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Abstract To date there is no routinely used reliable diag-
nostic test that can be performed in the post-mortem pe-
riod to investigate whether a deceased had a coagulation
disorder. This paper describes a series of experiments to
assess the use of an antigen-based method to investigate
the vitamin K-dependent factor II function in the de-
ceased. It illustrates that by using this approach the func-
tional status of factor II can be investigated in the post-
mortem period. The abnormal proteins that are investi-
gated by this method appear to remain stable for at least
72 h and potentially up to at least 7 days. The method that
is illustrated could thus be reliably used in the post-
mortem period to identify a natural or drug-induced factor
IT abnormality. The potential for other protein components
of the coagulation cascade to be investigated by similar
antigen-based methodology is suggested.

Keywords Autopsy - Coagulation - PIVKA II - Warfarin

Introduction

To date, there is no routinely used reliable diagnostic test
that can be performed in the post-mortem period to inves-
tigate whether the deceased had a coagulation disorder. In
fact most pathologists would question the value of inves-
tigating haematological parameters let alone the coagula-
tion profile of a deceased person. This is due to the fact
that in the post-mortem period the blood will rapidly un-
dergo a number of changes that will render the investiga-
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tion of the function of the clotting cascade by traditional
methods unreliable, if not impossible. Thus if a deceased
person, be it a child or an adult, is suspected of having a
natural or drug-induced clotting abnormality, reliance
must be placed on tests performed on ante-mortem blood
samples. However, in the majority of medico-legal cases
samples may not be available for such tests due to the cir-
cumstances in which death occurred.

Certain natural diseases, for example haemorrhagic
disease of the newborn (HDN), may present with a clini-
cal picture identical to non-accidental injury. Thus there is
the potential to misdiagnose a natural disease as a non-ac-
cidental event which could lead to the wrongful convic-
tion of an innocent party. The identification of a reliable
coagulation test that can be used in the post-mortem pe-
riod would assist the investigation of such deaths. During
life, factors II, VII, IX and X of the coagulation cascade
require vitamin K for carboxylation of the glutamic residues
of the precursors to produce a normal function. Failure of
this carboxylation results in the production of non-func-
tioning proteins which are then found in the blood. These
proteins are known as “proteins induced by vitamin K ab-
sence” (PIVKA) [1] and are produced by natural diseases
that interfere with the absorption and action of vitamin K,
for example HDN, or by drugs that alter the function of
vitamin K, for example warfarin. The ability to test the
status of each of these proteins in post-mortem blood
would allow the pathologist to investigate both natural
and drug-induced abnormalities of the coagulation cas-
cade.

A single case report illustrating the use of PIVKA
analysis in the post-mortem period to assist in the differ-
entiation between HDN and non-accidental injury was
published by Rutty et al. in 1999 [2]. Since then no other
studies on the use of PIVKA analysis on post-mortem
samples have been published. We present a series of stud-
ies illustrating the use of PIVKA 1II analysis in the post-
mortem period. It is shown that the protein appears to be
stable in the post-mortem period and that quantification
can be used to identify a factor II abnormality. This study
thus identifies a reliable but limited coagulation test for
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use during an autopsy. Consideration is given to other
protein-based post-mortem coagulation tests which may
also be stable in the post-mortem period.

Methods

Three sets of data were recorded during this study. The first set of
data investigated the coagulation parameters of 22 deceased indi-
viduals where autopsies were undertaken under the legal authority
of H.M. Coroner. The investigation of the clotting status was re-
quired as part of the autopsy examination. In each case a full blood
count (FBC) was performed using a Coulter Gen S cell counter.
Blood samples for clotting tests were collected into trisodium cit-
rate (9 parts blood:1 part 0.105 M trisodium citrate, Vacuratainer,
Becton-Dickinson, UK) and centrifuged at 2,000 g for 10 min prior
to analysis. The clotting screen was performed using a Sysmex
CA6000 autoanalyser and included the prothrombin time (PT) de-
termined using Innovin thromboplastin (Dade-Behring, UK), acti-
vated partial prothrombin time (APPT) performed using the Syn-
thasil reagent (Instrumentation Laboratory), thrombin time (TT)
with thrombin from Instrumentation Laboratory, fibrinogen level
by the Clauss assay (Dade-Behring, UK) and D-dimer analysis
was by latex agglutination (Sigma Diagnostics, UK). The PIVKA
II analysis was performed using an ELISA method (Stago, UK). In
each case the age and sex of the deceased was known as well as the
clinical history including, where appropriate, whether the deceased
had been prescribed warfarin or not. If the patient was known to
have been prescribed warfarin, then a toxicological analysis was
undertaken.

