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Abstract
Background: Thrombophilia can be defined as a predisposition to thrombosis.
Abnormalities in haemostasis that are associated with clinical thrombophilia
include heritable defects, such as mutations in the genes encoding the natural
anticoagulants antithrombin, protein C, and protein S, or clotting factors
prothrombin and factor V. Women with thrombophilic defects have been shown
to be at increased risk, not only of pregnancy associated thromboembolism, but
also of other vascular complications of pregnancy, including pre-eclampsia and
fetal loss.
Objective: To determine the association of thrombophilia with placental
complicated pregnancy.
Methods: In this cross sectional analytical study, a total of 54 Sudanese subjects
were enrolled in the study, from July 2014 till July 2018 in Shendi town. The
details of the subject go as follows: 20 normal pregnant Sudanese women as
control group and the rest 34 Sudanese women with complicated as study group,
with age range was between 18 and 50, with the mean of 30.7 years. The data
were analyzed by using Statistical Package for Social Sciences (SPSS); the mean,
STD, independent t test and cross tabulate were used.
A novel prothrombin-based activated protein C resistance, protein C (PC)
activities and protein S (PS) activities were measured bycoagulometer
usedACTICLOT reagents.Free protein S (PS) was measured by (ELISA) used
IMUCLONE free protein S ELISA. Antithrombin 11l (ATIII) activities were
measured byspectrophotometer used, all the applied reagent were supplied from
(Sekisui Diagnostics GmbH,Pfungstadt, Germany).
Results: The findings of this study showed that APC-R homozygous was (0%),
heterozygous was (47.1%) and wild type was (52.9%).Also the mean of PC in
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study group was (43.7%), while in control group (81.4%), with P. Values of

(0.001).the mean of protein S in study group was (76.3%), while in control group
was (86.6%), with P. Value of (0.073). The mean of FPS in study group was
(97.9%), while in study group was (95.80 %) with P. Value of (0.720). The mean
anti-thrombin level in study group was (122.9%), while in control group was
(127.30%), with P value of (0.766).

Also the study demonstrated the frequency of PC, PS, AT IIl deficiency and
APC-R were (91.2 12%, 13% and 0%) respectively.

Conclusion: Protein C, deficiency were found to be the most frequent risk
factors in women with complicated pregnancy, while PS , AT 111 deficiency were
found less frequent and APC-R were not associated with placental complicated

pregnancy .
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1.1. Introduction

Hereditary deficiencies of antithrombin (AT), protein C (PC) and protein S (PS)
and activated protein C resistance (APC-R) are strong risk factors for venous
thromboembolism (VTE).4®Women with these deficiencies are at higher risk of
VTE during pregnancy and the puerperium, because of the acquired
hypercoagulable state associated with this condition.®It is likely that not only
maternal veins but also maternal-placental vessels are more prone to the
development of thrombosis, as has been demonstrated in women with mild
thrombophilic defects.® Consequently, women with strong thrombophilic
defects, i.e. deficiencies of (AT), (PC), (PS) or (APC-R), may be at higher risk of
fetal loss, because of placental insufficiency as a result of placental infarction.
Thus far, only a few family studies addressed fetal loss in women with these rare
deficiencies.®Although the reported risk of fetal loss was increased compared
with controls, this result was not consistent in meta-analyses.® It was
demonstrated that the concomitance of other thrombophilic defects increases the
risk of (VTE) in subjects with hereditary deficiencies of (AT), (PC) or (PS).
Moreover, concomitance was frequently observed in families with these
deficiencies.® Similarly, concomitance might also increase the risk of fetal loss.
The incidence of all types of thrombophilia in women with obstetrical
complications is not so rare and every specialist should think about these
conditions and has to investigate and to suspect them in their patients with
recurrent fetal loss or severe complication of the pregnancy. Approximately 1 to
5 percent of pregnant women have serious complications of pregnancy, such as
severe preeclampsia, abruptio placentae, intrauterine fetal death, or severe fetal

growth retardation.(”



For diagnosis of inherited thrombophilias should be investigated some labs and
genetic factors -Leiden factor V mutation (R560Q) (DNA test by PCR),protein C
levels, protein S levels, activated protein C activity and PAI-1 gene mutation.(”

We performed our study to assess thrombophilia (protein C, protein S,
antithrombin 111 levels & activated protein C resistance) as risk factors for

placental complicated pregnancy.



1.2. Justification

Pregnancy is associated with an increased risk of venous thromboembolism
(VTE), and this condition remains an important cause of maternal morbidity
and mortality.

Approximately 50% of gestational VTE are associated with thrombophilia.
Recent studies suggest that there is also a link between thrombophilia and
pregnancy loss, as well as other gestational vascular complications. Heritable
thrombophilia is becoming more frequent.

This study for the prevalence of heritable thrombophilia during pregnancy, in
an area that remains particularly challenging because of the potential for
anticoagulant-related fetal as well as maternal complications and the paucity of

good-quality data upon which to base clinical decisions.



1.3. Objectives:-

1.3.1. General Objective:-
Assessment of protein C, protein S, antithrombin 111 levels & activated protein
C resistance; as risk factors for placental complicated pregnancy.

1.3.2. The specific objectives:

1.3.2.1. To assess PC, PS and ATIII deficiency among case and control.

1.3.2.2. To determine the APC-R frequency among placental complicated

pregnancy.

1.3.2.3. To correlate the APC-R with types of placental complicated pregnancy.



Literature review
2.1. Hemostasis:-
The main factors maintaining the balance between bleeding and thrombosis are
the vessel wall, platelets, coagulation system, and fibrinolytic system. At the site
of a vessel wall injury, platelets serve as the first hemostatic plug by adhering to
exposed collagen directly and through von Willebrand factor. Aggregated and
activated platelets support local coagulation by providing a negatively charged
phospholipid surface for the coagulation cascade, which eventually forms a
stable fibrin  clot. Coagulation is regulated by natural anticoagulant
mechanisms, to limit the process at the site of injury. Finally, the clot is dissolved
by the fibrinolytic system.®
2.1.1. Primary haemostasis:-
Is a series of events including vasoconstriction and platelet activation,
vasoconstriction diverts blood from the site of the injury and protects it from
exposure to sub-endothelial structures that activate blood coagulation. Platelets
adhere to the injured vessel wall, a process mediated by glycoprotein (Ib) which
binds to (VWF) on the endothelial cells. In addition, activation of platelets leads
to a change in shape, leading to exposure of new receptors on the platelet
membrane which makes the platelets able to form aggregates, mediated by the
bridging of glycoprotein (Gllb, Gllla) to glycoprotein (Gllb, Gllla) on another
platelet by fibrinogen. This primary platelet plug is very fragile and must, in
order to avoid detachment and subsequent resumed bleeding, be stabilized and
more firmly anchored to the vessel wall; this is achieved via fibrin formation by

the coagulation pathway also called secondary haemostasis.®



2.1.2. Secondary haemostasis:
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Figure (2-1): sketch of the coagulation cascade.®

The procoagulant coagulation cascade is composed of serine protease
enzymes and their cofactors. The end point of this cascade is the formation of
active thrombin. The coagulation cascade occurs on a phospholipid surface,
mainly on the activated platelets or the injured endothelium, in the presence of
(Ca++). The coagulation process begins when tissue factor (TF) is exposed to
blood and binds with (FVI1la), which pre-exists in trace amounts in the blood. (F
VIla) needs to be bound to TF to gain proteolytic activity. (TF - F VIla) complex
activates (F IX) and more efficiently (F X). © The first small amounts of (F Xa)



activate (F V), and together they form a prothrombinase complex to activate
prothrombin to thrombin.9

After this initiation phase, the newly formed thrombin activates (FV, F VIII) and
(F Xl) thereby accelerating its own activation and leading to a very efficient
propagation phase of coagulation. (F 1Xa) with its now activated cofactor (F
VIlla) (tenase complex), activates efficiently (F X), and then (F Xa), with its
cofactor (FVa) (prothrombinase complex), activates prothrombin to thrombin. (F
Xla) serves as another activator for (F IX) to ensure the efficiency of the
thrombin formation process.®® Thrombin converts the soluble fibrinogen into
insoluble fibrin, which forms a network in and around the platelet plug.
Thrombin also activates (F XIII), which cross-links fibrin molecules to form a
stable clot.®) In addition, thrombin further activates platelets,®ensuring excellent
conditions for coagulation to proceed on the phospholipid surface. As a link
between coagulation and inflammation, thrombin can activate endothelial cells,
mononuclear cells, platelets, fibroblasts, and smooth muscle cells through (PAR-
1, PAR-3), and (PAR-4) (protease activated receptors) on their surface, leading to
the production of several cytokines and growth factors.®

Anticoagulant mechanisms regulate the coagulation cascade rigorously to limit
thrombosis at the site of vessel wall trauma. Limiting factors include several
phenomena: adhered, activated platelets remain at the site of injury, serine
proteases involved in the process need to be proteolytically activated, and
physiologic anticoagulants - tissue factor pathway inhibitor (TFPI), antithrombin,
and the protein C system - control critical points of the coagulation cascade.®
Platelet factor 4 released from platelets increases protein C activation rate and

this may also limit thrombus formation outside the site of injury.*?



(TFPI) neutralizes stoichiometrically the (TF - F VII) complex.® Antithrombin
can neutralize all the procoagulant serine proteases by binding to them,® the
primary targets being thrombin, (F Xa), and(F 1Xa).®® The protein C system
regulates the coagulation process dynamicall by responding to the presence of
thrombin. @2 This anticoagulant system is described in detail in the next section.
2.1.3. Protein C:-

Protein C is a 62-kD glycoprotein, synthesized in the liver as a zymogen, which
circulates in the blood at a concentration of (4ug/mL). Activation of protein C
requires conversion of the single-chain zymogen into a 2-chain serine —protease-
like enzyme required for catalytic activity and a key component of the natural
anticoagulant pathway.®¥

Protein C circulates as single chain protein is converted by thrombin into its
active form (APC) which, with its cofactor protein S, degrades factor (Va) and
factor (VIlla). The activation of (PC) to (APC) occurs relatively slowly in the
presence of thrombin alone but the rate of activation is increased significantly
when thrombin is bound to the transmembrane protein thrombomodulin (Tm).®®
Thrombin bound to (Tm) has no procoagulant activity but significant
anticoagulant activity through the protein C-protein S pathway.In addition to its
anti-coagulant role, activated protein C exhibits anti-inflammatory and anti-
apoptotic activities. (APC) also binds to (PAI-1) (Plasminogen Activator Inhibitor
Type 1) and inhibits its activity, so preventing inhibition of (T-PA) and thereby
enhancing fibrinolysis. >

Activated protein C is inhibited by protein C inhibitor (PCI) - historically known

as (PAI-3) - a member of the serpin family of serine protease inhibitors.%
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Figure (2-2):Protein C pathway®®

Protein C deficiency is inherited in an autosomal dominant manner and increases
the risk of (VTE) to a magnitude depending on whether it is homozygous or
heterozygous. >

Homozygous protein C deficiency is rare and presents in newborns with purpura
fulminans (a form of disseminated intravascular coagulation characterized by
extensive cutaneous haemorrhage and necrosis) which is rapidly fatal unless
treated with protein C replacement.(*

In individuals with heterozygous protein C deficiency, warfarin may produce a
similar phenomenon early in its use by reducing the level of protein C which has
a short half-life approximately 6 hours; before significant falls in the other
vitamin K dependent procoagulants occurs (FII) is slower 4 to 5 days. This,
despite warfarin’s role as an anticoagulant, without therapeutic heparin, produces
a procoagulant state characterized by thrombus formation in the small dermal
vessels and extensive skin necrosis. It is a rare phenomenon.®® Activated protein

C resistance is the inability of protein C to cleave factors (Va) and/or (VIlla).
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This may be hereditary or acquired but is usually due to abnormalities in the
targets of activated protein C activity rather than to abnormalities of protein C
itself. The most common example of activated protein C resistance is due to the
Factor (FVL) mutation.®®

2.1.4. Protein S:-

Protein S is a vitamin K-dependent glycoprotein and is a key component of the

protein C-protein S natural anticoagulant pathway.®%
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2+ +
Pl G * ; _ C4b-binding protein
-~ = Villinactive
VIl ———— = V||la~ Vlla-TF
A (a\
X X
" Xa s * -4—Protein S
a +
"
v ’/-aw > Vinactive
T Prothrombin
Thrombin
Thrombomodulin Activated Protein C
s (APC)
Fibrinogen
Fibrin
Protein C

Figure (2-3):Protein S pathway.*®

Protein S acts as a cofactor for the serine protease (APC) in the inactivation of
factors (Va) and (VIlla). Protein S also exerts activated protein C-independent
anticoagulant activity through direct binding to (FVa), (FXa) and (FVIII). In
addition to its anti-coagulant role activated protein S plays a role in enhancing the
phagocytosis of apoptotic cells.(t®

Protein S exists in 2 forms — bound and free. About 65% is in the bound form,
complexed to C4b-binding protein (C4bBP), and is inactive. Only the free form
has activity. The proportion of bound and unbound forms is regulated by the

10



availability of (C4bBP). Protein S is synthesized in the liver, endothelial cells and
megakaryocytes and has a T% of 42 hours.¥

Protein S deficiency is inherited in an autosomal dominant manner and increases
the risk of (VTE). Homozygous protein S deficiency may present in newborns
with purpura fulminans (a form of disseminated intravascular coagulation
characterized by extensive cutaneous haemorrhage and necrosis) which is rapidly
fatal unless treated with protein S replacement, usually (FFP) as no protein S
concentrate exists although prothrombin complex concentrates (PCCs) contain in
addition to factors( Il, VII, IX and X ) protein C and S.%5

There are three types of hereditary protein S deficiency:

Table (2-1): Show types of hereditary protein S deficiency®®

Type | Free protein S | Bound protein S | Total protein S | Protein S function
I ! ! ! Normal

I Normal Normal Normal !

i ! 1 Normal Normal

However, it is probable that type | and Il are phenotypic variants of the same
genetic mutation and the sub-division into types | and 11l at least in some families
may be inappropriate. Protein S levels increase with age and this may in part
explain this phenotypic variation.®

Many cases of type Il deficiency have on re-investigation been found to be due to

the presence of the (FV L)mutation.*>
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2.1.5 Protein. C anticoagulant pathway:-

I N
F VIIIa
o

A

~

Figure (2-4): Protein C anticoagulant pathway ©

After thrombin is formed, it down-regulates its own formation through the
thrombin-thrombomodulin-protein  C  system.®®  When thrombin binds to
thrombomodulin present on the surface of the intact endothelium, it loses its
procoagulant activity. Thrombomodulin-bound thrombin is not only efficiently
inactivated by antithrombin and other inhibitors, but it also activates protein C to
(APC).®? Endothelial cell protein C receptor (EPCR), also present on the
endothelium, presents protein C to the thrombin-thrombomodulin complex
enhancing protein C activation.(?

(APC) with its cofactor protein S, inactivates (FVa) and (FV Illa) by cleaving
certain peptide bonds in them. (F Va) is cleaved at least at the sites (R306,
R506)and (R679) and (F VIlla) at the sites (R336) and (R562).1)This inactivation

12



of central factors in the propagation phase of the coagulation cascade efficiently
reduces the formation of thrombin and eventually also the formation
of(APC).(APC) is slowly inactivated by protein C inhibitor and alfa-1
antitrypsin.?

