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There is mounting evidence that Western nations are in the
grip of an obesity ‘epidemic’. Average body mass index
(BMI) is increasing, with related diseases such as hyper-
tension, atherosclerosis and diabetes mellitus showing
concurrent rises [1]. Estimates by the World Health Orga-
nization are that the world’s population of one billion
overweight individuals will increase by another 50% by
2015 [2]. In the United States alone there has been an
increase in morbid obesity in the general population from
0.78 to 2.2% between 1990 and 2000 [3]. In a forensic
context, studies from South Australia have shown an
increase in morbidly obese bodies subjected to forensic
autopsy from 1.3% in 1986 to 4.8% in 2006, with one-third
of cases in early 2007 being classified as obese (BMI > 30),
and 6% morbidly obese (Class III, BMI > 40) [4, 5]. All of
this significantly affects morgue work practices and even
burial techniques are having to be modified, with the need
for larger coffins and increased width of cemetery excava-
tions. Thus the situation during life is having a critical
impact after death.

This concerning development represents more than just
a theoretical issue, as it means that mortuary staff who are
often already hard pressed by sheer numbers of cases, are
now being confronted with bodies that are often extremely
difficult to manoeuver and position. Increasing numbers of
obese and morbidly obese victims will result in a number
of ongoing problems.

Basic forensic mortuary practice requires the transport
of corpses from the place of death or storage to the nearest
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forensic facility. In cases of morbidly obese individuals,
who may weigh in excess of 300 kg, this may require
assistance from emergency services personnel, with special
weight lifting hoists and larger transport vehicles. Once
such a body has arrived at a mortuary, however, the diffi-
culties may just be starting. In smaller facilities where
bodies are routinely manually lifted onto trolleys and then
to dissection tables, there is a distinct risk of back injury for
staff. An additional problem encountered in obese indi-
viduals is a slower rate of cooling than in individuals with
BMIs in the normal range. This results in accelerated
decomposition making the bodies even more difficult to
move, as skin slippage and blistering renders limbs difficult
to grip for lifting. Floors can become dangerously slippery
with the excessive amounts of decomposed fluid fat that
may exude from these bodies. In cases of infections with
hepatitis C or human inmmunodeficiency virus, maintain-
ing safe barrier protection and minimizing exposure will be
more difficult given the technical problems of dissecting
through many centimeters of subcutaneous adipose tissue
with the increased risk of fluid splash. Storage of bodies in
standard refrigeration bays may also not be possible due to
excessive girth.

Even in morgues where there are hoists and docking
systems that use storage trolleys as autopsy tables, there are
issues. Standard hoists may not be capable of lifting par-
ticularly large bodies, and standard sized tables are not
designed to cope with large amounts of excess skin and
subcutaneous adipose tissue that may not fit onto table
surfaces. Performing adequate external examinations on
bodies that are difficult to move or roll, and that may have
considerable amounts of body surface concealed within skin
folds, may also be taxing for both staff and pathologists.

It is clear that obesity is an increasing problem in all
areas of medicine, complicating procedures ranging from
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the finding of subcutaneous veins for simple blood taking,
to fitting obese patients into sophisticated imaging
machines for magnetic resonance imaging. It should be no
surprise, therefore, that autopsy practice has also been
adversely affected.

The question arises as to how to best deal with this
situation? The optimal solution would be to have purpose
built sections of forensic morgues specifically designed to
handle individuals with high BMI’s. This could be in the
form of a special dissection room adjacent to an external
wall with a separate door so that bodies could be loaded
directly from transport vehicles onto autopsy tables. The
room could be refrigerated to remove the need to transport
bodies any further before or after autopsy. Hoists designed
to lift loads of up to 800 kg could be installed to enable
lifting of bodies to facilitate external inspections. This
would not be without cost, however, it would appear that
money will have to be spent if autopsy standards are to be
maintained in the grossly overweight and if staff health is
to be protected. Failure to address these issues in a timely
manner may result in difficulties in retaining morgue staff,
and in increased claims for work injuries associated with

M,
3« Humana Press

attempts to handle such bodies in suboptimal circum-
stances. The current trend in increasing body size repre-
sents one of the more difficult occupational health and
safety issues encountered in forensic facilities in recent
years.
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Abstract Literature addressing the anatomic develop-
ment of the dura and calvarium during childhood is limited.
Nevertheless, histological features of a subdural neomem-
brane (NM), including its thickness and vascularity,
developing in response to an acute subdural hematoma
(SDH) have been compared to the dura of adults to esti-
mate when an injury occurred. Therefore, we measured the
morphometric growth of the calvarium and dura and the
vascular density within the dura during infancy. The mean
thicknesses of the calvarium and dura as a function of
occipitofrontal circumference (OFC), as well as the mean
number of vessels per 25x field, were determined from the
right parasagittal midparietal bone lateral to the sagittal
suture of 128 infants without a history of head trauma. Our
results showed that as OFC increased, the mean thicknesses
of the calvarium and dura increased while the vascular
density within the dura decreased. Our morphometric data
may assist in the interpretation of subdural NM occurring
during infancy. We recommend future investigations to
confirm and extend our present data, especially by evalu-
ating cases during later infancy and beyond as well as by
sampling other anatomic sites from the calvarium. We also
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Introduction

A subdural hematoma (SDH) is an important complication
of abusive or accidental head trauma in infants and chil-
dren. The organization of a SDH involves formation of a
neomembrane (NM), the histological features of which
include fibroblastic and vascular proliferation, collagen
formation, and hemosiderin deposition. The appearance
and thickness of a NM have been compared to the under-
lying normal dura in an attempt to estimate its histological
age, thereby determining when an injury was sustained.
The aging of NMs in infants and children has been based
on observations of NMs occurring in adults that were
reported in 1936 by Munro and Merritt [1] and tabulated in
both editions of Forensic Neuropathology authored by
Leetsma [2, 3]. It is unclear whether the observations of
Munro and Merritt [1] are valid in early childhood, given
that no similar studies have been undertaken in this age
period. Even the literature regarding the developmental
anatomy of the calvarium and dura in early childhood is
limited. One study of grossly normal dura from 11 children
found it was “relatively vascular”, occasionally revealed
hemosiderin, and nearly always contained intradural blood
[4]. Other investigators reported that 31% of SIDS cases
and 13% of control infants had organizing subdural
neomembranes, a difference that was not statistically
significant [5]. In all but two cases, birth trauma was
excluded. Recent studies have provided elegant qualitative
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descriptions of the meningeal embryology and anatomy of
the dura, but morphometric data were not included [6-8].
Therefore, the aim of this study is to report the morpho-
metric development of the calvarium and dura in infants.

Methods

This study was approved by the Rady Children’s Hospital-
San Diego (RCHSD) Institutional Review Board.

Cases without evidence of head trauma were selected
from the San Diego SIDS Research Project database.
Standardized perpendicular microscopic sections of the
sagittal suture and adjacent right parasagittal mid-parietal
bone with attached dura were obtained prospectively from
132 infants who died suddenly and underwent autopsy at
either the San Diego Medical Examiner’s Office or
RCHSD. Four cases were excluded: two cases without
documented OFC at death, and two because of excessive
tangential orientation. In 11 cases, the calvarium had been
stripped from the dura; these cases are included only in the
calvarium measurements, but excluded from the dural and
vessel calculations. After rapid decalcification of the paraffin
block with 5% hydrochloric acid, microscopic sections were
cut at 4 um and stained with hematoxylin and eosin. This
method allows excellent histological preservation of the
tissues (and is routinely used for the interpretation of
pediatric bone marrow biopsies in our department). Immu-
nohistochemical staining was not undertaken to identify
endothelium.

A diagnosis of SIDS was assigned according to the
criteria for the general definition recently proposed in 2004
in San Diego [9]. Diagnoses of non-SIDS cases were based
upon analysis of information obtained from the medical
history, circumstances of death, and postmortem findings.

All measurements were made directly through the
microscope using a micrometer. Mean thicknesses of the
parietal bone of the calvarium and the attached dura were
determined for each case from measurements of three
contiguous 25 x power fields (10xpf) 2.5 cm lateral to the
sagittal suture. One measurement was obtained in each
contiguous field. Measurements were not taken from sites
showing mild, microfocal acute hemorrhage that occurred
in a small percentage of the specimens. The mean vascular
density for each case was calculated after counting all of
the blood vessels in five random 25x power fields of dura
beginning approximately 1 cm and extending laterally
from the superior sagittal suture. The mean number of
blood vessels per 25x power field rather than per square
millimeter was chosen since the thin membranous nature of
the specimens being measured often did not fill the entire
microscopic field. Calculation of vascular density within
the dura using square millimeters as the denominator
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would have resulted in misleading data, given that some of
the microscopic fields were not completely filled by tissue.
Capillaries were the predominate vessels in each of the
sections. Mean vascular densities were not calculated
specifically for the periosteal and subdural sides of the
dura. Each of the calculated means was plotted as a func-
tion of OFC.

Statistical analyses

The difference in distribution of measurements by quartile
groups of age at death was calculated by Analysis of
Variance; these statistics were performed using SPSS
version 11.5. A Simple Interactive Statistical Analysis
(SISA) procedure was used to test statistical significance of
a difference between two correlation coefficients from a
single sample.

Results

The 128 infants were classified as follows: SIDS, 61
(48%); other natural deaths, 36 (28%); unclassified sudden
infant death (USID) [9], 22 (17%); and accidents not
involving head trauma, 9 (7%). The mean =+ standard
deviation (SD) for age was 84.5 £ 72 days, and the range
was 0-345 days. Among the 128 infants, 49% were white,
31% were Hispanic, 9% were African American, 7% were
Asian/American Indian/Pacific Islander, 2% were other,
and 2% were unknown. Analysis of ethnicity data revealed
the two infants with mixed race heritage had the thickest
calvarium; there were no other significant results. Males
comprised 63% of the sample. Among 107 cases with
available information, 60% were born at term gestation.
The OFC was within the normal range for postconceptual
age for all of the cases. None of the cases had evidence of
microcephaly, macrocephaly or hydrocephalus.

The thicknesses of the calvarium (P < 0.01) and dura
(P < 0.01) increase with increasing OFC (Figs. 1, 2). The
difference between slopes of the growth of the calvarium
and the dura is statistically significant at the 0.05 level.
Conversely, vascular density within the dura decreases
with increasing OFC (P < 0.05) (Fig. 3).

Tables 1, 2, 3 show the medians and percentiles of the
measured variables by age quartile during infancy at the time
of death. The median thickness of the calvarium during the
first quartile was 1037 pm compared to 1689 um during the
third quartile. The median thickness of the dura during the
first quartile was 485 pm compared to 607 um during
the third quartile. The differences of the thickness of the
calvarium and dura were statistically significant between
groups (P < 0.01). The median number of vessels per
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Fig. 1 The thickness of the calvarium increases with increasing OFC.
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Fig. 3 The density of vessels in the dura gradually decreases with

Pearson correlation  coefficient = .569, % = 324, P < 0.01. increasing OFC during infancy. Pearson correlation coefficient is
(n = 128) —218, ¥ = .0474, P < 0.05. (n = 117)
Table 1 Calvarium thickness in microns by age and percentile
2000
Age Number  25th Median  75th P value
. . (days) percentile percentile
o .
5 0-90 81 771 1037 1320 <.01
é " 91-180 32 1104 1455 1779
b = 181-270 11 1397 1689 1799
o 1000 271-365 4 1018 1463 1640
k™
[&]
.E
® Table 2 Dural thickness in microns by age and percentile
jun
O Age Number  25th Median  75th P value
(days) percentile percentile
u v 0-90 77 354 485 652 <.01
<0 N 40 50 91-180 27 530 663 858
OFC {cm)
181-270 10 467 607 1029
Fig. 2 The dura increases in thickness with increasing OFC in 271-365 3 347 469 530

infancy. Pearson correlation coefficient = .370, P = 137, P < 0.01.
(n = 128)

25 x power field ranged between 3.2 and 4.2 during the four
quartiles of infancy, but the differences were not statistically
significant. Figure 4a through c illustrate the histology of the
calvarium and dura at OFCs of 26, 33, and 40 cm,
respectively.

Discussion

Our data, obtained from prospectively collected autopsy
specimens from infants between the ages of 0-345 days,
provide baseline measurements of bone and dura thickness
as a function of OFC. We observed a progressive increase

Table 3 Number of dural vessels per 25x power field by age and
percentile

Age Number 25th Median  75th P value
(days) percentile percentile

0-90 77 1.9 32 4.2 NS*
91-180 27 1.4 2.6 3.6

181-270 10 2.1 2.6 3.45

271-365 3 14 34 44

* Not significant

in the thickness of the calvarium with increasing OFC
(Figs. 1, 4a—c). The postnatal growth of the calvarium
proceeds very rapidly during the first year and is followed
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Fig. 4 a The calvarium surfaces the dura of an infant with an OFC of
26 cm. The vertical bars indicate dimensions selected for measuring
the thickness of the calvarium and dura. The horizontal marker equals
100 pm. Hematoxylin and eosin, 40x. b The calvarium surfaces the
dura of an infant with an OFC of 33 cm. The vertical bars indicate
dimensions selected for measuring the thickness of the calvarium and
dura. The horizontal marker equals 100 pm. Hematoxylin and eosin,
40x. ¢ The calvarium surfaces the dura of an infant with an OFC of
40 cm. The vertical bars indicate dimensions selected for measuring
the thickness of the calvarium and dura. The horizontal marker equals
100 pm. Hematoxylin and eosin, 40 x
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by a much slower growth rate until approximately the
seventh year when the skull approaches adult size [10].
Since our cases were limited to infants, we are unable to
address growth during the second year of life.

Expansional growth of the calvarium during the first
two years of life is achieved by membranous ossification at
the sutures and along the outer and inner surfaces in a
process characterized by concomitant accretion and
absorption of the deep and superficial surfaces, thus per-
mitting growth accommodation for changes in the curva-
ture of the calvarium [11]. Previous reports indicate that
the calvarium is unilaminar until the diploe appear in
approximately the fourth year of life, forming a trilaminar
calvarium [10] In an adult, the inner table of the calvarium
is thinner than the outer table, which accounts for the
increased incidence of inner table fracture compared to the
outer table in head trauma [10, 12]. In our analysis, we
were unable to establish when that disparity in thickness
develops, since the calvarium remained unilaminar
throughout the study interval.

The normal dura consists of outer and inner layers [13].
The outer layer is a very dense fibrous membrane that is
tightly attached to the inner table of the calvarium and
serves as its periosteum. The inner layer is comprised of
less dense fibrous connective tissue lined on its inner aspect
by a layer of mesothelial cells that are in direct contact with
the arachnoid layer of the leptomeninges [10]. Our study
restricted the measurement of thickness of the dura to the
dense components of the inner and outer layers since
mechanical forces required for removal of the calvarium
routinely disrupted the mesothelial layer. We found that the
thickness of dura increased with increasing OFC (Figs. 2,
4a—c), but at a slower rate when compared with the rate of
increase of the thickness of the calvarium (Pearson corre-
lation coefficients are .370 and .569, respectively; the dif-
ference between the slopes of the growth of the calvarium
and the dura is significant at the 0.05 level).

The blood supply to the dura is derived from the men-
ingeal vessels. The vascular pattern of the inner and outer
dura have been described in adults [6, 14], but not in early
childhood to our knowledge. In our specimens, the small
arterioles and venules were located primarily in the dense
collagenous part of the dura while the capillaries were in
the periosteum. We are unaware of previous studies in
which the density of blood vessels in the dura was mea-
sured. Our data show that there is a slight decrease in the
vascular density with increasing head circumference
(Fig. 3). The significance of this finding is unknown, but it
suggests a possible decrease in metabolic demand despite
increasing thickness. The mere presence of blood vessels in
the dura in the absence of other histological features of
NMs must be viewed from a forensic viewpoint as normal
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in that it provides nourishment to this developing structure.
Depending on their age, NMs following SDH require the
presence of other histological findings such as fibrin, sid-
erophages, fibroblastic proliferation, and/or collagen
deposition.

In practice and as expert witnesses in cases of pediatric
abusive head injury, pathologists commonly use data
reported by Munro and Merritt in 1936 [1] to “age” neo-
membranes evolving from acute subdural hematomas. The
Munro and Merritt data were derived from adults found to
have subdural neomembranes at autopsy. To our knowl-
edge, it has not been established that their data (which have
been tabulated by Leestma [2]) are valid in infants and
toddlers; nor did they take into account the morphometric
development of the calvarium and dura. The recent study
examining microscopic features of grossly normal dura
from one third trimester intrauterine death and 10 infants
between 2 weeks and 10 months of age provided data on
the frequency of intradural blood and intra- and extracel-
lular hemosiderin, but not on quantitative changes in dural
thickness and vascularity or changes in the appearance of
the calvarium, as undertaken in our study [4]. These
investigators did emphasize, however, the importance of
being familiar with the pediatric dura in order to properly
interpret true pathologic findings when they are present.

Our study is limited by restricting measurements to the
right mid-parietal bone and dura taken approximately
2.5 cm lateral to the sagittal suture. The calvarium gets
progressively thicker as the lateral distance from the sag-
ittal suture increases until a rather uniform thickness is
achieved as the base of the skull is approached. Thus, our
data can not be generalized to all sites within the cranium.
In this regard, fractures (and NMs) have been observed in
all regions of the cranium. The susceptibility of the cal-
varium to fracture is influenced by not only the direction
and force of the impact, but also by the unique anatomic
characteristics and biomechanical properties at each site.
Secondly, our sample contains relatively few cases from
the last three months (quartile) of infancy and none after
the first birthday.

However, our study is strengthened by the large number
of cases that were collected prospectively, use of stan-
dardized microscopic sections, and basing the results on
OFC rather than gestational or postnatal age, body length,
or body weight. When our measurements were analyzed
with respect to the latter variables, the results produced a
scattergram lacking any developmental interpretation.
Finally, our results provide morphometric data for future
reference and comparison.

In conclusion, we have provided morphometric data on
the growth of the calvarium, dura, and density of dural
vessels during infancy which can serve as a baseline for
further investigation of NMs after subdural hemorrhage in

infancy. These data may also be useful in the morphometric
evaluation of other disorders, including bone responses of
the infant calvarium to biomechanical stresses and cranio-
facial anomalies. We recommend future investigations to
confirm our findings and to extend our present data by not
only evaluating cases during later infancy and beyond but
also by sampling other anatomic sites from the calvarium.
Finally, an analysis of NMs as a function of the develop-
mental status of the calvarium and dura is indicated.

Key points

1. The histological features of neomembranes, a repara-
tive response to acute subdural hematomas, have been
used to age their duration from the time of an injury in
early childhood.

2. Efforts to age neomembranes have been based on data
derived from characteristics of the dura in adults, but
not early childhood.

3. Although qualitative descriptions exist, quantitative
morphometric analyses of the calvarium and dura in
early childhood are lacking.

4. Our data show that as OFC increased in infancy, the
mean thicknesses of the calvarium and dura increased
while the vascular density within the dura decreased.
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Abstract To investigate the sexual dimorphism of index
and ring finger ratio in South Indian children. The index
finger length (IFL) and the ring finger length (RFL) were
measured in 350 subjects aged between 2 and 12 years
using a steel measuring tape. The index and ring finger ratio
was computed by dividing index finger length by ring finger
length. The data obtained were analyzed statistically using
SPSS, version 11.0. Mean RFL was greater than mean IFL
in both males and females. The mean ring finger length was
longer in males than females and mean index finger length
longer in females than males. However, these sex differ-
ences observed for index and ring finger length were not
significant in both hands. Statistically significant sex dif-
ferences were observed from the derived index and ring
finger ratio. The mean index and ring finger ratio was found
to be higher in females than males. Significant correlation
was found between age and index and ring finger lengths.
Index and ring finger ratio however, did not show any sig-
nificant correlation with age. This study suggests that
among South-Indian children, the index and ring finger ratio

Presented at the 61st Annual conference of the American Academy of
Forensic Sciences (AAFS 2009) held at Denver, Colorodo, USA.

T. Kanchan (D<)

Department of Forensic Medicine and Toxicology, Kasturba
Medical College (Affiliated to Manipal University),
Mangalore, India

e-mail: tanujkanchan @yahoo.co.in

G. Pradeep Kumar

Department of Forensic Medicine and Toxicology, Kasturba
Medical College (Affiliated to Manipal University),
Manipal, India

of 0.97 and less is indicative of male, and a ratio of more
than 0.97 is indicative of female sex. The ratio can be a
useful sex indicator irrespective of the age of the individual.

Keywords Forensic anthropology - Identification -
Sex determination - Finger length - Index and ring
finger ratio

Introduction

Identification of human remains is an essential element of
any medicolegal investigation. It is not uncommon to find
the peripheral parts of the body such as hand and foot in
mass disasters, and assault cases where the body is dis-
membered to conceal the identity of the victim. When an
individual hand is recovered and brought for examination,
somatometry of the hand, osteological and radiological
examination can help in the determination of primary
indicators of identification such as sex, age and stature
[1-17]. Accurate sexing of the human remains primarily
narrows down the pool of possible victim matches and thus
helps the investigation. Studies have been conducted on sex
determination from morphometric parameters of hand in
adult Indian populations [16, 17].

Sexing of prepubertal human remains is a challenge for
forensic experts and physical anthropologists worldwide.
The Index and ring finger ratio is a sexually dimorphic
biometric marker, related to prenatal estrogen and testos-
terone levels in utero, and determined genetically by the
HOX genes [18] Various studies in the past have studied
the index and ring finger ratio in males and females. Men
have been reported to have lower ratio than women.
Voracek and Loibl published a much detailed scientometric
analysis and bibliography of research on digit ratio during
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Fig. 1 Manipal, the study area is a coastal township in Karnataka
state in South India

the last decade [19]. MclIntyre et al. [20] based on a study
of hand radiographs indicate that relative digit lengths are
sex-dimorphic in children. Index and ring finger ratio has
been found to be a useful sex determinant in South-Indian
adult and adolescent population [21, 22]. The present
research investigates the sexual dimorphism of index and
ring finger ratio in South Indian children.

Fig. 2 Age distribution of the
study group

number {n)

Materials and methods

The study was conducted in Manipal, a coastal township in
Karnataka state in South India (Fig. 1). The data were
collected on a sample of 350 children (175 males and 175
females) of South Indian origin inhabiting in Manipal.
Prior to the research, an informed consent for the study was
taken from the Principal/Head of the Primary schools
included in the study. The subjects included in the study
were children aged between 2 and 12 years. Mean age of
males and females was 8.7 years. Age distribution of the
study subjects is shown in Fig. 2. The subjects were asked
to place their forearm and hand on a flat surface with palm
facing upwards and the fingers extended and close to each
other. Care was taken to see that the forearm was directly
in line with the middle finger and that there was no
abduction or adduction at the wrist joint. The index finger
length (IFL) and the ring finger length (RFL) were mea-
sured in each hand using a steel measuring tape. The dis-
tance between the mid point of the proximal most flexion
crease at the base, and the most forward placed point (tip)
of index and ring finger in the midline on the ventral
(palmer) surface were recorded for each hand to the nearest
millimeter [21]. The landmarks and measurements for
index and ring finger length measurements are shown in
Figs. 3 and 4. Effect of hand dominance on measurements
has been suggested [23] and hence, only right handed
subjects were included in the present study. The mea-
surements were taken by one observer (TK) in order to
avoid inter-observer error. The subjects with any disease,
deformity, or trauma of the index or ring fingers of either
hand were excluded from the study. The index and ring
finger ratio was computed by dividing index finger length
by ring finger length.
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A - Tip of the index finger

B - Mid- point of the proximal crease
at the base of the index finger

C - Tip of the ring finger

D - Mid- point of the proximal crease
at the base of the ring finger

Fig. 3 Landmarks on the hand for the measurement of index and ring
finger length

The data obtained were analyzed statistically using
SPSS (Statistical Package for Social Sciences, version
11.0) computer software. Pearson correlation was applied
to test the relationship between age and length of index and
ring finger and index and ring finger ratio. Student’s #-test
was performed to compare the index and the ring finger
lengths and the ratio in the right and left hands, and
between males and females. Statistical significance was set
at the standard 0.05 level. Sex differentiation from index
and ring finger ratio was based on Sectioning point
analysis.

Mean male value &= Mean female value
2

Sectioning point =

Results

Descriptive statistics for index and ring finger lengths for
both hands in males and females are shown in Tables 1 and
2, respectively. No significant differences were observed in

Fig. 4 Measurement of index and ring finger lengths

the length of index and ring finger between right and left
hands. The ring finger was longer than the index finger in
both males and females. Difference between the mean RFL
and the IFL was 2.9 mm in the right hand and 3.0 mm for
the left hand in males, and 0.6 mm for the right and
0.7 mm for the left hand in females. When the finger
lengths are compared between males and females, the ring
fingers were longer in males than females and index finger
longer in females than males in both hands. However, the
sex differences in index and ring finger lengths between
males and females was not found to be statistically
significant (P > 0.05). Male—female differences in index
and ring finger lengths are shown in Table 3.

Table 1 Descriptive statistics: Index and ring finger length (mm) in
males

Right hand Left hand

IFL RFL IFL RFL
Minimum 41.0 44.0 41.0 44.0
Maximum 74.0 74.0 73.0 73.0
Mean 54.2 57.1 539 56.9
SD 6.3 6.5 6.4 6.6

SD standard deviation, /FL index finger length, RFL ring finger length
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Table 2 Descriptive statistics: index and ring finger length (mm) in

Table 5 Correlation coefficients (Pearson) of finger lengths and

females Index and ring finger ratio with age
Right hand Left hand Male Female
IFL RFL IFL RFL  Age
Minimum 40.0 41.0 40.0 41.0 Right IFL 0.794* 0.804*
Maximum 75.0 76.0 75.0 74.0 Left IFL 0.792* 0.805*
Mean 55.7 56.3 55.4 56.1 Right RFL 0.826* 0.831%
D 77 - 77 77 Left RFL 0.820% 0.830%
YR T S Right IR Ratio ~0.106 ~0.137
standard deviation, index finger length, ring finger lengt Left IR Ratio ~0.061 0113

Table 3 Index and ring finger length (mm): Male—female differences

Male Female t-value P-value
Right IFL 54.2 55.7 -1.932 0.054
Left IFL 53.9 55.4 0.989 0.324
Right RFL 57.1 56.3 —-1.840 0.670
Left RFL 56.9 56.1 0.994 0.321

IFL index finger length, RFL ring finger length

Table 4 Descriptive statistics: index and ring finger ratio in males
and females

Sex Right hand Left hand
Male Female Male Female
Minimum 0.89 0.90 0.89 0.90
Maximum 1.02 1.06 1.02 1.06
Mean 0.95% 0.99%* 0.95% 0.99*
SD 0.03 0.03 0.02 0.02
SD standard deviation, * P value < 0.001
Fig. 5 Distribution of index 120 4
and ring finger ratio among
male and female children
in right and left hands 100 A
80
G
8 60
£
E
c
40
20 A
0 4

<0.94

IFL index finger length, RFL ring finger length, /R index—ring,
* P value < 0.001

Index and ring finger ratio ranged from 0.89 to 1.02 in
males, and from 0.90 to 1.06 with in females (Table 4).
The derived ratio showed a statistically significant differ-
ence (P < 0.001) between males (Mean ratio = 0.95) and
females (Mean ratio = 0.99). A ‘sectioning point’ of 0.97
was derived to discriminate male and female hands from
the index and ring finger ratio. Distribution of index and
ring finger ratio among male and female children is
depicted in Fig. 5. Significant correlation was found
between age and index and ring finger lengths. Index and
ring finger ratio however, did not show any significant
correlation with age (Table 5).

