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Abstract

Background Femoral venous blood (FVB) is accepted as a standard sample for postmortem ethanol analysis, but
owing to the nature of unnatural death cases, FVB may not always be obtainable, and subclavian blood might be
used for alternative specimens. This study investigated the correlation between postmortem ethanol concentrations
in FVB and axillosubclavian blood (ASB) from autopsy cases in the tropical climate of Central Thailand. Two other fac-
tors potentially affecting the correlation, the time of death and ethanol absorption state, were also investigated. FVB,
ASB, and vitreous humor were collected from 100 subjects between May 2021 and May 2022. Subjects with decom-
position signs and large open wounds were excluded. ASB was drawn from the axillosubclavian vein at the thoracic
outlet. Ethanol concentrations in all samples were measured by headspace GC-FID.

Results Ethanol concentrations in ASB were statistically identical to those in FVB (p=0.6761) and their relationship
was statistically correlated (r=0.9818, p <0.001). The correlation was not statistically influenced by time since death or
absorptive statuses. The diagnostic study to assess the practical application of ASB instead of FVB at a cut-off concen-
tration above 50 mg/dL yielded an area under the ROC curve of 0.96.

Conclusions Our study indicated that ASB can be used as an alternative specimen for postmortem ethanol analysis
when FVB is unavailable in dead bodies that are in a tropical climate.

Keywords Ethanol, Femoral blood, Subclavian blood, Axillosubclavian blood, Postmortem toxicology, Forensic
medicine

Background

Postmortem toxicological analysis plays an important

role in the diagnosis of cause and manner of death. Sub-

stances detected in postmortem cases could be direct

causes of death or contributing factors causing death.
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ethanol analysis, because its anatomic location is far from
the center of the body and less affected by diffusion of
drugs from the central compartment. Postmortem redis-
tribution of drugs from the central compartment of the
body results in higher drug concentrations in central
blood samples than those in peripheral sites (Saukko and
Knight 2015; Peterson et al. 2006; Dinis-Oliveira et al.
2016; Stimpfl et al. 1999).

Postmortem ethanol analysis is critical not only in
terms of cause of death but also regarding legislation on
ethanol concentrations. However, different blood sam-
pling sites in postmortem cases can yield different etha-
nol concentrations. Pelissier-Alicot A-L et al. conducted
a study in 30 autopsy cases and found that ethanol con-
centrations detected in the left cardiac blood were signifi-
cantly different from the concentrations detected in the
right cardiac blood, and the FVB (Pelissier-Alicot et al.
2006). Sylvester PA et al. studied the correlation of etha-
nol concentrations from five sampling sites in dead bod-
ies with ethanol concentrations in the vitreous humor
(VH) and found that blood from the left ventricle had
the lowest correlation coefficient with VH (Sylvester et al.
1998). Owing to the nature of postmortem cases, FVB
may not be available for toxicological analysis in every
case because dead bodies may suffer from exsanguina-
tion or have severe injuries of lower extremities. Previous
study from Sastre C et al. stated that subclavian blood is
another option for postmortem ethanol analysis when
FVB is not available because ethanol concentrations in
subclavian blood and FVB were statistically correlated
(r=0.961, p<0.001) (Sastre et al. 2013).

According to the standard procedure in forensic
autopsy, the axillosubclavian vein can be accessed at
the thoracic outlet during the opening of the thoraco-
abdominal cavity by subclavicular line incision (Connolly
and Auchincloss 2021). Thus, this site can be a suitable
option for blood collection for ethanol analysis when
FVB is not available. Although there was a study from
Sastre C et al. stating that subclavian blood could be an
alternative sample for ethanol analysis (Sastre et al. 2013),
there is no information about the relationship of ethanol
concentrations between FVB and subclavian blood in
Thai postmortem cases. Thus, this study aims to inves-
tigate the correlation between postmortem ethanol con-
centrations in FVB and axillosubclavian blood (ASB) in
autopsy cases at Thammasat University Hospital (TUH)
in Pathum Thani Province, Thailand. This location is in
the Northeastern region of Central Thailand. This is the
first study to be conducted in Mainland Southeast Asia
with a tropical climate. Two other factors which may
affect the correlation between these two sampling sites,
the time of death and the state of ethanol absorption, are
also investigated in this study.
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Methods

FVB, ASB, and VH samples were collected from subjects
who were sent for forensic autopsy at the TUH between
May 2021 and May 2022. All subjects in this study were
examined following the postmortem inquest under the
Criminal Procedure Code of Thailand, Sect. 148—156 and
the autopsy procedure was conducted under the standard

recommendation from the Royal College of Pathologists
of Thailand.