The thrombin-thrombomodulin complex efficiently activates also  thrombin
activatable fibrinolysis inhibitor (TAFI), which renders fibrin clot more resistant
to lysis.!® The protein C pathway is also involved in limiting inflammatory
responses. % 12)

Factor V (FV), which was discovered in 1943,*9has proved to be an important
regulator of the hemostatic balance with both procoagulant and anticoagulant
properties.*”) The gene of (F V) is on the chromosome 1 (1¢23), and this single-
chained glycoprotein of (2,196 amino acids) is synthesized in the liver. Of the
total (F V), (20%) is stored in platelet o-granules; the rest circulates in
plasma.®@The (F V) in platelets is of plasma origin, but it is already modified in
platelets by partial proteolysis, giving it considerable (FXa)-cofactor activity.?
This seems to be an efficient way to ensure that this important factor is
Immediately present at the site of vessel wall injury and ready to function. (F V)
Is activated by (F Xa) or thrombin to (FVa) by the cleavage of three peptide
bonds (Arg709, Argl018, Argl1545) .9 The inactivation of (FVa) is mediated
through (APC), which cleaves the (FVa) at the sites (Arg506, Arg306, and
Arg679), usually in this order.!? The (Arg506) is the preferred site for
proteolysis, but protected by (FXa) in prothrombinase complex when coagulation
is in process.*”

However, protein S accelerates the slower proteolysis at the site (Arg306) @®and
helps APC to reach the Arg506 site.*>After cleavage at the site (Arg506), (FVa)
still has partial procoagulant activity, which is abolished when the (Arg306) and
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(Arg679) peptide bonds are cleaved.®?9(F V) has procoagulant as well as
anticoagulant properties. In its activated form, (FVa) serves as an essential
cofactor for (FXa) (the prothrombinase complex) in the formation of thrombin.?
On the other hand, the intact (FV)acts as a cofactor in the protein C system by
stimulating the cofactor activity of protein S in the inactivation of (FVIlla) by
(APC).@YThis anticoagulant activity appears after the cleavage of a peptide bond
at the (Arg506) by (APC).!” Mutations in the (FV) gene may lead to
hemorrhagic and thrombotic tendencies.*”

2.1.6. Antithrombin:-

Antithrombin (AT) is a natural anticoagulant that plays a pivotal role in
hemostasis by inhibiting the serine proteases thrombin (lla), (FXa),(FXa) and to
a lesser extent (FXla), and (Fl1Xa).¥

Xla Vlla-TF
IX IX
IXa
Pl Ca2*
Vil = Villa Vlla-TF
A ﬁ\
X X ; ;
Xa Antlthr'ombln - AT-Xa Complex
Pl Ca2+ Heparin/
Vv » Va EC-Heparan sulphate
Prothrombim . .
7 Thrombin Antithrombin . AT-11a complex

Heparin/
m EC-Heparan sulphate
Fibrinogen

Fibrin

Figure (2-5): Antithrombin pathway®®
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Inherited deficiencies of antithrombin are associated with an increased risk of
venous thromboembolic disease (VTE) and can be detected in (1-2%) of patients
with (VTE) as compared to (0.02-0.2%) of the normal population. Inherited
antithrombin deficiency has a prevalence; in the general population between
(0.2/1000 and 0.5/1000). Some patients with (AT)deficiency may be relatively
heparin-resistant as defined by an apparently sub-therapeutic (APTT) despite high
doses of (UFH).??
Antithrombin is synthesized primarily in the liver and circulates in plasma as
single chain protein of (432 amino acids) with a molecular weight of (58,200
Daltons). The normal plasma level is (150 pg/mL) and the plasma half-life is
approximately 3 days.®

The gene encoding (AT) is located on chromosome 1 and a wide variety of
mutations have been identified in individuals with antithrombin deficiency and
venous thrombosis. Plasma (AT) can be measured both by immunological
(quantitative) or functional (qualitative) assays and it is on the basis of these

assays that antithrombin deficiency is classified:#?
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Table (2-2): Show classification of Antithrombin Deficiency®?

Type Interpretation

Type | Quantitative variants - Type | deficiency is
associated with a parallel reduction in functional
and immunological antithrombin to approximately

50% of normal.

Type Il Qualitative variants - Type 2 deficiency is
associated with a greater reduction in the functional

assay in comparison to the immunological assay

Type 11 HBS: Mutations affecting the heparin binding domain of antithrombin

Type 1l RS: Mutations that affect the reactive site of antithrombin

Type Il PL: Mutations that affect both the heparin binding domain and the

reactive site of the molecule.

2.2. Factor V Leiden:

In 1993, a new phenomenon was described i.e., poor anticoagulant response to
activated protein C, in a family with a history of venous thrombosis. The
phenomenon was thought to be due to the deficiency of a new protein C cofactor
and the laboratory phenomenon was named (APC) resistance.®®

In May 1993, a commercial (APC) resistance test became available, (APC)
resistance was quickly demonstrated to be a common risk factor for venous
thrombosis. In the Leiden thrombophilia study (LETS), (APC) resistance was
present in (21%) of venous thrombosis patients and in (3%) of controls.?® In a
Swedish material, about (40%) of (104) consecutive venous thrombosis patients
had (APC) resistance compared with (7%) of controls.®®(APC) resistance was
also shown to be present in over (50%) of previously unexplained thrombophilic
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patients and concomitantly in a few with a previous diagnosis of protein C or
protein S deficiency.®

In early 1994, there was a report that the cause of (APC) resistance to be a
property of factor V.?" At the same time, in Leiden, The Netherlands also
concluded that (FV) was involved. In June 1994, they published a paper showing
that a single (G) to (A) substitution at the nucleotide position (1691) in the (FV)
gene was associated with (APCR).?® The point mutation causes the replacement
of amino acid (Arg) to (Gln) at the site (506) in (FV) resulting in the inadequate
inactivation of mutated (FVa). The mutation was named as (FV) Leiden.?® As
the site (Arg506) is a cleaving site for (APC), it was now easy to understand why
the disappearance of this site can cause resistance to (APC). The workers initial
idea of the lack of a new protein C cofactor behind (APC) resistance has also
proved to be partially true as the (FV) Leiden mutation abolishes the cofactor
activity of (FV) in the in activation of (FVIlla).*?And also found(FV) Leiden
mutation in almost all of their fifty Swedish (APC) resistant families proving this
mutation to be the most prevalent cause for(APC)resistance.®®

2.2.1. APC resistance and the FVL mutation:-

(APC) resistance was first described in 1993. A new (APTT)-based coagulation
assay was tested with a fixed amount of added (APC). When this test was run on
plasma from a man suffering from recurrent episodes of venous thrombosis,
prolongation of the clotting time was much shorter than expected. Several of the
proband’s relatives demonstrated a similar poor in vitro response to (APC) and
family studies suggested that the disorder was inherited as an autosomal
dominant trait with decreased penetrance. The term used for describing this
condition was (APC) resistance, and the quotient between the two clotting times

was called the (APC) ratio. The molecular basis of this phenotype was identified
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as the (FVL) mutation,®® a single mutation (G) to (A) in position (1691) that
converts arginine 506 of (FV) to glutamine (FV:Q). (FVa:Q506, 306) and Arg is
(10-fold) less sensitive to (APC)-mediated degradation. However, it is slowly
cleaved at Arg506679,C%which explains the partial (APC) sensitivity of
individuals with (FVa:Q). Thrombi formed in a (FVL) carrier are more resistant
to fibrinolysis due to sustained activation of (TAFI) by (APC) and subsequent
inhibition of fibrinolysis,®¥another way the mutation may contribute to
thrombosis. More than (90%)of patients with (APC) resistance are carriers of the
(FVL)mutation.®® It is the most common thrombophilia among Caucasians and
the prevalence of heterozygosity in caucasian populations is reported at (2-15 %).
The highest prevalences are found in northern europe and the middle east.
Haplotype analyses support a single origin for (FVL) and the mutation is
estimated to have arisen between (17 000 and 29 000) years ago, i.e. after the
evolutionary divergence of Africans from non-Africans and of Caucasoid from
Mongoloid subpopulations towards the end of the last glacial period. It has been
suggested that the founders of both this and the prothrombin gene mutations lived
in the middle east because the current prevalences of both mutations are higher in
ancient middle eastern populations than in other white populations.®? The (FVL)
mutation’s widespread presence among Caucasians suggests that it may be a
balanced polymorphism with some advantages conferred upon heterozygotes,
especially in pre-modern times when death from bleeding associated with
childbirth, trauma, or warfare was a significant risk and when scurvy was a
common condition. The increase in risk of a first (VTE) was found to be (7.9) (95
% confidence interval (CI) 4.1-13) in heterozygotes and (91) (95 % CI 26-322) in
homozygotes.®® The presence of other thrombophilic mutations multiplies the
risk of (VTE).®¥
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Deficiency of protein Z leads to a bleeding tendency in non-carriers but raises the
risk of (VTE) in(FVL) carriers.®¥ Since 1994, a few other rare (FV) mutations
leading to (APC) resistance have been found: Arg to glycine (FV) Hong-Kong or
threonine (FV) Cambridge and mutations leading to low (FV) levels (FV R2
haplotype). Concomitant heterozygous (FVL) mutation in one gene and mutation
in the other gene leading to (FV) deficiency is called pseudo-homozygous (APC)
resistance and results in an (APC) ratio in the reference range for homozygosity
of the (FVL) mutation. This is explained by the fact that (FV) is not only a
procoagulant but also an anticoagulant, as it is a cofactor, together with protein S,
in the degradation of (FVIIla).®¥

(APC) resistance can be evaluated in plasma using different commercially
available methods, many of which are derived from the original coagulation test
(APC) resistance test method, available since 1993. These tests, classic (APC)
resistance assays, measure the classic (APC) ratio as clotting time in the presence
of (APC), divided by clotting time in the absence of (APC). These assays have
been shown to have some shortcomings; many haemostatic variables can
interfere because the test is based on the (APTT). The assays are susceptible to
platelet contamination and to clinical conditions such as age; gender; body mass
index (BMI); smoking; blood group; (APTT); fibrinogen, homocysteine,
triglyceride and total cholesterol levels; all conditions giving rise to high levels of
plasma (FVIII). Low classic (APC) ratios have been found among individuals
with the metabolic syndrome,®during oral contraceptive use and pregnancy
(36678 and in individuals with lupus anticoagulants (LA).G® In one study a
correlation was found between the classic (APC) ratio and the protein C level %
The (APC) ratio is not useful during treatment with heparin or oral anticoagulants

(OAC). It has also been shown that the (APC) ratio increases in plasma samples

19



with only slightly reduced levels of (FII), (FVIII) and (FX).“% The condition with
a classic (APC) ratio below the lower limit of the reference interval in the
absence of a (FV) gene mutation is called acquired (APC) resistance. Studies
have shown that there is a correlation between this condition, blood coagulation
activation and subsequent incidences of (VTE).“Y The results from studies
assessing the relationship between acquired (APC) resistance and the incidence of
placenta-mediated complications are conflicting®* 42 *)put a relationship between
a low ratio and thrombotic lesions in the placenta has been found.*Y Modified
(APC) resistance tests are based on pre-dilution (1:4) of the sample plasma with
(FV)-deficient plasma prior to analysis, which is then performed according to
routine. This procedure makes the method much more specific for alterations in
the (FV) molecule, resulting in a very high discrimination of the FV:R 506Q
mutation as well as the ability to analyze plasma from (OAC)- and heparin-
treated individuals and pregnant women.“® The modified (APC) resistance test
used in the research underlying this thesis has been reported to have (100%)
sensitivity and (100%) specificity for the (FVL) mutation and distinguishes
homozygous from heterozygous individuals.“®-59It cannot, however, be ruled out
that analysis of plasma from patients with high (LA) titres and from patients with
(FV) deficiency may yield misleading results.®%

2.2.2. Prothrombotic mutation: gain of function - loss of function:-

FV Leiden is a prothrombotic mutation. It is at the same time a gain of function
mutation and a loss of function mutation.®?

First, due to disappearance of the cleavage site at the Arg506, APC is unable to
inactivate (FVa) optimally leading to increased thrombin formation.?®

Second, due to the disappearance of that cleavage site, (APC) is unable to cleave

intact (FV) so that (FV) could function as cofactor for (PC-PS) complex in the
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inactivation of F (VIIla). This loss of anticoagulant function leads, again, to
increased thrombin formation.”

However, the risk for venous thrombosis caused by (FV) Leiden is relatively low.
This may be explained by the fact that although cleavage at the site (Arg506)
accelerates inactivation of (FVa) remarkably by exposing the cleavage sites
(Arg306 and Arg679) to (APC), cleavage at the site Arg506 is not absolutely
necessary for the inactivation of (FVa).?9 In addition, in the prothrombinase
complex, the capability of (APC) to inactivate (FVa) is similar for the wild type
(FVa) and (FVa) Leiden, because the (Arg506) cleavage site of the wild type
(FVa) is protected by (FXa), and in (FVa) Leiden this cleavage site does not
exist.!% 29 Mechanisms that reduce the effect of this potentially injurious
mutation include the acceleration of the cleavage of (F Va) by protein S at the
site (Arg306).19)

2.2.3. Epidemiology and evolutionary advantage:-

According to haplotype analyses, (FV) Leiden is a founder mutation, which
occurred about (21,000 years) ago.®* 5253 The mutation is present at a variable
frequency (mean 5%) in Caucasians, but absent or nearly absent in other
races.®9-®% This indicates that (FV) Leiden most likely occurred in a Caucasoid
subpopulation after the separation of non-Africans from Africans, and Caucasoid
populations from Mongoloid populations.©®3 %)

The high prevalence of (FV) Leiden in Caucasians suggests an association with
evolutionary advantage and many findings support a favourable selection
pressure.®®  Data exist indicating that (FV) Leiden might protect against
peripartal bleeding®% and heavy menstrual blood loss.®® This could have
provided considerable advantage by reducing iron depletion and by protecting

against life-threatening post-partum hemorrhage. However, conflicting
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observations about pregnancy-related blood loss exist.®? Similarly to protecting
against excessive bleeding in association with surgery,®?(FV) Leiden may have
protected against excessive bleeding in association with trauma in the past.Some
evidence, although partly conflicting, exists that simultaneous carriage of (FV)
Leiden might attenuate bleeding symptoms also in hemophiliacs.® Other
possible selective advantages include a more favourable embryo
implantation in carriers of (FV) Leiden,® %) and an increased fecundity (shorter
time to pregnancy) in the male carriers of (FV) Leiden.®® This is supported by an
observation of a slightly increased sperm count in the male carriers of (FV)
Leiden.®"

2.3. F 11 G20210A:-

In 1996 a point mutation was reported in the coagulation (FIl)(prothrombin)
gene.®® The mutation causes a G to A substitution at the nucleotide position of
(20210) in the 3’-untranslated region of the gene. The point mutation is
associated with elevated prothrombin levels and is therefore a gain of function
mutation. FII G20210A allele is associated with about a 2-fold increased risk for
venous thrombosis.®® The mutation is of single origin and is mainly found in the
Caucasian population.©

2.4. Pregnancy and haemostasis:-

Pregnancy is a period of reproduction during which a woman carries one or more
live offspring from implantation of a fertilized zygote in the uterus throughout
gestation. There are several physiological changes that occur in pregnancy.
Physiology of a normal pregnancy involves major changes in both the
coagulation system and hematological parameters. These changes appear to be
related to the development of the utero placental circulation and provide a

protective mechanism during delivery. In the blood, the most important
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alterations during normal pregnancy are increased plasma volume, physiologic
decrease of hemoglobin, occasional mild thrombocytopenia, neutrophilia,
increases in many procoagulant factors, and attenuated fibrinolysis.®®

Increases in many coagulation factor levels, decrease of anticoagulant activity,
and diminished fibrinolysis lead to a hypercoagulable state protecting from
excessive bleeding during delivery. The most prominent changes are a decrease
in protein S activity (due to the increase of C4BP); acquired protein C resistance;
increased levels of von Willebrand factor, (FVIII), and (FVII); increased
fibrinogen; and increased activity of fibrinolytic inhibitors (TAFI, PAI-1, PAI-2).
Usually the levels of (F I, F V, F 1X), and (FX) increase slightly and the level of
(F XI) decreases slightly.®-"2(F XIII) level is increases early in the pregnancy
but decreases thereafter ./ Coagulation parameters usually reach their baseline
levels by eight weeks postpartum. ©®)

2.5. Venous thromboembolism:-

Venous thrombosis can be seen as a classic example of complex common
disease which is caused by interaction of acquired and inherited risk
factors.(™®Thrombosis occurs when many risk factors are simultaneously present.
Each risk factor increases the thrombotic potential and eventually a trigger point
for thrombosis is exceeded. The risk of thrombosis increases with age. Therefore,
in young adults more risk factors are needed for thrombosis to occur than in old
age. Among women of fertile-age the incidence of thrombosis is about (1:10,000)
women years.("®

According to Virchow’s triad from the 1856, the emergence of thrombosis is due
to changes in the vessel wall, in blood, and in the velocity of blood flow®,
Venous and arterial thrombosis only partly shares the same risk factors and both

also have their own risk factors.(™
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Thrombophilia can be inherited or acquired. Defects of natural inhibitors of
coagulation or gain of function of coagulation factors can disturb the strictly
regulated balance to favour thrombus extension. Antithrombin deficiency, protein
C deficiency, and protein S deficiency are well known, although rare, inherited
risk factors for venous thrombosis. They are strong risk factors for venous
thrombosis, the estimated increase of risk being about 10-fold.('® Gain-of-
function mutations, (FV) Leiden and prothrombin (G20210A)(FIl G20210A), are
moderate risk factors for venous thrombosis, increasing the risk (5-fold and 2- to
3-fold), respectively.®They do not have a major impact on arterial thrombosis,
although in special subgroups of young patients they may be involved to
some extent.(’"

