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Abstract ‘Diagnosis of fatal hypothermia using biochemical markers from blood obtained post
mortem has not been fully studied. The objective of this study was to investigate biochemical
markers useful for diagnosis of fatal hypothermia. We investigated 573 cases that were autopsied
within 72 hours of death in our laboratory between January 2015 and February 2018. Right
cardiac blood, left cardiac blood and the femoral vein were used as blood sampling sites. Levels
of troponin T, alanine aminotransferase, aspartate aminotransferase, blood urea nitrogen (BUN),
creatinine (Cr), creatine kinase (CK), and CK-MB in the blood, and blood and urinary myoglobin
(Mb) were measured. Mb staining of kidney specimens was also performed. Although BUN
and Cr levels did not differ from their respective clinical reference values, very high levels of
the other markers compared with their respective reference values were observed. BUN and
Cr values did not differ among the right cardiac, left cardiac, and femoral vein blood. The BUN
value of right cardiac blood in patients who died due to fatal hypothermia was significantly
higher than that in patients who died due to burns, heart disease, suffocation, hemorrhagic shock,
drowning, and trauma; however, the Cr value for fatal hypothermia was not different from that
for other causes of death. Also, the BUN/Cr ratio was significantly higher for fatal hypothermia
than for other causes of death. The positive rates of Mb staining in the kidney were as follows:
fatal hypothermia, 75%; drowning, 56.7%: drug addiction, 53.3%; trauma, 51.4%; burning death,
474%:; heart disease, 34.8%; and suffocation, 23.1%. In addition, the amount of urine in the urinary
bladder was higher in cases of fatal hypothermia than that in cases of other causes of death.
These results suggest that a high BUN value and high BUN/Cr ratio are useful for diagnosis of
fatal hypothermia; the increase in BUN value may not be due to acute renal failure caused by
rhabdomyolysis but may be due to a decrease in renal blood flow caused by extrarenal factors
such as dehydration or circulatory failure.



(68) Hiroko IMAI et al.

Key words : BUN, creatinine, fatal hypothermia, postmortem biochemistry, myoglobinuria

#*

RIS S N MR IR CIIVI2 5 T TO#
i, VbW LTS L UREIZEEFEL L7201,
Bohi bz 2o HREROHEIRAT
v, F0izb, RO EICH R ERFEN R
BT AR F A2 S h T woOrBIRTH S .

HIL OB IR 2T R {, BRI 2
FiREHAGHETHIL, MIZFERE L2552 H
EEEELF 2 W &, BRIRRSPBSORELZEL,
WL EHIMIT 5. LichioC, TOBWISRLoH:
LIREIIT R 2 VITREFT A2 RWiEd LA RS
ThY, TTICHLEMEDHEVERPSLTEF O
BEDPHEHTHAZEZMELL. —F, HHRE
12 & Y EER AR AT 35T IR T L /- MRS MR RAE Tl
LERET] wave # QT EE *Y % L0 A 122 b2t
U B, F0F - FHEEREE, SESE HEmE
R LG ORe RIERFELTI=Y TI/ T
A7x5—¥ (ALT), TASSX¥rB 73/ b5 v
A7 xF—+¥ (AST), FLEEMiA3E#%E (LDH), M+
BIURHRIAZOEY (Mb), 2LT7FvE+—F
(CK), RF=F (BUN), 2L T7F=r (Cr) B&D
HALERAEEAD LRSS 5 L LIBRIEE AR
AENDEEREMIZL LOWT, BRI, SHHEHS
NEBAEERZ RO EO T IR TE LW, 2
Z TEBEEARAEICB W TEED A b b E{L¥kk
EEHZEE 2, HHEICE SRR E Hwiz
MR BT B 20l & I L CREA e 2 i
ETHLONE S B, FWELEREORN, BIEOZ
Wi A B & D B A MEIZ VTR L7

[l

HREHE

1. A4

ER2TELIADPSFRIFE2 HFTOIFE/IZY
R THRERH ST DN R R T2 IR UANT
0 EOST3MENSEE L. BAWRIER
HyERAPREERSORRBEHTITo 2 (REF
&5 1337).