The second data set investigated whether or not PIVKA II was
detectable in the post-mortem period in corpses where the protein
was expected to be present. To do this 14 deceased individuals, 7

of whom were known to have been prescribed warfarin in life and
7 who had no warfarin drug history were investigated. In each case
written informed consent was granted by the immediate relatives
of the deceased to undertake the laboratory investigations. In each
case blood was taken from the femoral vein and placed into the
same tubes as previously described and the same investigations in-
cluding toxicology were performed in each case.

The third data set used a laboratory model to assess the stabil-
ity of PIVKA II in a sample after collection. As it was not possible
to store a cadaver at room temperature over a period of days and
withdraw blood at predetermined time intervals, we had to resort
to a stored blood test-tube model. This model was also used as it
was unknown whether the protein was stable after death and if it
was not, then the delay between death and the taking of the sample
could result in errors in interpretation of the results. It was also un-
known whether there was a difference between plasma and serum
samples. Thus this part of the project analysed the presence of
PIVKA II in 10 living patients, 5 of whom were prescribed war-
farin and 5 who were not. Ethical permission was granted for this
part of the project and written informed consent was obtained from
each of the volunteers. For testing, 10 ml of blood was collected
into citrated samples as described and also into tubes without anti-
coagulant which was then allowed to clot. The blood was sepa-
rated into serum and plasma and stored for 7 days in the tubes
within the laboratory at room temperature. On each of the 7 days
an aliquot of the blood sample was removed, centrifuged as de-
scribed and a PIVKA II analysis was performed.

Results

A total of 46 individuals were investigated in the 3 parts
of the project. In each case appropriate legal authority, be

Table1 The coagulation test results for 22 deceased individuals (part 1)

Case Time since death Platelets (x10%1) PT APPT TT Fibrinogen D-Dimer PIVKAII Coagulation
(h) (140-370) (9.5-11.5s) (24.0-35.08) (17.0-23.05) (1.7-3.3g/l) (<0.25ug/ml) (<8 ng/ml) status

1 12 36.2 7.3 925 HDN
2 Unknown >180 >300 <0.1 2,926 Warfarin
372 255 >180 >300 <0.2 2,000 Warfarin
4 72 237 >300 >300 <0.1 8.1 Haemophilia
5 18 >180 >300 <0.2 16.8 NCA
6 6 4 NCA
7 24 327 >300 >300 <0.2 10 NCA
8 6 10.2 NCA
9 8 8.6 NCA

10 11 >240 >240 10.4 NCA

11 48 >300 >300 <0.2 6.9 NCA

12 19 >180 >300 >180 <0.2 4,000 31.1 NCA

13 48 735 <0.2 NCA

14 9 13 >300 >300 <0.1 11 NCA

15 31 207 >300 >300 <0.2 >64 8.6 NCA

16 12 >300 >300 33 <0.2 1,000 7.7 NCA

17 5 99 >300 >300 <0.2 30.3 NCA

18 6 162 <0.2 NCA

19 29 >180 >300 <0.2 >400 7.7 NCA

20 48 >40 5.7 NCA

21 19 >180 >300 >180 <0.2 4,000 31.1 NCA

22 4 272 >300 >300 <0.2 >64 <2.0 NCA

Reference laboratory ranges for normal healthy adults are given in
brackets.
PT prothrombin time.