Inclusion criteria

Subjects dead from unnatural deaths in which ASB, FVB,
and VH were available and ethanol concentrations were
above 9.91 mg/dL (above the lower limit of quantitation)
were included in the study. Unnatural deaths regard-
ing the Criminal Procedure Code of Thailand are deaths
resulting from an external cause and are classified into
five categories as follows: (1) suicide, (2) death by the
act of another person, (3) death caused by an animal, (4)
death by accident, (5) death from a cause not yet known.
The underlying causes and the circumstances of death
are used to determine whether the death occurred natu-
rally or unnaturally. When an unnatural death occurs, the
physicians cannot sign a death certificate and notify an
administrative or police official to initiate the postmor-
tem inquest in the same way of the regulation in many
countries (Madea and Argo 2014).

Exclusion criteria

Subjects with signs of decomposition, such as subjects
with the presence of greenish discoloration on the lower
abdomen, subjects with open wounds to the depth of
muscle, and subjects with ethanol concentrations in the
blood but not in the VH were excluded from this study.

Sample collection

In each case, after external examination, FVB was col-
lected from the site of the femoral triangle by dissection.
VH was collected by inserting a needle through the eye
slightly lateral to the limbus. ASB was collected from the
thoracic outlet.

To extract the ASB, skin and subcutaneous tissue
were deflected laterally from the thoracic cavity site
and the clavicular head of the pectoralis major mus-
cle was dissected. Blood was then drawn from the axil-
losubclavian vein between the clavicle and the 1st rib in
front of the anterior scalene muscle, targeting the tip of
the needle towards the axillary vein as demonstrated in
Fig. 1A, B. Fixation of the hypostasis in each subject was
documented.

The subjects were refrigerated at 4 °C within 48 h prior
to autopsy. This period is consistent with the routine
work of many forensic pathology institutes in Thailand.
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Fig. 1 A After skin and subcutaneous tissue of the anterior chest
wall was opened laterally, the pectoralis major muscle was exposed.
The dotted line indicated the incision site on the clavicle (left side). B
After the clavicular head of the pectoralis major muscle was dissected
(white ellipse) and raised (arrow), the axillosubclavian vein was
exposed and blood sample was drawn. The dashed line indicated the
anatomic location of the axillosubclavian vein

All specimens were stored in vacutainers containing
sodium fluoride preservative at 4 °C promptly after being
drawn.

Toxicological analysis

ASB, FVB, and VH from each subject were analyzed
using the Agilent (California, USA) 7697A Headspace
sampler with a 7890A series gas chromatography (GC)
coupled with flame ionization detector (FID). Chroma-
tographic separation was performed using HP-B ALC
column (7.5 mx0.32 mm IDX20 pum film thickness)
obtained from Agilent (CA, USA). The carrier gas was
Helium with the flow rate at 20 mL/min and split injec-
tion mode was used. The GC oven (column temperature)
was held at 120 °C for 2 min and ramped to 145 °C at a
rate of 25 °C/min and held for 3 min. The injector tem-
perature was set at 290 °C and the detector temperature
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was set at 300 °C. The FID hydrogen gas and air zero were
employed at a flow rate of 30 mL/min and 400 mL/min,
respectively. The sample injection volume was 1 pL. The
analytical method was tested for suitability following
forensic toxicology laboratories by ANSI/ASB standard
036, 1st Ed. 2109.

The linearity range of the calibration curve was 9.91 to
376.02 mg/dL. An internal standard solution was tert-
butanol prepared at 100 mg/dL in deionized water. Each
one hundred microliters of calibrators, controls, and case
samples were placed into a 20-ml headspace vial and
then mixed with 100 um of internal standard. Then, the
vials were crimp sealed and placed on the instrument for
analysis.

