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Abstract:

Background: Normal pregnancy is associated with haemostatic changes which
have been linked to a complex physiological adaptation but these changes return to
that of non-pregnant state at about 4 weeks of post-delivery. The study aimed to
assess the PT,PTT, Fibrinogen and D-Dimer level among pregnant women
.Methodology: This was a cross-sectional descriptive study, has been conducted
at Mek Nemir hospital and Shendi Teaching Hospital from August 2015 to August
2017, Following informed consent 145 pregnant women in different trimesters and
different ages were enrolled in this study, their aged ranged from (17- 40) years
with mean average of SPSS version ---was used to calculate the mean , STD,
frequency and independent t test , the p values were considered to be significant <
(0.05)

Results: The mean age of pregnant women was (24.4) years. Pregnant women
with Haemostasis change in different trimesters 60% were in third trimester. In the
study population the values of PT (14.3 ) second during pregnancy and control
(12.5) second showed significant differences (P>0.00) but within normal range,
values of APPT (34.1) second during pregnancy and control (32.4) second showed
no significant differences (P=0.30), fibrinogen levels during pregnancy
(548.1)mg/dl and control (269.6) mg/dl showed significant differences (P>0.00),
and D-Dimer levels during pregnancy (609.7)ng/ml and control (285.5) ng/mi
showed significant differences (P>0.00) without normal range.

Conclusion: The study concluded that changed values of PT, APTT, fibrinogen
levels and D-Dimer levels during pregnancy, It is recommended that fibrinogen
level and D-Dimer level be monitored during pregnancy to minimize thrombotic
effect.
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APS Antiphospholipid syndrome
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AT anti-thrombin
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Term

Full term

LMoWH low molecular weight heparin
MCV mean red cell volume
MMA methyimalonic acid
MNPT Mean normal prothrombin time
MPD Myeloproliferative disorders
PAI plasminogen activator inhibitor
PPH Postpartum bleeding or postpartum hemorrhage
PT prothrombin time.
R Ratio
RBCs Red Blood Cells
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TAT thrombin-antithrombin 111 complex
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TTP Thrombotic thrombocytopenic purpura
uPA urokinase-type plasminogen activator.
VAD vascular access device
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VWF VVon Willebrand factor
WHO World Health Organization.
XDP

fibrin derivatives in plasma containing D-Dimer.
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1.1. Introduction:

The coagulation involves a series of enzymatic reactions leading to the conversion
of soluble plasma fibrinogen to fibrin clot . Roman numeral are used for most of
the factor, but | and Il are referred to as fibrinogen and prothrombin respectively ;
111, 1V and VI are redundant. The active forms are denoted by (a).

The generation of thrombin is depended on three enzyme complexes, each
consisting of protease, cofactor, phospholipids and calcium. They are extrinsic
Xase (Vlla, TF, PL, Ca?")and intrinsic Xase (1Xa, Vllla, PL, Ca®**) generation FXa,
prothrnombinase complex (Xa, Va, PL, Ca®*) generation thrombin. )

The coagulation disorder is deficiencies of each of the coagulation factor. May be
hereditary or acquired. The hereditary include hemophilia A that is most common
of the hereditary clotting factor deficiencies. The inheritance is sex-linked, factor
IX deficiency (hemophilia B, Christmas disease) the inheritance is X chromosome,
von Willebrand disease is reduced level or abnormal function of VWF. @
Coagulation acquired include vitamin K deficiency is obtained green vegetables
and bacteria synthesis in the gut, liver disease, hemorrhagic disease of the newborn
and disseminated intravascular coagulation . )

The prothrombin time is functional determination of the extrinsic (tissue factor)
pathway of coagulation and is extremely sensitive to the vitamin-K dependent
clotting factors (factors IlI, VII, and X). Tissue factor (factor IIlI) is a
transmembrane protein that is widely expressed on cells of non-vascular origin,
which activates factor VII during the initiation of the extrinsic coagulation

pathway. A cascade mechanism results in fibrin production and clot formation. ©
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The partial thromboplastin time is originally performed to screen the function of
coagulation system, mainly for the intrinsic pathway factors: factor XII, XI, IX and
VIII. Various APTT reagents for different purposes are now available, including
for screening of factor deficiencies and lupus anticoagulant.

Pregnancy changes the plasma levels of many clotting factors, such as fibrinogen,
which can rise up to three times its normal value. VVenous stasis may occur at the
end of the first trimester, due to enhanced compliance of the vessel walls by a
hormonal effect. Hypercoagulability states as an pre-existing condition in
pregnancy include both acquired ones such as antiphospholipid antibodies, and
congenital ones, including factor V Leiden, prothrombin mutation, protein C and S
deficiencies, and antithrombin 111 deficiency. ©

During normal pregnancy, the concentration of many of the clotting factors rise,
thereby increasing the potential to generate fibrin. There is aso evidence of
increased thrombin activity during normal pregnancy which sharply increased
during placental separation. Antithrombin Ill, the main inhibitor of thrombin and
activated factor X, shows no compensatory rise during pregnancy bu increase
during the puerperium. ©

1.2. Rationale:

Normal pregnancy is accompanied by changes in the coagulation and fibrinolytic
systems. These include increases in a number of clotting factors and inhibition of
fibrinolysis. These changes may be important for reducing intrapartum blood loss,
but they determine an increased risk of thromboembolism during pregnancy, this
study was can ducted to determine the effect of pregnancy on PT, APTT,

Fibrinogen level and D-Dimer among pregnant women in Shendi locality.
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1.3. Objectives of the study:
1.3.1. General objectives:
To determine the effect of pregnancy on coagulation screening test, fibrinogen and
D-Dimer.
1.3.2. Specific objectives:
1. To determine the effect of pregnancy on prothrombin time.
2. To determine the effect of pregnancy on partial thromboplastin time.
3. To determine the effect of pregnancy on fibrinogen level.
4. To determine the effect of pregnancy on D-Dimer.
5. To compare prothrombin time, partial thromboplastin time, fibrinogen and

D-Dimer between different stage of pregnancy.
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2.1. pregnancy :

Pregnancy, also known as gravidity or gestation, is the time during which one or
more offspring develops inside a woman. A multiple pregnancy involves more
than one offspring, such as with twins. Pregnancy can occur by sexual intercourse
or assisted reproductive technology. It usually lasts around 40 weeks from the last
menstrual period (LMP) and ends in childbirth. This is just over nine lunar months,
where each month is about (29%2) days. When measured from conception it is
about (38) weeks. An embryo is the developing offspring during the first eight
weeks following conception, after which, the term fetus is used until birth.
Symptom of early pregnancy may include a missed periods, tender breasts, nausea
and vomiting, hunger, and frequent urination. Pregnancy may be confirmed with a
pregnancy test.!”)

Normal pregnancy is associated with major changes in many aspects of
haemostasis all contributing to maintain placental function during pregnancy and
to prevent excessive bleeding in delivery. Most changes in blood coagulation and
fibrinolysis create a state of hypercoagulability. This phenomenon protects the
woman from haemorrhage during delivery but predisposes her to
thromboembolism both during pregnancy and in puerperium. The changes in the
coagulation system in normal pregnancy are consistent with a continuing low-
grade process of intravascular coagulation' ®

Coagulation system During pregnancy the concentrations of coagulation factors
VII, VI, 1X, X, XII and von Willebrand factor rise significantly, accompanied by
a relevant increase in the concentration of plasma fibrinogen. Plasma fibrinogen
often increases to over (600) mg/dL in late pregnancy. Factor VIl may increase as
much as tenfold in pregnancy. The von Willebrand factor and factor VIII are
elevated in late pregnancy, when coagulation activity is about twice that in the
non-pregnant state.1 The increase in factor IX concentrations during pregnancy is
reported by several authors to be small, as is the decrease in factor XI. After an
initial increase, factor XIlIl falls gradually, reaching (50%) of the normal no
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pregnant value at term. Factors Il and V do not change significantly in pregnancy.
(8)

Table (2 - 1): Main changes in haemostasis factors during pregnancy.

Platelet count )

I, v =

Fibrinogen, VII, V11, von Willebrand factor, IX, X, XII 0

XI =/

X1l 1]

Antithrombin =

Protein C =

Protein S

Heparin cofactor Il

t-PA

/
l
T
F1+2,TAT,d-dimer 1
l
T

ELT,PAI, TAFI

. increased

—

- decreased

H

: not changes
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2.1.1.Hematology of pregnancy:

Pregnancy place extreme stresses on the hematological system and an
understanding of the physiological changes that result is obligatory in order to
interpret any need for therapeutic intervention. &

Pregnancy leads to a hypercoaguable state with consequent increased risks of
thromboembolism and DIC. These is an increased in plasma factors VII, VIII, X
and fibrinogen and fibrinolysis is suppressed. These changes last for up to ( 2
months) into the puerperal period and the increased of thrombosis during this
period is increased. There is an association between thrombophilic conditions in
the mother and with recurrent fetal loss. This is presumed to result from placental
thrombosis and infarction. @

Warfarin has no role in management. It crosses the placenta and in addition is
associated with embryopathy, especially between (6 and 12) weeks' gestation.
Heparin does not cross the placenta but a significant side-effect of prolonged use is
maternal osteoporosis. Low molecular weight heparin is now the treatment of
choice because it can be given once daily and is less likely to cause osteoporosis. @
Normal pregnancy involves many changes in maternal physiology including
alterations in hematologic parameters. These changes include expansion in
maternal blood and plasma volume. The increase in plasma volume is relatively
larger than the increase in red cell mass resulting in a decrease in hemoglobin
concentration. An increase in the levels of some plasma proteins alters the balance
of coagulation and fibrinolysis. Worldwide, the predominant cause of anemia in
pregnancy is iron deficiency. Fetal requirements for iron are met despite maternal
deficiency, but maternal iron deficiency has a number of adverse consequences
including an increased frequency of preterm delivery and low-birth-weight infants.
Bleeding disorders in pregnancy are a common reason for hematologic
consultation and evoke concern for both the mother and child. Life-threatening
bleeding caused by disseminated intravascular coagulation is seen with some

complications unique to pregnancy, including placental abruption, retained dead
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fetus, and amniotic fluid embolism. Von Willebrand disease is the commonest
inherited bleeding disorder, but because of increases in factor VIII level and von
Willebrand factor (VWF) during pregnancy, excessive bleeding at delivery is
rarely a problem. Factor levels fall rapidly postpartum, and serious hemorrhage can
occur during this period. Carriers of hemophilia A and B should be monitored
during pregnancy to determine if factor levels will be adequate for delivery at term.
Caution should be exercised at delivery and during the first few days of life with
offspring of hemophilia carriers until hemophilia testing is completed and the
infant’s status is known. Acquired hemophilia as a result of factor VIII
autoantibodies is rare, but can occur during pregnancy or the puerperium.
Thrombocytopenia is not uncommon in pregnancy, and its causes include several
conditions that are unique to pregnancy, such as preeclampsia. Idiopathic
thrombocytopenic purpura (ITP) is common, it is often exacerbated in pregnancy,
and is managed conservatively if possible; close followup of newborns of mothers
with ITP is essential. HELLP syndrome and TTP, HUS are also seen in pregnancy
and the puerperium. HELLP syndrome is managed with delivery if possible,
whereas TTP requires plasma exchange. Inherited and acquired prothrombotic
conditions can be exacerbated by pregnancy and can result in adverse reproductive
outcomes as well as venous thromboembolism. The strongest evidence for an
association between a thrombophilia and recurrent fetal loss exists for
antiphospholipid antibody syndrome; however, evidence is mounting for a
connection between inherited thrombophilias and the severity of some
complications of pregnancy. These thrombophilias increase the risk of venous
thromboembolism in pregnancy and the puerperium. Treatment of hematologic
malignancies in pregnancy can present a difficult dilemma both in terms of staging
studies and management. In many cases of Hodgkin lymphoma, treatment can be
delayed safely until after delivery. ©
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Blood volume changes in pregnancy both red cell mass and plasma volume
increase during pregnancy. Since the increase in red cell mass is around (25%),
well below the plasma volume increase of (40%) (up to (55%) in multiple
pregnancies) the hemoglobin level falls, particularly between weeks (24 and 32) of
pregnancy. This decrease in hemoglobin level occurs even when iron and folate
stores are adequate, but is accentuated by deficiencies. The consequent decrease in
blood viscosity facilitates placental perfusion. Women who do not exhibit a fall in
haemoglobin during a pregnancy have a high incidence of complications such as
preeclampsia and stillbirth, according to the Swedish Medical Birth Register 1.
Although (110g/I) is commonly accepted as the lower limit of normal hemoglobin
in pregnancy there are many patients in whom the hemoglobin falls as low as
(95g/1) without any deleterious effects or evidence of iron or folate deficiency.

