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 قال تعاني: 
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Abstract 
 
 

This is a descriptive study that aimed to identify protein C deficiency in women 

with placental complicated pregnancy. Our study was conducted in Shendi town 

during a period from February to august-2018. 

33 citrated blood samples and 18 healthy pregnant women as control group were 

collected. 

Full history was taken from patients and controls. Blood investigations were done 

for protein C level by using chromogenic method. 

Recurrent pregnancy loss (RPL) is a common disorder that affects around 70% of 

placental complicated pregnancy.  

The mean of the test sample was 44.0 and the mean of the control sample was 72.0. 

Which showed a significant relation of low protein c with recurrent miscarriage (P 

=0.042). Positive family history for thrombosis was significantly associated with 

recurrent abortions. 

There is a significant association of protein c deficiency with placental complicated 

pregnancy especially in the pre-term labor; the positive family history of 

thrombosis is considered risk factor for recurrent miscarriage. 
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1.1. Introduction 

Abortion is the ending of pregnancy by removing a fetus or embryo before it can 

survive outside the uterus, an abortion that occurs spontaneously is also known as a 

miscarriage, an abortion may be caused purposely and is then called an induced 

abortion, or less frequently, "induced miscarriage", The word abortion is often used 

to mean only induced abortions, similar procedure after the fetus could potentially 

survive outside the womb is known as a "late termination of pregnancy (1)
. 

 Recurrent abortion is pregnancy loss two or three consecutive abortion in the first 

or early second trimester, many factor can be involved in recurrent miscarriages 

including gentic chromosomal, age, hormones metabolic abnormalities, 

immunological problems, clottingdisorder, and in many cases it can remain 

unexplained, the drug mifepristone in combination with prostaglandin appears to 

be as safe and effective as surgery during the first and second trimester of 

pregnancy 
(2)

.  

Birth control, such as the pill or intrauterine devices, can be used immediately 

following abortion When performed legally and safely, induced abortions do not 

increase the risk of long-term mental or physical problems
(3)

. 

 The World Health Organization recommends safe and legal abortions be availabl 

to all women, historically abortions have been done using herbal medicines, sharp 

tools, with force, or through other traditional methods (4)
. 

 Abortion laws and cultural or religious views of abortions are different around the 

world. In some areas abortion is legal only in specific cases such as rape, problems 

with the fetus, poverty, risk to a woman's health, or incest 
(5)

. 
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 In many places there is much debate over the moral, ethical, and legal issues of 

abortion,Those who favor the legality of abortion often hold that a woman has a 

right to make decisions about her own body, The most common cause of 

spontaneous abortion during the first trimester is chromosomal abnormalities of the 

embryo or fetus, accounting for at least 50% of sampled early pregnancy losses, 

Other causes include vascular disease (such as lupus), diabetes, other hormonal 

problems, infection, and abnormalities of the uterus
(3)

. 

 Advancing maternal age and a women's history of previous spontaneous abortions 

are the two leading factors associated with a greater risk of spontaneous abortion, 

A spontaneous abortion can also be caused by accidental trauma intentional trauma 

or stress to cause miscarriage is considered induced abortion or feticide
(1)

. 

Accumaltion of high level of homocysteine that  subsequently promotes 

thrombophilia ,and plasminogen activator inhibitor -1(PAI-1) is an enzyme 

involved in the process of breaking down blood clots ,elevated level of this enzyme 

are associated with excessive clotting  and pregnancy complication such recurrent 

pregnancy loss(RPL) pre-eclampsia, fetal growth retardation and fetal death
(4)

. 

Protein c a potent anticoagulant that play major role in the body's ability to stop or 

regulate blood clotting, Protein c is a vitamin k-dependent serine protease of 

MW62KDa and key component of the natural anticoagulant pathway, Protein c is 

converted by thrombin in to its active form (APC) which with it is cofactor protein 

s, degrades factor Va and factor VIIIa
(6)

. 
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1.2. Objective:- 

1.2.1. Genaral objective:-   

To evaluation of protein c level among ladies with placental completed pregnancy. 

1.2.2. Specific objective:- 

 To compare protein c level with types of   placental completed 

pregnancy. 

 To compare protein c level in our study group with age  

 To compare protein c level  in our study group with other diseases  

 To compare protein c level with number of abortion in placental 

complicated ladies. 
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1.3. Rationale:- 

Placental completed pregnancy is most commonly complications that occur during 

pregnancy, may be due to many causes. Thrombophilia is one of the causes and 

protein c is an important in protein c system 

Defects in protein c system may be qualitative, so we want use protein as a 

laboratory marker in our study group for thrombophilia. 
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2. LITRETURE REVIEW 

2.1- Hemostasis:- 

Hemostasis is the physiological process that helps to maintain blood in the fluid 

state and prevent the escape of blood from damaged blood vessels through clot 

formation, many coagulation proteins are involved in reactions that precipitate the 

hemostatic process, deficiencies in any of the coagulation protein may lead to 

bleeding.
(7-8)

 

Laboratory tests can monitor the hemostatic status of individual including the 

prothrombin time, which monitors the extrinsic pathways and the  partial 

thromboplastin time, which monitors the intrinsic pathways
 (7-8)

. 

Hemostasis is derived from a Greek word, which means stoppage of blood flow, 

The process is a combination of cellular and biochemical events that function 

together to keep blood in the liquid state within the veins and arteries and prevent 

blood loss following injury through the formation of a blood clot.
(7-8) 

It consists of a complex regulated system which is dependent on a delicate balance 

among several systems, The systems involved in thehemostatic process include the 

vascular system, coagulation system, fibrinolytic system, platelets, kinin system, 

serine protease inhibitors, and the complement system. 
(9-10)

 

The systems work together when the blood vessel endothelial liningis disrupted by 

mechanical trauma, physical agents, or chemical trauma to produce clots, the clots 

stop bleeding and are eventually dissolved through the fibrinolytic process, as a 

result, there is a delicate balance between the production   and dissolution of clot 

during the hemostatic process, a disruption of this balance may precipitate 
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thrombosis or  hemorrhage as a result of hyper coagulation or hypo coagulation, 

respectively .
(7,10)

 

 Hemostasis is categorized as either a primary or secondary process, Primary 

hemostasis involves the response of the vascular system and platelets to vessel 

injury 
(10)

. 

 It takes place when there are injuries to small vessels during which the affected 

vessels contract to seal off the wound and platelets are mobilized, aggregate, and 

adhere to components of thesubendothelium of the vasculature Platelet adhesion 

requires the presence of various factors such as von Willebrand factor (vWF) and 

platelet receptors IIb/IIIa and Ib/IX), Additional platelets are attracted to the site of 

injury by the release of platelet granular contents, such as adenosine diphosphate 

(ADP), The platelet plug is stabilized by interaction with fibrinogen, Thus a defect 

in platelet function or von Willebrand’s disease(VWD) may result in debilitating 

and sometimes fatal hemorrhage.
(7)

 

Secondary hemostasis involves the response of the coagulation system to vessel 

injury.
(10)

 

2.1.1-The Vascular System 

The vascular system has procoagulant, anticoagulant, and fibrinolytic properties 

and is made up of blood vesselsthe vascular system. The vascular system has 

procoagulant, anticoagulant, and fibrinolytic properties and is made up of blood 

vessels, The innermost lining of the blood vessels is made up of endothelial cells 

(ECs) which form a smooth, unbroken surface that promotes the fluid passage of 

blood and prevents turbulence that may trigger activation of platelets and 
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plasmaproteins, The ECs are supported by a collagen-rich basement membrane and 

surrounding layers of connective tissues.
(7)

 

A breakdown in the vascular system is rapidly repaired to maintain blood flow and 

the integrity of the vasculature, The vascular system prevents bleeding through 

vessel contraction, diversion of blood flow from damaged vessels, initiation of 

contact activation of platelets with aggregation, and contact activation of the 

coagulation system
(8)

.Platelets are activated by collagen located in the basement 

membrane, the ECs secrete vWF, which is needed for platelet adhesion to exposed 

subendothelial collagen in the arterioles, The ECs produce a variety of other 

adhesion molecules, which include P-selectin, intercellular adhesion molecules 

(ICAMs), and platelet endothelial cell adhesion molecules (PECAMs), The smooth 

muscle and fibroblast release tissue factor (TF) which activates factor VII (FVII).
(7)

 

 The vascular system provides potent anticoagulant properties, which prevents the 

initiation and propagation of the coagulation process, Coagulation is inhibited 

through the expression of thrombomodulin (TM)which promotes activation of 

protein C and heparan sulfate (HS), which activates antithrombin III (AT-III) to 

accelerate thrombin inhibition. Endothelial cells also release tissue factor pathway 

inhibitor (TFPI), which blocks activated factor VIIa(FVIIa)-TF/factor Xa(FXa) 

complex and annexin V, which prevents binding of coagulation factors
 (11)

. 