2. 7% - MRl HE
a) WA B X d FoR= > T, ALT, AST,
BUN, Cr, CK, CK-MB, I+ & R+ Mb @
QEHIZoWwTEhEFhOMEZHE L. B
@ Mb Jeta % 5 2 7 o 72 A BITEOFRIURALIE
A, el & ORBRERIR @ 3 HAL % FREGS
L1,
0 1 H ot Acfil & JEHRERIR] (JEHREIL) DM
ZoWTHE L. B, ZoRITcBIT 2R
IO ERBRIRE S EOLERREE TR TV 5,
c) FEREALOE DL <, HAEMATERR oLkl &
P LTwE EHEFSizBUN & CrizownwT,
FARBGRAL (i, AL X OKREERR) T
OWAE OIS X U & T L7
LB (3701 Bk R B, R,
Lo ), B8 (15 B JE3E, #EPE, 478, MEhrEE),
itk a v 2 (868, BiE), BE (7
BI), BEFE (14 #0), HH5E (22 B1) B X OWMERE (14
B - R, MR, WERET AR, )
DEIERIZB T BUN i, Crflids & UFBUN/Cr
o e L7z
e) Hlko Mb Refa THMEOFEEZFIB L, IR L
OMEERELERF L2 FE1O L5 ICRME R
IZMb A S A PE X URMENICHE L L
THOLNAWEEEE Lz (Fig lab) RS
(46 #1), =HE (1341), HIE (30#), B (19
P), SBE (20 #), S (12 B1), 4ME (35 #1)
22w T Mb #efa %4757,

—

b

d

—

(a) (b)

Fig. 1. Myoglobin staining in the kidney. (a) Myoglobin
appearance in the epithelium and (b) myoglobin cast
formation.
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Fig. 2. Relationship between (a) troponin T, (b) alanine aminotransferase (ALT), (c) aspartate aminotransferase (AST),
and (d) blood urea nitrogen (BUN) concentrations in blood and elapsed time after death. (4 ), () and ( 4 ) represent
right cardiac blood, left cardiac blood and the femoral vein, respectively.
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Fig. 4. Relationship between urine myoglobin concentration
and elapsed time after death.
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Fig. 3. Relationship between (a) creatine kinase (CK), (b) CK-MB, (c) creatinine (Cr) and (d) myoglobin concentrations
in blood and elapsed time after death. (4 ), (4 ) and ( 4 ) represent right cardiac blood, left cardiac blood and the

femoral vein, respectively.
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Fig. 5. Correlation between postmortem serum blood urea nitrogen (BUN) level in (a) right and left cardiac blood. Best fit line is y
=09997x + 0.2189. Correlation coefficient (r) = 0.967 (n=52), P < 0.001; (b) femoral vein and left cardiac blood, vy = 09737x + 2.2514,
r = 0919 (n=52) , F < 0.001; and (c) femoral vein and right cardiac blood, v = 09871x + 12810, r = 0954 (n=88) , P < 0.001.
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Fig. 6. Correlation between the postmortem serum creatinine (Cr) level in (a) right and left cardiac blood. Best fit line is v = 10446x
+ 0.2229. Correlation coefficient (r) = 0926(n=55), P < 0.001; (b) femoral vein and left cardiac blood, y = 0.9379x + 08182, r = 0814
(n=52) , P < 0001; and (c) femoral vein and right cardiac blood, v = 1.0355x + 0.3500, r = 0.829 (n=88) ; P < 0.001.
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Fig. 7. Comparison of postmortem serum levels of (a) blood

urea nitrogen (BUN), (b) creatinine (Cr), and (c) BUN/

Cr ratio in right cardiac blood for various causes of death.
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Table 1. Positive rates of myoglobin staining in the kidney for
various causes of death.
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