For acquired thrombophilia, antiphopholipid antibodies are of great importance.
Antiphopholipid antibodies are risk factors for venous and arterial thrombosis as
well as for pregnancy complications.(

Non-O blood group is associated with a (2 to 4-fold) increased risk for venous
thrombosis compared with blood group O.7578 This is probably due to the higher
levels of von Willebrand factor (vWF) and (FVIII) in individuals with these blood
groups. The lower level of (VWF) in individuals with blood group O may be due
to more efficient clearance of (VWF), which may be determined by ABH antigens
on (VWF).(™®

The increasing thrombosis risk associated with increasing age may be due to the
progressive increase of many coagulation factors, impaired function of
fibrinolytic system, and age-related structural and functional changes in vessel
walls.™Other recognized acquired risk factors for venous thrombosis include
obesity, previous venous thrombosis, surgery, trauma, immobilization, cancer,

oral contraceptives, hormone replacement therapy, and pregnancy. (™
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2.6. Venous thromboembolism in pregnancy:-
Pregnancy-associated venous thromboembolism is a rare cause of maternal
morbidity occurring in less than (1 in 1,000) pregnancies in western countries.®”
8)In these countries, it is, however, a major cause of maternal mortality.®% &-87
In Finland also, thromboembolism is the main cause of maternal deaths.®® 8
Pregnancy increases the risk for venous thrombosis (4- to 10-fold). Besides being
a hypercoagulable state, pregnancy causes venous stasis in lower extremities due
to the enlarged uterus, and during labour the endothelium of pelvic vessels may
be damaged. Thrombosis in the wveins of the left lower extremity is
overrepresented compared with thrombosis occurring in non-pregnant state. This
may be due to the pronounced compression of the left iliac vein by the right iliac
artery. Most pregnancy-related venous thrombosis occur during pregnancy, but
the risk for venous thrombosis is higher in postpartum period. ® 8-90
2.7. Inherited predisposition to VTE:-
The most important inherited biochemical disorders that are associated with VTE
result from :©Y

e Defects in the naturally occurring inhibitors of coagulation: deficiencies of

antithrombin, protein C, or protein S: and
e Resistance to activated protein C, which is caused by the (FVL) mutation
the majority of cases.

The first of these disorders are rare in the general population (combined
prevalence of <1%), have a combined prevalence of approximately 5% in
patients with a first episode of (VTE), and are associated with a 10- to 40-fold
increase in the risk of (VTE).®Y
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The (FVL)mutation is common, occurring in approximately 5% of Caucasians
and approximately (20%) of patients with a first episode of (VTE) (i.e. an
approximate 4-fold increase in (VTE) risk).®V

A mutation in the3'untranslated region of the prothrombin gene (G20210A),
which is associated with an approximately (25%) increase in prothrombin levels,
occurs in about (2%) of Caucasians and approximately (5%) of the those with a
with a first episode of (VTE) (i.e. an approximate (2.5-fold increase in risk).®
Elevated levels of a number of coagulation factors (I, Il, VI, IX, Xl) are
associated with thrombosis in a "dose-dependent” manner. It is probable that such
elevations are often inherited, with strong evidence for this in the case of Factor
(VIIN.CD

2.8. Prevention of gestational VTE:-

Using an assessment tool based on the known risk factors for gestational (VTE),
all pregnant women should be assessed for thrombotic risk at the time of
booking, at each antenatal visit, on admission for delivery, and following
delivery.®

Routine screening of all women for thrombophilic defects is not justifiable, but
screening of women who have a history of previous (VTE) is frequently
recommended, and many clinicians would also offer thrombophilia screening to
women who give a family history of proven (VTE).®?

All women assessed to be at increased risk of gestational (VTE) should be
encouraged to wear graduated compression stockings throughout their pregnancy
and puerperium. Given the evidence that the risk of (VTE) is greatest following
delivery, many obstetricians would also offer women assessed to be at increased
risk of pregnancy-associated (VTE), who have no contraindication to

anticoagulation or antithrombotics, pharmacological thrombophylaxis following
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delivery usually daily prophylactic doses of (LMWH), self-administered
subcutaneously, for 6 weeks following delivery.®3

Consideration may be given to offering pharmacological thrombophylaxis during
pregnancy to women perceived to be at relatively higher risk of gestational
(VTE). ©2.%) This group includes:

e Any woman who has a history of spontaneous (idiopathic) (VTE).

e Women who have hand a thrombotic event in relation to a previous
pregnancy or while using a combined oral contraceptive (COC).

e Any woman who has been found to have a thrombophilic defect because
she has been investigated following a previous thrombotic event.

e Women who have no personal history of thrombosis, but who have been
investigated because of a family history of (VTE) and have been found to
have thrombophilic defect associated with a relatively risk of gestational
(VTE) (e.g. typelantithrombin deficiency, homozygosity for factor (V)
Leiden or prothrombin (G20210A), or double heterozygosity for factor (V)
Leiden and prothrombin (G20210A).

Daily self — administered LMWH in prophylactic doses throughout pregnancy
and for 6 weeks following delivery is usually considered adequate for most of
these women at higher risk, but in some cases, the daily dose of (LMWH) may be
increased to a level intermediate between that which is usually used for
prophylaxis and the dose usually used for treatment of acute (VTE).(% %)

The incidental finding of antiphospholipids in pregnancy should trigger increased
clinical surveillance, but pharmacological intervention should be reserved for
these women with antiphospholipids who are symptomatic. Women with
antiphospholipids and a past history of (VTE) may usually be considered to be at
highly increased risk of recurrent (VTE) associated with pregnancy and offered
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pharmacological thrombo-prophylaxis, using intermediate dose of (LMWH) as
described above during pregnancy and the puerperium.®4

2.9.FV Leiden and venous thromboembolism in pregnancy:-

Studies that assess the risk associated with (FVL) for pregnancy-associated
venous thromboembolism (VTE) varies in many respects. Study designs,
selection of cases and controls, reporting of ethnicity, definition of puerperium
(from 3 weeks to 3 months postpartum), inclusion of recurrent VTE events,
and inclusion of homozygotes in analyses differ.>

In case-control studies, the odds ratio of pregnancy-associated venous
thromboembolism for FV Leiden varies from (2.8 to 18.3), a pooled OR of six
case-control studies was 8.6 (95% CI 5.9-12.6), although these studies were
found to be heterogeneous.®?

In cohort studies, the odds ratio of pregnancy-associated venous
thromboembolism for mainly heterozygous FV Leiden varies from (3.7 to 8.3).¢4%
82.86) For homozygous FV Leiden the OR has been (41.3).

In the meta-analysis, a pooled OR of cohort studies was 4.5 (95% CI 1.8-10.9).¢2
This meta-analysis included cohorts fromthrombophilic families®¢-*®as well as
prospective cohorts of pregnant women.®8 *9Prospective population-based cohort
studies would give the best estimationof the risk associated with (FV) Leiden in
general population. However, the three prospective studies available ©8 100
consist of less than (4,700) mainly White women, of whom only (383) are
carriers of FVL. Numbers are too small to give a definite estimate of risk given
that pregnancy-associated venous thrombosis is so rare, usually less than
(1/1,000) pregnancies.%

In a systematic review and meta-analysis, heterozygous and homozygous carriers

of (FVL) were analyzed separately for the risk of pregnancy-associated venous
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thrombosis. The pooled OR was 8.3 (95% CI 5.4-12.7) for heterozygotes, and
34.4 (95% CI 9.9-120) for homozygotes. D

There were no signs of heterogeneity although the eight studies included case-
control and cohort studies, as well as family studies. However, population-based
studies are still needed to assess the risk in carriers of FV Leiden from the
general population.®%)

2.10. Pre-eclampsia:-

Pre-eclampsia is an important cause of maternal and fetal morbidity complicating
(2-7%) of pregnancies.% Pre-eclampsia is one of the leading causes of maternal
mortality.®® In Finland, pre-eclampsia and eclampsia cause about (12%) of
maternal deaths.®® Pre-eclampsia is defined as high blood pressure after (20
weeks) of gestation in a previously normotensive woman plus new-onset
proteinuria. Definitions vary slightly among studies, but usually the (ACOG)
criteria®® are applied. Pre-eclampsia may be mild, just fulfilling the definition,
or severe, including symptoms and findings like thrombocytopenia, elevated liver
enzymes, epigastric or  right upper-quadrant pain  with nausea or
vomiting, oliguria, cerebral symptoms, pulmonary edema, and seizures.(%
Pre-eclampsia is ultimately cured only by delivery, therefore often leading to
preterm birth. Prematurity and fetal growth restriction, which is often, associated
with pre-eclampsia, affect the health of the newborn. (%2

The etiology of this heterogeneous disease entity is still unknown.(%? 104 pre-
eclampsia can be divided to placental pre-eclampsia originating from abnormal
placental perfusion, and maternal pre-eclampsia originating from pre-existing
problems in mother.®However, in an individual, pre-eclampsia may be
caused by variable interaction of placental fetal and maternal factors.%

Factors that have been associated with an increased risk for pre-eclampsia
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include primigravidity, multifetal gestation, previous pre-eclampsia, obesity,
pregestational diabetes, chronic hypertension or renal disease, family history of
pre-eclampsia, and controversially thrombophilia.(:°? Endothelial dysfunction is
considered to be an important factor in its development.(%: 1%) Endothelial cell
injury can lead to the activation of coagulation, vasoconstriction, reduced plasma
volume due to “leaking endothelium”, and glomerular capillary protein leak.®%
2.11. FV Leiden and pre-eclampsia:-

Numerous studies with different designs have assessed association between pre-
eclampsia and (FV) Leiden and many meta-analyses have tried to determine the
true association. In a meta-analysis,*? the OR for association of (FV) Leiden
with pre-eclampsia varied from (0.2-12.9) in (24) case-control studies. Studies
were so heterogeneous that pooled OR was not calculated. In seven studies
specifying severe pre-eclampsia, pooled OR was 3.0 (95% CI 2.0-4.7). These
studies included (753 cases) and (1,120) controls of women with reported
ethnicity of Caucasian or Israeli. Heterozygous and homozygous carriers of FV
Leiden were pooled.®%

In a meta-analysis, the combined OR for FV Leiden in (12) case-control studies
assessing all pre-eclampsia was 1.8 (95% CI 1.1-2.9). Heterozygous and
homozygous carriers were pooled. Statistical test for heterogeneity was
significant (p=0.04) and a funnel plot analysis suggested publication  bias
(small negative studies missing). The studies included (1,798) cases and
(1,471) controls of mostly Caucasian origin; in one study the participants
were Japanese and in one Australian study only (83%) were Caucasian.®%)In
their meta-analysis of (11) case-control studies assessing severe pre-eclampsia,
the pooled OR for FV Leiden was 2.2 (95% CIl 1.3-3.9). Statistical test for
heterogeneity was significant (p=0.009), but there were no suggestion of
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publication bias. These studies included (1,135) cases and (1,471) controls of
mostly Caucasian origin; in three studies, (90-95%) of women were Caucasian
and in one study only (40%) were Caucasian. As (FV) Leiden is mostly limited to
the Caucasian population, inclusion of other ethnicities may influence the
results.”

In a systematic review and meta-analysis., heterozygous and homozygous
carriers of FV Leiden were analyzed separately for the risk of pre-eclampsia.
Fourteen studies assessing heterozygous (FV) Leiden had pooled OR of 2.2 (95%
Cl 1.5-3.3) with signs of heterogeneity (p=0.04). The studies included both mild
and severe pre-eclampsia and study designs varied from retrospective case-
control and cohort studies to one prospective cohort study. Studies included
(1,951) cases and (1,971) controls, ethnicity was not specified. %)

When five studies of severe pre-eclampsia were analyzed separately, the pooled
OR for heterozygous FV Leiden was 2.0 (95% CI 1.2-3.4) without signs of
heterogeneity. Five studies assessing homozygous FV Leiden had pooled OR of
1.9 (95% CI 0.4-7.9) without signs of heterogeneity. These studies included 612
cases and 536 controls, ethnicity was not specified.®%

In a systematic review and meta-analysis of nine prospective cohort studies
assessing the association between FV Leiden and pre-eclampsia (106),the pooled
OR was 1.23 (95% CI 0.89-1.70) indicating that FV Leiden is not associated with
an increased risk for pre-eclampsia. There were no signs of heterogeneity. The
meta-analysis comprised (21,833) unselected prospectively enrolled women with
a spontaneous singleton pregnancy from lIreland, Israel, the United States, the
United Kingdom, Australia, Greece, Sweden, and Canada. FV Leiden carriers

had a (3.8%) absolute risk for pre-eclampsia whereas in FV Leiden non-carriers
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the absolute risk was (3.2%). The prevalence of FV Leiden in these populations
varied from (2.7% to 10.9%), ethnicity of participants was not specified.%

Only two population-based studies of at least predominantly Caucasian study
populations assess FV Leiden as a risk factor for pre-eclampsia. Both are
retrospective registry-based cohort studies of geographically well-defined
area, one from Scotland,*'® and one from Norway.**YBoth studies pooled
heterozygotes and homozygotes in their analyses. The study from Scotland
analyzed (494) pre-eclampsia cases and (163) controls, ethnicity was not
reported. In this study, FV Leiden was not associated with an increased risk for
pre-eclampsia (OR 0.9, 95% CI 0.4-2.1).(%9

The study from Norway analyzed (14,393) pregnancies of (5,874) women,
ethnicity was not reported. In this study, FV Leiden was associated with an
increased risk for pre-eclampsia (OR 1.6, 95% CI 1.2-2.3). As the study analyzed
pregnancies, not women, several pregnancies for each woman were included.®%

In another study , FV Leiden was not significantly associated with an increased
risk for verified pre-eclampsia in a cohort of pregnant women (FVL) in (17/243)
cases and (204/4,206) controls, OR 1.19, 95% CI 0.64-2.23).(1%9)

However, when they combined their study with five other cohort studies in meta-
analysis to increase power, association between FV Leiden and pre-eclampsia
became significant (pooled OR 1.49, 95% CI 1.13-1.96). The pooled analysis
included (860) cases and (18,340) controls from the United Kingdom, Sweden,
the United States (two studies), Norway, and Ireland. Meta-analyses described
above include partly the same studies.**?

This nested case-control study within a prospective cohort of pregnant women
consisted of (13) pre-eclampsia cases and (443) controls. The study included

different ethnicities, which were not specified. FV Leiden was not associated
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with an increased risk for pre-eclampsia (OR 1.1, 95% CI 0.4-2.7). The study
showed that histopathologic features consistent with placental under perfusion
were more common in cases than in controls. However, FV Leiden was not
associated with these features. 12

2.12. Stillbirth:-

Although stillbirth is a rare pregnancy complication in developed countries, it
causes strong emotional burden for the particular family. The stillbirth rate has
been estimated to be (4.2-6.8/1,000) deliveries in developed countries.®) In
Finland, like in other Nordic countries, the stillbirth rate is even less and among
the smallest in the world. However, due to different definitions the stillbirth rate
is difficult to compare between countries.®%

The precise definition of stillbirth varies in different countries and in different
studies. The definition is based on gestational age of the fetus at the time of
stillbirth (usually >20-24 weeks) or on the fetal weight (usually >500g).(14116) |n
Finland, stillbirth is defined as stillbirth at or after (22) weeks of gestation, or
fetal weight (> 500 g).** Stillbirths are sub classified as early stillbirths at or
before 28 weeks of gestation and late stillbirths after 28 weeks of gestation.(*16)
Risk factors for stillbirth include multiple pregnancy, nulliparity, advanced
maternal age, pre-pregnant obesity, smoking, maternal diseases, previous
stillbirth, and low socio-economic status.!® 119The causes of stillbirth include
maternal infections, placental lesions like abruptio placentae, or major infarction
of the placenta, umbilical cord complications like prolapse, strangulation, or knot,
and congenital anomalies. However, (25-60%) of stillbirths remain unexplained.