2.1.2-Coagulation System 

The coagulation system is where coagulation factors interact to form a fibrin clot. 

The coagulation system is involved in the conversion of soluble fibrinogen, a 

major component of the acute inflammatory exudates into fibrinthe fibrin clot 

reinforces the platelet plug formed during primary hemostasis Various protein 

factors present in the inactive state in the blood participate in the coagulation 
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system, The protein factors are designated by Roman numerals according to their 

sequence of discovery and not by their point of interaction in the coagulation 

cascade
(8)

. 

Some of the coagulation factors such as fibrinogen and prothrombin are referred to 

by their common names, whereas others such as factors VIII and XI are referred to 

by their Roman numeral nomenclatures, Activation of a factor is indicated by the 

addition of low case “a next to the Roman numeral in the coagulation cascade such 

as VIIa, Xa, XIIa
(8)

. 

 Some of the common names were derived from the original patients in whom 

symptoms leading to the determination of the factor deficiency    were found, 

Examples are the Christmas factor and Hageman factor,the coagulation factors 

may be categorized into substrates, cofactors, and enzymes, Fibrinogen is the main 

substrate. The cofactors accelerate the activities of the enzymes, which are 

involved in the coagulation cascade, Examples of cofactors include tissue factor, 

factor V factor VIII, and Fitzgerald factor, With the exception of factor XIII, all the 

enzymes are serine proteases when activated
(8)

. 

 The coagulation factors may also be categorized into 3 groups on the basis of their 

physical properties. These of their physical properties, These groups are the contact 

proteins comprising of factors XII, XI, prekallikrein( PK), and high molecular 

weight kininogen (HMWK),the prothrombin proteins comprising of factors II, VII, 

IX, and X and the fibrinogen or thrombin sensitive   proteins comprising of factors 

I, V, VIII and XIII.
(8) 

 

 



 

 

 

: 

 

2.1.3-Fibrinolytic System 

Fibrinolysis is the physiological process that removes insoluble fibrin   

clots through enzymatic digestion of the cross-linked fibrin polymers plasmin is 

responsible for the lysis of fibrin into fibrin degradation products, which mayhave 

local effects on vascular permeability, Plasmin digests fibrin and fibrinogen 

through hydrolysis to produce smaller fragments,the gradual process occurs at the 

same time that healing is occurring,and eventually cells of the mononuclear 

phagocytic system phagocytize the particulate products of the hydrolytic 

digestion.
(12)

 

Recent evidence suggest that therenin-angiotensin-aldosterone system 

RAAS) may participate in the regulation of fibrinolytic function
(13)

.) 

Angiotensin II (Ang II) is the primary candidate to mediate this interrelationship, 

since this peptide is capable of stimulating plasminogen activator inhibitor-1 (PAI-

1) in vitro and in vivo It has been suggested that aldosterone  may also modulate 

fibrinolysis, possiblyby interacting with Ang II.
(13)

 

 Fibrinolysis is controlled by the plasminogen activator system,the proteolytic 

activity of this system is mediated by plasmin, which is generated from 

plasminogen by 1 of 2 plasminogen activators, Inactive plasminogen circulates in 

plasma until such a time that an injury occurs, Then, plasminogen is activated by 

means of a number of proteolytic enzymes known as plasminogen activators, 

These activators are present at various sites such as the vascular endothelium. 

Some of the activators include tissue-type plasminogen activator urokinase, 

streptokinase, and acyl-plasminogen streptokinase activator complex Inhibitors of 
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fibrinolysis include α2- plasmin inhibitor, tissue plasminogen activator inhibitor, 

and plasminogen activator inhibitor-1 (PAI-1).
(12)

 

 Individuals with reduced fibrinolytic activity are at increased risk for ischemic 

cardiovascular events and reduced fibrinolysis may underlie some of the 

pathological consequences of reduced nitric oxide (NO) availability.
(14)

 

2.1.4-Platelets 

Platelets are anuclear fragments derived from the bone marrow 

megakaryocytes,they have a complex internal structure, which reflects their 

hemostatic functions, The 2 major intracellular granules present in the platelets are 

the α-granules and the dense bodies, The α-granules contain platelet 

thrombospondin, fibrinogen,fibronectin, platelet factor 4, vWF platelet derived 

growth factor, β-thromboglobulin, and coagulation factors V and VIII, The dense 

granules contain ADP,adenosine triphosphate (ATP)and serotonin, When 

stimulated platelets release both the α-granules and the dense bodies through the 

open canalicular system.
(15)

 

 When platelets aggregate, they expend their stored energy sources, lose their 

membrane integrity, and form an unstructured mass called a syncytium, In addition 

to theplug formation, platelet aggregates release micro-platelet membrane particles 

rich in phospholipids and various coagulation proteins which provide 

localizedenvironment that support plasma coagulation. 
(7)

 

 Platelets and ECs have biochemical pathways involving the metabolism of 

arachidonic acid (AA), which is releasedfrom membrane phospholipids by 

phospholipase A2 Subsequently, cyclooxygenase converts AA to cyclic 
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endoperoxides, The end peroxides are then converted by thromboxane synthetase 

to thromboxane A2, 

Thromboxane A2 is a potent agonist that induces platelet aggregation, Endothelial 

cells also contain AA and preferentially convert cyclic endoperoxides to 

prostacyclin which is a potent inhibitor of platelet aggregation.
(16)

 

 During primary hemostasis platelets interact with elements of the damaged vessel 

wall leading to the initial formation of the platelet plug, The platelet/injured vessel 

wall interaction involves a series of events that include platelet adhesion to 

components of the subendothelium, activation, shape change release of platelet 

granules, formation of fibrin stabilized fibrin platelet aggregates and clot 

retraction, In this process, theactivation of platelets with exposure of negatively 

charged phospholipids facilitates the assembly of coagulation factors on the 

activated platelet membrane, leading to the generation of thrombin and subsequent 

fibrin deposition
(16)

 

2.1.4.1-Platelet Function 

In some disorders, platelets may be normal in number, yet hemostatic plugs do not 

form normally, and therefore bleeding time will be long. Platelet dysfunction may 

stem from an intrinsic platelet defect or from an extrinsic factor that alters the 

function of otherwise normal platelets, defects may be hereditary or acquired, Tests 

of coagulation phase ofhemostasis such as activated partial thromboplastin time 

(APTT) and prothrombin time (PT) are normal in most circumstances but not all.
(17)

 

When a patient’s childhood history reveals easy bruising and bleeding after tooth 

extraction, tonsillectomy, or other surgical procedures, the finding of normal 

platelet count but a prolonged bleeding time suggests a hereditary disorder 
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affecting platelet function,the cause is either  VWD ( which is the most common 

cause of hereditary hemorrhagic disease) or a hereditary intrinsic platelet disorder 

whatever the cause of platelet dysfunction, drugs that may further impair platelet 

function should be avoided such as aspirin and other non-steroidal 

antiinflammatory drugs (NSAIDs).
(18)

 

2.1.4.2-Thrombocytopenia 

Thrombocytopenia may be the consequence of failed platelet production splenic 

sequestration of platelets increased platelet destruction, or dilution of platelets, 

