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Abstract Urea nitrogen, creatinine, and uric acid are relatively
stable in postmortem serum and may, therefore, be used for
diagnostic purposes when chronic kidney disease and end-stage
renal failure are investigated as causes of death. Nevertheless,
uncertainties remain in defining the best alternative to postmor-
tem serum for the identification and assessment of significantly
decreased kidney function. In this study, we investigated urea
nitrogen, creatinine, and uric acid levels in postmortem serum,
pericardial fluid, and vitreous humor in a series of medico-legal
cases (500 autopsies) with various causes of death. No post-
mortem interval-related differences were observed in any of the
investigated fluids for any analyzed parameter, confirming the
biochemical stability of all compounds after death. Data anal-
ysis failed to reveal statistically significant differences between
postmortem serum and pericardial fluid urea nitrogen, creati-
nine, and uric acid concentrations. Conversely, statistically
significant differences were observed in all analyzed bio-
markers between postmortem serum and vitreous humor levels,
with lower concentrations of all markers measured in vitreous.
The results of this study suggest that, in order to estimate as
accurately as possible blood analyte concentrations at the time
of death, pericardial fluid should be preferred to vitreous humor.
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Introduction

Chronic kidney disease (CKD) is a general term for heteroge-
neous disorders affecting kidney structure and function [1, 2].
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The glomerular filtration rate (GFR) is the best overall index
of kidney function and would ideally be measured with refer-
ence procedures that follow the clearance of an infused exog-
enous substance. Urinary inulin clearance is the gold standard
for measuring GFR, though it is not routinely performed. A
number of different tracers, both radioactive and nonradioac-
tive, as well as different protocols, are used as alternatives to
classic urinary inulin clearance. Regardless of methodology,
these techniques are expensive and cumbersome, thereby
rending them seldom performed in the clinical setting. As a
result, GFR is far more commonly assessed using a variety of
different endogenous markers such as urea nitrogen and cre-
atinine and by means of equations [1, 3—8].

It has been repeatedly shown that GRF evaluation using
serum creatinine may lead to overestimation of the true GFR
in stage 5 CKD due to creatinine tubular secretion. To over-
come this limitation, an average of urea and creatinine clear-
ance has been proposed to better estimate GFR in advanced
CKD. The rationale for this is that urea clearance
underestimated GRF as the molecule is passively reabsorbed
in the proximal tubule. This GRF underestimation on behalf of
urea will balance out GRF overestimation based on creatinine
clearance [1, 7, 8].

Urea nitrogen, creatinine, and uric acid have been demon-
strated to be relatively stable in postmortem serum collected
during autopsy and, therefore, useful for diagnostic purposes
[9—-13]. Numerous investigations have focused on urea nitro-
gen, creatinine, and uric acid levels in alternative biological
samples (vitreous humor, synovial, pericardial, and cerebro-
spinal fluids) collected during autopsy, with results often
interesting [9—30].

Nevertheless, uncertainties remain in defining the best
alternative to postmortem serum in forensic pathology routine
for the identification and assessment of significantly de-
creased kidney function. Indeed, no study as of yet has con-
clusively demonstrated that urea nitrogen, creatinine, and uric
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acid concentrations in postmortem serum, vitreous humor, and
pericardial fluid are reciprocally correlated.

The aim of this study was to measure urea nitrogen, creat-
inine, and uric acid levels in postmortem serum obtained from
femoral blood in a series of cases that underwent medico-legal
autopsies and compare the obtained values to pericardial fluid
and vitreous urea nitrogen, creatinine, and uric acid concen-
trations. Our goal was to evaluate whether both vitreous
humor and pericardial fluid provide suitable results compara-
ble to those found in postmortem serum.

Materials and methods
Study protocol

The present study was a prospective, single centre study,
performed at the University Centre of Legal Medicine in
Lausanne, Switzerland, during 2008-2013. All cases collect-
ed for this study underwent medico-legal autopsies as request-
ed by the inquiring authorities. Laboratory analyses were
performed as part of the medico-legal investigations.

Population and postmortem investigations

Postmortem serum from femoral blood, pericardial fluid, and
vitreous humor were systematically collected from consecu-
tive deceased subjects after their arrival at the morgue (vitre-
ous humor), immediately prior to autopsy (femoral blood) or
during postmortem examination (pericardial fluid). In total,
500 cases with various causes of death were included in this
study (350 males and 150 females, 16—88 years of age).
Postmortem intervals ranged between 8 h and 48 h. Samples
from severely decomposed corpses were rejected. Samples
from cases with cranial destruction or chest trauma were not
collected. Case inclusion criteria consisted of a postmortem
interval not exceeding 48 hours and the availability of post-
mortem serum from femoral blood, vitreous humor, and peri-
cardial fluid during postmortem investigations. The causes of
death included acute traumatic deaths (80), mechanical as-
phyxiation (20), hypothermia (10), anaphylaxis (5), drug in-
toxication (180), bacterial sepsis (20), natural diseases (sud-
den cardiac deaths without acute coronary thrombosis, severe
coronary atherosclerosis without acute coronary thrombosis,
acute coronary thrombosis with myocardial infarction, 170
cases), and CKD (15 cases). No cases of hyperthermia (heat
stroke) or gastrointestinal bleeding were collected.

