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Abstract: Diabetic Ketoacidosis and Hyperglycemic Hyperosmolar State regarded as severe metabolic disorders,
remain the two main causes of death in the diabetic population, thus proper postmortem evaluation of these conditions
represents a key part in generating an accurate statistic for this chronic disease. In the field of forensic medicine, deaths due to
acute complications of diabetes mellitus may be difficult to diagnose due to the lack of specific macroscopic and microscopic

findings. The situation changes radically when postmortem biochemistry complements the autopsy.
This article wants to provide a short overview of the literature regarding specific postmortem biomarkers levels and
their optimal sampling sites, used in order to identify disorders of glucose metabolism, focusing on the manifestation of acute

complications of DM as causes of death.

Thus, determination of glucose, BHB, glycated hemoglobin in blood or other body fluid, such as vitreous humor
should be standardized in all legal medicine laboratories, therefore improving the specificity in diagnosing the acute and fatal

complications of DM.

In Romania this standardization does not exist, so, this is one more reason why is necessary to re-analyze the literature

and to raise the awareness of the problem.

Keywords: postmortem biochemical markers, diagnosis, acute fatal complications diabetes, forensics.

INTRODUCTION

Diabetes mellitus (DM) is one of the leading
causesof deathin developed countries, regarding chronic
diseases. World Health Organization (WHO) estimates
that diabetes was the seventh cause of death in 2016,
in a Global Health Observatory (GHO) data [1]. They
also say that 1.6 million deaths are directly attributed
to diabetes each year [2]. As stated by the International
Diabetes Federation, one of two adults with diabetes
remains undiagnosed, and there were 425 million
people aged 20-79 suffering from diabetes, worldwide,
in 2017. The number of people with diabetes in Europe
was estimated to be 58 million in 2017 [3]. Knowing all
this, it is obvious that legal medicine practitioners must

gadder sufficient knowledge and apply strict algorithms
in order to clarify both diagnosed and undiagnosed
cases of diabetes. Diabetic Ketoacidosis (DKA) and
Hyperglycemic Hyperosmolar State (HHS) regarded as
severe metabolic disorders, remain the two main causes
of death in the diabetic population [4-8], thus proper
postmortem evaluation of these conditions represents
a key part in generating an accurate statistic for this
chronic disease.

DM is a chronic metabolic disorder,
characterized by an absolute lack of insulin due to
destruction of 8-cells in pancreas islets (type 1 DM)
or lack of functional response to insulin (type 2 DM),
which disrupts the regulation and balance of many
metabolic pathways.

*Correspondence to: Eosefina Gina Botnariu, Department of Diabetes, Nutrition and Metabolic Disease, “Grigore T. Popa” University of
Medicine and Pharmacy, 16 Universitatii, asi, Romania, E-mail: ginabotnariu66@gmail.com.
Elena Claudia Coculescu, Faculty of Dental Medicine, “Carol Davila” University of Medicine and Pharmacy, 17-23 Calea Plevnei, Bucharest,

Romania, E-mail: elenacoculescu@yahoo.com.
212



The Haze of Diabetic State in Legal Medicine - A Review

DKA and HHS are identified by insulinopenia and
severe hyperglycemia. Clinically, these two conditions
differ for one another only by the rate of dehydration
and the severity of metabolic acidosis. The overall
mortality noted mid children and adults with DKA
is less than 1%. Mortality among people with HHS is
approximately 10-folds higher than in DKA cases. In
patients with HHS or DKA, the prognosis and outcome
is dictated by the severity of dehydration, the presence
of comorbidities and age over 60 years [9].

In the field of forensic medicine, deaths due to
acute complications of diabetes mellitus may be difficult
to diagnose precisely from missing characteristic
macroscopic and microscopic findings. The situation
changes radically when postmortem biochemistry
complements the autopsy [10-12].

This article wants to provide a short overview of
theliterature regarding specific postmortem biomarkers
levels and their optimal sampling sites, used in order
to identify disorders of glucose metabolism, focusing
on the manifestation of acute complications of DM as
causes of death.