APPT activated partial prothrombin time.
TT thrombin time.
NCA no coagulation abnormality.
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Table2 The coagulation test results for 14 deceased individuals 7 of whom were known to have been prescribed warfarin in life and 7

who had no warfarin drug history (part 2)

Case Platelets (x10°1) PT APPT TT Fibrinogen = D-Dimer PIVKA II Warfarin Warfarin
Normal (140-370) (9.5-11.5s8) (24.0-35.0s) (17.0-23.0s) (1.7-3.3g/l) (<0.25ug/ml) (<8ng/ml) (1-3mg/l) status
range
1 168 >300 >300 >100 <0.2 250 7.5 <0.2 Prescribed
2 138 >300 >300 >100 <0.2 8,000 780 <0.2 Prescribed
3 138 >300 >300 >100 <0.2 2,000 1,504 1 Prescribed
4 162 >300 >300 27.8 <0.2 750 3,240 0.8 Prescribed
5 >240 >240 >100 <0.2 750 6,184 Prescribed
6 119 >300 >300 >100 <0.2 >1,000 3,900 <0.2 Prescribed
7 204 >300 >300 >180 <0.2 >10,000 5,560 1.7 Prescribed
8 233 >300 >300 26.4 <0.2 300 11.1 <0.2 Not prescribed
9 89 >300 >300 >240 <0.2 250 8.6 Not detected Not prescribed
10 132 >300 >300 53.6 <0.2 200 52.6 <0.2 Not prescribed
11 393 >300 >300 384 <0.2 >1,000 14.4 Not prescribed
12 493 >300 >300 >150 <0.2 375 7.9 Not detected Not prescribed
13 212 >300 >300 77.6 <0.2 375 7 Not detected Not prescribed
14 406 >300 >300 >100 <0.2 750 9.3 Not detected Not prescribed
PT prothrombin time. TT thrombin time.
APPT activated partial prothrombin time. The reference ranges are for healthy normal adults.
;‘;‘;‘s SPIT\E‘I‘EX‘“’{}IQ;‘S?S for Case sample PIVKA II (<8 ng/ml)
ggé‘h"ézryfe}g;‘??;g:“ems on Day!  Day2  Day3  Day4  Day5  Day6  Day7
Normal 1 plasma 5.20 4.80 5.00 5.70 4.70 4.80 5.80
Normal 1 serum 4.20 4.60 4.90 4.60 4.70 5.90 5.90
Normal 2 plasma 1.00 1.00 1.00 1.00 4.60 1.00 3.90
Normal 2 serum 1.00 1.00 1.00 1.00 1.00 5.30 1.00
Normal 3 plasma 7.80 8.70 9.20 9.80 9.90 6.00 4.92
Normal 3 serum 6.70 8.10 8.80 8.30 9.00 4.23 6.15
Normal 4 plasma 5.13 4.84 5.58 10.80 5.40 9.10 6.36
Normal 4 serum 5.70 5.87 6.31 11.30 5.70 9.50 5.76
Normal 5 plasma 5.00 5.87 6.41 5.93 4.38 6.15 6.31
Normal 5 serum 5.40 5.20 5.13 4.99 5.13 5.58 5.93
Iﬂzgfa“mz,}}z zeﬁ“;‘ésfllg for Case sample PIVKA II (<8 ng/ml)
g;;fg;“;sggyga“ems on each Dayl  Day2  Day3 Day4 Day5  Day6  Day7
Warfarin 6 plasma 3,619 4,203 4,247 3,878 4,007 3,570 4,274
Warfarin 6 serum 3,119 5,502 3,986 3,878 4,088 4,196 3,802
Warfarin 7 plasma 2,188 2,236 2,374 2,264 2,806 2,006 2,704
Warfarin 7 serum 2,022 2,148 2,164 2,180 1,846 2,170 2,368
Warfarin 8 plasma 1,598 1,706 1,846 1,714 1,568 1,672 1,626
Warfarin 8 serum 1,558 1,496 1,548 1,574 1,654 1,566 1,362
Warfarin 9 plasma 172.1 141.4 202.6 181.4 174 177.2 169.2
Warfarin 9 serum 173.1 183.1 177.3 173.4 179.6 178 135.6
Warfarin 10 plasma 2,248 2,262 2,496 2,172 2,204 2,084 1,902
Warfarin 10 serum 2,142 2,214 2,280 2,216 2,230 2,200 2,140

it from H.M. Coroner or by written informed consent from
the living volunteers or deceased relatives, was granted to
undertake the investigations.