Discussion

In the mid-1950s, Rosler collected a massive sample of
hand outline drawings. With regard to the distal finger-

0.94-0.97
Index and ring finger ratio

0.98-1.01 >1.01

B Male-Right hand B Male-Left hand B Female-Right hand @ Female-Left hand

Mo,
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extent pattern, Rosler differentiated radial (longer index
than ring finger), ulnar (reversed pattern), and intermediate
hand types, which reflect higher (more female-typical),
lower (more male-typical), and intermediate digit ratio
respectively [24]. Sexual dimorphism of index and ring
finger ratio is reported to be established in utero between
the 13th and 14th week of gestation [25, 26], under the
influence of prenatal androgens and estrogens [27-29].
Morphological sex differences in the absolute length of
fingers have been demonstrated in various studies, male
fingers being longer than females [30]. Sex difference in
the length of the ring finger found in our study is similar to
that reported by Lippa [31]. In females, the index and ring
fingers tend to be almost equal in length, whereas in males
the ring finger tends to be much longer. Thus, the index and
ring finger ratio becomes a significant parameter for
determining sex [21]. Men have been reported to have
lower index and ring finger ratio than women. Lower index
and ring finger ratio have thus been considered “mascu-
line” and higher ratios as “feminine”. Besides sexual
dimorphism, index and ring finger ratio shows significant
ethnic and population differences [32-34]. Manning
reported that the Asians tend to have a low index to ring
finger ratios [27]. In our study, the mean index and ring
finger ratio in male children is significantly lower than
females in both hands similar to the observations in the
earlier studies [21, 22, 27, 31, 35-37] where on an average,
males demonstrated lower digit ratios than females. Find-
ings of our study with regard to sexual dimorphism of
index and ring finger ratio in South Indian children are
similar to those observed in the South Indian adult and
adolescent population [21, 22]. The index and ring finger
ratio, a putative biomarker for the organizational (perma-
nent) effects of prenatal androgens on the human brain,
body, and behavior, has received extensive research
attention in psychology in the past decade [24] but not
much is written about in forensic literature, in partic-
ular relating its importance in medicolegal investigations.
Voracek has suggested that the sexual dimorphism exhib-
ited by the index and ring finger ratio is not large and hence
its application in medicolegal investigations is limited [38].
The index and ring finger ratio as a sexually dimorphic
trait is established early in life and remains fairly stable
postnatal; it does not change with age and growth in a
population group [27, 39]. A positive correlation was found
between age and index and ring finger lengths corrobo-
rating the fact that there is an increase in finger lengths
with age among children. However, index and ring finger
ratio does not show any significant correlation with age
confirming the fact that this sexually dimorphic ratio is
independent of age similar to observations of Manning [27]
and Lippa [31]. Sectioning point derived for sex differen-
tiation was similar to that observed in South Indian adult

and adolescent population [21, 22]. Our study further
confirms the observations of other researchers that the sex
differences in the index and ring finger ratio that appears
early do not show appreciable change with growth [33] and
thus it can be a useful sex indicator irrespective of the age
of the individual especially when DNA analyses cannot be
performed.

Conclusions

DNA technology has simplified the issue of sex determi-
nation to a great extent, but technology has its limitations
with regard to skilled man power, time and financial issues
involved, especially in developing countries and in cases
when DNA analyses cannot be performed. Various tech-
niques in forensic anthropology are still most commonly
employed for identification of human remains.

The study confirms the sexually dimorphic nature of
index and ring finger ratio in South Indian children. The
study suggests that the index and ring finger ratio of 0.97
and less is indicative of male, and a ratio of more than 0.97
is indicative of female sex and confirms that the sexual
dimorphism of index and ring finger ratio is a constant
feature among different age-groups in South Indian
population.

Key points

1. The ring finger is longer than the index finger in males
and females. The difference between the mean ring
finger and the index finger length is larger in males
than females.

2. The ring fingers are longer in males than females while
the index fingers are longer in females than males in
both hands. The sex differences in index and ring
finger lengths however are not statistically significant
(P > 0.05).

3. Index and ring finger ratio shows a statistically
significant difference (P < 0.001) between males and
females. A ‘sectioning point’ of 0.97 is derived to
discriminate sex from the index and ring finger ratio.

4. The index and ring finger ratio does not show
appreciable change with growth and thus it can be a
useful sex indicator irrespective of the age of the
individual.
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Abstract Previous studies have implicated viral infec-
tions in the pathogenesis of sudden unexpected death in
infancy (SUDI), and routine virological investigations are
recommended by current SUDI autopsy protocols. The aim
of this study is to determine the role of post-mortem
virology in establishing a cause of death. A retrospective
review of 546 SUDI autopsies was carried out as part of a
larger series of >1,500 consecutive paediatric autopsies
performed over a 10-year period, 1996-2005, in a single
specialist centre. Virological tests were performed as part
of the post-mortem examination in 490 (90%) of the 546
SUDI autopsies, comprising 4,639 individual virological
tests, of which 79% were performed on lung tissue sam-
ples. Diagnostic methods included immunofluorescence
assays (using a routine respiratory virus panel; 98% of
cases), cell culture (61%), rapid culture techniques such as
the DEAFF test for CMV (55%), PCR (13%), electron
microscopy (10%), and others. Virus was identified in only
18 cases (4%), viz. five cases of enterovirus, four of RSV,
three of HSV and CMYV, and one each of adenovirus,
influenza virus and HIV. In seven of the 18 cases the death
was classified as due to viral infection, whilst of the
remaining 11 cases, death was due to bacterial infection in
five, a non-infective cause in one and unexplained in five.
Virus was identified in 33% of deaths due to probable viral
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infections, but also in 6% of SUDI due to bacterial infec-
tions, and in 2% of SUDI due to known non-infective
causes and unexplained SUDI. When predominantly using
immunofluorescence, virus is identified in only a small
proportion of SUDI autopsies, resulting in a contribution to
the final cause of death in <2% of SUDI post-mortem
examinations. Routine post-mortem virological analysis by
means of an immunofluorescence respiratory virus panel
appears to be of limited benefit in SUDI for the purposes of
determining cause of death. Application of a broader panel
using more sensitive detection techniques may reveal more
viruses, although their contribution to the final cause of
death requires further exploration.

Keywords SUDI - SIDS - Sudden death - Infancy -
Autopsy - Infection - Virology

Introduction

Sudden unexpected death in infancy (SUDI) encompasses
all infant deaths (aged 1 week—1 year of age) that occur
relatively suddenly and unexpected by history; in around a
third of cases, the post-mortem examination and/or review
of the clinical history and death scene will reveal a cause of
death (explained SUDI), whilst the remainder will remain
unexplained using current investigative autopsy protocols
[1]. The latter group (‘unexplained SUDI’) is broadly
equivalent to ‘sudden infant death syndrome’ (SIDS) if
death occurred during sleep [2] and for the purposes of this
study, the terms ‘unexplained SUDI’ and ‘SIDS’ will be
used synonymously. Many risk factors have been identified
for unexplained SUDI/SIDS, including prone sleeping, co-
sleeping and maternal smoking, as well as high ambient
room temperatures, excessive clothing and/or bedding,
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head covering, preterm birth and/or intrauterine growth
restriction, multiple pregnancy, high parity, young mater-
nal age and low socioeconomic class [3-22]. As a way of
explaining the association of apparently diverse risk factors
with unexplained SUDI/SIDS, the ‘triple risk hypothesis’
suggests that in these cases death occurs as a consequence
of the concurrent interaction of three factors: an intrinsi-
cally vulnerable infant, a critical developmental period, and
exposure to exogenous stressors [23]. This model therefore
suggests that death may be the result of different aetiolo-
gies that share a final common pathway, rather there being
a single common cause for SIDS [23-25].

Infection has been previously identified as a cause of
death in explained SUDI, usually based on a combination
of histopathological and microbiological findings [1, 7, 26—
29]. Several studies have suggested that many currently
unexplained SUDI/SIDS deaths may likewise be related to
infection, possibly mediated by abnormal systemic immune
responses to otherwise transient or subclinical bacterial
infections [30]; for example, the so-called ‘common bac-
terial toxin hypothesis’ postulates that some SIDS may be
caused by bacterial toxins, most likely produced by upper
respiratory tract organisms such as Staphylococcus aureus
[31-33].

Similarly, previous studies have implicated viral
infections in the pathogenesis of unexplained SUDI/SIDS,
usually by acting as ‘environmental stressors’ as part of
the triple risk hypothesis; alternatively, sudden death may
also occasionally be caused by an overwhelming, dis-
seminated viral infection (explained SUDI) [1]. The cur-
rent SUDI autopsy protocol in the UK [34] recommends
that routine virological investigations are carried out,
either using a nasopharyngeal aspirate obtained in the
Accident and Emergency (A&E) department, or by col-
lecting a postnasal swab or nasopharyngeal aspirate, lung
sample, cerebrospinal fluid (CSF) or faeces at post-mor-
tem ‘if indicated’ and not already taken in the A&E
department. However, these recommendations give little
guidance as to what viruses should be routinely tested for,
or about preferred virus detection methods that should be
used in the post-mortem setting (other than making ref-
erence to ‘viral cultures, immunofluorescence and DNA
amplification techniques’). Furthermore, similar to the
interpretation of a positive bacterial pathogenic isolate,
the interpretation of a positive virological result may
be difficult in the absence of histological evidence of
inflammation.

The aim of this study is therefore to establish the fre-
quency of virus detection in SUDI autopsies and, specifi-
cally, to determine the contribution of post-mortem
virology in establishing a cause of death.
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Methods

A retrospective review of 546 SUDI autopsies was per-
formed as part of a larger series of >1,500 consecutive
paediatric autopsies performed over a 10-year period,
1996-2005, in a single specialist centre. SUDI was defined
as the sudden and unexpected death of an infant aged
7-365 days. Local research ethics committee approval was
obtained prior to the start of this project.

All autopsies were entered into a purposefully
designed Microsoft Access database by a single paedi-
atric pathologist (MAW). The information was extracted
from paper copies of the post-mortem reports, and was
entered using strictly defined criteria. For each organ
system, all macroscopic and microscopic findings were
separately entered. All microbiological data, including all
bacteriological and virological tests, were extracted from
a central computerised pathology database and imported
into the database. Entries were manually checked for
accuracy.

For the purposes of this study, only those specimens that
were collected at the time of the post-mortem examination
were included in the analysis, and the investigations were
restricted to immunofluorescence, molecular tests (such as
the polymerase chain reaction or PCR), electron micros-
copy (EM) and cell culture results only. Specimens that
had been taken after death but prior to the post-mortem
examination (e.g. in the A&E department at the referring
hospital) were excluded from the analysis, as were all
serological investigations, although the results of these
would have been included in the assessment of the final
cause of death.

Following a review of the post-mortem findings (which
included the macroscopic and histological findings, and
the results of all ancillary investigations), and of the
clinical history available to the pathologist at the time of
the autopsy (including any given details of the death
scene investigation), the final cause of death was classi-
fied into two broad categories: unexplained SUDI and
explained SUDI. The latter was further categorised into
deaths due to viral infections (e.g. myocarditis or gas-
troenteritis, or other histological (with or without immu-
nohistochemical) evidence of disseminated viral
infection), deaths caused by non-viral infections (bacterial
infections and three cases of Pneumocystis jirovecii
(carinii) pneumonitis), and deaths due to non-infective
causes (e.g. those due to accidents, inflicted injury or
previously undiagnosed structural congenital heart dis-
ease). Modified chi-squared (comparison of proportion)
test was used to assess the significance of differences in
frequencies between these groups.
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Results

Of the 546 SUDI, post-mortem virological investigations
were performed in 490 (90%) cases. Of the 56 patients in
whom no post-mortem virological analyses were per-
formed, 27 died of a clear non-infective cause of death, 11
of bacterial infection, and 18 deaths were unexplained.

Of the 490 cases in which virological investigations
were performed at autopsy, there were 21 SUDI due to
presumed viral infections, 86 SUDI due to non-viral
infections (comprising 83 bacterial infections and three
cases of Pneumocystis jirovecii (carinii) pneumonitis), 57
SUDI who died from known non-infective causes of death,
and 326 otherwise unexplained deaths (unexplained
SUDI). Overall, there were 4,639 different virological tests
for the 490 SUDI cases, and 79% of these were performed
on lung samples.

In 89% of cases in whom a lung sample was taken for
virology, a panel of viruses was tested for by immunoflu-
orescence (adenovirus, influenza virus types A and B,
parainfluenza virus types 1 and 3, and respiratory syncytial
virus or RSV) (Fig. 1). Overall, diagnostic methods
included immunofluorescence assays (98% of cases), cell
culture (61%), rapid culture techniques such as the DEAFF
(detection of early antigen fluorescent foci) test for cyto-
megalovirus (CMV; 55%), PCR (13%), EM (10%), and
others. Of the 4,639 virological tests overall, only 25
(<1%) were positive for virus.

Of the 490 SUDI, virus was detected in 18 (4%) infants
overall, including in seven (33%) of the 21 deaths classified
as due to viral infections, in five (6%) of the 86 deaths due
to non-viral infections, in one (2%) of the 57 SUDI who

Fig. 1 Virological
investigations of post-mortem
lung samples 0% 10%

L |

died from known non-infective causes, and in five (2%) of
the 326 unexplained SUDI (Table 1). There was a signifi-
cantly higher prevalence of virus detection in the non-viral
infection group compared to unexplained SUDI (difference
4.3%, 95% CI1 0.5% to 11.5%, P = 0.02), but there was no
difference in virus detection between unexplained SUDI
and the non-infective cause-of-death group (difference
0.2%, 95% C1 —2.3% to 7.8%, P > 0.99).

Overall, the 18 cases with viral isolates comprised five
cases of enterovirus, four cases of RSV, three of herpes
simplex virus (HSV) and CMV, and one each of adeno-
virus, influenza virus and HIV (Fig. 2; Table 2). Whilst
virus detection was significantly higher in the viral infec-
tion group, it is noteworthy that a virus was not detected in
two-thirds (n = 14) of these deaths, including eight cases
of myocarditis, five cases of gastroenteritis, and one case of
disseminated CMV infection (diagnosed on histology of
the kidneys).

Discussion

The results of this study have shown that, firstly, when
predominantly using immunofluorescence on post-mortem
lung tissue, virus is identified in only a small proportion of
SUDI. Furthermore, whilst at least two-thirds of the 18
cases in which virus was detected showed significant
pathology, virus detection was essential to the diagnosis of
the final cause of death in <2%. Virus was identified in
significantly more cases that died from a viral infection
than in infants who died from a non-viral infection or an
unexplained cause. Conversely, virus was detected in up to

Virological Investigations of Post-Mortem Lung Samples:

Percentage of SUDI Autopsies (n=490)

20% 30% 40% 50% 60% 70% 80% 90% 100%

| | | | | | | y
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Table 1 Virus detection in SUDI: overall, virus was identified in only 4% of all SUDI in which virological investigations were performed as part

of the post-mortem examination (n = 490)

SUDI category Virus detected N (%) Total number of cases Statistics®
A. Explained SUDI: viral infections 7 (33) 21 N/A
B. Explained SUDI: non-viral infections 5 (6) 86 A vs. B

P = 0.001
C. Explained SUDI: non-infective causes of death 1) 57 Avs. C

P = 0.0002
D. Unexplained SUDI 502) 326 A vs. D

P < 0.0001
E. All SUDI 18 (4) 490 N/A

No virus was detected in two-thirds of cases in which death was classified as due to viral infection. On the other hand, virus was identified in up
to 2% of sudden deaths due to non-infective causes, presumably either reflecting normal/asymptomatic carriage or an incidental viral infection

with no bearing on the final cause of death

* Comparison of proportion test; N/A not applicable

Influenza Virus, n=1
Herpes Simplex Virus,
n=3

HIV, n=1

Cytomegalovirus, n=3

Adenovirus, n=1 Enterovirus, n=5

Respiratory Syncytial
Virus, n=4

Fig. 2 Specific viruses detected in SUDI. Almost half (44%) of these
were detected by PCR

2% of sudden deaths due to non-infective causes, pre-
sumably either reflecting normal/asymptomatic carriage or
an incidental viral infection with no bearing on the cause of
death.

Secondly, although the interpretation of positive find-
ings in the absence of histological evidence of active
infection remains difficult, there was no difference in the
frequency of virus detection in this series between unex-
plained deaths and sudden deaths due to non-infective
causes, suggesting that virus identified in the former, with
no other clinical history or morphological evidence of viral
infection, may likewise merely represent normal/asymp-
tomatic carriage or an incidental viral infection with no
bearing on the cause of death. The observed small, but
statistically significant, difference in viral detection
between the non-viral infection group and unexplained
SUDI group suggests that in a small proportion of cases
overwhelming bacterial infections may complicate an
antecedent viral infection.
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Several studies have shown a higher prevalence of virus
detection in SIDS cases (on average 22%) compared to
controls (on average 8%) [35]; similar results were
obtained in a recent German study, with virus isolated in 23
of 93 (25%) SIDS compared to 2 of 25 (8%) non-SIDS
[36]. The low viral yield in this series (including all SUDI
from 1996 to 2005 inclusive) may be partly explained by
the predominant use of immunofluorescence, PCR being
considered the more sensitive technique for virus detection
[37], although long post-mortem intervals, with resultant
degradation of viral particles, may also have played a role.
Furthermore, unlike most bacteriological investigations,
virus isolation/identification is usually determined by tar-
geted virological analyses that can only detect those viruses
against which the analysis has been specifically designed
for, e.g. immunofluorescence or PCR against CMV will not
detect RSV or vice versa. This does not apply to all viro-
logical techniques, and exceptions include the use of EM or
cell cultures for virus isolation, but even the latter require a
degree of anticipatory judgement as the different cell lines
(such as VERO, HEL or MDCK) are sensitive to only a
limited range of different viruses. Thus, whilst most centres
will test for a panel of different viruses, and may occa-
sionally employ EM or cell cultures, there remains a high
likelihood that unless a specific virus is specifically tested
for, it will remain undetected. Which viruses to test for,
however, remains controversial; although many (predomi-
nantly respiratory) viruses have been implicated in SIDS,
including RSV, influenza virus, rhinovirus, adenovirus and
CMYV), none has been consistently associated with SIDS
[35]. Moreover, the optimum post-mortem sample sites for
virological investigations in this setting remain currently
undetermined.

As these data indicate, the mere detection of a virus does
not necessarily indicate infection or even imply a con-
tributory role leading to the patient’s demise, as the viral
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Table 2 Table of all 18 cases in whom virus was detected at post-mortem

Virus isolated Virus detection method(s)

Specimen(s) tested

Cause of death and associated pathological findings

Enterovirus PCR Lung tissue
Enterovirus PCR Heart and lung tissue
Enterovirus PCR, tissue culture Bowel contents

Enterovirus Not specified Bowel contents
Enterovirus Not specified Bowel contents
RSV IF Lung tissue
RSV IF Lung tissue
RSV IF Lung tissue
RSV IF Tissue NOS
CMV DEAFF Lung tissue
CMV DEAFF Tissue NOS
CMV DEAFF, PCR, tissue culture Lung tissue
HSV PCR Liver tissue
HSV Tissue culture Lung tissue
HSV PCR Spleen tissue
Adenovirus PCR Lung tissue
Influenza virus IF Lung tissue
HIV PCR Liver tissue

Myocarditis, pneumonitis
Pericarditis/myocarditis
Infarction of atrioventricular node of uncertain aetiology; focal

chronic inflammatory infiltrates in lungs and larynx;
Coxsackie BS5 virus isolated from bowel contents

Unexplained SUDI; evidence of previous inflicted injury
(healing/healed rib fractures with pulmonary haemosiderin-
laden macrophages)

Unexplained SUDI; echovirus type 7 isolated from bowel
contents

Prominent lymphocytic infiltrate in bronchi

Diffuse alveolar damage and pneumonia but no viral
inclusions; large secundum-type atrial septal defect with
pulmonary hypertension; Down syndrome

Pneumonia, no viral inclusions

Pneumonia and acute tracheobronchitis, no viral inclusions

Disseminated CMV infection with inflammatory infiltrates and
viral inclusions in lungs, liver, kidneys, spleen and lymph
nodes

Diffuse lymphocytic infiltrate in portal tracts, sparse

lymphocytic infiltrate in lungs, no viral inclusions, negative
immunohistochemical staining for CMV

Unexplained SUDI, no significant pathological findings,
normal lung histology

Disseminated HSV infection with widespread liver necrosis
and viral inclusions; pneumonia

Disseminated HSV type 1 infection with widespread liver
necrosis and viral inclusions in lungs

Unexplained SUDI, no significant pathological findings,
normal spleen histology

Unexplained SUDI, no significant pathological findings,
normal lung histology

Pneumonia, A/Fujian/411/2002-like influenza A H3 virus
isolated from lung tissue

Pneumocystis jirovecii (carinii) pneumonitis/pneumonia;
marked lymphoid depletion thymus, spleen and lymph nodes

Virus was detected in 18 SUDI (4%), and of these, two-thirds of cases showed significant pathology that may have been associated with the virus
detected. (PCR polymerase chain reaction, /F immunofluorescence, DEAFF detection of early antigen fluorescent foci for CMV, NOS not

otherwise specified)

isolate may (1) represent a contaminant (the contamination
presumably having occurred during the sampling or labo-
ratory process); (2) represent ‘established/asymptomatic
carriage’ (e.g. HSV, varicella-zoster virus and adenovirus);
(3) represent a current incidental infection with no bearing
on the final cause of death; (4) indicate a contributory viral
infection (e.g. a preceding viral infection that subsequently
lead to an overwhelming secondary bacterial infection and
death); or (5) indicate a fatal viral infection (e.g. dissemi-
nated HSV infection in a neonate). Most pathologists
would agree that a significant viral isolate would be one
that is associated with significant inflammatory changes,
but even then the distinction between an ‘incidental or

contributory viral infection’ and one that has directly led to
the patient’s demise can be a difficult one.

Whilst there are conflicting epidemiological data on the
role of viral (upper respiratory tract) infections in the
pathogenesis of SIDS, the temporal association between
SIDS and viral epidemics [38], and the winter peaks of
SIDS in many countries, at least in earlier years [39—41],
suggest an association between viral infection and SIDS.
Furthermore, a higher proportion of SIDS infants display
symptoms of infection prior to death compared to age-
matched controls [42, 43] and, as outlined above, several
(though not all) studies have shown a higher prevalence of
virus detection in SIDS cases (on average 20-25%)
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compared to controls (around 8%) [35, 36, 44]. Moreover,
the presence of mild inflammatory changes in the (partic-
ularly upper) respiratory tract is a common histopatholo-
gical feature in SIDS and considered additional evidence of
a preceding viral infection [44], although it has been shown
that the extent of respiratory tract and pulmonary inflam-
mation is similar in SIDS and control infants that died
of non-infective causes, suggesting that the microscopic
inflammatory changes in themselves are not lethal [45].
However, it has been shown that the presence of a viral
infection may further increase the risk of sudden death if
combined with other factors associated with SIDS, such as
prone sleeping, head covering or smoking [35]. Potential
mechanisms whereby viral infections may cause or pre-
dispose to sudden death in SIDS are likely to include either
direct induction of a ‘cytokine storm’, similar to bacterial
toxins, or, more likely, by indirect, synergistic means, for
example, by increasing nasopharyngeal colonisation of
toxigenic bacteria and/or promoting the induction of
pyrogenic toxins [30].

In summary, the findings of this study have shown that
virus is detected in <5% of SUDI autopsies when pre-
dominantly using immunofluorescence of post-mortem
lung tissue, testing for the routine respiratory virus panel
available during the study period. Immunofluorescence of
post-mortem lung tissue was positive for virus in a very
small proportion of SUDI autopsies (<1%), with almost
half of all viruses in this series being detected by PCR.
There was no difference in the frequency of virus detection
in this series between unexplained SUDI and SUDI due to
non-infective causes, suggesting that virus identified in the
former, with no other clinical history or morphological
evidence of viral infection, may likewise merely represent
normal/asymptomatic carriage or an incidental viral
infection with no bearing on the final cause of death.
Overall, virus detection was essential to the diagnosis of
the final cause of death in <2% of SUDI. Routine respi-
ratory virus panel immunofluorescence thus appears to be
of limited benefit in determining a cause of death at
autopsy. Further research is required to determine the most
effective virus detection method(s) in a post-mortem set-
ting, and to establish which virus(es) to routinely test for
and which tissue or fluid sample(s) to take for virological
analysis in SUDI autopsies.

Key points

1. Virus is detected in <5% of SUDI when predomi-
nantly using immunofluorescence of post-mortem
lung tissue.

2. Routine respiratory virus panel immunofluorescence of
post-mortem lung tissue is positive for virus in a very
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small proportion of SUDI (<1%); almost half of all
viruses in this series were detected using PCR.

3. There was no difference in the frequency of virus
detection in this series between unexplained SUDI and
SUDI due to non-infective causes, suggesting that
virus identified in the former, with no other clinical
history or morphological evidence of viral infection,
may likewise merely represent asymptomatic carriage
or an incidental viral infection with no bearing on the
final cause of death.

4. Overall, virus detection was essential to the diagnosis
of the final cause of death in <2% of SUDI. Routine
respiratory virus panel immunofluorescence in partic-
ular appears to be of limited benefit in determining a
cause of death at autopsy.

5. Further research is required to determine the most
effective virus detection method(s) in a post-mortem
setting, and to establish which virus(es) to routinely
test for and which tissue or fluid sample(s) to take for
virological analysis in SUDIL.
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Abstract Electronic control devices (ECD) have become
popular in law enforcement because they have filled a gap
left by other law enforcement devices, tactics, or tools and
have been shown to reduce officer and suspect injuries.
Civilians are using the same technology for defensive pur-
poses. TASER C2 is the latest generation civilian-marketed
device from the manufacturer. Unlike the law enforcement
devices, the device discharges for 30 s continuously. This
study is the first to look at the cardiovascular, respiratory,
and metabolic effects of this device on human subjects. This
was a prospective, observational study of human subjects
involved in a training course. Subjects were exposed for
30 s on the anterior thorax. Vital signs, ECG, troponin I,
pH, lactate, and creatine kinase (CK) were measured before
and immediately after the exposure. Troponin I, pH, lactate,
and CK were measured again 24 h after the exposure.
Continuous spirometry was used to evaluate the respiratory
effects. Echocardiography was also performed before,
during, and immediately after the exposure to determine
heart rate and rhythm. Eleven subjects completed the study.
There were no clinically important electrocardiogram
changes and no positive troponins. Spirometry showed an
increase in minute ventilation during the exposure. There
was no important change in CK at 24 h. Lactate was slightly
higher and pH was slightly lower after the exposure, but
similar to the effects of physical exertion. Echocardiogra-
phy was performed in 6 subjects. In half of these subjects,
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the rhythm was determined to be “sinus” and in the other
half the rhythm was indeterminant. In our study, the civilian
device caused a mild lactic acidosis. No other important
physiologic effects were found.

Keywords TASER - Electronic control device -
Echocardiography - ECG - Troponin - pH - Acidosis -
Spirometry

Introduction

Electronic control devices (ECD) have become popular in
law enforcement because they have filled a gap left by
other law enforcement devices, tactics, or tools and have
been shown to reduce officer and suspect injuries [1-3].
Lee et al. [4] did not find this benefit in their paper, but
their results were based on reporting from only 4 depart-
ments out of the 126 they sent surveys to, and they only
reported on “serious officer injuries requiring emergency
room visits”. The devices deliver electrical charge from a
capacitor in discrete pulses at fast rates leading to the
depolarization of peripheral motor neurons within a “zone
of capture” and subsequent involuntary, sub-tetanic muscle
contraction. The devices also depolarize afferent sensory
neurons leading to pain. There is likely to also be a smaller
mechanistic effect from the direct depolarization of skeletal
muscle in the immediate area of the charge delivery, and it
has been theorized that more distant muscle effects may be
the result of reflex arc involvement [5-7]. There may also
be a pain-related behavioral effect.

Civilians are using the same technology being used by
law enforcement for defensive purposes. TASER C2 is the
latest generation civilian-marketed device from the manu-
facturer. Unlike the law enforcement devices, the device
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discharges for 30 s continuously. The device was designed
for the purpose of affording the user a “window of
escape.” This is different from the law enforcement use
that is to assist in control and restraint. Jauchem, et al
previously studied the device in an animal model [8]. This
study is the first to look at the cardiovascular, respiratory,
and metabolic effects of this device in human subjects, and
the first study of durations longer than 15 s in human
subjects.