According ISPAD Clinical Practice Consensus
Guidelines 2018 [13]:

a. the biochemical criteria for the diagnosis of
diabetic ketoacidosis (DKA) are: hyperglycemia (blood
glucose > 11 mmol/L [=200 mg/dL]), venous pH < 7.3
or serum bicarbonate < 15 mmol/L and ketonemia
(blood 3-hydroxybuyrate > 3 mmol/L) or moderate or
large ketonuria;

b. the criteria for diagnosis of hyperglycemic
hyperosmolar state (HHS) include: plasma glucose
concentration > 33.3 mmol/L (600 mg/dL), venous
pH > 7.25; arterial pH > 7.30, serum bicarbonate > 15
mmol/L, small ketonuria, absent to mild ketonemia,
effective serum osmolality > 320 mOsm/kg and altered
consciousness (e.g., obtundation, combativeness) or
seizures (in approximately 50%).

Wolfsdorf et al. [13] also claims a possible
overlap of these two conditions, as found in some
severely dehydrated people with HHS, who can present
mild or moderate acidosis, mainly due to hypoperfusion
and lactic acidosis.

If these antemortem biochemical markers have
well established levels and concentrations, this is not
the case in the postmortem findings. Their postmortem
values are influenced by changes that occur with the
cessation of the metabolism, thus reliable postmortem
intervals depend on specific sampling sites. The most
studied postmortem biochemical parameters in deaths
due to acute complications of DM include: glucose,

ketone bodies, glycated hemoglobin.

Hyperglycemia

If in daily clinical practice measuring blood
glucose levels poses no problems, the legal medicine
faces with large fluctuations of glucose concentration
when death occurs. This is caused by the persistence
of the glycolysis process, for a short period of time
after the stopping of cardiac and respiratory functions,
thus inducing a quick decrease in blood glucose levels.
Contrariwise, in agony deaths or those preceded by
cardio-respiratory resuscitation, the blood glucose level
may increase due to the production or administration
of catecholamines. Also, the postmortem sampling site
dictates the blood glucose level. The main sites where
the highest blood glucose concentration was found
are the following: the hepatic vein, inferior vena cava,
superior vena cava and cardiac right ventricle blood
[14-16].

Considering these limitations, it was
concluded that the vitreous humor (VH) is the
election postmortem sampling site, in order to predict
antemortem hyperglycemia [4,14-16]. This is due to
the fact that VH is a relatively inert environment,
only slightly influenced by sudden fluctuation in the
blood chemistry [17] and resistant to microbiological
contamination  during  bacterial  postmortem
degradation [18-29]. In VH the concentration of
glucose is almost half of the concentration in the
blood [30].

As glucose is split into lactate - one glucose
molecule is transformed into two lactate molecules,
many authors proposed that their combined
concentrations (formula of Traub) should be used to
determine antemortem hyperglycemia [4,18,24,28,31-
34]. A single study submitted high combined lactate and
glucose levels in VH or cerebrospinal fluid (CSF) (23.4
and 23.7 mmol/L respectively) which were corelated
to antemortem hyperglycemia with a lethal effect
[35,36]. Nevertheless, a number of studies contradict
this concept - the glucose and lactate summing. These
studies have researched the correctness of this idea
and concluded that antemortem hyperglycemia could
be identified by measuring just glucose levels in VH
or CSF [18,37,38]. Beside these, Zilg et al. [18] suggest
that VH glucose values over 10 mmol/L (180 mg/dL),
presumably equivalent to antemortem blood glucose
concentrations of approximately 26 mmol/L (468 mg/
dL), could suggest death due to acute complications of
diabetes (DKA or HHS, based on ketone levels).
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Acetone, acetoacetate and beta-
hydroxybutyrate
DM is the main context in which the

concentration of ketone bodies increases, thereby
causing ketoacidosis. Three elements have been used
to assess ketoacidosis: acetone, acetoacetate and beta-
hydroxybutyrate (BHB) [5]. Ketone bodies are basically
synthesized in the liver as a secondary source for energy,
being a by-product of fat metabolism. In diabetics,
the reduced process of intracellular glycolysis, due to
insulin deficiency or insulin resistance, determine the
use of fatty acids as secondary source of energy, causing
increase of ketone body production [39].