Sample collection
Femoral blood samples were collected by aspiration with a

sterile needle and syringe from the femoral vein(s) immedi-
ately prior to autopsy. Blood samples were drawn after
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clamping the vein(s) at the proximal end and lifting the lower
limb(s) for several minutes. Blood was stored in tubes con-
taining a gel serum separator. Blood was centrifuged immedi-
ately post collection at 3,000 g for 15 min. After centrifuga-
tion, the separated supernatant (postmortem serum, between
1 ml and 5 ml) was collected and stored in preservative-free
tubes. No specimens were excluded due to insufficient sample
volume. All samples were transferred to the laboratories im-
mediately post collection. When analyses were delayed, sam-
ples were stored at - 20 °C.

Undiluted samples of pericardial fluid (between 5 ml and
10 ml) were collected immediately post pericardium incision
during autopsy. All samples were immediately centrifuged at
3,000 g for 15 min. After centrifugation, the separated super-
natant was collected and stored in preservative-free tubes. No
specimens were excluded due to insufficient sample volume.
All samples were transferred to the laboratories immediately
post collection. When analyses were delayed, samples were
stored at - 20 °C.

Undiluted vitreous humor samples (between 1 and 3 ml)
were obtained by aspiration using a sterile needle and syringe.
Right and left vitreous samples were collected through a
scleral puncture at the lateral canthus, aspirated from the
centre of each eye, pooled in the same syringe and mixed
together. After collection, vitreous samples were immediately
centrifuged at 3,000 g for 15 minutes. The separated superna-
tant was collected and stored in preservative-free tubes. No
specimens were excluded due to insufficient sample volume.
All samples were transferred to the laboratories immediately
post collection. When analyses were delayed, samples were
stored at - 20 °C.

Laboratory assays

Creatinine (Jaffé method, rate-blanked and compensated),
urea nitrogen (kinetic enzymatic UV assay for urea/urea nitro-
gen) and uric acid (enzymatic uricase colorimetric AU Plus)
were determined using the Roche standard methods on the
Roche Modular P system (Roche Diagnostics GmbH, Mann-
heim, Germany). The following clinical reference intervals
were considered for the analyzed markers: urea nitrogen
2.9-7.7 mmol/l (8.1-21.6 mg/dl) (male) and 2.9-6.4 mmol/l
(8.1-17.9 mg/dl) (female); creatinine 62—106 pmol/1 (0.70—
1.20 mg/dl) (male) and 44-80 pmol/l (0.50-0.90 mg/dl)
(female); uric acid 202416 pmol/l (3.4-7.0 mg/dl) (male),
and 142-339 umol/l (2.4-5.7 mg/dl) (female).

Statistical analysis

Nonparametric tests were used throughout the study. The
Mann—Whitney U test was used to evaluate concentration
differences of the tested parameters in collected biological
fluids. Statistical significance was set at p<0.05 for all tests.
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Graphpad Prism 4.0 (Graphpad Software, La Jolla, CA, USA)
was used for statistics.

Results

The graphical representation of parameter distributions in
postmortem serum, vitreous humor and pericardial fluid
(box plots) is reported in Fig. 1. Table 1 summarizes ranges,
mean values, medians and standard deviations for all tested
parameters in all analyzed fluids. The main statistical analysis
results are reported in Table 2.

Statistically significant differences were noted between
males and females in all tested parameters and analyzed
samples, with higher levels in males. No postmortem
interval-related differences were observed in any of the inves-
tigated specimens for any analyzed parameter, confirming the
biochemical stability of all compounds after death.

Urea nitrogen, creatinine, and uric acid concentrations
showed similar distributions in all tested samples in relation
to the causes of death: CKD and sepsis cases with multiple
organ dysfunction syndrome had significantly higher levels of
all measured biomarkers in all analyzed biological fluids
compared to other groups.

Data analysis failed to reveal statistically significant differ-
ences between postmortem serum and pericardial fluid urea
nitrogen, creatinine, and uric acid concentrations. Conversely,
statistically significant differences were observed in all ana-
lyzed biomarkers between postmortem serum and vitreous
humor levels, with lower concentrations of all markers mea-
sured in vitreous. The less statistically significant difference
pertained to urea nitrogen (p value 0.0229).

Discussion

Urea nitrogen, creatinine and uric acid have been demonstrat-
ed to be relatively stable in postmortem serum collected
during autopsy and, therefore, to be reliable for diagnostic
purposes when kidney disease is investigated as the cause of
death [9—13].

Analyses performed in cerebrospinal fluid revealed slight
rises of urea nitrogen after death. However, the measured
values appeared to reliably reflect antemortem levels as they
apparently do in vitreous humor and synovial fluid. Analo-
gously, creatinine concentrations proved stable in vitreous and
cerebrospinal fluid after death [16, 18-25, 27, 29, 30].

