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Abstract Despite the undeniable advantages of postmortem
angiography, numerous questions have arisen concerning the
influence that the injected contrast media may exercise on
biological fluids and tissues collected for toxicological and
biochemical investigations. Moreover, cardiac blood for mi-
crobiological investigations cannot be obtained post-angiog-
raphy. In this study, we examined whether the peripheral
blood collected prior to postmortem angiography, using per-
cutaneous access to femoral vessels after skin surface disin-
fection, could be suitable for microbiological investigations
when postmortem angiography with femoral vessel cannula-
tion is also performed. A total of 66 cases were included in the
study and were divided into two subgroups (angiography and
bacteriology group, 33 cases and control group, 33 cases).
Autopsies, histology, toxicology, bacteriology, and biochem-
ical investigations (procalcitonin, C-reactive protein, interleu-
kin-6, and soluble triggering receptors expressed on myeloid
cells type 1) were performed in all cases. No statistically
significant differences between the two groups were noted,
and identified category distribution (death unrelated to infec-
tion, true infection, false positive, and undetermined) was
rather similar in both studied populations. These preliminary
results suggest that postmortem angiography using a femoral
approach does not constitute an impediment to the collection
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of peripheral blood for microbiology and vice versa. More-
over, the use of femoral blood for microbiology does not lead
to an increased risk of doubtful results.
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Introduction

Postmortem angiography has become a key imaging in the
investigation and identification of bleeding sources in cases of
acute hemorrhages with fatal outcomes, especially when af-
fected vessels are of small caliber or located in anatomical
areas of the body that are difficult to access. Despite the
undeniable advantages of this technique, numerous questions
have arisen concerning the influence that the injected contrast
media may exercise on biological fluids and tissues collected
during autopsy for toxicological and biochemical investiga-
tions [1].

It has been demonstrated that the injection of a specific
contrast agent mixture (Angiofil™) fails to affect vitreous
humor composition and measurements of specific compounds
(vitreous glucose, sodium, chloride, urea nitrogen, creatinine,
and beta-hydroxybutyrate) [2]. A succeeding study has shown
that targeted postmortem computed tomography angiography
using Urografin does not have any diagnostic effect on toxi-
cological and biochemical investigations performed on femo-
ral blood and vitreous humor [3].

Postmortem microbiological analyses in cardiac blood and
tissue samples collected during autopsy are routinely per-
formed in cases of sudden, unexpected deaths involving in-
fants, young children, and young adults as well as in those
suggesting bacterial infection and sepsis related-deaths
[4-11]. Cardiac blood for microbiology is normally collected
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during autopsy from the right atrium post pericardium inci-
sion: the external side of the heart is sterilized by searing with
a heated scalpel blade and blood is aspirated using a sterile
syringe. Analogously, tissue samples are obtained by searing a
small surface area of an organ to dryness with a red hot metal
instrument. The area is then pierced with a sterile swab or
pieces of tissue removed with sterile instruments [12, 13].

Cardiac blood for microbiological investigations cannot be
obtained post angiography. Indeed, contrast agents used in
postmortem imaging are usually not sterile and, even when
sterile, render cardiac blood unavailable once it has been
infused and reaches the heart. On the other hand, cardiac
blood for microbiology could theoretically be obtained prior
to angiography using percutaneous procedures under CT-
guidance, though these sampling approaches are not routinely
used due to their invasiveness and subsequent risk of coronary
artery damage. Indeed, the latter might create artifacts during
the arterial, venous, and dynamic phases of angiography. In
addition, pericardial fluid would be unavoidably mixed with
cardiac blood following cardiac puncture and no longer
useful.

Given the above, effort has been devoted to developing
sampling procedures that allow femoral vessel cannulation to
be performed at the same time that femoral blood for post-
mortem bacteriology, biochemistry, and toxicology is collect-
ed. Indeed, these protocols would provide the use of aseptic
techniques for femoral blood sampling as well as collection of
sufficient amounts of blood for microbiology, biochemistry,
and toxicology to be obtained. Furthermore, femoral vessel
cannulation and contrast agent injection for angiography
would be able to be carried out as usual.

The aim of this study was to assess whether the peripheral
blood collected prior to postmortem angiography, using per-
cutaneous access to femoral vessels after skin surface disin-
fection, could be suitable for microbiological investigations
when postmortem angiography with femoral vessel cannula-
tion is also performed.