Various researchers have targeted the role of
ketone bodies in postmortem biochemistry especially
in diabetes patients [7,16,37,39]. Regarding diabetic
ketoacidosis, BHB appears to be the most specific post-
mortem biomarker, even better than acetone [4,7],
being found in the uppermost concentration, with
adequate similarity between blood and vitreous levels
[18,40-43]. making vitreous BHB an attractive option
especially when blood BHB is not used in post-mortem
investigation [19,40,43-48]. In the literature, many
studies state that fatal DKA can be diagnosed adopting
VH as an option to postmortem blood with a BHB cut-
oft value of 2500 umol/L [41,49-50].

BHB has also been studied in other body fluids
such as cerebrospinal fluid, pericardial fluid and urine.
Although many authors found lower concentrations of
BHB in the cerebrospinal fluid compared to other body
fluids, the interpretations were different [43,51,52].
Kadis et al. [52] have related these small concentrations
to the poor permeability of BHB through the haemato-
encephalic barrier, concluding that the cerebrospinal
fluid is not a suitable place for the analysis of postmortem
ketone bodies. On the other hand, Felby et al. [43]
presumed that cerebrospinal fluid is superior to vitreous
humor in diagnosing ketoacidosis because it is replaced
and restored faster, thus providing a more accurate and
recent biochemical status. Palmiere et al. [51] postulated
that the postmortem diagnosis of ketoacidosis can be
accounted for cerebrospinal fluid BHB concentrations
past 2000 umol/L (200 mg/L), corelated to 2.500 pmol/L
of BHB (equivalent to 260 mg/L) in blood and vitreous
fluid. These authors also stated that urine has the weakest
correlations with blood BHB levels, thus making urine
BHB sampling nonreliable in postmortem diagnosis of
DKA [51,52]. In a different study, Palmiere et al. [39]
states that BHB can also be determined from pericardial
fluid, in addition to VH, when blood cannot be harvested.

Over time, in the post-mortem diagnosis of
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ketoacidosis, acetone was the most analyzed biomarker
in diabetics and alcoholics [32,44,45]. Brinkmann et al.
[53] proposed a blood acetone value of over 9 mg/dL
(1,5 mmol/L) that would suggest a fatal ketoacidosis.
The total ketone bodies were also measured, reveling
good correlations between their VH values and those
in the blood and pericardial fluid [45]. Blood levels
of ketone bodies above 10.000 umol/L, and above
5000 pmol/L in VH suggest the diagnosis of severe
ketoacidosis [45].

Regarding the effects of postmortem interval
on BHB levels in the blood, studies show that there are
no statistical increases in BHB levels, so it can be said
that this biochemical parameter can be applied in the
autopsies with installed decomposition [12,49,52,54].

Glycated hemoglobin and other glycated
proteins

Glycated hemoglobin (HbA1c) measurement is
most used in the assessment of glycemic control over a
period of 8-12 weeks [55]. According to the International
Expert Committee report on the use of HbAlc assay in
the diagnoses of diabetes, a value of HbAlc > 6,5% (48
mmol/mol) should define diabetes [56].

In forensic practice, HbAlc is considered a
postmortem stable biomarker, unlike glucose, and fit to
antemortem values. In the idea of finding a glycemic
status as close as possible to the moment of death,
other glycated proteins were proposed to be studied.
In this regard, fructosamine, also known as glycated
protein, known to have a shorter life than HbAlc and
to reflect 1 to 3 weeks of glycemic control, was studied,
but different authors have encountered difficulties in
interpreting the results. Uemara et al. [57] studied both
HbA1lc and fructosamine in different sampling blood
sites, and concluded that fructosamine showed a large
deviation from living subjects, and HbAlc remains a
reliable postmortem marker for chronic hyperglycemia
status, due to its availability and negligible postmortem
changes. On the other hand, John et al. [58] and Akane
et al. [59,60] have encountered limitations in the
analysis of postmortem fructosamine determined by
the hemolysis or hemoconcentration of the samples.
Ritz et al. [61] outlined the utility of dosing glycated
al-antitrypsin and haptoglobin in the diagnosis of DM,
claiming that they would be more resistant to autolysis
than HbA1c and glycated albumin.

