in vitreous
humour, pericardial fluid and blood from the Vena femoralis, su-
perior / inferior Vena cava, and the aorta. The group of 22 chronic
alcoholics contained only four cases with significantly elevated
levels of total ketone bodies. The authors themselves mentioned
that more data were needed to make a precise AKA diagnosis as
cause of death. Furthermore, it was their assessment that a total
ketone body concentration as an indicator for AKA be .10 000
mmol/L in the blood of the femoral vein and .5000 mmol/L in
the vitreous humour.

FIG. 3—Metabolic pathway of acetyl-CoA to acetoacetate, acetone, and beta-hydroxybutyric acid (BHBA). 1 5 beta-ketothiolase; 2 5 HMG-CoA syn-
thase; 3 5 HMG-CoA lyase; 4 5 D-3-hydroxybutyrate dehydrogenase; 5 5 spontaneous decarboxylation.



In a first series, Brinkmann et al. (23) quantitated acetone in the
postmortem blood of 24 sudden and unexpected deaths of chronic
alcoholics. In six cases the autopsy revealed no cause of death, but
acetone was found in a pathological range of 1700 to 6900 mmol/L
(normal range 40 to 60 mmol/L in serum; 1 mmol/L 5 5.8 mg/100
mL). BHBA was not examined. Brinkmann recommends an ace-
tone analysis if no pathomorphological or toxicological cause of
death can be determined in chronic alcoholics. Blood acetone lev-
els of .1500 mmol/L are indicative of a severe ketoacidotic coma.
In a second series of 45 questionable deaths of chronic alcoholics
the sum values according to Traub (glucose 1 lactate) were deter-
mined in the cerebrospinal fluid.

In 1940, Dillon et al. were the first to describe severe metabolic
acidosis in chronic alcoholics in clinical cases (24). They observed
that an increased concentration of BHBA could be used as a good
indicator for an alcoholic ketoacidosis (AKA). The patients suf-
fered from severe vomiting, nausea, dehydration, abdominal pain
and Kussmaul breathing, transpiration of acetone, and absent-
mindedness. The symptoms and the laboratory results they de-
scribed were similar to those published in later studies
(5,10,12,13,25–33). Since the clinical symptoms are very similar to
those of a diabetic coma, a differential diagnosis is necessary. The
laboratory findings of AKA patients reveal an increased anion gap,
a metabolic acidosis and a positive reaction to serum ketone bod-
ies. In contrast to DKA, AKA produces usually a hypoglycemia,
but a slight hyperglycemia or glucosuria can also occur.

Materials and Methods

Beta-Hydroxybutyrate-Analyses—The beta-hydroxybutyrate
analysis (BHBA) was carried out at the Clinical Chemistry Labo-
ratory of the Children’s Hospital in Zurich (director Dr. N. Blau).2

The method used was first described by Olsen (34) and modified
by Dr. Blau. One mL of whole blood is deproteinized with 1 mL

0.6 N perchloric acid (5.2 mL 70% HClO4 diluted with distilled
water to a total volume of 100 mL). After centrifugation the super-
natant is kept for analysis. The analysis is based on an enzymatic
reaction using 3-hydroxybutyrate dehydrogenase (3-HBDH sus-
pension, Boehringer Mannheim, Nr. 127833) in a carbonate buffer
pH 9.5 (6.5 g KHCO3 plus 4.84 g K2CO3 and 0.2 g Titriplex III
(Merck 8418) diluted with distilled water to a total volume of 100
mL) with a surplus of NAD1 (NAD, Boehringer Mannheim, No.
127302). The calibration points are set at 50, 100, 150, 200, 250,
and 300 mmol BHBA per liter (sodium beta-hydroxybutyrate,
Boehringer Mannheim, 106569). The calibration is linear within
this range. Procedure: 50 mL deproteinized blood or 50 mL BHBA
standard solution (in distilled water /0.6 N perchloric acid 1:1) plus
1 mL enzyme solution (1 mL buffer pH 9.5 plus 0.25 mg NAD plus
20 mL 3-HBDH suspension) are incubated at room temperature for
90 min. BHBA reacts enzymatically to acetoacetate and the NADH
produced by this reaction is quantitated using a fluorometer (exci-
tation at 340 nm, emission at 460 nm). According to the product in-
formation sheet of Boehringer, 3-HBDH has a high specificity: the
enzyme oxidizes D-3-hydroxybutyrate (relative rate 5 1.0), 3-hy-
droxypentanoate (rate 5 0.05) and 3-hydroxyhexanoate (rate 5
0.04). It does not oxidize 3-hydroxypropionate or L-3-hydroxybu-
tyrate. To date no rapid diagnostic test has been developed for
BHBA. Available tests for the detection of ketone bodies in the
blood or urine are often quite sensitive to acetoacetate, less to ace-
tone and not at all to BHBA.