Thrombophilia has been hypothesized as one possible risk factor for stillbirth.16

117)
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2.13. FV Leiden and stillbirth:-

Studies assessing the association between FV Leiden and stillbirths vary in many
respects. Study designs, selection of cases and controls, definition of stillbirth,
reporting of ethnicity, inclusion of women with previous thromboembolism, and
inclusion of homozygotes in analyses differ.®

In case-control studies, the odds ratio for association between FV Leiden and
stillbirth varied from 0.7 to 9.2. In six of the nine studies, the association was
statistically significant. Only two of the studies assessing unexplained stillbirth
reported the study population to be Caucasian.® 18,

In retrospective cohort studies, the odds ratio varied from (1.3 to 4.4). In only one
of these studies, the association was statistically significant (OR 2.2, 95% CI 1.5-
3.4), but there the studied unit was not a woman but pregnancy.“*VIn the only
prospective cohort study to this date, FV Leiden was associated with almost a (9-
fold) risk for stillbirth (OR 8.85, 95% CI 1.6-48.9). Cohort consisted of (1,707)
nulliparous healthy women with a singleton pregnancy and heterogeneous ethnic
background. However, there were only six stillbirths in the cohort.**9)

In a meta-analysis, the pooled OR for association between FV Leiden and fetal
loss after 19 weeks of gestation was 3.3 (95% CI 1.8-5.8). Analysis included six
retrospective studies with no signs of heterogeneity (372 cases, 1,888 controls).®
In a meta-analysis, the pooled OR for (FVL) was 2.8 (95% CI 1.3-6.2) when
assessing only isolated third trimester fetal losses. There were no signs of
heterogeneity in this post hoc sub analysis of five studies. In a systematic review
and meta-analysis, the pooled OR for association between heterozygous FV
Leiden and late fetal loss (third trimester) was 2.06 (95% CI 1.1-3.9) with no

signs of heterogeneity. Analysis included six retrospective case-control and
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cohort studies with (151) cases and (1,503) controls, ethnicities were not
reported.(20)

In a recent review, a meta- analysis of eleven heterogeneous studies yielded a
pooled OR of 3.6 (95% CI 2.1-6.2). The above four meta-analyses included
partly same studies.®

Taken together, the results of individual studies are partly conflicting, perhaps
resulting from heterogeneity of the studies. In meta-analyses, FV Leiden has been
associated with quite a constant 2-fold to 3-fold increased risk. Population- based
studies are few.®%

2.14. Preterm birth:-

Preterm birth (birth before 37 completed weeks of gestation), occurring in (5-
13%) of deliveries in developed countries, is a major cause of neonatal morbidity
and mortality.®*?V. In Finland, preterm delivery occurs in about (5%) of
deliveries. Preterm birth is a heterogeneous clinical entity. Many pregnancy
complications may lead to it, but in about half of the cases the cause of preterm
birth remains unknown. Preterm birth can be categorized to 1) spontaneous
preterm birth due to a) onset of preterm labour or b) preterm premature rupture of
membranes (PPROM), and to 2) indicated preterm birth including a) induced
labour and b) cesarean section performed for maternal or fetal reasons.®?
Preterm birth can also be categorized by gestational age to extremely preterm
(<28 gestational weeks), severely preterm (28-31 gestational weeks), and late
preterm birth (32-36 gestational weeks). Preterm births at 32-36 gestational
weeks have also been sub-classified to moderate prematurity (32-33 gestational
weeks), and to near term (34-36 gestational weeks).*?V)

However, as infants born at (34-36) gestational weeks are immature and have a

greater risk of morbidity and mortality than infants born at term, it is
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recommended to refer them as late-preterm infants.*?? As a result, late preterm
birth has different definitions in the literature. The etiological causes of preterm
birth are partly different during different phases of pregnancy. Inflammatory
mechanisms have a key role in the initiation of normal labour .(?®

Mechanisms that are thought to be involved in the initiation of preterm labour
include infection or inflammation, utero-placental ischemia or hemorrhage,
uterine over distention, stress, and other immunologically mediated processes.®?%
In addition, genetic factors and race contribute to preterm birth.?Y) Factors that
are associated with an increased risk for preterm birth include multiple gestation,
uterine anomalies, maternal diseases, extremes of maternal age, low pre-
pregnancy BMI, smoking, and low socioeconomic and educational status.®?4
Theoretically, thrombophilia could influence the initiation of preterm labour via
thrombosis in the placenta causing utero-placental ischemia or oxidative stress, or
by activating inflammatory mechanisms. Polymorphisms in genes involved in
coagulation and inflammation, including factor V, have been associated with
preterm birth. (125 126)

2.15. FV Leiden and preterm birth:-

Only three heterogeneous reports have shown positive association between FV
Leiden and preterm birth. One study compared (205) very low birth weight
(VLBW) preterm infants with (205) term infants (OR for FV Leiden 2.1, 95% CI
1.01-4.4).42") One study observed increased prevalence of (FVL) in (50) women
with preterm birth compared with the population prevalence (18% vs. 6.3%).(1%%)
FV Leiden has also been associated with preterm birth with evidence of placental
hemorrhage (OR 4.8, 95% CI 1.6-14.2.(12% Other current studies have not found a
significant association between (FVL) and preterm birth.®% % 130-13)Many of the

studies are small or have other limitations. Study design, selection of cases and
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controls, ethnicity, exclusion criteria, and even definition of preterm birth
differ.(3

Taken together, only a limited number of heterogeneous studies have assessed the
association between FV Leiden and preterm birth, and with conflicting
results.(3?)

Cervical insufficiency is one cause of preterm birth. In one study, (FVL) was
associated with a (4-fold) risk for cervical insufficiency and subsequent preterm
birth (OR 4.2, 95% CI 1.5-13.6).%%® The authors speculated that increased
thrombin production caused by FV Leiden could intensify activation of
inflammatory processes in the cervix leading to cervical insufficiency.®%?

2.16. Screening of inherited thrombophilia in pregnancy complications:-
Screening for thrombophilia has been under debate since the first findings of
association  between thrombophilia and placenta-mediated pregnancy
complications. However, screening for a risk factor is indicated only if the
result influences the treatment of the patient.(3¥ LMWH is increasingly used in
women at increased risk for these complications.®*® However, with the current
knowledge, prophylaxis with low molecular weight heparin (LMWH) is not
routinely recommended in women with a prior placenta-mediated pregnancy
complication (pregnancy  loss,  pre-eclampsia, (IUGR), placental
abruption), whether they have inherited thrombophilia or are unselected.33 134
Further randomized controlled trials are urgently needed. In the light of this, in
current guidelines, screening for inherited thrombophilia, or (FVL), is not
recommended in unselected women with placenta-mediated pregnancy
complications. However, screening for thrombophilia in women with personal or

family history of venous thrombosis is considered reasonable as it may influence
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the timing and intensity of venous thrombosis prophylaxis during pregnancy and
puerperium. 34

2.17. Assessment of risk associated with a genetic risk factor:-

Several different study designs can be used to assess the association between a
specific genetic risk factor and a disease entity. Each design has its advantages
and limitations.®*

In case-control studies, cases are selected on the basis of developing a specific
disease (outcome). The disease entity should be as homogeneous as possible to
minimize the risk of any true association remaining unobserved. Controls should
be from the same population as cases, i.e., if a person without the disease had
developed the disease, she/he would have been selected as a case. The case-
control design is particularly suitable for rare diseases and it allows many risk
factors to be evaluated simultaneously. Being less expensive and time-consuming
than cohort studies, case-control studies are often more feasible. However, they
are susceptible to selection bias (inclusion of cases or controls is somehow
dependent of the studied risk factor) and information bias (knowledge of disease
status, recall bias, reporting bias, research bias, misclassification). Therefore,
studies should be carefully planned to avoid these biases. Well-planned and
conducted case-control studies can provide valuable information on the
association between a risk factor and disease and they can be reliably used to test
epidemiologic hypothesis.®*%

In case of genetic risk factors, case-control studies are efficient and reliable in
estimating risks if their sizes are in accordance with the prevalence of the studied
mutation, i.e., if they have enough statistical power. However, false positive and
false negative associations are possible if the studied population includes

genetically heterogeneous subgroups. Genetic association studies cannot prove
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causality as the studied genetic marker may only be linked to the causative
genetic factor.(3%

In cohort studies, individuals are selected on the basis of having or not having an
exposure or risk factor. Exposed and unexposed individuals are then followed to
assess the risk for an endpoint or disease. The exposed and unexposed should be
as similar as possible except for the studied risk factor. The cohort design is
particularly suitable when the risk factor is rare. Also, it allows assessment of
many endpoints for a single exposure and direct calculation of endpoint incidence
rates in the exposed and unexposed.®?

The best way to establish whether and how much a single mutation alters the risk
for a specific disease, is to study the absolute risk of the disease in carriers and
non-carriers of the mutation in a fixed population-based cohort over a defined
time. Prospective cohort studies may have the lowest risk for selection bias as the
cohort has been identified before the development of the disease. However, these
studies are seldom feasible as large cohort studies needed for rare diseases can be
extremely expensive and time-consuming.*®A more feasible variation of a
cohort study is a nested case-control study in which only cases and a sample
of controls in a fixed cohort are assessed in detail.'? In genetic association
studies with this design, only cases and controls are genotyped for the studied
mutation. In this setting, it is possible to study relative risks and their ratios and
even population parameters that are readily generalizable to the known reference
population if the sampling is unbiased.®*

Sometimes the term retrospective study is used as a synonym for a case-control
study, because in this design researchers have first an outcome for which they
aim to ascertain a cause. Analogously the term prospective study is sometimes

used as a synonym for a cohort study, because in this design researches have first
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a suspected risk factor and they follow up a cohort for an outcome. However, the
terms retrospective and prospective are often used to define whether the outcome
has occurred before or after the study started. Therefore, case-control and cohort
studies can be either retrospective or prospective, although this distinction is
usually used only for cohort studies.©®

In all epidemiological studies, it is vital that information has been gathered
identically from all study subjects. Information about exposure and outcome
should be accurate and complete.**¥When the information is gathered
retrospectively, adequate records should be available, and sometimes several
sources may have to be used. Whether the risk has been assessed in family
studies, hospital-based studies, registry-based studies, or population-based
studies, the populations the results can be generalized to must be carefully
considered.33)

In case of thrombophilia, cohorts of carriers (exposed) and non-carriers
(unexposed) of a mutation are most readily available from thrombophilic
families. However, population-based studies give more generalizable results.®*?
In hospital-based studies, cases often represent the most severe cases of the
specific disease, which may distort the results leading to an overestimation ofthe
risk associated with the mutation. Register-based studies are also used in genetic
association studies. They are feasible but only as accurate and reliable as the
information in the registers. Therefore, the validity of diagnoses in the register is
of great importance. Registers can be used to identify cohorts or cases and
controls, which then are recruited for the study to give samples for DNA.
Register-based studies become laborious, but also more accurate, when diagnoses

and clinical data are checked from the medical records.®3%
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As in all research, possible publication-bias should be kept in mind when
reviewing the literature about genetic risk factors. Publication bias exists when
researchers, reviewers, or editors submit or accept papers for publication
depending on the direction or strength of the results.®*®

2.18.(APC-R) test:-

Activated protein C (APC) degrades factor Va(FVa) and factor Vllla (FVIlla) by
proteolytic cleavage at specific arginine residues.**"In factor V Leiden (FVL), a
single point mutation in position (506) of the factor V (FV) gene replaces an
arginine to a glutamine residue. This results in a (10-fold) decrease in the rate of
(FVa) inactivation and in an (APC) resistance (APC-R) phenotype.**)The
increase in (FVa) half-life results in increased clotting. More than (95%) of
(APC-R) cases are due to the (FVL) mutation. %)

This mutation leads to the most common inherited form of a primarily venous
thrombophilia. Heterozygosity for (FVL) occurs in (3% to 8%) of the general US
and European populations. The frequency of homozygosity for the (FVL)
mutation is approximately (1 in 5,000). The risk for venous thrombosis is
approximately (3- 10-fold) in individuals who are heterozygous for the (FVL)
mutation. Homozygous individuals have been reported to have an approximately
(80-fold) risk over baseline for thrombosis.*3?

The original test for (APC-R) used in clinical laboratories is an activated partial
thromboplastin time (aPTT) performed in the presence and absence of
exogenously supplied (APC).“9In healthy patients, the (APC) degrades the
patient's (FVa) and (FVIIIa) and, on that basis, prolongs the (aPTT). In patients
with an (FVL) mutation, the degradation of (FVa) does not occur to the same
extent, and, therefore, the (aPTT) does not become as prolonged. The ratio of the
(@PTT) with (APC) vs the (aPTT) without (APC) is calculated. Healthy
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individuals typically have a ratio of (2.0) or greater, and individuals with (FVL)
typically have a ratio less than (2.0). However, there is considerable overlap
between healthy subjects and heterozygotes. 4

In a modified (APC-R) assay, the patient plasma sample first is diluted (1:5) with
(FV)-deficient plasma before the analysis and then assayed.®4?

The presence of the deficient plasma provides all factors except (FV) to offset
any (aPTT)-related factor deficiencies and to minimize the effect of an elevation
of FVIII, which would shorten the (aPTT). The modified assay also contains
polybrene, which neutralizes unfractionated heparin and low-molecular-weight
heparin in the specimen. Sensitivity and specificity values reported for the
modified (aPTT)-based (APC-R) assay are almost (100%).(143)

In smaller evaluations, sensitivities and specificities of (100%) have been
reported. (44

The discrimination gap between wild-type (FV) and (FVL) is narrow.One
potential major interference of the (aPTT)-based (APC-R) assays is the presence
of lupus anticoagulants in the sample. Because the tests are phospholipid-based,
the lupus anticoagulant is capable of producing interference in the assay. Thus,
patients with a lupus anticoagulant should be evaluated directly with a genetic
assay to determine whether the (FVL) mutation is present.(4%)

Other functional (APC-R) assays have been developed®™®; however, the (aPTT)-
based method is still the most commonly used functional (APC-R) detection
method. 4%

The "gold standard" (DNA) assay for the (FVL) mutation involves the use of the
polymerase chain reaction (PCR) method.4®) The testing by (PCR) allows
specific identification of patients with (FV) wild-type, (FVL) heterozygosity, and
(FVL) homozygosity. The genetic tests are much more expensive and labor-
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intensive than the clot-based screening assay. Owing to the need for special
Instrumentation, genetic testing usually also has significantly longer turnaround
times than functional (APC-R) testing.(4®

A new prothrombin-based activated protein C resistance (APC-R) test is
described. In this method, the patient sample is prediluted in a plasma depleted of
factor V (FV). A reagent containing (APC) and a specific activator of (FV) is
added. After an incubation period, clotting is initiated by the addition of the (FV)-
dependent prothrombin activator Noscarin. They analyzed (703) samples from
patients undergoing thrombophilia screening. By using a predefined cutoff ratio
of (2.5, 100%) sensitivity and specificity for the detection of a factor V Leiden
(FVL) mutation was found. With a cutoff ratio of (1.2), a complete but narrow
distinction of (FVL) heterozygous (n = 192) and (FVL) homozygous samples (n =
27) was determined. No interference by the international normalized ratio,
activated partial thromboplastin time (aPTT), protein S activity, fibrinogen and
factor VIII (FVIII) levels, or lupus anticoagulant ratio was detected. The new
prothrombin-based (APC-R) assay provides improved distinction of (FV) wild-
type and (FVL) carriers compared with the (aPTT)-based method. By the use of
an (FV)-dependent prothrombin activator, the assay is not influenced by (FVIII)

concentration or lupus anticoagulants.146)
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Material and Methods

3.1. Study design:-
This is a case control study conducted at Shendi Teaching Hospital & Elmek
Nemir University Hospital in the period from to 2013 to 2018
3.2. Study area:-
Shendi locality, River Nile State, Sudan, Which is located at the north of
Khartoum with about 176 km. The total areas of the Shendi locality are about
1496 km2. Shendi population about 245000 persons male 48.7% female 51.3% (,
2008), most of them are farmers.
3.3. Study populations:-
The study populations were comprised of pregnant women with past history or at
high risk to develop pregnancy complications as study group. Controls were
comprised of pregnant women with no history of pregnancy loss and who have
delivered at least one term infant without any complications were enrolled into
the study. Besides that, their complicated pregnancy confirmed and diagnosed on
the basis of clinical criteria by obstetrian at Shendi outpatient clinic.
3.4. Inclusion criteria:-
Any pregnant women, with past history of thrombophilia or at high risk to
develop pregnancy complications in Shendi locality
3.5. Exclusion criteria:-

e Acquired thrombophilia disorders

e Any pregnancy complication reasons rather than primary coagulability
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3.6. Sample size:-

The sample size is calculated according to the known formula, which is used to
reach a certain desired margin of error in the results. The sample size in this
study is calculated for each category (on average) to give a maximum of error

(0.02) with a probability of (a = 0.05). Plus the 3% of non-responsive the sample

size is as
Follows:-
n=z2.p.q
dZ
= (1.96)2x(0.03)x(0.9) =415
(0.05)2

z = the value in normal curve corresponding to level of confidence 95% = 1.96
P = probability prevalence in the community is 3% or 0.03

- g=(1-p) =1-0.1=0.97

- d = margin of error =0.05
According to the above formula; sample size should be enrolled in this study is
(41) and the actual collected samples size (34) Sudanese ladies with placental
complicated pregnant women attended to the obese and gynecological clinic as
study group) the reduction in the sample size based on the number of test that
done by the one kit and also the price of the kit was expensive.
3.7. Data collection tools:-
The study group data collected using structure questionnaire to collect
information about age, parity, medical and obstetric history, family medical and

obstetric history.
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3.8. Specimen Collection and sample preparation:-

The participants were instructed to get rest for 10 min prior sampling.