Folate status at conception and in pregnancy it is now widely accepted that folate
deficiency at conception is strongly correlated with neural tube defects. It is
strongly recommended that all women take folate supplementation for (3 months)
prior to conception and throughout pregnancy. Women with a family history of
neural tube defect, with diabetes or on anti-epileptiform drugs constitute a high risk
group and require a daily (5 mg) folate dose. For standard risk women the
recommended folate supplement is (0.5mg) daily. It should be noted that the
standard Fefol tablet only contains( 0.3mg) of folate, well short of the
recommended pre-conception intake. In addition, since intolerance to the iron in
Fefol may hinder compliance, it makes sense to prescribe folate alone initially,
switching to a combined iron/folate preparation only if the serum ferritin is

reduced. 9
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Folate and Vitamin B12 metabolism in pregnancy a slight increase in mean red cell
volume (MCV) may occur in normal pregnancy. However, an increase in MCV to
over (105fl) (given a normal range of 80-100fl) warrants assessment of red cell and
serum folate and serum Vitamin B12 levels. Neutrophil hyper segmentation is not
a reliable indicator of megaloblastic anemia in pregnancy due to the tendency for a
left shift to occur. Decreased folate intake due to such causes as vomiting in
pregnancy and malabsorption, combined with increased requirements at
pregnancy, make folate deficiency a much more common cause of megaloblastic
anemia than VitaminB12 deficiency. A fall in the inactive transcobalamin | during
pregnancy results in a decrease in Vitamin B12 levels which does not accurately
reflect either the active transcobalamin Il or body stores, which on average last for
(2 years). In fact the B12 levels may fall to (100pmol/I ) or even below without any
functional disturbance of B12 metabolism. When the patient has a macrocytic
anaemia, a balanced diet, normal folate levels but reduced Vitamin B12, it is worth
checking serum homocysteine and urine methyimalonic acid (MMA) levels and
anti-parietal cell and anti-intrinsic factor antibodies before giving empiric
parenteral Vitamin B12. If genuine Vitamin B12 deficiency is confirmed
investigation can then be undertaken at leisure once breast feeding has been
completed. ©

Iron deficiency in pregnancy Iron deficiency accounts for (75%) of anaemias of
pregnancy. The markedly raised red cell mass, together with the requirements of
the placenta and foetus necessitate a considerable increase in recommended daily
iron intake of around (30mg) daily, compared with (15mg) daily in the non
pregnant state. A serum ferritin estimation at the initial antenatal visit will help to
determine whether iron supplementation will be needed and whether this should be
taken as Fefol or equivalent or whether iron containing multivitamin preparations
will suffice. In the second half of pregnancy symptomatic iron deficiency,
developing in the setting of intolerance to oral iron can be effectively treated with
intravenous total dose infusion (TDI). These infusions are safe and effective but
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need to be given by experienced staff adhering to a strict protocol. Additional
important causes of a microcytic blood film (MCV < 80fl) are Thalassemias /
haemoglobinopathies. As thalassemia trait may be masked by iron deficiency, it is
important to check not only Hb electrophoresis and HbH bodies but also serum
ferritin. This also avoids the unnecessary administration of iron supplementation to
patients whose primary problem is not iron deficiency but thalassemia. Checking
the partner is important once a diagnosis of thalassemia trait/haemoglobinopathy is
confirmed so that genetic advice can be given promptly if appropriate. ©

Platelets in pregnancy in up to (10%) of pregnancies mild thrombocytopenia
supervenes after week (20). The platelet count rarely fails below (75/nl) and
pregnancy proceeds uneventfully. There is typically a history of similar mild
thrombocytopenia with previous pregnancies but normal platelet count between
pregnancies. For this reason the term gestational thrombocytopenia is usually
applied. The baby’s platelet count at birth is normal. Platelet antibodies are rarely
found, but it remains likely that the transient thrombocytopenia is of autoimmune a
etiology. An autoimmune mechanism also accounts for most cases of severe
isolated thrombocytopenia in pregnancy. ITP which accounts for (5-10%) of
thrombocytopenia in pregnancy is important as the severity of the
thrombocytopenia often posing major problems for pregnancy, delivery and for the
baby. Systemic lupus erythematosis (SLE), the antiphospholipid syndrome (APS)
and pre-eclampsia and its HELLP syndrome variant also need to be excluded.
Platelet-specific antibodies are found in over (50%) of patients with immune
thrombocytopenia. However the presence or absence of antibodies does not
correlate with severity. Bone marrow examination is usually noncontributory.
Typically, the platelet count falls , sometimes profoundly, as pregnancy progresses.
In severe acute ITP high dose corticosteroid therapy and intravenous
immunoglobulin may be required. In the most extreme cases splenectomy may be
unavoidable, but can only be performed with acceptable safety to mother and
foetus during the second trimester. In the milder acute ITP and in chronic ITP it
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may be possible to delay treatment until the last few weeks of pregnancy providing
there is no active bleeding and the platelet count remains above (25/nl). In the last
few weeks of pregnancy however, treatment aimed at increasing the platelet count
to (75-100/nl) is needed since this enables delivery and epidural anesthesia to be
performed safely. In maternal ITP, particularly in splenectomized patients there is
a significant risk of severe neonatal thrombocytopenia. This holds true even when
the maternal count is normal or near normal at the time of delivery. In ITP, the
mode of delivery should be determined by obstetric indications. When the
thrombocytopenia is associated with pregnancy-specific causes such as pre-
eclampsia, HELLP syndrome and acute fatty liver it is important to perform a
coagulation profile including D-dimers to exclude DIC. TTP and HUS is an
important diagnosis since the disease complex is life threatening but responds
rapidly to early intensive plasma exchange therapy. The red cell appearances on
the peripheral blood film in TTP are often characteristic, with variable numbers of
red cell fragments. MPD and other haematological malignancies occur
occasionally in pregnancy. ET is the most common of these. Despite the potential
hazards of thrombosis and haemorrhage it is usually possible to avoid exposure to
myelosuppressive agents during pregnancy. *?

Thrombosis and homeostasis in pregnancy the incidence of VTE increases three-
fold in late pregnancy and ten-fold in the immediate post partum period. This risk
reflects a variety of pregnancy induced changes in the haemostatic mechanism
including an increase in fibrinogen and Factor VIII, the development of acquired
resistance to activated protein C, a reduction in the antithrombotic factor protein S,
and reduced fibrinolytic activity. In pregnancy the ESR reflects the hyper
fibrinogenaemia and loses its usefulness as a marker for systemic disease. Inherited
thrombophilias, whether due to genetic mutations such as factor V Leiden and
prothrombin, gene mutation or deficiencies of protein C, S and AT, increase the
risk, not only of VTE in pregnancy and the post-partum period but also of recurrent

fetal loss. However, the increase in risk is not considered sufficient to warrant
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funding of thrombophilia screening for recurrent fetal loss under the Medical
Benefits Schedule. Anti-cardiolipin antibodies and lupus anticoagulant, particularly
when present at high titer, markedly increase the risk of fetal loss and maternal
VTE, and may warrant the use of prophylactic LMWH during pregnancy and the
puerperium. Patients with homozygous or multiple thrombophilic defects are also
at greatly increased risk, and likewise merit LMWH prophylaxis. If therapeutic
anticoagulation is required during pregnancy LMWH is the drug of choice for most
conditions. In view of the risk of bleeding complicating epidural an aesthesia it is
mandatory to obtain expert advice concerning the timetabling of heparin dosage
particularly LMWH. VWF disease is the most common inherited bleeding disorder,
mild (type 1) disease accounting for (90%) of cases. In pregnancy, extending
through to the immediate post partum period, there is usually a temporary
normalization of the disease, measurable as a return of Factor VIII complex levels
and platelet function studies to normal. A check early in the third trimester
revealing that these parameters are all within the normal range clears the way for
epidural an aesthesia to be performed safely if required. However, a history of
PPH in a previous pregnancy may override these considerations and mandate the
prophylactic use of specific therapy such as DDAVP (Minirin) or Factor VI

concentrate, depending on the severity of the von Will brand's disease.
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2.1.2. Coagulation changes in pregnancy:

Pregnancy is a state of hypercoagulation, which is likely an adaptive mechanism to
reduce the risk of hemorrhage during and after the delivery process. Unfortunately
as a result of the hypercoagulable state, thromboembolism is one of the leading
causes of death associated with pregnancy, particularly in developed nations, with
clinically significant venous thromboembolism occurring in 1 of every 1000 to
2000 pregnancies. The hypercoagulability of blood during pregnancy has been
confirmed with Thromboelastography (TEG) and is thought mainly due to the
increased production of factor VII and fibrinogen. Although many of the
coagulation factors are increased during pregnancy, none are quite to the extent of
factor VII and fibrinogen. The risk of developing a venous thromboembolism
increases about 100-fold when a parturient is admitted to a hospital and also seems
to be worse during the third trimester. This is thought to be due to changing
hormonal levels, in particular increased estrogen as pregnancy progresses. It is
important to note that the classic Virchow’s Triad favors thrombus formation in
pregnancy with increased venous stasis, increased coagulability factors, and
increased endothelial damage. Risk of venous thromboembolism in pregnancy
increases with the following additional risk factors: obesity, smoking, multiple
gestations, advanced maternal age, increased parity, cesarean section, as well as the
presence of a concomitant thrombophila. Unfractionated heparin and low
molecular weight heparin are the modalities of choice for anticoagulation during
pregnancy."
There is some evidence to suggest that the body creates a level of homeostasis by
also increasing fibrinolysis to a certain extent. During pregnancy, we see increases
in plasma activity of plasminogen alpha2-antiplasmin and elevated concentrations
of D-dimer, which suggests increased fibrinolytic activity and the restriction of
fibrin formation. This would explain that despite all the factors favoring a
hypercoagulable state in pregnancy, venous thromboembolism remains a relatively

rare event.‘V
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2.2. Haemostasis:

Haemostasis is a complex interaction between the vessel and components of blood,
and has the function of preventing excessive blood loss after vascular damage
while maintaining a viable circulation by preventing thromboembolic conditions.
(12)

A normal hemostatic mechanism is a very important aspect of human survival.
Small, repeated traumas of everyday life continuously produce minor injuries to
the vessels and, thus, the danger of spontaneous hemorrhage. "Extrinsic" trauma
may, by severing vessels, cause bleeding which must be promptly controlled. Both
functions require a perfect integration of a number of elementary mechanisms. The
vascular wall must present normal resistance and contractility, the platelets and
many factors which take part in the coagulation process must be normal in number
or concentration, and in activity. Other mechanisms, such as fibrinolysis (which
may play a role in limiting the undue extension of the fibrin clot within the vessel)
and all the agents which bring about "organization” of the clot, recanalization of
the vessel, etc. must also be normal. The very complexity of these mechanisms,
then, creates many situations.

This short description of an hypothesis of the hemostatic process indicates the
advisability of individual analysis of the various mechanisms:

(a) the vascular mechanism;

(b) the platelet factor;

(c) the blood coagulation mechanism;

(d) the autocatalytic mechanisms;

(e) the anticoagulant factors; finally

(F) the fibrinolytic mechanism. It should not be forgotten, however, that these
various mechanisms are very closely integrated, as is clearly revealed by the study
of the pathogenesis of bleeding in various types of hemorrhagic tendency. The
single abnormalitv of one of the hemostatic mechanisms is not necessarily

followed by bleeding, if all others are normal. Thus bleeding is moderate and may
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occur only following serious trauma or operative procedures in pseudohemophilia,
congenital deficiency of prothrombin, labile factor, stable factor and fibrinogen,
severe as the defect of the hemostatic mechanism involved might be. In many,
better defined hemorrhagic syndromes, there is multiple involvement of hemostatic
mechanisms. Thus, in some cases of Werlhof's disease, particularly of the acute
variety, thrombocytopenia is accompanied by pronounced involvement of the
vascular wall (polyarteritis). ?

2.2.1. Coagulation:

The involves a series of enzymatic reaction leading to the conversion of soluble
plasma fibrinogen fibrin clot. The coagulation factors (factor I, 11, V, VII, IX, X,
X1, X1l and XI11I) are primarily synthesized in the liver and the synthesis of four of
these ( factor Il, VII, IX and X) is vitamin K dependent. The site of synthesis of
factor VIII is uncertain. ¥

Coagulation proceeds through a series of sequential enzymatic reactions which can
be initiated by a variety of stimuli and terminate with the conversion of soluble
fibrinogen into insoluble fibrin. Most coagulation factors occur in trace
concentration ( 1/10,000 the concentration of albumin), yet, for coagulation to
occur, each must interact with its specific substrate. These interaction also require
a specific tertiary alignment of the coagulation proteins. The coagulation process
could not occur if the protein-protein interaction occurred at random unless they
were present in much higher concentration. ™

Blood coagulation may be produced by either activation of the intrinsic pathway
which is relatively slow, or by activation of extrinsic pathway which is a faster
process. While these two pathways are inter-related in vivo, it is convenient to

consider them separately. **
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2.2.1.1. Intrinsic pathway:

The intrinsic pathway is initiated by the activation of factor XII when this factor is
exposed to a non-endothelial surface. It activates factor X1 in the presence of high
molecular weight kininogen. High molecular weight kininogen is not modified by
this interaction, and it is likely that it facilitates the binding of factor XI to a
surface. Conformationally changed factor XII, ( XIIA) slowly activates
prekallikrein to kallikrein (fletcher factor). Kallikrein participates in a number of
processes including inflammation and kinin formation. Kallikrein cleaves factor
X1l enzymatically to produce factor Xlla that slowly activates factor XI. The
physiological importance of factor XII, prekallikrein and high molecular weight
kininogen is not clearly understood, since deficiencies of each are not associated
with bleeding.®

In the presence of calcium, factor XI activates factor 1X. Factor 1Xa binds to a
surface ( platelet phospholipid) and activates factor X, a reaction requiring factor
VIII. Factor Xa activates prothrombin and this activation occurs on a phospholipid
surface and requires calcium and factor V. ¥

2.2.1.2. Extrinsic pathway:

The main role of the tissue factor pathway (extrinsic pathway) is to generate a
"thrombin burst", a process by which thrombin, the most important constituent of
the coagulation cascade in terms of its feedback activation roles, is released very
rapidly. FVIla circulates in a higher amount than any other activated coagulation
factor. The process includes the following steps:

. Following damage to the blood vessel, FVII leaves the circulation and comes
into contact with tissue factor (TF) expressed on tissue-factor-bearing cells
(stromal fibroblasts and leukocytes), forming an activated complex (TF-FVIla).