Ethyl Alcohol, Acetone, and Isopropanol Analyses—Using gas
chromatography/ FID, blood was independently tested twice using
two different methods for a total of four results. Method 1: 200 mg
whole blood plus 2000 mg internal standard 1 (150 mg propionitrile
in 1 L of distilled water), direct injection of 1 mL into a packed col-
umn (2 m 3 3 mm, Porapak Q, 80/100 mesh, Art. No. 2-0331, Su-
pelco), nitrogen with a flow rate of 25 mL/min was used as carrier
gas and the oven temperature was set isothermal at 160°C. Method
2: 300 mg whole blood plus 800 mg internal standard 2 (200 mg ace-
tonitrile plus 50 g NaF in 1 L of distilled water) head-space injec-
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TABLE 1—Analytical data from the reviewed literature.

Acetone 1
BHBA Acetone 1 Acetoacetate 1

Acetone Acetoacetate BHBA
Peripheral Vitreous [Peripheral [Peripheral [Peripheral

Number Blood Humour Urine Blood Blood Blood
Author(s) Group of Cases (mmol/L) (mmol/L) (mmol/L) (mmol/L)] (mmol/L)] (mmol/L)]

Caspar (5) A 6 4100–47 200 … … … … …
Denmark (18) A 6 … 1830–8170 2570–47 400 … … …

B 7 … 0–8576 192–19 230 … … …
C 36 … ,960 ,960 … … …

Thomsen (19) A 16 33–3585 … … … 22–3230 …
B 27 0–1876 … … … 18–680 …
C 79 0–702 … … … 0–490 …

Thomsen (21) A 17 147–833 … … … 91–312 …
B 35 39–133 … … … 34–80 …
C 79 36–81 … … … 28–49 …

Pounder (22) A 4 15 900–26 800 … … … … 18 600–130 000
C 71 … … … … … 230–8080

Brinkmann (23) A 6 … … … 1700–6900 … …
C 218 … … … ,170 … …

Iten (present A 25 1260–47 200 … … … … …
publication) C 69 52–2440 … … … … …

NOTE—A 5 deceased alcoholics with unknown cause of death; B 5 deceased alcoholics with known cause of death; C 5 control group.

2 Address for submitting blood for beta-hydroxybutyrate analysis: Kinder-
spital Zurich, Abteilung Klinische Chemie, Steinwiesstr. 75, CH-8032 Zurich,
Switzerland.
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tion, capillary column (Restek Stabilwax-DB, 30 m, 0.53 mm ID, 1
mm film, Cat. No. 10855), nitrogen gas with a flow rate of 5 mL/min
was used as carrier gas and the oven temperature was set isothermal
at 80°C. Aqueous ethanol standards were used for calibration (0.50,
1.00, 2.00 and 3.00 g/kg, Merck 8988.0001). RRT (Method
1/Method 2): methanol 0.196/0.642, ethanol 0.368/0.714, acetone
0.601/0.539, isopropanol 0.641/0.689, propionitrile 1.000/1.090,
acetonitrile 0.481/1.000.