Ureea nitrogen, creatinine, urate, sodium and
chloride
As mentioned in the beginning of the article, in
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patients with HHS or DKA, the prognosis and outcome
is dictated by the severity of dehydration. So, markers
normally used for renal function, can be studied in
order to shed some light in the postmortem electrolyte
imbalance determined by DM.

When circulating levels of insulin are affected,
both DKA and HHS can be installed, thus producing
intracellular starvation. This imbalance is translated by
installing a state of hyperglycemia and lipolysis, ensuing
hepatic fatty acid oxidation with the production of
ketone bodies. Yet, regarding HHS, plasma insulin
concentrations may be able to prevent lipolysis and
consequently ketogenesis, resulting only in marked
hyperglycemia, osmotic diuresis and of course different
degrees of dehydration. The danger in this jeopardized
hemodynamic state is extreme electrolyte disturbance
[7,62-64]. In legal medicine, in order to investigate
dehydration and impaired renal function, nitrogen
urea, creatinine, uric acid and sodium are measured.
These biochemical markers have been found to be
relatively stable postmortem, being analyzed by various
authors from both blood samples and from VH and
pericardial fluid [7,64-68].

So, these biomarkers, corelated to the more
specific ones previously depicted, can improve
the specificity in diagnosing the acute and fatal
complications of DM.

Other usefull biomarkers: isopropyl alcohol,
C-reactive protein

Besides the main exposure to isopropyl alcohol,
it is now accepted that isopropyl alcohol may also be an
important postmortem biomarker, as a result of ketosis
metabolism, strictly related to the concomitant presence
of elevated levels of acetone and reduced nicotinamide
adenine dinucleotide (NADH)/ nicotinamide adenine
dinucleotide (NAD+) ratio. This happens in situations
like diabetic and alcoholic ketoacidosis along with
starvation and hypothermia deaths [54].

There are authors who state that ketoacidosis
state is associated with increased levels of reactive
C-protein  and other inflammatory  markers
(interleukins, TNF-a), independent of other causes
such as infection or trauma [69,70]. This is supported
by forensics and clinicians, in the presence of DKA
complications, namely pulmonary and cerebral edema,
as causes of acute inflammatory responses in DM [11].

In conclusion, itis demonstrated that DM is one
of the world’s leading health problems. Both clinicians
and forensics need to be competent in the diagnosis
of DM but also aware of the difficulties that may arise

when faced with such cases. For a forensic physician in
particular, identifying the acute complications of DM as
a cause of death can be extremely challenging given the
absence of other detectable changes during an autopsy,
in addition to biochemical determinations. BHB
determination in blood or other body fluid, glycated
hemoglobin and vitreous humor glucose should be
standardized in all legal medicine laboratories so as
to detect all deaths that involve glucose metabolism
imbalances. If at all, such standardized algorithms
would certainly allow for an easier elucidation of deaths
due to DKA and HHS, both for people diagnosed with
DM and for those who remained undiagnosed.

In Romania this standardization does not
exist, so, this is one more reason why is necessary to
re-analyze the literature and to raise the awareness of
the problem. Maybe if legal medicine would emphasize
the need for implementing standardized postmortem
biochemical algorithms at a national level, many of the
unexplained deaths could be elucidated and various
undiagnosed events would come to the surface.

Conflict of interest

The authors declare that they have no conflict of
interest.

Acknowledgment

All authors had equal contributions to this paper.

References

1. Global Health Estimates 2016: Deaths by Cause, Age, Sex,
by Country and by Region, 2000-2016. Geneva, World Health
Organization, 2018. Available from: https://www.who.int/en/news-
room/fact-sheets/detail/the-top-10-causes-of-death (accessed on
12 January 2021).

