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Ethanol-induced ketoacidosis as a possible
neglected cause of sudden death
in chronic alcohol consumers
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SUMMARY

Alcohol accounts for a great amount of deaths per year either due to the acute intoxication or due to the secondary impacts of acute or chronic alcoholism.
Commonly, in large amount of such fatal cases blood alcohol concentration is low or absent and fatty liver disease is frequently the only pathological finding
detected at the autopsy of alcohol consumer. We offer a short case report of a case with the following analysis of why we decided to consider alcoholic keto-
acidosis in our differential diagnosis.
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Etanolom-indukovana ketoaciddza: potencialna pri¢ina smrti u chronickych alkoholikov

SOUHRN

Sudni lekari sa v kazdodennej praxi stretavaju s mnohymi pripadmi nédhlych umrti, ktoré musia zhodnotit z viacerych aspektoy, zatial ¢o ich hlavnou tlohou
je stanovit pricinu smrti. Casto sa stava, ze pitevny nalez je ne3pecificky a aj po vykonani histologickej diagnostiky a laboratérnych vysetreni ostava pricina
smrti nejasna. V zahranici je beznou rutinou vykonat toxikologické vysetrenia so skriningom prchavych latok a ¢o najvytazujucejsi biochemicky rozbor dos-
tupnych biologickych materidlov. Aviak, z mnohych dévodov, pausalne vysetrenie v takomto rozsahu si pracoviskd u nds nemézu dovolit. Preto lekar priamo
pri pitve celi dolezitému rozhodnutiu: aky materidl odoberie a najma, aké vysetrenie navrhne vykonat. Kedze mnohé chorobné stavy sa prejavuju len rozvra-
tom vnutorného prostredia organizmu, morfologicky korelat v podobe organového nalezu méze pri pitve chybat. Autori predlozeného ¢lanku chcu preto
pripomenut, ze najma v pripadoch umrti jedincov s anamnézou chronického konzumu alkoholu, treba mysliet na moznost alkoholickej ketoacidézy. Tento
Specificky stav si za ucelom konfirmécie vyzaduje vykonat cielené laboratérne vysetrenia, vysledky ktorych, ak su,naordinované” spravne, poskytnu lekarovi
moznu pric¢inu smrti. Na potvrdenie diagnézy nestaci len stanovit koncentraciu aceténu, ktory byva zvyseny aj pri inych typoch ketéz (diabetes mellitus, hlado-
vanie), ale je treba stanovit koncentraciu betahydroxybutyratu v krvi, ktory je prvoradym markerom tohto typu metabolickej dysbalancie.

Kltucové slova: alkoholickd ketoaciddza - chronicky alkoholizmus — ndhle Umrtia

CASE REPORT

A 48-year-old man with a history of chronic alcoholism was
found lifeless at his home address, lying in the bed. There was
a bucket with vomited remnants found near the bed and an
empty bottle of alcalic mineral water. Because of unclear cause
of death, medicolegal autopsy was ordered. Both, externally
and internally the body did not show any signs of mechanical vi-
olence. The only pathological findings at the autopsy comprised
very mild generalised atherosclerosis with no stenosis of blood
vessels that would be of a hemodynamic importance, configu-
ration of the heart with the weight of 400 g was physiological,
with no signs of chronic venostatic changes on the internal or-
gans. The deceased had diffuse alcoholic steatosis of the liver.
The brain was mildly swollen. Results of alcoholimetric analysis
performed by GC-FID (gas chromatography - flame ionization
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detection) method confirming the Widmark’s method were ab-
solutely negative for the presence of ethanol in blood or urine.
Toxicological analysis did not notice any psychoactive sub-
stances or medicaments, besides of positive acetone in blood,
level of which was more than 400 mg/|, while acetonuria was
also very high. As we are aware of the fact that alcoholic keto-
acidosis can be a consequence of methanol or ethyleneglycol
poisoning, we performed the analysis by the GC-FID method,
which showed negative results. With the help of Department
of clinical biochemistry we tried to perform experimental ap-
proximate informative measurement of betahydroxybutyric
acid (BHBA) in the venous blood and tested it by the glucom-
eter Free Style Optimum commonly used for POCT - point of
care testing which is calibrated also for detection of BHBA in the
capillary blood (correlation coefficient is 0,98 for the concentra-
tions of ketone bodies between 0,07-5,2 mmol/l and accuracy
of the measurement reflects in SD (standard deviation) form
0,03 mmol/I for low measured concentrations up to 0,2 for the
high ones) BHBA concentration was increased but still cannot
be considered reliable evidence as it is used in clinical practise
for diabetic patients and forensic toxicology in our republic has
no possibilities for measuring this very important marker of ke-
tosis which seems to be the most important default of forensic
toxicology especially in cases of fatal metabolic disturbances
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analysed by forensic experts. We are aware of the fact that GC-
MS is the most suitable methodology for estimation the BHBA
concentrations in blood but it requires the standards that are
not available in any forensic toxicology lab in Slovakia, as this
substance is not commonly being analysed. While analysing the
case mentioned above, a few problems arose to be discussed,
which were as follows:

1. Alcohol-related ketoacidosis as a potential “killer”

Alarming aspects of excessive long-term alcohol consump-
tion and its fatal outcomes reflecting in mortality of our pop-
ulation have been recently reported by several authors (1,2). In
forensic assessment, chronic alcohol abuse has wide-ranging
implications including alcohol-related multiple organ dysfunc-
tion, acute alcohol intoxication, high suicide risk, predisposition
to trauma-related deaths or even proneness to criminal activity
(3-5). Recent studies provide an increasing amount of evidence
that rather than being benign, the alcoholic ketoacidosis (AKA)
and/or related metabolic disturbances may be a cause of sud-
den death in individuals with chronic alcohol dependence (6,7).
These kinds of death typically occur in white males older than
50 years of age (8). Autopsy findings are often nonspecific and
the only pathological change might be fatty liver disease (9-12).

Severe derangements of potassium and/or magnesium ions
together with markedly elevated levels of betahydroxybutyric
acid (BHBA) may be involved in some of the unexplained sud-
den deaths of alcoholic patients (13,14). AKA is specific BHBA
dominated type of ketoacidosis related with enhanced gluca-
gone/insulin and NADH/NAD ratios (15). In an extent study of
cases of sudden deaths in chronic alcoholics, the statistically sig-
nificant result has been presented, that measured BHBA levels
may be even 10 times higher in these cases, than in alcoholic pa-
tients in whom another cause of death was found (16). Denmark
(9) noted elevated BHBA levels in a few unexplained deaths and
hypothesised that AKA may have caused fatal hypoglycaemia
which could have lead to death. Thomsen et al theorised that
the acidosis itself causes metabolic disruption of vital functions
leading to death, proposing the term “ketoalcoholic death” (13).
Then the authors subsequently reported ketoalcoholic deaths
in 7 % of sudden deaths in alcoholic patients in a prospective
series (14). Similarly, Pounder et al detected very high levels of
total ketone bodies, suggesting profound AKA, in 10 % of sud-
den unexplained deaths in alcoholic patients (17). Up to these
results of previously mentioned international studies, it should
be concluded that AKA itself may be a cause of sudden death
in severe drinkers due to its direct toxic effects on physiological
metabolic pathways.

2.The importance of AKA in differential diagnosis

A reduced blood pH, resulting from the production of beta-oxi-
dative ketone bodies (ketoacidosis) as a result of alcoholism (AKA)
or diabetes (diabetic ketoacidosis, DKA), may play the main role
in many fatalities. However, in cases of abdominal pains and few
vomiting periods, blood pH can vary due to interference with
partial metabolic alkalosis after vomiting and respiratory alkalosis
caused by severe pain and consequent Kussmaul breathing pat-
tern (18,19). Analytical evidence can be used as a dominant sup-
port of a pathological diagnosis, or it itself may provide a possible
cause of death in the absence of other pathologically significant
postmortal findings (20). However, results of postmortem bio-
chemical analyses must be interpreted very carefully because of
numerous factors affecting their reliability.