Glucose and Lactate Analyses—These compounds were ana-
lyzed in the clinical laboratory of the University Hospital Zurich
using standard procedures. Glucose was quantitated in serum,
cerebrospinal fluid, and vitreous humour with the hexokinase
method (35) and lactate with the lactate oxidase/peroxidase method
(36).

Results and Discussion

In our study, a total of 100 deaths were investigated between
1990 and 1998 for beta-hydroxybutyric acid (BHBA) using post-
mortem whole blood. In order to get as many BHBA positive cases
as possible, all autopsy cases were selected which fulfilled the fol-
lowing criteria: unexpected death, suspicion of chronic alcohol
abuse, none or only traces of ethanol in the blood, and where nei-
ther autopsy, toxicology, histology nor microbiology revealed the
cause of death. Additionally we analyzed several cases with a pos-
sible history of diabetes or alcoholism. In order to reach a total
number of 100 cases we randomly selected other cases including
different manner and causes of death.

In 31 cases elevated BHBA blood concentrations were found.
The differentiation between an alcoholic ketoacidosis (AKA) and a
diabetic ketoacidosis (DKA) was done by carefully screening the
case history and/or analyzing urine, serum, cerebrospinal fluid, or
vitreous humour for elevated glucose concentration. In contrast to
DKA, AKA usually produces a hypoglycemia, but a slight hyper-
glycemia or glucosuria can also occur. In this way 25 cases were
assigned to the AKA group and six to the DKA group. The 69 cases
with normal BHBA values were assigned to the negative group.

The negative group should reveal information about the normal
BHBA range in postmortem blood and possible postmortem
BHBA changes in the concentration during the storage in vitro and
in the corpses.

AKA Group

The 25 cases of the AKA group showed BHBA blood concen-
trations in a range of 1260 to 47 200 (median 8000) mmol/L; see
Fig. 4. BHBA concentration in postmortem blood below 500
mmol/L were considered normal. Therefore the AKA group had
between a 2.5- to 95-fold (median 16-fold) higher postmortem
BHBA blood concentration than normal.

In 21 (84%) of the 25 AKA cases laboratory results confirmed
the cause of death to be an alcoholic ketoacidosis. In two cases the
diagnosed cause of death was primarily a cardiovascular failure
due to massive damage of the heart. A metabolic disorder brought
on through chronic alcoholism can also be taken into account as be-
ing the cause of death. The BHBA blood concentrations were 4000
and 4350 mmol/L, respectively. In the last two cases traumatic in-
juries (in one case combined with a sepsis) led to death. In both
cases disorientation, a very poor state of health, and a highly in-
creased BHBA value of 10 070 and 6000 mmol/L, respectively, led
us to diagnose a severe AKA, which in turn could explain the un-
observed way of getting injured.

In 64% of the AKA cases we detected increased acetone blood
levels. Precise quantitation was made only in six cases, where we
found 3400 to 7700 mmol/L (1 mmol/L 5 5.8 mg/100 mL). Serum
concentrations of 40 to 60 mmol/L are considered normal (37).
Brinkmann et al. (23) also found pathological acetone values be-
tween 1700 and 6900 mmol/L in their AKA group. According to
these authors, acetone concentrations in blood of more than 1500
mmol/L can be indicative of a serious ketoacidotic coma.

Among the 25 deaths in the AKA group, 9 were women (36%)
and 16 men (64%), who were between 29 and 66 years of age (me-
dian 50 years). All of them had a history of chronic alcoholism. The
autopsy revealed alcohol associated changes of the liver in 22 cases
(88%) (clearly visible fatty degeneration of the liver 19 times, cir-

FIG. 4—Beta-hydroxybutyric acid concentrations (BHBA concentrations) in postmortem whole blood of 25 cases with alcoholic ketoacidosis (AKA).



rhosis 3 times, fatty liver hepatitis 2 times) and changes of the pan-
creas in 14 cases (56%) (lipomatosis 10 times, inflammation of the
pancreas 2 times, pancreatic fibrosis 2 times).