Then 4.5 ml of maternal blood were collected in 0.5 ml of 0.1 M trisodium
citrate. The blood samples were centrifuged at 3,500 x g for 15 minutes. The
citrated plasma was stored at -20 for 1 month and the frozen plasma was thawed
once at 37°C, 30 minutes before use."

3.9. Laboratory studies:-

Quantitative functional clotting assay for protein C, protein S and activated
protein C resistance (APC-R) for factor V Leiden were determined, antithrombin
[11 activity was measured by chromogenic assay.

3.9.1. Protein C assays:-

3.9.1.1. Principle:-

Protac is a rapid protein C activator derived from the venom of the viper
Agkistrodon contortrix. Under the conditions described below, protac converts
human protein C to the active protease within 5 minutes. In this assay protac is
co-lyophilized with an APTT reagent to form a reagent that activates both protein
C and the contact factors of the intrinsic pathway. With this reagent, the clotting
time of normal plasma is very long (>100 seconds) while that of protein C
deficient plasma is essentially the same as the APTT (approx. 30-40 seconds).
When patient plasma is mixed with protein C deficient plasma the prolongation
of the clotting time is proportional to the amount of protein C in the patient

plasma.48)
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3.9.1.2. Reagents: (Appendix 1)

1. Acticlot activator: 3 vials each containing 1.5 units protac co-lyophilized
with APTT reagent (rabbit brain cephalin and colloidal silica activator).

2. Protein C deficient plasma: 3 vials each containing 1.5 mL of freeze-dried
human plasma substrate that has been artificially depleted of protein C by
adsorption on an immobilized immunospecific goat polyclonal antibody to
human Protein C.

3. Protein C control plasma: 3 vials each containing 0.5 mL of freeze-dried
normal human plasma that has been assayed for protein C antigen and
activity against the 1st International Standard for protein C.

4. Dilution buffer: 3 vials each containing 5 mL of a 10-fold concentrate.
After dilution, the buffer contains 0.12 M NaCl, 0.03M imidazole pH 7.35.
The buffer also contains protamine sulfate to neutralize up to 1 USP
unit/ml heparin in the plasma sample.

3.9.1.3. Result reading and interpretation:-
The results were obtained from the calibration curve construct protein C control
and the values less than 70% were to be deficient (normal 87.0 £ 17.0)according
to the manufacture protocol.
3.9.1.4. Assay procedure:- (Appendix 1)
Reagents were reconstituted as described by manufacture.
Acticlot activator and calcium chloride were transferred to 37°C, Prepare
dilutions as described by manufacture.
3.9.1.5.Calibration standards curve preparation: 0.1 mL protein C deficient
plasma + 0.1 mL standard dilution were incubated for 2 minutes at 37°C , 0.1

mL acticlot activator was added , then incubated for 5 minutes at 37°C , 0.1 mL
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calcium chloride (0.025 M) was added , then the clot timer was started and
clotting time was noted , the above mentioned steps were repeated to get the
mean of reading .
3.9.1.6.Test reading: 0.1 mL protein C deficient Plasma + 0.1 mL of the test
citrate plasma were incubated for 2 minutes at 37°C , 0.1 mL acticlot activator
was added , then incubated for 5 minutes at 37°C , 0.1 mL calcium chloride
(0.025 M) was added , then the clot timer was started and clotting time was
noted , the above mentioned steps were repeated to get the mean duplicate
reading .
3.9.1.7. Functional activity reading: Protein C percentage activity of calibration
standards were plotted on the x-axis vs. mean clotting time on the y-axis. The
participant’s samples were read from the above created curve
3.9.2. Protein S assays:-
3.9.2.1. Principle:-
The ACTICLOT protein S assay is a clotting-based plasma assay. In the assay,
dilutions of patient plasma are mixed with protein S depleted plasma. A reagent
that contains factor Xa, activated Protein C and phospholipids is added to the
mixture. Following a 5-minute incubation period, calcium chloride is added to
initiate clot formation. Under these conditions, the prolongation of the clotting
time is directly proportional to the concentration of protein S in the patient
plasma.
3.9.2.2. Reagents:-
The contents of the reagents are as follows:

- R1 4 vials ACTICLOT Activator Reagent (each vial contains 1 mL

lyophilised material containing human activated Protein C, bovine factor

Xa, and rabbit brain phospholipid).
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- R2 4 vials protein s depleted plasma (each vial contains 1 mL of lyophilised
human plasma that has been depleted of protein S by immunoadsorption on
a column of immobilized goat antibody to human Protein S).

- R3 2 vials sample dilution buffer, 10X concentrate (2.5 mL concentrate,
which upon dilution contain 0.2 M NaCl, 0.03 M HEPES and a sufficient
quantity of polybrene to neutralize up to 1.2 U/mL heparin in a plasma
sample).

- R4 2 vials protein S Control plasma (each vial contains 0.5 mL of citrated
lyophilised normal human plasma whose protein S clotting activity level
has been determined and is printed on the vial label).

3.9.2.2. Result reading and interpretation:-

The results were obtained from the calibration curve construct protein S control
and the values less than 55% were to be deficient (normal 55- 160)according to
the manufacture protocol.

3.9.2.3. Calibration standards curve preparation:-

A new standard curve must be constructed each time the assay is performed.
Pooled normal plasma (PNP) from at least 20 normal donors, which has been
collected in the same manner as the plasma to be tested, should be used for the
preparation of the assay standards. Commercially prepared reference plasma in
which the Protein S level has been determined may also be used. Prepare the
protein S standards, control and patient plasma samples just before testing, as

follows:
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3.9.2.4. Assay procedure:-
- ACTICLOT activator reagent and calcium chloride was transferred to the

37°C reagent wells of a clot timer instrument. Incubate for two minutes.
- 0.1 mL protein S depleted plasma and 0.1 mL test plasma dilution to a
coagulation cuvette were added ad incubated for 2 minutes at 37°C,
- 0.1 mL prewarmed ACTICLOT activator Reagent to the cuvette was
added incubated for exactly 5 minutes at 37°C.
- 0.1 mL prewarmed Calcium Chloride was added.
- The timer was started and the clotting time was recorded.
3.9.2.5. Test reading:-
Functional activity reading: Protein S percentage activity of calibration
standards were plotted on the x-axis vs. mean clotting time on the y-axis. The
participant’s samples were read from the above created curve
3.9.3. Resistance to activated protein C Assays:-
Acticlot protein C resistance is a phenotypic assay with the sensitivity to
distinguish between homozygous and heterozygous carriers of Factor V Leiden,
without using molecular (PCR) methods(:4®)
3.9.3.1. Principle of the method:-
The acticlot protein C resistance assay is a plasma-based functional clotting assay
and differs from other functional (APC) resistance tests by acting specifically on
the prothrombinase complex level. It is based on a FV-dependent prothrombin
activator isolated from snake venom. Robustness and specificity of the assay is
enhanced by elimination of possible disturbing influences by factors upstream the
coagulation cascade and independency from calcium. Interference from (UFH),
(LMWH) and pentasaccharide in the blood sample is precluded by a heparin

inhibitor added to reagents 1 and 2. Sample plasma is pre-diluted with reagent 4
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(dilution plasma) and incubated at 37 °C with (FV) activator from snake venom

(RVV-V from Daboia russelli). Coagulation is triggered by the addition of a (FV)

dependent prothrombin activator from snake venom from Notechis scutatus in the

absence of calcium. The clotting times are recorded and the ratios (clotting time

in the presence of APC/clotting time in the absence of (APC) are calculated.®4®
3.9.3.2. Reagents :-( Appendix 2)

per vial)

per vial)

per vial)

per vial)

The contents of the reagents are as follows:
1. R1 APC/RVV-V (+APC) Reagent
(APC, RVV-V, Polybrene, Hepes, BSA)

3 vials (lyophilisate, to be reconstituted in 2.0 ml of deionized water

2. R2 RVV-V (-APC) Reagent
(RVV-V, Polybrene, Hepes, BSA)

3 vials (lyophilisate, to be reconstituted in 2.0 ml of deionized water

3. R3 PTA Reagent
(Prothrombin Activator, EDTA, Hepes, BSA)

3 vials (lyophilisate, to be reconstituted in 4.0 ml of deionized water
4. R4 Dilution Plasma
(Processed Human Plasma)

3 vials (lyophilisate, to be reconstituted in 2.0 ml of deionized water

-Incubate reconstituted solutions R1-R4 in closed vials for 30’ at

room temperature and swirl gently before use.
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3.9.3.3. Result reading and interpretation of APCR test:-

Differentiation of homozygous, heterozygous inherited APCR resistance was
based on the typical ratio ranges calculated from results obtained from patients'
plasma. The ratio range as follows:

— Negative APCR >3.

— Heterozygous hereditary APCR 1.3-1.9.

—Homozygous hereditary APCR 0.9-1.1.

All quality control procedure were adopted to get the validation of the assay, each
test was done parallel with negative and positive controls; the acticlot protein C
resistance control plasmas (REF 840C) as a control reference was done, the
negative control.

3.9.3.4. Procedure:-

Thawed samples were mixed for homogenization. The clotting time was
determined in the presence of activated protein C and also in the absence of
activated protein C and the ratio was calculated according to the following

scheme: (Appendix 2)
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Table (3.1): Show procedure of APC-R estimation:-

+ APC - APC
Sample or control plasma 30 uL 30 uL
R4 Dilution Plasma 20 pL 20 pL
mix prior to use mix prior to use
R1 APC/RVV-V (+APC) | 50 puL -
Reagent
R2 RVV-V (-APC) Reagent - 50 pL
Incubation 3 min, 37°C 3 min, 37°C
R3 PTA Reagent 50 pL 50 nL
Determine Determine
clotting time clotting time
Ratio calculation = Clotting time + APC/Clotting time —
APC

3.9.3.5. Clotting time for samples and controls in the presence of APC: -
Determination of a clot in the in the presence of APC, 30 uL of plasma or control
was add to 20 pL of the diluent, these reagents were mixed well, 50 pL of RVV-
V (+APC) was added to the above mixture, the reactant was incubated for 3 min
at 37°C, 50 pL of clot initiating reagent (PTA) was added and the clotting time
was determined. (Appendix 2)

3.9.3.6. Clotting time for samples and controls in the absence of APC:-
Determination of a clot in the in the presence of APC, 30 pL of plasma was add
to 20 pL of the diluent, these reagents were mixed well, 50 pL of RVV-V (-APC)
was added to the above mixture, the reactant was incubated for 3 min at 37°C, 50

53



uL of clot initiating reagent (PTA) was added and the clotting time was
determined. (Appendix 2)

3.9.3.7. APC-R calculation:-

APC-R was calculated as a ratio between clotting time with APC/Clotting time
without APC (Appendix 2)

3.9.4. Free protein S assays: - (Appendix 3)

3.9.4.1. Assay principle:-

A calcium-dependent monoclonal antibody specific for Free Protein S coupled to
horse radish peroxidase (HRP) is added to a microwell coated with another
calcium-dependent monoclonal antibody specific for free protein S. Next, a
diluted plasma sample or biological fluid is immediately added to the microwell
and the immunological reaction begins. If present, Free Protein S binds onto the
monoclonal antibody coated solid phase via one epitope and binds to the second
monoclonal antibody coupled to HRP via a second epitope. Following a wash
step, the peroxidase substrate, 3, 3°, 5, 5°—Tetramethylbenzidine (TMB), in the
presence of hydrogen peroxide (H.O,), is added to the microwell and the
subsequent enzymatic reaction yields a blue colored solution. The addition of
sulphuric acid stops the reaction and turns the solution color to yellow. The
amount of color is directly proportional to the concentration of human Free
Protein S in the tested sample. (Appendix 3)

3.9.4.2. Result reading and interpretation:-

The results were obtained from the calibration curve construct with FPS
calibrator and the normal free protein S concentration in normal human plasma is
usually in the range (60-150%), therefore the abnormal range is (<

60%)according to the manufacture protocol.
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3.9.4.3. Reagents: - (Appendix 3)

The contents of the reagents are as follows:

1.

© © N o 0 &~ w

12 strips of 8 antibody coated microwells (total of 96 wells) in frame
holder.

2 vials of protein S sample diluent (contains calcium), ready to use (50
mL).

3 vials of plasma protein S calibrator, 1:50 prediluted (lyophilized).

1 vial of protein S control plasma I, high (lyophilized).

1 vial of protein S control plasma 11, low (lyophilized).

3 vials of Anti-human free protein S-HRP immunoconjugate (lyophilized).
1 vial of Protein S Conjugate Diluent, ready to use (15 mL).

1 vial of Wash Solution, 20 fold concentrate (50 mL).

1 vial of TMB Substrate, ready to use (25 mL).

10.1 vial of Stop Solution, 0.45M H,SO4 (6 mL).
3.9.4.4. Procedure:-

ELISA-based assays were used in which 100 pL of anti-human free protein S-

HRP conjugate was added to each microwell, 100 uL of free protein S

calibrator concentrations or diluted controls or diluted sample was immediately

added to the appropriate microwell, then incubated for 1 hour at room

temperature (18°-25°C) with manually gentle shaking. the wells was washed (5
times) with (300 pL) of protein S wash Solution , then 200 uL TMB Substrate

solution was added to each microwell , then the micro plates were Incubated

for exactly 5 minutes at room temperature (18-25°C). Following exactly the same

time intervals used for adding the substrate, 50 pL of stop Solution (0.45 M
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H,SO,) was added to stop the reaction, the reactance tubes were waited for 10
minutes in order to allow the color to stabilize, then absorbance was measured
at (450 nm). Subtract the blank value from the measurements. (Appendix 3)
3.9.5. Antithrombin assays: -

Actichrome AT 111 is intended for the quantitative determination of antithrombin
111 in human plasma by chromogenic assay. 4%

3.9.5.1. Principle:-

Antithrombin 11 is an inhibitor of plasma serine proteases. An important function
of antithrombin 111 is the inhibition of thrombin activity. Normally the rate of
thrombin inhibition by antithrombin Il is slow (progressive antithrombin
activity). However, the rate of inhibition can be enhanced several thousand- fold
in the presence of heparin (heparin cofactor activity). In the present two-stage
method, “® thrombin is added to a plasma dilution containing antithrombin I11 in
the presence of excess heparin. After an initial incubation (stage 1) residual
thrombin is determined with a thrombin-specific chromogenic substrate (stage 2).
The residual thrombin activity is inversely proportional to the antithrombin [11
concentration.

Tolefsen and blank have reported another rapid heparin-dependent thrombin
inhibitor, heparin cofactor Il, in human plasma. *® This protein can interfere with
antithrombin 111 determinations especially at high (2 USP units/mL) heparin
concentrations. In order to confer specificity to antithrombin I11 the present assay
system uses a lower (1.0 USP units/mL) final heparin concentration where
heparin-enhanced inactivation of thrombin by heparin cofactor 11 is negligible. In
addition, human heparin cofactor 1l reacts more readily with human thrombin
than with bovine thrombin.®® Thus, further specificity for antithrombin Il is

imparted in the present assay system by the u se of bovine thrombin.®49)
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3.9.5.2. Result reading and interpretation:-

The results were obtained from the calibration curve construct antithrombin 11l
control and the normal range of ATIII in plasma is (75%-125%). Activity levels
of (30-60%) observed in patients with hereditary ATIII deficiency, according to
the manufacture protocol.