2. Global report on diabetes World Health Organization, 2018.
Available from: https://www.who.int/diabetes/en/ (accessed on 12
January 2021).

3. International Diabetes Federation. IDF Diabetes atlas, 8th
edition, Brussels: International Diabetes Federation; 2017. Available
from: http://www.diabetesatlas.org/ (accessed on 12 January 2021).
4. Boulagnon C, Garnotel R, Fornes P, Gillery P. Post-mortem
biochemistry of vitreous humor and glucose metabolism: an update.
Clin Chem Lab Med. 2011;49(8):1265-1270.

5. Heninger M. Postmortem vitreous beta-hydroxybutyrate:
interpretation in a forensic setting. J Forensic Sci. 2012;57(5):1234-
1240.

6. Mitchell R, Thomas SD, Langlois NE. How sensitive and specific
is urinalysis ‘dipstick’ testing for detection of hyperglycaemia and
ketosis? An audit of findings from coronial autopsies. Pathology.
2013;45(6):587-590.

7. Hockenhull J, Dhillo W, Andrews R, Paterson S. Investigation of
markers to indicate death due to alcoholic ketoacidosis, diabetic
ketoacidosis and hyperosmolar hyperglycemic state using post-
mortem samples. Forensic Sci. Int. 2012;214(1-3):142-147.

8.  Kernbach-Wighton =~ G.  Postmortale  biochemische
untersuchungen, In: B Brinkmann, B Madea (Eds.), Handbuch

215



Girlescu N. et al.

Gerichtiche Medizin. Berlin: Springer-Verlag; 2004. p. 1060-1069.
9. Umpierrez G, Korytkowski M. Diabetic emergencies - ketoacidosis,
hyperglycaemic hyperosmolar state and hypoglycaemia. Nat Rev
Endocrinol. 2016;12(4):222-232.

10. Hess C, Wollner K, Musshoff F, Madea B. Detection of diabetic
metabolism disorders post-mortem—forensic case reports on cause
of death hyperglycaemia. Drug Test Anal. 2013;5(9-10):795-801.
11. Palmiere C, Bardy D, Mangin P, Werner D. Postmortem
diagnosis of unsuspected diabetes mellitus. Forensic Sci Int.
2013;226(1-3):160-167.

12. Palmiere C, Lesta Mdel M, Sabatasso S, Mangin P, Augsburger
M, Sporkert E. Usefulness of postmortem biochemistry in forensic
pathology: illustrative case reports. Leg Med (Tokyo, Japan).
2012;14(1):27-35.

13. Wolfsdorf JI, Glaser N, Agus M, Fritsch M, Hanas R, Rewers
A, Sperling MA, Codner E. ISPAD Clinical Practice Consensus
Guidelines 2018: Diabetic ketoacidosis and the hyperglycemic
hyperosmolar state. Pediatr Diabetes. 2018;19(Suppl 27):155-177.
14. Coe JI. Postmortem chemistry update. Emphasis on forensic
application. Am J Forensic Med Pathol. 1993;14(2):91-117.

15. Hess C, Musshoff F, Madea B. Disorders of glucose metabolism
post mortem analyses in forensic cases: part I. Int J Legal Med.
2011;125(2):163-170.

16. Musshoff E, Hess C, Madea B. Disorders of glucose metabolism:
post mortem analyses in forensic cases—part II. Int J Legal Med.
2011;125(2):171-180.

17. Garg V, Oberoi SS, Gorea RK, Kiranjeet K. Changes in the levels
of vitreous potassium with increasing time since death. J Indian
Forensic Sci. 2004;26(4):136-139.

18. Zilg B, Alkass K, Berg S, Druid H. Postmortem identification of
hyperglycemia. Forensic Sci Int. 2009;185(1-3):89-95.

19. Gagajewski A, Murakami MM, Kloss J, Edstrom M, Hillyer
M, Peterson GE, Amatuzio J, Apple FS. Measurement of chemical
analytes in vitreous humor: stability and precision studies. ] Forensic
Sci. 2004;49(2):371-4.