« TF-FVlla activates FIX and FX.

« FVIlis itself activated by thrombin, FXla, FXII and FXa.

« The activation of FX (to form FXa) by TF-FVIla is almost immediately
inhibited by tissue factor pathway inhibitor (TFPI).
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« FXa and its co-factor FVa form the prothrombinase complex, which activates
prothrombin to thrombin.

« Thrombin then activates other components of the coagulation cascade,
including FV and FVIII (which activates FXI, which, in turn, activates FIX), and
activates and releases FVIII from being bound to vVWF.

« FVIlla is the co-factor of FIXa, and together they form the "tenase" complex,
which activates FX; and so the cycle continues. ("Tenase" is a contraction of "ten"
and the suffix "-ase" used for enzymes.) ¥

2.2.1.3. Final common pathway:

The division of coagulation in two pathways is mainly artificial, it originates from
laboratory tests in which clotting times were measured after the clotting was
initiated by glass (intrinsic pathway) or by thromboplastin (a mix of tissue factor
and phospholipids). In fact thrombin is present from the very beginning, already
when platelets are making the plug. Thrombin has a large array of functions, not
only the conversion of fibrinogen to fibrin, the building block of a hemostatic plug.
In addition, it is the most important platelet activator and on top of that it activates
Factors VIII and V and their inhibitor protein C (in the presence of
thrombomodulin), and it activates Factor XIII, which forms covalent bonds that
crosslink the fibrin polymers that form from activated monomers.*

Following activation by the contact factor or tissue factor pathways, the
coagulation cascade is maintained in a prothrombotic state by the continued
activation of FVIII and FIX to form the tenase complex, until it is down-regulated

by the anticoagulant t pathways.*
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Fig (2 - 1): The classical blood coagulation pathway :

The three pathways that makewp the classical blood coagulation pathway
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2.2.1.4. Coagulation factors:
The coagulation factor are either enzyme precursors or cofactors. All the enzyme,
except factor VIII, are serine proteases. **

Table (2 - 2): The coagulation factors.

Factor number Descriptive name Active form
I Fibrinogen Fibrin subunit
I Prothrombin Serine protease
i Tissue factor Receptor/cofactor*
\/ Labile factor Cofactor
Vi Proconvertin Serine protease
VIl Antihaemophilic factor Cofactor
IX Christmas factor Serine protease
X Stuart-Prower factor Serine protease
XI Plasma thromboplastin antecedent | Serine protease
Xl Hageman (contact) factor Serine protease
X1 Fibrin-stabilizing factor Transglutaminase
HMWK, high Prekallikrein (Fletcher factor) Serine protease
molecular weight HMWK (Fitzgerald factor) Cofactor*
kininogen.

* Active without proteolytic modification
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2.2.2. Coagulation disorders :

The coagulation disorder is deficiencies of each of the coagulation factor. May be
hereditary or acquired. “®

2.2.2.1. Inherited disorders :

Inherited deficiencies of each of the coagulation factors have been described.
These deficiencies can either be quantitative due to impaired synthesis of the
coagulation factor, or qualitative due to the synthesis of a biologically inactive
molecule. There is a rough correlation between the severity of bleeding in patients
with an inherited coagulation abnormality and the biological amount of the
deficient coagulation factor. %

2.2.2.2. Acquired disorders :

The acquired coagulation disorders are more frequently encountered in clinical
practice than the inherited disorders and, unlike inherited disorders, are almost
invariably associated with multiple coagulation factor deficiencies. Acquired
coagulation disorders can be caused by impaired synthesis of coagulation factors,
circulating inhibitors to coagulation factor (or reaction) or by increased
consumption of coagulation factors. ¥

2.2.2.2.1. Impaired synthesis:

Defective or decreased synthesis of coagulation factors occurs in vitamin K
deficiency and in liver disease. Vitamin K deficiency can occur in states of
impaired fat absorption and in patients with a poor diet. The physiological function
of vitamin K is to catalyze the carboxylation of the coagulation factor protein after
its synthesis. ¥

The haemostatic defect in liver disease is multifactorial, and can include decreased
synthesis of clotting factor, decreased production of the natural inhibitors,

decreased clearance of activated coagulation factors and excessive fibrinolysis. %
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2.2.2.2.2. Circulating inhibitors:

A number of inhibitors interfere with coagulation. Heparin catalyses the
antithrombin I11-dependent inactivation of thrombin and factor Xa, IXa, Xlla and
Xia. Heparin is used therapeutically in the treatment of venous thrombosis.
Non-specific inhibitors interfere with a general coagulation sequence rather than a
specific factor. The fibrin split products that are produced by plasmin digestion of
fibrin and fibrinogen inhibit the conversion of fibrinogen to fibrin, by interfering
with the normal polymerization of fibrin and competing with systemic lupus
erythematosus is termed the lupus inhibitor. %

2.2.2.2.3. Reduced survival of coagulation factor:

The consumption of many coagulation factor occurs in a syndrome termed
disseminated intravascular coagulation (DIC). DIC can be considered to result

from coagulation activation which overwhelms the normal control mechanisms.®?
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2.2.3. Coagulation tests:
Fig (2- 2): The Coagulation Cascade :
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2.2.3.1.1. Prothrombin time (PT) :

The PT test measures coagulation factors of the extrinsic pathway. It is carried out
by adding thromboplastin (containing tissue factor), phospholipid and an excess of
calcium to anticoagulated plasma and measuring the clotting time. PT is the most
commonly used coagulation test in routine laboratories. The PT test is used for
assessment in pre-operative detection of bleeding tendencies in risk groups, the
monitoring of anticoagulation therapy; used for prevention and treatment of venous
thromboembolism. **

The PT is performed on platelet poor plasma prepared from blood collected into
citrate anticoagulant. In the PT an aliquot of plasma is incubated at ( 37°C ) with a
reagent containing a phospholipid-protein extract of tissue (thromboplastin). >
Many physiologic factors can influence the PT as well. The PT is prolonged in
cord blood and newborns due to relatively low levels of vitamin K-dependent
clotting factors, which may not increase to the normal adult range until several
weeks after birth. Lipemia, hyperbilirubinemia, and hemolysis interfere with the
detection of clot formation by photo-optical methods and cause falsely elevated
values. Heparin at therapeutic doses usually does not interfere with the PT, but PT
prolongation can result in patients receiving higher doses of Heparin_ ®

2.2.3.1.2. International Normalized Ratio (INR) :

The INR was introduced by the World Health Organization (WHO) in the early
(1980)’s as a means of standardizing PT results. Since there is a linear relationship
between the logarithms of the PT ratios obtained with different extracts of human
and rabbit brain, a calibration system was developed to relate any PT ratio to a
WHO standard.

INR units were originally not recommended for screening and follow-up of
patients with liver diseases. However, kovacs and associates(1994) have since
demonstrated that INR can also be used to monitor patients with severe form of a

liver disease.®®

38



2.2.3.2. Activated partial thromboplastin time(APTT) :

The APTT is functional determination of the intrinsic pathway of coagulation
(factors XI1, X1, IX, VIII, V, I, I, prekallikrein, high molecular weight kininogen).
This pathway is intitated by the interaction of Factor XII with a negatively charged
surface. A cascade mechanism results in fibrin production and clot formation. The
APTT is utilized to detect congenital and acquired abnormalities of the intrinsic
coagulation pathway and to monitor patients receiving heparin.®”

No specific patient preparation is required. However, since lipemia may interfere
with photo-electric measurements of clot formation, specimens should not be
obtained after a meal. In patients receiving intermittent heparin injections,
peripheral blood for APTT analysis should be obtained one hour before the next
dose of heparin is scheduled. The specimen should not be drawn from an arm with
a heparinized catheter or heparin lock. ")

The APTT is increased above the upper limit of normal with hereditary or acquired
intrinsic factor deficiencies < (40%) (factor VIII:C, Factor IX, Factor XI, Factor
X1, vWf), lupus anticoagulants, or specific inhibitors of the intrinsic coagulation
factors. Other causes of anelevated APTT include liver disease, DIC, heparin or
anticoagulant therapy, or improper specimen collection (i.e., traumatic phlebetomy

or hemolyzed specimen). Normal Values and Critical Limits( 24 — 37 ) seconds ")
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2.3. The Fibrinolytic systems:

The responsible for the degradation and removal of fibrin clots, thereby restoring
eventually obstructed circulation. This system is also involved in tissue repair,
macrophage function, ovulation and malignant transformation. Plasminogen plays
a central role in fibrinolysis. It is an inactive proenzyme, which upon activation to
plasmin may degrade fibrin. Activation of plasminogen is catalysed by tissue
plasminogen activator (tPA) or urokinase-type plasminogen activator(uPA).
Plasmin bound to the fibrin surface is relatively protected from inactivation by
antiplasmin. Both tPA and uPA are serine proteases, which exist as single-chain or
two-chain molecules.

Fig (2 - 3): fibrinolysis (simplified). Blue arrows denote stimulation, and red
arrows inhibition.
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2.3.1. Fibrinogen:

Is a plasma protein critical to hemostasis and clot formation. The blood plasma
concentration of fibrinogen ranges between (1.5 and 4.0 g/L) but it can be higher,
particularly in certain conditions such as pregnancy. Structurally, human
fibrinogen comprises outer D domains, which are both linked by a central E
domain. Each D domain is made up of (3) polypeptide chains ( o, B, v), which
together form a coiled-coil configuration. These domains are linked at the N-
terminus to the central E domain via a series of disulfide bonds. Thrombin
cleavage occurs at specific amino-acid sequences present on the _ and _
polypeptide chains, removing the N-terminal peptides (fibrinopeptides) and
exposing the polymerization sites. Fibrin polymerization then occurs via
noncovalent interaction of the exposed polypeptide chain with complementary
binding sites present on the D domain of a neighboring molecule. Furthermore,
recent preliminary data have suggested that fibrinogen may be heme associated and
could play a role in carbon monoxide sensing. Studies from our laboratory and
others have demonstrated the importance of thrombin generation and hemostatic
activation for clot formation.(6-11) Functionally, fibrinogen molecules act during
both cellular and fluid phases of coagulation. In the cellular phase, it facilitates the
aggregation of platelets via binding of glycoprotein Ilb/llla receptors on platelet
surfaces. In the fluid phase, it is cleaved by thrombin to produce fibrin monomers,
which polymerize to form the basis of the clot , Fibrinogen also plays other
important roles, functioning in vivo as an acute phase reactant, helping modulate
inflammatory cellular reactions and also increasing in plasma concentration after
injury. When acute hemorrhage occurs, the resulting blood loss and consumption
of procoagulants combine to reduce the circulating concentration of multiple
clotting factors. Derangement in common measures of coagulation (prothrombin
time and activated partial thromboplastin time) can develop in cases of acute

trauma, before administration of fluid therapy. ®
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2.3.2. Fibrinogen and hemostasis :

Fibrinogen plays several key roles in the maintenance of hemostasis. Its cleavage
by thrombin and subsequent polymerization to form fibrin strands provides the
structural network required for effective clot formation. During cases of acute
blood loss, attempts to maintain circulating volume and tissue perfusion often
involve the infusion of crystalloids, colloids, and red blood cells. Intravascular
volume resuscitation, although vital, frequently results in dilution of the remaining
clotting factors and onset of dilutional coagulopathy. In such cases, fibrinogen is
the first coagulation factor to decrease to critically low levels. There currently is a
lack of awareness among physicians regarding the significance of fibrinogen
during acute bleeding and, at many centers, fibrinogen is not monitored routinely
during treatment. We reviewed current studies that demonstrate the importance of
considering fibrinogen replacement during the treatment of acquired bleeding
across clinical settings. If depleted, the supplementation of fibrinogen is key for the
rescue and maintenance of haemostatic function; however, the threshold at which
such intervention should be triggered is currently poorly defined. Although
traditionally performed via administration of fresh frozen plasma or
cryoprecipitate, the use of lyophilized fibrinogen (concentrate) is becoming more
prevalent in some countries. Recent reports relating to the efficacy of fibrinogen
concentrate suggest that it is a viable alternative to traditional haemostatic
approaches, which should be considered. The prospective study of fibrinogen
supplementation in acquired bleeding is needed to accurately assess the range of
clinical settings in which this management strategy is appropriate, the most
effective method of supplementation and a comprehensive safety profile of

fibrinogen concentrate used for such an approach. ®®
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2.3.3. Acute blood loss and massive transfusion coagulopathy :