In part 1 a total of 22 deceased individuals were inves-
tigated, 12 females and 10 males with 16 cases aged 3
years or younger. In all cases the blood samples were taken
no greater than 72 h after death. Two cases, both adults,

were known to have been prescribed warfarin in life, one
case had haemophilia and another HDN. All other cases
were found to have no evidence of a coagulation abnor-
mality during life. The results of the platelet count (from
the FBC, the other red cell and white cell parameters are
not illustrated as this study concerns coagulation only and
not all haematological parameters) and coagulation tests
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Table 5 Mean post-mortem

PIVKA II plasma levels in nor- Mean values (cases)

PIVKA II (<8 ng/ml)

mal and warfarinised subjects

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Normal plasma (1-5) 4.83 5.04 5.44 6.45 5.80 5.41 5.46
Normal serum (1-5) 4.60 4.95 5.23 6.04 5.11 6.10 4.95
Warfarin plasma (6-10) 1,965 2,109 2,233 2,041 2,151 1,901 2,135
Warfarin serum (6-10) 1,802 2,308 2,031 2,004 1,999 2,062 1,961
Table 6 INR plasma levels in normal and warfarinised patients at ~ PIVKAII
collection 2500
Plasma INR at Plasma INR at
collection collection 2000 -
Normal 1 1.0 Warfarin 6 2.5
Normal 2 1.0 Warfarin 7 2.0 1500
Normal 3 1.0 Warfarin 8 1.9 ~® Plasma
Normal 4 1.0 Warfarin 9 1.1 1000 4~ Serum
Normal 5 1.1 Warfarin 10 1.9
500
PIVKA II
7 0 . . . . . . .
6 /:\ \.\:—’_. 1 2 3 4 5 6 7
5 — 1/‘/ u L] Days
4 —e Plasma Fig.2 A graph of the PIVKA II values (ng/ml) plotted against
3 = Serum time (days) of the mean values of the warfarin cases
2
1 of the 7 days for each patient are shown in Tables 3, 4, 5
and 6. The mean values for each of the two types of sam-
0 T T T T T T ' ples for each of the two groups for each day are shown in
! 2 3 4 5 6 7 Figs.1 and 2. There were no significant differences
(analysis of variance) between results in plasma and
Days

Fig.1 A graph of the PIVKA II values (ng/ml) plotted against
time (days) of the mean values of the control cases

on each of the post-mortem blood samples are shown in
Table 1. It was found that there was no significant correla-
tion between the time since death (hours) and the PIVKA
II results in the 19 deceased who had not received war-
farin and did not have HDN (Pearson correlation coeffi-
cient 7=0.18). This would suggest that there is no time-de-
pendent leakage of PIVKA II from cellular storage after
death.

In part 2 a total of 14 deceased were investigated,
9 males and 6 females with an age range from 64 to
84 years old at death. Of these 7 were known to have been
prescribed warfarin during life but only 2 had levels
within the therapeutic range at the time of death. The re-
sults of the coagulation tests on post-mortem blood are
shown in Table 2.

In part 3 a total of 10 living patients volunteered for the
project, 5 were known to have been prescribed warfarin
and 5 were not. The results of the PIVKA 1I tests on each

serum in normal subjects or in warfarinised subjects. Fur-
thermore the differences between results on different days
were not significant in plasma or serum in either of the
two groups.