Material and methods
Study design

The present study was a prospective, single-center study,
performed at the University Centre of Legal Medicine in
Lausanne, Switzerland, during 2008-2013. All cases collect-
ed for this study underwent medicolegal autopsies as request-
ed by the inquiring authorities. Postmortem microbiological
analyses and biochemical investigations were performed as
part of the medicolegal investigations. All cases included in
this study originated from forensic practice with deaths occur-
ring outside the hospital. Laboratory results pertaining to the
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period immediately preceding the death were therefore
unavailable.

Study population and postmortem investigations

A total of 66 cases were included in the study. The first group
(angiography and bacteriology group, ABQG) consisted of 33
cases (20 males, 13 females) with a mean age of 51.6 years
(range 19-76 years).

Postmortem angiographies were performed according to
the standardized protocol of multiphase postmortem comput-
ed tomography angiography [14].

The control group (bacteriology group, BG) consisted of
33 age-, race-, gender-matched autopsy cases (20 males, 13
females; mean age 52 years, range 20—78 years).

Intervals between deaths and autopsies ranged from 6 to
62 h.

In all cases included in the study, an unenhanced computed
tomography (CT) scan was carried out before any manipula-
tion of the corpse. Postmortem bacteriology and biochemistry
were performed as part of routine forensic investigations in
suspected infection-related deaths.

Postmortem angiographies were systematically performed
after CT scan and prior to autopsy.

Complete, conventional, medicolegal autopsies, histology,
toxicology, bacteriology, and biochemical investigations were
performed in all cases. Autopsies were jointly performed by
two forensic pathologists (at least one board-certified) as in
accordance with both local standards and international guide-
lines for medicolegal cases. Biochemical investigations were
performed in postmortem serum obtained from femoral blood
in all cases included in the study. These analyses consisted of
measuring procalcitonin (PCT), C-reactive protein (CRP),
interleukin-6 (IL-6), and soluble triggering receptors
expressed on myeloid cells type 1 (STREM-1).

Sample collection

In the first group (ABG), femoral blood for microbiology,
biochemistry, and toxicology was collected from the femoral
vessels after skin disinfection in the inguinal area. A chemical
complex of polyvinylpyrrolidone (povidone) and elemental
iodine (povidone-iodine, brand name Betadine®) was used for
disinfection. No skin incision was carried out in any of these
cases, and blood was aspirated through the skin using sterile
needles and syringes.

Once collected, a portion of the aspirated blood was
injected into blood culture bottles, transported promptly to
the laboratory for incubation at 37 °C and cultured for aerobic
and anaerobic microorganisms.

The remaining part was allotted as follows: a portion was
stored in tubes containing gel serum separator and centrifuged
immediately post collection at 3000g for 15 min. After
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centrifugation, the separated supernatant (postmortem serum)
was collected and stored in preservative-free tubes. All these
samples were transferred to the laboratories immediately post
collection. When analyses were delayed, samples were stored
at =20 °C.

A further portion was stored in tubes containing sodium
fluoride and subsequently forwarded to the toxicology
laboratory.

No cases were excluded due to insufficient sample volume.

Unilateral cannulation of the femoral vessels was achieved
on the contralateral inguinal region.

In the second group (BG), femoral blood samples were
collected from the femoral vein(s) immediately prior to au-
topsy. Blood was drawn after clamping the vein(s) at the
proximal end and lifting the lower limb(s) for several minutes
and subsequently collected by aspiration using a sterile needle
and syringe. Blood was allotted as follows: a portion was
stored in tubes containing gel serum separator and centrifuged
immediately post collection at 3000g for 15 min. After cen-
trifugation, the separated supernatant (postmortem serum,
between 1 and 5 ml) was collected and stored in
preservative-free tubes. All these samples were transferred to
the laboratories immediately post collection. When analyses
were delayed, samples were stored at —20 °C.

A further portion was stored in tubes containing sodium
fluoride and forwarded subsequently to the toxicology
laboratory.

No specimens were excluded due to insufficient sample
volume.

Cardiac blood for postmortem microbiological investiga-
tion was obtained from the heart during autopsy. The external
side of the right atrium was sterilized by searing with a heated
scalpel blade and cardiac blood was aspirated using a sterile
needle and syringe prior to any other manipulation of either
thoracic or abdominal organs. Once collected, blood was
injected into blood culture bottles, transported promptly to
the laboratory for incubation at 37 °C, and cultured for aerobic
and anaerobic microorganisms. Tissue samples for microbiol-
ogy were obtained from the spleen, the liver, and the lungs in
the usual way by searing a small surface area of the organs to
dryness with a red hot metal instrument and removing tissue
blocks with sterile instruments. Once collected, these samples
were immediately transported to the laboratory and cultured
for aerobic and anaerobic microorganisms.