All AKA cases showed similar findings. The following charac-
teristics can be helpful for the recognition of such cases: (1) sudden
and unexpected death of a chronic alcoholic; (2) no or only traces
of ethanol in the postmortem blood (also indicating that the cause
of death was not an acute alcohol intoxication); (3) increased ace-
tone blood concentration; and (4) autopsy as well as histology, mi-
crobiology, and toxicology reveal no cause of death. Additionally,
a number of characteristic features were recognized: neglected
food intake or minimal eating habits, poor general condition, dis-
covery of the body in living quarters, vomit in vicinity of the
corpse, neglected appearance, messy living area, and empty bottles
of alcohol present.

Case Study of the AKA Group—A 65-year-old heavily alcohol
dependent man was found dead in his apartment. He lived a se-
cluded life for over 30 years. His apartment was in a state of disor-
der, dozens of whiskey and wine bottles were lying around. During
his last months, he hardly ate and had a sip of whiskey about every
10 minutes. The man, who appeared listless and weak, complained
about epigastric pain prior to his death. The autopsy and histology
revealed a fatty degeneration of the liver and a lipomatous atrophy
of the pancreas. No ethanol was detected in the peripheral blood,
but a high BHBA concentration of 17 000 mmol/L, a highly ele-
vated acetone concentration, and a low glucose level of 1.8
mmol/L were found.

DKA Group

The six cases of the DKA group showed highly elevated BHBA
blood concentrations of 2290 to 37 800 (median 22 000) mmol/L.
That is 5- to 76-fold (median 44-fold) higher than normal. In addi-
tion, the DKA group showed pathologically elevated glucose and
lactate concentrations; see Table 2. All six cases of the DKA group
could be diagnosed with a diabetic ketoacidosis (DKA) as probable
cause of death. In contrast, the cases of the AKA group showed a
hypoglycemia. Glucose was measured only in three cases. We
found low concentrations of 1.1 to 3.3 in serum and 1.2 to 1.7
mmol/L in the cerebrospinal fluid. However, glucose concentra-
tions have to been interpreted with care, because a postmortem de-
crease occurs, especially in whole blood.

The DKA group consisted of two women and four men, who
died between the ages of 32 and 68 years (median 46). Two of them
were known to have been chronic alcoholics. The autopsy revealed
changes of the liver in five cases (clearly visible fatty liver 4 times,
fibrosis 2 times) and changes of the pancreas in two cases (lipo-
matosis 1 time, pancreatitis 1 time).

Negative Group

The 69 cases of the negative group (control group) showed
BHBA blood concentrations of 52 to 2440 (median 250) mmol/L;
see Fig. 5. In this group neither an AKA nor a DKA, but rather an-
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TABLE 2—Beta-hydroxybutyric acid (BHBA), lactate and glucose
concentrations of the DKA group. In comparison, the ranges of the AKA

group and the normal ranges are shown.

Lactate Glucose
BHBA (mmol/L) (mmol/L) (mmol/L)

DKA case #1 23 000* 37.2‡ 43.8†, 31.9‡
DKA case #2 37 800* || ||
DKA case #3 7260* || 45.0†, 59.4‡
DKA case #4 27 500* 38.8‡, 35.2§ 61.6‡, 63.2§
DKA case #5 2290* 60.1‡, 51.8§ 4.9‡, 11.6§
DKA case #6 21 000* 27.2‡, 26.8§ 12.2‡, 16.9§
Range of the AKA 1260–47 200* 23.8–46.5‡ 1.1–3.3†

group¶ 20.8§ 1.2–1.7‡
Normal range clinical ,340† 0.6–2.4† 3.9–5.8†

postmortem ,500* 1.2–2.1‡ 2.4–4.2‡
0.6–2.4§ 3.9–5.8§

* Postmortem whole blood.
† Blood serum.
‡ Cerebrospinal fluid.
§ Vitreous humour.
|| Not analyzed.
¶ Lactate and glucose were analyzed only in a few cases.