Regardless of the cause, severe thrombocytopenia usually results in a typical 

pattern of bleeding such as multiple petechiae in the skin, scattered small 

ecchymoses at the sites of minor trauma mucosal bleeding, and excessive bleeding 

after surgery, Heavy gastrointestinal (GI) bleeding and bleeding into the central 

nervous system (CNS) may be life threatening, However, thrombocytopenia does 

not cause massive bleeding into tissues which is characteristic of bleeding 

secondary to coagulation disorders, Adultidiopathic thrombocytopenic puerperal( 

ITP) usually results from development of an antibody directed against a 

structuralplatelet antigen, In childhood ITP, viral antigen is thought to trigger 

synthesis of an antibody that may react with viral antigen associated with the 

platelet surface Platelet count is usually maintained in arange of 150,000 to 

400,000/µL and counts of 100,000 to 150,000/µL are regarded as borderline for 

thrombocytopenia while counts that are less than100,000 µL are considered 

abnormal.
(18)

  

Symptoms do not usually develop until the platelet count is less than50,000 at 

which time easy bruising may be evident and petechiae may appear on the skin, 

Surgeons usually do not perform routine surgery on patients whose platelet counts 
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are <50,000/µL because the risk of prolonged bleeding after dental procedures or 

childbirth will be increased, When the platelet count reaches 10,000 to20,000 µL, 

the risk of spontaneous and serious bleeding rises.
(18)

 

This includes strokes, GI bleeding, and prolonged nose bleeds, When these 

conditions develop platelet transfusions are often used to stop the bleeding, 

Unfortunately, transfused platelets are short-lived and cannot be used indefinitely 

as antibodies may develop against the platelets,Platelet transfusions are most 

appropriate when the cause of thrombocytopenia is a temporary lack of production 

such as after intensivechemotherapy.
(19)

 

2.2-Kinin System 

The kinins are peptides of 9 to 11 amino acids of which the most important 

vascular permeability factor is bradykinin( BK),The kinin system is activated 

bycoagulation factor XII,Bradykinin is alsoa chemical mediator of pain, which is a 

cardinal feature of acute inflammation Therefore, bradykinin is capable of 

reproducing many of the characteristics of an inflammatory state, such as changes 

in local blood pressure, edema, and pain resulting in vasodilation and increased 

micro vessel permeability.
(19)

 

 Human HMWK, a single-chain protein with a molecular weight of 120,000 

daltons, is cleaved by human urinary kallikrein( HUK) to release kinin from within 

a disulfide loop and form a 2-chain protein that retains all the procoagulant activity 

of the native molecule.
(20)

 

 It is a multifunctional protein, a parent protein ofbradykinin, and serves as a 

cofactor for FXI and PK assembly on biologic membranes, the docking of HMWK 
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to platelet and EC membranes requires it's binding by regions on both its heavy 

and light chains. 
(15)

 

2.3-Serine Protease Inhibitors 

It is becoming increasingly clear that coagulation augments inflammation and that 

anticoagulants particularly natural anticoagulants, can limit the coagulation 

induced increases in the inflammatory response, The latter control mechanisms 

appear to involve not only the inhibition of the coagulation proteases but 

interactions with the cells that either generate anti-inflammatory substances or 

limit cell activation Recent studies have demonstrated a variety of mechanisms by 

which coagulation, particularly the generation of thrombin, FXa, and the TF/FVIIa 

complex, can augment acute inflammatory responses. 
(15)

 

Many of these responses are due to the activation of 1 or more of           the 

protease activated receptors, Activation of these receptors on endothelium can lead 

to the expression of adhesion molecules and platelet activating factor thereby 

facilitating leukocyte activation.
(15)

 

Therefore, anticoagulants that inhibit any of these factors wouldbe expected to 

dampen the inflammatory response, The 3 major natural anticoagulant mechanisms 

seem to exert a further inhibition of these processes by impacting cellular 

responses Antithrombin has been shown in vitro to increase prostacyclin responses 

and activated protein C has been shown to inhibit a variety of cellular responses 

including endotoxin induced calcium fluxes in monocytes, a key step in 

thegeneration of the inflammatory response.
(15)

 

Serine proteases (such as thrombinFXa, elastase, trypsin) are implicated in many 

clinical disorders such as emphysema, arthritis, and cardiovascular diseases, 
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Naturally occurring serine protease inhibitors (such as antithrombin) which are 

involved in thrombin inhibition regulate these enzymes in normal physiological 

conditions, Serine protease inhibitors attach to various enzymes and inactivate 

them, Antithrombin was the first of the plasma coagulation regulatory protein to be 

identified and the first to be assayed routinely in the clinical laboratory Other 

members of the serine protease inhibitor family are heparin cofactor II, α1- 

antitrypsin and α2- macroglobulin. 
(7)

 

More than 90% of the antithrombin activity of normal plasma is derived from AT-

III.
(8)

 

 Antithrombin-III has been shown to exert marked anti-inflammatory properties 

and proven to be efficacious in experimental models ofsepsis , septic shock, and 

disseminated intravascular coagulation (DIC).
(21) 

Antithrombin-III also inhibits factors XIIa, XiaIXa, protein S, protein C, plasmin, 

and,kallikrein. 
(22)

 

2.4-Complement System 

Complement has an important role in inflammation and in the normal function of 

the immune system, Activated complement fragments have the capacity to bind 

and damage self-tissues, On their surfaces, cells express regulators of complement 

activation that protect the cell from the deleterious effects of cell-bound 

complement fragments, Abnormalities in these regulators may participate in the 

pathogenesis of autoimmune diseases and inflammatory disorders.
(22)

 

The complement system consists of approximately 22 serum proteins, which 

together with antibodies and clotting factors perform an essential role as mediators 

of both immune and allergic reactions, Complement 



 

 

 

27 

 

protein are involved in reactions which lead to the lysis of cells, This is due to the 

production of the membrane attack complex (MAC),The activation of complement 

may follow the classical pathway or the alternative pathway Complement is 

activated by plasmin through the cleavage of C3 into C3a and C3b, C3a is an 

anaphylotoxin that causes increased vascular permeability via degranulation of 

mast cells leading to the release of histamine, C3b is anopsonin that causes 

immune adherence.
(8)

 

During reperfusion, complement may be activated by exposure to intracellular 

components such as mitochondrial membranes or intermediate filaments, In order 

to protect themselves from the complement attack, cells express several regulatory 

molecules including the terminal complex regulator CD59 that inhibitseassembly 

of the large MACs by inhibiting the insertion of additional C9 molecules into the 

C5b-9 complex.
(23)

 

2.5- Activated Partial Thromboplastin Time 

Activated partial thromboplastin time was developed from the observation that 

hemophiliacs have prolonged clotting time,However, when tissue thromboplastin 

is added, the plasma clots as normal plasma does.
(10)

 

Thromboplastins are lipoproteins, They may be classified as either complete or 

partial, which means that they consist of only phospholipids Addition of negatively 

charged activators to the system results in significantly shorter clotting times, It is 

the most widely used test for screening for factor deficiencies in the intrinsic and 

common  pathways. The APTT reflects the activity of PK,HMWK, and factors XII, 

XI, VIII X, V, II, and I, The APTT may be prolonged due to either a factor 

decrease or the presence of circulating anticoagulants the normal APTT is less than 

35 seconds.
(12)

 



 

 

 

28 

 

2.6-Prothrombin Time 

Prothrombin time is the routine test used to screen for deficiencies of factors,I, II, 

V,VII, and X, It is the test of choice for monitoring anticoagulant therapy by 

vitamin K antagonists, Three of the 5 factors measured by PT (II, VII, X) are 

sensitive to and depressed by these anticoagulants. 
(10)

 

Prothrombin time is widely utilized for evaluation of diseases with single or 

multiple coagulation factors disorders, such as severe liver dysfunction and DIC, 

However, its standardization of reagents and method is not established yet for 

universal purpose except International Normalized Ratio( INR) for control of oral 

anticoagulant therapy(OAT).
(24)