3.9.5.3. Reagents: - (Appendix 4)

1. R1 Bovine Thrombin: 6 vials (lyophilized).

2. R2 Spectrozyme TH: 6 vials each containing 1.8 pmoles thrombin
substrate (lyophilized).

3. R3 Assay buffer. 6 vials each containing 5 mL of buffer, 10-fold
concentrate. Working strength buffer contains 50 mM Tris-HCI, 175
mMNaCl, 7.5 mMNaEDTA and 1.0 USP units/mL sodium heparin, pH
8.4.

3.9.5.4. Assay procedure — endpoint method: - (Appendix 4)

200 uL of standard and unknown plasma was added to a plastic tube, incubated
for 3min at 37°C, 200 pL of bovine thrombin was added to the tube , then
incubated for 1minute at 37°C , 200 upL of spectrozyme was added , then
incubated for Iminute at 37°C , 200 uL of 50% glacial acetic acid was added .
The absorbance was read at 405 nm in a 1 cm semi-micro cuvette (Bio system
3030) against a blank prepared in the following order:

200 uL acetic acid

200 pL standard dilution

200 uL bovine thrombin

200 pL spectrozyme
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3.9.5.5. Representative Standard Curve:-

The absorbance obtained for each antithrombin |11 standard was plotted against
the percent of antithrombin 111 on linear graph paper. Interpolate the antithrombin
I11 level of the unknown plasma sample was interpolated from the calibration
curve. (Appendix 4)

3.9.5.6. Quality control:-

Commercial antithrombin 11l control plasma (e.g. Hemostasis Reference Plasma,
American diagnostica catalog may be used for quality control of the assay. If
commercial antithrombin 1l control plasma has been used to construct the
calibration curve for the assay, then a different lot of control plasma should be
used for quality control. (Appendix 4)

3.10. Ethical consideration:-

Ethical clearance was obtained from the scientific committee of postgraduate
college, Shendi University.

Volunteers were informed about the study purposes and consent was taken
verbally by the obstetrician and they were asked to fill a highly confidential
questionnaire. Neither the participant’s name nor her institution was used in any
of study materials and each participant was assigned unique identification

number.
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3.11. Data processing:-

All categorical variables were analyzed by descriptive statistics. The numerical
variables were presented as Mean + SD. Independent sample T- test was used to
compare between coagulation tests results of patients and controls groups.
Pearson chi square test (cross tabulate) was used for association between
coagulation test results in studied group and some associated clinical history and
diagnosis. All statistical analyses were carried by Statistical Package for Social
Sciences (SPSS Inc., Chicago, Illinois, USA) version 16.0.P value <0.05 was
considered statistically Significant.

3.12. Data presentations:-

The obtained results were presented in in the form of tables and figures
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This chapter describes characteristics of the sample and addressed the research
questions. The Statistical Package for the Social Sciences (SPSS) 16.0 was used
to analyze the collected data.

The data were collected from 34 females with documented placental complicated
pregnancy

4.1. Demographical data:-

This is a case control study was conducted at Shendi during the period from
August 2013 to February 2018 to detect association between hereditary
thrombophilia and placental complicated pregnancy, our study population include

many races as revealed in table (4.2) and figure (4.1) and with age of (18 to 50

Results

years) with average of (30.7 years) as mentioned in and table (4.2).

Table (4.1): Show frequency of race among study population:-

Race Frequency Percent
Galieen 16 47.1
Unkown 8 23.5
Shaigia 5 14.7
Ababda 1 2.9
Hasania 1 2.9
Nuba 1 2.9
Falata 1 2.9
Robatab 1 2.9
Total 34 100.0
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Figure (4.1): Show frequency of races among study

population:-

Galia

Unkown Shaigia

Race Frequency

Ababda Hasania

Nuba

Falata  Robatab

Table (4.2): Show age distribution among study population:-

N Minimum

Maximum

Mean

Std.deviation

Age

34

18.0

50.0

30.7059

8.09987

4.2. Clinical Data:-
4.2.1: Frequency types of complicated pregnancy:-

The frequency of diagnosis of under study group revealed that the participant

with still birth represent(8.8%),pre-term labour (8.8%), pre- eclampsia (2.9 %),

miscarriage (61.8), still birth with pre-eclampsia (2.9%), pre-term with

miscarriage (8.8%), still birth with miscarriage (2.9%), still birth with
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miscarriage and pre eclampsia (2.9%) as demonstrated in table (4.3) and

figure(4.2).

Table (4.3): Show frequency of types of complicated pregnancy with in study
group:-

Diagnosis Frequency Percent
Miscarriage 21 61.8
Stillbirth 3 8.8
PTL 3 8.8
Pre with miscarriage 3 8.8
Pre-eclampsia 1 2.9
Stillbrith+pre-eclampsia 1 2.9
Stillbirth+ miscarriage 1 2.9
Stillbirth+pre-eclampsia+miscarrige 1 2.9
Total 34 100.0

Types of complicated pregnancy

\

|(

® Miscarriage = stillbirth PTL
® Pre with miss " Preeclampsia Still withpre
® St ill with mess ® Stll, pre and miss

Figure (4.2): Show frequency of types of complicated pregnancy with in

study group:-
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4.2.2: Past family history:-

The participants with past family history thrombosis was represent (61.8%),
while those with no family history was (38.2%) as noted in table (4.4) and figure
(4.3).

Table (4.4): Show past family history of thrombosis in study population:-

Past family history Frequency Percent
Yes 21 61.8
No 13 38.2
Total 34 100

Past family history

61.8

38.2

Yes No

30
60
10
20

Figure (4.3): Show past family history of thrombosis in study population:-
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4.2.3: Chronic disease:-

Other diseases were distributed among study population as; thrombosis (5.9%),
DM (2.9%), hypertension (2.9 %), no other disease (88.2%) as noted in table
(4.5) and figure (4.4).

Table (4.5): Show frequency of chronic diseases among study population:-

Chronic disease Frequency Percent
Healthy 30 88.2
Thrombosis 2 5.9
D.M 1 2.9
Hypertension 1 2.9
Total 34 100.0

Chronic diseases

100
80
60
40

20

With out Thrombosis D.M Hypertension

0

Figure (4.4): Show frequency of other diseases among study population:-
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4.3. Laboratory Results:-
4.3.1Frequencies of APC-R:-

The results of APC-R revealed that there was no homozygous for FVL, while
those with heterozygous was (47.1%) and those wild type was (52.9%) as shown
in table (4.6) and figure (4.5).

Table (4.6): Show frequency of APC-R among study population:-

APC-R Frequency Percent
Negative 18 52.9
Heterozygous 16 47.1
Homozygous 00 00.0
Total 34 100.0

APC-R

Heterozygous Negative Homozygous

Figure (4.5): Show frequency of APC-R among study population:-
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4.3.2 Comparison of coagulation tests between cases and control groups:-
4.3.2.1 PC:

In comparison of coagulation tests results between study and control group, in
which the mean of PC in study group was (43.7%), while in control group
(81.4%) as shown in figure (4.6),independent sample test was applied and results
revealed statistically significant differences with P. Values 0f(0.001) as
mentioned in table (4.7). The frequency of protein C deficiency among study
group was (91.2%), compared with (40%) among control group as demonstrated
in table (4.8).

Table (4.7) shows the mean of PC in study and control group:-

Study group Number Mean of protein C P.value
Case 34 43.7
Control 20 81.4 0.001

Independent sample test was applied (p.value 0.001).
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PROTEIN C

90
80
70
60
50
40
30
20
10

0

Case Control

Figure (4.6) shows the mean of PC in study and control group:-

Table (4.8) shows frequency of PC defiency in study and control group:-

Study group Frequency Percent
Case 31/34 91.2
Control 8/20 40.0

4.3.2.2Protein S:-

Regarding to protein S; the mean of study group was (76.32%), while in control
group was (86.55%) as noted in figure (4.7). Statistically insignificant differences
were observed with P. Value of(0.073) when compare two mean by using
independent sample test as shown in table (4.9).The frequency of protein S
deficiency among study group was (12.0%), compared with (0%) among control

group as demonstrated in table (4.10).
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Table (4.9) shows the mean of protein S in study and control group:-

Study group Number | Mean of protein S P.value
Case 34 76.32
Control 20 86.55 0.073

Independent sample test was applied (p.value0.073).

PROTEIN S

CASE CONTROL

Figure (4.7): Shows the mean of protein S in study and control group:-
Table (4-10): Shows frequency of PS deficiency in study and control group:

Study group Frequency Percent
Case 4/34 12.0
Control 0/20 00
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4.3.2.3 FPS:-

The compression of free protein S results in study and control group revealed that
there was no statistically differences with P. Value of (0.720) as noted in table
(4.11).This based on the results gives by independent sample test in which the
mean of FPS in study group was (97.92%), while in study group was (95.80) as
noted in figure (4.8).

Table (4.11) shows the mean of free protein S in study and control group:-

Study group Number Mean of FPS P.value
Case 34 97.92
Control 20 95.80 0.638

Independent sample test was applied (p value 0.638).

FREE PROTEIN S

CASE CONTROL

Figure (4.8) shows the mean of free protein S in study and control group:-
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4.3.2.4 ATIII:-

The results of anti-thrombin level among study group reveal also there was no
statistically significant differences when compared with the means of controls
group with P value of (0.766) as shown in in table (4-12).The mean anti-thrombin
level in study group was (122.88%), while in control group was (127.30%) as
demonstrated in figure (4.9).The frequency of anti-thrombin deficiency among
study group was (13.0%), compared with (0%) among control group as
demonstrated in table (4.13).

Table (4.12) shows the mean of anti-thrombin level in study and control
group:-

Study group Number Mean of ATIII P.value
Case 34 122.88
Control 20 127.30 0.720

Independent sample test was applied (p.value 0.72).
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ANTI-THROMBIN

CASE CONTROL

Figure (4.9): Show the mean of anti-thrombin level in study and control

group

Table (4-13): Show frequency of anti-thrombin deficiency in study and

control group

Study group Frequency Percent
Case 5/34 13
Control 0/20 0.0

4.3.3Relationship of APC-R results with clinical data:-
4.3.3.1Relationship of APC-R results with types of complicated pregnancy:-

Regarding the relation between APC-R results and diagnosis; statistical analysis
revealed that miscarriage with frequency of (61.8%) (21/34), (38.2%) of them
was heterozygous (13/21), and wild type (negative) was (23.5%) (8/21) as noted
in table (4.14).
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Table (4.14): Show relationship of APC-R results with types of complicated

pregnancy
Types of complicated pregnancy APC-R Total
Heterozygous | Negative
Still birth Number 1 2 3
% of total 2.9 5.9 8.8
PTL Number 1 2 3
% of total 2.9 5.9 8.8
Preeclampsia Number 0 1 1
% of total 0 2.9 2.9
Miscarriage Number 13 8 21
% of total 38.2 23.6 61.8
Preeclampsia Number 0 1 1
+still birth % of total 0 2.9 2.9
Miscarriage Number 0 3 3
+preeclampsia % of total 0 8.8 8.8
Miscarriage Number 1 0 1
+still birth % of total 2.9 0 2.9
Still+preeclampsia Number 0 1 1
+ Miscarriage % of total 0 2.9 2.9
Total Number 16 18 34
% of total 47.1% 52.9% 100%
Chi-Square Tests
Pearson Chi- Value df Asymp. Sig. (2-sided)
Square 8.770 7 270
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4.3.4 Relationship between chronic disease and diagnosis:-

The association between other disease and diagnosis, reflect that (88.2%) with

No other disease, (52.9%) of them with miscarriage as noted in table (4.16).

Table (4-15): Relationship between chronic disease and types of complicated

pregnancy:-
Other disease Diagnosis Total
Still | PTL | preeclampsia | Miscarriage | Stil+Pre | Pre+miss | Stil+Mess | Stil+Pre+Mess
birth
Thrombosis | Number | 0 0 0 1 0 0 1 0 2
% 0 0 2.9 0 0 2.9 0 5.9
DM Number | 0 0 0 1 0 0 0 0 1
% 0 0 0 2.9 0 0 0 0 2.9
Hypertension | Number | 0 0 0 1 1 0 0 0 1
% 0 0 0 2.9 0 0 0 0 2.9
No Number 3 3 1 18 1 3 0 1 30
% 88 | 88 2.9 52.9 2.9 8.8 0 2.9 88.2
Total Number 3 3 1 21 1 3 1 1 34
% 88 | 88 2.9 61.8 2.9 8.8 2.9 2.9 100
Chi-Square Tests
Pearson Chi- Value df Asymp. Sig. (2-sided)
Square 18.133 21 .641
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5. 1: Discussion
The aim of this study was to determine the role of APC-R and deficiencies in

coagulation inhibitors (antithrombin, protein C and protein S) among Sudanese
ladies with placental complicated pregnancy. Although in Sudan numbers of
studies were conducted in thrombophilia. But as far as we know, this is the first
study extended to screen for both common thrombotic (FVL 1691G>A, and
coagulation inhibitors deficiencies in Sudanese ladies with placental complicated
pregnancy.

The current study give that homozygous APC-R was 0%, the finding consist with
the study conducted by Montagnana and his colleges; they reported that the
frequency of FVL 1691G>A varies from (0% to 15%) according to ethnicity and
geographic distribution worldwide.**® However FVL mutation is higher in
Caucasian than non-Caucasian. Low frequencies were reported in African, Asian
and South European populations (0%—3%). It is relatively high in North America
(5%) and very high in Mediterranean populations (13.6% in Syria, 12.3 % in
Jordan and Lebanon 39.7%).YHowever our findings were in agreement with a
Sudanese study conducted by Yousif and his team; they get (0 %) frequency of
FVL.®%2But a findings regarding the frequency of APC-R were reported by Safia
Khalil and his colleges among Sudanese; they get (33.3%) were positive for
APCR.(1%3)

Our finding of the heterozygous APC-R was 47.1; while The Heterozygous
alleles G/A in factor V gene was 8.0% in all cases related with recurrent
miscarriage.%¥

The present study demonstrated that protein C level was significantly decrease
among study group compared with control group, with P .value (0.001). The

frequency of protein C, protein S and anti -thrombin Il deficiency among study
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group was (91.2%), (12%) and (13%) respectively.However several published
studies analyze the relationship between thrombophilic conditions with types of
complicated pregnancy and gives a variant results;the findings of Payandeh et al,
who reported PC deficiency as the most frequent hereditary risk factors in VTE
patients (28%). “PC defiency found in patients with adverse pregnancy
outcome (45%).®%®in the study of Hansda cooperated with Roy Chowdhury, they
concluded that: protein C deficiency was present in 15.09 % of patients with
RPL. Protein S deficiency was present in 50.94 % of patients with RPL (p =
0.000) @) Marietta et al.**®, in their study, also observed (5 and 11.25 %)
patients with recurrent abortion had protein C and protein S deficiency,
respectively. Nazli H et al.**®observed that (45%) of patients were found
deficient for protein C and S in their case series, The Findings of of Suehisa et al.
who reported PS deficiency (17.7%), PC deficiency (7.9%), AT (1.77%) and
combined deficiency of PC and PS (0.88%) in Japanese patients with VTE.(159
Moreover, in study conducted in Kuwait (16.8%) of VTE patients had PS
deficiency, (13.1%) had PC deficiency and (8.3%) of patients had AT
deficiency.“®)There are contradicting results in Kuwait study that indicate higher
frequency of PS deficiency in VTE patients than PC and AT deficiency. This
variation could be explained by ethnic and geographical differences in addition to
variations of patient’s demographics. In addition to some limitation of technique
because not all commercial kits or laboratory developed tests measure the plasma
protein in the same manner. Also PS has limitation influenced by different
biological and pre analytical variables

Regarding the association of APC-R result and ethnicity, our finding illustrated
that most APC-R were heterogeneous, the incidence of homogenous does not

exist, the same findings were reported by Hoff brand and Vizcanio in Africans
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and blacks Gss1s6 This results can be explained by consanguineous marriages in

the studied group.
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5.2: CONCLUSION:-
e Protein C is the most frequent risk factors in Sudanese ladies with
placental complicated pregnancy.
e Protein S and ant thrombin are less frequent risk factors in Sudanese ladies
with placental complicated pregnancy.
e The FV Leiden (APC-R) represents non-significant risk factors for the

occurrence of placental complicated pregnancy in this study population.
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5.3: Recommendations:-

e A case control study should be carried out since the results have
highlighted the significance of this problem

o All patients diagnosed with Obstetrical complications must be screened for
thrombophilia and dealt with accordingly, to reduce the possibility of a
new attack.

e Pregnancies which are complicated by severe pre eclampsia, abruption or
unexplained fetal growth restriction, and in women whose pregnancies end
up in unexplained still birth should be tested for genetic or acquired
markers for thrombophilia

e Large studies are required to determine pregnancy associated
complications the most important underlying prothrombophilic gene
mutations which lead to in Sudanese population.

e Factor V Leiden DNA test should be performed only to abnormal activated

protein C resistance.
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Questionnaire

University of Shendi
Faculty of Post-Graduate studies

Role of APC-R and hereditary anticoagulant deficiency in

vascular complication of pregnancy
S.NUMDEr ..
HOSPItAl. ..
o Lab NO:

Number of previous pregnant..............ccccooviiiiiiinnnn,
Pregnancy stage..........coooiiiiiiiiiiiii e,
Race or tribe
Region
Family history of pregnancy complication ...........................
o Relation degree
o Diagnosis:-
Stillbirth
Pre-eclampsia
IUGR
Placental abruption
Chorionamnionitis
History of other disease:

TIrOMDOSIS. ..
A O ON . .,
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ACTICLOT®C
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INTENDED USE

ACTICLOT® C is intended for the measurement of Protein C activity in human
plasma via an end-pomt clotiing acsay. The assay it for in vitro diagnostic use.