FIG. 5—BHBA concentrations in postmortem blood in the negative group were within a range of 52 to 2440 (median 250) mmol /L.
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other cause of death, was diagnosed. As a result of the distribution
of these values we propose the following limits for BHBA in post-
mortem whole blood: concentrations up to 500 mmol/L can be re-
garded as normal, 500 to 2500 mmol/L as elevated, and above
2500 mmol/L as pathological; see also Fig. 8. In living persons,
values up to 340 mmol/L are considered normal, but prolonged
fasting can produce elevated values of up to 2000 mmol/L (5).

Of the 69 deaths in the negative group 27 were female (39%) and
42 male (61%), who died between the ages of 23 and 83 years (me-
dian 45 years). The manner of death was as follows: death due to
natural causes (41 cases), suicide (11), drug-induced accident (10),

and unknown (7). As cause of death the following diagnoses were
made: illicit drug poisoning, drug poisoning, cardiopulmonary ar-
rest, pulmonary fat embolism, internal bleeding, and multi-organ
failure.

Stability of BHBA in the Corpse and in Postmortem Blood
Samples

In order to find out whether a formation or decomposition of
BHBA occurs in the corpse during the time interval between death
and drawing a blood sample, we plotted the BHBA blood concen-

FIG. 6—BHBA concentrations in the postmortem blood of the negative group, shown in relation to the postmortem interval length during the time of
death and that of blood sample withdrawal.

FIG. 7—BHBA concentrations in the postmortem blood of the negative group, shown in relation to the storage time of the blood samples in a 220°C
freezer.
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FIG. 8—BHBA concentrations in postmortem blood of all 100 cases. The left column represents cases of the negative group, the middle column those
with diabetic ketoacidosis as cause of death (DKA group), and the right column alcoholic ketoacidosis as cause of death (AKA group).

trations of the negative group in relation to this postmortem inter-
val length (Fig. 6). The Spearman rank correlation with a p-value of
0.63 demonstrates that there is no statistically significant change in
the BHBA concentration along the time axis. The postmortem in-
terval length ranges from 1 h to 14 days. The blood sample of the
corpse with the longest postmortem interval length of 14 days and
a BHBA concentration of 790 mmol/L is not shown in Fig. 6.

In order to study the stability of BHBA in the blood samples dur-
ing storage at 220°C, we plotted the BHBA blood concentrations
of the negative group in relation to the storage time (Fig. 7). The
Spearman rank correlation with a p-value of 0.70 indicates no sta-
tistically significant correlation between BHBA concentration and
storage time. This leads us to the conclusion that no significant
changes in the BHBA concentrations occur even when stored in the
freezer for a longer period of time. The storage times extended from
1 to 274 days. The two blood samples that were stored the longest
are not shown in Fig. 7. They had BHBA concentrations of 250
mmol/L after 102 days and 175 mmol/L after 274 days of storage,
respectively. The blood samples contained no preservatives.

Conclusions

Our study indicates that an alcoholic ketoacidosis (AKA) is more
often than not the cause of death in alcohol abusers, and that an
AKA can easily be diagnosed with a BHBA analysis in postmortem
blood. A series of criteria was found to be helpful for the recogni-
tion of AKA cases: sudden and unexpected death of a chronic alco-
holic no ethanol or only traces in the postmortem blood; increased
acetone blood concentration; and where the autopsy, histology, mi-
crobiology, and toxicology reveal no cause of death. Figure 8
shows an overall view of the 100 postmortem BHBA blood con-
centrations collected in our study, each in its respective group. We
propose the following BHBA limits in postmortem whole blood:
concentrations up to 500 mmol/L are regarded as normal, 500 to
2500 mmol/L as elevated, and above 2500 mmol/L as pathological.
Our study shows that values above 2500 mmol/L account for a se-
rious AKA or DKA which can lead to death if no medical attention

is sought. Values of nearly 50 000 mmol/L have also been recorded
and were regarded as being extreme. We found no indication of a
postmortem formation or decomposition of BHBA, either in the
corpse or in vitro.
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