Laboratory assays

Cultures were performed by current standard accepted proce-
dures. PCT, CRP, IL-6, and sSTREM-1 levels were determined
according to the techniques previously described [15, 16].
Results were expressed in pg/l, mg/l, pg/ml, and pg/ml, re-
spectively. Increased postmortem serum PCT, CRP, and
sTREM-1 levels suggesting the presence of generalized

inflammation and bacterial infections were chosen based on
former medicolegal investigation results (2 pg/l, 10 mg/l, and
90 pg/ml, respectively) [15]. Based on the results reported by
Llewelyn et al. [17], IL-6 cutoff value was set at 200 pg/ml.

Statistical analysis

Unpaired ¢ test was used to calculate the p value and determine
whether significant differences existed between the two
groups. Statistical significance was set at p<0.05.

Ethics

All relevant ethical issues were identified and discussed with
the local ethical committee. All cases collected for this study
underwent medicolegal autopsies as requested by the public
prosecutor. Femoral blood, postmortem serum from femoral
blood, and cardiac blood are systematically collected in our
facility prior to or during autopsy. Moreover, biochemical
investigations are routinely performed. All blood and post-
mortem serum samples were anonymized prior to analysis. No
further ethical approval was necessary to perform microbio-
logical and biochemical investigations in the cases included in
this study.

Results

Table 1 summarizes the main findings obtained in both stud-
ied groups. Regardless of information provided by the police
when the corpses were admitted to the medicolegal centre or
postmortem investigation findings, the results were initially
classified based on the following parameters:

— Increases in PCT, CRP, IL-6, and STREM-1 concentra-
tions consistent with the presence of inflammation/
generalized or localized bacterial infection,

—  Number of isolated bacteria (one or more than one),

—  Type of isolated bacteria (i.e., part of the normal human
flora, commensal of the skin, commensal of the gastroin-
testinal tract, opportunistic pathogen, pathogenic in pa-
tients with compromised immune system, pathogen in
nosocomial infections, potential pathogen, etc.),

— Accordance or discordance between postmortem bio-
chemistry and microbiological analysis results.

After combining postmortem imaging data, autopsy, and
histology findings as well as laboratory test results, the fol-
lowing situations were identified:
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Table 1 Summarizes subcategories distribution in both studies groups

Undetermined Infection Infection Sterile Contamination  Contamination Translocation Translocation
(one isolate)  (multiple (one isolate) (multiple isolates) (one isolate) (multiple isolates)
isolates)
ABG (33 2 7 2 7 4 3 4 4
cases)
BG(33 2 5 6 6 3 3 3 5
cases)

ABG angiography and bacteriology group, BG bacteriology group

—  Death unrelated to infection: these cases were character-
ized by normal levels of biochemical markers, negative
bacterial culture as well as negative autopsy and histology
findings,

—  True infection: these cases were characterized by in-
creased biochemical marker levels, positive cultures for
one microorganism (or more than one microorganism but
at least one potentially responsible for infection) as well
as autopsy and histology findings consistent with the
presence of bacterial infections,

— False positive: these cases were characterized by normal
levels of biochemical markers, negative postmortem in-
vestigation findings, and positive bacterial culture. Based
on the isolated microorganism(s), three subcategories
were identified:

(a) Contamination during sampling procedures (the iso-
lated microorganism(s) belonged to the resident bac-
terial skin flora; coagulase-negative staphylococci
were cultured in the most cases),

(b) Postmortem bacterial translocation (the isolated bac-
teria were commensals of the gastrointestinal tract in
most cases),

(¢) Mixed situations (mixed microorganisms suggesting
combinations of postmortem translocation and con-
tamination during sampling procedures),

—  Undetermined (contradiction/incoherence among autop-
sy, histology, postmortem biochemistry, and microbiolog-
ical analysis results).

No statistically significant differences between the two
groups were noted and identified category distribution was
rather similar in both studied populations. When specifically
examining the proportion of cases classified as contaminated
during sampling procedures in each of the two groups, we
found that in 4 out of 33 ABG cases, one single microorgan-
ism could be identified (Staphylococcus epidermidis or anoth-
er coagulase-negative Staphylococcus such as Staphylococcus
hominis, Staphylococcus capitis, Staphylococcus warneri,
Staphylococcus cohnii, Staphylococcus pettenkoferi, Staphy-
lococcus haemolyticus, Staphylococcus simulans, or Staphy-
lococcus saprophyticus). In three other cases classified as
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contaminated during sampling procedures observed in the
ABG, two or more microorganisms were cultured. These were
predominately coagulase-negative staphylococci and very oc-
casionally belonged to other families of bacteria resident on
the skin (Micrococcus, Corynebacteria, Propionibacteria).