EXPLANATION OF THE TEST

Protein C iz a vitamin K-dependent anfcoagulant protein that nomally cirulatss
8¢ an imactve zymogen. After acfivation, Protein C inacivates factors V and VIl
thuz prolanging the cloting tme. While Protein C can be activated by thrombin,
the rate of activaion in vitro is dow. Under such condifions: Protein © inhibitor
protein inactivates Protein C ac fast as it s acfvated.

PRINCIPLE OF THE METHOD

The venom of the copperhead enake Agkistrodan contorr is 2 rapid acivator of
Protein C.' Under the assay condifone of ACTICLOT C, the ACTICLOT
Acivator, formuizted with the venom Fom Agkizfrodon contort, comvests
human Protein C o its actve protease within 5 mintes?  The ACTICLOT
Acfivator reaent iz formulated to activate both Proten C and the coniact factors
of the infrincic pathway. With this reagent, the clotiing fime of normal plagma &
very long, greater than 100 seconds, whils fhe clofting fme of a Protein C
deficient plasma i essenfaly fhe same ac the cotting fme of an APTT tef,
approvimately 30-40 seconds. When an unknown test plasma i mixed with
Profein C deficient plasma, the Protein C level is proportional to the prolongation
of the clotfing fme.

REAGENTS

1. ACTICLOT Activator. 3 vials 2ach contziming 1.5 units of Agkistrodon
contortit venom lyophilized with rabbit brain ceghalin and colloidal siica
acfivator

2. Protein G Deficient Plasma: 3 vials each containing 1.5 mlL of yophilized
hurmzn plasma depleted of Protein C by immundassomton on 2 column of
immiobilzed anfibody mmunozpedit to human Protsin C.

3. Protein C Control Plasma: 3 ials each containing 0.5 mL of fyophilzed
nomnal human plasma.

4, Diution Buffer: 3 vl each containg 5 mL of 2 100d concentate. A
woring strengh, he bufier containg .12 M NaCY, 0.0 Imidazol, g 7 35

i
AECL5 CRaDaisnz



WARNINGS AND PRECAUTIONS

This product containg human source material that hag been found fo be non-
teactive for Hepafiis B Surtace Antigen (HEsAg), Hepaitis C Virug (HCV) and
Human ImmunodkSciency Vines Type 1 and Type 2 (HIV-1, HIV-2) ueing
tegictered medhods. Ac no known test method can provide complets assurance
that proclucts desvesd from human specimens will not transmit HBeAg, HCV, HIV-
1, HIN-2 or ofer biood-bome pathogens, tis product should be handed 2z
tecommended for any potentally infecious human specimen.

This product containg animal source materid. As mo known test method can
provide complete agsurance that products derived from animal specimens il
not ansmit boodbome pathogens, tis reagent should be handed as
tecommended for any potentall infectious specimen.

The Diution Bufier containg sodium azide that may react with lead or copper
pluming fo form highly explosive mefal azides. Materiats discared i 3 sink
chiould be fushed with a lame volume of water to prevent azide buld-up.

Dildion
B Danger

@ 415, Ha1%, H3a], PAIZ P28, P27,
P05 + 5 4P D

Hazard HA13 Causes shn iration.
HHG Cawses sefins 2y irafion.
HE80 May damage ferlity or the wnbom chid

F202 Do nothanele wei all safety precautions have heen read and
wnersinod

P24 Wash thoroughly aftes handling

P20 Wiear protective glovesiprotective cothingleye profectonface
peofection

P02 + P32 IF ON SKIN: Wash with plenty of watee.

P332 + P33 If hin ivtatiom ocowrs: Get mesical advice/attenfion.

F303+ P31 + P38 IF IN EYES: Rinse caufously wi watee fr
several minizs. Remove conimctlenses, fpresent and easy 1o
tho. Confifue rising,

P37 + P33 f eye imtation persits: Get medical avice/atention.
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REAGENT PREPARATION AND STORAGE

Unreconstiuted reagents are stable unfl the explration dete indcated o the
Iabel when shoee t2°- 8.

1. ACTICLOT Activator. Reconshtute with 1.5 mL purfied water.
Stapityat-20C.  Imonths

#2080 48

#3710 dhours
Some automated equipment may require a karger Actvator volume in order {0
atesuately fl the reagent recervol and pump tibing. I this case
teconsfiute al theee vials of Activator provided and pool b obiain 3 reagent
volume of 4.5 mL after uge. The remaining contents of fe resenvair and
pump tubing may be retume b the vial, capped fozen & -20°C and reused
Actvator can be frazen and hawed virtualy without loss of achiy.

2 Protein C Deficient Plasma: Reconstute with 1.3 mL purfied water, Lt
sfand t room temperature for 20 minutes for complets dissolufon then swid
gently. Lse immeskately or store on meting ce undl use.

3.Protein C Control Plasma; Reconsfiutz wih 0.5 ml purfed water, L2t stand
f room temperaiure for 20 minute for complete déssoludon fen owirl gently
Uge immesfiately or store on mesfing ice wefl ues. Uz 2 a qualiy control
reagent when perfoming the zstay.

4 Dilution Buffer Dikut to 50 mL wih puriied wates.
Stabity atroom temperature. 1 week
#2-80: | month

SPECIMEN COLLECTION AND PREPARATION

Eee “Collecfion, Transgort and Processing of Blood Specimens for Tesfing
Placma-cased Coagulafion Assays, Approved Guidglines-Fiftn Edifion”, CLSI
Oocument HH1-AS, Vol 28, No. 5, 2006

Nine volumes of Bood are colected in 1 voume of 0.1 trieodium cirale and
cenfuged at 3000 1 g or 10 minutes. Plasma should b stred at 2°- 3C and
assayed witin 2 hows.  Aliematively, plasma may be stored at -20C for 1
monih and thawed once at 37°C, 30 minutes before we.

0045 Clsranstzz
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GALGULATION OF RESULTS

Determing the % Pratein C i the test sample by mizrpolaiing from the standard
curve: and muliplying the result by two to comect for diktion. n e case of paients
with pus anfizoagulants or abmormaly high Protein C actiity, wher muifiple
patist dufions were assayed, corect the Profiin C level for the diufion. Carrected
Protein C lavls from at least fwo diuions must agree.

QUALITY CONTROL

s Protein C Control Plasma provided in the kit for muality contral of the assay.

PERFORMANCE CHARACTERISTIGS

In a cliical study compang ACTICLOT C to a Protem C ELISA the following
tesalts were obiained:

Plasma Protsin G Concsntration

(" of pacled nomal plasma, mean + 54

Poigion . ACTLOTC ELIZA
Normal U 1IEI T| Wi & 160
oic LU E R A 1+
lverDease 10 1BF & 0B IANE-I L)
ComgenialDef 10 378 &£ 74 0 & &
Hegarin 0 85 ¢l Wit 2
Coumadin » Bl M1 & 187
Uik Neomates 12 218 & 43 193 £ 80

Veg. respatory distress syndrame, sepels, enmbasis, renal falure
b
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Correlation betiesn ACTICLOT C and ELISA (coumadin paients on coumadin

ot includes)
Comelabion  Standard Eror
Reqression Line Coefficient  of Estimate
y=083+ 00014 092 0.0d6

The coefiicient of variation of the astay has been defermined using plasma
samples prepared by mixing plasma that has besn otaly immunosepletsd of
Protein C with nomal pociest plasma to obtzin Protein C levels of 10%, 50% and
100%.

PricnClewl  bradeyCV  HedesayCl.

100% 5% M

0 7% 1%

0% §1% 5%
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DIAGNDETICS

ACTICLOT® Protein C Resistance
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IMUCLOME® Free Protein S ELISA

REF 842

For Research Use Only

INTEMDED USE

The IMUCLONE® Free Protein 5 is a an enzyme-inked immunosorbent assay for
measuring human Free Prodein 5 (the aclivaied Prodein C cofackor] n plasma or
ary biological fluid where Free Protein 5 may be present. The ELISA is intended
Fior Research Use Only.

EXPLANATION OF THE TEST

Protein 5 s an BO0OD D molecular rafio, vilamin K depemdent glycoprotein
synthesized in the iver. The concentration of Protein S in normal human plasma is
approximately 25 wgiml® ard is found in tao forms: Free Protein 5 comprses
approximately 40% (10 pg/ml) of the tofal amount while approsmately 80% (15
We/ml) croulates in blood as a non-covalent complex with Cdle Binding Protein
{C4k-BP). Oniy the Free Profein 5 possesses anticcagulant activity as the cofactor
of Actvated Protem C. The balamce between the Free amd C4b-8F complexsd
forms of Protein 5 plays an important role as only the Free Protein S is active.

PRINCIPLE OF THE METHOD

A calcium-dependent monodonal anfibody specific for Free Protein 5 coupled to
hiorse radish perooadase (HRF) & added to a microwell coated with another calcium-
dependent momockomal antibody specific for Free Profein 5. MNext, a dilubed plasma
sample or kiclogcal flud is5 immediately addzd fo the microwel amd the
mmuclogical meaciion begins.  f preseni, Free Profein 5 binds onfo the
manocional andbody coated solid phase via one epitope and binds to the second
manodional antibody coupled to HRP via a second epifope.  Following a wash step,
the peroxidase substrale, 3.3 53 F-Tetamethylbercidine (TMB), n e presence of
hydrogen perodide (HxOk), is added to the microwell and the subssauent enzymatic
reaction yields a blue colored solufion. The addiion of sulfunc acid stops the
reaction and tums the solufion color to yellow. The amourt of color = direcly
proporional to the concentration of lumar Free Protein 5 in the tested sample.

REAGENTS

96 Microwel Plate pre-coated with anfi-fh) Free Protein 5; 12 stips, 8 wels'sinp in
a frame holder plus siorage bag with desiccant

2 vials of Protein 5 Sample Diluent (contains calcum), ready to use (30 mL)

3 vials of Plasma Protein 5 Calibrator, 1:50 prediuted (lyophilized)

1 vial of Protein 5 Control |, High (lyophdized)

1 vial of Protein 5 Control I, Low (lvophiimed)

3 vials of Anti-(h}-Free P3-HRP Conjugate (yophiized)

1 wial of Protein S Conjugate Diluert, ready to use (13 mL)

1 vial of Protein 5 Wash Salution, 20 fold concentrate (30 mL)

1 vial of TMB Subrstrate (Peroxidase Sulestrate), ready to use (25 mL)

1 vial of Stop Solution, 045 M H:50y (B mL)

'WARNINGS AND PRECAUTIONS

Sounce material for seme of M2 neagents in this it is of human angin. This manenal has
oeen found 1o be non-reacive s Hepatitis B Surace Anfigen [HBsAg), Hepattis C vinus
(HCV) and Human mmuncdeficency Vins Type 1 and Type 2 (HIV-1, HV-2). Az no
knoan i251 method provides compiele assurance that products derved #om human
Dlood will not ¥ansmit HEsAQ, HOW, HIV-1, HIV-2 or other biood-bome pathogens,
reagents should be handed as recommended for any podentialy infecticus human
spedimen. Discard all waslte associated with est specimens and human source reagents
in 3 bighazard waske container.

Limitad for research use only in the United States. For in witm use only. Ned for intemal
use in humans or animals. Do not use the kit companents beyond the stated expiration
date. Do nod mix reagents #om diffierent lts.  Awcid microbial contamination of the
reagents. Do not smoke, eat or deink in areas inowhich specimens o Kit reagents ane
handied. Do not pipefie reagents by mouth. Wear laboraory ooat and disposable gloves
Froughout the test procedure and wash hands thoeoughiy aflenwards. Avod splashing o
aerosol formation.

Stop ] [ conT T Sutfuric acid |
soiion | WEMIng H315, H319, F264, P280, P302 - P352, P30S
+ P351 + PI36 P332 + P313 P33T + P33

Hazard H315 Causes skin irtation.
H319 Causes serious eye imtaton

Precautionary F254 Wash thoroughly after handing.

250 ‘Wear protective gloves! protective clathing! eye protection’
face profeciion.

P302 - P352 IF OM SEIN: Wash with plenty of water.

P305 - P351-P338 IF IN EYES: Rinse caufously with water for
several minutes. Remove contact lenses, if presend and easy
to o, Continue mnsing.

P332 - P313 ¥ skin imitation persists: Get madical advica/atizntion.

P33T - P313 Eeye imtation persists: Get medical advice/atention.

REAGENT FREPARATION AND STORAGE

Unopered ard yophilized reagents are stable unil the expiration date printzd on
the box when propedy stoeed at 2°-8°C.  Allow the reagents o warm fo room
temperature for 30 minutes before use.

1. Microwsll Sfrips pre-coated with anfi-{h) Free Protein 3: Owce removed
from the aluminium pouch, the microwell sirips must be used within 30 mimtes.
Urnised strips may be stored at 2°-8°C for 4 weeks when sealed in the original
pouch with e desiccant present, probected from any moisture, and stored in
the provided storage kag.

2 Protein 5 3ampls Diluent Supglicd ready to use, once opencd, the diluent
may ke uwsed for up to 4 weeks when shored at 2°-8°C. The Diuvent contains
0.05% Kathon CG.

1. Plasma Protein 5 Calibrator: Reconstibute each vial with 2.0 mL of Protein 5
Sample Diuert. This callorator is equivalent to momal plasma cortaining at a
1:50 diution. Reconstibuted calierator is shakle for at least 8 hours at room
temperature (18°-23°C)

4. Protein § Gontrol & Reconsfiute this vial 0.3 mL of distiled water. This
confrol is a high plasma conirol.  See e endosed data for the acceptable
range. Reconsfiuted control is stable for B hours at room temperature (18°-
25°C), 24 howrs at 2°-B°C or 2 months at —20°C providing bacterial
contamiration is avoided.

3 Protein 5 Gontrol IF Reconstibule this vial 0.3 mL of distilled water. This
confrol is a low plasma comtrol.  See the endlosed data for the acceplable
range. Reconsfiuted control is stable for B hours at room temperature (18°-
23°C), 24 howrs at 2°-B°C or 2 months at —20°C providing bacierial
contamiration is avoided.

6. Anti{h}-Free P3-HRP Conjugate: Recomstiuie each wvial weh 4.0 mL of
Protein 5 Comjugate Diuent  Shake the vial gently to homogenize the confent.
Reconsfituted immumcconjugate is stble for at least 24 howrs at room
temperature or for at least 4 weeks at 2°-8°C.

7. Protein 3 Conjugate Dilvent: Supplied ready fo use. Once opensd, it may ke
used for up to 4 weels when siored at 2°-8°C. This conjugate dilusnt cortains
0.05% Kathon CG.

B Protein 3 Wash Solution: [f sclids are present, incubate e vial for 13-30
minies in 3 37°C water bath.  Shake the vial and diute the amount required
1:20 in distiled water (the 30 mL & sufficient o prepare 1 Lier of Wash
Soldion). The Wash Solufion may be used for wp to 4 weeks afier opening
when stored at 2°-8°C in its original vial. Diluted Wash Solufion may be used
for up to 7 days when stored at 2°-8°C. This wash solution contsins [L05%
Kathon CG and calcium amd must be used for this Free Protein 5 ELISA.