 

Oral anticoagulants have been widely employed to decrease thrombotic risk by 

reducing the levels of vitamin K-dependent clotting factors The use of oral 

anticoagulants also decreases the levels of natural anticoagulants such as protein C 

and protein S The PT test investigates the production of thrombin and the 

formation of fibrin via the extrinsic and common pathway In the presence of 

calcium ions, tissue thromboplastin complexes with and activates FVII, This 

provides surfaces for the attachment and activation of factors X, V, and II, Normal 

values for PT range from 10 to 13 seconds.
(12)

 

Values for the INR are preferable to the PT because different  thromboplastin 

reagents have different sensitivities to warfarin-induced changes in levels of 

clotting factors, The INR corrects for most but not all of the reagent differences 

expressed as international sensitivity index (ISI), which is a correction factor 

assigned by the manufacturer of thethromboplastin reagent,the problems associated 

with the INR are that the concept and reasons for use are poorly understood and the 

value is generally misused.
(12)
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2.7- Fibrinogen and FibrinogenDegradation Products 

Fibrinogen levels are useful in detecting deficiencies of fibrinogen andalterations 

in the conversion of fibrinogen to fibrin,The normal value for fibrinogen ranges 

from 200 to 400 mg/dL this may be decreased in liver disease or the consumption 

of fibrinogen due to accelerated intravascular coagulation.
(25)

 

  An increased concentration of fibrinogen degradation products (FDPs) is 

commonly used in conjunction with other hemostatic test abnormalities to identify 

patients with DIC.
(26)

 

2.8- Investigation of Disseminated Intravascular Coagulation 

A variety of tests are used to detect DIC, The most sensitive tests are markers of 

endogenous thrombin generation in the practical management of patients cruder 

measures of DIC are often used Some of these tests include screeningtests such as 

PT and APTT, which may be prolonged reflecting consumption of many 

coagulation proteins   

Plasma concentrations of coagulation proteins consumed in DIC, such as 

fibrinogen, FV and FVIII, all show decreases in concentration.
(26)

Fibrinogen/FDPs 

or D-dimers (a fragment from fibrin alone) are both increased in concentration and 

fibrin monomer may be present,the thrombin clotting time may be prolonged 

reflecting hypofibrinogenemia and the presence of FDPs.
(26)
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2.2- Hemostasis in normal pregnancy:- 

Thrombosis prevention and management has become the major focus for 

hematologists with an interest in women’s health, normal pregnancy is associated 

with increasing hypercoagulability as gestation progresses in addition, the pregnant 

woman experiences increasing lower limb venous stasis due to compression of the 

venous flow by the gravid uterus and inevitably suffers endothelial damage due to 

the vascular trauma associated with delivery, particularly operative delivery.
(27)

 

Thrombophilia’s may play a role in the etiology of not only venous 

thromboembolism (VTE) but a range of other vascular complications of pregnancy, 

and much debate has centered on the possibility of intervention to reduce the 

burden of these adverse pregnancyoutcomes.
(27)

 

 Advances in artificial reproductive technology andin the management of women 

with serious medical disorders, including valvular heart disease, have meant that 

increasingly women who would have been denied pregnancy in the past now have 

the opportunity to have a child of their own, but these women inevitably need 

specialist care, often involving a hematologist.
(27)

 

The risk of VTE associated with the use of female hormones for contraception or 

for estrogen replacement is now widely recognized, but much work remains to 

identify products that are as safe and effective 

as possible.
(27)

 

Normal pregnancy is associated with major changes in all aspects of hemostasis, 

increasing concentrationsof most clotting factors, including fibrinogen and factors 

VII, VIII, IX, X and XII, decreasing levels of some of the natural anticoagulants, 

such as protein S, increased resistance to activated protein C, and reducing 
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fibrinolytic activity , As a result, as pregnancy progresses, and during the 

puerperium, theoverall  hemostatic balance is shifted toward hypercoagulability. 

(27)
 

2.3- Thrombophilia in Recurrent Pregnancy Loss:- 

Recurrent spontaneous miscarriage affects 1–3 % of women of reproductive 

age.
(28)

at least, one-third recurrent miscarriage is unexplained, and the rest have a 

persistent underlying cause for their pregnancy losses Identifiable causes can be 

found in only about 30–50 % of these women. 
(29)

 

RPL (recurrent pregnancy loss) could also include pregnancy losses up to 

gestational week 28, The most common causes of recurrent miscarriage are uterine 

anomalies, endocrine disorders, parental chromosomal abnormalities, and 

immunological factors, including those associated with the APS (antiphospholipid 

antibody syndrome) and infections, Even after a thorough evaluation, however, the 

potential cause remains unexplained in about one third of cases.
(30-31)

 

A number of studies have reported an increased risk of RPL in women with 

inherited thrombophilia.
(32-33)

 

 In the European prospective cohort study on thrombophilia (EPCOT), a significant 

association between thrombophilia and miscarriage was reported.
(34)

 

The term thrombophilia is generally used to describe a laboratory abnormality 

(most often in the coagulation system) that increases the tendency to venous 

thromboembolism (VTE) in any site or pulmonary embolism Thrombophilic 

abnormalities can be acquired or hereditary, Hereditary thrombophilia comprise a 

number of conditions, such as antithrombin (AT) III deficiency, protein S (PS) and 

protein C (PC) deficiencies, factor V Leiden, prothrombin 20210A mutation, 
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elevated factor VIII level, and mutation of gene encoding the 

enzymemethylenetetrahydrofolatereductase(MTHFR)the evidence for pregnancy 

loss having a thrombophilic mechanism rests on three pillars increased prevalence 

of thrombophilia in RPL, a higher incidence ofpregnancy loss in the presence of 

thrombophilia and the demonstration of thrombosis in decidual vessels, however, it 

is still uncertain if heritable thrombophilia causes recurrent miscarriage, and 

routine testing in women with recurrent miscarriage is preferable but not currently 

advocated.
(35)

 

 The principal acquired thrombophilic states include APS and 

hyperhomocysteinemia.
(36)

 

Pregnancy is an acquired hypercoagulable state and women with a prior tendency 

to thrombosis may develop clinical symptoms of placental vascular complications 

such as preeclampsia, intrauterine growth restriction, and fetal death for unknown 

causes, that impact the maternal-fetal morbidity and mortality.
(37-38)

 

 Recurrent pregnancy loss is an important obstetric complication with a prevalence 

of 1–5%.
(39)

 

Inherited thrombophilia has been postulated as a cause of recurrent pregnancy loss, 

although the association between inherited thrombophilia and recurrent pregnancy 

loss has not been conclusively established. Some studies have demonstrated an 

association between recurrent pregnancy loss and prothrombotic states rendered by 

some genetic single nucleotide polymorphisms (SNPs), such as factor V Leiden 

G1691A (FV Leiden), 

prothrombin G20210A (FII G20210A), and  
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methylenetetrahy drofolatereductase C677T (MTHFR C677T), and activated 

protein C resistance (APC resistance).
(40-41)

In addition, a retrospective cohort study 

showed that women with deficiencies of antithrombin (AT), protein C (PC), or 

protein S (PS) have an eightfold increased relative risk of thrombosis during 

pregnancy compared to controls.
(42)

 

Most of the studies on thrombophilia and recurrent pregnancy loss have been 

conducted in Caucasian populations.
(43-44)

 

Therefore, the association between these thrombophilias and recurrent pregnancy 

loss is almost unknown in triethnic populations such as the Colombian population 

whose genetic mixture is approximately 70% Caucasian, 15% Amerindian, and 

15% African.
(45-46)

 

Recurrent pregnancy loss or miscarriage can be defined as the loss of three or more 

successive pregnancies before viability and includes all pregnancy losses from the 

time of conception until 24 weeks of gestation.
(47-48)

 

 Pregnancy loss is divided into biochemical and clinical loss, the biochemical loss 

is a transient positive pregnancy test without ultrasonic visualization of the 

pregnancy.
(49)