In cases of acute blood loss, restoring circulatory volume is a primary objective
often addressed with volume expanders such as crystalloids, colloids, or a
combination of both. The ideal volume expander has been the subject of significant
debate; however, the administration of any volume expander will result in the
reduction of platelets and plasma clotting factor concentrations. In such cases, the
commonly observed change is dilutional thrombocytopenia, but continuing blood
loss can lead to a more complex coagulopathy. Neither concentrates of RBCs or
platelets contain enough plasma to supplement the depleted factors sufficiently to
maintain haemostatic balance , continued consumption of clotting factors coupled
with their dilution with volume expanders can lead to the development of
dilutional coagulopathy. The critical role of fibrinogen deficiency and fibrinolysis
in cases of major bleeding is increasingly described. The preoperative
measurement of plasma fibrinogen concentration was found to be predictive of
postoperative bleeding volume and transfusion requirements in a prospective
observation of coronary bypass grafting surgical patients (n 170). In another
example, a multivariate analysis of postpartum hoemorrhage (n 128) reported that
fibrinogen concentration was the only haemostatic marker consistently associated
with the occurrence of severe postpartum hemorrhage. It was concluded that the
early measurement of fibrinogen was able to detect reductions in plasma fibrinogen
concentration, allowing the risk of severe bleeding to be predicted. As such,
monitoring of this kind is recommended during the management of obstetric-
related bleeding events. A greater understanding of the predictive value of plasma
fibrinogen concentrations has led to the potential for laboratory-guided,
prophylactic supplementation of coagulation factors in cases of -elective
procedures. Thus, in events when hemorrhage is likely, the onset of coagulopathy
can be delayed and the extent of bleeding reduced. A recent prospective
randomized controlled pilot study (n 20) investigating prophylactic fibrinogen

supplementation before coronary artery bypass grafting showed that postoperative
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bleeding was reduced by (32%) in patients receiving (2 g) fibrinogen concentrate
preoperatively in comparison with the control group (565 150 vs 830 268 mL; P
0.010), without any evidence of hypercoagulability. Recognizing the emerging
evidence, which highlights the importance of maintaining adequate plasma
fibrinogen concentrations, European guidelines now include the administration of
fibrinogen concentrate among their recommendations for the treatment of trauma-
related, life threatening hemorrhage; however, it should be noted that this
recommendation is based upon the lowest level of evidence available to the
guideline authors.®”

2.3.4. Fibrinogen deficiency :

Factor I (or fibrinogen) deficiency is a very rare inherited disorder with
complications that vary with the severity of the disorder. It is not well known, even
among health professionals. People affected by this disorder and those close to
them have very little written information about it. This booklet therefore seeks to
provide information for people trying to cope with this health problem. It explains
the causes of the disorder and currently available treatments.There are three types
of deficiency; @

2.3.4.1. Afibrinogenemia (absence of fibrinogen) :

In this type of factor | deficiency, there is a complete absence of fibrinogen. The
fibrinogen level is < (0.2 g/l) of plasma. About( 5 ) people out of(10) million are
affected by it. of the three types, this one causes the most serious bleeding. %
2.3.4.2. Hypofibrogenemia:(lower than normal level):

In this anomaly, fibrinogen is present, but at a lower level than normal, between (
0.2 g/l and 0.8 g/l). This anomaly is less frequent than Afibrinogenemia. Bleeding

problems may be mild, moderate or severe.
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2.3.4.3. Dysfibrinogenemia: (malfunctioning) :

In dysfibrinogenemia, the fibrinogen level is normal, which means between (2 and
4 g/l), but the fibrinogen does not function properly. About (1) person in (1)
million is affected by this condition. More than (100) different types of
dysfibrinogenemia have been reported. Those affected rarely suffer from
hemorrhaging problems. They may even present the opposite condition:
thrombosis (blood coagulates in the blood stream).

2.4. D-Dimer:

The D-dimer assay is specific for fibrin derivatives. In this assay, the presence of
cross-linked D-dimer domain is diagnostic for lysis of a fibrin clot, and confirm
that thrombin was formed and Factor XIII was activated with reactive fibrinolysis.
Since fibrinogen derivatives do not contain the cross-linked D-dimer domain, they
are not recognized by the D-dimer assay, even when present in high concentration.
In other words, fibrin derivatives in plasma containing D-Dimer XDP are specific
markers for fibrinolysis, as opposed to fibrinogenolysis. D-Dimers are detected by
immunoassays using monoclonal antibodies specific for the cross-linked D-dimer
domain in fibrinogen. Commercially available assays include latex agglutination,
immunoturbidimetry, and ELISA. No specific patient preparation is required for the
measurement of D-Dimers. ?°

XDPs are cross-linked fibrin degradation products which arise directly from fibrin.
Thus, the measurement of XDPs, unlike total FDPs, is a specific measure of
fibrinolysis. Elevated D- dimers are seen in DIC, pulmonary embolism, arterial and
venous thrombosis, septicemia, cirrhosis, carcinoma, sickle cell crisis, and
following operative procedures. Both FDPs and XDPs are present during late

pregnancy and for approximately (48) hours post-surgery.
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During fibrinolytic therapy the FDP test is positive, while the D-dimer test is
negative in the absence of thrombolysis. Disseminated intravascular coagulation
(DIC, consumption coagulopathy) is one of the most common and clinically
important acquired disorders of hemostasis. In DIC, intravascular activation of the
coagulation system results in the widespread deposition of fibrin microthrombi in
the microcirculation, the consumption of platelets and clotting factors, and
activation of the fibrinolytic system. At the same time that thrombin converts
fibrinogen to fibrin, it also activated Factor XIIl to form a plasma
transglutaminase, Factor Xllla, which stabilizes fibrin by cross-linking the gamma
chains of fibrinogen in the region of the D-domain. Plasmin digests fibrin and
fibrinogen to produce fibrin(ogen) degradation (FDP) (or split, FSP) products
(X,Y,D, and E), which are removed from the circulation by the reticuloendothelial
system. @

DIC is not a specific disease, but a sequalae of many pathologic conditions,
including acute intravascular hemolysis, hemolytic transfusion reactions, shock,
hyperthermia, extensive tissue damage, malignancies, obstetric complications,
hyperthermia, snake bites, etc. Prompt diagnosis and therapy of DIC is essential,
since the associated hemorrhage, small vessel thrombosis, and occasional large
vessel thrombosis can lead to the impairment of blood flow, ischemia, end-organ
damage, and death. The clinical signs and symptoms in DIC are variable and non-
specific, and include fever, hypotension, acidosis, proteinuria, hypoxia, petechiae
and purpura, subcutaneous hematomas, bleeding (surgical wound, traumatic
wound, venipuncture), and arterial line oozing. ®

The analysis of plasma D-dimers has been reported to be of diagnostic value in
patients with suspected complications of pregnancy such as pre-eclampsia and the
HELLP syndrome, to monitor anticoagulant and thrombolytic therapy, and to
correlate with disease severity in rheumatoid arthritis. CSF D-dimers have been
reported positive in patients with subarachnoid hemorrhage, but not in normal

patients or those with traumatic lumbar puncture. ®”
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2.5. contraceptive hormones:

Oral contraception with conventional estrogen / progestogen preparations produces
raised levels of clotting factors and increased platelet aggregation. Although these
changes do not involve as broad a spectrum of clotting factors as thrombosis and
the third trimester of pregnancy, they do not appear a desirable side effect and may
be responsible for the increased risk of thrombosis. Oral contraception with
progestogen alone does not appear to cause similar clotting and platelet changes.
(1)

2.6. Previous studies :

An increase in the concentration of plasma fibrinogen and factors VII, VIII, and X
in association with pregnancy has been reported (Pechet and Alexander, 1961;
Kasper et al. 1964; Talbert and Langdell, 1964), and the findings in this

study have shown that a considerable deviation from the normal occurs in the
components of the fibrinolytic enzyme system. The results reported here of clearly
increased levels of plasminogen during pregnancy are in agreement with the
findings of Mitchell and Cope (1965) and Nilsson and Kullander (1967). ¢?
Pregnancy was associated with some physiological ,biochemical and anatomical
changes , This study was carried out to determine plasma fibrinogen level in
pregnant women .samples were collected from women in their first ,second ,third
trimester as well as from non pregnant women as control group totaling sixty
samples all range between (15-45) years. All were collected from Giad hospital
during period (January to — March 2010). .fifteen plasma sample were collected
from pregnant women in the first trimester .fifteen plasma sample were collected
from pregnant women in second trimester .Fifteen plasma sample were collected
from pregnant women in third trimester This result showed that there was a
significant increase in the levels of plasma fibrinogen in pregnant women when
compared with non pregnant women (first trimester mean=3.1600g/l, second

trimester) mean = (4.2000 g/l) (, third trimester mean =5.4867 g/l) comer with that

47



of control (mean value =2.493g/l ) there was correlation between number of
pregnancies before and the level of fibrinogen. @

Pregnancy-induced hypercoagulability is probably a physiologically adaptive
mechanism to prevent post partum hemorrhage. Pregnancy changes the plasma
levels of many clotting factors, such as fibrinogen, which can rise up to three times
its normal value. Thrombin levels increase. Protein S, an anticoagulant, decreases.
However, the other major anticoagulants, protein C and antithrombin 11, remain
constant. Fibrinolysis is impaired by an increase in plasminogen activator
inhibitor-1 (PAI-1 or PAI) and plasminogen activator inhibitor-2 (PAI-2), the latter
synthesized from the placenta. Venous stasis may occur at the end of the first
trimester, due to enhanced compliance of the vessel walls by a hormonal effect. ¢¥
Also, pregnancy can cause hypercoagulability by other factors, e.g. the prolonged
bed rest that often occurs post partum that occurs in case of delivery by forceps,
vacuum extractor or Caesarean section. A study of more than (200,000) women
came to the result that admission to inpatient care during pregnancy was associated
with an 18-fold increase in the risk of venous thromboembolism (VTE) during the
stay, and a (6) -fold increase in risk in the four weeks after discharge, compared
with pregnant women who did not require hospitalization. The study included
women admitted to hospital for one or more days for reasons other than delivery or
VTE. ®

Pregnancy after the age of (35) augments the risk of VTE, as does multigravidity of
more than four pregnancies. And in itself causes approximately a five-fold
increased risk of deep venous thrombosis. Several pregnancy complications, such
as pre-eclampsia, cause substantial hypercoagulability. ¢¥

Hypercoagulability states as a pre-existing condition in pregnancy include both
acquired ones, such as antiphospholipid antibodies, and congenital ones, including
factor V Leiden, prothrombin mutation, proteins C and S deficiencies, and

antithrombin 111 deficiency. ¥
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Before delivery the fibrinogen concentration is about (50%). above the non-
pregnant value. Bearing in mind the increase in circulating blood volume, there is
about double the amount of fibrinogen available to the pregnant woman at delivery
compared to the non-pregnant state. After delivery there is a secondary rise in

fibrinogen followed by a return to normal. >
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Material and Methodology

3.1. Study design:

This is a case central, Hospital based study, conducted in Shendi town, and aimed
to evaluate the effect of pregnancy coagulation test .

3.2. Study area:

Shendi locality, River Nile State, Sudan. Shendi is a town in northern of Sudan on
the east bank of the River Nile (150) km northeast of Khartoum (16°41'N 33°25'E).
The area is inhabited by the Ga’aleen Tribe.

3.3. Study duration:

The study conducted in the period from August 2015 to August 2017.

3.4. Study population:

Pregnant women a total (145) as case study and non pregnant women a total (50)
as control group.

3.4.1. Inclusion criteria:

Pregnant females in different ages and trimesters .

3.4.2. Exclusion criteria:

Any Pregnant females suffering from haematological diseases, liver diseases and
under treatment were excluded.

3.5. Sample size:

Sample was calculated from free online web site http://www.calculator.net by

using confidence level 95% and confidence interval 8%, One hundred ninety one.
Sample size =Z2x (p) x (p-1) / C 2

Z = Z value — confidence level 95% (1.96),

C = Confidence interval (.08 = £ 8).

P = standard division (0.5).

The calculated sample size based on this formula was (145).

3.6. Scientific & Ethical considerations:

The study proposal was reviewed and ethically approved by the scientific and the

pregnant women agree to participate in this study.
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3.7. Statstical analysis:

3.8. Data collection:

Data was collected by using questionnaire.
3.9. Materials:

BioMed-Liquiplastin for P.T determination: (ISI — 1.05). For quantitative
determination of Thromboplastin activity in plasma.
BioMed-Liquicellin-Efor ~ APTT  determination:.  For  quantitative
determination of Partial the Biomed- LIQUICELIN-E activity in plasma.
BioMed-Fibrinogen : Reagent for quantitative estimation of fibrinogen. For
quantitative determination of Fibrinogen in plasma.

Ichroma™ D-Dimer : Reader is a fluorescence immunoassay that quantifies
the total D-Dimer concentration in plasma. The test is used as an aid in the
post therapeutic evaluation of thromboembolic disease patients.

Disposable Syringe: Disposable syringe EL-WALIEF, 3mL 22Gx1/4.
Vacuum Citrate Tube: The tube is (Glass,3.2 % Sodium Citrate additive
,13x75mm,1.8ml/2.7ml)  Contains  trisodium citrate 3.2% 0.9mL
anticoagulant Add to 1.8mL for freshly blood.