Discussion

During an autopsy examination the pathologist may have
to undertake additional laboratory investigations using ca-
daver blood. To do this one must apply the same labora-
tory methods that are performed on blood samples taken
from the living. As in the living, the correct sample must
be taken from the correct site and placed into the correct
container so that the correct analytical test can be per-
formed. However, after death, due to the nature of the
sample, for example if the blood is clotted or the body is
in a state of advanced decomposition and assuming that a
sample can be obtained in the first place, the results may
be uninterpretable due to the rapid onset of post-mortem
changes. Due to this, many would question the need to un-
dertake such investigations if the results that are produced
cannot be interpreted. An excellent example of this prob-
lem is the autopsy investigation of haematological param-



eters including the deceased’s coagulation status. Under
these circumstances one may become reliant upon ante-
mortem tests or the existence of an ante-mortem blood
sample which can be retrieved and tested.

In the post-mortem period the red and white cell mor-
phology and parameters will alter with time but appear to
remain stable in the early post-mortem period [3, 4]. Red
cells may remain intact for up to 10 days whereas white
cells undergo rapid change within the first 24 -h period.
The stability of individual types of leukocytes within the
first 10 days is variable. Thus the analysis of the haema-
tological state of the deceased can still be investigated for
the purpose of diagnosis of disease states during the au-
topsy examination. One of the components of the ability
to clot, the platelet count, has been shown to rise in the
first 2 h after death followed by a steady decline over the
next 10h when it may reach 66% of the ante-mortem
value [5]. After this initial rise and fall other authors have
reported that the count will remain constant at the lower
end of the standard range for up to 10 days after death [4].
Thus as illustrated in Tables 1 and 2, a platelet count can
be performed after death, although the interpretation of
the results becomes difficult due to the effect of post-
mortem hypostasis and thrombolysis.

If the deceased is thought to have a natural or drug-in-
duced abnormality of the coagulation cascade then, to
date, the pathologist must rely upon the results of tradi-
tional clotting tests, i.e. the PT, APPT, TT and fibrinogen
levels. However, as is illustrated in Tables 1 and 2, when
post-mortem blood is used no interpretable results can be
gained from these standard tests.

Rutty et al. [2] highlighted the importance of being
able to test individual components of the coagulation cas-
cade when trying to differentiate between natural disease
and non-accidental injury in children. In this report they
drew attention to the use of an antigen assay to analyse
specific factors of the coagulation cascade in post-mortem
blood. Under normal circumstances in life, the majority of
circulating factors II, VII, IX and X have carboxylation of
the appropriate glutamic residues in a vitamin K-depen-
dent pathway [6]. Disruption of this system causes in-
creases in the circulating levels of proteins induced by vi-
tamin K absence (PIVKA). These are produced by natural
diseases that interfere with the absorption and action of
vitamin K, for example HDN, or by drugs that alter the
function of vitamin K, for example warfarin. The ability
to test the status of each of these proteins in post-mortem
blood would allow the pathologist to investigate both nat-
ural and drug-induced abnormalities of this part of the co-
agulation cascade.

To our knowledge the only commercially available as-
say for PIVKA proteins is for PIVKA II and this project
therefore concentrated on factor II. In living patients it has
been shown previously that there is a significant correla-
tion between the INR value and the PIVKA II value [7].
The first part of the project investigated whether PIVKA
IT was quantifiable in post-mortem blood. During life, all
individuals will have a small quantifiable amount of
PIVKA 1I which, from our laboratory reference range,
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should be less than 8 ng/ml. Table 1 illustrates the PIVKA
II levels in 18 individuals with no evidence of a vitamin K
abnormality. Values above the reference range were ob-
served in these cases but no single value was found above
31.1ng/ml. Thus this part illustrates that quantifiable re-
sults can be obtained in post-mortem blood but that the
values may be above the upper reference range in normal
individuals. However, in those with a vitamin K func-
tional abnormality (case 1 with HDN, cases 2 and 3 were
prescribed warfarin) the values are markedly raised com-
pared to the normal cases and thus these individuals can
be identified as having such an abnormal factor II func-
tion.