 

The term clinical miscarriage is used when ultrasound examination or histological 

evidence has confirmed that an intrauterine pregnancy has existed. Clinical 

miscarriages can be subdivided into early clinical pregnancy losses (which is most 

common) that occur before the twelfth week of gestation, and late clinical 

pregnancy losses (which constitute small proportion of pregnancy losses) that 

occur in the twelfth week to twenty first week of gestation.
(50-51)
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Despite a wide range of investigations the cause of recurrent miscarriage remains 

unknown (idiopathic) in more than 50% of cases, 
(52-53)

but several hypotheses have 

been proposed.
(54)

 

 including the following  genetic disorder, uterine anatomic malformation, 

immunological risk factors, infection, endocrine disorders and thrombophilia, 

Thrombophilia is a term which describes the increased tendency of excessive blood 

clotting due to inherited or acquired causes, It may occur during pregnancy, where 

there is an increase in most clotting factors and decreased levels of anticoagulant 

factors with reduced fibrinolytic activity. This can result in placental insufficiency 

and abortion.
(55-56)

 

Factors associated with thrombophilia include Factor V Leiden (FVL) mutation 

associated activated Protein C Resistance (APCR), prothrombin G20210A gene 

mutation, anti-thrombin III deficiency, protein S deficiency, protein C deficiency 

and hyperhomocysteinaemia (methylene-tetrahydrofolatereductase mutation, 

MTHFR) stasis and endothelial cell dysfunction.
(57) 

2.4- Protein C:- 

Protein C(PC) is a vitamin K-dependent glycoprotein activated bythrombin-

thrombomodulin complex on the surface of endothelial cells.
(58)

 Protein C is a 

precursor of the serine protease, activated protein C (APC). 
(59)

 

 In the presence of protein S which is a cofactor for APCphospholipidsand 

calcium, APC inactivates membrane boundFVa and FVIIIa so results in 

attenuation of thrombin generation which leads to inhibit clot formation.
(60)

 Protein 

C deficiency is generally subdivided into two types: type I (quantitative deficiency) 

decreased levels of protein C, and type II (qualitative deficiency) decreased 
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functional activity of protein C, Most patients with PC deficiency have type I 

deficiency, while Type II deficiency is observed in 10- 15% of the cases.
(61-62)

 

 Protein Cdeficiency is inherited as autosomal dominant disorders and, in most 

cases, derived from heterozygous mutations.
(63)

 Acquired PC deficiency can 

develop with vitamin K deficiency, liver disease, treatment with vitamin K 

antagonists, severe and chronic inflammation, autoimmune syndromes, nephritic 

syndrome, ordisseminated intravascular coagulation (DIC).
(64)

 

Arecentstudy stated anobservation of a higher rate of late fetal loss in patients with 

protein C deficiency compared to non-deficient patients.
(65) 

There are two main types of assays, activity assay (qualitative) which is either 

clotting time-based assay or chromogenic by spectrophotometer.
(66) 

 Quantitative assay for protein C antigen which are immunoassays generally done 

by using ELISA, it is considered to measure the quantity of protein C irrespective 

of its function.
(64)

 

Genetic testing by DNA sequencing is indicated if the results of functional and 

antigenic assays do not approve the diagnosis clearly.
(67)

 

2.4.1-Components of the Protein C Pathway 

The protein C pathway comprises multiple proteins involved at different points of 

the pathway, eg, those affecting the protein C activation, those modulating the 

proteolytic activity of APC, and those that inhibit the activity of APC ,Thus, the 

activation of protein C is efficiently catalyzed on the endothelial cell surface by 

thrombin (T) bound to thrombomodulin (TM).
(68)
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 TM functions as a cofactor to thrombin, the high affinity binding of thrombin to 

TM resulting in >1000-fold amplification of the rate of protein C activation, The 

endothelial protein C receptor (EPCR), which binds protein C, provides a further 

≈20-fold stimulation of the T-TM-mediated activation of protein C in vivo.
(69)

 

The anticoagulant activity of APC is enhanced by 2 cofactors, the vitamin K-

dependent protein S and the intact form of FV, protein S being sufficient for 

inactivation of FVa, whereas regulation of FVIIIa in the tenase complex requires 

the synergistic APC cofactor activities of both protein S and FV.
(70)

 

Protein S in human plasma is not only an important component of the protein C 

pathway but also takes part in the regulation of the complement system as it forms 

a high-affinity complex with C4b-binding protein (C4BP), a regulator of the 

classical complement pathway. In human plasma, 30% to 40% of the protein S 

circulates as free protein, the remaining being bound to C4BP, Only free protein S 

has the ability to function as a cofactor to APC.
(71-72)

 

 Although protease inhibitors such as the protein C inhibitor, α1-antitrypsin, and 

α2-macroglobulin inhibit APC, the half-life of APC in the circulation is relatively 

long (≈20 minutes).
(71)

 

2.4.2 Activation of Protein C on the Surface of Endothelial Cells             Protein 

C is composed of a γ-carboxyglutamic acid residue (Gla)-rich domain, 2 epidermal 

growth factor (EGF)-like domains, a short activation peptide, and the serine 

protease domain (SP).
(71)

 

The Gla residues are formed as the result of a vitamin K-dependent post-

translational carboxylation of glutamic acid residues in the Gla domain, The Gla 

residues bind calcium and are important for the proper folding of the domain.
(73)
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The Gladomain of protein C/APC binds negatively charged phospholipid 

membranes and also EPCR, both interactions being important for the physiological 

function of protein C.
(68-69)

 

During the activation of protein C by the T-TM-EPCR complex, the activation 

peptide of protein C is released and the serine protease domain is converted to its 

active conformation All vascular endothelium contain TM, the concentration being 

particularly high in the capillaries where the ratio between the endothelial cell 

surface and blood volume reaches its peak, The high concentration of TM in the 

capillary circulation ensures that thrombin binds to TM (Kd ≈0.5 nmol) and 

activates protein C.
(68-74-75)
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Material and Methodology 

3.1 Study design:- 

Across sectional descriptive study, conducted in shendi town in the period between 

February to  august-2018. 

3.2 Study area:- 

The study was conducted in Shendi town which is located 172km north to capital 

Khartoum , southern part of river nile state, and convering area about 30km. 

There are several general centers for different services and purposes; also there is 

Shendi University with various faculties like faculty of medicine and health 

sciences 

Shendi has three big hospital and military hospital all of them have different 

department which provide good health services from the population. 

3.3 Study Population and Sampling:- 

33 of venous blood samples were obtained from placental complicated pregnancy, 

such as miscarriage, pre-term labor, still birth; which diagnosed clinically by the 

obstetrition  and 18 venous blood samples were obtained from normal pregnancy 

as control group, the sample we take in tri sodium citrate with ratio 1:9
(appendix 2)

. 

3.4 material and instrument:- 

Cotton.  -  

Syring.- 

Centerfuge.- 
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Automatic pipettes.- 

Spectrophotometer.- 

Tri sodium citrate .- 

Disttilled water.- 

20% acetic acid.- 

Substrate PCa-2.- 

Protac.- 

Protein c buffer.- 

3 Standard PC (1,2,3).   - 

3.5 Principle of protein c estimation:- 

Protein c
  ( protac)

 → protein ca 

Pad-pro-Arg-PNA  AcOH  
(protein ca)

→pad-pro-Arg-OH    AcOH + P-nitroaniline. 

(appendix 2)
 

3.6 Procedure of protein c estimation:- 

Endpoint method 

Dilute the substrate PCa-2   1:5with PC buffer(1 part substrate +4 parts buffer). 

Blank: 0.20 ml from acetic acid 20% mix and add 0.60ml pc buffer+37c mix and 

add 0.05 from sample. 



 

 

 

3: 

 

Sample: 0.05ml from sample and add 0.10 ml from protac mix and incubate for 

exactly 5 minute  +37c , and add  0.50 ml from substrate buffer mix(1+4) 37c  mix 

and incubate for exactly 3-5 minute at 37c,and add 0.20 ml from acetic acid 20%. 