Tourniquet

Water Bath

centrifuge

Stop Watch

Immunoassay-Analysis-System i-CHROMA™,
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Methods:

3.9.Specimen collection:

Two and half ml of whole blood with (1:9) ratio of tri sodium citrate were
collected from all participants, then centrifuged to take plasma to perform PT,
APTT, fibrinogen and D-Dimer using manual method, automated coagulometer
and Immunoassay-Analysis-System i-CHROMA™

.3.10.0 Principle for PT Test:

Tissue Thromboplastin in the presence of calcium activates the extrinsic pathway
of human blood coagulation mechanism. reagent is added to normal citrated
plasma, the clotting mechanism is initiated, forming a solid gel clot within a
specified period of time. The time required for clot formation would be prolonged
if there is acquired or congenital deficiency of factors/ factor activity in the
extrinsic pathway of the coagulation mechanism or reduction in the activity of
Vitamin K dependent clotting factors during oral anticoagulant therapy.

3.10.1 Procedure for PT Test

Patients samples were tested in parallel fresh plasma and suitable controls and
centrifuged immediately for (15 minutes) at RCF (1500-2000 g) and the plasma
was separated into a clean test tube, the reagent vial was token to room
temperature (20 — 37°C) then the contents was mixed, enough reagent was
aspirated for immediate testing requirements in a thoroughly clean and dry test
glass tube , then the reagent was re warmed to (37°C) . In (12 x 75 mm) tube,
(0.2ml) of plasma was added and placed in a water bath for ( 3-5 ) minutes at
(37°C), then (0.2 ml) of reagent was added (prewarmed at 37°C for at least 10
minutes) and simultaneously start stop watch, the tube was shake gently to mix
contents. Gently we tilted the tube back and forth and stop the stopwatch as soon
as the first fibrin strand is visible and the gel / clot formation begins record the
time in seconds. The same steps were repeated for four time on the same sample.

The find the average of the duplicate test values. This is the Prothrombin time.
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3.10.2 Calculation:
The results reported directly in terms of the mean of the double determination of

PT of the test plasma in seconds.

Mean of the patient plasma PT in seconds

Orasaratio'R: R =

MNPT for the reagent
Or as International Normalized Ratio, INR = (R)ISI , where ISI = International
Sensitivity Index of the reagent.
It is recommended by the WHO that MNPT should be established for each lot of
PT reagents by each laboratory, since PT result are dependent on the combination
of reagent lot, instrument and technique followed at each laboratory.
Usually plasma from at least (20) normal healthy individuals should be used to
establish the MNPT. The average of such PT results in seconds = MNPT.
Normal values using are between (10-15) seconds. For photo optical instruments, it
IS
INR between (2.0 - 3.5).
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3.11.0. Principle for APTT Test:
Cephaloplastin activates the coagulation factors of the intrinsic pathway of the
coagulation mechanism in the presence of calcium ions.
APTT is prolonged by a deficiency of one or more of these clotting factors of the
intrinsic pathway and in the presence of coagulation inhibitors like heparin.
3.11.1.Method for APTT Test:
Patients samples were tested in parallel fresh plasma and suitable controls and
centrifuged immediately for (5 minutes) at RCF (1500-2000 g) and the plasma
was separated into a clean test tube. the Calcium Chloride Reagent vial was token
to room temperature (20 — 37°C) for at least (10 minutes), added (100p) of test or
control plasma into a test cuvette. The plasma was Incubated at (37°C) for (1 to 2
minutes), taken (100ul) of the APTT reagent, mixed with the plasma with
Maintain the suspension of the APTT reagent by magnetic stirring or mixing by
inversion immediately prior to use and Incubated at (37°C) for( 3 minutes), then
(100ul) of preincubated Calcium Chloride solution Added and simultaneously
start the timer
and then record the clotting time in seconds.
3.11.2.Calculation:
(a) The results may be reported directly in terms of the mean of the double
determination of APTT of the test plasma.

APTT of patient plasma (in seconds)
(b) Orasaratio 'R R =

APTT of FNP (in seconds)
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Normal values using reagent are between (28-40) seconds at (3 minutes) activation
time.

3.12.0. Principle for Fibrinogen Levels Test:

The addition of thrombin coagulates fresh citrated plasma. The coagulation time is
proportional to the fibrinogen concentration. This allows the estimation of plasma
fibrinogen by functional clotting assay.

3.12.1. Method for Fibrinogen Levels Test :

Patients samples were tested in parallel fresh plasma and suitable controls and
centrifuged immediately for (5 minutes) at RCF (1500-2000 g) and the plasma
was separated into a clean test tube. the was Prepared (1:10) dilution of plasma
specimen with Owren’s buffer solution, in (10 x 75 mm) test tube was added (0.2
ml) of (1:10) dilution of plasma sample to be tested and Incubated at ( 37°C) for
one minute. To the test tube was added (0.1 ml) of fibrinogen thrombin reagent
(prewarmed at 37°C for one minutes) and start the stopwatch simultaneously, then
Stoped the stopwatch at the first appearance of the fibrin web, as the gel clot began
to form and then record the clotting time in seconds. The steps (1-5) was repeated
for a duplicate test. The normal expected value: (150 — 400 mg/dl)
3.13.0.Principle for D-Dimer Levels Test:

The test uses the sandwich immunodetection method, such that the detection
antibody in buffer binds to D-Dimer in the plasma sample and antigen-antibody
complexes are captured by antibodies that have been immobilized on the test strip
as sample mixture migrates through nitrocelluose matrix. The more D-Dimer
antigen in the plasma, the more antigen-antibody complexes are accumulated on
test strip. Signal intensity of fluorescence on detection antibody reflects amount of
antigen captured and is processed by ichroma™ Reader to show D-Dimer

concentration in sample
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3.13.1.Method for D-Dimer Levels Test:

Patients samples were tested in parallel fresh plasma and suitable controls and
centrifuged immediately for (5 minutes) at RCF (1500-2000 g) and the plasma
was separated into a clean test tube and was added (10 pL) of plasma sample by a
transfer pipette to a tube containing the detection buffer. After closed the lid of the
detection buffer tube, was mixed the sample thoroughly by shaking it about (10)
times The sample mixture must be used immediately, was taked (75 pL) of a
sample mixture and added in the test cartridge and leave the test cartridge at room
temperature for (12 minutes). For scanning, was insert it into the test cartridge
holder of the ichroma™ Reader. And ensured proper orientation of the test
cartridge before pushing it all the way inside the test cartridge holder. An arrow
has been marked on the test cartridge especially for this purpose, then was Pressed
‘Select’ button on the ichroma™ Reader to start the scanning process. Was started
scanning the sample-loaded test cartridge immediately. The test result was read on
the display screen of the ichroma™ Reader.

Reference value of D-Dimer is up to (500 ng/ml).
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4.0. Results:

Mean of PT among pregnant women was (14.3) sec and the mean of control group
was (12.9) sec. The P. value was (0.000) significant. The mean of PT in pregnant
women in first trimester was (12.5) sec, second trimester (13.8) sec and third
trimester (13.6) sec, with was statistically significant difference as the P. value
was (0.001).

Mean of APTT among pregnant women was (34.1) sec and the mean of control
group was (32.4) sec. The P. value was equal (0.03) significant . More than 50%
were in their 2d trimester. The mean of pregnant women in first trimester was
(32.4) sec, second trimester (34.1) sec and third trimester (33.4) sec, with was
statistically significant difference as the P. value was (0.000).

Mean of fibrinogen among pregnant women was (548.1) mg/dl and the mean of
control group was (296.6) mg/dl . The P. value was (0.000) significant. More than
50% were in their 3d trimester. The mean of pregnant women in first trimester was
(257.3) mg/dl, second trimester (478.0) mg/dl and third trimester (788.0) mg/dl,
with was statistically significant difference as the P. value was (0.000).

Mean of D-Dimer among pregnant women was (609.7) ng/ml and the mean of
control group was (285.5) ng/ml. The P. value was (0.000) significant. More than
50% were in their 3d trimester. The mean of D-Dimer level pregnant women in
first trimester was (208.3) ng/ml, second trimester (472.7) ng/ml and third
trimester (928.6) ng/ml, with was statistically significant difference as the P.
value was (0.000).
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Table (4 —1) : Distribution of the pregnant women according to age.

Age group Frequency Percentage
Less than 24 30 20.7%
25— 34 110 75.9%
35—-44 4 2.8%
More than 44 1 0.6%
Total 145 100%

Age (mean £ SD) =(24.4 £6.1)

Table (4 — 2): Distribution of the pregnant women according to trimester.

Trimester Frequency Percentage
First 20 13.8%
Second 90 62.1%
Third 35 24.1%
Total 145 100%
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Table (4 — 3): The mean of PT in pregnant women and control women:

Group Mean std. Deviation P. value
pregnant women 14.3 sec 1.9
control women 12.9 sec 0.9 .000

Table (4 —5): The mean of compare PT in first, second and third trimester :

Group Mean std. Deviation P. value
first trimester 12.5 sec 1.4
second trimester 13.8 sec 1.2 .001
third trimester 13.6 sec 1.5

Table (4 —6) : The mean of APTT in pregnant sample and control sample:

Group Mean std. Deviation P. value
pregnant sample 34.1 sec 4.8998
control sample 32.4 sec 2.9347 .030

Table (4 —7): The mean of compare APTT in first, second and third trimester :

Group Mean std. Deviation P. value
first trimester 32.4 sec 3.5
second trimester 34.1 sec 2.9 .000
third trimester 33.4 sec 2.9

Table (4 — 8): The mean of fibrinogen level in pregnant women sample and

control sample:

Group Mean std. Deviation P. value
pregnant sample 548.1 mg/dl 219.0
control sample 296.6 mg/dl 59.6 .000
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Table (4-9): The mean of compare fibrinogen level in first, second and third

trimester :
Group Mean std. Deviation P. value
first trimester 257.3 mg/dl 90.0
second trimester 478.0 mg/dl 108.9 .000
third trimester 788.0 mg/dI 155.6

Table (4 — 10): The mean of D-Dimer level in pregnant women sample and

control sample:

Group Mean std. Deviation P. value
pregnant sample 609.7 ng/ml 554.7
control sample 285.5 ng/ml 129.7 .000

Table (4 — 11): The mean of compare D-Dimer level in first, second and third

trimester :
Group Mean std. Deviation P. value
first trimester 208.3 ng/ml 116.0
second trimester 472.7 ng/ml 144.9 .000
third trimester 928.6 ng/ml 945.3

62



Chapter 5

Discussion
Conclusion

Recommendations

63



5.1. Discussion:

Normal pregnancy is associated with major changes in many aspects of
haemostasis all contributing to maintain placental function during pregnancy and
to prevent excessive bleeding in delivery. Most changes in blood coagulation and
fibrinolysis create a state of hypercoagulability. %

The current study reveal that the mean of PT during pregnancy was (14.3 +1.9)
sec compared to the non pregnant women (12.9 + 0.9) sec. The result showed
slightly increase of PT in the study group as the p. value was ( 0.000), but still
within the normal range (10 -15) seconds. PT values fluctuated during the periods
of pregnancy as slight increase during the first and the second trimester but
decresed in the last trimester , these observations are in line with (Momodu and
Ajay) “" | also our findings are supported by ( Hellgren M Y who proposed that
during pregnancy there were increase in endogenous thrombin generation.
However, variability in PT results from different researchers have been traced to
the differing sensitivities of the thromboplastin reagents used, concentration of
citrate anticoagulant, Study population and method of analysis. ¢”

Regarding APTT, the result was(34.1 + 4.9) sec in pregnant women compared to
the control women (32.4 £ 2.9) sec. there was statistically significant difference
as the p. value was (0.03), but the result still within the normal range (28 -40)
seconds, the same result have been expressed by various authors (Momodu and
Ajay) @. Also most authors reveal the same meaning of slightly increase in APTT
in pregnancy, but there were different reading within this scope of finding by the
researchers, this may be due to different sensitivities of APTT reagents, poor end-
point detection by analyst and poor storage of plasma or delay in running the
samples as the heat-labile factors may be affected. However, different APTT results
have been associated with sensitivities of APTT reagents used, study population

and methods of analysis. ¢
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the present study illustrated that there was a positive correlation between the PT
and APTT in trimester , as PT and PTT were slightly increase in the second and
third trimester compared to the first trimester , these findings were consistent with
some published work &2

The fibrinogen levels was evaluated in pregnant women (548.1 = 219.0) mg/dI
compared to non pregnant women (296.6£59.6) mg/dl. p. value was ( 0.000),
our result were supported by (Journal of Dental and Medical Sciences) who
concluded (even in normal pregnancies, there is an elevated level of fibrinogen
concentration but in severe pre eclamptic women showed interestingly more
elevation in their levels. ®® | also the same observational was reported by (Ibrahim,
Leila Abdallah Ibrahim) as they concluded that (there was a significant increase in
the levels of plasma fibrinogen in pregnant women when compared with non
pregnant women. This highly elevated fibrinogen concentration was markedly seen
in the third trimester, **

In this study, pregnant women have higher D-dimer concentrations (609.0 +
554.7) ng/ml than age matched non pregnant women (285.5 + 129.7) ng/ml,

this result was in agreement with (Kline JA', Williams GW, Hernandez-Nino J )
they found that pregnancy increased the D-dimer concentration in a stepwise

fashion from preconception to the third trimester. 2
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5.2. Conclusion:
e PT was slightly increased in pregnant women compare to non women but
still within normal range.
e APPT was slightly increased in pregnant women compare to non women
but still within normal range.
e D-Dimer and fibrinogen levels were significantly increased in pregnant
women compare to non pregnant women , with highly significant increased

level inthe third trimester.
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5.3. Recommendations
On the base of the obtained result we recommended that ;-
e Conducting furthers studies regarding the effect of pregnancy on
coagulation factors and Fibrinolytic systems
e Regular follow up of pregnant women for coagulation factors and
Fibrinolytic systems

e Community awareness of the importance of the study.
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Appendices:

Appendix 1: Questionnaire

Republic of Sudan
Ministry of Higher Education and Scientific Research
Shendi University

Faculty of Graduate Studies and Scientific Research

In Vitro Screening prothrombin time , partial thromboplastin time, Fibrinogen

level and D-Dimer level among Pregnant Woman.