AKA must be taken into account in the differential diagnosis
of any suddenly deceased alcoholic patient with acidosis, irre-

SOUDNI LEKARSTVi4 2014

spective of the blood glucose concentration (21). Measuring
blood glucose levels is not very useful in forensic practice as
glucose levels tend to fluctuate in the short post-mortem period
because the glycolytic processes remain still active. Therefore,
some authors suggest estimation of blood glucose level prior to
death by calculating the sum of the glucose and lactate level in the
vitreous humor or cerebrospinal fluid which correlates tighter
with the blood glucose levels as there are few very metabolically
active cell elements in comparison with blood (22). So postmor-
tem hypoglycemia can only be an artificial phenomenon but
hyperglycemia in the postmortem specimen always speaks for
increased glucose levels in the period before death. Although
the association between alcohol ingestion and nondiabetic
ketoacidosis has been initially speculated for the first time by
Dillon long ago, it has only recently been further documented
and studied as its occurrence may not be infrequent in cases of
chronic alcoholism (23,24). The fundamental reason of AKA de-
velopment in chronic alcohol drinking persons is that they un-
dergo a period of binge drinking, associated with a negligible
intake of solid food. After the characteristic development of ab-
dominal pain and severe vomiting - due to pancreatitis, gastritis,
or acute hepatitis - the person usually stops drinking. So if the
drinker dies subsequently, the presentation of ethanol in blood
is frequently undetectable in the sample taken post mortem
during the autopsy (20). The combination of AKA and hypogly-
cemic coma in non-diabetic persons has not been described in
the literature as a clinical entity, but still it is potentially serious
consequence of chronic alcohol intake. Although its treatment
is simple and effective, this entity may have a fatal outcome and
therefore must be thought of in suddenly deceased chronic al-
cohol consumers (22).

3. Signs which may lead to diagnosis of AKA

Changes in metabolic processes in patients with alcoholic ke-
toacidosis are unique. Ketone levels are much higher than those
found in normal subjects, even after prolonged fasting (24). Physi-
ological levels of ketone bodies in blood ranges up to 30-45 mg/I,
equivalent to 0.3-0,5 mmol/l but they can reach variable values
depending to the method used (25,26). On the other hand, the
hyperglycemia and glycosuria that accompany severe ketoac-
idosis in diabetes are absent in AKA. In physiological conditios,
ketosis is part of the metabolism’s response to carbohydrate
deprivation and as such is normally subject of strict and immedi-
ate metabolic control (24). Sex related variations could arise from
hormonal and/or nonhormonal mechanisms. Women tend to
develop fasting ketonuria and ketonemia more rapidly and more
severely than men (27). Non-hormonal sex differences could also
influence the susceptibility to fasting and alcoholic ketoacidosis.
The mean postabsorptive free fatty acids (FFA) level in healthy
women is significantly higher than in men (27). These sex differ-
ences do not appear to be explained on the basis of differences in
age, weight or insulin requirement (28,29).

4. Diagnostic procedures of AKA available in forensic practice

The basal problem while testing autopsy blood samples using
standard clinical laboratory methods is the postmortal haemo-
lysis. That is why such investigations in forensic practice should
be interpreted cum grano salis only, as to obtain properly inter-
pretable results. Vitreous ketone levels show good correlation
with blood and pericardial fluid levels, suggesting that it could
be used as an alternative autopsy specimen for the analysis as it
can be obtained easily (30). A gas chromatography-mass spec-
trometry (GC-MS) is the most suitable method for determination
of total blood level of ketone bodies but for the all in one analy-
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sis of B-hydroxybutyrate, acetoacetate and acetone the sample
must undergo previous modification. BHBA must be oxidated
and together with acetoacetate must then undergo a process
of decarboxylation and finally total acetone can be estimated in
blood serum by GC-MS and previous concentrations of each ke-
tone body must be back-caculated (30,31). The ketone bodies in
the cerebrospinal fluid show the best correlation to blood, while
this concentration dependence is mainly due to ketone bodies
being utilized by the brain during normal nutritional state. In vit-
reous humour, the dependence is mainly due to protein bindings
of acetoacetate and beta-hydroxybutyrate in blood and the dif-
ference in dry matter between blood and vitreous humour (32).