Methods

This was a prospective, observational study of the effects
of the TASER C2 device on human subjects approved by
the institutional review board at Hennepin County Medical
Center (Minneapolis, MN)and conducted at the manufac-
turer headquarters in Scottsdale, AZ. The subjects were a
convenience sample of law enforcement or correctional
officers participating in a training course at the headquar-
ters and receiving an electronic control device exposure as
part of the course. The training objective was to demon-
strate the long incapacitation time of the civilian device to
make officers aware of the potential safety concern to them
when encountering suspects armed with such a device.

Subjects provided informed consent and completed a
medical-screening questionnaire that was reviewed by a
study physician. There were no specific exclusion criteria
except that subjects had to be at full duty status with their
department, be approved by their department for a TASER
training course, and not be pregnant. Potential subjects
were asked beforehand not to engage in physical activity
within 48 h of the course. Subjects who did not comply
with this or would not be able to avoid physical activity
before the 24-hour blood draw were not eligible for the
study. Subjects were given a TASER X26 or C2 as com-
pensation for their participation.

A commercial skin resistance analyzer (Omron Fat Loss
Monitor HBF-306, Omron Healthcare, Inc., Bannockburn,
Illinois) was used to determine body fat percentage. The
subjects were laid supine on a training mat for testing.
Baseline vital signs (blood pressure and heart rate) were
taken (Nonin 2120, Plymouth, MN) and baseline venous
CK, troponin I, pH, and lactate were drawn (this baseline
was taken approximately 5 min before the actual exposure,
mostly due to the several minutes of quiet breathing before
the exposure to obtain baseline respiratory data). All blood
was immediately analyzed after the draw using the Abbott
Point-of-Care i-STAT (East Windsor, NJ) and CG4+ and
troponin I cartridges. CK, not available from Abbott, was
collected and sent by courier to LabCorp (Phoenix, AZ) for
analysis. A “positive” troponin was any troponin outside

of the reporting range for normal for the i-STAT cartridge
(0.08 ng/mL).

The subjects were fitted with a neoprene mask. The
probes were removed from the firing cartridge and clipped
off and the wires were taped to the skin in conductive gel.
All exposures were chest to abdomen in the mid-line.
Continuous respiratory data were collected by a breath-by-
breath gas exchange system (Medical Graphics CPX
Ultima, St. Paul, MN). The CPX Ultima measures the
oxygen and carbon dioxide concentrations of breathed air,
the respiratory rate, and the tidal volume on a breath-by-
breath basis. Subjects had surface electrocardiography
(Welch Allyn Cardio-perfect, Skaneateles Falls, NY) per-
formed. A subset of subjects had echocardiography (So-
nosite M-Turbo, Bothell, WA) performed by a non-blinded
attending physician expert in ultrasonography. This subset
was determined by the availability of the ultrasonographer
during the testing period. The echocardiography was per-
formed using a 1-5 MHz phased- array transducer. Para-
sternal long-axis views including the anterior leaflet of the
mitral valve were obtained pre-exposure, during the
exposure, and post-exposure. The two-dimensional view of
the heart was assessed in real time by the ultrasonographer
prior to changing to the M-mode for measurement of the
heart rate and determination of the rhythm. Heart rate was
determined by measuring the time between contractions.
Heart rhythm was determined by imaging the anterior
leaflet of the mitral. The presence of both E and A waves
was used as evidence for sinus rhythm (Fig. 1a). The E
wave corresponds to the mitral valve opening with passive
filling of the left ventricle. The A wave corresponds to the
mitral valve opening with atrial contraction.

After allowing several minutes to collect baseline spi-
rometry, to perform the surface electrocardiography, and
echocardiography, the firing cartridge was loaded into an
“off the shelf” TASER C2, and subjects had a 30-second
continuous exposure from the device. The subjects were
visually monitored at all times by study physicians for
evidence of physiologic compromise such as syncope,
vomiting, and hypoxia.

The ultrasonographer repeated his test during the
exposure (an attempt was made for continuous visualiza-
tion of the heart during the exposure) and immediately after
the exposure. Vital signs, blood draw for CK, troponin I,
pH, and lactate, and surface ECG were repeated immedi-
ately (within 30 s to 1 min generally, and not more than
2 min) after the exposure. Spirometry was continued for
several minutes after the exposure until a rest breathing
pattern was achieved. Troponin I, pH, lactate, and CK were
drawn again at 24 h, at which time the subject was re-
assessed by a study physician. A blinded cardiologist read
the surface electrocardiograms.
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Fig. 1 a Intraexposure in a sinus subject. b Intra-exposure echocar-
diogram on an indeterminant subject

Data were entered into an Excel spreadsheet (Microsoft
Corp, Redmond, WA) and exported into STATA 10.0
(Stata Corp, College Station, TX). Data were analyzed with
descriptive statistics.

Results

12 subjects were enrolled. One subject voluntarily withdrew
from the study just prior to the exposure. The subject
appeared overly nervous to the study physicians and was
hyperventilating and when asked if he was sure he wanted to
proceed (asked of all subjects), he withdrew. Eleven subjects
completed the study. Subject characteristics are presented in
Table 1. The median age was 25 years (range 21-40). Ten of
eleven were male (89.9%). The median body mass index
was 30.7 kg/m? (range 24.1-41.7). The median body fat was
24.2% (range 8.3—41.0). Most of our subjects reported no
significant past medical history, although one subject had
rheumatoid arthritis, and one subject had several medical
problems including hypertension, obstructive sleep apnea,
GERD, and depression. Six of the 11 subjects had echo-
cardiography. The vital signs are presented in Table 2. The
echocardiography results are presented in Table 3. The
median heart rate during exposure was 152.5 beats per
minute (range 100-176). The electrocardiography results, as
read by the blinded cardiologist, are presented in Table 4.
The cardiologist only noted a change based on rate if the rate
increased or decreased more than 10 beats per minute.
Subject 11 had non-specific ST segment depression in the
post-exposure electrocardiogram. The subject had no sub-
jective complaints, had no cardiac risk factors, had no evi-
dence of capture during the exposure, and had a negative
troponin at 24 h. There were no “positive” troponins at 24 h
in any subject. There were no episodes of syncope, vomiting,
or hypoxia (skin color) during the exposures. There were no
reported adverse outcomes after the exposures or at 24 h.
The pH, lactate, and CK are presented in Table 5. There was
no clinically important change in CK. The pH dropped
immediately post-exposure and lactate increased. The
respiratory data are presented in Table 6. Minute ventilation
increased during the exposure compared to baseline.

Table 1 Subject characteristics

Sex Age PMH Medications BMI % Body fat Spread
(inches)
M 24  Appendectomy None 319 285 16
M 25 None INH 30.7 27.7 13
M 33 Rheumatoid arthritis Prednisone, Humira, 24.4 16.7 14
Methotrexate
4 M 29 Kerotoplasty Predforte 41.7 344 16
5 M 40 Hypertension, Prevacid, Cymbalta, Zyrtec, 33.0 32.8 14
GERD, OSA, depression  “Blood pressure medications”
6 M 25 None None 241 83 14
7 M 30 None None 28.7 229 17
8 M 21 None None 244 14.1 17
9 M 22 None None 353 242 17.5
10 F 23 Cholecystectomy None 384 41 17.5
11 M 24 None None 28.3 18.2 17
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Table 2 Vital signs

Pre-exposure Pre-exposure  Post-exposure  Post-exposure

blood pressure heart rate blood pressure heart rate
1 144/97 89 131/85 89
2 152/78 95 147/76 86
3 121/67 85 128/70 67
4 158/89 117 190/82 114
5 127/81 87 128/81 87
6 142/74 90 107/51 90
7 143/93 91 165/83 90
8 13791 80 148/77 105
9 137/75 105 154/80 115
10 139/62 73 132/63 83
11 154/93 72 142/88 92

All blood pressures are in mmHG and heart rates in beats per second

Table 3 Echocardiography results

Exposure heart rate Sinus/indeterminant/other

1 X X

2 X X

3 X X

4 X X

5 X X

6 136 Indeterminant
7 162 Sinus

8 166 Indeterminant
9 176 Indeterminant
10 100 Sinus

11 143 Sinus

X—mnot performed on this subject

Table 4 Electrocardiography results

There were episodes of non-compliance with the no-
exertion requirements before and after the exposure. One
subject had a very high baseline CK value (1,956 U/L).
This subject was a weightlifter who had lifted weights and
used Hydroxycut® (a weight-loss product that contains
caffeine and other stimulants) within 48 h of the testing.
One subject reported mountain biking in the 24 h after the
exposure and before the second CK draw, and another
reported jogging between the draws. Unfortunately, none
of these activities were reported in the initial screening.

Discussion

We did not find any clinically important cardiac, respira-
tory, or metabolic effects with the exposure to the TASER
C2 except a mild lactic acidosis. Our results were consis-
tent with prior studies with other electronic control devices.
Vilke et al. subjected volunteers to a 5-second TASER X26
discharge. In this study there were no positive troponins at
6 h and no ischemic changes or arrhythmias on surface
electrocardiogram. There was a change in pH from 7.45 to
7.42 at 1-minute after the 5-second discharge in this study,
and lactate increased from 1.4 to 2.8 [9]. Other studies have
shown no evidence of cardiac injury or arrhythmias based
on troponin and surface electrocardiogram [10-15]. In a
study by Ho et al. a 15-second TASER X26 exposure led to
a pH change from a baseline of 7.37-7.35 immediately
after the exposure, having a trough of 7.33 at 2 min. The
lactate was 2.1 immediately after the exposure and peaked
at 4.5 at 6 min. As a comparison, the exertion regimen in
that study, which consisted of 30 s of push-ups followed by
a sprint on a treadmill of less than 2 min, led to a pH of
7.13 immediately after the exposure with a trough of 7.07

Pre-exposure Post-exposure Change
1 NSR at 92, sinus arrhythmia NSR at 92, sinus arrhythmia None
2 NSR at 98, incomplete RBBB NSR at 77, incomplete RBBB Rate decrease by 21
3 NSR at 82, incomplete RBBB NSR at 72, incomplete RBBB None
4 NSR at 98 Sinus tachycardia at 103 None
5 NSR at 78 NSR at 83, sinus arrhythmia Sinus arrhythmia
6 NSR at 88, RAD Sinus tachycardia at 107 Rate increased by 19
7 NSR at 91 NSR at 86, artifact None
8 NSR at 90, possible LAE NSR at 97, possible LAE None
9 Sinus tachycardia at 120 Sinus tachycardia at 113 None
10 NSR at 90 NSR at 75 Rate decreased by 15

—
—

NSR at 90, u waves present

NSR at 94, u waves present, <l mm St

Nonspecific minimal ST depression

depression inferior/lateral leads

NSR Normal sinus rthythm, RBBB Right bundle branch block, LAE Left atrial enlargement
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Table 5 Blood results

Table 6 Breathing results

pH Lactate CK
Pre-exposure (median, range) 7.358, 7.307-7.595 1.46, 0.56-5.51 140, 95-502
Post-exposure (median, range) 7.273, 7.196-7.393 5.63, 1.47-17.29 127, 92-476
24 h post-exposure (median, range) 7.340, 7.242-7.388 2.25, 1.1-2.77 187, 124-461
PETCO, PETO, Respiratory Tidal volume  Minute
rate ventilation

Pre-exposure (median, range)

During exposure (median,
range)
Post-exposure (median, range)

36, 31-40 107, 100-112 17, 12-23
27,23-40 113, 91-124 35, 6-68

0.93, 0.59-1.37 15.1, 11.5-19.1
0.72, 0.39-2.41 20, 13.7-60.3

38,3144 112, 109-120 19, 12-26  1.47,0.98-2.72 25.7, 19.2-38.4

at 2 min and a lactate of 13.2 immediately after the
exposure, with a peak of 14.7 6 min [16]. Allsop et al. [17]
found that venous pH decreased from 7.39 to 7.04 after a
30-second maximal sprint. In our study, there were no
positive troponins at 24 h and no important changes on
surface electrocardiogram. There was one subject with
non-specific ST segment changes, but this subject had no
complaints, no risk factors, no evidence of capture on
echocardiography, and had a negative troponin at 24 h. Our
pH and lactate results were more pronounced than the
Vilke et al. and Ho, et al. studies, but not inconsistent with
the six times duration of the Vilke et al. study and the 2
times duration of the Ho et al. study. Our results were not
as pronounced as the 30-second exertion regimen in the Ho
et al. study. Another Ho et al. [12] study examined CK
after a 5-second exposure to the back with an X26 and
found a change of 57 U/L at 24 h. Van Meenen et al. [15]
also found a small change in CK at 24 h (174.1-181.4)
with 2-5 s exposures (92% had 5 s exposures). Our CK
results were similar to Ho et al. with a change of 47 U/L at
24 h. This suggests at least that duration, within this
timeframe, may be an unimportant contributor to CK rise.
In a study by Ho et al. [18] there was no evidence of
respiratory impairment in 15-second exposures. Vilke et al.
[9] also had no evidence of respiratory impairment. In our
study, we also had no evidence of respiratory impairment.
Minute ventilation increased during the exposure.

Previous human studies with chest exposures have not
demonstrated direct cardiac capture including discharges
up to 15s and up to three simultaneous discharges,
although only one study included probes imbedded in the
chest (n = 92) [19-22]. In our study, we were only able to
determine the rhythm in 3 of 6 subjects during the expo-
sure, but the rates of the indeterminant subjects were 136,
166, and 176, so if captured occurred, it was at a relatively
low rate compared to the device pulse rate.

In a Bozeman letter to the editor, he reports on 4,058
field cases in which there is no suggestion of sudden
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collapse due to an electronic control device exposure [23].
With the studies by Hall et al. and McManus et al. [24, 25]
this gives a total of 4,387. The number of chest exposures
is not clear given the information in the papers or abstracts.
However, in the Bozeman et al. [26] study (incorporating
1,201 subjects), 15% of all exposures, and 22% of all probe
exposures were “trans-cardiac”. A study of arrest-related
deaths temporal to electronic control device use has
reported a low incidence of ventricular fibrillation [27]. In
Lee et al. there was an increase in arrest-related deaths in
the first year after deployment of electronic control devi-
ces, but this study was a survey with limited return and
there was no attempt to determine if the devices were used
in the arrest-related death cases. In addition, the rate of
arrest-related deaths returned to baseline in the following
years [4].

The risk of harm associated with this device needs to
be considered in terms of its intended use. The intended
use is for self-defense in a situation in which the user is
at reasonable risk of bodily harm. This device offers an
alternative to persons either not inclined to carry a
firearm or specifically prevented from doing so by law.
In police scenarios, the mortality from firearms is 50%
[28]. While this number may not translate directly into
civilian use, the mortality is likely significant. In addi-
tion, the risk of accidental self-harm or other uninten-
tional injury or mortality in personally carrying a gun or
keeping a gun at home needs to be considered. The
safety profile is reasonable given the intended use of the
device.

Limitations

The primary limitation of our study was the small number
of subjects. Rare events cannot be reliably detected in such
a small study. We could not obtain surface ECG data
during the exposures (a limitation no researcher has been
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able to overcome to date) and we did not get determinable
rhythms in 50% of our subjects. This limits the conclusions
that can be made about the intra-exposure cardiac rhythms.
In addition, our connection was by wire taped into con-
ductive gel on the skin. While the conductive gel should
lower the skin resistance, this may not exactly replicate the
conditions of an imbedded probe and our data need to be
interpreted with this in mind.

Most of our subjects were “healthy” volunteers. This
limitation is likely less important as the intended target in
most cases will be physiologically normal since it will be an
attacker targeting a victim, although there may be circum-
stances in which the attacker is under the influence of drugs
or has other physiologic variables not replicated in this study.

Conclusions

In our study, the civilian device caused a mild lactic aci-
dosis. No other important physiologic effects were found.

Key points

1. Thirty-second exposures to the anterior thorax from
the TASER C2 electronic control device did not cause
myocardial damage as determined by serum troponin I.

2. Thirty-second exposures to the anterior thorax from
the TASER C2 electronic control device did not cause
clinically important electrocardiogram (ECG) changes.

3. There was no evidence of rapid cardiac capture during
thirty-second exposures to the anterior thorax from the
TASER C2 electronic control device.

4. Thirty-second exposures to the anterior thorax from
the TASER C2 electronic control device did not cause
respiratory impairment.

5. Thirty-second exposures to the anterior thorax from
the TASER C2 electronic control device did cause
moderate changes in pH and lactate.
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Abstract Bruises can have medicolegal significance such
that the age of a bruise may be an important issue. This
study sought to determine if colorimetry or reflectance
spectrophotometry could be employed to objectively
estimate the age of bruises. Based on a previously descri-
bed method, reflectance spectrophotometric scans were
obtained from bruises using a Cary 100 Bio spectropho-
tometer fitted with a fibre-optic reflectance probe. Mea-
surements were taken from the bruise and a control area.
Software was used to calculate the first derivative at 490
and 480 nm; the proportion of oxygenated hemoglobin was
calculated using an isobestic point method and a software
application converted the scan data into colorimetry data.
In addition, data on factors that might be associated with
the determination of the age of a bruise: subject age, sub-
ject sex, degree of trauma, bruise size, skin color, body
build, and depth of bruise were recorded. From 147 sub-
jects, 233 reflectance spectrophotometry scans were
obtained for analysis. The age of the bruises ranged from
0.5 to 231.5 h. A General Linear Model analysis method
was used. This revealed that colorimetric measurement of
the yellowness of a bruise accounted for 13% of the bruise
age. By incorporation of the other recorded data (as above),
yellowness could predict up to 32% of the age of a bruise—
implying that 68% of the variation was dependent on other
factors. However, critical appraisal of the model revealed
that the colorimetry method of determining the age of a
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bruise was affected by skin tone and required a measure
of the proportion of oxygenated hemoglobin, which is
obtained by spectrophotometric methods. Using spectro-
photometry, the first derivative at 490 nm alone accounted
for 18% of the bruise age estimate. When additional factors
(subject sex, bruise depth and oxygenation of hemoglobin)
were included in the General Linear Model this increased
to 31%—implying that 69% of the variation was dependent
on other factors. This indicates that spectrophotometry
would be of more use that colorimetry for assessing the age
of bruises, but the spectrophotometric method used needs
to be refined to provide useful data regarding the estimated
age of a bruise. Such refinements might include the use of
multiple readings or utilizing a comprehensive mathemat-
ical model of the optics of skin.

Keywords
Time factors

Bruise - Spectrophotometry - Colorimetry -

Introduction

The bruise is a significant injury in the eyes of the law in
Australia. A bruise results from blunt force injury to the
skin when the force is sufficient to rupture blood vessels
within the skin, resulting in extravasation of blood and the
formation of a bruise or skin hematoma [1, 2]. Although
the color of blood is red, due to the hemoglobin molecule,
the appearance of extravasated blood within the skin varies
according its oxygenation and the depth of its location
below the skin’s surface [3—6]. When blood is released into
the skin as a result of trauma, there is an ensuing inflam-
matory reaction: hemoglobin is catabolized into the yellow
pigment bilirubin [7, 8] and the golden-brown pigment
hemosiderin. Eventually, bilirubin and hemosiderin are
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removed by the macrophages and a healing reaction fol-
lows with a gradual fading of color.

An estimation of the age of a bruise may be attempted
by direct visual examination or by the inspection of pho-
tographs taken of the injured area [1, 9, 10], but these
methods are subjective in nature [11, 12] and may not be
reliable. Forensic investigators would benefit from a non-
invasive, objective, scientifically validated method for
determining the age of bruises. Previous authors have
suggested that either colorimetry or reflectance spectro-
photometry might provide a solution [13-15].

Colorimetry can be used to measure the color of a sur-
face. Many different systems have been developed to
numerically express the visual perception of color. The
Commission Internationale de I’Eclairage (CIE) proposed a
method of standardized color measurement, the CIE-
L*a*b* system, which takes into account the non-linear
color perception of the human eye [16, 17]. In the CIE-
L*a*b* system, the L* value defines the relative brightness
(or luminosity) of the sample ranging from total black
(L* = 0) to total white (L* = 100). The a* value is the
red-green coordinate. A positive a* value defines the color
quality “red” and a negative a* value defines the color
quality “green”. The b* value is the blue-yellow coordi-
nate. A positive b* value defines the color quality “yellow”
and a negative b* defines the color quality “blue” [17]. A
colorimeter can be used to calculate the relative luminosity
and hues of a surface, such as skin, thus allowing a more
accurate, non-subjective assessment of color than by visual
assessment [18, 19]. Colorimetry has been used to evaluate
skin color and postmortem hypostasis [15, 20-23]. For the
purpose of this study, yellowness was measured using the
calculated b* value and by using two specific measures
of yellow: the American Society for Testing Materials
(ASTM) E313 and D1925 values [24].

Reflectance spectrophotometry measures the change in
light intensity relative to its wavelength after it has inter-
acted with a sample. The device comprises a light source, a
probe and an analyzer, and the results are recorded on a
dedicated computer. The spectrophotometer measures the
intensity of light throughout the spectrum and is an accu-
rate and objective device [25]. Over the range 470-510 nm
the absorption spectrum of hemoglobin is nearly flat, but
the absorption of bilirubin is decreasing from its peak
around 460 nm [26, 27] and hemosiderin has a sloping
absorption curve [28]. Therefore, the value of the first
derivative around 480-490 nm corresponds to the presence
of degradation products of hemoglobin [25]. When blood is
released into the tissue, it would be expected to be pre-
dominantly in the form oxyhemoglobin which would
relinquish its oxygen in the tissue to become predominantly
deoxyhemoglobin [14]. The ratio of oxyhemoglobin to
deoxyhemoglobin can be calculated using differences in
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the absorption spectra. To date, investigators using spec-
trophotometry have studied only small groups [29-31].

This study aims to determine if reflectance spectropho-
tometry or colorimetry can be used to determine the age of
a bruise, using a large group of subjects with bruises of
known age.

Materials and methods

Reflectance spectra were collected from normal skin and
bruises in 149 volunteers using a Cary 100 Bio UV-visible
spectrophotometer fitted with a Cary fiber optic couple and
Cary fiber optic reflectance probe (Varian Australia Pty
Ltd., Frenches Forrest, New South Wales, Australia). The
instrument was calibrated before each series of measure-
ment using zero and baseline corrections as previously
described [25]. Calibrations and measurements were per-
formed under similar conditions. Subjects were measured
in a seated position and were asked to remain still for 5 min
before any readings were taken. All measurements were
taken from the central region of the bruise. An area of non-
bruised skin adjacent to the bruised area was also measured
and used as the control. Subjects were instructed to hold
the probe gently and completely perpendicular to the skin
so as to prevent light from entering the probe or pressure
from affecting the measurements obtained. To avoid skin
color changes due to excessive contact or friction against
the probe heads, only one measurement was made on the
test site, as has been recommended [22]. The absorption
spectrum of the bruise was obtained over the range 830—
360 nm. A data interval of 1 nm was selected, with a signal
averaging time of 0.2 s for each data point (resulting in a
scan time of 70 s). Double beam mode was used with 2.5
Abs of rear beam attenuation and the slit width was set to
3.0 nm.

The volunteers worked at or had been admitted as
patients to Westmead Hospital or the Children’s Hospital,
NSW, Australia, and the age, sex, skin color and approx-
imate body size of each volunteer were recorded. The
extent of trauma, age of the bruise, and the site of the
bruise were also recorded for each subject (see below). The
age of the bruise at the first and subsequent consultations
was also recorded. Some subjects presented with new
bruises on multiple occasions, other subjects came for
repeat examination of the same bruise. Subjects were not
examined more than once in a 24 h period. Ethics per-
mission was obtained from both the Western Sydney Area
Human Research Ethics Committee [HS/TG HREC2002/5/
4.6(1432)] and ratified by the Human Research Ethics
committee at the University of Sydney [3231] before
subjects were recruited. To be eligible to participate in this
study, subjects were required to know the age and cause of
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the bruise that was to be examined, be in good health, have
no difficulty conversing in English and able to give written
consent. All subjects were aged 18 years or older. Only
bruises on legs and arms that were easy to access while the
subject remained clothed were used. Subjects with cuts or
abrasions on the surface or near the bruise were also
excluded, to prevent potential contamination of the wound
or probe. Volunteers with excessive hair over the bruised
region were also excluded as hair was found to interfere
with measurements. All volunteers recruited for the study
had bruises that had been acquired from recreational or
normal daily activities. No identifying data were collected.

The age and gender of each subject was recorded. The
subject’s body size and build was visually assessed. Using
this assessment subjects were classified into three body size
classes: ‘Underweight’—uvery little fat content, prominent
bones and muscles, ‘Normal weight’—normal fat for body
size, and ‘Overweight’—increased fat for body size. The
bruise size was measured and the subject was asked how it
had been acquired. Using this information the bruise was
classified as being either (1) a small bruise caused by a
minor trauma, (2) a large bruise caused by a minor trauma,
(3) a small bruise caused by a major trauma, (4) or a large
bruise caused by a large trauma. Minor trauma was be
defined as the type of trauma a person would experience if
he or she walked into an object, e.g., a coffee table. Major
trauma was defined as the type of trauma experienced if hit
by a car or by a paintball. The bruise was regarded as
‘small’ if it was less than 5 cm in diameter and ‘large’ if
was 5 cm or larger. The skin tone of each subject was
determined by measuring the CIEL*a*b* “b*” value of an
area of adjacent control skin and was classified as: b*
+0.10 to 0.5 ‘Fair’, b* —0.51 to —1.50 ‘Medium’, b —1.51
to —3.0 ‘Olive to Dark’. The location of the bruise was
coded into one of four categories: upper limb, hand, lower
limb, foot.

All bruises were photographed. These were examined by
a forensic pathologist (NL) who classified them as being
intradermal, deep (subcutaneous) or mixed using the cri-
teria of Bohnert [3].

The oxygenation of hemoglobin within the bruise was
calculated by subtracting the absorption at an isosbestic
point (805 nm) and a nonisosbestic point (660 nm). The
formula {Bruise 805 nm/Bruise 660} — {Control 805 nm/
Control 660} was used to measure the oxygenation of
hemoglobin, which is an adaptation of the method pro-
posed by Randenburg et al. [31].

The first derivative was calculated using the mathe-
matical software provided with the Cary Win UV spec-
trophotometer. The native trace of both the control site and
the bruised site were converted to the first derivative using
a filter size of 9 and a bandwidth of 3. The values obtained
at 480 and 490 nm in the control value was subtracted from

the value obtained at 480 and 490 nm in the bruise scan,
respectively.

Scans were converted into CIEL*a*b* values using the
Cary Win UV color application, 85-101684-00 version
2.00(15) supplied by Star-Tek (Victoria, Australia). The
CIEL*a*b* values were calculated based over a scan range
of 830-360 nm using a 1 nm data interval. The results
were based on a CIE D65 illuminant with an observer angle
of two degrees for the CIEL*a*b* color space. After test-
ing the software using a Kodak color card (results not
shown) it was found that the software produced a negative
b* value to indicate yellowness. Therefore, in order for our
results to truly reflect the CIEL*a*b* system and prevent
confusion, the signs of all results were changed to the
corresponding positive value. The value obtained for the
CIEL*a*b* “b*” value from the control scan was also used
to determine the color of the subject’s skin.

Statistical analysis was performed using SPSS Student
Version 11 (SPSS Inc, Prentice Hall, UK). The possible
confounding subject-related variables were analysed using
Spearman’s correlation to determine if there was any cor-
relation between them and the age of a bruise. A general
linear model univariate analysis was then conducted using
the reflectance spectrophotometry and colorimetry methods
that had a moderate correlation with the age of a bruise and
the possible confounding variables, so as to determine if it
was possible to create a model that could predict the age of
a bruise. Using a backward stepwise selection process,
variables were removed until only the significant variables
remained.

All measurements of the first derivatives at 480 and
490 nm as well as the color measurements b*, E313 and
D1925 used in the analyses refer to the bruise minus the
control value.

Results

A total of 147 subjects were recruited for this study
comprising 28 males and 119 females with ages ranging
from 18 to 72 years (mean = 35.88, median = 32.00,SD =
+11.47). A total of 240 scans were obtained, of which 233
were of sufficient quality to allow analysis. The age of the
bruise at the first and subsequent consultations was recorded;
the ages of the bruises ranged from 0.5 to 231.5h
(mean = 76.39 h, median = 72.00 h, SD = £48.56 h).
The frequency distribution of the scans acquired for bruises
of different age groups is shown in Fig. 1; the frequencies of
subjects and scans made for categories of body build, bruise
size and degree of trauma, bruise site, and depth of bruise is
shown in Table 1.