The ability to identify those with and without a vitamin
K factor II abnormality based on the PIVKA 1I value was
explored in part 2 of the project. In this section the sam-
ples were submitted to the laboratory blind of the clinical
history that the patient was or was not prescribed war-
farin. From Table 2 it can be seen again that in the normal
subjects a PIVKA 1I value of up to 52.6 ng/ml was ob-
served although again there was a significant difference
between this value and 6 out of 7 of those prescribed war-
farin. There were no false positive predictions made as to
whether the patient was prescribed warfarin. Thus a raised
value above that of the upper reference range can be seen
in the post-mortem period in normal subjects but no value
in the entire project was found to be above 52.6 ng/ml. Of
the seven cases on warfarin six were predicted correctly
from the PIVKA 1II value. Thus there was a single false
negative case which was found to have a value within the
normal reference range. As the warfarin value was sub-
therapeutic it is possible that the deceased had been non-
compliant with the therapy prior to death. Having said
this, four of the warfarin subjects also had sub-therapeutic
levels of warfarin present at death and yet had raised
PIVKA 1II values. PIVKA 1II has been reported to have a
half-life of approximately 16 h [1] by a different (less sen-
sitive) method and thus although the patients warfarin lev-
els have fallen to sub-therapeutic levels, exposure to war-
farin (in these cases, therapeutic) can be confirmed in the
post-mortem period by the analysis of PIVKA 1I.

The final part of the study used a model to consider the
stability of the abnormal proteins in the post-mortem pe-
riod and to investigate whether or not PIVKA II can arise
after death. Ideally one would have taken a series of ca-
davers and left them at room temperature over the 7-day
period, taking blood samples on each day to analyse for
the presence of absence of PIVKA II. As this option was
not possible to the investigators, blood was taken into test
tubes with and without preservative and left for the 7-day
period. It was hypothesised that if PIVKA II was already
present at the time that the blood was drawn from the pa-
tient then this model could be used to assess its stability
over this time period and equally if it was not present then
this model would allow for the observation of whether the
proteins would form under these conditions. The results
are shown in Tables 3, 4, 5, 6, Figs. 1 and 2. The warfarin
cases are again seen to have high values of 172 ng/ml or
above compared with the control values when first drawn
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from the body within the reference range. The differences
between plasma and serum were not significant, indicat-
ing that either sample type could be used for the measure-
ment of PIVKA II. In both normal and warfarinised sub-
jects the measurement of PIVKA II was stable for at least
7 days. The differences between results on different days
of sample storage were minor and not statistically signifi-
cant. This suggests that the small variations observed re-
flect measurement variation rather than genuine changes
in the levels of this protein. These results also support the
assumption that once blood is drawn from the body, a de-
lay in the time that the sample takes to get to the labora-
tory should not alter the interpretation provided that the
sample arrives within 7 days. This is important if samples
have to be sent by post to a distant reference laboratory.
This study highlights the ability to investigate the func-
tion of specific components of the clotting cascade by us-
ing antigen-based methods for the coagulation proteins
rather than attempting to use more traditional clotting
tests which become unusable in the post-mortem period.
The proteins, in this case PIVKA II, have been shown to
be quantifiable in the dead for at least 72 h after death and
if one considers the test tube model results this could be
extended to up to 7 days after death. The protein values do
vary after death with an apparent initial rise and then fluc-
tuation of values above the ante-mortem value. This ob-
servation is similar to that observed with other compo-
nents of blood, for example the platelets and the haemat-
ocrit. However, as there is a marked difference between
the control values and those with PIVKA II, the value can
be used to identify those with either a natural or drug-in-
duced factor abnormality. They can also be used to inves-
tigate drug compliance prior to death. Although this study
has been confined to the investigation of PIVKA I, the
other vitamin K-dependent factors could equally be inves-
tigated using the same methodology. The investigators

have also undertaken the analysis of other coagulation
proteins including Protein S and C and have observed that
these too can be investigated in the post-mortem period.
Further cadaver-based investigations are required to con-
firm the stability of these proteins in the post-mortem pe-
riod but these results support that the use of protein-based
antigenic coagulation tests can assist the pathologists in
the post-mortem investigation of coagulation abnormali-
ties.
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