Data from post-mortem blood BHBA, acetone concentrations
and vitreous humour glucose concentrations have been col-
lected to determine the markers required to identify and dis-
tinguish between AKA, DKA and hyperosmolar hyperglycaemic
state (HHS) (17,20,30,32,33). Blood BHBA concentrations higher
than 250 mg/l were considered significant, so it was supposed
to be the preferred and stable marker of ketoacidosis (33). Cas-
es with significant BHBA detected also had the acetone present,
demonstrating that the acetone can be used as an initial marker
to identify ketoacidosis, thus the acetone can be used to indicate
whether BHBA detection is necessary (31). Vitreous humour glu-
cose concentrations above 6.9 mmol/| are considered high and
indicative of hyperglycaemia prior to death. In cases of AKA post-
mortem glucose level can be normal or lightly decreased. So also
the glucose concentrations can be used to distinguish between
DKA and ketoacidosis from other causes and to identify deaths
due to HHS (34).

Additional laboratory tests measuring hormonal and other
ketone levels may be helpful for recognizing between DKA and

AKA. Results of clinical studies of treated and therefore surviving
alcohol consuming patients with DKA and AKA disclosed that
these two pathological entities differ in their metabolic param-
eters more than in the hormonal profile. The metabolic profile of
DKA is characterized by a higher plasma glucose concentration
together with a lower BHBA to acetoacetate and lactate to py-
ruvate ratios compared with patients with AKA, while the initial
hormonal profile in both ketoacidotic states is characterized by
similarly decreased insulin levels and elevated levels of counter-
regulatory hormones (34,35).

CONCLUSION

The reason why the authors decided to write this article is an
experience from their own practice when the diagnostic pro-
cess of the autopsy itself was not capable of providing the
satisfactory cause of death in healthy young individual. Auxilia-
ry laboratory methods were used to uncover an abnormality in
the metabolic status of the deceased, therefore the differential
diagnosis of AKA was taken in mind. As proven above, AKA really
has irreversible effect on vital functions, if not treated right or on
time. Although the human organism did not suffer from any se-
vere disease, it still is very vulnerable to the effects of starving af-
ter even a mild alcohol intake. That is why forensic practitioners
have to use additive laboratory tests combined with the macro-
and microscopic findings and fuse them all to a complete puzzle
of before separate elements. As in such cases as this one, esti-
mation of ketone bodies may be the only helpful information to
rely on in the diagnostic process responsible for concluding the
cause of death in young healthy alcohol consumers.

Straka L, Zabor P, Novomesky F, et al. Fatal
alcohol intoxication in women: A forensic au-
topsy study from Slovakia. BMC Public Health
2011;11:924.
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Ve dnech 15. - 16. kvétna 2014 se konal jiz tradi¢ni, 4.
spole¢ny sjezd soudniho Iékafstvi a toxikologie. Tento-
B Krat Praha se ujala pofadatelstvi Cesko-Slovenského sjez-
du s mezindrodni Gcasti, konkrétné viechna Ctyfi prazska
pracovisté soudniho |ékaistvi. ,Zkusenym” prezidentem
sjezdu byl prof. MUDr. Miroslav Hirt, CSc. Praha zvolila
za misto konani hotel Duo, ktery se nachdzi na severnim
okraji hlavniho mésta, s dobrou dostupnosti Prazské in-
tegrované dopravy i s moznosti bezproblémového pfijezdu po vlastni ose osobni dopravou.