Read the absorbance of  blank against filter 405nm.
(appendix 2)

 

3.7 Data analysis:- 

The data was analyzed by with spss 20 (statistical package of social science), T test 

was used for calculating, degree of variation ,  p.value <0.05 considered significant 

variation.   
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The Results 

4-1 Mean of protein C between case and control:-  

This study was conducted to know the level of protein c in ladies with placental 

complicated pregnancy. Our results show there was a significant variation between 

the test group and the control (P value 0.042) as shown in table no 4-1 

Table (4-1):- Show result of analysis. 

 

 

 

Protein C 

Group Number Mean Std 

deviation 

P.value 

case 33 44.0 36.5  

 

0.042 
control 18 72.0 59.6 

4–2 placental complicated pregnancy:- 

When we look for the types of placental complicated pregnancy we found still 

birth, pre-term labor (PTL) and miscarriage, have a 15.8%, 10.5% and 60.5% 

respectively, and when we compared them with protein c level, we found strong 

association with pre-term labor (PTL) with (p value <0.05) and insignificant 

association with miscarriage and still birth with p value (0.419) as shown in table 

no 4-2 

Table 4-2: show types of placental complicated pregnancy  

Types number Mean P value 

Miscarriage 23 49.3 0.161 

PTL 4 36.3 0.037 

Still birth 6 50.5 0.419 
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4–3 Mean of protein C among age group:- 

In our study group, the age from 36-45 years, which consist of 25% that have a 

significant value with low protein c levels as shown in table no 4-3 

Table 4-3: show comparison between age and protein c level 

Age number Mean P value  

15-25 10 47.3 0.265 

26-35 12 46.3 0.207 

36-45 8 31.3 0.028 

46-55 2 141.0 0.795 

4–4 Relation of other disease with protein c level:- 

When we look for the relation of protein c level in placental complicated 

pregnancy with history of other disease; thrombosis and diabetes mellitus which 

both consist of 6.5% that have a significant variation when compared with the 

control group as shown in table no 4-4. 

Table 4-4 show relation of other disease with protein c level 

Disease  number Mean P value 

Thrombosis 2 35.5 0.031 

Diabetic mellitus 2 40.0 0.039 

Hypertension 2 47.5 0.372 

No  27 48.1 0.125  

4–5 Relation between number of abortion and protein c level:- 

In this study we correlate number of abortions with protein c level; the ladies 

without abortions have a low mean of protein c as in table no 4-5. 
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Table 4-5 show relation between number of abortion and protein c level 

Number of abortion  Mean of PC percentage 

1-5 51.4 59.4% 

6-10 35.3 9.4% 

No abortion 31.8 31.3% 
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Chapter five 
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5.1Discussion 

After statistical analysis, the data result of study show that the mean of protein C 

level is 44.0 while it is 77.0 in controls that indicate decrease level of protein C 

level in ladies with placental complicated pregnancy.  The data in our study in 

recurrent pregnancy loss   was disagree with the data published in the previous 

study that done in Babylon 
(76)

   

The current study found strong association with pre-term labor (PTL) with (p value 

<0.05) and insignificant association with miscarriage and still birth with p value 

(0.419), while Hansda  and Roychowd revealed 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). Similar statistically significant defect was 

observed in case of elevated factor VIII level (p=0.02). The strongest association 

of thrombophilia with RPL was observed with protein S deficiency.
 (77)

 

Also the study  reveal association  of protein c level in placental complicated 

pregnancy with history of other disease; thrombosis and diabetes mellitus which 

both consist of 6.5% that have a significant variation. Many published data that 

done at a family studies from the Netherlands and the US have shown that family 

members who are PC deficient are at an8-10 fold increased risk of venous 

thrombosis, and, by age 40, 50% or more will have experienced a thrombotic event 

(78,79)
.The initial episode of venous thromboembolism in patients with protein C 

deficiency is apparently spontaneous in approximately 70 percent of cases. The 

remainders of the cases suggest that other genetic or acquired factors are involved 

in the presentation of thrombotic events in this population. Further studies in the 

Netherlands showed that most patients are asymptomatic until their early twenties, 
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with increasing numbers experiencing thrombotic events as they reach the age of 

50
(80)

. 

The study looks for association of number of abortions with protein c level; the 

ladies with six to ten abortions have a deficiency of protein C; while published data 

found about 15% of all pregnancies will terminate in miscarriage. Recurrent 

miscarriage (RM) is a condition defined as three consecutive miscarriages and 

affects 1% - 2% of women of reproductive age. Up to 5% have >.2 recurrent 

losses.
(81)

 

In our study group, the age from 36-45 years, which comprise of 25% that have a 

significant value with low protein c levels and Salwa Khan and Joseph Dickerman 

found that the median age at onset for a thrombotic event and the risk of 

thrombosis is similar in both protein C deficiency Approximately 60 percent of 

affected individuals develop recurrent venous thrombosis and about 40 percent 

have signs of pulmonary embolism.
(82)
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5.2 Conclusion 

On the bases of finding in the study we conclude the following: 

  Protein C deficiency is major role in Placental complicated pregnancy. 

 Age group (36-45) is more affected with placental complicated pregnancy in 

Shendi town. 

 Severe protein C deficiency  found in Pre-term labor.  
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5.3 Recommendation 

By the end of this study I recommended: 

1-Health education program for local obstetrics and gynecology clinics visitors 

about thrombophilia. 

2-Intensive study should be conducted with increase sample size. 

3-Recommended protein C routinely in obstetrics and gynecology clinics, and 

should be funded because the price is too expensive . 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

48 

 

 

 

 

 

 

 

Chapter six
 

 

 

 

 

 

 



 

 

 

48 

 

References: 

1. Grimes DA, Stuart G. Abortion jabberwocky: the need for better 

terminology. Contraception. 2010;81(2):93-6 

2. Chaturachinda K, Boonthai N. Unsafe Abortion: an Inequity in Health Care, 

Thailand Perspective. Journal of Population and Social Studies [JPSS]. 

2017;25(3):287-97 

3. Raymond EG, Grossman D, Weaver MA, Toti S, Winikoff B. Mortality of 

induced abortion, other outpatient surgical procedures and common 

activities in the United States. Contraception. 2014;90(5):476-9 

4. Kulier R, Kapp N, Gülmezoglu AM, Hofmeyr GJ, Cheng L, Campana A. 

Medical methods for first trimester abortion. The Cochrane Library. 2011 

5. Kapp N, Whyte P, Tang J, Jackson E, Brahmi D. A review of evidence for 

safe abortion care. Contraception. 2013;88(3):350-63 

6. Lohr PA, Fjerstad M, DeSilva U, Lyus R. Who can perform 

abortion?(2014). 

7. Rodak BF. Hematology, Clinical Principles and Applications. 2nd ed. 

Philadelphia: W.B Saunders 2002:609-753; 

8. Harmening DM. Clinical Hematology and Fundamentals of Hemostasis  3 

rd ed Philadelphia: F.D. Davis; 1997:481-508. 

9. Hoffmeister HM. Overview of the relevant aspects of the blood coagulation 

system-focus and cardiovascular hemostasis. Kongressbd Dtsch Ges Chir 

Kongr. 2001;118:572-575. 



 

 

 

49 

 

10. Stiene-Martin EA, Lotspeich-Steininger CA Koepke JA. Clinical 

Hematology Principles Procedures, Correlations. 2nd ed. Philadelphia 

Lippincott; 1998:599-611. 

11. Bombeli T,Karsan A, Tait JF, et al. Apoptotic vascular endothelial cells 

become procoagulant Blood. 1997;89:2429-2442. 

12. Turgeon ML. Clinical Hematology, Theory and Procedures 3rd ed. 

Lippincott Williams and Wilkins, Philadelphia 1999:398-422. 