The results of the general linear model analysis indi-
cated that measurement of yellow using the CIE b* value
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Fig. 1 Number of scans of bruises in time intervals (note non-linear
X-axis)

Table 1 Frequencies of subjects and scans made for categories of
body build, bruise size and degree of trauma, bruise site, and depth of
bruise

Number of subjects Number of scans

Frequency of body build of volunteers

Build
Slender 9 16
Average 92 141
Large 46 76
Total 147 233

Frequency of bruise size and trauma sustained

Bruise size/trauma

Small bruise/minor trauma 111 177
Large bruise/minor trauma 22 32
Small bruise/major trauma 12 19
Large bruise/major trauma 2 5
Total 147 233
Frequency of site of bruise
Site
Arm 60 98
Hand 22 28
Leg 58 97
Foot 7 10
Total 147 233
Frequency of depth of bruise
Depth
Deep 114 178
Intra-dermal 5 7
Mixed 28 48
Total 147 233
Number of volunteer in each skin tone catagory
Skin tone
Fair 67 121
Medium 60 85
Olive/dark 20 27
Total 147 233
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by colorimetry accounted for only around 12% of the
predicted age of the bruise. The use of the specific mea-
sures of yellowness, E313 and D1925, improved the pre-
diction to 13%. The best estimate of bruise age was
obtained using the calculated ASTM E313 value by adding
the gender of the subject, an estimate of the depth of the
bruise, the spectrophotometric measurement of the pro-
portion of oxygenated hemoglobin, the site of the bruise
and skin tone into the analysis. However, the ASTM E313
value in conjunction with these factors only predicted 32%
of the age of the bruise, meaning that 68% of the variation
between the observed and predicted bruise age was
dependent on other factors.

The calculation of the first derivative values showed
similar results, with the first derivative at 490 nm being
slightly superior to the value at 480 nm (alone estimating
18 and 14% of the bruise age, respectively). The general
linear model indicted that only the gender of the subject,
the estimated depth of the bruise, and the calculation of the
proportion of oxygenated hemoglobin improved the ability
of the first derivative method to predict the age of bruises.
Using these additional factors first derivative at 490 nm
accounted for at best 31% of the predicted age of the
bruise, leaving 69% of the prediction of the age of bruise to
other factors.

The measurements of yellow (using b*, E313 and
D1925) as well as the values of the first derivative calcu-
lations (at 480 and 490 nm) were plotted against the known
age of the bruise. These plots were examined to assess the
changes at the very early times of 0.5-24 h. There was no
clear trend to indicate if accumulation of degradation
products of hemoglobin or if the development of yellow
color occurred gradually from time zero, or if there was a
lag. Overall for all the data, the best curve of fit was a
simple parabola, showing an increase to around 7 days and
then a decline (Fig. 2). The first derivative at 490 nm
measures the amount of bilirubin and hemosiderin while
the ASTM E313 color number measures the amount of
yellow. The correlation between the two values was strong
with a correlation of coefficient squared (%) value of 0.789
(P = 0.001). The yellowness ASTM E313 color number
was divided by the first derivative at 490 nm and plotted
against the age of the bruise; most of the plotted points lay
along a straight, horizontal line as would be expected
(Fig. 3). However, there was a degree of scatter indicating
that measured yellow color did not always relate to the
presence of hemoglobin breakdown products.

Discussion

This study has confirmed that observation of the color
yellow in a bruise or the measurement of the presence of
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Fig. 2 Time trends of first derivative at 490 nm (/eff) and yellowness ASTM E313 (right) with line of best fit

breakdown products of hemoglobin do provide informa-
tion regarding the age of a bruise. However, by them-
selves these are of limited use. Using additional factors
increases the ability to predict the age of bruises, but the
predictive values must be regarded as too low to be
useful, providing around only one-third of the age esti-
mation using the general linear model with the method-
ology of this study.

The factors that improve the accuracy of the bruise age
prediction using colorimetry include the proportion of
oxygenated hemoglobin, the site of the bruise and skin
tone. As the proportion of oxygenated hemoglobin within a
bruise is derived using spectrophotometry, it is not appli-
cable to measurements of yellow color made using only a
colorimeter which uses a light source and three receptors
from which color data is calculated [22, 32]. Skin tone
should not have been incorporated into the multivariate
general linear model as the yellow measurement of control
skin had been subtracted from the bruise color measure-
ment. The result indicated that subtraction of the control
was not working adequately. This may also account for
some of the lack of correlation between the measurement
of yellowness and the first derivative value and the scatter
seen in Fig. 3. The finding also accounts for the inclusion
of the site into the multivariate general linear model for
colorimetric prediction of bruise age. Critical analysis
revealed that the hand was the only site that was signifi-
cantly different (out of hand, arm, leg and foot that were
coded) and that it was consistently appearing more yellow
at a given time than expected. When a bruise on the hand
was recorded, the control site was usually taken proxi-
mally, further up the extremity. Observation revealed that a
person’s hand tends to be more yellow (a finding also
recorded by others [33]), presumably due to sun exposure,
than the arm. Thus, due to imperfect subtraction by the
control, bruises of the hand were appearing more yellow at
a given time than bruises on other sites.

Although it appeared that colorimetry provided the best
prediction of bruise age when combined with additional
factors, critical analysis shows colorimetry to be impaired
by the underlying skin color.

Measurement of the first derivative values was not
affected by skin tone in the study group. However, there
were no deeply pigmented, negroid, subjects. The addition
of subject sex as a significant factor was not expected, with
females displaying more breakdown of hemoglobin at a
given age of bruise than males. However, the small number
of male subjects questions the validity of this observation.
The depth of the bruise as judged by inspection was also a
significant variable. This was not unexpected. However,
the fact that mixed depth bruises showed more breakdown
of hemoglobin at a given age of bruise than deep intra-
dermal, coupled with the low number of purely intradermal
bruises places uncertainty on this finding.

It has been written that a bruise will not appear yellow in
under 18 h [1]. This observation has been supported by
others. For yellow to be seen in a bruise the local accu-
mulation of yellow pigments of hemoglobin breakdown
needs to exceed the background color of skin by a suffi-
cient level to be perceived by the human visual system. The
requirement for a period of time before the appearance of
yellow color could be due to a true delay resulting from the
need to recruit macrophages to the injured area and then for
macrophages to induce their heme oxygenase enzymes to
allow the degradation of hemoglobin. It was hoped to be
able to demonstrate a lag phase in the development of
yellow color and the change in the first derivative values,
however, this was not clearly present (Fig. 2). A lack of
data from early bruises may be partly the reason for this
(Fig. 1) and for the colorimetry data: the inability to
completely correct for skin tone may have caused
obfuscation.

This large spectrophotometry study of bruises has
demonstrated that there is a relationship between the
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Fig. 3 Yellowness ASTM E313 divided by first derivative at 490 nm
against time. Although there is good correlation between the two
variables (+* = 0.8), it can be seen there are a number of outlier
points

demonstration of breakdown products of hemoglobin and
the age of a bruise. However, the relationship is a weak one
and other factors have to be taken into account. Colorim-
etry measurements can be significantly affected by skin
tone. For spectrophotometry, subject dependent factors
include gender and bruise depth. The size of the bruise, the
degree of trauma, subject build, bruise site and subject age
were not factors that influenced being able to determine the
age of the bruise.

This study is limited by the small numbers in some
subject groups (for example the number of male subjects,
the number of purely intradermal bruises and small num-
bers of early bruises). Also, only a single measurement was
taken from each bruise using the probe which has a sam-
pling area around 3 mm in diameter. The results suggest
that simple analysis of spectrophotometric data of this type
is of limited use in determining the age of bruises. The use
of complex mathematical modeling based on the optical
properties of skin combined with collection of spectro-
photometric data over larger areas has shown promise in
bruise age determination [31], however, in the published
study the subjects and bruises were similar. It is possible
that subject related variables will need to be included into
any methodology that is used to determine the age of
bruises by spectrophotometry.

Key points

1. Measurement of yellow color using colorimetry pro-
vides information regarding the age of a bruise.
However, measurements appear affected by skin tone.
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2. Measurement of the accumulation of the degradation
products of hemoglobin by using reflectance spectro-
photometry to obtain the first derivative value at
490 nm provides information regarding the age of a
bruise, which is not affected by skin tone.

3. Subject related factors such as gender, depth of the
bruise and spectrophotometric measurement of the
oxygenation of hemoglobin in the bruise increase the
predictive value of the first derivative value at 490 nm.

4. Even when subject related factors are incorporated into
the general linear model with first derivative value at
490 nm, using the methodology of this study provides
only 31% of the prediction of the age of a bruise.
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Abstract A 58-year-old woman with acromegaly devel-
oped massive epistaxis 7 days following trans-sphenoidal
resection of a growth hormone-secreting pituitary ade-
noma. At autopsy, it was determined that the source of the
hemorrhage was a rupture of the intracavernous segment of
the internal carotid artery secondary to a bacterial arteritis.
We describe the gross dissection and histologic examina-
tion undertaken in this unusual case, discuss the possible
etiology of the infection and review the potential compli-
cations of this surgical approach with a view to improving
forensic examination of these patients.

Keywords Forensic pathology -
Trans-sphenoidal resection - Pituitary adenoma -
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Introduction

The trans-sphenoidal approach to the sella turcica is the
simplest and safest approach with published mortality rates
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of 0.1-0.9% [1-5]. Although rare, potentially fatal com-
plications may result from this surgical procedure,
including hemorrhage from the carotid artery or its bran-
ches [1, 5-7]. Here we present one such complication in a
patient who died of massive epistaxis and hemoaspiration
1 week following resection of a pituitary adenoma. This
case is unique in that the fatal hemorrhage occurred sec-
ondary to bacterial infection and necrosis of the intracav-
ernous segment of the internal carotid artery.

The case

A 58-year-old woman presented to her primary care phy-
sician with symptoms of acromegaly that had been grad-
ually worsening over a period of approximately 30 years.
Her past medical history was significant only for hyper-
tension and a 42 pack-year smoking history. Investigations
showed an elevation of serum growth hormone (GH), and
an MRI scan revealed a two centimeter mass in the pitui-
tary gland associated with a small area of hemorrhage and
remodeling of the sella turcica; the mass also appeared to
extend around the right internal carotid artery. She was
referred to the neurosurgical service at a tertiary care
hospital where the decision was made to proceed with a
trans-sphenoidal endoscopic resection of the mass.
Although the tumour was found to be adherent to the right
internal carotid artery the surgery was completed without
intraoperative complication. The surgeons felt they had
removed all of the visible tumour, although there was
acknowledgement in the operative note that a tiny piece
may have been left adherent to the right internal carotid
artery. There was good hemostasis and a bone graft was
used to repair the sellar floor as per routine surgical pro-
tocol. The patient was discharged to the ward in good
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condition. On post-operative day (POD) #3 she developed
a headache, a cerebrospinal fluid (CSF) leak that presented
as serosanguinous rhinorrhea and episodic systemic
hypertension. On POD #6 she experienced an episode of
epistaxis, but was not found to be actively bleeding when
she was examined the following day. A sample of CSF was
sent for bacterial culture on POD #7, and was found to be
positive for anaerobic Gram positive cocci and diphtheroid
bacilli. On POD #8 she developed massive epistaxis that
could not be controlled with nasal packing, and she then
suffered a cardiac arrest. In spite of intubation via a sur-
gical airway, she could not be resuscitated and died later
that day.

Autopsy findings

At autopsy, the patient was acromegalic with coarse facial
features and broadening of the distal fingers and toes. There
was evidence of both the prior surgical procedure as well as
the resuscitation attempt, including a tracheotomy with
endotracheal tube and bilateral Foley catheters within the
nasal cavities. The endotracheal tube was filled with clotted
blood. Upon removal of the calvarium and brain, the dura
covering the base of the skull was intact and the intracra-
nial portions of the internal carotid arteries were unre-
markable. There was focal fresh hemorrhage around the
pituitary gland. The external surface of the brain was
unremarkable.

Removal and examination of the surgical site was then
undertaken. The cavernous sinuses were incised with a
scalpel to expose the cavernous portions of the internal
carotid arteries. Using an oscillating saw, the intraosseous
portions of the arteries were exposed by making a saggital
cut into the petrous ridge, approximately halfway along its
length. Two axial cuts into the ridge allowed a chunk of
bone to be removed, revealing the arteries, which were then
transected prior to entering the foramen lacerum. A coronal
cut was made through the body of the sphenoid bone,
rostral to the anterior clinoid processes (the anterior clinoid
processes may be removed at this point to release the cli-
noid segments of the arteries). A second coronal cut was
made through the middle of the clivus. Saggital cuts were
then made into the greater wings of the sphenoid bones,
angled slightly medially so as to undermine the sella tur-
cica. The entire block was removed, fixed in formalin and
decalcified prior to sectioning. The surgical site could then
be examined by simply flipping the block over.

The surgical site showed the presence of a bone graft at
the posterior wall of the sphenoid sinus and the sinus cavity
was occluded by blood clot. There was no evidence of a
carotid-cavernous fistula. There was acute hemorrhage
within the tissues adjacent to the clinoid/cavernous seg-
ment of the right internal carotid artery (Fig. 1), and this

area of hemorrhage was in continuity with the operative
site in the sphenoid sinus. The supraclinoid portion of the
left internal carotid artery showed an incidental unruptured
saccular aneurysm, 0.8 cm in diameter, with associated
atheroma (Fig. 2a).

Additional gross findings included the presence of clotted
blood within the tracheobronchial tree (Fig. 2b) and evi-
dence of hemoaspiration within all lobes of both lungs. There
was blood in various stages of digestion present within the
gastrointestinal tract, from the stomach to the sigmoid colon.
The remainder of the gross examination was unremarkable.

Histologic investigations included examination of sec-
tions obtained from the en bloc dissection of the base of
skull, including the sella turcica, bilateral cavernous sinu-
ses, and the distal intraosseous segments of both internal
carotid arteries. The clinoid/cavernous segments of the
internal carotid arteries were sampled by cutting the sec-
tions perpendicular to the main axis of the artery. Routine
hematoxylin and eosin-stained slides were prepared from
all blocks. Sections showed a cellular repair reaction near
the pituitary fossa, in keeping with the prior surgery. The
cavernous segment of the right internal carotid artery
showed a pyogenic arteritis with focal transmural necrosis
and a rupture site immediately adjacent to the superior
clinoid process (Fig. 3). Bacteria were identified in this
area and were seen to infiltrate the artery wall; a Gram stain
confirmed the presence of weakly Gram-positive cocci and
coccobacilli. Special stains for fungal organisms and acid-
fast bacilli were negative. Within the sphenoid bone adja-
cent to the area of maximal arteritis was a marked chronic
inflammatory infiltrate that extended into the bony tra-
beculae with foci of supparative inflammation and acute
bone lysis. A dense fibrinopurulent exudate was also
identified at one end of the sphenoid sinus bone graft.
There was no evidence of a pre-existing aneurysm within
the wall of the right internal carotid artery, nor were there
any findings to suggest the presence of a traumatic pseu-
doaneurysm resulting from the surgery. A Masson’s penta-
chrome stain demonstrated the presence of a circumferential
internal elastic layer, even within the areas of mural
necrosis. Residual pituitary adenoma was present and
invaded the medial dural wall of the cavernous sinus,
partially encased the right internal carotid artery and
infiltrated around the oculomotor nerve cluster in the lateral
compartment of the cavernous sinus with extension into the
fibrous connective tissue outside the sinus. The surgical
specimen consisted of numerous fragments of sinus
mucosa, bone (submitted as “ethmoid” and “sphenoid
sinus™), pituitary gland and tumour. Retrospective review
of the specimens revealed no evidence of an underlying
sinusitis or osteomyelitis at the time of surgery.

The cause of death was certified as “Airway obstruction
by blood clot and hemoaspiration due to hemorrhage into

KU
2.« Humana Press



284

Forensic Sci Med Pathol (2010) 6:282-287

Fig. 1 The en bloc resection of the sella turcica, bilateral cavernous
sinuses and intraosseous segments of the internal carotid arteries. a
superior [intracranial] aspect of the tissue block. The pituitary stalk is
highlighted with the dotted line. b Inferior view. The surgical site
within the sphenoid sinus is outlined with the dashed line. An area of

hemorrhage is seen medial and rostral to the right internal carotid
artery, which is indicated by the star. The arrow indicates the left
internal carotid artery. II, left optic nerve; ICA, left internal carotid
artery; V, left trigeminal nerve

Fig. 2 Additional gross findings. a An unruptured berry aneurysm of the left internal carotid artery with associated atheroma. The star marks the
optic chiasm. b Clotted blood within the tracheobronchial tree indicating massive hemoaspiration

the sphenoid sinus from rupture of a necrotic segment of
the right internal carotid artery due to pyogenic (bacterial)
arteritis associated with osteomyelitis of the sphenoid bone
and recent trans-sphenoidal resection of a pituitary ade-
noma invading the right cavernous sinus”.

Discussion

The most common complications following trans-sphe-
noidal resection of pituitary tumours are non-fatal and
biochemical in nature, namely diabetes insipidus and
hypopituitarism [1-5]. Post-operative infectious compli-
cations are also relatively frequent, with rates of meningitis
ranging from 1.5 to 5.5% in the studies reviewed [1, 4, 5]
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and a rate of sinusitis of 8.5% in one large American ret-
rospective review based on self-report surveys from neu-
rosurgeons [1]. Although uncommon, hemorrhagic
complications carry the greatest risk of short-term mortal-
ity, and there are reports in the literature of fatal bleeds
from damaged carotid arteries [1, 6, 7]. The internal carotid
artery is the vessel most frequently affected, although
branches of the external carotid are also vulnerable with
trauma to these vessels leading to massive delayed epi-
staxis, often more than a week post-surgery [8]. In most
cases where the internal carotid artery is directly damaged
during surgery, the result is the formation of either false
aneurysms or carotid-cavernous fistulas, both of which can
be readily managed surgically or via endovascular tech-
niques [1, 6, 7, 9].
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Hemorrhagic complications may also result from intra-
operative damage to pre-existing aneurysms, and although
intrasellar aneurysms are infrequent, they are well-recog-
nized mimics of pituitary adenomas [10]. A somewhat
more common phenomenon is that of variant arterial
anatomy, including persistent trigeminal arteries (PTA).
PTA represents the most frequent anomaly of the internal
carotid-basilar artery anastomosis, and consists of an
arterial branch originating from the cavernous segment of
the internal carotid artery and running along the trigeminal
nerve, through the posterior fossa to directly supply the
cerebellum [11]. PTA has an angiographic incidence of
0.2-0.6% in adults, and may be associated with intracranial
aneurysms in up to 26% of patients [11]. Pre-operative
angiography will define such anomalous vessels and enable
the neurosurgeon to appropriately plan the surgical
approach.

Infectious (‘mycotic’) aneurysms have been reported as
post-operative complications, however, they are exceed-
ingly rare [1, 12, 13]. The patient described by Onishi et al.
[12] developed a high fever, nuchal rigidity and leuocytosis
on POD #5. Angiography disclosed an aneurysm of the
supraclinoid portion of the internal carotid artery and
subsequent surgical exploration revealed a suprasellar
abscess. The patient had a known history of poorly-con-
trolled diabetes mellitus and chronic maxillary sinusitis and
development of the aneurysm was attributed to bacterial
invasion of the sella, suprasellar arachnoid and optic nerves
by organisms from the sinusitis that then spread to the
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Fig. 3 Photomicrographs of a coronal section through the cavernous
segment of the right internal carotid artery. a Whole mount H&E at
3x magnification. The arrow indicates the rupture site in the internal
carotid artery. b Internal carotid artery at 8 x magnification. ¢ Wall of

the internal carotid artery showing a dense neutrophilic infiltrate and
mural necrosis, H&E at 20x magnification. d Movat stain of the
arterial wall demonstrating destruction of the elastic lamina, 100x
magnification

supraclinoid portion of the internal carotid artery. In the
report by Mielke et al. [13], the patient died following
rupture of a fungal aneurysm of the basilar artery that
developed approximately 10 months after trans-sphenoidal
resection of a GH-secreting adenoma. Similar to our case,
the patient in that report was not immunocompromised and
there was no history of sinusitis prior to surgery or any
evidence of infection or inflammation in the surgical
specimen. At autopsy, hyphae of Candida albicans and
Aspergillus fumigatus with an associated inflammatory
response were identified on the surface of the brain, within
the left optic nerve and retrobulbar soft tissue, and within
the cavernous and sphenoidal sinuses. There was vasculitis
involving the circle of Willis, and an unruptured mycotic
aneurysm of the intracavernous segment of the left internal
carotid artery. The source of this infection was not clearly
identified, although it was felt to be secondary to the prior
surgery [13].

Although the source of the infection in our case remains
unconfirmed, the presence at autopsy of chronic osteomy-
elitis involving the sphenoid bone suggests that the vas-
culitis was a result of a post-operative infection of the
sphenoid sinus in the setting of a CSF leak. A pre-existing
chronic sinusitis or osteomyelitis of the sphenoid bone was
also considered as an etiologic possibility; however, the
lack of inflammation in the bone and mucosal fragments
from the surgical specimen makes this alternative less
likely. Furthermore, there was no suggestion of sinusitis on
the pre-operative imaging scans. As previously stated, post-
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operative sinusitis is a well-recognized complication of this
procedure, with published rates ranging from 1 to 15% [1],
and the presence of a CSF leak in our patient indicates
there was a potential route for organisms to access the
surgical site. Post-operative CSF rhinorrhea is one of the
more common complications of this surgical approach
[1, 10], and CSF leaks are a well-known risk factor for
subsequent meningitis. It is possible that the bone autograft
was contaminated prior to reconstruction of the sellar floor,
however, this is highly unlikely. To the best of our
knowledge, there are no reports in the neurosurgical liter-
ature describing such a complication.

Of further interest in this case was the presence of an
undisrupted saccular aneurysm of the supraclinoid portion
of the internal carotid artery on the contralateral side. There
is a well-documented but rarely appreciated association
between GH-secreting pituitary adenomas and aneurysms
of the intracranial arteries [14—16], and it is theorized that
high levels of GH and insulin-like growth factor 1 [IGF-1]
lead to aneurysm formation through induction of arterial
dilation and degenerative changes in the arterial wall [14,
16]. Intrasellar aneurysms represent a small subset of
intracranial aneurysms seen in patients with functional
adenomas, however, the consequences of their presence
can be devastating if they are not adequately documented
prior to surgery. There was no such aneurysm in this case.
Knowledge of this association is obviously critical to
neuroradiologists and neurosurgeons, however, patholo-
gists should also be cognizant when performing autopsies
on patients who die following trans-sphenoidal surgery. If
hemorrhagic complications are suspected to be the cause of
death, special dissection of the sellar, parasellar and
suprasellar area and/or special stains of blood vessels may
be required to document the presence of a pre-existing
carotid artery aneurysm.

In addition to describing an unusual complication of a
relatively common surgical procedure, this report also
highlights the utility of specialized dissections in forensic
pathology. Although challenging and time consuming, the
dissection and histologic examination of the cavernous
sinus area was essential in this case to determining the
source of bleeding, and an accurate determination of the
cause of death.

Key points

1. Fatal complications of trans-sphenoidal resection of
intra-cranial tumours are rare, but well documented in
the literature. In addition to complications common to
all surgeries such as pulmonary thromboembolism,
fatalities following trans-phenoidal surgery may occur
due to hemorrhage from intraoperative damage to the
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internal carotid artery or its branches, meningitis, or
direct injury to the central nervous system.

2. Post-operative hemorrhage may be secondary to direct
vascular injury, to infectious processes involving
branches of the internal or external carotid arteries,
or to pre-existing aneurysms of the internal carotid
artery.

3. In cases involving suspected complications following
trans-sphenoidal surgery, special dissections of the
sella turcica and cavernous sinuses at autopsy are
essential for accurate determination of the cause of
death.

4. Clinicians and forensic pathologists should be aware of
the possible coexistence of GH-secreting pituitary
adenomas and saccular aneurysms of intracranial
arteries. Prolonged secretion of growth hormone is
thought to induce atherosclerotic and/or degenerative
changes in the walls of the arteries in the circle of
Willis, thus leading to aneurysm formation. Acrome-
galic patients who come to autopsy should therefore be
assessed for the presence of intracranial aneurysms.
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Abstract Bullet retrieval from the body of a gunshot
victim is one of many tasks in post-mortem forensic
examination. Rarely, it is complicated by the migration of
the missile away from the entry point by vessel embolism.
Abdominal firearm injuries, in which the bullet enters the
intestines and moves inside the lumen away from the point
of penetration, are even less common. We present a case of
postmortem recovery of a bullet from the intestines of a
gunshot victim who died 18 days after being shot in the
trunk by three low velocity bullets. A missile had moved
within the colon during hospitalization and postmortem
handling of the body and was recovered from the sigmoid
colon. This case demonstrates an extremely rare type of
bullet “embolism” and emphasizes the usefulness of CT
scanning in the location of projectiles.

Keywords Bullet “Embolism” - Penetrating trauma -
Postmortem examination - X-ray radiography -
CT scanning

Introduction
Trauma to the human body caused by shooting is divided

into perforating and penetrating. In cases of penetrating
trauma, the bullet loses its kinetic energy during movement
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along its trajectory and remains within the body. Bullet
embolism is a phenomenon in which a bullet that pene-
trates the body and halts is carried away from its initial site
of lodgment to a distant location.

We describe a case of an unusual trajectory of a low
velocity bullet that penetrated the peritoneal cavity, and the
perplexing obstacles of its retrieval.

Case report

A 27 year old male was admitted to a medical center after
being shot by low-velocity bullets in the trunk and upper
limbs. The bullets entry wounds of the trunk were located
in the right and left chest and in the abdominal wall above
the right iliac crest. The victim underwent an emergency
explorative laparotomy, where massive venous bleeding
was controlled with local packing. After surgery, an
abdominal computed tomographic (CT) scan was per-
formed and three middle sized caliber bullets were iden-
tified: one in the inter-vertebral disc between the eleventh
and twelfth thoracic vertebra, and another between the
spinous processes of the first and second lumbar vertebra.
A third bullet was visualized near the thickened wall of the
descending colon, some 18 cm from the splenic flexure.
The exact location of the projectile could not be assessed,
owing to imaging interference caused by reflecion of
X rays (Fig. 1).

Despite right hepatic lobectomy being performed the
next day, and attempts to surgically control the intrapleural
and intraperitoneal re-bleeding events, the victim died
18 days later due to septic shock and multi-system organ
failure.

Although a complete autopsy is generally required in
cases of homicidal shooting [1], in this case, according to
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Fig. 1 Antemortem abdominal computerized-tomography scan after
first surgery. a A low-resolution coronal view (“localizer”) of a
computerized-tomographic scan performed after the first laparotomy.
Three bullets are present: one in the inter-vertebral disc between the
eleventh and twelfth thoracic vertebra (upper dashed arrow), another
between the spinous processes of the first and second lumbar (lower
dashed arrow), and a third bullet adjacent to the descending colon of
second lumbar vertebra (bolded arrow). The horizontal line at the

police instructions following a request of the deceased’s
family, only an external examination and partial autopsy
aimed at removal of the bullets were performed.

Two of the three abdominal bullets were easily localized
and recovered from the vertebral column. A third bullet
appeared on post-mortem antero-posterior (AP) radiogra-
phy near the left iliac crest, with its long axis oriented
medio-laterally (Fig. 2a). Despite thorough exploration, the
missing bullet was not detected either throughout the whole
thickness of the left abdominal wall, or in the peritoneal
cavity. Interpretation of lateral radiographs, added to
complement the non-invasive examination, did not con-
tribute much to the understanding of the spatial localization
of the bullet.