NN =TT
05 12
Vg .
Sample number:
e Age:
a- <15-24(...... ) c-25-34(..... ). d-35-44(......... ). e-45and
more (...... ).

e Occupations:
a- House wife (...... ) b- Other (...... )
e Pregnancy trimester:
First trimester (...... ) Second trimester (...... )Third trimester (....... ).

e did you use contraceptives ?
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e Other disease:
a-Diabetes (.......
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Appendix 2:

The clot form :
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Appendix 3:

BioMed-Liquiplastin for P Tdetermination

Profronkin T (- 15/ L) B
REF: TOIM) (68nd) (T-15)
M Eﬁ-Sm]] %-L.ﬂi}

INTENDED FOR USE:

For s Gt of b iy e

13304 | ETOmbogeastn I the rcs o

s axtmna; patay of e blood ¢
mmﬁmhu&LIQLM{MMMLMMMmeﬂﬁhMMdm
oo 5 e, g el g o o et oo o . T e el el

sy would b predonged if tare is g or conguni] daBiciancy of Bton/ Scter actviy i the
Antric vy o the coageation e o vt e vty of Vi K e clfing
rmlhmn;mmcuf..mm_z

SPECIMEN COLLECTION:

'Ihmm:'b]w:liuidnpmd..mm plmh:i.gimia]m.wﬂhdumtimdmb]ﬁhclv
Formaticn of i clot v the saguanta iractim of v of plaen profens n 2 bghly rdad
conmp: st an o the irachon of s complonss with blood plts and merinh el Fom
e o

Tivsun Threesboplactn, in the presanca of calem, & am acthatn, which Eifdes the axirina patvay of
eoagubaten facors VIL X, V, Protimmbin 1od Fibeinoan

Choiag ora oot tharagy st of the Vi B dopndent Bctors such s 1T VIL I, X. oo
daprusaed, 2 i e h ki o ehoeng fetor actniy which ey b ity or acuired
Protirmbin Tiow demmeination is & profued mwhod fr prsrgcal seeaning, & 2 fver fmcton fo
determinesom of compunitd difcancy of Bctors 0, V, VI and X and fr eemifocing of patiants o ol
mntcoagebmt haragy

REAGENT COMPOSITIONS -

LIGUIFLASTLN i 2 novwl, gty samsitve, oo opaciry, mady to wse Bipud Caleified liuiplastin Reagnt,
which s damed from bbb

Enchbutchof eageat undrgos gurous gy oueed o varos stags o momucho i s sy
e,

PACKAGE: Collection and storage.

et gt L4°C DO NOT FREEEE

- Th shal i of tha

T 2 o e iy e st o e gt via bl The mnoomtmind
gt sableat ]

pi s g e

Avoid pipeting with mah

The preparaton, accordin o cumentresulanon, is classied as ot dangsrons

The tofal conceniarion of nom acEve CoRDOREnts (preservaimes, ditergents, sabiiers) s below
the ik pecuired for cimion.

Amyway hancle with care, aveid messtion, aveid conact with eyes, skin and mocins membranes
The sannples oot e hancle s potentally imfected From FIV o Higaits
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REACENT PREPARATION & STABILITY -

« s Ewbly collornd blood tkien o 011 ol L oo it im the et 9 parts blod 0 1 put
wicoaplat

« Cantrifuge ol for 3 it af LCE 150- 2000 g ] oqorate o i 2 cln ft s

~ Plaaoen shiould b st i s (e mfurated).

REQUIRED MATERIALS NOT PROVIDED:

Gt ety E e e
PROCEDURE:

Manual method

« Pt amupla shondd b st i paralel wathpooled e ool plaeoen (FNF and siable oo,

1. B e rongent via o oot (20-30PC). M e comtants of tha vl o bomoganiie e
FUSpRzsian gty

. Aspims Fom th reagant i amough gt o ommedias stng reuirments a thoroughly cean
and st b, (Plasic st s s )

3. Prawarm s rengaat and bt 37°C o o i st procedhr (-1 it ey b riuired
tepending oo the ragant vobemsfr afm 37 bufirs iting)

4, Racap e reagant vial mmd replace oty J9°C

3. Toa 1275 mm e ad 0. e ofplema (FPP) and placs e tubs i a vttt for d 1 5 it
Hia ¥

8. Totha o forebly 0.2 md of BiobMed- LIQUIPLASTIN reagant oo a 37°C vt ot 10
IOt e s ey st s, S the e ganty o i o,

1. Conly oo the b hack and forth and s tho sz 5 5ocn s the et B srand s vl and th
il cht fomeation hagins mcard the e i secands

§. Rapaat staps from 4 6o for a plcate fut om s e o,

9. Find the avaraga oftha dplicat tet v, This £ tha Proirorehin o ()

CALCULATION:

Mamual Method
The s may b pered vty it of i s of i ol oo of P of e st plasen

in sacond;

Mot of e pretpomn P imeont

Oruang B B=
AINFT for the resgent

(s ] i o (O, DR = (RO vt 5 = et Sty ek f
rg
i rcmmande by e WA o AP sl b sl nch bt of P s by

by, nce P et ar pundan en e oo of sagunt o, et nd kg llowed
s sch by,



Uy piaeoms rom afloast 10 moren ety e should b used togatobitsh the MNPT. The munie
of vuch P st n socomds = RSP,

EXPECTED VALTE:

Nl vl sing BiohMedLIQUIFLASTIN o borwwan: JLL3 soconds. Borwesnn meme] amd Torho
duns et iniremuant v  variaicn of 11 seconds mory b axpacted. For photo optical mstmments, 55

recommuandsd that sach |aboratory st stablish it mﬂl’!\H:m.h.dct’hulhd-I.IQHPLEl’l\
Oral Anticoa ot Tharmpantc o INR = 10. 35

W"LSI'E DISH]EAL

FUAR00 CODCATUDE WEER Qp0s

L. Bigg & and RG. McForbow: Fomon Blood Coupilatin and s Dlsordars, Blackowell Sciemific

Prblcation:, Coed, 1962

1 Hmd ] DahnI Derkin 0. Polle L. Gm]-’.nn:u._m Machaniszn of Action, Cimical Ffctivenass
et fangy 1} B15465,

1. Bt s recomemnded that comols (PLASMATR 0L B.I) with kmowa Bcace actviy should be ren

sizm sy with aach tot s o vttt

1. oot mixturs of blood and tr-sodiom 2, ngecfBcent prevarming of plaszm and reagant,
contamined vt gunts, et ic. ara potanta sourcs of e,

3. Ut plavems oy e ol omged cotdng mes,

4. Sioca tha Pt Enctioms conmetty nly ot 37 3°C, temparats of ll squipment ot be calibrated
" -

3. Cfing i of patiats om amcogalant and alen the S g howean the spaciman collcted and th Lt
e

§. Torhid, iceric, pateicor rosafybumofyed samples ey gamarate oo FT el

T, Clasvwages and cvett wsed i the st st b scoagrdously chen 2 o e e taces of s
kol o dufergants.

§ Phasoes saroples el of 4-8°C mry g 'l actrvation i fo ok shorfuning of tha FT.

8. Tha P may s shoriend doring acuty Sefommmatory comdioioms, which are accompaniod by incrania
Fibrinegen luls and oo by agunts such 2 anthistarengs, brabachitel, Phanohorbital caffing, onl
contraceptivws and vitamin K The P mury b proionged by cortcosturoids, FDTA. wspemgimss, clofibratu,
arytironspoa, atiene!, acycho, s amd antioapebants such a6 heparia and warfrn

10, 2 s dzeportant that wach omatery empee th il iz arm o IV for patants om o] amtooaglant
tharapy for ho clinicin to adjustthe doiagm hased o INR.

L1 i the et s patlet poce oo, each boratory st ol i oy o oo ruired
dhring conrréoion o vild the PP Comtaminafom of plaooen wich ancass plaalats could fleeky clovaind

livels ofsome of the Bt
1. Hemogenisation of LIQUTPLASTIN raagnt vespamsion bafore e 5 Inpara fo ackions accarats md
Dot s,
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LIMITATIONS -

1. T g reagant fo boratory amd poof ol ey Nt Sor mudicil i

. Binl gL RCRUTPLASTIN rongant s nof fom bomam s hamos conteeination da o Hbede and HIV
i practcallyaxcuded

3.1 vary oot chat serpdvaaly clian and ey oot e o et i the wagaat
4, Avoid axpoa of the Biohed-LIUTFLASTIN rengent to alevated tamparaties, comamination and undv
iteaa it high amd o mpratr povize el ooty roplace regant cap afr e amd s
ot ey

. Do prolonged storage af 1-APC the Biod i LIQUIPLASTIN vocpumsiom b 2 tnckincy b st down
Hiopsogunins tho reagant by mevespanding before wsa

[TH) Cosit o e
Cauton, Consult accompanyms Docmments
In Vitro Diagmostic Medieal Device

Tenperare Limtafion
Mamfcturer

Auharized Representatve in e Emropean Commmmiy

Catalogue Number
Batch Code

HEF

Lot
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(€

EGY- CHEM

Radr City, Industral Area e 110 MDSS GmbH
240 Fadan In East of Elruba, EGYFT Sehiffgraben 41
Offce el +202 2236721/ 4200 260888 | 30075 Hannover,
Fckory Tk +202 BH0BLTD 200 ERETL | gy

P +202 26240988

\ www.gy-chem.com y




MED

OITAGHGSTICE

BioMed Liquicellin-E for APTT determinaion

Actrvated Partial Thromboplastin Time
TN (R

1113

Capholoplyst artvats e coagelation factors of the imirinsic pafvway of the cougebiion muckanicm n the
s of ol i,

APTT s proknged by a dficincy of oo or mome of thess cloting ciom of the infrinaic iy amd n the
prvance of congulaion imlohitors e haparn

i pam ey plault g ; o o satle Bt clok.
Formation i e soruantial itaracsom of e of plasesn profains i & highfy ordored and
conmplas e 2nd st the mfction of thess complates wih bnod plaelet and mterinl wlaased Fom
th s
Artrated Portil Biomed: LIQUICFLIN.E Ties s prolonged by a deficiancy of congalation fetors of the
i patey of the ko coaglaion mechoniopssuch s factor X1, XL VAL &, V, o Fitrincgen
Ditarmmaticn of APTT haips im smating afmormaliey o most of ha loteng Ectors of the inirinsic: ity
inchuding congeartal deficioney of Bcter VI, 1Y, XTand X1 and i aio m i provadi for zamting
apari ospons curvss for menciorng bty
REAGENT COMPOSITIONS -
i JCELINE is bopuid ready 1o e actvated coplaloplastn respent fr e dotomenation of
Actatd Pl el Tig i oo prarationdoved o bt b il
a0 a5 am actar,
Bach atch of ragunt g rigorous quaey com! o varios st of mamifactrs e s ity and
parimcs
PACKAGE: Collection and storage.
« Sorw the gt at 24" C. DO WOT FREEZE

~ Th el i o the rengant s 2 i e iy oo eeviomed e th regant v nbal. Th roagant s sinkle
2t 140 wp o o expination o

PRECAUTIONS & WARNING -

Ao pipeting with mouth

Th preparetin, accordimg i caren reguation, s e yaifod s mck dmgerons,

Thi ot concentmiom of nen v conmpamants (prvearvavss, dufargants, siabilizmrs) s el e i
requed fr ciation

Anynay handls with cam, avoid mpuetion, 2void contact wih eyes, skin amd e nemobrans. Th samples
st b bl o5 oty infced from FTV o Haparis.