Statistical analysis

The statistical analysis was performed using the program
Stata 16. Descriptive statistics for ethanol concentrations
in these three specimens were presented with mean,
median, range, percentage, and 95% confidence inter-
vals. The comparisons of ethanol concentrations in ASB
and FVB were analyzed by Wilcoxon rank-sum test due
to their non-normal distribution data, and their relation-
ships were evaluated by the pairwise correlation coeffi-
cient. After analysis, all subjects were divided into four
subgroups based on the development of lividity (fixed or
unfixed) and absorption status, classified by using three
different cut-off values of ethanol concentration ratio
in VH/FVB including 1, 1.18, and 1.4. Subjects with the
ratio of ethanol concentrations in VH/FVB less than
1, 1.18, and 1.4 were classified as the absorptive phase
whereas subjects with the ratio of VH/FVB equal to or
higher than 1, 1.18, and 1.4 were classified as the post-
absorptive phase. The Wilcoxon rank-sum test and the
pairwise correlation coefficient were also applied to these
four sub-groups to evaluate their correlations. The diag-
nostic test (the receiver operating characteristics (ROC)
curve) was analyzed for ethanol concentrations in ASB
against FVB for the legal limit in Thailand (50 mg/dL).
ROC curve parameters including sensitivity, specific-
ity, positive and negative predictive values, and the area
under the ROC curve were assessed. The statistical sig-
nificance was set at the p-value less than 0.05.

Results

Three hundred specimens from 100 subjects were
recruited for ethanol analysis in this study. The ethanol
concentrations, the developments of livor mortis, and the
ratios of VH/FVB for all samples are shown in Table 1.
The mean ethanol concentrations in FVB, ASB, and VH
were 157.08, 149.87, and 184.66 mg/dL, respectively. Of
the total subjects, 51 cases were classified as unfixed liv-
idity and 49 cases were classified as fixed lividity. Table 2
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Table 1 Postmortem ethanol concentrations (mg/dL) in three types of studied samples, fixation of lividity, and the ratio of VH/FVB for
all 100 subjects

Caseno Ethanol concentration Lividity Concentration Caseno Ethanol concentration Lividity Concentration
(unfixed=1, ratio of VH/FVB (unfixed=1, ratio of VH/FVB
FVH ASB VH fixed =2) FVH ASB VH fixed =2)
1 21345 18147 21418 1 1.003 26 20351 17968 32887 2 1.616
2 209.26 17297 19862 1 0.949 27 11.46 11.91 10.58 2 0.923
3 1341 21.35 33.78 1 2519 28 168.01 159.19 21858 2 1.301
4 338 3418 524 2 1.550 29 33371 3114 32464 1 0973
5 26991 29581 28693 2 1.063 30 163.14 14329 18415 2 1.129
6 25124 28994 36051 2 1435 31 10.24 14.61 13.73 2 1.341
7 106.18 11562 1462 2 1377 32 29.98 36.83 46.19 2 1.541
8 4433 556 3562 2 0.804 33 39805 40639 47559 2 1.195
9 20456 19774 23282 2 1.138 34 38.04 4049 44 2 1.157
10 14453 13553 14086 2 0975 35 13233 14743 13461 2 1.017
I 24193 24448 27635 2 1.142 36 23518 19241 27228 1 1.158
12 18.23 28.86 29.42 2 1.614 37 26878 25362 32659 2 1.215
13 19.03 1171 1841 2 0.967 38 67.27 4647 714 1 1.061
14 12.35 12.99 15.87 2 1.285 39 54.69 46.61 80.85 2 1478
15 13.68 2225 26.02 2 1.902 40 43.59 42.14 68.94 2 1.582
16 300.17 29254 37085 2 1.235 41 13763 11805 14304 2 1.039
17 13749 10401 15404 1 1.120 42 14224 10839 16691 1 1173
18 13992 13169 14508 2 1.037 43 301.09 25115 29803 1 0.990
19 31.39 2723 12.38 2 0.394 44 17961 17116 15787 2 0.879
20 71.72 95.76 11953 2 1.667 45 23162 20636 23383 1 1.010
21 31238 29612 45938 2 1471 46 12063 10733 15478 1 1.283
22 28165 24895 33339 2 1.184 47 235.1 19759 18723 2 0.796
23 17.54 13.26 47.99 2 2.736 48 97.35 97.16 14377 2 1477
24 452.8 407.09 47847 2 1.057 49 11.78 12.18 11.16 2 0.947
25 18363 150.16 21014 2 1.144 50 21151 20536 13746 1 0.650
51 1453 13685 19448 1 1.338 76 153.89 15272 16254 1 1.056
52 28375 29787 35456 1 1.250 77 25217 28209 36593 1 1451
53 49.06 47.24 66.59 1 1.357 78 11683 126,15 16462 1 1.409
54 26255 28157 3009 1 1.146 79 56.96 64.17 65.01 1 1141
55 24747 24612 25252 1 1.020 80 24.15 19.57 42.12 1 1.744
56 10806 157.1 20003 2 1.907 81 12721 10671 13273 1 1.043
57 14.19 36.68 11.32 2 0.798 82 14.87 14.13 12.71 1 0.855
58 2674 24539 35134 2 1314 83 61.94 4449 56.74 1 0.916
59 32568 369.09 45469 2 1.396 84 17.72 20.39 16.34 2 0.922
60 205.5 18061 21421 1 1.042 85 17994 16679 18555 1 1.031
61 19785 22245 24155 1 1.221 86 21.27 209 31.39 1 1476
62 12.09 22.81 11.77 2 0974 87 177 15064 191.15 2 1.080
63 31574 26894 3411 1 1.080 88 18762 181.76 18442 1 0.983
64 23699 20458 27742 1 1171 89 248.15 25561 26533 1 1.069
65 1043 10.54 10.51 2 1.008 90 13372 12546 21154 1 1.582
66 32823 32425 39654 1 1.208 91 123.1 11085 15057 1 1223
67 16001 12948 14232 1 0.889 92 366.25 36003 58373 2 1.594
68 17081  136.14 16973 1 0.994 93 23456 22617 41234 1 1.758
69 16545 14788 19233 2 1.162 94 25426 25364 32979 1 1.297
70 20.09 16.89 21.64 1 1.077 95 155.67 15464 1277 1 0.820
71 24034 23487 27684 1 1.152 96 23361 24707 3356 1 1437