Pericardial fluid urea nitrogen, creatinine, and urate can be
collected within 48 hours postmortem, with levels unrelated to
postmortem intervals [10, 14, 15, 17]. Conversely, significant
changes seem to occur in electrolyte and enzyme values in
relation to the postmortem period, which may represent a
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Fig. 1 Graphical representation (box plots) of parameter distributions in
postmortem serum (S), vitreous humor (V) and pericardial fluid (PF)
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Table 1 Summarizes ranges, mean values, medians, and standard devi-
ations for all tested parameters in all analyzed fluids. Results are
expressed in mmol/l (urea nitrogen) and pmol/l (creatinine and uric acid)

Urea nitrogen  Creatinine  Uric acid

Blood reference value male 2.9-1.7 62-106 202416
Blood reference value female  2.9-6.4 44-80 142-339
Postmortem serum

Range 42442 110-589 82-959

Mean value 13.2 264 213

Median 9.0 237 305

Standard deviation 10.6 116 178
Vitreous humor

Range 3.0-36.7 15-191 30400

Mean value 10.6 59 138

Median 6.6 44 110

Standard deviation 9.2 47 105
Pericardial fluid

Range 4.641.7 90-579 74-869

Mean value 13.8 225 374

Median 9.1 196 317

Standard deviation 10.9 106 166

limitation for some pericardial fluid analysis application in
forensic pathology routine [31—41]. Moreover, urea nitrogen,
creatinine, and urate concentrations in pericardial fluid are
independent of the amount of the sampled volume, indicating
no significant interference of postmortem water redistribution.
Based on the results of former studies, it was postulated that
pericardial fluid urea nitrogen, creatinine, and urate could be
regarded as suitable biochemical markers for the pathophysi-
ological investigation of situations in which dehydration, en-
hanced protein catabolism due to severe catabolic states, gas-
trointestinal bleeding, skeletal damage, and impaired renal
function might be involved. Specific patterns of normal/
increased pericardial fluid urea nitrogen, creatinine, and urate
would, therefore, suggest or reflect (or conversely rule out)
systemic organ tissue damage involving skeletal muscles,
complications of renal dysfunction, progressive systemic de-
terioration involving renal failure, and survival time-

Table 2 Summarizes the results of statistical analyses. For all tests,
statistical significance was set at p<0.05

p value
Urea nitrogen postmortem serum vs. vitreous humor 0.0229
Urea nitrogen postmortem serum vs. pericardial fluid 0.5781
Creatinine postmortem serum vs. vitreous humor <0.001
Creatinine postmortem serum vs. pericardial fluid 0.1013
Uric acid serum vs. vitreous humor <0.001
Uric acid postmortem serum vs. pericardial fluid 0.4931
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dependent increases in biomarker concentrations indicating
prolonged death processes. In this regard, comparisons be-
tween pericardial fluid and postmortem serum urea nitrogen,
creatinine, and urate levels have been proposed as highly
useful for investigating the cause and process of death to
reinforce pathological and toxicological findings [10, 14, 15,
17].

The results of our investigations seem to indicate that
pericardial fluid and postmortem serum creatinine, urea nitro-
gen, and uric acid levels significantly correspond, thus,
allowing blood concentrations at the time of death to be
estimated.

Blood clinical reference values for creatinine, urea nitro-
gen, and uric acid could, therefore, be applied to postmortem
pericardial fluid.

Globally considered, these findings concur with previous
observations on this topic and corroborate the usefulness of
pericardial fluid analysis for urea nitrogen, creatinine, and uric
acid determination. Pericardial fluid can, therefore, be
regarded as a valid alternative to postmortem serum when
femoral blood is unavailable at autopsy and CKD (or other
clinical situations characterized by increased urea nitrogen,
creatinine or uric acid) must be investigated.

On the other hand, statistically significant differences were
observed in all analyzed biomarkers between postmortem
serum and vitreous humor levels, with lower concentrations
of all markers measured in vitreous. These findings would
suggest that elevated vitreous humor values of these analytes
can be of diagnostic significance. Nevertheless, in order to
estimate as accurately as possible blood analyte concentra-
tions at the time of death, pericardial fluid should be preferred
to vitreous humor.

Based on the results of our investigations, vitreous creati-
nine and uric acid do not appear to adequately reflect corre-
sponding levels in postmortem serum and, thus, antemortem
blood levels. Concerning estimation of blood urea nitrogen
concentration at the time of death, pericardial fluid urea nitro-
gen levels should be preferred to vitreous humor levels, which
may be used though with caution.

To conclude, urea nitrogen, creatinine, and uric acid con-
centrations in vitreous humor do not seem to be as reliable as
pericardial fluid levels in estimating antemortem blood con-
centrations. Vitreous humor should, therefore, be used for the
postmortem determination of biomarkers that have been dem-
onstrated to be minimally influenced by postmortem changes
and whose vitreous concentrations seem to be, at present, the
most comparable to presumed antemortem blood levels.
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