20. Harper DR. A comparative study of the microbiological
contamination of postmortem blood and vitreous humour samples
taken for ethanol determination. Forensic Sci Int. 1989;43(1):37-44.
21. Coe JI. Postmortem chemistry: practical considerations and a
review of the literature. ] Forensic Sci. 1974;19(1):13-32.

22. Coe JI. Postmortem chemistry update. Emphasis on forensic
application. Am J Forensic Med Pathol. 1993;14(2):91-117.

23. Keten A, Tumer AR, Balseven-Odabasi A. Measurement of ethyl
glucuronide in vitreous humor with liquid chromatography-mass
spectrometry. Forensic Sci Int. 2009;193(1-3):101-105.

24. Thierauf A, Musshoff F, Madea B. Post-mortem biochemical
investigations of vitreous humor. Forensic Sci Int. 2009;192(1-3):78-
82.

25. Honey D, Caylor C, Luthi R, Kerrigan S. Comparative alcohol
concentrations in blood and vitreous fluid with illustrative case
studies. ] Anal Toxicol. 2005;29(5):365-369.

26. Egger SE, Buxbaum A, Georgopoulos M, Scholda C, Vecsei
VP, Huber-Spitzy V, Georgopoulos A. Bacterial growth in human
vitreous humor. Exp Eye Res. 1997;65(6):791-5.

27. Arroyo A, Rosel P, Marron T. Cerebrospinal fluid: postmortem
biochemical study. J Clin Forensic Med. 2005;12(3):153-156.

28. Chandrakanth HV, Kanchan T, Balaraj BM, Virupaksha HS,
Chandrashekar TN. Postmortem vitreous chemistry-an evaluation
of sodium, potassium and chloride levels in estimation of time
since death (during the first 36 h after death). J Forensic Leg Med.
2013;20(4):211-216.

29. Thierauf A, Kempf J, Perdekamp MG, Auwirter V, Gnann H,
Wohlfarth A, Weinmann W. Ethyl sulphate and ethyl glucuronide
in vitreous humor as postmortem evidence marker for ethanol
consumption prior to death. Forensic Sci Int. 2011;210(1-3):63-68.
30. Canfield DV, Chaturvedi AK, Boren HK, Veronneau SJ, White
VL. Abnormal glucose levels found in transportation accidents.
Aviat Space Environ Med. 2001;72(9):813-815.

216

31. Forrest AR. ACP Broadsheet no 137: April 1993. Obtaining
samples at post mortem examination for toxicological and
biochemical analyses. J Clin Pathol. 1993;46(4):292-296.

32. Péclet C, Picotte P, Jobin E. The use of vitreous humor levels
of glucose, lactic acid and blood levels of acetone to establish
antemortem hyperglycemia in diabetics. Forensic Sci Int.
1994;65(1):1-6.

33. Sippel H, Méttonen M. Combined glucose and lactate values
in vitreous humour for postmortem diagnosis of diabetes mellitus.
Forensic Sci Int. 1982;19(3):217-222.

34. Karlovsek MZ. Postmortem diagnosis of diabetes mellitus
and diabetic coma: a comparison of HbA1, glucose, lactate and
combined glucose and lactate values in vitreous humor and in
cerebrospinal fluid. In: Jacob B, Bonte W editors. Advances in
Forensic Sciences: Forensic Criminalistic 2. Berlin: Verlag Dr
Kostner; 1995. p. 38-48.

35. Karlovsek MZ. Diagnostic values of combined glucose and
lactate values in cerebrospinal fluid and vitreous humour--our
experiences. Forensic Sci Int. 2004;46 Suppl: S19-23.

36. Palmiere C, Sporkert F, Vaucher P, Werner D, Bardy D, Rey F,
Lardi C, Brunel C, Augsburger M, Mangin P. Is the formula of Traub
still up to date in antemortem blood glucose level estimation? Int |
Legal Med. 2012;126(3):407-13.