72 31626 30629 35141 1 m 97 7773 78.84 10536 1 1.355
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Table 1 (continued)

(2023) 13:25 Page 5 of 8

Caseno Ethanol concentration Lividity Concentration Caseno Ethanol concentration Lividity Concentration
(unfixed=1, ratio of VH/FVB (unfixed=1, ratio of VH/FVB
FVH ASB VH fixed =2) FVH ASB VH fixed =2)
73 10.46 10.51 10.27 1 0.982 98 18.23 17.57 31.36 1 1.720
74 33839 25094 31364 1 0.927 99 99.09  91.21 12321 2 1.243
75 16864 15605 16367 1 0.971 100 220.5 17933 21609 1 0.980
Table 2 The summary of postmortem ethanol concentrations from all studied samples in each subgroup
Data set n FVB ASB VH
Mean Median Max Min Mean Median Max Min Mean Median Max Min
Total 100 157.08 157.84 452.8 1024 14987 14766 407.09 1051 18466 16577 583.7 10.27
Subgroup
Unfixed lividity case 51 17275  179.94 33839 1046 16057 166.79 32425 1051 19488 18555 41234 1027
Fixed lividity case 49 140.77 13233 4528 1024 13873 13169 40709 1054 17402 14377 583.73 1051
VH/FVB ratio < 1.00 25 13063  155.67 33839 1046 11605 13553 31140 1051 11878 13746 32464 1027
VH/FVBratio>1.00 75 16590 163.14 45280 1024 161.13  150.16 40709 1054 20661 19233 58373  10.51
VH/FVB ratio< 1.18 57 161.77  168.64 452.8 1043 14758 150.64 407.09 1051 16595 16691 47847  10.27
VH/FVBratio>1.18 43 15087 12063 39805 1024 15291 12546 40639 1299 20946 164.62 58373 1473

shows the number of cases and relevant statistics for each
group classified by absorption status according to each of
the three cutoff values of ethanol concentration in VH/
FVB.

As the ethanol concentrations in this study were not
normally distributed, the Wilcoxon rank-sum test was
performed for the comparisons of ethanol concentrations
among ASB and FVB. There was no statistical difference
between ASB and FVB (p=0.6761). Ethanol concentra-
tions in these two sampling sites were significantly corre-
lated (p<0.001) with the pairwise correlation coefficient
(r) as 0.9818. When the development of livor mortis was
considered, there was also no statistical difference in
ASB and FVB between unfixed and fixed lividity groups
(p=0.4885 and p=0.9688, respectively). Ethanol concen-
trations in ASB were significantly correlated with those in
FVB in both unfixed and fixed lividity groups (r=0.9751,
p<0.001 and r=0.9872, p<0.001, respectively). The com-
parison of ethanol concentrations between ASB and FVB
among absorptive and postabsorptive phases also pre-
sented with no statistical difference and these two sam-
pling sites were significantly correlated in all dividing
ethanol concentration ratios in VH/FVB of 1, 1.18, and
1.4 as shown in Table 3.