Z&stitu nad sjezdem prijaly tfi Lékarské fakulty UK Praha a Fakulta vojenského zdravotnictvi Univerzity obrany v Hradci Kralové,
dale ¢tyfi prazské fakultni nemocnice, kde jsou v Praze dislokovany Ustavy soudniho lékafstvi. Vlastni odborné jednani bylo otevieno
vyznamnymi osobnostmi, konkrétné prorektorem Univerzity Karlovy prof. MUDr. Janem Skrhou, DrSc., MBA a pfednesenou zdravici
vyznamného hosta, ktery se bohuzel omluvil nékolik dn(i pied zahajenim sjezdu, ale jejiz text prednesl prof. Hirt. Tou vyznamnou
osobnosti, kterd jiz del3i dobu projevuje velky zdjem o déni na ¢eské a slovenské soudné Iékarské scéné, byl prezident IALM (Interna-
tional Academy of Legal Medicine) prof. Ferrara. Pfed vlastnim zahajenim jednani byla jesté predana vyznamna ocenéni osobnostem
nasich odbornych spole¢nosti. MUDr. Alené Lysenkové a prim. MUDr. Michalu Beranovi, Ph.D. pfedali diplom ¢estného ¢lenstvi nasi
odborné spolecnosti jeji pfedseda doc. MUDr. Frantisek Vorel, CSc. a prezident sjezdu prof. MUDr. Miroslav Hirt, CSc. Medaili spolec-
nosti prevzal ¢estny host prof. MUDr. Frantisek Novomesky, Ph.D.

Po oficidlnim zahajeni nastal maraton odbornych sdéleni, ktery byl rozdélen v prabéhu dvou dnli do
celkem 9 blokd. Prvni a posledni bloky byly spole¢né ve velkém kongresovém sale hotelu Duo, dalsich 6
blok{ probéhlo paralelné ve dvou sousedicich salech, které umoznily ucastnikiim sjezdu volbu progra-
mu podle vlastniho uvéazeni.V pribéhu dvou jednacich dnli zaznélo neuvéfitelné mnozstvi 55 oralnich
sdéleni. Ctvrte¢ni odpoledne bylo vénovano diskusi v posterovém bloku, kde se Zivé rokovalo pied 40
postery, za velkého zajmu posluchacl i autorud. Diky profesionalné moderované diskusi prim. Zelenym
a Ing. Cernou bylo mozné stravit pfijemné pracovni odpoledne, které bylo ozdobeno uUcasti autor(i z 8
zemi, v€etné Bulharska, Italie, Japonska, Madarska, Spolkové republiky Némecko a Turecka. Hladkému
pribéhu vsech blokl Ustnich sdéleni prispéli vsichni predsedajici i fecnici, ktefi dodrzenim desetiminu-
tového limitu pro referaty umoznili nejen predneseni fady zajimavych poznatkd, ale preneseni diskuse
z vyhrazeného c¢asového prostoru i do kuloar(. Hlavnimi tématy naseho spole¢ného sjezdu byla nahla
a nésilnd umrti, dopravni nehody, forenzni a klinicka toxikologie, vojenska toxikologie, dale forenzni
a molekuldrni biologie. Zahajujici prednaskou byla,Virtudlni pitva” doc. Hejny, pomysiné otevieni okén-
ka do budoucnosti. Tou budoucnosti mizeme predikovat zajmem rady mladych autorG velmi dobrych
odbornych sdéleni, ktera byla vhodné doplnéna velmi kvalitnimi referaty jiz zkusenych kolegt.

Jaky byl zajem o 4. Cesko-Slovensky sjezd Ize dovodit z G¢asti 230 registrovanych osob, coz organiza-
tory mile potésilo i zavazovalo. Kromé soudnich Iékard, toxikologU, genetikd a dalSich medicinskych pracovnikil se sjezdu tGcastnili
i studenti lékafskych fakult, dale policisté, statni zastupci, soudci a daldi. Na tomto misté je vhodné podékovat i bohaté Ucasti za-
stupcl z fad odbornych firem, bez jejichZz podpory by bylo nemyslitelné zorganizovat takovou mimofadnou a dle ohlasu mnohych
i odborné hodnotnou a spolecensky piijemnou akci. Zavére¢né a pfiznivé zhodnoceni sjezdu prednesl prof. MUDr. Oldfich Fryc, ktery
vyzvedl nejen vysokou odbornou troven viech sdéleni, ale i pratelskou a pracovni naladu, ktera se linula celym pribéhem kongresu.
Za zdarny pribéh sjezdu vsem Ucastnikim dékujeme.
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Prof. Fryc pfi zdvérecném
hodnoceni kongresu

Za organizac¢ni vybor
plk. MUDr. Milo$ Sokol, Ph.D.
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