8 TMBE Substrate (Peroxidase Substrate) Supplied meady fo wse. Once
opensd, it may ke usad for up to 4 weeks when stoeed at 2°-8°C.

10. Stop Solution (0.43 M H:30u): Supplied ready to use.  Cawtion: Sulfuric
acid, although diuted fo 0.45M is caustic. As for any simiar chemical, hande
with great care. Avoid any skin and eye confact. Wear protechion glasses and
gloves when handirg.

SPECGIMEN GOLLECTION AND PREPARATION

Citrate colected platelet poor plasma or serum may be used for this assay. Plasma
collection showld ke performed as fiolows:
1. Collect 9 parts of blood into 1 part of 3.2% (0.109M) trisodium citrate
anficoagulant solufion.
2 Cenirifuge the blood sample at 2,500 x g for 20 minutes.
{.-.over)



3. Plasma should ke stored at 2°-8°C and assayed within 4 howrs.  Altemafively,
plasma may be siored at -20°C for ue fo & months.

4 Frozen plasma should be thawed rapidly at 37°C. Thawed plasmas should e
stored at 2°-8°C and assayed within 4 hours.

Test samples and the Protein 5 Cordrols must ke divied 1:50 in the Protein 5
Sample Divent. For expecied Protein 5 levels =100%, samples must be assayed
at kigher diutions, 1:100 or greater. For Protein 5 =10%, the sample may ke
assayed at a lower dilution, less than 1:50.

PROGEDURE
Matsriala Provided — See Reagents
Materials Riequired But Mot Provided

Distilled water

50-300 uL eight charnel muki-pipetis

0-200 L, 200-1000 Wl single pipetiss

Microwel| plate reader for reading absorbance at 430 nm
Microwell plate shaker, Microwell plate washer (opfional)

Preparation of the Fres Protein 3 Concantration Levels

Fres Protein 5 concentrations are expressed as a % of pooled normal plasma. The
100% concentrabion corresponds to a pooled pomal human plasma dilued 1:30,
fhe standard assay dilufion. Using the Plasma Probein 5 Calibrator provided, with a
Free Protein 5 comceriration "C" as indicated on the fiyer provided in the kit
prepare the following calibrator concentrafions.

Freg Proin 5 :
c son (%) c ce =) L= B Cr20 1]
Vol. of Plasma
Profsi S Caliorior 10mL | @.5mL (025mL | 0.90ml | D.05mL | OmL
gl of Protein 5

T
Sampe Di omL | 05mL |OF5mL | 080mL | 0.85mL | 1.0mL

Mix gently for a complete homogenization. The dilufions of calibrator are stable for
atleast 4 hows at room temperature [187-23°CL

Aazaay Procedurs

Remove the required number of microwell strips from the alumirium pouch
sufficient for e number of assays to be performed.  Place the strips in the frame
provided. To the appeopriate microwels, add the reagents and perform the various
assay sieps as indicated on the folowing fakie:

Reagant Volums Procadurs
Anti-[n}-Free PS-HRP 100 1L Add the anti-human Free Protein 5
Conjugate H HRP Conjugate 1o ach microwell
Free Profin 5
concenirations, Immedialsly add the Free Prodein 5
diluted Controls, — calibraior concentrasions or diluted
dikted samgle ar H coniols or il sample to the
Protein 5 Sample appropnate microwedl.

Diluent {blank)

Incuiate for 1 hour at reom emperaturs [157-25C) while gendy shaking either
manually or using an eroital microwed plate shaker.

Protein 5 Wash

Soiution 300 pL ‘Wash the wels 5 imes.

Add the subsirate 1o each microwell

TME Substrate 200 pL i
H immediately afler the wash step.

Incubat for exacty 5 minules at room temperature [13-25"C).

Following exactly the same time
Stop Salution 0 ul intervals used for adding e
45 M HiS04) s substrate, stop the reaction by
| Y

adding 0.45 M H:50,

\Wait for 10 minuies in erder 1o aliow the color o sEilize and measure he
bsorbance at 450 nm. Subvact the blank value from the measurements.

Notes:

1. Awoid letfing the plate in the bright sunbight during incubations and particulary
during color development.

2 Do not allow the microwells fo dry out between the addiion of reagents or
following a washing step.  Add the next reagert within 3 mirutes in order o
prevent the microwels from drying, which could damage the immokilized
components. [ necessary, fill the microwells with prepared Wash Solulon and
emply i just before the introduction of the next reagent.

3. When adding the TME Substrate, $e time interval betwesn each row must be
aocurate and exactly defermined. | must be the same when siopping the
reaciion.

REBULTS

Construct a calibration curve by ploting the mean absodsance value for each Free
Protein 5 concentrafion (ordinate) wersus s corresponding concenfragion in %
[akbscissa). A calioration curve should be generated each tme the assay is
performed. The following calibration curve i fior demonsiration purposes onrly.

IMICLONE * Fres Protein 5

—
25 —
E
§ 2
B ¥ =0 0002 + 005 tx+ 0.0
15 R=[.5593
8
g1
=
05
L e .
) a0 a0 &0 N 100

Fres Profein 5 Conceniraton, %

CALCULATIONS

From the calibration curve generated, directly deduce e Free Protein S
comcentration in assayed samples at the standard 1:50 diution. If higher dilutions
are wsed, the Free Protein 5 comcentration nwst be muliplied by the
complementary diluion factor D (ie. muifply the concentration by 2 for 2 1:100
samgle dilugon or by 4 for 3 1:200 sample diution). |f lower diutions are used, the
concentration obtained must be divided by 500, Aliematively, an ELISA software
[iLe. Dymex, eic.) can be used for the calculagon of concentragions.

LIMITATIONS OF THE PROGEDURE

As the monocional anfibodies used in fhe ELISA are calcum dependent, only the
wash buffer supplied, which contains calcium, may be used in the assay. [f the
wash sieps are not correcly performed, samples can produce a high absorkance
valee. I order io avoid non-specific color development, check that the wash sieps
are performed efficiently.

EXPECTED VALUES

The Free Protein 5 concentragion in normal fuman plasma is uwsually in the range

B0-150%, thersfore the abnormal ramge is < 60%. The concentradon is higher in
males than in 2males and tends to increase with age and blood lipid concentration.

PERFORMANGE CHARACTERISTICS

The IMUCLOME® Free Protein 5 ELISA is specfic for the native and funclional
forms of Free Protein 5. The ELISA is mot meactve with Protein 5-Céb-BP
complexes,

REFEREMNCES

1. Henkens, C. A A, of 3l Plasma Levels of Proein 5, Protein C, and Factor X:
Effects of Sex, Hormonal State and Age. Thromb. Haemast. 1985, T4 1271-1273.
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Chromogenic assay for measuring
anti-thrombin Ill activity in human plasma
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INTENDED USE

ACTICHROMEE AT Il is intended for the quantiafive determinaicn of anShromban |l in
humian plasma by crremogeniz assay. The assay is intended for i vitro diagnostic use.

EXPLANATION OF THE TEST

Arditomkin Il is an nhiitor of plasma serne proteases. An important Eanction of
anfithramsin 1 the hikfion of hrombin aciy. Normaly he rae o thramkin nhiton
by antthvomiin 5 sl (rogressive antiborbin actity). However, e rateof nhikiton
can be enhanced several housand- fld in he presence of hesarn (heparn catacior

Tolefsen andd Biank have reporizd another rapid heparin-depsrdent feombin inhikior,
Heparin Cofactor 1|, in human plasma. This proleh can intefere with anfithrombin 11
determintions especially at high (2 USP witsimL) heparin concentrations. [n oeder to
confer specificty o andheombin Il the present assay system wses a lower (1.0 USP
witsimL) final hieparin conceniration whese heparin-enhiancad inaciivation of hrombin by
heparin cofactor | is negligikle. In addifion, uman heparin cofacior [ reacts more readily
with haman theombin than with bovine hrombin (Frberger et al). Thus, further specificty
Foe antithromiin 1] & imparted in the present assay system by the u se of bovine hrombin,

FRINGIPLE OF THE METHOD

I the present two-stage method (Ddegard, ef al.), thrombin is added to a plasma divtion
containing aniheombin [l in he presence of excess heparn. After an inifial incubation
[siage 1) residual theombin is defermined with a thromibin-specific chromosgenic sulstrate
[stage 2). The residal theombin achvily is iversely progorfional to the arihrombin [l
concenirafion of the plasma.

REAGENTS

The kit contains sufficient reagents to perform &0 tests using semi-micro methodolagy.
R1 Bavine Thrombin: 6 vials [fyophilzed).

R2 SPECTROZYME® TH: 6 vids each containing 18 pmoles trombin substate
{lyophiized].
R Astay Buffar: § vias each contaiing 5 mi ofbufer, (140l concenrate. Working

sivengih buffe contains 50 mM Trs-HC|, 175 mb Nal, 7.5 mM Na-=DTA and 1.0
USP wnitsmL sodium hegarin, pH8 4.

§38_Cas0150612



VIARNINGS AND PRECALTIONS

i ok wze kit components beyored the expirafion date. Do nat mix reagents from different
kit lofs.  Awoiel micobial contaminaion of the kit components. Do mot mouth pipelte o

ngest reagents,
. . . Hi13, HI10; P2ed POE0 PAO2 + PASZ P30S +
Wamig ® P81« P58 PRAT +P3I3

FD e aIge

SPECTROZYMEY

| CONT | i et
T v HATS, HOTS, 335, PO61, POGA, POAL, PO +

FiS2 P30S - P33T + P33R, PEIT < P313

Hosay Bufie Otseve good aboralory ygienepracices,

B35 Canses siin imiaion,

9 Causes senous ey imton,

HES My caus respirary miation,

POET o beeating st

Fo54 Wash thareughl e handig,

P2RD Wea prolecive gloves/ profecive cothng e proection face
pn.

P02 < PIS2 [ OM SHIN: Wash with plenty of water,

P35 + RIS IF (W EYES: Rinse cautiously wih water s severl
minutes, Remove contact lenses, i present and easy t do. Caninue
TiEing.

P37+ P13 ey iation persist: Ge! mexical advcalanention.

Precaufionary

REAGENT PREPARATION AND STORAGE
Irtact vials of reagents are siabbe unfl the |abe expiry date when stored at 2° - 9.

RY Baving Thrombin: Reconsthu with 2 L of iered deionized water, Recomsthizd
reagent is stable for 1 week at 2-8°C and for up o one moedh at 200

R2 SPECTROZYME TH: Recansihe with 2 mL. of pufed water fiered deioized
wate. Reconsinded reagent s stablefor | week a oom mperaee, 2 monis o
22 - B, and  marits a 20K, glipctand freeze.

R3 Assay Buffr: Divte .50 mil. wilh e donized e purfi wate, Workng
shength bl st o { week a oo mperaars and fr { mordhat 22 - .

SPECIMEN GOLLECTION AND PREPARATION

Cirae coleckd patet poor plasma may be wsed fir tis assay, See "Colectin,
Transport and Processing of Blood Specinens fe Tesing Pasma-Based Coaguiation
Hssaysand Mol Hemcstzsis Assays-Approved Guideine’, LS Document KE145,
V. 2, Na. 5 aruary 2008, Pl colecion shows be perfomed as lows

2
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1. Collct9 pats of blood o 1 parof 125 0109 ) isodam e aniccaguiard
sldon

2 Contugethe biodsampe at 1,500 for 15 mides

3 Pl shoud be stved at 2 - BC and assayed witn 2 hows. Alemaieh,
plasra may besired f -2°C frup o monkh

4. Frogenplsiashow e iawes rapidy t 37°C. Thaues pasmas shoube soed
22 - and assaped within 24 owrs.

PROCEDURE

Materiala Provided - See Reagents
Materiala Raquired But Not Provided
filtered deiceizad H:0

(20 L, 2004000 L single pipetes
Plasfo fest hipes

Lakoratuey fmer

37°C we or ary bath

50% wacial acefc acid
Specimphotometes aperable at 405 Am
Pooledl nommal plasma or commercial reference plasma

Haagy Calibration

Poaleel marmal human piasma (atleast 10 nomal donioes), which has been collected i e
same way a5 plasmas 1 be tested may be used for preparation of the anfitkrombsin [
standards. Simce oral confraceplives and oher estrogeniprgesterans preparafions may
affect anithrombin [l leves, plasma from wsers of such presarations should be excluded
from the poal. Commercially prepared plasma standard in which antthrambin (| has baen
tetermnined may also be ueed

Prepare plasma anftheombin 1| sandards and urimonn plasma samples as olows:

Volme of Pooled | Volume of

Standard Nomal Plasma | Asaay Buffer
0% L 1000 WL
% 00 L of 100% Houl

Standard
;] DL 1000 WL
Unimowrs | 25 L Flasma Specmen | 1000 L
3
§38_Cas00150612



Haaay Procadurs - Endpoint Method
Endpoint Method

Bl 200 L. of sanvlard of unknowm plasma o 2 plast fuke.
Incubate at 37 for 24 minges
Bl 200 L. of Bavine Thrombin,
Wi ane incsoate at 37°C for 1 mimte.
Bl 200 L of SPECTROZYME TH.
Wi ane incsoate 2t 37°C for 1 mimte.
Al 200 L of 50% placial acebic acid.
i
Bl 200 L of water* (opfional.
Read e absoskance at 405 am ina | cm semi-microcmede against 2 blank pragarsd i
e Following crer
200 L acefic aci
20 L. staretard diion
200 L. Bovire Throméin
200 L SPECTROZYME TH
200 L wate (ot
{*Sume specirophofometers requre a mirimum of 1 mL volume in e cuveite

Watgle: Simultaneaus Csterminations - As many as fen detemirations can be performed
simaftanewsly wih the same siopwatch by staggering pipetting steps af fue second
iemyals.

Asaay Procadurs - Kinetic Method

Akinetic analyzer may be wsed bo measire e inal ate of bydrolysis of te chromogenic
subsirate. The procedes i be wsed i 25 fllows:

Bl 5 L of skanadare or uknown plazma io 200 L of Diludon Bufer.
Incubate at 37 for 24 minges.

Bl 200 L. of Bavine Thrombin,

i anel inculeate at 37 °C for 1 minuie.

Bl 200 L of SPECTROZYME TH.

Megzuee rate of change of absorbance at 405 am,

= T T SR .

RESLLTS
Repreasntativa Gtandard Curve

Plot the absofsance ohtaned far each anfiheombin Il standand agaimst he perosnt of

aitheomioin | oo linear gragh papet. ldzepalats the anfheombin [ level of the wrlmonn
plasma sampte from e calloration cume. [ a commercial anihrombin ] reference
staidare was wsed, adst the arfiteombin || value determined for e wnknown plasma
sample a5 follows:

83 AT I acused) = 5 AT I ko plasa) 2% AT I peerence 00

]
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The calleration curve shown Below is for example only. A new calieration curve mst be
constricted 2ach fme the assay is perfomed.

Acfichrome* AT Il

DIIII:IIII:IIII:IIII:

0 4 i [EI
e Antramain il

QUALITY CONTROL

Cammestial anShromin | reference plasma may be vaed o qwality confrol ofhe assay.
If commestial anfithrombin |1 control plasma has been wsed to consinuct the calieaion
curve for the assay, then 2 afferent of of control piasma showd e wsed for quaity control.

LIMITATIONG OF THE FROGEDURE

Ickers: lipemc and hemotyzed samples may intefere with the assay. If the winow
plasma is very ickenic, 3 second biank conaining the wnknowm plasma divion instead of
the ctandard dilution shoud ke prepared and it dbsoance subtracted fom the
absorbancz ohiained far the unknown andihrombin | determination

EXPECTED VALUES

The normal range of ATI in plasma is T3%-125%. Acthity levels of 30-60% may ke
okserved n patients with hereditany ATI deficiency. Several cliical conddtions associaizd
with acaircel ATI| dieficizncy include [ver disease, DIC, neghectic sypdrome, pulmonary
embalism, siroke and theombophlcbitis. | addifion, cral contracepfive wse may reduce

ATl evels.
PERFORMANGE CHARACTERISTICS

Accuracy
In chiizal shuales comparing ACTICHROME ATI o several obee commercialy avaidble
chrmogeic anfitiromicin (1 s the fallowing conelafion vas obsenved

8, ATH o asays) =099 % ATI ACTICHROME) + 59 53 r=0.80)

i
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