In total, the diagnostic study was analyzed to assess
the practical application of ASB as the alternative speci-
men for FVB at the cut-off concentration greater than
50 mg/dL. The ASB yielded sensitivity of 95.9%, specific-
ity of 96.2%, area under the ROC curve of 0.96, positive

predictive value of 98.6%, and negative predictive value of
89.3% as shown in Table 4.

Discussion

Ethanol concentrations in postmortem blood samples
could differ between various sampling sites and this fac-
tor is crucial for the interpretation of blood ethanol con-
centrations. Postmortem blood ethanol concentrations
might originate from ante-mortem ingestion, postmor-
tem redistribution, or even from postmortem neogenesis
by microbial activities during time since death (Kugel-
berg and Jones 2007). The availability and quality of
blood samples are also related to the conditions of dead
bodies. For example, deaths from exsanguination and
severe burn might not provide sufficient blood samples
for collection. Putrefied bodies might have blood of poor
quality for samples due to postmortem neogenesis of
ethanol from microbes. They might also have insufficient
blood for sampling due to decomposition stages (Skopp
2010). Thus, alternative specimens that produce equiva-
lent results to standard specimens, would be beneficial
for postmortem toxicology.

Our study found that postmortem ethanol concen-
trations in the ASB were well correlated with the post-
mortem ethanol concentrations in FVB, which are the
standard samples used for postmortem analysis. This
finding is consistent with the study of Sastre C et al.
who investigated the relationship of postmortem etha-
nol concentrations between subclavian blood and FVB
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Table 3 Statistical comparison of ethanol concentrations between ASB and FVB
Comparative and correlation study (n) Wilcoxon rank-sum test Pairwise
correlation
coefficient
FVB-ASB (100) 06761 <0.001
(r=0.9818)
Subgroup analysis of FVB-ASB classified by fixation of lividity
Unfixed (51) 0.4885 <0.001 (r=09751)
Fixed (49) 0.9688 <0.001
(r=09872)
Subgroup analysis of FVB-ASB classified by phases of absorption at different ethanol concentration ratios of VH/FVB
VH/FVB ratio < 1.00 0.7052 <0.001
(r=0.9872)
VH/FVB ratio > 1.00 0.8055 <0.001
(r=0.9838)
VH/FVB ratio<1.18 04193 <0.001
(r=0.9818)
VH/FVB ratio>1.18 0.9140 <0.001
(r=09751)
VH/FVB ratio< 1.14 04958 <0.001
(r=09815)
VH/FVB ratio > 1.14 0.8005 <0.001
(r=0.9881)

Table 4 The assessment of the application of ASB to determine
driving under influence cases compared with FVB

Test characteristic Result 95%Cl
Sensitivity 95.9% 88.6,99.2
Specificity 96.2% 80.4,99.99
Positive predictive value 98.6% 92.5,100
Negative predictive value 89.3% 71.8,97.7
Area under the ROC curve 0.96 09171

in Marseille, France, and found that ethanol concentra-
tions in subclavian blood were not statistically different
from those in FVB (p=0.948) and ethanol concentra-
tions from these two sites were significantly correlated
(r=0.961, p<0.001) (Sastre et al. 2013). Our finding is
also consistent with the study by DE Martinis BS et al.
that was conducted in Sao Paulo, Brazil and revealed
that subclavian blood was significantly correlated with
femoral blood for postmortem ethanol analysis (r=0.98)
(Martinis et al. 2006).

Our study was conducted in the central region of Thai-
land where the tropical climate has 3 seasons including
winter, rainy, and summer. The average temperature in
Thailand in 2021 was 27.5 °C. The temperature in Cen-
tral Thailand in 2021 ranged from a monthly average of
36.2 °C in May to a monthly average of 21.2 °C in Decem-
ber (Thai Meteorological Department (2022), Climato-
logical Center (2022). Postmortem changes can progress

more rapidly in a high temperature environment. The
effect of the climate in Thailand on postmortem ethanol
analysis has not yet been studied, but effects of climate
on postmortem change resulting in distinct differences
in decomposition stages from countries with temperate
climates has been reported. Meewuttisom K et al. con-
ducted a study on data from victims in the tsunami that
hit the coast of southern Thailand on December 26, 2004,
and found that full bloating, skin bleb, and skin-slippage
of corpses could be observed approximately 48—72 h after
death (Meewuttisom and Poriswanish 2014); whereas,
it might take up to 2—3 weeks to develop these signs of
decomposition in corpses in an indoor environment of
18-20 °C (Saukko and Knight 2015).