Very similar findings in both categories (single and multi-
ple contamination during sampling procedures) were obtained
in the BG.

Bacterial translocation (8 out of 33 cases in both the ABG
and BG groups) was characterized by the presence of a single
(4 out of 33 cases and 3 out of 33 cases, respectively) or
multiple (4 out of 33 cases and 5 out of 33 cases, respectively)
microorganism(s) originating from the gastrointestinal tract.
Gram-negative members of the Enterobacterieaceae family
(Escherichia, Enterobacter, and Klebsiella) and/or Gram-
positive commensal(s) of the human gastrointestinal tract
(mainly members of the Enterococcus groups) were the most
commonly cultured bacteria.

These preliminary results suggest that percutaneous access
to femoral vessels after skin disinfection of the inguinal area
do not lead to an increased detection rate of contaminated
blood samples. The percutaneous approach could therefore be
considered a safe, alternative technique of blood sampling
should both postmortem bacteriological tests and postmortem
angiography using femoral access be indicated.

Discussion

Postmortem diagnosis of antemortem bacterial infection by
means of blood and tissue cultures from cadaver-obtained
samples is a major concern in both clinical and forensic
pathology. Still, interesting data pertaining to positive blood/
tissue culture rates and isolated microorganisms can be ob-
tained from orthopedic research and investigations carried out
in other surgical fields that use tissues excised from cadaver
donors for transplantation.

In a study performed by Martinez et al. [18], microbiolog-
ical cultures were performed on blood and bone marrow in a
series of bone-cadaver donors (with no history of sepsis or
neoplastic disease at the time of death) and heart-beating
donors (selected for kidney and bone excision). In the first
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group of donors, blood samples for cultures were obtained
immediately prior to bone excision by cannulation of the
saphenous vein or, occasionally, the femoral vein, through a
cutaneous incision after skin surface decontamination with
povidone iodine solution. Bone allografts were excised in a
sterile operating room within 2-30 h of the estimated time of
death. These authors observed that the incidence of positive
blood cultures was significantly lower among the heart-
beating donors compared to cadaver bone donors.
Coagulase-negative species of staphylococci were the most
common organisms isolated from blood and bone in both
donor categories. Species of Propionibacterium were the sec-
ond most common organisms isolated from the bones of
individuals in both donor categories, followed by various
species of Clostridium, including Clostridium perfringens,
Clostridium sordellii, Clostridium bifermentans, Clostridium
sporogenes, Clostridium cadaveris, Clostridium septicum,
and Clostridium butyricum.

Comparable findings have been obtained in more recent
years by other researchers. Ibrahim et al. [19] reviewed the
culture results of a series of blood samples (from either central
or peripheral vessels after skin surface disinfection with iodine
solution) and bone allografts originating from 119 cadaveric
donors. Most positive samples cultured coagulase-negative
staphylococci in both blood and bone allografts, followed by
species of Streptococcus (in blood) and Bacillus (in bone
allogratfts).

Analogously, Varettas [20] analyzed the positive culture
rate of allograft musculoskeletal tissue samples from 389
cadaveric donors. These authors observed that the most fre-
quently isolated bacteria were Gram-positive cocci, especially
coagulase-negative staphylococci and Streptococcus species,
followed by Gram-positive bacilli, predominantly Bacillus
sp., Clostridium sp., Propionibacterium sp., and
Corynebacterium sp.

It must be noticed that overall positive culture rates (i.e.,
contamination rate) show quite large variations within studies
focusing on allograft tissues, ranging from 25.1 (Varettas) to
66.3 % (Martinez et al.) [18, 20]. Interestingly, in a study
performed by Bettin et al. [21], the overall contamination rate
was 49 %, with a greater number of pathogenic microorgan-
isms (60 %) in grafts retrieved in a morgue environment than
under surgical conditions.

Obeng et al. [22] reviewed and analyzed the number of
cadaveric allograft discarded as the result of positive microbi-
ology results in a series of 1112 donors. Discards in 54 cases
were due to positive skin cultures. The most frequently iso-
lated microorganisms were S. epidermidis and Escherichia
coli among Gram-positive and the Gram-negative bacteria,
respectively.