The mystery was solved when the orientation of the
bullet in an additional AP radiograph taken after repeated
mobilization of the body was changed to rostro-caudal
(Fig. 2b), and the suggestion that the bullet may be found
within the intestines was raised. Although external palpa-
tion of the large bowel was unproductive, the projectile
was found in the sigmoid colon on internal exploration
(Fig. 3). Only then was a small, semi-lunar, sutured lac-
eration of the colonic wall just distal to the splenic flexure,
which was not mentioned in the summary report issued by
the treating medical centre, discovered. Later, a complete
medical file was delivered to the medical examiner in
charge of the examination. Scrutiny of all the emergency
surgical procedures revealed that on the first laparotomy a
tiny laceration of the colon wall was sutured. In the

level of second lumbar vertebra marks the level of the axial image
shown in b. Multiple packing surgical pads are present within the
abdomen (successive thin arrows). R =right, L = left. b Axial
section at the level of second lumbar vertebra. A bullet (bolded
arrow) is located in the descending colon. Note the free air bubbles in
the abdominal cavity (thin arrows), as well as an incongruence of the
anterior abdominal wall. R = right, L = left

antemortem abdominal CT submitted with the medical file
the bullet was seen within the lumen of the descending
colon (Fig. 1b).

Discussion

Recovery of bullets from the body of a shooting victim is a
crucial task in forensic medicine. Their presence is essen-
tial for ballistic tests carried out in order to identify the
weapon from which the bullets were fired. When a missile
is not found in the expected location calculated by the site
of entry and its trajectory, it is safe to assume that it could
have either been deflected from its previous course by hard
tissues, exited through the natural body orifices, or been
carried away to a distant location [2].

Embolism refers to the migration of a solid particle,
such as a missile, thrombus or a medical device, liquid such
as amniotic fluid, or gaseous bubble such as nitrogen, from
its point of origin to a distant site [3]. Emboli are carried
through a vessel, or propelled by blood flow, air pressure,
or active or passive body movement, and therefore can
occur even after death [4].

Numerous reports describe bullet embolism in larger
blood vessels, followed by complications due to obstruc-
tion of systemic blood vessels [5—11] and pulmonary [6, 7,
9, 10, 12] or paradoxical emboli [13]. In a smaller number
of reports, bullet “embolism” through the urinary system is
described, followed by urinary retention [14—16]. There are
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Fig. 2 Postmortem abdominal X-ray antero-posterior views taken
during internal examination of the body. a Postmortem antero-
posterior X-ray view of the victim’s abdomen. Prior to the recovery of
the bullets, two bullets are lodged in or near the vertebral column
(dashed arrows). A third bullet is seen above the iliac crest with its

Fig. 3 The sigmoid colon of the victim where the bullet was found.
One of the three abdominal bullets (Figs. 1, 2) visualized within the
sigmoid colon

also case reports of esophageal injury and subsequent
finding of the bullet in the stomach [17] and migration of a
bullet from the stomach into the intestines [18].

DiMaio described two cases of bullets expelled through
the mouth: in one case a spent bullet from an entry wound
in the back was found in the oral cavity; in the other, a
projectile from a wound in the chest halted within the lung
and was coughed or vomited by the victim [19].

Shooting is the leading cause of violent death in the
United States [20]. Bullet injuries constitute the vast
majority of abdominal perforating trauma, and the greater
part of penetrating trauma [21-23]. A penetrating bullet

N

3.« Humana Press

long axis oriented medio-laterally (bolded arrow). R = right,
L = left. b Repeated postmortem antero-posterior X-ray view after
recovery of the bullets lodged in the spine. The long axis of the third
bullet seen in Fig. 2a (bolded arrow) has changed to rostro-caudal.
R = right, L = left

that punctures the abdominal cavity generally has enough
kinetic energy to be able to perforate the intestines, and
then halt upon striking the vertebral column, abdominal
wall muscles, or just beneath the skin. Nevertheless, there
may be cases of low-velocity ammunition in which the
bullet course ends within a hollow viscus. These cases
seem to be infrequent, and are seldom reported in the
literature.

The post-mortem detection and recovery of a bullet in
cases of penetrating trauma is generally carried out using
X-ray radiography, and in most instances an AP view is
sufficient. The recommended additional lateral view is
seldom performed in routine forensic practice [24], mainly
because of technical limitations. The images are analyzed
and compared to the body during internal examination,
after deducing the general course of the trajectory from the
entrance wound. In most cases, the bullet is easily found
using marks such as subcutaneous and deeper hemorrhage,
palpation of soft tissue against the skeleton, or using no
more than superficial dissection.

However, in the case of a bullet halted within the
intestines, lack of awareness of the spatial location may
result in the futile seeking of the missile in the abdominal
wall. This could be due to the possibility that the two-
dimensional X-ray image may be interpreted as if the
roentgenic shadow of the bullet on the abdominal wall
indicates its real location. The recommended two radio-
graphic positions (AP and lateral) might be insufficient, as
in the present case.

Lodging of a bullet in the intestine is a very rare event,
and although it is rarely reported in the literature, should be
taken into consideration when searching for a missile in the
abdomen. When enough time has passed between the
shooting event and death, changes in the injured tissues and
the lack of local hemorrhage that usually indicate the
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possible course of the bullet, tend to disappear, depriving
the prosector of crucial indication for the location of the
foreign object. In such cases, post-mortem CT or MRI
scans, if available, in addition to the routine AP and lateral
radiographic may facilitate bullet detection [25].

In the present case, the bullet had penetrated the colon
through a tiny laceration and moved, after the initial sur-
gical procedure, from its initial reported location near the
splenic flexure to the level of the second lumbar vertebra
during hospitalization. This migration may be attributed to
peristalsis, although contribution of external palpation or
manipulation of the bowel during surgical procedures can-
not be excluded. The bullet was not expelled from the body
by defecation probably due to decreased bowel movement
as part of a state of ileus and peritonitis following perfo-
ration of the colon. Finally, the projectile was located at the
sigmoid colon, probably due to mobilization of the body.

Preforming an autopsy in Israel requires next-of-kin
consent or a court order. Partial autopsy in forensic
investigation of death is a rare, albeit established policy in
our legal system, and is usually performed in special cir-
cumstances. When the family is reluctant to consent to a
complete autopsy, the investigative leads are straightfor-
ward, and the partial autopsy is designated to achieve a
particular goal, such as bullet retrieval; thus the police may
accede to the family’s wish in order to avoid lengthy court
procedures.

We advise that, before the post mortem internal explo-
ration of surgically treated shooting victims is carried out,
the forensic expert be presented with the complete medical
file of the deceased along with a set of the original imaging
tests, and not with the “discharge summary” only. Such a
policy will expedite and facilitate the retrieval of bullets and
avoid the confusion raised by possible bullet “embolism”.

Key points

1. Bullets that hit the trunk generally stop at the
abdominal or chest wall, and are usually found within
a vertebra or a rib, or just underneath the skin. It is a
rare event when a bullet halts within the intestines.

2. A bullet that rests within the intestines might migrate
within the intestines if the victim survives and under-
goes surgery, as it does within blood vessels and the
urinary tract. Furthermore, its location and orientation
may change while handling the cadaver. In such cases
locating the bullet based on imaging produced when the
shooting victim was alive, might be difficult.

3. Recovery of a bullet from the body using a two-
dimensional plain X-ray film or electronic image may
be complicated. A 3D computerized tomography may
facilitate the bullet’s retrieval.

4. A full medical history of a surgically treated shooting
victim is essential for the understanding of such cases
before the performance of the autopsy.
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Abstract Autolytic rupture of the stomach, so called
gastromalacia, is a well recognized artifact at autopsy.
A 50 year old Asian woman with a past history of alco-
holism, head injury and posttraumatic epilepsy was found
deceased at home following a 12 h period of feeling
unwell, seizures and vomiting. Postmortem CT images of
the abdomen showed free gas in the peritoneal cavity
adjacent to the stomach and no other abnormality. There
were no external or radiological features of putrefaction.
Appearances were stated by a radiologist to be strongly
suggestive of gastro-intestinal tract perforation. Autopsy
revealed typical findings of autolytic gastric rupture with-
out features of peritonitis. Cause of death was determined
by the pathologist to be “complication of status epilepticus
(posttraumatic)”. This case demonstrates that gastromala-
cia may occur rapidly after death and can be detected on
postmortem CT, even in the absence of external putrefac-
tive features or CT findings of putrefaction such as gas
within the anterior abdominal wall, cardiac chambers or
hepatic vasculature. The radiologist with forensic interest
must be aware of this postmortem CT artifact in order to
avoid ascribing the presence of free intra-peritoneal gas to
antemortem perforation of the bowel.
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Introduction

Postmortem artifacts are described as “any change caused
or feature introduced in a body after death that is likely to
lead to misinterpretation of medico-legally significant
antemortem findings” [1]. Forensic pathologists perform-
ing autopsy are mindful of these artifacts including
hypostasis, decomposition, resuscitation effects, heat-rela-
ted fracturing of bone, agonal changes such as regurgitation
and aspiration, and trauma to the body occurring as a result
of postmortem handling. Radiologists interested in inter-
preting postmortem CT or MRI must also be aware of the
artifacts and their imaging equivalents.

Organ autolysis is one such artifact commonly seen at
autopsy occurring primarily in the pancreas that can be
misinterpreted by the pathologist as hemorrhagic pancrea-
titis [2]. Autolytic rupture of the stomach, or so called
gastromalacia, is another well recognized artifact originally
described by John Hunter in the eighteenth century [3]. It is
less commonly encountered but occurs usually in the
region of the gastro-esophageal junction and fundus. It
results in thinning and softening of the gastric wall
and eventual slimy, brownish/black mural disintegration
producing local perforation. Similar appearances may be
visible in the distal esophagus (esophagomalacia). For a
pathologist, the key autopsy feature of this normal post-
mortem finding is the absence of peritonitis on visual
inspection and lack of an acute inflammatory or vital
reaction on histological examination [2].

Case report

A 50 year old Asian woman with past history of alcohol-
ism, head injury and posttraumatic epilepsy was found
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deceased by her friend. The previous evening she had
returned from an Alcoholics Anonymous meeting and
complained of feeling unwell. She retired to bed at
10.30 pm but awoke later that night with vomiting. She had
further vomiting and was incontinent of feces, with sei-
zures that were witnessed by her friend. He described that
on one occasion (~3.30 am) during one such seizure; she
appeared to hit the left side of her face against a wall
but remained conscious. Some 7 h after that incident
(~10.30 am) the deceased was found by her partner on the
floor of the bedroom with no sign of life and he called an
ambulance. Resuscitation was not attempted. Due to the
unexpected nature of her death and the presence of external
injuries to her face, arm and leg, police were informed and
the deceased admitted to the principal investigative facility
of the State Coroner.

Radiological findings

A postmortem computed tomography (CT) scan was per-
formed about 11 h after the deceased was found by her friend
and ~ 18 h after she was last seen alive. An Aquilion16®
multi-detector CT scanner (Toshiba Medical Systems,
Minato-ku, Tokyo, Japan) was used. The head and body were
scanned separately with 0.5 mm collimation and images
reconstructed into overlapping 1 and 2 mm slices respec-
tively. Images were sent to the Institute’s PACS server
(IMPAX®, Agfa HealthCare NV, Mortsel, Belgium) and
analyzed on a Vitrea® 2 workstation (Vital Images, Inc.
Minnetonka, Minnesota, USA).

Prior to autopsy, multi-planar and 3 dimensional CT
images were reviewed and demonstrated free intra-perito-
neal gas around the body and fundus of the stomach
(Fig. 1). There were no radiological features of putrefac-
tion i.e. no gas within the anterior abdominal wall over-
lying the cecum and sigmoid colon, and no gas in the
hepatic vasculature (Fig. 2). No definitive site of bowel
wall rupture was identified on CT or fluid collections
detected but given the presence of this free gas and its
location around the stomach, pathological (antemortem)
perforation of the stomach or duodenum was suspected by
the reporting radiologist.

Autopsy findings

A full postmortem examination was performed ~23 h
after the deceased was found by her friend and ~30 h
since she was last seen alive. At autopsy, rupture of the
gastric fundus was noted over a length of approximately
9 cm, with leakage of gastric contents into the left upper
quadrant of the abdominal cavity (Fig. 3). There was no
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Fig. 1 Axial postmortem CT scan through the upper abdomen of the
deceased demonstrating free gas within the peritoneal cavity (arrow)
anterior to the left hepatic lobe and adjacent to the gastric body. Note
the absence of gas in the hepatic vasculature as is often detected on
postmortem CT as a result of putrefaction

Fig. 2 Postmortem 3D minimal intensity projection (MinlP) CT
reconstruction of the deceased’s chest and abdomen highlighting
normal gas-containing structures. Note the abnormal collection of
extra-luminal gas (arrow) adjacent to the lesser curve of stomach

macroscopic evidence of peritonitis and the stomach wall
adjacent to the rupture site was markedly thinned. The
macroscopic appearance was typical of gastromalacia.
Histological examination of a section of gastric wall from
this area showed advanced autolysis without evidence of an
inflammatory reaction (Fig. 4). Postmortem examination
also revealed previous left sided craniotomy and chronic
posttraumatic changes to the left parieto-temporal and right
inferior temporal lobes, consistent with the deceased’s past
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Fig. 3 Photograph of the upper abdominal contents at autopsy
showing a large defect in the gastric fundus without signs of
surrounding peritonitis consistent with autolytic gastromalacia

Fig. 4 Photomicrographic section of the gastric wall stained with H
& E and magnified 100 times adjacent to the site of perforation,
demonstrating autolysis in the absence of acute inflammation

history of head injury and subsequent epilepsy. Neither
acute cerebral hemorrhage nor changes of recent cranial
trauma were identified. No other significant natural disease
was identified. In the absence of natural disease or signs of
acute traumatic injury, cause of death was determined by
the pathologist to be “complication of status epilepticus
(posttraumatic)”.

Toxicology findings

Toxological analysis of 10 ml postmortem femoral venous
blood using GC-A (gas chromatography packed column
with liquid dilution and direct injection) and GC-B/MS/
DAD (capillary gas chromatography with nitrogen phos-
phorus and mass spectrometry detection, and photo-diode

array gradient high performance liquid chromatography)
revealed no ethanol, poisons or common drugs. Impor-
tantly, levetiracetam, an anti-epileptic prescribed to the
deceased to control her seizures, was not detected.

Discussion

CT scanning of the deceased, even when autopsy is to be
performed, is valuable for the pathologist as it provides an
overview of the deceased’s anatomy and in many cases an
indication of likely pathology allowing the pathologist to
tailor autopsy technique [4]. Postmortem CT is clearly not
the same as clinical CT thus interpretation must take into
account changes that occur normally in the body after
death. The reporting radiologist also needs to be aware of
the many postmortem artifacts that are well recognized by
forensic pathologists including decomposition.

Decomposition is the normal disintegration of body
tissues occurring after death and consists of 2 processes
occurring in parallel. The first is autolysis or self dissolu-
tion of organs by endogenous body enzymes released from
disintegrating cells. The second is putrefaction due to the
effects of microorganisms, most commonly bacteria that
are characteristically gas forming [5].

Autolytic features are common autopsy and histological
findings for the forensic pathologist. Organs rich in
enzymes such as the pancreas, gastric wall and liver are
most susceptible to the process, especially the pancreas. If
occurring in the stomach it is termed gastromalacia due to
the appearance of gastric wall thinning and can lead to
local perforation causing gastric content to spill into the
peritoneal cavity. It should not be confused with patho-
logical perforation [6]. It has a typical autopsy appearance
and shows no surrounding inflammatory (vital) reaction in
the peritoneum on either visual inspection or histological
analysis. It tends to occur towards the gastric fundus but
may also involve the distal esophagus leading to perfora-
tion into the left chest cavity. It is seen more commonly in
patients with closed head injury possibly due to loss of
central temperature regulation leading to a terminal surge
in body temperature, promoting the autolytic process [5].

In the absence of contrast administration into the gastric
lumen, detection of gastric wall thinning is very difficult on
postmortem CT. Indeed even in the clinical setting,
meticulous CT technique using various intra-luminal con-
trast agents and dynamic intra-venous contrast enhance-
ment is required to accurately display the gastric wall,
allowing detection and staging of conditions such as gastric
malignancy [7]. Gastromalacia therefore may only be
suspected on routine postmortem CT if there is actual
perforation of the gastric wall with release of intra-luminal
gas and fluid into the peritoneal cavity.
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Gas is readily identified on CT as regions of very low
density (blackness) reflected in negative Hounsfield num-
bers. A Hounsfield number or unit is a normalized value of
the calculated X-ray absorption coefficient of a pixel
(picture element), expressed in units or numbers, where
that unit for air is defined as —1000 and that of water is
zero. It is not possible to differentiate between CO, and
other gases such as room air based on these Hounsfield
numbers.

CT in the clinical setting is very sensitive for the
detection of even small volumes of free gas in the
abdominal cavity and is certainly more sensitive than plain
abdominal radiographs [8, 9]. Any free gas detected on
clinical CT is considered abnormal and in the absence of
penetrating injury it is likely to be due to bowel perfora-
tion, although not all bowel perforations are associated
with release of gas into the peritoneal cavity. Interestingly
only 60% of cases of perforated bowel in the clinical study
by Pinto had any free intra-peritoneal gas present even
though the vast majority (92.5%) did have evidence of fluid
in the peritoneal cavity either in the supra or infra-meso-
colic spaces or both [10].

Postmortem CT is also sensitive for the detection of
extra-intestinal gas in the abdominal cavity. In a series of
deceased persons having CT following blunt trauma, free
intraperitoneal gas was detected with a sensitivity of 100%
[11]. Interpretation is clearly more difficult as free intra-
peritoneal gas can be due to multiple factors apart from
injury. Gas is a prominent feature in putrefaction and can
be detected on postmortem CT scanning in multiple sites
including the abdominal cavity as well as the hepatic
vasculature and cardiac chambers [12]. Abnormal collec-
tions of gas on postmortem CT have also been described in
the heart due to cardiopulmonary resuscitation [13] and
liver due to gastrointestinal distension, sepsis, necrotic
bowel and blunt force trauma [14—17]. This case had none
of the external features of putrefaction notably lack of skin
discoloration or marbling on the anterior abdominal wall,
skin blistering and slippage or bloating [18]. No gas was
identified in the liver or heart on CT and the bowel was not
distended at autopsy. No resuscitation attempts were
undertaken and there was no evidence of trauma to the
chest or abdomen. The only apparent explanation for free
intraperitoneal gas on the postmortem CT therefore was
bowel perforation.

Postmortem CT findings in gastromalacia have not
previously been reported but in a small series of patho-
logical (traumatic) small bowel perforations with autopsy
correlation, free intra-peritoneal gas was detected in 2 of 3
cases and “ascites” in 3 of 3 cases on the postmortem CT.
Perforation was confirmed at autopsy in all 3 cases but the
paper did not comment on the ability of postmortem CT to
detect associated inflammatory features in the mesenteric
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fat, determine the exact site of bowel perforation or state if
gas was localized to the site of bowel perforation [19].

In clinical practice, determining the exact site of bowel
perforation on CT is important for surgical management of
the patient. This can be problematic and relies on the
accumulation of gas around the site of bowel rupture and
detection of defects in the integrity of the bowel wall. One
author has indicated that gas centered on the falciform
ligament is more suggestive of an upper gastro-intestinal
origin of leak as compared to scattered pockets of gas being
more likely in distal perforation [9]. In another large
clinical series of 85 perforation cases, CT was able to
localize the site of perforation in 73 cases (86%) due in
most part to the localization of gas at the site of rupture as
well as detection of bowel wall thickening (58%) and
defects in the bowel wall (40%) [20]. In a case report of
blunt traumatic gastric perforation, CT scan prior to sur-
gery did demonstrate the site of gastric wall rupture and
this was confirmed at surgery [21]. This ability to detect
bowel wall disruption was not reproduced in another
clinical series of 40 surgically proven gastro-intestinal
perforations using optimal CT technique, in which no site
of bowel wall discontinuity was detected [10]. In a retro-
spective clinical series by Chen et al. [22], CT showed free
air in 100% of 14 patients with perforated peptic ulceration
but the site of perforation in only 5 (36%).

Given that detection of free gas and bowel wall dis-
continuity is not always possible in pathological (ante-
mortem) gastro-intestinal tract perforation, authors have
indicated that on clinical CT there are other findings that
may be associated with bowel perforation notably bowel
wall thickening, focal or generalized fluid collections, and
intra-abdominal fat stranding although these are not as
reliably detected [9, 20]. These later features are likely to
be of benefit in the interpretation of postmortem CT for
deceased persons with bowel rupture occurring before
death as they are indicative of bowel content leak and
reactive peritoneal inflammation.

Conclusion

Free gas in the peritoneal cavity on postmortem CT must
be interpreted with caution. In the absence of penetrating
injury or resuscitative measures, gas could be due to
putrefaction, gastromalacia or pathological (antemortem)
bowel perforation. If putrefaction is responsible then gas
may also be detected in the abdominal wall, cardiac
chambers or hepatic vasculature on CT and features of
putrefaction may be evident on external examination of the
deceased. If there are no visible or other radiological fea-
tures of putrefaction and gas is isolated to the peritoneal
cavity then bowel perforation is likely.
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The differentiation between perforation due to autolysis
from pathological gastro-intestinal tract perforation on CT
is difficult. Postmortem artifact (gastromalacia) must be
suspected if free gas is accumulated around the gastric
body and fundus or lower esophagus, however, based on
clinical CT studies the actual site of perforation may not
always be evident. A short postmortem interval to CT
scan does not exclude gastromalacia as in this case the
time to scan was less than 24 h after death. In the same
way that the pathologist must look for secondary
inflammatory changes in the peritoneum so too must the
radiologist look for the other reported CT features of
bowel perforation notably free or loculated fluid collec-
tions in the peritoneal cavity, as well as bowel wall
thickening and abdominal fat standing. It is only when
such additional changes are detected that a confident
postmortem CT diagnosis of pathological (antemortem)
bowel perforation with reactive peritonitis can be
entertained rather than artifactual gastromalacia with
perforation.

Key points

1. Gastromalacia or autolytic gastric wall thinning and
rupture is a common postmortem artifact at autopsy

2. CT 1is very sensitive at detecting free gas in the
peritoneal cavity

3. Causes of such free intra-peritoneal gas on postmortem
CT include penetrating injury, putrefaction, cardiopul-
monary resuscitation, antemortem bowel perforation
and gastromalacia

4. Postmortem CT findings of gastromalacia are free gas
around the stomach in the absence of features associ-
ated with peritonitis

5. Gastromalacia on postmortem CT can occur within
hours of death and may not be associated with external
or CT findings of putrefaction
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Abstract Deaths resulting from the use of black powder
handguns are relatively uncommon compared to other
firearms. We report the case of a 48 year-old woman who
sustained a lethal gunshot wound to the face from a black
powder revolver. Autopsy revealed extensive soot and
powder deposition around the entrance wound between the
right eye and nose with perforation of the skull and brain.
The exit wound also contained evidence of soot. Discus-
sion of this characteristic pattern of discharge deposition
from black powder weapons is presented.

Keywords Black powder - Hand gun - Ballistics -
Wound
Introduction

Black powder is a propellant once used in ammunition and
as the bursting charge in artillery projectiles. It is made of

J. J. Pavelites (X))

Transitional Year Program, GME Office, Dwight D. Eisenhower
Army Medical Center, Building 300, Hospital Road, Ft. Gordon,
GA 30905, USA

e-mail: joseph.pavelites @us.army.mil

D. Kintzele - P. Fotia
Indiana State Police Laboratory, Lowell, IN 46356, USA

J. A. Prahlow
South Bend Medical Foundation, 530 North Lafayette
Boulevard, South Bend, IN 46601, USA

J. A. Prahlow

Indiana University School of Medicine-South Bend

at the University of Notre Dame, Raclin-Carmichel Hall,
1234 Notre Dame Avenue, South Bend, IN 46617, USA

M,
3« Humana Press

charcoal, sulfur, and potassium nitrate and is commonly
referred to as “gunpowder.” Black powder is no longer
commonly used except in replicas of antique firearms.
“Black powder firearm” is a term that describes a weapon
that traditionally uses the aforementioned propellant or the
closely related, modern substitute powder formulations.
The use of black powder firearms in homicides is a rare
event even with less stringent government oversight com-
pared to cartridge loaded weapons. Though less govern-
ment regulation has led to ease of availability, it has been
suggested that the complexity of loading and lack of reli-
ability of black powder weapons limits their choice as a
weapon [1]. The uncommon use of black powder weapons
in homicide cases may lead to a lack of familiarity by
clinical and forensic physicians with the characteristics and
wounding effects of these firearms. In this paper, a homi-
cide with a black powder revolver is presented as an
unusual cause of death that also serves as an example of
typical wound features for these types of weapons. A dis-
cussion of the special issues involved with firearms
examination of black powder weapons is also provided.

Case report

Police were notified of the shooting death of a 48 year-old
white female. Allegedly, her husband shot her in the face at
close range with a Ruger black powder revolver in their
home. The husband testified that he asked his wife to
retrieve the loaded weapon that was stored behind their
couch. According to the husband, she grasped the weapon
by the barrel placing it butt first in his open hand with the
barrel pointed towards her right eye. Furthermore, the
husband stated that the placement of the weapon in his
hand caused the hammer to strike the base of his thumb
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Fig. 1 Soot found on the clothing of the right shoulder of the victim
as seen from above the victim’s seated position on the couch

i
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Fig. 2 Hole in the window made by exit of lead ball projectile. The

markings visible on the couch just right of the victim’s head are
caused by blood spatter

resulting in the accidental discharge of the weapon. At this
time the wife sustained a fatal wound and the husband
received a small abrasion to his thumb.

The victim was found inside her trailer where her body
was seated and slumped over in a small couch. She had
been shot in the area of her right eye. There was gun-
powder on her face and on the right shoulder of her shirt
(Fig. 1) and the exit of the projectile from the home
through the nearby window (Fig. 2) was noted. A large
pool of blood had formed on the floor behind the couch.
Subsequent police investigation revealed that the victim
had been shot at a range within 12—18 inches.

Autopsy findings

At autopsy, extensive soot and powder deposition was
noted around a gunshot entrance wound between the right
eye and nose (Figs. 3a, b, 4). The entrance wound was a .75
by .5 inch, roughly oval-shaped aperture of the medial
aspect of the right eye/nasal bridge. It was 3.5 inches below

Fig. 3 a Photograph illustrating the extent of soot on the victims
face. b White, dotted outline added to distinguish areas covered by
soot as opposed to blood. Area enclosed within outline signifies soot

Fig. 4 Photograph illustrating powder tattooing. Note the entrance
wound inferior and medial to right orbit

the top of the head and 1.0 inch to the right of midline.
Surrounding the entrance wound was an ill-defined, cir-
cumferential marginal abrasion. In addition, within a
6.0 inch by 4.5 inch area surrounding the wound, there was
extensive black soot/powder deposition, intermixed with
blood. This was most dense within a 3.0 by 3.0 inch area.
Multiple stipple marks were associated with the black
deposits and were best appreciated after washing the soot
from the skin (Fig. 4).

Mo,

3¢ Humana Press



300

Forensic Sci Med Pathol (2010) 6:298-303

Fig. 5 Photograph illustrating path of projectile through the cranium.
The exit wound (arrow) of the left occipital bone is seen in the upper
right hand corner of the picture. The frontal bone is at the bottom of
the photograph

The pathway of projectile was front-to-back, right-to-
left and slightly downward.

After perforating the skin and subcutaneous tissues of
the medial aspect of the right eye/nasal bridge area, the
bullet sequentially perforated the medial aspect of the
right globe, the right zygomatic bone, the medial aspect of
the nasal bone, the basilar skull and anterior cranial fossa
and the sella turcica (Fig.5). The projectile continued
through the medial aspect of the right temporal lobe of the
brain, the pons (with complete transection), the medial
aspects of the left parietal lobe and occipital lobe of the
brain, and the left occipital skull (with external beveling).
The subcutaneous tissues and skin of the left occipital scalp
were perforated, where there was a 1.5 by .75 inch stellate
gunshot exit wound, 4.5 inches below the top of the head
and .5 inches to the left of midline. Associated injuries
included extensive basilar skull fractures, subarachnoid
hemorrhage, subdural hemorrhage, and hemorrhage along
the wound track. In addition, there was blood within the
lungs bilaterally, and blood exuding from the ears bilater-
ally. There was evidence of soot on the external beveling of
the exit wound through the skull. However, the soot was
not discernable on available photographs. Multiple small
fragments of lead were recovered from along the wound
path; however, a majority of the projectile exited the head.
X-rays of the decedent were non-contributory.
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Fig. 6 Photograph of Ruger Old Army Cap and Ball black powder
percussion revolver used in presented case

The cause of death was a gunshot wound of the face/
head. The manner of death was ruled as a homicide; uti-
lizing the medical definition of “homicide” as “death at the
hands of another individual” and not necessarily equating
the term to any legal definition. The weapon used was a
Ruger Old Army Cap & Ball black powder percussion
revolver (Fig. 6) utilizing a .457 pure lead ball round.