37. Palmiere C, Mangin P. Postmortem chemistry update part I. Int
J Legal Med. 2012;126(2):187-198.

38. Irwin J, Cohle SD. Sudden death due to diabetic ketoacidosis.
Am ] Forensic Med Pathol. 1988;9(2):119-121.

39. Palmiere C, Mangin P, Werner D. Postmortem distribution of
3-beta-hydroxybutyrate. ] Forensic Sci. 2014;59(1):161-166.

40. Osuna E, Vivero G, Conejero ], Abenza JM, Martinez P,
Luna A, Pérez-Cérceles MD. Postmortem vitreous humor beta-
hydroxybutyrate: its utility for the postmortem interpretation of
diabetes mellitus. Forensic Sci Int. 2005;153(2-3):189-95.

41. Kanetake ], Kanawaku Y, Mimasaka S, Sakai J, Hashiyada M,
Nata M, Funayama M. The relationship of a high level of serum
beta-hydroxybutyrate to cause of death. Leg Med (Tokyo, Japan).
2005;7(3):169-74.

42. Sacks DB. Carbohydrates. In: Burtis CA, Ashwood ER, Bruns DE
editors. Tietz fundamentals of clinical chemistry, 6th Ed. St. Louis:
Saunders Elsevier Co; 2008. p. 73-74, 379, 388, 393-394, 407-409.
43. Felby S, Nielsen E, Thomsen JL. The postmortem distribution
of ketone bodies between blood, vitreous humor, spinal fluid, and
urine. Forensic Sci Med Pathol. 2008;4(2):100-107.

44. Teresinski G, Buszewicz G, Madro R. Acetonaemia as an initial
criterion of evaluation of a probable cause of sudden death. Leg Med
(Tokyo, Japan). 2009;11(1):18-24.

45. Pounder DJ, Stevenson RJ, Taylor KK. Alcoholic ketoacidosis at
autopsy. J Forensic Sci. 1998;43(4):812-816.

46. Laffel L. Sick-day management in type 1 diabetes. Endocrinol
Metab Clin North Am. 2000; 29(4):707-23.

47. Mitchell GA, Kassovska-Bratinova S, Boukaftane Y, Robert
MEF, Wang SP, Ashmarina L, Lambert M, Lapierre P, Potier E.
Medical aspects of ketone body metabolism. Clin Invest Med.
1995;18(3):193-216.

48. Laffel L. Ketone bodies: a review of physiology, pathophysiology
and application of monitoring to diabetes. Diabetes Metab Res Rev.
1999;15(6):412-26.

49. Tten PX, Meier M. Beta-hydroxybutyric acid—an indicator for an
alcoholic ketoacidosis as cause of death in deceased alcohol abusers.
] Forensic Sci. 2000;45(3):624-632.

50. Elliott S, Smith C, Cassidy D. The post-mortem relationship
between beta-hydroxybutyrate (BHB), acetone and ethanol in
ketoacidosis. Forensic Sci Int. 2010;198(1-3):53-7.

51. Palmiere C. Postmortem diagnosis of diabetes mellitus and its
complications. Croat Med J. 2015;56(3):181-193.

52. Kadis P, Balazic ], Ferlan-Marolt V. Alcoholic ketoacidosis:
a cause of sudden death in chronic alcoholics. Forensic Sci
Int.1999;103 Suppl 1:853-859.



The Haze of Diabetic State in Legal Medicine — A Review

53. Brinkmann B, Fechner G, Karger B, DuChesne A. Ketoacidosis
and lactic acidosis--frequent causes of death in chronic alcoholics?
Int ] Legal Med. 1998;111(3):115-119.

54. Palmiere C, Sporkert F, Werner D, Bardy D, Augsburger
M, Mangin P. Blood, urine and vitreous isopropyl alcohol as
biochemical markers in forensic investigations. Leg Med (Tokyo,
Japan). 2012;14(1):17-20.