13. Lottermoser K, Hertfelder HJ, Wehling M, et al Effects of the 

mineralocorticoid fludrocortisone on fibrinolytic function in healthy 

subjects. J Renin Angiotensin Aldosterone Syst. 2000;1:357-360. 

14. Vaughan DE. Angiotensin and vascular fibrinolytic balance. Am J 

Hypertens. 2002;15:3S-8S . 

15. Esmon CT. Role of coagulation inhibitors in inflammation. Thromb 

Haemost. 2001;86:51-56. 

16. Triplett DA. Coagulation and bleeding disorders Review and update. Clin 

Chem. 2000;46:1260-1269. 

17. Platelet Dysfunction. Available at   

http://www.merck.com/pubs/mmanual/section11/c  hapter133/133c.htm. 

Accessed March 10, 2002. 

18. Inherited platelet disorders: Thrombocytopenia (low platelet numbers).  

Available at http://www.familygenetics.net/disorders/thromboc 

ytopenia.htm. Accessed March 10, 2002. 



 

 

 

4: 

 

19. Colman RW, Schmaier AH. Contact system: A vascular biology modulator 

with  anticoagulant profibrinolytic, antiadhesive, and proinflammatory 

attributes. Blood. 90:1997;3819-3843. 

20. Maier M, Austen KF, Spragg J. Characterization of the procoagulant chain 

derived from human high molecular weight kininogen (Fitzgerald factor) by 

human tissue kallikrein. Blood 1983;62:457-463. 

21. Oelschlager C, Romisch J, Staubitz A, et al Antithrombin III inhibits 

nuclear factor kappa B activation in human monocytes and vascular 

endothelial cells. Blood. 2002;99:4015-4020. 

22. Molina H. The murine complement regulator Crry: New insights into the 

immunobiology of complement regulation. Cell Mol Life Sci 2002;59:220-

229. 

23. Farkas I, Baranyi L, Ishikawa Y, et al. CD59 blocks not only the insertion 

of C9 into MAC but inhibits ion channel formation by homologous C5b-8 

as well as C5b-9. J Physiol. 2002;539:537-545. 

24. Kagawa K, Fukutake K. Prothrombin time and its standardization: A 

potentiality to introduce INR method in criteria for disseminated 

intravascular coagulation. Rinsho Byori. 2002;50:277-282. 

25. Lozier JN, Metzger ME, Donahue RE, et al. The rhesus macaque as an 

animal model for hemophilia B gene therapy Blood. 1999;93:1875-1881. 

26. Disseminated intravascular coagulation. Available at 

http://rnbob.tripod.com/dic.htm. Accessed March 9, 2002. 

27. Key N, Makris M, O'shaughnessy D, Liliicrap D. Practical 



 

 

 

51 

 

. hemostasis and thrombosis.second edition.2009;247 

28. Regan L, Rai R. Epidemiology and the medical causes of miscarriage. 

Baillieres Best Pract Res Clin Obstet Gynaecol 2000:14:839-54. 

29. Clifford K, Rai R, Watson H, et al. An informative protocol for the 

investigation of recurrent miscarriage: preliminary experience of 500 

consecutive cases. Hum Reprod 1994;9:1328–32. 

30. Alberman E. The epidemiology of repeated abortion. In: Beard RW, Sharp 

F, editors. Early pregnancy loss: mechanisms and treatment. New York: 

Springer; 1988. p. 9–17. 

31. Stephenson MD. Frequency of factors associated with habitual abortion in 

197 couples. Fertil Steril. 1996;66:24–9. 

32. Sanson BJ, Friederich PW, Simioni P, et al. The risk of abortions and 

stillbirth in antithrombin, protein C, and protein S deficient women. Thromb 

Haemost. 1996;75:387–8. 

33. Dossenbach-Glaninger A, Van Trotsenburg M, Dossenbach MR etal. 

Elevated coagulation factor VIII and the risk for recurrent early pregnancy 

loss. Thromb Haemost. 2004;91(4):694–9 

34. Preston FE, Rosendaal FR, Walker ID, et al. Increased fetal loss in women 

with heritable thrombophilia. Lancet. 1996;348:913–6. 

35. Walker ID, Greaves M, Preston FE. Investigation and management of 

heritable thrombophilia. Br J Haematol. 2001;114:512–28. 

36. Hague WM. Homocystein and pregnancy. Best Pract Res Clin Obstet 

Gynaecol. 2003;17:459–69. 



 

 

 

52 

 

37. Gemmati D. M. L, Serino, S. Moratelli, S. Tognazzo, A. Ongaro, and G. L. 

Scapoli, “Coexistence of factor V G1691A and factor II G20210A gene 

mutations in a thrombotic family is associated with recurrence and early 

onset of venous thrombosis,” Haemostasis, vol. 31, no. 2, pp. 99–105, 2001. 

38. Jivraj,S. B, Anstie Y. C, Cheong F. M. Fairlie, S. M. Laird, and T. C. Li, 

“Obstetric and neonatal outcome in women with a history of recurrent 

miscarriage: a cohort study,” Human Reproduction, vol. 16, no. 1, pp. 102–

106, 2001. 

39. Christiansen,O.B. A. M. N. Andersen, E. Bosch et al., “Evidence-based 

investigations and treatments of recurrent pregnancy loss,” Fertility and 

Sterility, vol. 83, no. 4, pp. 821–839, 2005. View at Publishe 

40. Sarig,G. J. S,Younis, R. Hoffman, N. Lanir, Z. Blumenfeld, and B. Brenner, 

“Thrombophilia is common in women with idiopathic pregnancy loss and is 

associated with late pregnancy wastage,” Fertility and Sterility, vol. 77, no. 

2, pp. 342–347, 2002. 

41. Rey,E. S. R. Kahn, M. David, and I. Shrier, “Thrombophilic disorders and 

fetal loss: a meta-analysis,” Lancet, vol. 361, no. 9361, pp. 901–908, 2003. 

42. Friederich, P.W B. J, Sanson, P. Simioni et al., “Frequency of pregnancy-

related venous thromboembolism in anticoagulant factor-deficient women: 

implications for prophylaxis,” Annals of Internal Medicine, vol. 125, no. 12, 

pp. 955–960, 1996. 

43. Regan L, and R. Rai, “Thrombophilia and pregnancy loss,” Journal of 

Reproductive Immunology, vol. 55, no. 1-2, pp. 163–180, 2002. 



 

 

 

53 

 

44. Kupferminc,M.J “Thrombophilia and pregnancy,” Current Pharmaceutical 

Design, vol. 11, no. 6, pp. 735–748, 2005. 

45. Bedoya,G. P, Montoya, J. García et al., “Admixture dynamics in Hispanics: 

a shift in the nuclear genetic ancestry of a South American population 

isolate,” Proceedings of the National Academy of Sciences of the United 

States of America, vol. 103, no. 19, pp. 7234–7239, 2006. 

46. Carvajal L.G,-Carmona, I. D. Soto, N. Pineda et al., “Strong Amerind/white 

sex bias and a possible Sephardic contribution among the founders of a 

population in Northwest Colombia,” American Journal of Human Genetics, 

vol. 67, no. 5, pp. 1287–1295, 2000. 

47. Royal College of Obstetricians and Gynaecologists. The Investigation and 

Treatment of Couples with Recurrent Miscarriage. Green - top Guideline 

No. 17, 2003. 

48. Edmonds, D. Keith.Dewhurst’s textbook of obstetrics and gynaecology. 

Eighth Edition.2011; 1-852:60 Wiley-Blackwell, UK. 

49. Farquharson RG ,Jauniaux E, Exalto N. ESHRE Special Interest Group for 

Early Pregnancy (SIGEP). Updated and revised nomenclature for 

description of early pregnancy events. Hum Reprod 2005; 20: 3008 – 3011. 

50. Jauniaux E, Farquharson RG, Christiansen OB, Exalto N: Evidence-base 

guidelines for the investigation and medical treatment of recurrent 

miscarriage. Hum Reprod 2006, 21:2216–2222. 