REAGENT PREPARATION & STABILITY -
- U fochly collact blood tokam ity (111 mok . misodiomm ciiats i the i 9 s lood o 1 part
amfezagilmt

- Cantrifygn imediately fr 3 mumses at RCF 13002001 gand saparate phses o 2 cloan fust b
- Pl should e h-;'.ndwihiﬂhu'::ﬁw;mi'.gmﬂg

e
W

é‘
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(1) 12575 e i ot b
{0lal
(¢} Siop waich
(d) Wt bt or haatng bock 2 37°C.
() Frwch Nozal Pookd Plsma
(f CaCT2 (0.02

Manual method
1. Prsemicnha the Calcrom Chloride Ragunt 0 37°C forat Lt 1 it Ppee 1 0] of st e conid
s I 2 ot e
1. Ioatoe the plaoea 2 37'C fr | 1o s
3. Pipatte 00y ofthe APTT magarr, i reagent cvats confain the plavam, ainbin the vospeansion of
the APTT ragunt by magmic st o miing by v immediatly pier o
4. Toouboeat 37°C for § s
5. Ad 000! peincuhated Calctom Chloida sofeson and sty st ha o
§. Racerd tha coting fma n weomehs
Calibrasion Carve hechod (Far deiermizaion of heparin concenmratoe):
1. Do hoparin 35 wsd o o) wih pysdclogicl saline to  connunaion o 10 Uil
2 Mo 0.2 o o 10 Ul detod oo i 1§l o FXP o v e st of [ Ul ecmcenmation
3. Do the heparm st s propred abiws (10w PN s o
| Tecttube o | [ + |5 /f
Beprntudrd Uil |05 |04 |03 |02
AP ool — [l 03
Heparinconcmiration (Urnl) {10 |08 [0 |04
4. Ppastu 0. ml aach ofthe s beparn dibutions o cham tast b
5. Add 0] ml TEGUTCELIN ragaat o wach st .
§. Ml and it cach ot tube af 37" for oty 3 s o g
7. oty add 0. e clciom chlorie (o at 37°C) o nach et s, o oo sy
st the st
§. Comly i tha ubs bk and forch and s thstopevatch s the fist b s 5 bl o tho ot
foromation b, Rocerd e t n wecmdh
9 Repaat staps 4+ farsach diuton for hglicats tat, amd ind he vrags of e it st v
10Potthe men of ths docbls detmennion in weconds, against eech heperin concanmton wimg Biedled:
LIQUICELIVE gl
1lotng toses (APTT) of s spocimans cam b motaed aaine? the haparm concanirason 1 daterming
th hepar consamration of the sampls i Ul

—a

]

03
01 04
0




CALCULATION:

Mamual Method

(2] Th resalts mey b seporied directly in feems of s mean of the double detrzanation of APTT of the st
plz

APTT of patiant plam (i sezeonds)

M) ruamto®: R=
APTT of P2 im somi)

(Caltbration Curve Method

Hepar concemiration 10 the it sanple cam b divectty obtaimed from the Hiomed- LIGUICELIN-E
calibrasiom v by iurpolating the ust plasam clotting i aginst the hoparin concenmtion in Uml.
EXPECTED VALUE:

Nomeal vahgs wiing LIQUICELIN.E ragant arw batwuan 2640 secmd af 3 mimites activation i,
Batwoan memua] mnd Terbo densitometric istrimant sl a varation of 1+ seoonid may be axpeced. Fir
photo ofical instrumenfs, it 1 ecommend that sach bboratory mmst establsh if omm noreal e

WASTE DISPOSAL:
The dispasal of the prodhct umst be m accardance with local regulation concerning waste dispesal

BEFERENCES:

| Bigg & md RG McFibms Fos Bood Coibin md i Dhorda, Blackwal Scet
Bilcaiom, O 1962

1 Hoffm, 1T L o Nereni P e, Hoaznen. (St 30,840 (1975)

3, CAC, Handbock Sars i Clsical Loy, S, Sacion - ey, Vo I 1980 CRC
B, o o R, Floide

1.1t s rocommended that comrols with kmown fictor activity should b rm simltemeereshy with each tast sars

oLy,

3. ot mivtws oflood and trsodfomciat, s promrming of place and reag,
contamineed e gy, ghvsiware ot e potantial svecs of s,

4. Ecomrect difution of hegerin  also 2 poteatial srarca of aor

5. Chralatod placoms may inchd prolenged clotting Smas

f. Clotting frew of pafiants on anicoagelant tharayy dapends upon the oo Lag berwean the specimen collacted
oo h st e

7. Abmormlitiz; of coagnlation factnr VL factor XTI and pltelat ar not datortod fry this st procadims.

§. For aufomated equipment 1 strongly recommuanded that the equpment mem e methodslogy e
ity adharsd i

8. In boparin momsoring timg of colection of biood sanspla s imsportant sincs the dn-itrn Ralfi of heparin &
appromimataly | hours, Wha it s administared inravenoushy it hos an immediate anf coagalant ffort but
ts afficacy dhcrurses ity with .

10, Paselat fuctor IV, a eparin-sowralining Sctor cam be rabiased due to platekt agragation or damags, o

ordarto prve this phanomenon in-imo the speciman shoeld ba colloctod with 3 mininmm of traumes

L1 Dicruas i APTT tinsa 32 obwarved i eeales wndor ostrogees thoray amd eral contraceptive adoiiraion 0

Gl
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LIMITATIONS :

1. T vitre diagmoetic reagent fr Laberatery and profvsinenl us cnly. Not for mudicina] wa,

3. LIQUICFLINE mamat 5 not from oo souree benc cotomimtion s 0 HBedg and HIV &
practically umchudked

3. Bangant contains (1% Thmmoresal as presamvave.

4. Tt s vary ineportant that clean and dry meferepdperts tps b wed to dispunss e reaguet

5. Avnid exposm of s raageat to sirvated tanmaratirss, contaminacion bmmuediztaly rephice cap affar e amd
st af recommnanded tammaratures oy,

rm Consult Instructions for Use
/k Caution, Consult accompamyme Documents
o || In Viiro Dragnoshie Medical Device
) " | Tenperature Lintation
‘ Mamufacturer
i o || Authorized Representative in the Eurapean Community
ReF || Catalogue Number
Lot || Batch Code
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MED

OTACHRSTICS

Bio)led-Fibrinogen
Reagent for Quantitative Extimation Of Fibrinogen

REF FEMRIN (i)
INTENDED FOR USE:
For quantitatvs detarmmation of Fibriogen inplaem

i

The adtim of chombin congulates fuch citated plumn The coagiation tive 3 proporioml to e
e comsaataticn. This allws o gscmtin ol o by ool coing e,

SPECIMEN COLLECTION:

At pazt e o ko 0 0 2 Lt v o 2 et bood, 1 wgued i wormd
o, Duficincy in amy of thess, Facters LILVVILVIILIN YT ond XTI s i notable
hnmmcmdltcu.m:lﬂlmmr of the blsading is proportioml 1o the dages of daficiancy. I erdir o
tren tha hemorrhgic condhtion, it i impertnt 1 idantify and quamtfy the defciunt Bcter

Fihrmogan (Facter) s 2 high moloralar waight gheoprotain syathisined in s vy, which phvys am portant
role & Joamoetnis. For oomml namestacis 19 ocar b msponsa 10 ey or time dmage, A miBciant

comceatatio of Friogen ot b prvant i pan. Fbenogen s comred it Shria by the achom of
thoomhin and s a iy compemant o el formerion

FIBEINOGEN kit contains loplifined thrombin and Shrinogan caliteater o dotman the quaatiafg
reatfvity of Shrinogen calbrator 10 determingthe quaniative mactity of Bbrinogen. Since the reaguat systam

conns bt b, e ol gt 4 1)l o st e ittt ol
Wen wsed 2 2 font fing tat with P, APTT, plaelot cowt and thrombin S, Shrinogan saay helps
mnwitgpang acute haamnzsaac b,

REAGENT COMPOSITIONS

FIBRINOGERN kit contain

L. Thromnhin reagua, which i afyopklized proparation Som hiovin soence 50 NIH umts par vl

1. Frinogan calibrator, which i3 2 hyophilfzed prapantion of human plyc equivalant to siated aminm of
Bhrmogam o0 2 oog s {efar FIBRINOGEN saph paper vappled vidh sach et for the vahoa of snch o)

3. raraa's e, rady o s fpHH 735,

ALK AL 00 &
1. St the ropemed reegant vinks at 2.9°C. D) NOT FREEZE,

2. Tha ahalf 15 of tha rageat s 25 par the apiry s mactiomed o s gt vl ol

3. Onga recemsfitused e FIBRINOGEN throeehin reagant s vt for 6 doys whin stomed at 2-6°C and fr 4

hours at ot (N-B5°C), providd .t compinad Futians o b bt

a u:pmmm'mmmmmm.udhmimMMImwmmmhm
via et b seplcad 10 14 ooy vpion i he gt ot ' k.

4 The rocomstinted FIBRINOGEN calibrator i3 stable for 6 bours af 28°C and for 1 hours 2f roem
tapazati (2L5°C).

PRECATTIONS & WARNING :

At p];l!'tll:ll_‘ L
The preparatin, according to curent regulation, i chassfied as not danzerons
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Th total concenmaton of ban acive conpanenss (preservaives, deterzents, stiers) s Delow
the mémimam: requaredfor cifaioe

Ay bancle with care, avoid meestio, avoed coetact with eyes, i and muxous meniirare:
The sanmples must be handle 2 potentaly infected fom HIV o Hepatits

REAGENT FREPARATION & STARBILITY -

Na spicial praparation of the patiat i reqered prior o saepla collotion by approvad sechoigess, Withdraw
blood ittt undhue v seasis and wishout frohing inte a plstic ryrings ed with # chortneadls of 1910
20 TG Tha vonepumcrie mmst b2 “clion” o and, it 5 amy ity i sy ad el
and iy ot v, Troosfor th o i o, ater ki e needli Erm the g

Mix nimo parts of Sachly colectd blood with enw past of sodim cimmis (0109mall, 3.2%). Canmifige
mﬁﬂnﬁ?ﬁﬁﬁmm 2t $¥irpmn {approzimaiety 2000 g) and tronsdar the plasenn no 2 clom st

fubs. Pharen et g ot wthin  hoves of callaction.

REQ[FIHE]] MATERTALS M]T PRI]‘J‘]])ED’

Brinz ol the reagent: aud sample ta room temperaiure befre testing,

A) Procedure for Ghrinoges Calibration Carve Prepiration

* Tto FIBBINOGEY thoombin rexgunt vial st b raconstfuted axacthy with omw e of disilled water, vt
for 5 mimtes, do mot shok bt ety s the vl 1 th ket aftains hemopenty. Frthar ks e via
25 for 10 et oot i Cnca rcomstivesed it 5 seady s for e Gboinogan tust

o Ths FIBRINOGEN coltrator vl mmst b rcomstivesed ety with oms ml of sl watr, vt fr 3

s, do ot ke, gty v e via ol e u{m:cua'hn.mp:nn' Frorar uep the via mide for
10 ot o o . This i oo ol sock sohticn

 Dilute Shrinogen calibraor stk sobesom with Charan's b s fellowes:

Tat iz I I i

(wren s e ML 03ul 0ml
Firingeen cabratr o 0lm Qlm
Diution Calirate) ML 1§ 110

1. Pipats 0. ml of wach Shrinogen cafhrator diftion inky cheam tos s and promvams o 3 mimmtes at 37°C.
1 Add 0]l of recomstitned thvonshin magsnt (prevarmsed af 37°C. or oo minote) and simmbanconaly st
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. Plot svurags of tha dpicatetut vaues oo FIBRINOGEN raph paper.
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7. Th caliration cirve mry b vt boyond the lwest and ighest point

§. Tha calibrarion curve i vl only for e same ot of FIBRINOGE thromotin ragant
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L. Progare 110 difiom of piximn spociman with Couran's befar sl
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o fortha pecive diintion
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ichroma™ D-Dimer

INTENDED USE

ihrama™ [l dorg with e chema™ et & 4
fuormscares imrunbanay thal quinlifes the teld D-limer
eongentraion in plama. The tal i used & an ad in te pot
therigpeaitic svabaation of trembosnibol: dhene palit,

INTRODUCTIGN

D, & degraction produel of crovilinked forin lomed
dhurirey activaion of the coagulation wytem, b comemany uied 1o
mibde tromboembelic dueme in oulpalent supected of
(PELIL] DT el PE b relienly coriomens and can e vl
fiatal ervbaskc wvarti it the pulrronicy arteries and ether ngiom.
B3

Maaseramend of tha O-Dimar vl in ploima has been wsed @ @
wrenig bty T wbelined VT, A wilemati: review
repartid Ut & nomal rings of @ highly semitie O-dimer vl
wewraldy bl oot CAT in palianiti chisfied i havareg @ kew o
micderata chrical prohabiiy of DT, The CAT b @ bigh-rik lactor
fr e sk becase of aharced age, hemipgega and
coagulitin dionden, and INT cin cane paradcaicdl ambuk
abrake via & righi-clll shunl Thus, it & impartant o moniter the
bewsl ol O-Dirrar the incidencs and chanacartitics of INT in it
slrikw patiniid-T] The Mama D-dimer el han proven 1o be
inidal fir DNT serning in chrenic strcke pallnts undirgeng
nbablitation 100 National and  inenatond el
argancation: bave aggeilsd the e of b micken when
imglemariing new dignenl slrateg in patisnk with connary
wyrdrome. Sincs O-Dimsr i well knwn 1o be i important
pragnenlic nealo of baart drissin, b mesl defiifve el i on
meniing ponl-inemend cinical i and te ponl Senapc
luation of paisnt,

ihroma™  [-Diwr Tl mesness  quanlilathe  D-Dimer
pentrtratie in human plasma

PRINCIPLE

The bt sk U anchwich immmusnedetiction mathed, uch that
the datection aribedy in bullar binds 19 D-Cimar in the plaura
g . atgn by cmgon 4 apteed by
anlizachen that have been immetilicad on the Sl v i amphe
irsturs migraben theaugh nitrodrhie matris. The iors O-Direr
anligen in Y plaima, e moes andigen-anlbody complasn i
wrumudated cn il st Signal intemiity of Muooncance on
detictien antbody nelects ameunl of anigen cchured and &
peracauial by ichroma™ Raadr b shew O-Dimer comantration in

the speciman, The merking e of broma® D-Dimer s 50
- 10 il

* Rehewnce Valus: 500 ngimL [FEU: Fieincgen squivalert
urit)

COMPONENTS AND REAGENTS

khramra™ [-Dimir consib o Catidgs, an 1D Chip ol

Distection Bulfiri.