55. Beisswenger PJ], Szwergold BS, Yeo KT. Glycated proteins in
diabetes. Clin Lab Med. 2001;21(1):53-78.

56. The International Expert Committee. International expert
committee report on the role of the Alc assay in the diagnosis of
diabetes. Diabetes Care. 2009;32(7):1327-1334.

57. Uemura K, Shintani-Ishida K, Saka K, Nakajima M, Ikegaya H,
Kikuchi Y, Yoshida K. Biochemical blood markers and sampling
sites in forensic autopsy. ] Forensic Leg Med. 2008;15(5):312-7.

58. John WG, Scott KW, Hawcroft DM. Glycated haemoglobin and
glycated protein and glucose concentrations in necropsy blood
samples. J Clin Pathol. 1988;41(4):415-418.

59. Akane A, Shiono H, Matsubara K, Tanabe K, Fukushima §,
Takahashi S, Nakamura H, Hasegawa M, Kagawa M. Colorimetric
determination of fructosamine in hemolytic samples for the
postmortem diagnosis of diabetes mellitus. Nihon Hoigaku Zasshi.
1991;45(5-6):367-74.

60. Akane A, Shiono H, Matsubara K, Tanabe K, Nakamura
H, Hasegawa M, Kagawa M. Analysis of glycated albumin in
postmortem blood samples as the diagnostic parameters of diabetes
mellitus. Nihon Hoigaku Zasshi. 1992;46(4):237-43.

61. Ritz S, Mehlan G, Martz W. Postmortem diagnosis of
diabetic metabolic derangement: elevated alpha I-antitrypsin
and haptoglobin glycosylation levels as an index of antemortem
hyperglycemia. ] Forensic Sci. 1996;41(1):94-100.

62. Khuu HM, Robinson CA, Brissie RM, Konrad RJ. Postmortem
diagnosis of unsuspected diabetes mellitus established by
determination of decedents hemoglobin Alc level. J Forensic Sci.
1999;44(3):643-646.

63. Alharfi IM, Singh R, Clarson C, Foster JR. Hyperosmolar
hyperglycemic state without ketosis in a toddler with type 1 diabetes.
Pediatr Emerg Care. 2014;30(7):485-487.

64. Li W, Gong C, Wu D, Liu M. Two case reports of severe
pediatric hyperosmolar hyperglycemia and diabetic ketoacidosiss
accompanied with rhabdomyolysis and acute renal failure. ] Pediatr
Endocrinol Metab. 2014;27(11-12):1227-1231.

65. Zhu BL, Ishida K, Quan L, Taniguchi M, Oritani S, Li DR, Fujita
MQ, Maeda H. Postmortem serum uric acid and creatinine levels in
relation to the causes of death. Forensic Sci Int. 2002;125(1):59-66.
66. Zhu BL, Ishikawa T, Michiue T, Li DR, Zhao D, Quan L, Maeda
H. Evaluation of postmortem urea nitrogen, creatinine and uric
acid levels in pericardial fluid in forensic autopsy. Leg Med (Tokyo,
Japan). 2005;7(5):287-92.

67. Zhu BL, Ishikawa T, Michiue T, Tanaka S, Zhao D, Li DR, Quan
L, Oritani S, Maeda H. Differences in postmortem urea nitrogen,
creatinine and uric acid levels between blood and pericardial fluid
in acute death. Leg Med (Tokyo, Japan). 2007;9(3):115-22.

68. Palmiere C, Mangin P. Urea nitrogen, creatinine, and uric acid
levels in postmortem serum, vitreous humor, and pericardial fluid.
Int J Legal Med. 2015;129(2):301-305.

69. Coculescu BI, Manole G, Coculescu EC, Ionescu E, Popoviciu
O, Stocheci CM. Autophagy as a neuronal survival mechanism in
ischemic stroke, Rom ] Leg Med. 2018; 26(4):333-339.

70. Lindroos-Jokinen K, Keltanen T, Vanhala T, Valonen T,
Sajantila A. Postmortem measurement of C-reactive protein and
interpretation of results in ketoacidosis. Leg Med (Tokyo, Japan).
2012;14(3):140-146.

217