Babb et al. [23] investigated the microorganisms present on
the cutaneous surfaces of cadavers before and after necropsy.
Specimens were obtained from the thorax, abdomen, and

thighs. The results of this study revealed that the bacteria
colonizing the epidermis prior to autopsy were quite similar
to those found in normal, healthy skin. Isolated bacteria were
largely coagulase-negative staphylococci and corynebacteria.
Gram-negative bacilli, Staphylococcus aureus, and strepto-
cocci were all occasionally isolated, particularly on damaged
or moist skin. The authors observed that the number of Gram-
negative bacilli rapidly increased during autopsy and was not
appreciably reduced even after cleaning the corpses. Isolated
Gram-negative bacilli included E. coli, Klebsiella spp.,
Acinetobacter calcoaceticus, Proteus spp., Enterobacter
spp., Citrobacter spp., Pseudomonas aeruginosa, Serratia
marcescens, and Flavobacterium spp.

Segaard et al. [24] studied the influence that organ
manipulation during autopsy may have on lung and
spleen tissue culture results. They observed a consider-
able difference between the results obtained from tissues
sampled with the organs in situ compared to those
obtained from tissues sampled after the organ block
had been removed, leading to the conclusion that spec-
imens for microbiological investigations should be col-
lected preferentially with the organs in situ. The results
of Segaard et al. [24] were in agreement with those
reported by Silver and Sonnenwirth [25]. These authors
had found that gastrointestinal tract manipulation and
removal prior to specimen retrieval for bacteriology
markedly increased the chances of postmortem contam-
ination of the blood. Specimen collection prior to dis-
section or as soon after death as possible was also
strongly recommended in a study performed by Morris
et al. [4].

Careful aseptic techniques are essential to minimize
blood and tissue contamination during sample collec-
tion. One possible approach is obtaining blood from a
peripheral vessel prior to dissection. The skin over the
vessel(s) is decontaminated with disinfectants, and the
blood is subsequently collected and dispensed into
blood-culture bottles. An alternative, routinely used ap-
proach consists of collecting cardiac blood during au-
topsy post pericardium incision with heat sterilization of
the heart or pulmonary artery surface and subsequent
aspiration through the sterilized area. Similarly, tissue
specimens for bacteriological investigations can be sam-
pled by searing a small surface area of an organ to
dryness with a red hot metal instrument. The area
would then be pierced with a sterile swab or tissue
blocks removed with separate sets of sterile instruments
[12, 13]. Based on the results of numerous investiga-
tions, strict aseptic approaches would allow postmortem
sample contamination to be kept below 10 % [4-7, 13].

The above notwithstanding, as highlighted by Tsokos and
Piischel [13], specimen contamination during sampling pro-
cedures does not necessarily originate from improper or
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unscrupulous collection techniques or specimen handling.
Indeed, they may also depend on the actual anatomy of the
site to investigate (i.e., deeply located organs) or be due to
transient/resident bacterial colonization of skin, mucosal sur-
faces, internal organs, or body fluids prior to death. Though
improvements in sampling techniques can undoubtedly and
significantly reduce the possibility of contamination during
the several steps of the procedure, these precautions, however
stringent, are still unable to prevent postmortem specimen
contamination in its entirety.

To the best of our knowledge, the study herein pre-
sented is the first assay to compare the results of post-
mortem cultures performed in corpses who had under-
gone postmortem angiography (percutaneous access to
femoral vessels after skin disinfection of the inguinal
area) and corpses that had not undergone postmortem
angiography (aspiration of cardiac blood from the atri-
um via heat-sterilized area). Despite the relatively small
number of the subjects involved in this study, potential-
ly limiting the accuracy of the research, the results of
our investigations are in agreement with previous re-
ports and allow us to conclude that:

— As far as true positives, true negatives, sample contami-
nation, and bacterial translocation cases are concerned,
accurate skin disinfection allows femoral blood to be
collected and suitable for postmortem microbiological
investigations with comparable results (in terms of num-
ber and type of isolated bacteria) to those obtained from
cardiac blood cultures,

—  Compared to the heat-sterilization technique, the percu-
taneous access to femoral vessels after skin disinfection is
not responsible for a higher number of contaminated
blood samples,

—  Specimen contamination during collection can be mini-
mized using stringent antiseptic procedures but cannot be
completely avoided,

— In our case series, the majority of specimens possibly
contaminated during sampling procedures cultured
coagulase-negative staphylococci. These findings concur
with those reported in previous studies performed on
cadaveric blood and tissues,

— To conclude, postmortem angiography using a femoral
approach does not constitute an impediment to the col-
lection of peripheral blood for microbiology and vice
versa. Sufficient amounts of femoral blood for bacteriol-
ogy, toxicology, and biochemistry can be sampled during
the same manipulation. The use of femoral blood for
microbiology does not lead to an increased risk of doubt-
ful results, which allows us to affirm that postmortem
angiography can also be carried out in those cases of
forensic interest that require both angiography and
microbiology.
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