The weapon in this case was sent for testing to the
Indiana State Police Testing Laboratory. It was received
loaded with one fired and five unfired size 11 percussion
caps manufactured by CCI as well as five chambers loaded
with propellant and .457 caliber ball rounds. The firearm
was examined for functional defects and test fired for
functionality only. Additional test firing for patterns and
range would have been beneficial for educational and
experiential purposes. However, they were deemed super-
fluous by the police and prosecutor’s office and would have
also exposed the firearms examiner to a potentially more
dangerous test-firing compared to a “routine” test-firing,
given the weapon/ammunition type. A functional defect
was discovered consisting of the inability of the weapon’s
cylinder to rotate freely in the cylinder frame when the
hammer is in the half-cocked position. The cylinder latch
did not pivot sufficiently downward into its cutout in the
frame to disengage the cylinder stop notches and allow
the cylinder to rotate freely for loading. However, pulling
the hammer slightly more to the rear of the half-cocked
position allowed the latch to be lowered into its cutout,
permitting free cylinder rotation. In addition, the trigger
was able to be depressed in the half-cocked position
causing the hammer to fall. However, in this laboratory
test, this action failed to discharge the weapon. Trigger pull
was approximately 16.3-17.0 Ib with the hammer in the
half-cocked position and 4.0-4.8 1b in single action. This is
within the expected range for this weapon and comparable
to the trigger pull of modern double- and single-action
revolvers, respectively.

Test firing revealed that the weapon would only dis-
charge by one of two means: (1) firing as designed in single
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action by manually cocking the hammer fully to the rear
until it stopped and the trigger being depressed and (2) with
the hammer at rest on a loaded and capped chamber and the
hammer struck by a hard object or dropped with the
hammer impacting on a hard object; a known characteristic
of this weapon [2].

Discussion

Though the sale of black powder weapons are often subject
to less government regulation and monitoring, the relative
ease of procuring these firearms has not contributed sig-
nificantly to the homicide rates of countries such as the
United States and Germany [1]. In fact, a review of the
literature finds relatively few entries concerning deaths or
injuries, accidental or intentional, from black powder
weapons [1, 3-6]. Thus, the homicide case presented here
is of interest to the forensic community for its rarity.
However, it should also be noted that the autopsy findings
of this case are also illustrative of characteristic wounds
produced by black powder revolvers and rifles.

Black powder weapons, both antique and reproduction,
are used for target shooting, hunting, historical research
and reenactment. They are mostly manufactured outside of
the United States and are available as rifles, shotguns,
flintlock and percussion muskets, as well as the percussion
revolver. Ammunition used in these weapons is quite var-
ied, with calibers spanning .31-.75 and types ranging from
round ball to Minie bullets [7]. In general, these weapons
are muzzle loaders. That is, the projectile and usually the
propellant charge are loaded from the forward, open end of
the gun’s barrel (i.e. the muzzle). The term “muzzle
loading” is often used synonymously in the United States
with the practice of hunting with modern, high perfor-
mance black powder rifles.

The weapon used in this homicide was a Ruger Old
Army Cap-and-Ball (or alternatively

“Cap-n-Ball” or “Cap-&-Ball”’) black powder revolver
produced in the United States. This revolver is a muzzle
loading, percussion revolver that does not fire conventional
cartridges. Rather it is loaded from the front of the cylinder
and is intended for use with black powder, percussion caps,
and soft lead projectiles. Specifically, this revolver is
designed to use a .457” diameter round ball or .454”
conical bullet of pure lead [3]. Its operation is single-
action. That is, the hammer must be cocked manually
before firing the revolver. Having been manufactured from
1972 to 2008, this weapon is no longer in production [8].

The manufacturer stipulates that newer smokeless
powder may not be used with this weapon. The operator’s
manual warns that harm to the weapon, user and bystanders
may result. The manufacturer recommends a black powder
with grain size of “FFFg.” However, any size granulation
from the largest “Fg” to smallest “FFFFg” may be used
with replica black powder such as Pyrodex being an
acceptable alternative [2]. Pyrodex is a firearm propellant
produced by Hodgdon Powder Company, Inc. It is pur-
ported by the manufacturer to produce less smoke than
traditional black powders as well as possessing less cor-
rosive properties. It comes in granular and pellet forms and
is a proprietary formulation containing charcoal, graphite,
sulfur, potassium nitrate, sodium benzoate, dextrine,
potassium perchlorate, wax and dicyandiamide [9, 10].
Interestingly, uncombusted dicyandiamide (DCDA) is a
characteristic combustion product of Pyrodex that can be
detected by TLC, HPLC, FTIR and colorimetric tests [10].

The manufacturer states that it is safe to use as much
propellant as the chamber will hold providing there is room
left for the bullet. However, accuracy will suffer at maxi-
mum loads. Therefore, it is recommended that with the use
of a pure lead .457” diameter ball rounds, 20 grains of
FFFg and filler (corn meal is suggested) the ball will seat
approximately 1/16” below the chamber mouth and pro-
vide a good starting accuracy load [2]. Cap and Ball
revolver data from Hodgdon Powder Company indicates
the Ruger Old Army 45 caliber, loaded with a .457 round
ball and 40 grains of Pyrodex P powder, has a velocity of
980 feet per second (fps). The lead round balls removed
from the five loaded chambers of the cylinder from the
Ruger Old Army submitted for laboratory examination
exhibited an average weight of 143 grains [11].

As a comparison, the 357 Magnum introduced by Smith
& Wesson in 1935 had a standard loading of a 158 grains
bullet with a muzzle velocity of 1,235 fps. Newer semi-
jacketed loadings are generally 110, 128 and 158 grains
with a muzzle velocity of 1,090-1,500 fps. Note that
powder types and amounts used in magnum cartridges are
extremely variable and do not lend themselves to a direct
comparison with loads used in the Ruger Old Army 45
caliber [12].

Powder tattoos (stipple marks) are generated by
undetonated gunpowder grains penetrating and/or abrading
the skin during the firing of a weapon. They are punctate
abrasions with or without associated burns. Injuries to the
dermis produced from black powder weapons generally
result in more extensive tattooing and deposition of soot
than wounds produced by smokeless powders [6]. In the
paper by Labowitz et al., the authors describe the char-
acteristics and wounding effects of the Ruger Old Army
Cap and Ball black powder percussion revolver in swine
models. They noted that the main difference between the
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wounds made by the black powder weapon and the
modern cartridge-firing weapon, used as a control, was in
the quantity, character and distribution of the powder
marks on the skin. Specifically, there was a markedly
increased density of powder marks from the black powder
revolver compared to the control. Also, the authors found
in their tests that the marks were coarser and larger than
those from the modern weapon at firing ranges of 12 and
26 inches [13]. In keeping with these observations,
extensive soot and powder stippling in a 6.0 inch by
4.5 inch distribution were noted at autopsy for the dece-
dent in this case (Figs. 3a, b, 4). This is comparable to the
reported distributions ranging from 3.9 inches to
7.3 inches at a firing range of 12 and 26 inches respec-
tively [13]. Note that the cartridge-firing weapon produced
powder distributions of 1.6 and .3 inches in diameter.
However, the fine and relatively uniform appearance of
the tattooing in this case (Fig. 4) has more in common
with the appearance of true ball powder found in modern
cartridge rounds than the coarse and uneven distribution
described by Labowitz, et al., where 40 grains of FFFg
powder was used or that of the large grain Fg powder
commonly used in black powder cannons [6, 7, 10, 13].

In view of the initial police reports that the weapon had
been loaded with black powder, the autopsy findings of
fine, uniform tatooing raised the question of whether the
suspect had loaded the weapon with a smaller FFFFg grain
(generally reserved for musket rifles) and/or a larger
powder load. However, evidence collected at the scene and
results of the police laboratory testing revealed the use of
Pyrodex P Powder in the suspect’s weapon. The police
laboratory report makes no mention of the amount of
powder loaded in the remaining five unfired cylinders. Note
that P (for “pistol”) compares roughly to FFFg black-
powder on a particle size basis. However, the particles are
more spherical and uniform in size and than those of the
jagged and oblong shaped black powder [10]. Considering
the shape of Pyrodex P, the uniformity of tattooing in this
case is not surprising.

The size, intensity and appearance of the soot pattern of
any firearm, as well as the maximum range from which it
will occur, depends on numerous factors. These factors
include the angle of muzzle to the target, barrel length,
weapon caliber, target material and state of the material.
Also, and most significantly to this report, the type of
weapon and propellant play a significant role [7]. Thus, the
black powder weapon’s larger amount of expelled soot and
powder that can be deposited at a further distance are such
that the range of fire estimates that forensic pathologists
typically employ with cartridge firing handguns are not
applicable. It is best that a test firing be performed to obtain
a better estimate. Unfortunately in this case, a test firing
was deemed unnecessary by investigating agencies.
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For scene investigators and firearms examiners, partic-
ular care should be taken when confronted with a black
powder firearm, especially when the firearm remains loa-
ded, as in the case presented. The highly unstable nature of
black powder, coupled with cartridge-less weapon designs
that do not fully enclose the powder, lead to an inherent
risk of accidental ignition or explosion that can include
synchronous discharge. In addition to copious amounts of
soot and unburned powder, significant amounts of flame
and sparks are produced during discharge of a black
powder weapon. This can ignite the powder in adjacent
chambers causing a projectile to emerge from the cylinder.
Note that no rifling will be present for this projectile
coming off the side, however, shearing may occur and
markings from the rammer may be present on the projectile
that can be used in ballistics comparisons [7].

In the case presented here, the initial information at
the scene suggested that true black powder was present in
the loaded weapon, making it particularly dangerous.
However, further investigation revealed the presence of
Pyrodex, as previously described. Although safer than
black powder, a certain amount of risk of accidental igni-
tion remains with this black powder substitute. Handling of
the weapon at the scene, transport of the weapon, and
subsequent evaluation and unloading at the crime lab
required great care. The inherent danger and complexity of
unloading the Old Army Ball and Cap revolver has
prompted the manufacturer to advise handlers of the
weapon to fire all rounds rather than attempt unloading [2].

Manufacturer suggested unloading includes (1) Pointing
the weapon in a safe direction. (2) Carefully lowering the
hammer into a notch in the cylinder and then pulling the
hammer back to the half-cock loading notch while keeping
fingers away from the trigger. (3) Removal of percussion
caps from all nipples. (4) Unscrewing the nipple from the
chamber aligned with the cut-out on the right side of the
frame. (5) Taking extra care to elevate the muzzle and pour
all the powder from the rear of the cylinder into a storage
container. (6) This is repeated for all remaining cylinders.
(7) When all chambers are empty of powder, the cylinder
may be removed. (8) The projectile is removed by placing
some lubricating oil into each chamber and inserting a rod
into the rear of the chamber. The rear of the rod is gently
tapped until the projectile comes out of the front of the
cylinder. This is repeated for the remaining cylinders. An
alternative method involves removing the cylinder after the
percussion caps have been removed and proceeding to
nipple removal, powder dumping, etc. while working on
the free cylinder [2].

Extensive damage caused by the projectile is seen in
Fig. 4 including fractures to the anterior cranial fossa,
basilar skull and left posterior occiput. Soot was found
throughout the track of the projectile from the entrance
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wound through the exit wound in the occiput. This belies
not only the particulate nature of the black powder dis-
charge but the close range at which this weapon was shot.
Equivalent patterns of soot deposition found along pro-
jectile paths were reported in the three cases involving
black powder percussion handguns described by Karger
and Teige [3].

There is little information from the literature regarding
the kinetics or “stopping power” of percussion revolvers.
The stopping power of any handgun bullet is a function of
its ability to disrupt bodily functions, not the diameter or
weight or initial shape of the bullet. For example, the
difference in the size of an entrance hole made by a
.451-inches bullet compared to that made by a .355-inches
bullet in elastic material like skin turns out to be largely
irrelevant to stopping power. Therefore, it would be diffi-
cult to ascertain the stopping power of the weapon used in
this case based upon its static physical qualities, prompting
further investigation into this and other characteristics of
these unique weapons.

In conclusion, the case presented is an example of a
relatively uncommon homicide by black powder revolver
utilizing Pyrodex propellant that is also illustrative of the
extensive tattooing and soot deposition of the dermis typ-
ically seen in wounds produced by black powder weapons.
In addition, the close proximity of the weapon during firing
distributed soot and unburned black powder along the path
of the projectile including powder within the exit wound.
Such deposits are more extensive and are produced at much
greater distances than are typically seen with conventional
firearms. Understanding of these findings will aid the cli-
nician as well as the forensic specialist in identifying the
weapon responsible for these types of injuries. Parties
interested in the testing of black powder weapons are
cautioned to handle the weapons with extreme care. This is
due to the unstable nature of the propellants used and the
design of these weapons making unintended exposure of
the propellant to muzzle flash and other ignition possible.

Key points

1. Deaths resulting from the use of black powder hand-
guns are relatively uncommon compared to other
firearms.

2. The size, intensity and appearance of the soot pattern
of any firearm, as well as the maximum range from
which it will occur, depends on numerous factors
including the angle of muzzle to the target, barrel
length, weapon caliber, target material and state of the
material.

3. In order to estimate the range of fire in a given case, it
is best to test fire the weapon at various ranges, using a
similar ammunition configuration as utilized during the
event.

4. Black powder weapons produce wounds with exten-
sive tattooing and soot deposition.

5. The range of fire estimates that forensic pathologists
typically employ with cartridge firing handguns are not
applicable to black powder weapons due to the larger
amounts of expelled soot and powder that can be
deposited at further distances

6. The highly unstable nature of black powder, coupled
with cartridge-less weapon designs, leads to an inher-
ent risk of accidental ignition or explosion that can
include synchronous discharge.
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Abstract The Armanni-Ebstein phenomenon, which is
found in the kidneys in diabetic ketoacidosis, has also been
proposed as an independent diagnostic postmortem marker
for hypothermia. A case is reported to demonstrate the
possibility of a more complex inter-related etiology in
certain instances. A 44-year-old man with a past history of
hospital admission for hypothermia, alcoholism and insulin
dependent diabetes mellitus was found dead at his home
address. At autopsy there were prominent superficial ero-
sive gastritis (Wischnewsky spots) in keeping with terminal
hypothermia. In addition there was also marked cortical
pallor of the kidneys due to subnuclear renal tubular epi-
thelial vacuolization (Armanni-Ebstein phenomenon).
Thus there was evidence for both hypothermia and
Armanni-Ebstein phenomenon, suggesting a relationship.
Subsequent biochemical testing of vitreous humor, how-
ever, demonstrated markedly elevated levels of glucose
(36.5 mmol/l; N = 3.6-6.0 mmol/l), fS-hydroxybutyrate
(23.2 mmol/l; N < 0.3 mmol/l), and lactate (29.4 mmol/l;
N = 0.2-2.0 mmol/l). Death was, therefore, due to diabetic
ketoacidosis complicated by hypothermia. Diabetes melli-
tus has a known association with both hypothermia and
Armanni-Ebstein phenomenon, thus, before renal tubular
vacuolization can be taken as a marker of hypothermia in
isolation, it is important to consider the possibility that in
certain cases underlying diabetic ketoacidosis may be
present.
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Introduction

Subnuclear vacuolization of renal tubular epithelium
(Armanni-Ebstein phenonemon) is a microscopic marker of
diabetic ketoacidosis that has been referred to as glycogen
nephropathy, based on the belief that the accumulated
intracellular material was glycogen due to increased
amounts of filtered glucose [1]. There is now, however,
evidence that the material may contain lipid [2]. Another
association that has been reported with Armanni-Ebstein
vacuolization is hypothermia, with assertions that it may be
used as a diagnostic postmortem marker in individuals who
have endured significantly low antemortem core tempera-
tures [3, 4]. The following case is reported to demonstrate
that the link between hypothermia and Armanni-Ebstein
phenonemon may in some cases be through diabetic
ketoacidosis.

Case report

A 44-year-old man was found dead at his home address
sitting in a lounge chair. He had a past history of alcohol
abuse with chronic pancreatitis and unstable insulin
dependent diabetes mellitus necessitating numerous hos-
pital admissions that were often precipitated by collapse
from diabetic ketoacidosis. He had also been admitted to
hospital 2 years before with hypothermia. There was no
police record of the heating arrangements at his home
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address and the minimum overnight temperature on the
night of death was 16.7°.

At autopsy the major findings were of superficial erosive
gastritis (Wischnewsky ulcers) (Fig. 1) and prominent
cortical pallor of the kidneys (Fig. 2) which was shown on
histology to be due to subnuclear renal tubular epithelial
vacuolization, Armanni-Ebstein phenomenon (Fig. 3).
There was also pancreatic fibrosis and calcification in
keeping with the history of chronic pancreatitis. There was
no extensor surface pigmentation. There were no other
significant underlying organic diseases present that could
have caused or contributed to death and there was no
evidence of trauma. Biochemical testing of vitreous humor
demonstrated markedly elevated levels of glucose
(36.5 mmol/l; N = 3.6-6.0 mmol/l), f-hydroxybutyrate
(23.2 mmol/l; N < 0.3 mmol/l), and lactate (29.4 mmol/I,
N = 0.2-2.0 mmol/I). The vitreous sodium level was
within the normal range (137 mmol/l). Toxicology
revealed no alcohol or common prescription or non-pre-
scription drugs. Death was, therefore, due to diabetic
ketoacidosis complicated by hypothermia.

Discussion

The diagnosis of hypothermia is made when a body tem-
perature falls below 35°C. It may be associated with
aberrant behaviour such as paradoxical undressing due to
thermoregulatory imbalance, or seeking out secretive
locations in the so-called ‘hide and die’ syndrome [5, 6]. A
common situation encountered in forensic practice
involves an elderly reclusive individual who is incapaci-
tated by organic illness or trauma and who is then exposed
for some time to low environmental temperatures. Death

Fig. 1 A portion of stomach mucosa showing prominent superficial
erosive gastritis (Wischnewsky spots) in a 44-year-old man indicating
terminal hypothermia

Fig. 2 A sectioned kidney opened to demonstrate marked cortical
pallor with prominent corticomedullary demarcation due to Armanni-
Ebstein phenomenon

Fig. 3 Histologic section of the kidney revealing subnuclear vacu-
oles within renal tubular epithelial cells (Armanni-Ebstein phenom-
enon), discernable despite autolytic changes. (Hematoxyllin &
eosin x 100)

occurs when electrolyte abnormalities, elevated catechol-
amine levels and myocardial ischemia cause lethal cardiac
arrhythmias [3].

The pathological diagnosis of hypothermia is often
difficult as antemortem core temperatures are usually not
available and autopsy findings are relatively nonspecific.
Features suggestive of hypothermia include reddish-brown
discolouration of the skin over the elbows and knees, bright
red lividity, pancreatic inflammation and hemorrhage, and
erosive gastritis or Wischnewsky spots. While superficial
erosive gastritis may result from terminal stress, the liter-
ature cites this finding as the most specific feature of
hypothermia that can be seen histologically as superficial
erosions with mucosal necrosis and acid hematin deposi-
tion [7].
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While Armanni-Ebstein phenomenon has usually been
taken as a feature of diabetic ketoacidosis, it has recently
been suggested that it may also be a useful marker of
hypothermia [4]. However, it is important to recognize that
hypothermia itself may have a very close relationship
with the metabolic derangements associated with diabetes
mellitus. For example, in one series of patients admitted
to hospital with severe hypothermia, close to 12% had
underlying diabetic ketoacidosis [8]. Hypothermia may not
only be caused by diabetes mellitus due to impaired ther-
moregulation, reduced endogenous heat production and
peripheral vasodilation [9, 10], but it may also exacerbate
diabetic ketoacidosis. For example, increased steroid and
adrenalin secretion, reduced insulin release and diminished
insulin activity have all been reported on exposure to low
temperatures [11, 12]. These factors demonstrate that
hypothermia and diabetic ketoacidosis may be quite inti-
mately related and may reinforce the adverse effects of
each other.

In the reported case significant tubular vacuolization was
present, to such an extent that it was first identified macro-
scopically [13], and this was associated with Wischnewsky
spots indicating hypothermia. Diabetic ketoacidosis was,
however, subsequently identified biochemically by testing of
vitreous humor for glucose, lactate and f-hydroxybutyrate.
Thus, before renal tubular vacuolization can be taken as a
marker of hypothermia in isolation, it is important to con-
sider the possibility of underlying diabetic ketoacidosis, as in
some cases these conditions may be inextricably linked.

Key points

1. Armanni-Ebstein phenomenon has been reported in the
kidneys of individuals dying of hypothermia.

2. It is also known to occur with diabetic ketoacidosis.

3. Given that diabetic ketoacidosis may also lead to
hypothermia, it is possible that renal tubular vacuoli-
zation in certain cases of hypothermia may be more
involved with metabolic derangements associated
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with diabetes, rather than from the fall in body core
temperature.
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Abstract Pesticides are used to protect plants all over the
world. Their increasing specificity has been due to utili-
zation of differences in biochemical processes, and has
been accompanied by lower human toxicity. Nevertheless
cases of poisoning are still observed. While certain toxic
substances are provided with characteristic dyes or pig-
ments to facilitate easy identification, no overview of
pesticide colors exists. The lack of available product
information prompted us to explore the colors and dyes of
pesticides registered in Germany, most of which are
commercially available worldwide. A compilation of the
colors and odors of 207 pesticide products is presented.
While some of the substances can be identified by their
physical characteristics, in other cases, the range of pos-
sibilities can be narrowed by their nature and color.

Keywords Forensic science - Pesticides -
Warning colors - Dyes - Odor - Poisoning

Introduction

Pesticides are used all over the world, in large agricultural
centers as well as in private households. They are easily
available and procurable. Plant protecting products are
defined by the US Environmental Protection Agency as
agents that protect plants and plant products against
animals, plants and micro-organisms (http://www.epa.gov/
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pesticides). In a broader sense, substances that kill plants,
regulate growth or inhibit germination are also counted
among plant protecting agents.

The risk of human toxicity and the resulting forensic
interest in these substances is especially related to agents
used against animals. Agents used against other pests make
use of the differences in metabolic pathways between
humans and non-mammals resulting in a lower human
toxicity [1].

Schmoldt divided insecticides into three groups: halo-
genated hydrocarbons, pyrethroids and inhibitors of ace-
tylcholinesterase [2]. The former have been prohibited to a
large extent and play only a minor role at the present time.
The most known substance in this group is DDT (Dichloro-
diphenyl-trichloroethane). The pyrethroids decelerate the
closing of voltage-gated sodium channels of the nervous
system of insects and are highly selective for this class [3].
In humans, toxic effects are seen only after intravenous
injection and long-lasting and intensive inhalation [4].
There are mainly two classes of acetylcholinesterase
inhibitors: organophosphates and carbamates. Whereas
inhibition by organophosphates is of an irreversible nature,
carbamates cause a reversible enzyme inhibition [2]. Due
to their lipophilic character the inhibitors are well absorbed
enterally, and percutaneous absorption is moderate [S]. The
inhibition of acetylcholinesterase by phosphorylation of
serine in the active centre of the enzyme in the synaptic gap
inhibits the inactivation of acetylcholine [2]. Therefore,
parasympathomimetic effects determine the clinical
response, and poisoning is frequently fatal. Symptoms
depend on the degree of intoxication: First miosis, lacri-
mation, hypersecretion of the mucous membranes, hyper-
salivation, nausea, emesis and diarrhoea occur; critical
stages are accompanied by dyspnea, agitation, convulsions,
muscular disorders, unconsciousness and respiratory
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Table 1 Form, colors and odors of products of solid consistency

Form Color Trade name Active ingredient Odor
Granulate White/whitish Dantop Clothianidin
Beige Provado 5 WG Imidacloprid
Provado 5 WG Universalspritzmittel Imidacloprid
Yellow to brownish Nemathorin 10G Fosthiazate
Plenum 50 WG Pymetrozine
Brown Confidor WG 70 Imidacloprid
Asulfa Jet Sulphur
Steward Indoxacarb Wood-like
Sufran Jet Sulphur
Thiovit Jet Sulphur
Dun Kumulus WG Sulphur
Insegar Fenoxycarb
Compo-Mehltau-frei Kumulus WG Sulphur
Netzschwefel WG Sulphur
Grey Schidlingsfrei Careo Combi-Granulat Acetamiprid Sharp
Lizetan Combigranulat Imidacloprid
Green-blue Pirimor Granulat Pirimicarb
Blue COMPO Schneckenkorn Metaldehyde Aromatic
Glanzit Schneckenkorn Metaldehyde Aromatic
FCS Schneckenkorn Metaldehyde Aromatic
Delu Schneckenkorn Metaldehyde Aromatic
Detia Schneckenkorn Metaldehyde Aromatic
Ferramol Schneckenkorn Fe-I1I-phosphate
Metarex Metaldehyde
Schneckenkorn Spiess-Urania Metaldehyde
Clartex blau Metaldehyde
Pro Limax Metaldehyde Aromatic
Crystalline Red Garten-Loxiran Chlorpyrifos
Lentil-like Blue Delicia Schnecken-Linsen Metaldehyde
Etisso Schnecken-Linsen Power-Packs Metaldehyde
Pressed Grey Detia Pflanzenschutz-Stiabchen Dimethoate
Gabi-Combi-Pflanzenschutz-Diingestibchen Dimethoate
Grey-green Detia-Gas-Ex B Aluminiumphosphide Garlic-like
Detia-Gas-Ex P Aluminiumphosphide Garlic-like
Detia-Gas-Ex T Aluminiumphosphide Garlic-like
Detia-Magphos Magnesiumphosphide Garlic-like
Phostoxin Pellets Aluminiumphosphide Garlic-like
Phostoxin Tabletten Aluminiumphosphide Garlic-like
Delicia-Gastoxin-Pellets Aluminiumphosphide Garlic-like
Delicia-Gastoxin-Tabletten Aluminiumphosphide Garlic-like
Powder Whitish Ordoval Hexythiazox
Beige Masai Tebufenpyrade
Insekten-Streumittel Nexion Neu Chlorpyrifos
Yellow Netz-Schwefelit WG Sulphur Sharp
Brown Cruiser 70 WS Thiamethoxam
Blue Mospilan Acetamiprid
Grey Degesch-Magtoxin Granular Magnesiumphosphide Garlic-like
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Table 1 continued
Form Color Trade name Active ingredient Odor
Sticks White Etisso Blattlaus-Sticks Dimethoate
Etisso Combi-Sticks Dimethoate
Combi-Sticks Insektan Dimethoate
Schidlings-Sticks Insektan Dimethoate
Yellow Compo Axoris Insekten-frei Quick-Granulat Thiamethoxam
Compo Axoris Insekten-frei Quick-Sticks Thiamethoxam
Grey Lizetan Combistdbchen Imidacloprid
Combi-Stibchen Hortex-D Dimethoate
Schidlingsfrei Careo Combi-Stidbchen Acetamiprid Sharp
Grey-brown Bi 58 Combi-Stibchen Dimethoate
Compo Bi 58 Combi-Stidbchen Dimethoate
Brown Pflanzenschutz-Zapfchen Dimethoate
Unspecific Whitish Dimilin 80 WG Diflubenzuron
Grey-green Degesch-Magtoxin Tabletten Magnesiumphosphide Garlic-like
Blue Mesurol Schneckenkorn Methiocarb
Karate WG forst Lambda-Cyhalothrin
Trafo WG Lambda-Cyhalothrin
Brown Dr. Stihler Tandem-Stidbchen plus Dimethoate

Missing indication of odor stands for uncharacteristic

paralysis [2]. Recently developed insecticides like
imidacloprid or tebufenozide show a high specificity for
insects and are barely toxic for humans; nevertheless,
fatal cases have, however, been reported for imidacloprid
[6, 7].