In different climate zones and in different periods after
death, forensic pathologists obtain samples of blood
with varying degree of postmortem coagulation, water
content, hemolysis, or postmortem redistribution. Etha-
nol is an ambivalent molecule that usually diffuses into
the water compartments of the body and readily crosses
membranes. The decrease in water content of blood and
the breakdown of vessels after death may affect the dif-
fusion of ethanol in ASB and FVB (Skopp 2004), leading
to changes of their correlation of ethanol concentrations.
Hence, to determine the effect of the different periods of
time since death before signs of decomposition began,
the fixation of livor mortis was used as a representa-
tive finding for sub-group study. In general, livor mortis
becomes fixed when the time since death has proceeded
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to around 8 to 12 h (Mathur and Agrawal 2011). The
results showed that each group showed good correlation
coefficients.

This study excluded putrefactive bodies because the
information about the postmortem ethanol production
in Thai postmortem cases was scarce and the degree of
ethanol produced from decomposition might have an
impact on the correlation of ethanol concentrations in
ASB and FVB. However, Sastre C et al. studied in the
decomposed subjects with the degree of putrefaction
from SMELLBAD score >3, the putrefactive process did
not significantly affect the relationship of ethanol con-
centrations in FVB and subclavian blood (p=0.419) and
these two sites still had a significant correlation (r=0.962,
»<0.001) (Sastre et al. 2013; Zumwalt et al. 1982). Fur-
ther research should be conducted both in terms of post-
mortem ethanol production and in terms of alternative
specimens in corpses with varying degrees of decomposi-
tion in Thailand.

This study excluded subjects presented with ethanol
that was positive only in blood samples but negative in
VH, which indicated postmortem ethanol production
(Lin et al. 2020; O’Neal and Poklis 1996; Caplan and
Levine 1990). Thus, blood ethanol concentrations in
this study were consumed before death and the phase
of ethanol absorption could be determined by the ratio
of VH/FVB. It was known that there was an arterial-
venous difference in each phase of absorption. Ethanol
concentrations detected in arterial blood are higher than
in venous blood during the absorptive phase, but etha-
nol concentrations detected in venous blood are slightly
higher than in arteries during the postabsorptive phase
(Jones et al. 2004). Therefore, another subgroup analysis
was conducted to determine the correlation of ethanol
concentrations between ASB and FVB in each phase of
absorption. However, the concentration ratios of VH/
FVB had an individual variation. The median ratio of
VH/EVB in the study of Caplan YH et al. was 1.18 and
the mean concentration ratio from the study of Jones AW
et al. was 1.19 (median, 1.18) with a standard deviation
of 0.285 (Caplan and Levine 1990; Jones and Holmgren
2001). Therefore, our study also evaluated this correlation
by using the concentration ratios of VH/FVB of 1, 1.18,
and 1.4 which were comprehensive for the studied popu-
lation. Our results showed a good correlation in both the
absorptive phase and the postabsorptive phase for all dif-
ferent cut-off points.

According to statistical calculation for diagnostic test
to determine the application of using ASB ethanol con-
centrations against FVB ethanol concentrations to detect
driving under influence cases based on the legal limit of
Thailand, the area under the ROC curve from our study
suggested that ASB is an excellent alternative to use as
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a specimen when FVB is not available if corpses were
found in tropical climates without large open wounds on
the body and without signs of decomposition.

Conclusions

Our study indicated that ASB can be used as an alter-
native specimen for postmortem ethanol analysis when
FVB is not available in dead bodies that are in a tropi-
cal climate and do not present with any signs of decom-
position and large open wounds. This correlation could
also be applied to all states of absorption. Addition-
ally, our study illustrated the blood sampling site from
the anatomic position at the thoracic outlet during the
autopsy procedure using the subclavicular line inci-
sion. This showed the blood collection method after
opening the thoracic cavity commonly used in general
procedure. Thus, this blood collection procedure could
be encouraged for postmortem ethanol analysis when
there are limitations for FVB collection. Further studies
for this correlation in corpses with varying degrees of
putrefaction in countries with tropical climates are still
required to compare ethanol concentrations in ASB
samples with FVB samples.

Abbreviations

ASB Axillosubclavian blood

FID Flame ionization detector

FVB Femoral venous blood

GC Gas chromatography

ROC Receiver operating characteristics
TUH Thammasat University Hospital
VH Vitreous humor
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