« The linl cartridge containg Yl ir, on the membrs of
which, ariShedin againat D-Disrer ind sbrwplavidin hins besn
itk at the bl e and the contel e napecthaly,

< Fach sl carlrickye i inchvidually smiled in an duminum [l
peuch conlaning  deiccanl 15 sl el crilge i
ke i @ Baae which ahias contiirn an 10 dhip.

< The detetion buller pre-dipemed o4 ube conlins
Muzrochroms-labsled anti-[-Dimer mlbodin, Tuorncant-
lasad bt BSA, Lo wrum albumin (354 ax @ ilabiline
ard wedam aride in phesphate bufesd sdine (P5) & a
e,

< The detection buller & dugamad v sach detection bl
e 2 itection bl b e packed i a parie
peuch which i hurther packed n @ Shroloam bea provided
with i packs for the purpona of shipmanL.

WARMINGS AND PRECAUTIONS

« Fir in v agranlic uim k.

« Carutally Fdlow the imiuction and procacan. dmerbod in
s il

« L arbri ol ll the bt componants (it cairidge, 10 chip
and dutection bulla) rmusl mach with sich otlee.

+ Do il intarchange the test compersnts from difanend lols o
i the bl componanti bayord the arinlion dae.

« Tl performd by wing ay lsl composanl sth
srtimalching ot usmber o that b the sapiration date
rriay k] rrlssnfig del nulis)

+ The tinl cartrie ihookd remain sealed in its onginal powh
wll i D pol e U bl carridga thal B damaged o
p—

+ llow i minimum of 30 minutes fox the bl cartndge o #fn
rseem Linnypralurs, which han besn sloved in & dviperater.

« The detection buller sheukd allan room Mmpsralun pricr o
parferrring the bk

o ightora™ O-Demd an well as the idvema™ Raesder dhoud bs
wied awiry bom vibration and jor magec ekl During
et which shoukd bs meganded i nermal

A detsction bulle tubs iheuld b used o procesiing o

sanpie coly. Sindrly & bl cartricn should b wied
Il crw prouesed sanck cnk, Scth the dection bule
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ek i vl i the Ll cartricks sheudd b dicarded e
ingle uia

o U tction baffor subes, ittt and sl cartidge
hokd b handhed ey od duposed of by i

iugperted by @ comprefurmbe pdyment of the corcemad
phyiicin nduding clinical wmplonmi and ober rabivar 1ol
ki

apprepriate matbod b owconincs wih wleant kid  SAMPLE COLLECTION AND PREPARATION
reguldirs Thi test can be performed with plasma.

+ b arpors b lager quankitie of sodum wids ey cane | 5 rarermanded 1o bl e sample within 4 houn ale
artin halth e B convubsio, low bood prissus ind eellainn,

bt rals, Jona ol comscinsinss, lurg injury and gy
ire

STORAGE AND STABILITY

« The tesl cartridge & stabis Jor 20 monihs (shie el in an
aborinraarin feil ponch] 1 sloswd at 4 - 3T

 The datition: bullie drpamad in o uls b dlabbe for 3
et it it J < B

D-Dimar antigan with lime ancdjce tamgaralues making il
urrsccgnizable by the andhodin

o Cthar fitors inlerfieing wilh et and caiing s
ity inchudds techmicalfprocedural amors, degradation of the
tod ompenantymigenh o wel o e o kg
sl i e bl saph

- By chnical diggresti biied o e el el muil b

« The sarum and plta sheul] be prapared by cantikgaticn
within 3 heuns altir the collistion of whol bosd,

o Taw procaton cn e handing and slivage of sl
Hoal becaria s andyid e conaritration of D-Difrer i
mriffve i anticcagulind and dicrige conditon

»  Praparig te Plisma ipecimen: Callect the bioed in & b

- B carahal fict 1 bt Blood st hestkgbed i the ccuna
o handling and canirifugal jroia

et the bl e pouch i spuned, the il sl b
ke imedalty, - Do net kesp the sarrgle b oa fsser, which could alfsct e
sl v o (- i
o B b e 1o avd i hemeyzed and
LIMITATIONS OF THE TEST SYSTEM . 'mﬂmlﬂm
:-:::::-mw:nmdniﬂmhww mlhhwhﬂﬂdmmhﬂ
b btained and Lted
- Use ichrcena® [ Dl shondd b e enly i countion
with ehvema®™ et
Tt o] o b o cn oy il ATERUALS PROVIDED
sirphafil EME
~ The el sarrghe riussl bt il v lennpmealurs price 9 lesting,
I the st gl e 1 b g e o purpe of iy Companents of ichroma®™ O Dimer
i, il prications mul b avechid ¥ Test Cortridge o
- Efectiunens of the sl i bighly dipendart en storage of el - Jmiled Tol Crridgms b
compurert and bt gl df precrbed optimd condie. < TR t
o The iy i G poadie et due b e - Fackiage et 1
e of wome comporant o wm o e " Box cortaining Detection Buffer Tube
caplum/ Sl anlddie andie o speciic abanicn of - Datacten Bufe T %
warla comgoruns hay e spcpes b bind wih e
iibodin. MATERLALS REGUIRED BUT NOT PROVIDED
+ The el may ahs yiokd libe negatin ek e Mol Pl i b g separaly e idhrma® [
commen facter bang non-nagonshanins of S e 10 (e Pl donlacd cor i diien fir fices infomatice,
the lbodes dew 1o b apsligen beng madeeed by o | Muﬁm
urkmon comporent wch thal the aligen condl b0 Thamal Pl
et cr saturad by the wbocies Fabe regain et
oy i b cblane v 1o ity or dpaleon o e pper rminn

L Chack the connt of ibrom™ Dlliver: Sesed Tas
Carrdge, D Cli, il Dtncton Suar e

2. Frvure th the ol munr f el carbige matchs it
tha ot 1 ki woll st st bl b,

3 Faep the el il catidge (F scred in ki) and
the detction bl b o roo L v o bt 30

84



smirules jusl prie 1 e bl Place the e cartrdge on a
ki, il Ir i Ml surace,

4 Tum on the powsr wpely of the chroma™ fuad,

& Tt th 10 hip irle the 0 chip ot of the hroma™
Faadr.

B P U Skt bulton on the ichroma™ Raadar
i i L Wt ehrowra™ Raader Opsrition Minual fir
cormphels infmation and openating inslrucion )

TEET PROCEDURE

L Tramilie 10 gl of serumphemafionirel sarph wing a
Sarmir pipstle & a fubw cortaining the dutestin bullar,

2 Ol the B of the detection bullsr ubs ind i e
sirgly theroughly by shabing @ about 10 tmes. (The
sl misturs st b uied ity

1 Pt cul 75 ol of i sarnphe michure and diigena il il
S arnte el on e i carlridge

& Luew o aampli-oaded Ll carlnidge al room lsmpenilure
e 13 it

S For acanning, imeel @ ko te lesl catridge holdar of the
ihroma™ Reader, Ewus proper olnlition of e tnd
cartridys lalire puihing i all the wey imide the il
artridys ek, An arow b been marked on e 1l
cartrds pecidly e U6 purpcss.

B Fra Salect bulton on the ihroma®™ Raade 1 il the
AL R,

T ichroma™ Rusadier well slart scanving (e samglie-doded disl
cartridiys infrrmcalady.

B Rosad the bl vl on the chiglay icreen of the ihroma™
Fader.

INTERPRETATION OF TEST RESULT

- ichrema® Paadar caulain i bt et acomicaly and
diplays 0 Dt concaran o the st sarehe a gl

- Wk g of ihrma®® [ D 53-10000 .

- Bubarerc vake of chrcama™ D-imer i 500 il
LTL———

Qualty Conr

« Gty coipal Lk are 4 parl of the good tsting practica o
confimn the rpactinl s and ity of the oy and
sheuld be perfiarmed al nular intervas

- Bafure being a chricdl arrple wing @ new Bl ful, coniel
ruigpir houdd b tesled 9 donfim the bl pracadany, and
o wariy whether tha Vil prichuces (e snpetid el

« Gty corted ks whoukd ahio be parforrred whirset hire
i ary guastion cencaming M validity ol the il el

« Coredl magrt aw nol providi with Khroma® 0D,
For mers infummation regaring clianing the conel nagen,

el Bedbach e ey Tochnicdl Sanic lor il

- ighroma® D-Dimar Gl has @ builin inimal contrl thal
sl the rouine qualily contnul requinement. This intemal
cortrd til is perlormed aulomaicaly sach S a cineal
siitiphe i bilied. An vl rell From the inlimal conrel
o Lo iy an e e on e ikhroma™ Raadar
inlicating that the test shiukd be ripeated

PERFORMANCE CHARACTERESTIC

L Spweificity
(nher bismalubs, wech o Hy (B8, &FF AP CRP,
Trepomn | CEME Mypghbn, Abumn and ipaidy
byperlipid were ikl 1 el igmecimen with mruch higher
eval than thesr physikoggcal kel in nomrl blood. Thees was
iz uigralicant infarfirance with the D-Dner measuremen, nor
sraskecuabe lilal

1 Imprechior For ludéng mlnemsy  Epechien, 10
reghcabin. of wach of e bl concnraions of spibed
piimfind s with Bl D-Dirad confiol were teibeed
For stuthying infar-sinay imgrecicn, 10 mpleali of sach of
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e [ ol vl e Rt by feur differare pomiaom
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gty

85



0 bk P4, Bckinge S Dep e Grombods Lol
HOS3EETE

. 10 VIDASH[LP4]0 i st cuartiaton ELEA R meuing D-

divet i plama EANADUE PTTETR PHLIE [

MOBSLDOSES Gullls REBERS CATHERNE [URANT)S CECIE

VLLAGEL? WALA PGAD DOMBEQUE AOLLAND3 SERGE

COMBY A arel GEORGES [y Cirical Chumiiey 4, M. 3

£
-

[ e |
E_E
-
L

L L
L " 186
i |
R T
Innbloriym YTLAD i D oyl
For Tachintd Aushibino cll
Boditach bial [ Tichvial Sarvicn al
REFERENCES Ta: +£2 3) M31400

L

=

Parformanca al b relalenly e quantilatin D-dimer aay
(lrsowinica [ and AsSyM D-herr) fof e ixchision ol

g

dhasp viin Urombsnii LU BT K Stranckeng b, P Sowmsicn b HHHJ'IHI'MPI!'II’
IL BNt .| Thvambesis Rastarch 14 (20080 701705 15, Gathidn 11, Do o,
Rewhacthar B, Carsl P, Whitahur AN, Bures B8, Cobero G, b, Gaingownn-d 200843
Flrk WU, i il Msiiasrimn] of enoalinkiad fibrin dariviti - e Rapubkc ol Forwa

n be dignost of wnous teombisi, Theomb Hisiosl 74 280 390430400
104T.ETED-£L. Fi: +B2 <33-M3.0373

Stuin PO, Foll DL D-dimar lor e snchion of acule desp  obetiaidonle

win oo ind pulmondry smbokee A dplemil

e, A M HOLHORSEIELE W) Wl % [T] i i e
A O, B oy F, M M o Lok

Vi of vl of probd probablly of degp-wi Lo NVREP, i Kingloms
Sucmbodh b chrica sasagunt e IO o) o e

Cempation of an frmune-burbidomatri mahed ETaka R 0- i o 0000, 5401

O with an stablabad arcyim fnkd ucrscind iy N
MDER | D for the achabn of weous e -
trombcembobin  kumdl corplaticn | 207 Hacksal T———

Puliiing L, . I L, . 2068, 33 200-204

it el s of Guardttin D-ive mthech 1o
predel the 1ok of wrou Urembcambobm e 4
pesbhot andbsis of the PROLONG shady hasmatsgia |
2008 3 | 01

Parfemarca chaructrsdics of e 2516 D-dimer sy Seri
L L &, Carmll M. Dosinguat b, ‘Wi L Rckarts ¢, 5.
Lotk o8 . Clc Chimic Act 300 [2006) 148-151

. Al rfamances of the i sy for the brmite

W00 aomated mmnosdey maae G Y G L
SALVAGND®, L ROGED, M MONTAGHANEY, KL FRANCHINE,
G GUID ool coriplation _ 3007 Hackeal Publking
e, It o, L. Fom. 20017, 29, 415420

Dhagpaic accuri’y ol e Triaged D-diner el for anchuiien
of i hrosboaibolim in oupatn Tely Ghy |
Win Advargesl, Ing Verichrimgan, Jodhmami Theambesa
Ranarch (R0} 124, T25-241

Dot of Lt peviicn: Apel 03 X4

(€

86