51. Branch DW, Heuser C. Recurrent miscarriage. In: Carrell DT, Peterson 

CM, eds. Reproductive endocrinology and infertility: integrating modern 

clinical and laboratory practice. New York: Springer, 2010:281-96. 



 

 

 

54 

 

52. Hassan M.F.: Soluble fms-like tyrosine kinase-1 and vascular   endothelial 

growth factor: Novel markers for unexplained early recurrent pregnancy 

loss; Asian Pacific Journal of Reproduction 2014; 3(1): 30-34:.60181-5. 

53. Jaslow CR, Carney JL & Kutteh WH. Diagnostic factors identified in 1020 

women with two verses three or more recurrent pregnancy losses. 

FertilSteril 2010; 2009(93): 1234–1243. 

54. Rai, R. and Regan, L. Recurrent miscarriage. Lancet 2006; 368, 601–611. 

55. Adel Abu-Heija:Thrombophilia and Recurrent Pregnancy Loss Is heparin 

still the drug of choice? (Rev.) 2014, 14, 1, e26-36 . 

56. Kaandorp S, Di Nisio M, Goddijn M et al. Aspirin or anticoagulants for 

treating recurrent miscarriage in women without antiphospholipid syndrome 

(Review).The Cochrane Library 2009. Issue1. 

57. Goẑdziewicz T., Wrỏbel M., A. Łojewski A., Skrzypczak J. The assessment 

of causes of recurrent pregnancy loss in material of the Division of 

Reproduction at Poznan University of Medical Sciences. Archives of 

Perinatal Medicine 2013; 19(2), 81-87. 

58. Heit JA; Predicting the risk of venous thromboembolism recurrence. Am J 

Hematol. 2012 May; 87 Suppl 1:S63-7. Epub 2012 

59. Esmon CT: The protein C pathway. Chest 2003; 124, 26S–32S. 

60. Dahlbäck B: Advances in understanding pathogenic mechanisms of 

thrombophilic disorders. Blood 2008, 112, 19–27. 

61. Jorine S. Koenderman and Reitsma PH. Inherited Thrombophilia: Past, 

Present, and Future Research 2013. 



 

 

 

55 

 

62. Stenson, P. D., Mort, M., Ball, E. V., Howells, K., Phillips, A. D., Thomas, 

N. S., & Cooper, D. N. The Human Gene Mutation Database: 2008 update. 

Genome Med.2009. 

63. Whitlatch NL, Ortel TL. Thrombophilias: when should we test and how 

does it help? SeminRespirCrit Care Med 2008; 29: 25–39. 

64. Bernard Khor and Van Cott EM. Laboratory tests for protein C deficiency 

Am. J. Hematol 2010; 85:440_442. 

65. Korteweg FJ, Folkeringa N, Brouwer JL, Erwich JJ, Holm JP, et al. Fetal 

loss in women with hereditary thrombophilic defects and concomitance of 

other thrombophilic defects: a retrospective family study. BJOG 2012; 119: 

422-430. 

66. Baglin T, Gray E, Greaves M, Hunt BJ, Keeling D, Machin S, Mackie I, 

Makris M, Nokes T, Perry D, Tait RC, Walker I, Watson H: Clinical 

guidelines for testing for heritable thrombophilia. Br J Haematol 2010, 149, 

209–220. 

67. Bereczky Z, Kovács KB, Muszbek L: Protein C and protein S deficiencies: 

similarities and differences between two brothers playing in the same game. 

ClinChem Lab Med 2010; 48, S53–66. 

68. Esmon CT. The protein C pathway. Chest. 2003; 124: 26S–32S. 

69. Esmon CT. The endothelial cell protein C receptor. Thromb Haemost. 2000; 

83: 639–643. 

70. Nicolaes GA, Dahlbäck B. Factor V and thrombotic disease: description of 

a Janus-faced protein. Arterioscler Thromb Vasc Biol. 2002; 22: 530–538. 



 

 

 

56 

 

71. Dahlbäck B, Stenflo J. The Protein C Anticoagulant System. In: 

Stamatoyannopoulos G, Majerus PW, Perlmutter RM, Varmus H, eds. The 

Molecular Basis of Blood Disease, third ed. Philadelphia: WB Saunders 

Company; 2000: 614–656. 

72. Blom AM, Villoutreix BO, Dahlbäck B. Complement inhibitor C4b-binding 

protein-friend or foe in the innate immune system? Mol Immunol. 2004; 40: 

1333–1346. 

73. Stenflo J, Dahlbäck B. Vitamin K-dependent Proteins in Blood Coagulation. 

In: Stamatoyannopoulos G, Majerus PW, Perlmutter RM, Varmus H, eds. 

The Molecular Basis of Blood Disease, third ed. Philadelphia: WB Saunders 

Company; 2000: 579–613. 

74. Weiler H, Isermann BH. Thrombomodulin. J Thromb Haemost. 2003; 1: 

1515–1524. 

75. Van de Wouwer M, Collen D, Conway EM. Thrombomodulin-protein C-

EPCR system: integrated to regulate coagulation and inflammation. 

Arterioscler Thromb Vasc Biol. 2004; 24: 1374–1383. 

76. Alshammary H N, Almosawi H M.A, Hadi F S. Deficiency of Protein C and 

Protein S in Recurrent Pregnancy Loss: Medical Journal of Babylon-Vol. 

12- No. 2 -2015. 

77. Jayasree H,  Joydeb R. Study of Thrombophilia in Recurrent Pregnancy 

Loss: Journal of Obstetrics and Gynecology of  India (September-October 

2012). 



 

 

 

57 

 

78. Bovill EG, Bauer KA, Dickerman JD, Callas P, West B: The clinical 

spectrum of heterozygous protein C deficiency in a large New England 

kindred. Blood1989, 73(3) :712-7. 

79. Broekmans AW, Bertina RM, Protein C: In: Recent Advances inBlood 

Coagulation. Volume 4. Edited by: Poller L. Churchill Livingstone New 

York; 1985:117. 

80. Lensen RP, Rosendaal FR, Koster T,Allaart CF, de Ronde H, 

Vandenbroucke JP, Reitsma PH, Bertina RM: Apparent different 

thrombotic tendency in patients with factor V Leiden and proteinC 

deficiency due to selection of patients. Blood 88(11):4205-8.1996 Dec.1 .  

81. Pavlova E,  Chemev T,  Chemev A, Karagiozova Zh. Pregnancy and issues 

with inherited and acquired thrombophilia :Journal of IMAB - Annual 

Proceeding (Scientific Papers) 2008, book 1. 

82. Khan S, and Dickerman JD. Hereditary thrombophilia:Thrombosis 

Journal2006, 4:15 Published: 12 September 2006. 

 

 

 

 

 

 

 



 

 

 

58 

 

 

 

 

 

 

 

 

Appendix 
 

 

 

 

 

 

 

 

 



 

 

 

59 

 

Questionnaire 
 

University of Shendi 

Faculty of post –Graduate studies 

Faculty of medical Laboratory sciences 
ROLE OF PROTEIN C IN HEREDITARY PLACENTAL COMPLICATED 

PREGNANCY 

  

S. Number…………………………………………………………………. 

Hospital……………………………………………………………………. 

Lab no…………………………………………………………………..…. 

Age………………………………………………………………………... 

BMI……………………………………………………………………….. 

Parity……………………………………………………………………… 

Gestational age……………………………………………………………. 

Race tribe…………………………………………………………………. 

Region…………………………………………………………………….. 

Family history of pregnancy complication………………………….. …… 

Relation degree…………………………………………………………… 

Diagnosis 

Stillbirth 

Pre-eclampsiaI 

IUGR 

PTL 

Placental abruption 

Chronionamnionitis 

Miscarriage 

History of other disease 

Thrombosis………………………………………………………………... 

Abortion…………………………………………………………………… 

Beeding……………………………………………………………………. 

DM………………………………………………………………………… 

Hypertension……………………………………………………………… 

Any drugs intake…………………………………………………………... 

Others……………………………………………………………………... 

Results 

PC………………………………………………………………………… 