It is well recognized that toxic substances are frequently
provided with characteristic dyes or pigments, such as blue
colored paraquat and parathion. The use of warning colors
is not a recent new occurrence, even at the end of the 19th
century, leach that was used as a detergent was supple-
mented with ultramarine [8]. However, our enquiry into
pesticides in the scientific literature, safety data sheets, and
manufacturers’ and other internet sites did not reveal an
overview of commercial substances and their colors and
this has prompted us to explore the colors and dyes of
pesticides that are registered and in use in Germany.

For descriptions of colors (dyes, pigments) standardized
tables or normalized color systems can be used. Color
tables are based on different standardized systems, for
example. BS381C, BS5252, RAL840 h and Pantone 1000
can easily be found on the internet. It must be recognized
that variations of visible color depend on the quality of the
monitor TFT (thin film transistor) display. However, these
standardized systems can be used for the description of
colors. Another method is to use standardized systems such
as the CIEL*a*b* color system, which has already been
applied for forensic purposes [9-12]. The CIEL*a*b*

system is an objective method to determine the brightness,
the hue and the saturation of a color.

Materials and methods

The safety data sheets of the substances that are registered
in Germany were collected and the active ingredients, the
color, the form and the odor were compiled. This survey
includes insecticides, molluscicides, nematicides and mi-
ticides. Rodenticides and avidicides were not dealt with.
In Germany, according to the Federal Office of Consumer
Protection and Food Safety, the number of registered
substances in these categories was 299 in September 2007
(www.bvl.bund.de). Mainly due to multiple citations and
because of the non-availability of some safety data sheets
our compilation includes 207 trade products.

In five pesticide preparations color measurements were
performed with a diode array spectrophotometer MCS 400
(Carl-Zeiss-Jena GmbH, Jena, Germany) with a halogen
bulb as the light source (standard illuminant D65). The
measuring head allowed recording of the directed surface
reflection of a 5 mm wide measuring spot (measuring
geometry 45°/45°). Compressed barium sulphate was used
as a white standard according to DIN 5033. The mea-
surements were controlled and evaluated with the help
of a personal computer. The software (MCSCol 2.11,
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Table 2 Colors and odors of liquid products

Color Trade name Active ingredient Odor
White Pflanzenspray Hortex Neu Pyrethrin
Schédlingsfrei Spray Pyrethrin
Substral Pflanzenspray Pyrethrin
Bayer Garten GieBmittel gegen Schédlinge Thiaclopride
Bayer Garten Kombi-Schidlingsfrei Thiaclopride
Alverde Metaflumizone Aromatic
Fastac Forst Alpha-Cypermethrin
Compo Austrieb-Spritzmittel Mineral oil
Nomolt Teflubenzuron
Mimic Tebufenozide Mouldy
Promanal AF Neu Schild- und Wolllausfrei Mineral oil
Promanal Neu Mineral oil
Promanal Neu Schild- und Wolllausfrei Mineral oil
Austrieb-Spritzmitte] Weifi6l Mineral oil
CEL 265 43 AE Acetamiprid
Celaflor Austriebs-Spritzmittel Rape oil
Celaflor Blattlausfrei Rape oil
Celaflor Schildlausfrei Rape oil
Schéddlingsfrei Careo Konzentrat Acetamiprid
Schidlingsfrei Careo Acetamiprid
Schidlingsfrei Careo Rosenspray Acetamiprid
Schéadlingsfrei Careo Spray Acetamiprid
Schidlingsfrei Hortex Rape oil
Chrysal Pflanzenspray Pyrethrin
Micula Rape oil
Austrieb-Spritzmittel Eftol-Ol Mineral oil
Para Sommer Mineral oil
Para Sommer S Mineral oil
Applaud Buprofezine
Force 20 CS Tefluthrin
Biscaya Thiaclopride
Chinook Beta-Cyfluthrin + Imidacloprid
Elado Beta-Cyfluthrin + Clothianidine
Janus Beta-Cyfluthrin + Clothianidine
Poncho Beta Beta-Cyfluthrin + Clothianidine
Kiron Fenpyroximate
Fastac SC Super Contact Alpha-Cypermethrin
Bayer Garten Oliocin Austriebsspritzmittel Mineral oil
Whitish Envidor Spirodiclofen
Raptol AF Rosen-Schadlingsfrei Pyrethrin + Rape oil
Pflanzenspray Hortex N Pyrethrin 4+ Rape oil
Spruzit AF Schidlingsfrei Pyrethrin 4+ Rape oil
Beige Calypso Thiaclopride
Karate mit Zeon Technologie Lambda-Cyhalothrine Aromatic

Contur plus
Magister 200 SC
Cruiser 600 FS
Magister 200 SC

Beta-Cyfluthrin
Fenazaquine
Thiamethoxam

Fenazaquine
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Table 2 continued

Color Trade name Active ingredient Odor
Yellow Aco.sol PY-Z Pyrethrin
Sumicidin Alpha EC Esfenvalerate
Decis fliissig Deltamethrine Aromatic
Bayer Garten Obst- und Gemiise-Schédlingsfrei Pyrethrin 4+ Rape oil
Compo Schidlings-frei plus Pyrethrin 4+ Rape oil
Bulldock Beta-Cyfluthrin + Imidacloprid Aromatic
Neudosan Neu Potassic placer Alcoholic
Neudosan Neu Blattlausfrei Potassic placer Alcoholic
Promanal Neu Austriebspritzmittel Mineral oil
Spruzit Neu Pyrethrin + Rape oil
Spruzit Kifer-&Raupenfrei Pyrethrin 4+ Rape oil
Spruzit Kiferfrei Pyrethrin 4+ Rape oil
Spruzit Schidlingsfrei Pyrethrin 4 Rape oil
Schidlingsfrei Parexan Plus Pyrethrin 4+ Rape oil
Milbeknock Milbemectine Aromatic
Rogor 40 L Dimethoat Mercaptane-like
Rogor 40 LC Dimethoat
Schidlingsfrei Eftol Pyrethrin + Rape oil
Kanemite SC Acequinocyl
Pyreth Natur-Insektizid Pyrethrin 4+ Rape oil
Promanal Austriebsspritzmittel Rape oil
Kanemite SC Acequinocyl
Yellowish Neudosan AF Neu Blattlausfrei Potassic placer

Apricot-coloured
Pink
Red

Blue

Raptol Schédlingsspray
Vertimec

Celaflor Schidlingsfrei
Schiadlingsfrei Naturen
Substral Schidlingsfrei
Micula

Appeal

Danadim Progress

Apollo

Monceren G

Poncho

Cruiser 350 FS

Gaucho 600 FS

Manta Plus

Mesurol fliissig

Smaragd

Perfekthion Insektenvernichter
Bi 58

Perfekthion

Tamaron

Insekten Spritzmittel Roxion D
Insekten-Spritzmittel Roxion

Cruiser osr

Pyrethrin + Rape oil
Abamectin

Rape oil

Rape oil

Rape oil

Rape oil

Cyfluthrin
Dimethoat
Clofentezine
Pencycuron + Imidacloprid
Clothianidine
Thiamethoxam

Imidacloprid

Fuberidazole + Imazalil + Triadimenol + Imidacloprid

Methiocarb

Clothianidine

Dimethoat

Dimethoat

Dimethoat

Methamidophos

Dimethoat

Dimethoat

Fludixonil 4+ Metalaxyl-M + Thiamethoxam

Aromatic
Aromatic

Malodorous
Malodorous

Malodorous

Malodorous
Malodorous
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Table 2 continued

Color Trade name Active ingredient Odor
Brown Naturen Schiddlingsfrei Neem Azadirachtin (Neem)

NeemAzal-T/S Azadirachtin (Neem)

Actellic 50 Pirimiphos-methyl Aromatic

Fury 10 EW Zeta-Cypermethrin Sharp
Brownish SpinTor Spinosad

Conserve Spinosad

Runner Methoxyfenozide

Schéadlingsfrei Neem Azadirachtin (Neem)
Colourless Bayer Garten Spinnmilbenfrei Acequinocyl

Bayer Garten Spinnmilbenspray
Lizetan Plus Zierpflanzenspray

Provado Gartenspray

Methiocarb + Imidacloprid
Methiocarb 4 Imidacloprid
Methiocarb + Imidacloprid

Bi 58 Spray Dimethoat Acetone-like
Compo Zierpflanzen-Spray Bi 58 Dimethoat Acetone-like
Etisso Blattlaus-Spray Pyrethrin
Spruzit Zimmerpflanzenspray Pyrethrin
Spruzit Gartenspray Pyrethrin
Gartenspray Hortex Pyrethrin
Bio-Insektenfrei Gartenspray Pyrethrin
Blattlaus-frei Spiess-Urania Dimethoat Acetone-like
Blattlaus-Spray Dimeton Dimethoat Acetone-like
Zierpflanzenspray Pyreth Pyrethrin

Missing indication of odor stands for uncharacteristic

Carl-Zeiss-Jena GmbH, Germany) automatically calculated
the color measures CIE-L*a*b* from the spectral reflec-
tance curves in the visible light spectrum.

Results

With the aid of the safety data sheets available, the colors
and odors of the substances were sorted. These products
contain 55 different active ingredients. As a result of
multiple combinations, lack of human toxicity of single
active ingredients did not lead to their exclusion from the
compilation. The preparations had 17 different colors.
According to German and European regulations,
admixed additives have to be specified under certain
circumstances only, therefore, detailed chemical informa-
tion could not be gained from the safety data sheets, neither
for the dyes nor for the odors. Furthermore, the description
of the perceptible characteristics has little detail, so that the
subdivision in shades of colors is limited (Tables 1, 2).
The information on the odor of a pesticide preparation
given in the respective safety data sheet of most substances
is “nonspecific”’, and in our compilation of products
(Tables 1, 2) information about the odor is only provided
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Table 3 Calculated CIEL*a*b color measures

L a b
Pirimor granulat 4.28 —3.38 —-1.3
Technoate 1.53 6.93 —16.03
Hostaquide 0.98 0.19 0.61
Confirm 88.26 0.54 9.29
Mesurol 37.98 34.23 12.78

when it was characteristic. Individual differences in the
perception of odors also has to be taken into account.

The results of the color measurements are shown in
Table 3.

Discussion

Accidental and suicidal intoxications are a frequent
occurrence, and due to their ready availability pesticides
are still among the most often ingested toxic substances.
In many cases of intoxication, the symptoms are nonspe-
cific and reflect underlying pathophysiological mecha-
nisms, e.g. inhibition of acetylcholinesterase. On the basis
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of the clinical symptoms, the specific toxic agent can
hardly be identified. Therefore, deductions based on the
perceptible characteristics of a toxic agent are of particular
interest and possible benefit. The rapid identification of an
ingested substance by its color and odor could significantly
reduce the effort put into diagnostic testing and thereby
save time not only in post-mortem toxicology, but also in
the acute poisoning of living patients.

Our survey is limited to products that are available on
the German market, but an internet search revealed that to a
great extent these products are traded internationally—
mostly under the same or a similar product designation.

Products are of liquid and solid consistency. Prepara-
tions of solid consistency can be identified more easily than
liquids, although reliable identification of a specific product
on the basis of its characteristic is often only partly suc-
cessful. The range of possible products can clearly be
narrowed by their nature and color. For liquid preparations
the type of the product can only to some extent be deduced
from the color and the odor.

For accurate color identification we suggest the use of
remission spectrometry as well as the use of standardized
color models and color tables that are available on the
internet.

Key points

1. Even modern pesticides carry an inherent risk of
human toxicity.

2. Toxic substances are frequently provided with charac-
teristic warning colors.

3. Aregister of the colors of commercial pesticides could
not be found.

4. The safety data sheets of insecticides, molluscicides,
nematicides and miticides were assembled and the

active ingredients, colors, forms and odors were
compiled.

5. Some of the substances can be identified by their
physical characteristics, for other products the number
of possible preparations can be reduced by examining
their color and odor.
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Abstract Results from toxicological analyses in death
investigations are used to determine whether foreign sub-
stances were a cause of death, whether they contributed to
death, or whether they caused impairment. Drug concentra-
tions are likely to change during pre-terminal stages due to
altered pharmacokinetics, to treatment during resuscitation or
in the intensive care unit, to concomitant illness or to the
presence of drug tolerance. The potential for postmortem
changes must be considered in all but a few drugs. Formation
of new entities as well as degradation of drugs may occur,
especially in putrefied corpses; in addition, body fluids and
tissues may be severely affected by autolysis and putrefaction.
Specimens should be selected based on individual case history
and on their availability. Analytical procedures should be
performed in accordance with a proper quality assurance
program for toxicological investigations. Problems are most
likely to occur during the isolation and identification of a drug.
Interpretation of analytical results is often limited by the
inadequate information provided in a particular case.

Keywords Antemortem factors - Changes during the
postmortem interval - Putrefaction - Autolysis -

Drug redistribution - Selection of samples -

Specimen collection - Analysis

Introduction

In many unnatural, sudden, violent or unexpected deaths
the investigator often needs evidence as to whether alcohol,
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or illegal or prescription drugs may have caused, or are a
contributing factor in the death [1, 2]. The forensic toxi-
cologist will usually employ a 2-stage testing following
selection and collection of appropriate specimens at
autopsy. First, a screening test will be performed to
establish whether there are any components within the
sample that are not normally present. After confirmatory
testing, the quantity of a foreign substance and/or its major
metabolite(s) is determined, preferably from femoral
venous blood and a further specimen. Quantitation of a
drug is necessary to state whether its amount is sufficient to
cause, prevent or be directly involved in the death [3].
Guidelines and a quality assurance program can assist in
the selection and collection of specimens—as far as
available—as well as in storage, transport, processing and
analysis. However, the interpretation of analytical results
remains the most challenging task in forensic toxicology. It
is unique and fundamentally different from the situations
encountered in clinical toxicology. There is evidence that
substantial changes can occur in blood drug concentrations
during the interval between the agonal phases of death and
autopsy, mainly due to drug degradation, neo-formation or
artefactual formation and postmortem redistribution [2, 4].
Interpretation may become still more difficult in decom-
posed or embalmed cases. It is essential to be aware that
many of these changes will not be identifiable by post-
mortem sampling and toxicological analysis.

Antemortem factors

Basic pharmacokinetic concepts provide an estimate on
the quantitative relationship between administered doses of
a drug and the observed plasma or blood concentrations
in a living individual. The field of pharmacokinetics is
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concerned with the liberation of a drug from its dosage
form, absorption, distribution, metabolism and excretion
(LADME processes). These processes, in addition to the
dose, determine the concentration of drug at its active site.
Pharmacokinetics assumes that a relationship exists
between the concentration of a drug in an accessible site
such as blood and the pharmacological or toxic response.
Factors which affect the concentration-time profile of a
drug are summarized in Table 1 [3, 5].

While arterio-venous differences following alcohol
consumption are well documented, studies on arterio-
venous differences in drug concentrations during lifetime
are rare. For example, during the absorption and distribu-
tion phase, arterial plasma concentrations of amitriptyline
are up to four times higher than venous concentrations. Up
to 10 fold higher concentrations in arterial blood compared
to venous blood were observed for diacetylmorphine and
6-acetylmorphine, whereas morphine glucuronides did not
exhibit such arterio-venous differences [2].

Ethanol is commonly detected in medicolegal investi-
gations. Many drugs interact with ethanol, commonly
present in postmortem specimens, thereby altering the
mechanism or effect of the alcohol and the drug involved.
Ethanol is a central nervous system depressant and a sim-
ilar effect is found with other hypnotic or narcotic drugs
[3, 6]. Interaction may also occur through the induction of
CYP2E1—a member of the cytochrome P450 family with
high catalytic activity towards ethanol.

There are 2 types of drug-drug-interactions: pharmaco-
dynamic and pharmacokinetic. Pharmacodynamic interac-
tions take place at receptor sites and occur between drugs
with similar or opposing therapeutic or adverse effects.
Pharmacokinetic interactions consist of changes in the
absorption, distribution or excretion, or in the quantity of
drug that reaches its site of action. Most pharmacokinetic
interactions occur at the metabolic level and generally
result from enzyme inhibition or induction. An overview of
drug-drug-interactions is available from the Drug Interac-
tion Database [7].

Table 1 Factors
xenobiotics

affecting the concentration—time profile of

Dosage form, clandestine manufacturing process

Dose, route and frequency of drug administration, development
of tolerance

Non-linear pharmacokinetics, e.g. acetylsalicylic acid,
methylenedioxymethamphetamine

Time interval between drug administration and death and between
death and collection of samples for analysis

Age, sex, ethnicity, genetic disposition
Weight, physical activity, nutritional state, general condition, disease

Nutritional ingredients, smoking, concurrent use of other drugs
or alcohol

Far less is known about drug-nutrient interactions or
interactions where active herbal constituents are involved.
For example, grape fruit juice can inhibit the activity of
CYP3A4 in the liver and the intestine and may elevate
blood concentrations of drugs that are substrates of
CYP3A4. A number of clinically significant interactions of
St. John’s wort have been identified with prescription
drugs, resulting in a decrease in the concentration or effect,
most probably due to induction of cytochrome P450
enzymes and the drug transporter P-glycoprotein [2, 3].

Pharmacokinetics during the pre-terminal phase are likely
to be very different from that in study subjects or patients,
due to a decrease in cardiac output and blood supply, low
blood pressure, impaired ventilation, acidosis, dehydration,
acute overdose and disease effects. Disease affects various
organ systems and also the way drugs are absorbed, dis-
tributed, metabolized and excreted. Cardiovascular disease
can substantially affect drug transportation to eliminating
organs such as the kidneys and the liver. Renal diseases
directly affect drug excretion, and hepatic diseases affect
drug metabolism. For example, sepsis may induce a decrease
in hepatic metabolism. Trauma and burns not only reduce the
clearance of morphine, but also its volume of distribution.
Also, volume distribution of drugs may be significantly
reduced in patients with congestive heart failure [6, 8].

Disappearance of the drug may occur during lifetime in
some cases. For example, paracetamol causes delayed
hepatic toxicity that can be fatal, but by the time death
occurs, the drug may not be detectable in the blood.
Paraquat causes pulmonary fibrosis, and sometimes a slow
death several weeks after ingestion [9].

Information on treatment and therapy during resuscita-
tion or hospitalization should be provided. For example,
even without restoration of the heart action during resus-
citation, high concentrations of lidocaine may be present in
the left side of the heart as intubation-related lidocaine may
be absorbed by the trachea during cardiac massage. Inter-
pretative problems involving alcohol and drug findings
may also arise from lengthy treatment with intravenous
fluids, from devices which automatically deliver medica-
tion by the parenteral route, or from transdermal patches
that have been left on the body [10]. All these factors may
affect drug concentrations in the body after death. How-
ever, further unique aspects of postmortem changes will be
discussed below.

Changes occurring after death
Postmortem redistribution

In 1960, Curry and Sunshine reported on large differences
in the amounts of barbiturates in blood obtained from
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different sampling sites. Differences in drug concentrations
in postmortem samples collected from different anatomical
sites have been observed for numerous drugs including
imipramine, diphenhydramine, codeine, methadone, doxe-
pin, clomipramine, amitriptyline, cimetidine, cocaine,
digoxin, zopiclone and methylendioxymethamphetamine.
From a few studies comparing ante- and postmortem drug
levels in blood it is also evident, that postmortem drug
concentrations do not necessarily reflect concentrations at
the time of death. For example, a 3.9 and 2.6-fold increase
has been noted for amitriptyline and methadone, respec-
tively, in postmortem blood [11, 12]. Generally, drugs with
wide concentration ratios in ante- and postmortem blood
also tend to have wide central/peripheral concentration
ratios in postmortem specimens. Nevertheless, attempts to
estimate antemortem concentrations from postmortem
measurements are prone to considerable error [13].

All mechanisms and processes causing artefactual
increases or decreases in drug concentration during the
postmortem period can be included under the generic term
of postmortem redistribution. Postmortem changes are site
and time dependent. Potential factors that govern post-
mortem redistribution are summarized in Table 2 [2, 5, 13].

It appears that lipophilic drugs that have an apparent
volume of distribution >3 L/kg and exhibit a central/
peripheral blood concentration ratios >1 are candidates for
postmortem redistribution (Table 3) [2, 11, 13].

Site dependent differences can arise from incomplete
distribution of a drug at the time of death, release from

Table 2 Major factors influencing postmortem redistribution of drugs

major binding sites and/or passive diffusion through blood
vessels or from the lumen of a body cavity into surrounding
organs. Vascular pathways may depend on the blood
remaining fluid after death. Organs such as the intestines,
stomach, liver, lungs and myocardium are major sources of
postmortem redistribution. Pleural and peritoneal fluids are
also regarded as a route for drug exchanges between the
lungs and the liver.

Redistribution from the lungs is more likely than from
the stomach contents due to the large surface of the alveoli,
the thin cell membranes and high vascularisation. Diffusion
of ethanol from the stomach into femoral venous blood
does not pose a problem. However, an investigation on
postmortem diffusion from gastric residues in a human
cadaver model using amitriptyline, paracetamol and lith-
ium carbonate revealed high concentrations in the lungs as
well as in the liver, whereas diffusion into gallbladder bile,
cardiac and aortic blood was less pronounced. Redistribu-
tion from drug molecules sequestered in the liver may
occur via hepatic vessels, or directly to adjacent organs
such as the gall bladder or the stomach. Liver lobes may
contain variable drug concentrations, and the left liver lobe
being in close contact with the stomach will be more
involved in postmortem redistribution. If a drug is also
heavily concentrated in gastric contents it may be difficult
to correctly determine the source of hepatic concentrations
postmortem [5, 14].

Often, drug levels are higher in heart blood than in
femoral venous blood. Substantial differences may be

Physico-chemical and pharmaco-kinetic
properties of the drug
period

Environmental conditions

Size, shape, charge, pKa-value, partition coefficient, apparent volume of distribution, binding to
proteins, blood cells and/or tissues, residual enzyme activity during the early postmortem time

Initial concentration, pH-value, orientation of solute flux, temperature, time, blood coagulation and

hypostasis, blood movement due to fluidity changes and pressure, position of the corpse,
lysosomal enzyme activities, bacterial invasion

Table 3 Drugs that are liable to

Octanol/water
partition coefficient

Concentration ratio
heart/peripheral blood

Apparent volume of
distribution (L/kg)

postmortem redistribution Drug
Amitriptyline 4.94
Amphetamine 1.80
Clozapine 3.23
Cocaine 2.30
Diphenhydramine 3.30
Doxepin 2.40
Fluoxetine 4.05
Haloperidol 3.23
Midazolam 4.30
Trimipramine 543

ca. 15 3.1
34 2.0
2-7 2.8
1-3 1.5-2.3
4.5-8.0 2.3
20-24 5.5
ca. 27 2.9
10-30 3.6
0.5-2.0 4.0
20-50 1.6
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noted for drugs such as calcium channel blockers or cardiac
glycosides which are strongly bound to cardiac tissue. The
lungs, the liver or gastric contents may serve as further
drug sources [2, 11].

Temporal changes of drug concentrations have been
studied in animal models showing that the most important
quantitative changes occur very rapidly during the first
24 h [2]. A few case reports have determined that there is
little evidence of time dependent variability, which may be
due to delayed sampling [14].

Postmortem changes of blood

Decomposition of a corpse involves the processes of
autolysis and putrefaction, which also effect the composi-
tion and integrity of tissues and fluids, and thus drug
analysis. As blood is the specimen of choice for detecting,
quantifying and interpreting drug concentrations, a more
detailed review of postmortem changes in blood will be
given.

In postmortem drug analyses whole blood is used, as
separation of red blood cells from serum is usually not
possible. Drug concentrations provided in literature are
determined from serum or plasma which is traditionally
used in clinical settings. Tables of drug levels determined
from plasma or serum previously reported in therapeutic or
toxic conditions can serve as a reference point. But only
after weighing all possible influences and—if available—
referring to postmortem values established from femoral
blood samples can postmortem results be reliably inter-
preted [5, 8, 10]. Many drugs also do not evenly distribute
between the cellular and fluid constituents of blood. For
example, the concentration ratio between blood and plasma
varies from 0.5 for phenytoin to 2.0 for maprotiline. Blood/
plasma ratios may not only vary among drugs, but may also
differ between a drug and its metabolite (Table 4).

Distribution ratios are generally derived from in vitro
partition experiments where plasma water, plasma proteins
and red blood cells are pooled. Some caution is advisable
in using these data. When spiked blood is diluted with
autologous plasma, erythrocytes discharge compounds
more than plasma proteins. Also, non-linear, concentration
dependent variations of the blood/plasma distribution have
been observed, for example for topiramate. Ratios may also
differ depending on whether the sample has been collected
from a living person or a corpse. Distribution ratios of
cannabinoids, for example, were essentially constant over
the concentration ranges in samples collected from living
individuals, but scattered over a wider range of values in
postmortem specimens. The mean ratio between the initial
postmortem blood specimens and corresponding superna-
tants was 0.42, but was 0.63 in samples obtained from
living subjects. It seems that the distribution ratio that

Table 4 Blood/plasma concentration ratios for drugs of forensic
interest

Drug Blood/plasma ratio

Amitriptyline 1.0-1.1

Nortriptyline 1.5-1.7

Cocaine 1.00

Diazepam 0.70

Oxazepam 1.00

Ethanol 0.74-0.90

Methadone 0.75/1.00*

Morphine 1.02

Morphine-3- and -6-glucuronide Dependent on the hematocrit

value

Ag-Tetrahydrocannabinol 0.55/0.66"

11-Hydroxy-A°- 0.57/0.58*
tetrahydrocannabinol

11-Nor-9-carboxy-A°- 0.62
tetrahydrocannabinol

# Depending on the particular source

exists during life due to active processes decays after death.
Generally, the concentration differences observed between
blood or plasma might be less important compared to other
effects acting on the drug concentration prior to sampling
[2, 10, 11].

Drug concentrations may also change during agonal
phases. Hypoxia reduces intracellular pH thus inducing an
accumulation of basic drugs into cells, whereas neutral or
acidic drugs are less affected. After death had occurred,
acidification up to a pH-value of 5.5 and changes in ionic
strength cause damage to lysosomal membranes, and sub-
sequently enzymatic digestion of the cell membrane and
components. As the permeability of membranes increases,
drugs are redistributed into the extra cellular space, and
hemolysis occurs. There is a rapid progress in postmortem
redistribution processes due to disintegration of physio-
logical and anatomical barriers.

A postmortem blood specimen may differ substantially
from a sample of whole blood collected from a living
person. In addition to hemolysis and a fall in the pH, blood
coagulates postmortem, and then becomes fluid again. The
extent of these two processes will determine whether
postmortem blood is clotted, fluid or partially clotted and
partially fluid. Sedimentation of cellular blood components
to the lower parts of the body under gravity, a phenomenon
called hypostasis, is a visible manifestation of postmortem
changes. There is also a wide variation in the water content
of postmortem blood, ranging from 59 to 89%. All these
changes may effect the original blood drug levels.

Invasion of intestinal flora into tissues and body fluids
occurs after death, especially at ambient or elevated
temperatures but not within a specified time frame.

M.
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Postmortem blood samples taken 6 h after death from
patients who had died of causes other than infectious diseases
tested positive for bacteria whereas in a study on heart blood
samples collected 85 h postmortem, bacteriologic cultures
gave negative results [15]. Microbial enzymes degrade lip-
ids, carbohydrates and proteins resulting in a slow increase in
the pH during the postmortem interval. Both endogenous and
exogenous substrates may be utilized as nutrients or energy
sources (see also section “Degradation and formation of
drugs during the postmortem interval”).

Degradation and formation of drugs during the
postmortem interval

Degradation and formation of drugs or new entities during
the postmortem interval are processes that compete with
postmortem redistribution. Potential mechanisms operating
on drugs postmortem are summarized in Table 5 [2, 3, 16].
A most prominent example of postmortem metabolic
formation is ethanol. It appears that ethanol is not produced
postmortem except by microbial action, the amount gener-
ated depending on the species of microorganisms present, the
availability of substrates, the antemortem condition of the
deceased and the storage conditions of the corpse prior to
collection of samples for analysis. The majority of the cases
attributed to neo-formation do not have significant alcohol
levels (<0.07%). A few case reports, however, demonstrate
that levels of up to 0.22% may be produced under the most
favorable conditions. If the body is refrigerated within a few
hours of death and kept in a cool place, alcohol formation
could not be detected within 24 h despite positive blood
cultures. Also, alcohol is not always detectable in the
advanced stages of putrefaction, possibly due to its utiliza-
tion by microorganisms after an initial increase in levels.
As postmortem synthesis or loss of ethanol is difficult to
accurately assess, determination of further putrefactive
products or markers of recent alcohol ingestion have been
suggested as indicators to differentiate ethanol formed
postmortem from that due to antemortem consumption.
The following volatiles can be produced along with etha-
nol: acetaldehyde, acetone, 1- and 2-propanol, 1-butanol,

isobutanol, isoamyl alcohol, acetic, propionic, butyric and
isobutyric acids, and ethyl esters. Co-detection of “abnor-
mally high concentrations” of volatiles with ethanol during
ethanol analysis has been suggested as suspicious for
microbial contamination. However, minimum volatile
levels indicating microbial contamination, as well as the
correlation of these levels with the amount of ethanol
produced, have still to be established. Also, all volatiles
that could be microbial products are minor ingredients of
alcoholic beverages, except 1-butanol. Methanol is not
likely to be formed postmortem, and levels >10 mg/L
blood may be the result of heavy antemortem exposure.
Aminobutyric and aminovaleric acids have been used to
verify postmortem ethanol formation but are also produced
at variable rates. Measurement of ethyl glucuronide is a
helpful tool to determine in vivo ingestion of ethanol. If
ethyl glucuronide is not detectable along with ethanol,
ethanol formation might have occurred postmortem; how-
ever, alcohol synthesis can not be excluded with certainty
if both ethanol and its glucuronide conjugate are present,
and ethyl glucuronide may also disappear from blood due
to marked putrefaction [6, 16, 17].

Although time- and temperature-dependent decreases in
cyanide concentration are the usual findings from studies,
increases have also been reported in certain situations,
again possibly due to microbial action in poorly preserved
samples.

Gamma hydroxybutyrate (GHB) is increasingly abused
as a recreational drug. It is also an endogenous metabolite
formed during biosynthesis and degradation of the inhibi-
tory neurotransmitter gamma-aminobutyric acid. There is
significant postmortem formation of GHB in blood and
tissues and also during storage of specimens, where levels
may increase up to 100 mg GHB/L blood. Further,
microbial degradation of GHB has been observed [18]. A
compilation of toxicological findings in deaths involving
GHB has recently been published [19].

The possible role of enteric bacteria in the bioconversion
of nitro benzodiazepines has been studied in detail. It is
well known that higher concentrations of the 7-amino-
metabolite are present in the blood in deaths involving

Table 5 Potential mechanisms

. Mechanism
operating on drugs postmortem

Example(s)

Chemical instability
Hydrolysis
Oxidation

Metabolic instability
Esterases

Diacetylmorphine, cocaine, O-acyl- and N-glucuronides

Sulphur containing drugs, morphine

Hydrolysis of ester type drugs, phase-II-metabolites such as e.g. glucuronides

Reduction, e.g. nitro benzodiazepines

Metabolic formation

Oxidation, e.g. thioridazine

Ethanol, volatile compounds, gamma-hydroxybutyrate, carbon monoxide, cyanide
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flunitrazepam. Postmortem degradation also involves acid-
labile conjugates such as the ester glucuronides of propofol
or diflunisal, and to a lesser extent, ether glucuronides such
as 3- and 6-morphine glucuronide [2].

Specimens stored in formaldehyde or collected
after embalming

Occasionally it is necessary to perform analysis on patho-
logic specimens stored in formaldehyde or on samples that
were collected from an embalmed body. With modern
techniques of embalming, blood is drained from the veins
and replaced by a fluid, usually based on formaldehyde,
that is injected into one of the main arteries; cavity fluid is
removed with a trocar and replaced with preservative fluid,
composed of formalin mixed with alcohols and emulsifiers.
The embalming procedure may therefore have diluted
blood and may have partially or completely removed drugs
or poisons present at the time of death from major vessels.
Analysis of pathological specimens should also cover
determination of the drug in fixing and storing solutions as
leaching of drugs from solid specimens occurs.
Formaldehyde present in both embalming and fixing
fluids is a highly reactive chemical. Most likely reaction
pathways are through hydrolysis, degradation or methyla-
tion via the Eschweiler-Clarke reaction. Conversion of
nortriptyline to amitriptyline may occur during formalin
fixation and storage; and N-methylation has also been
reported for amphetamine, methamphetamine, and fen-
fluramine. Alternatively, embalming fluid may maintain
acidic conditions and contribute to a drug’s stability such
as e.g. succinylcholine, which will be rapidly hydrolyzed.

However, some compounds such as alprazolam or midaz-
olam decompose more rapidly under acidic conditions [2].

Autopsy findings indicating intoxication or poisoning

Clinical symptoms may provide valuable information in a
case of suspected poisoning or intoxication facilitating the
selection of appropriate and correct samples at autopsy. It
should, however, be considered, that these symptoms may
be subtle, hidden by diseases or misleading, especially in
children and the elderly [20]. As the majority of drugs and
chemical agents do not produce characteristic pathological
findings, most drug related deaths do not leave obvious or
specific signs. Often, the only finding at autopsy is pul-
monary congestion and edema. In occasional cases, how-
ever, clues indicating poisoning may be observed, and in
some of these specific signs may be present (Table 6) [1].

Acquisition of specimens for toxicological investigations
General considerations

The purpose of sampling is to provide a representative part
of the whole that is suitable to target the analysis for likely
poisons, but also to help in the interpretation of any ana-
lytical result. The term “sample” covers the fluid and tis-
sue and its primary container, and the sampling procedure
starts with the selection of appropriate samples and ends
with the correct disposal of the materials (Table 7) [5, 12,
21]. It is one of the principal roles of the forensic

Table 6 Autopsy findings
indicative of intoxication
or poisoning

Odor
Bitter almond
Fruity, aromatic
Like leek or garlic
Sweet

Indicative of:

Cyanide, hydrogen cyanide, nitrobenzene

Ethanol, solvents

Organophosphorous compounds, arsenic, phosphorous

Chloroform or other halogenated hydrocarbons

Orifices of the body, e.g. mouth or gastrointestinal tract

Residues of powder or colored material

White, corrosive staining

Black-brown, corrosive staining

Glass-like, reddish necrosis
Lividity

Cherry red to light red

Bright pink

Greyish to brownish

Atrophic scarring, abscess and ulceration

of the skin, puncture marks
Perforated nasal septum

Tablet or capsule remains (e.g. flunitrazepam - blue-stained
gastric contents), herbicides or pesticides, intranasal drug
use (e.g. cocaine)

Hydrochloric or acetic acid
Sulphuric acid
Alkaline agents, e.g. sodium hydroxide

Carbon monoxide
Cyanide
Nitrate, nitrite, aniline

Intravenous drug use, e.g. opiates

Intranasal cocaine misuse

Mo,
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Table 7 To maximise the reliability of toxicology results it is rec-
ommended that

The interval between death and collection of specimens at the
postmortem examination is minimised

Appropriate specimens with regard to case history, legal aspects and
availability are selected

Sufficient sample volumes or amounts are taken

The possibility of cross-contamination during collection is minimised

All samples should be placed in separate and clean containers capable
to maintain evidential quality

Specimens are individually labelled, stored refrigerated or frozen as
appropriate, and securely packaged if transported

Samples ideally be submitted in person to the laboratory

The identity and integrity of the samples is guaranteed from collection
through reporting results

All information available is provided with the samples to help the
laboratory in planning the analysis

The history of the sample is documented from submission through
analysis, reporting results and disposal (chain of custody
procedures)

pathologist to select and collect appropriate specimens.
There are regulations on the minimum storage time of
toxicological specimens after the toxicology report has
been issued, which may be considerably longer than that
for clinical samples [22, 23].

Specimens
To date, a coordinated protocol for sampling suspected

poisoning or drug related deaths has not been established.
Some recommendations from Leitlinien der Deutschen

Gesellschaft fiir Rechtsmedizin: Rechtsmedizinische Lei-
chendjffnung are summarized in Table 8 [2, 21].

In cases of exsanguination, burns or advanced putrefac-
tion the availability of specimens may be limited, and
alternative samples for drug identification such as skeletal
muscle, pleural effusions, bone or bone marrow and ento-
mological specimens may be collected. Insect eggs, larvae
or pupae can be used not only to analyze for harmful sub-
stances and to estimate the postmortem interval, but also to
indicate movement of the corpse. Postmortem samples from
a patient who has died in hospital several days after a poi-
soning episode are likely to be negative. In these cases,
specimens obtained at or soon after admission to hospital
should preferably be investigated. Evidence found at the
scene including spoons blackened with soot, syringes, and
mugs or glasses containing drug residues, household prod-
ucts, solvents or pesticides, may provide additional infor-
mation to assist and focus toxicological analyses [1, 3]. In
cases where poisoning by volatiles or gas is suspected, a
specimen should be collected directly at the scene, for
example an aerosol container, or other source [4].

Quantity and use of postmortem specimens

The scope of the sampling procedure has to be case-
dependent as the selection and volume or amount of
specimens will vary considerably from case to case,
depending on requests, legal aspects and availability.
Clinical samples may be collected on several occasions,
however in a death investigation there is rarely an oppor-
tunity to collect further specimens once an autopsy has
been concluded. Two blood samples, including at least one

Table 8 Recommendations for

. . All autopsies
sampling postmortem materials

Cases in which the cause
of death remains uncertain

Special cases

Materials that should be collected prior to autopsy

Peripheral blood (femoral
or subclavian)

Urine
Vomitus

Hair sample of the scalp,
alternatively: body hair or nails

Vitreous humour

Cerebrospinal fluid

Nails

Skin, subcutaneous fat and control
samples

Swabs from the skin or mucous
membranes and control samples

Materials that are collected during autopsy

Heart blood
Gastric contents

Bile bladder fluid
Tissue samples of

Deep muscle tissue
Subcutaneous fat

Liver Hematoma (epidural, subdural)

Lungs Contents of the large and small intestine
Brain Pericardial fluid

Kidneys Pleural fluid

Bone and bone marrow

Entomological specimens
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Table 9 Type, volume/amount and use of postmortem specimens

Specimen Volume/amount

Use/comment

Blood from the femoral or subclavian ~ 10-20 mL

veins

Heart blood 50 mL or all available

Urine 50 mL or all available

Gastric contents 50 mL or all available

Tissues (brain, liver, lungs, kidneys,
muscle, subcutaneous fat)

Gall bladder fluid

Hair sample from the scalp or the body,
or nails as an alternative

10-50 g

All available
Pencil-like tuft

All available
All available
Approx 2 x 2 x 1 cm®

Vitreous humour
Cerebrospinal fluid
Skin and subcutaneous fat

All available and
fractionated, if
applicable

Contents of large and small intestine

50 mL or all available
50 mL
As available

Pericardial fluid

Pleural fluid

Entomological specimens species
Bone, bone marrow Piece of 3-5cm, >1 g

Swabs (intranasal, rectal, vaginal) >2 swabs

Quantitative data, acute impairment or poisoning

General unknown analysis, concentration may be increased due to
postmortem redistribution

Standard sample for drug screening, general unknown analysis,
organophosphates, aromatic hydrocarbons (metabolites)

Result should be referred to the total amount; tablets, herbal remains, etc.
placed in individual containers

Body load may help to interpret postmortem blood data

Lungs, brain: inhalant poisoning

Drug screening, accumulation of drugs undergoing enterohepatic cycling
Exposure data for weeks or months before death, tolerance

Alcohol, cardiac glycosides, diabetes
General unknown analysis, devoid of enzymes and proteins

Skin exposure, injection marks (insulin, i.v. drug abuse), anesthetic-
related incident

Suspicion of drug exposure by the rectal route, poisoning by plants or
mushrooms

In putrefied cases
In putrefied cases
In putrefied cases, should immediately be frozen
Advanced putrefaction, extensively burnt bodies

Route of administration or exposure

from a peripheral site, and urine and gastric contents
should be collected as a minimum set of specimens. Col-
lection of other appropriate fluids and tissues is recom-
mended and even imperative in cases where the autopsy
fails to determine a cause of death, or where there is an
incomplete investigation. A guide to the collection of
specimens is given in Table 9 [4, 5, 8, 12, 24].

Collection of samples

Separate disposable or clean devices or instruments should
be used for each sample to avoid contamination. Body
fluids can be taken by needle aspiration using a hypodermic
syringe or by a pipette, whereas a spoon or ladle is more
appropriate for viscous materials. Swabs should be taken
using cotton pads, and tissue specimens can be cut out with
disposable scalpels, knives or scissors. If inhalants are
suspected it is important to promptly collect and seal the
tissue specimen in a container as soon as possible after the
body has been opened. Gas tight syringes may help to
collect volatiles [4]. Collection of scalp hair, urine, femoral
blood and gastric contents is shown in Figs. 1, 2, 3, 4.
Specimen preservation is not necessary except for a
portion of the blood sample. Ideally, the blood sample
should be divided between an unpreserved and a preserved

tube containing sodium fluoride at a final concentration of
1-5%. Preservation of a vitreous humour specimen for
alcohol analysis is also recommended. Generally, preser-
vation of specimens with sodium fluoride aids in ethanol,
GHB, cocaine and carbon monoxide analyses, whereas
fluoride preservation must not be used when organophos-
phorous chemicals are involved. Instead, early acidification
and storage at a temperature below —20°C are recom-
mended to stabilize these compounds. Ascorbic acid is not
widely used as an antioxidant, but may reduce losses in
olanzapine during storage and also stabilize drugs such as
apomorphine [2].

Although tubes containing liquids should be filled to
minimize the evaporation of volatiles and oxidative losses
of drugs, a small headspace of about 20% should be left if
they are likely to be frozen. If analysis of volatiles is to be
directly performed on a sealed container, a head space of
90-95% is recommended. Break- and leak-proof dispos-
able tubes or containers should be used during collection
and if specimens are to be stored frozen. Most types of
plastic containers (polycarbonate, polyethylene or poly-
propylene copolymers) are suitable for the collection of
body fluids and tissues in drug related fatalities. Bags that
can be tightly sealed are also appropriate for the sampling
of tissue specimens. Glass tubes/containers may break if
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Fig. 1 Collection of a hair specimen prior to autopsy by tying with a
piece of thread

Fig. 2 Collection of a wurine specimen prior to postmortem
examination

Fig. 3 Dissection of the femoral vein prior to collection of a blood
sample

sent by post or upon freezing. Sampling into a glass con-
tainer is, however, a must if solvent abuse or an anesthetic
death is suspected. Samples should be sealed in such a way
that tampering will be evident.

Specimens must be individually labelled and include the
following information:

e Postmortem reference number or unique identifier
e Name or unique identifier of the deceased

N
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Fig. 4 Determining the total volume of gastric concents

e Type/source of specimen
e Date of specimen collection.

All samples except for the hair tuft and the portion of
blood to be submitted for alcohol analysis should be
combined as a batch. The specimen collection protocol
should preferably include the following details (Table 10)
[2, 22]:

Storage, transport, receipt and disposal of postmortem
specimens

It is important to guarantee the identity and integrity of
samples from collection through to the reporting of results.
Safe transport within the mortuary and to the laboratory is
essential. Whenever specimens are left unattended, they
should be secured in a locked container, refrigerator or
freezer. Handling and processing of specimens should be
restricted to authorized personnel. Freezing of specimens is
highly recommended except for hair and a portion of the
blood sample, which should be kept at ambient tempera-
tures or refrigerated. Also, if analyses are performed within
a few days after collection, freezing may not be necessary.

Upon arrival at the laboratory, specimens should be
checked for completeness and integrity. This information is
essential when deciding how to approach the request of the
police or coroner. Precautions should be taken to preserve
the stability of the analytes present in the specimens, which
often need to be kept for several months, and to avoid
accidental contamination of the specimens in the labora-
tory, also [8].

To target the analysis to likely poisons and to simplify
the interpretation of analytical results, the following
information should be available when submitting samples
for analysis [10]:

e Request including the name, telephone number and
address of the investigating officer or coroner
e Postmortem reference number or unique identifier
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Table 10 Specimen collection protocol

Name, address and telephone number of the pathologist and coroner’s
officer

Postmortem reference number, date of postmortem examination
Surname and first name of the deceased or unique identifier
The date of specimen collection

Type and source of specimens, amount or volume, and addition of
preservatives, if applicable

Indication of any biological risk or chemical hazards associated with
the specimen(s)

Abnormal appearance of the specimen or degree of autolysis/
putrefaction

Specimens should be accompanied by a chain of custody form which
should be signed by each individual handling the sample

Surname/first name of the deceased or unique identifier
Police involvement, circumstances surrounding death
Autopsy report, at least a preliminary version
Emergency report, recent medical history and treatment
Specimen collection protocol (see Table 10)
Predefined time periods to complete the toxicology
investigation

The documentation of analytical results is mandatory.
Once the finished report has been submitted and specimens
are not required any longer, or if the predefined time for
specimen storage has been reached, samples may be dis-
carded. The date that specimens are discarded must be
recorded [2, 22].

Analytical pitfalls

There is little to differentiate analytical procedures used in
other branches of forensic toxicology from those used in
postmortem investigations. The same quality standards as
established for the analysis of specimens derived from living
individuals also apply to postmortem specimens [21]. Ana-
lytical methods can be broadly classified into three types:
screening procedures, confirmation procedures and specific
methods. Screening for volatiles by gas chromatography
(GC) is recommended, and immunoassays for common
drugs of abuse are regularly included in a toxicology
investigation. Interaction with putrefactive amines is com-
monly seen in immunoassays for amphetamine type drugs;
and ambroxol was reported to show some cross reactivity in
immunoassays for LSD. If death occurs within a very short
time after drug administration an insufficient concentration
may be present in urine to give a positive result [25].
Additionally, comprehensive chromatographic screens
for basic, neutral and acidic drugs using UV- or mass
spectrometric (MS) detection are required [8]. Screening
methods based on MS data will provide confirmation of a

suspected compound. The particular compound should also
be detected in at least one other specimen. The second
method may use a different detection mode or an entirely
different procedure. Although GS/MS is generally accepted
as unequivocal identification for many drugs, a few draw-
backs have been reported:

e erroneous identification at a low analyte concentration
or due to a low extraction efficiency

e misidentification due to interfering substances

e inadequate information due to similar fragmentation
behaviour (e.g. barbiturates)

e production of low fragment ions (e.g. tricyclic antide-
pressant agents).

Several LC/MS procedures for the screening of drugs in
blood have been developed in recent years using time-of-
flight mass analyzers, ion traps or classical triple quadru-
poles that cover a sometimes more limited range of sub-
stances compared to GC/MS [8]. At present, there is still a
need for studies of matrix effects, selectivity, analyte sta-
bility and appropriate internal standards [18].

Numerous procedures exist that quantify specific drugs,
especially by GC/MS or LC/MS, with LC/MS becoming a
gold standard for detection of very low drug concentrations
[18]. Depending on the type and quality of a sample,
homogenization and modified or multiple extraction pro-
cedures have to be applied. Drug conjugates that have been
co-extracted may subsequently be hydrolyzed leading to
erroneously high levels of the non conjugated drug pro-
portion. The phenomenon of conjugate instability is most
common with labile conjugates such as N- or O-acyl glu-
curonides [2].

The extraction efficiency from a postmortem specimen
may vary from case to case, or even from site to site within
the same body. It may also differ from that of a blank
specimen used for calibration. The use of stable isotope
internal standards may provide a higher degree of accuracy
in the analytical results. However, few deuterated standards
are commercially available for drugs or major metabolites.
If impurities present in the sample interact with the analyte
to change the instrumental response, the method of stan-
dard addition may be used as an alternative; i.e. the sample
can be measured before and after adding increasing
amounts of the analyte. Major drawbacks are the high
sample volume, an increase in analytical runs and extrap-
olation of the curve to “zero” concentration, e.g. beyond
the valid calibration range.

It is now recognized that determination of major
metabolites and degradation products along with the parent
drug is essential to avoid misinterpretation of the data due
to artefacts. Such a stability-indicating assay is one that can
accurately and selectively differentiate the intact drug from
its potential decomposition products.
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Implications for practice

A toxicological death investigation is often unique and
totally different from investigations in clinical toxicology.
The following issues might assist in targeting requests
relative to poisoning in a particular case:

e Is there adequate information on the circumstances
surrounding death?

e s there any information available on the drug, and if so,
is there adequate scientific information available to
define the concentration-toxicity relationship?

e Is the drug either known or suspected to undergo
postmortem redistribution? Is there information on the
drug stability during autolysis and putrefaction?

e Are special sample collection techniques and/or storage
conditions required?

e Are there autopsy findings consistent with drug
overdose?

e What kinds of specimens are available?

e  When, how and where does a particular specimen have
been collected?

e Were blood samples collected from a minimum of two
different sites?

e Has the chain of custody be maintained?

e s there sufficient scientific and practical experience to
perform appropriate analyses on the materials
provided?

e Has a request form been submitted? Have additional
requests emerged from pathological or initial toxico-
logical findings?

Drug concentration measurements cannot be interpreted
without a thorough review of all the medicolegal findings
and circumstances surrounding death. Success in arriving
at the correct conclusion will depend on the combined
efforts of all of the investigators, the pathologist and the
toxicologist.

Key points

1. Many changes occurring postmortem will not be
identifiable by postmortem sampling and toxicological
analysis.

2. There are a lot of antemortem factors affecting the
concentration-time profile of drugs.

3. All mechanisms causing artefactual changes during the
postmortem period can be included under the term
postmortem redistribution.

4. Degradation and formation of drugs or new entities
compete with postmortem redistribution.

Mo,
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Most drug related deaths do not leave obvious or
specific signs.

The purpose of sampling is to provide a representative
part of the whole that is suitable to target the analysis
for likely poisons and also help in the interpretation of
the analytical results.

The scope of the sampling procedure has to be case-
dependent.

The identity and integrity of the samples must be
guaranteed from collection through to the reporting of
results.

Interpretation of the analytical results may be limited
by the inadequate information.

CME questionnaire

No significant influences on the pharmacokinetics of a drug are to be
expected from:

acidosis

perfusion of the liver

cyanosis

dehydratation

Ooo0oooa0o

hypoxia

. Varying drug amounts in blood samples collected from different sampling

sites in a corpse are not due to:
arterio-venous differences
development of tolerance

local drug reservoirs within the corpse
drug release from tissue binding sites

Oo0o0oao

diffusion along a concentration gradient

. The phenomenon of postmortem redistribution largely depends on:

O a decrease of the water content of postmortem blood

O a partial or nearly total clotting of blood

O several processes such as a non-uniform distribution of the drug within the
body, a release from its binding sites and/or passive diffusion

O hypostasis

O hemolysis

During the postmortem interval drugs maybe degraded as a result of
chemical decomposition or metabolic processes, and new entities may be
formed by microbial actions. There is evidence, however, that the following
compound is not likely to be formed postmortem:

propanol

cyanide

ethanol

gamma hydroxybutyrate

Oooooao

methanol

. Conversion of N-desmethyl metabolites to the parent drug through

reductive N-methylation has been observed in specimens stored in
formaldehyde containing solutions. This reaction is named after:

O Eschweiler-Clarke

O Canizzaro
O Traub

O Mannich
m}

Grignard
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The following finding at postmortem examination may indicate intoxication
or poisoning by the assigned agent:

Garlic-like odor — arsenic compounds

Fruity-like odor - nitrobenzene

Cherry red to light red lividity — nitrate or nitrite

Sweet, etheral odor - cyanide

Ooo0ooao

Glass-like, reddish necrosis — acetic acid

Sampling of specimens for a toxicological investigation does not cover:
Selection of the specimens

Packaging and transport of specimens

Extraction of specimens for toxicological analysis

Storage of samples over a fixed period of time

Ooo0ooao

Disposal or destruction of specimens

The following specimen is not suitable for the detection of:
Hair sample — acute overdose

Urine — screening for drugs of abuse

Vitrous humor — cardiac glycosides

Skin and subcutaneous fat - injection of insulin

Oooooao

Gastric contents — identification of herbal materials
Acquisition of specimens for a toxicology investigation

O will preferably be performed during or after dissection of a corpse.

O should always be performed on muscle tissue.

O will reasonably not be performed in cases of severe putrefaction

O should be performed on skin and subcutaneous fat if solvent abuse or an
anesthetic death is suspected.

O can be done using plastic tubes if solvent abuse or an anesthetic death is
suspected.

The following specification is not considered an inherent part of the sample

acquisition protocol:

O the name of the deceased

O the name of the pathologist

O the date of receipt for the postmortem examination of the corpse

O information on the biological risk or chemical hazard associated with the

specimen
O date of transfer and submission to the laboratory

CME questionnaire answers

b

10.

Lo

cyanosis

development of tolerance

several processes such as a non-uniform distribution
of the drug within the body, a release from its binding
sites and/or passive diffusion

methanol

Eschweiler-Clarke

Garlic-like—arsenic compounds

Extraction of specimens for toxicological analysis
Hair sample—acute overdose

should be performed on skin and subcutaneous fat if
solvent abuse or an anaesthetic death is suspected
the date of receipt for the postmortem examination of
the corpse
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The “Very Short Introductions” book series published by
Oxford University Press is designed to give general readers
a fascinating and readily understandable account of com-
plex subjects and will ultimately encompass around 300
titles. Professor Jim Fraser, Director of the Centre for
Forensic Science at the University of Strathclyde, has a
broad background and wide experience in forensic teach-
ing, research and practice. He now provides a clear and
exciting glimpse into the world of forensic science as a
realm of complex activity at the interface of science and
law. The reader is held spellbound by references to famous
criminal cases in British legal history as well as to popular
movies such as Quentin Tarantino’s “Pulp Fiction”. The
book is enjoyable and delightful to read, and the topics can
easily be grasped and appreciated even by non-expert
readers. It comprises 130 pages organized into 9 well-
written and well-structured chapters (Introduction, Inves-
tigating crime, Crime scene management and forensic
investigation, Laboratory examination, DNA, Prints and
marks, Trace evidence, Drugs, Science and justice) and is
enriched with 18 black and white illustrations and 17
tables, some quite comprehensive. The short but up-to-date
reference list is a valuable tool for gathering further
information.

While some important facets of forensic science such as
DNA analysis, fingerprints and bloodstain pattern analysis
are presented in great depth, clarity and detail, others such

C. T. Buschmann (D<)

Institute of Legal Medicine and Forensic Sciences, University
Medical Centre Charité, University of Berlin, Turmstr. 21,
Building L, 10559 Berlin, Germany

e-mail: claas.buschmann@charite.de

URL: http://remed.charite.de
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as post-mortem examination, forensic autopsy, recon-
struction aspects of violent deaths, and forensic odontology
are not included in this edition. As Professor Fraser aptly
states, the exclusion of whole areas is due to the necessity
for selection. Nevertheless, it may be worthwhile to con-
sider adding a short chapter on the principles and practice
of forensic autopsy in future editions. Since mainly
American and British forensic practice and methodology
are explained, a forthcoming edition could perhaps also
contain a chapter on general forensic practice in other
European countries.

To sum up, the author gives an account of the techniques
used and the challenges faced in forensic science. Answer-
ing questions like “How is a crime scene investigated?” or
“How does DNA profiling work, and how can it help solve
crimes that happened 20 years ago?” not only provides
interested non-experts with useful information but is also an
excellent way of presenting our complex discipline to the
public.

Considering the limitations inherent in a series of small-
format books spanning a wide range of topics from history,
philosophy, and religion to science, technology and medi-
cine, this small but excellent volume is sure to fan the
flames of a growing fascination with our discipline and will
give interested readers a deep understanding and broad
grasp of the complex and multi-faceted field of forensic
science.
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