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Abstract

This is an analytical case control study, conducted during the period from
July to November in Best Care Hospital. The study aimed to evaluate
prothrombin time, international normalized ratio (INR), activated partial
thromboplastin time and platelets count among patients with diabetes
type Il. Thirty samples were collected from 12 males and 18 females their
age range between 30—80 and a means of 51 years, and diabetic duration
from 1—30 years. The patients were divided into diabetic controlling and
un-controlling groups in respect to level of HbA1C (less than 8%, more

than 8%) respectively.

Thirty control samples were collected from healthy non diabetic
volunteers with same age ranges. All subjects were questionnaired during
blood collection about some clinical information. Blood samples and
controls were investigated for PT, INR, APTT and Platelets count using
coagulometer and sysmex semi-automated, hematology analyzer
respectively. There was no significant difference in PT, INR, APTT and
platelets count in diabetic patients compare with control group (P-value
0.893, 0.971,0.321 and 0.703) respectively. The results obtained show

that diabetic patients have normal coagulation mechanisms.
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Chapter one

Introduction and Literature Review

1.1 Introduction:

The concept of blood coagulation dates back to 1960 when Davie,
Ratnoff and Macfarlane described the "waterfall" and "cascade" theories
outlining the fundamental principle of cascade of pro-enzymes leading to
activation of downstream enzymes (Achneck et al., 2010). Haemostasis,
defined as arrest of bleeding, comes from Greek, haeme meaning blood
and stasis meaning to stop (Thornton et al.,, 2010). Thrombo-
haemmorhagic balance is maintained in the body by complicated
interaction between coagulation and fibrinolytic system as well as
platelets and vessel wall .Usually, the coagulation processes under the
inhibitory control of several inhibitors that limit the clot formation, thus
avoiding thrombus propagation. This delicate balance is interrupted
whenever the pro-coagulant activity of the coagulation factors is
increased, or the activity of naturally occurring inhibitors is decreased
(Previtali et al., 2011). Diabetes mellitus (DM) is a metabolic disorder
characterized by chronic hyperglycemia due to disturbances of
carbohydrate, fat, and protein metabolism that are associated with
absolute or relative deficiencies in insulin secretion, insulin action or both
(Charles, 1998). Diabetes have three main types : type one diabetes
mellitus which called IDDM (Insulin Dependent Diabetes mellitus ) ,
type two diabetes mellitus which called NIDDM (Non -Insulin
Dependent Diabetes mellitus ) and gestational diabetes which is classified
as type two diabetes mellitus. The long term affects and complications of
diabetes include progressive development of the retinopathy, and

neuropathy with micro vascular and macro vascular diseases. Macro
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vascular disorders such as atherosclerosis are recognized as a major cause
of mortality in diabetic population, and are implicated in the circulatory
disturbances that are seen in diabetes. The circulatory disturbances are
further complicated by alteration in platelet count and activity,
coagulopathy, fibrinolytic aberration, haemorrheological factors, and
changes endothelial metabolism (McFarlane, 1997). Many studies have
shown that diabetes is a hypercoagulable state. Hypercoagulability results
from enhanced vascular endothelial cell expression of tissue factor and
Von Willebrand factor. Other factors include increased platelet
adhesiveness, elevated level of procoagulant factor and decreased
fibrinolytic activity (Alvin, 2001).



1:2: Literature review:
1.2.1Coagulation system:

The concept of blood coagulation dates back to 1960 when Davie,
Ratnoff and Macfarlane described the "waterfall” and “cascade"” theories
outlining the fundamental principle of cascade of pro-enzymes leading to
activation of downstream enzymes (Achneck et al., 2010). Haemostasis,
defined as arrest of bleeding, comes from Greek, haeme meaning blood
and stasis meaning to stop (Thornton et al.,, 2010). Thrombo-
haemmorhagic balance is maintained in the body by complicated
interaction between coagulation and fibrinolytic system as well as
platelets and vessel wall .Usually, the coagulation processes under the
inhibitory control of several inhibitors that limit the clot formation, thus
avoiding thrombus propagation. This delicate balance is interrupted
whenever the pro-coagulant activity of the coagulation factors is
increased, or the activity of naturally occurring inhibitors is decreased
(Previtali et al., 2011).

Some of thrombogenic and antithrombogenic components are listed in
Table (Previtali et al., 2011):

Site Thrombogenic

Anti thrombogenic

Vessel wall

- Exposed endothelium
-TF

- Heparin
- thrombomodulin

- collagen - Tissue plasminogen
activator
Circulating - Platelets - Antithrombin
Elements - Platelets activating factor - Proteincands

- Clotting factor
- Prothrombin

- Fibrinogen

- VWF

- plasminogen




It is important for a perioperative physician to understand the intricacies
of two (more so in a preexisting haematological disorder) that go side in
maintaining the circulating blood in fluidic state. Pathological situations
requiring surgery or anaesthesia or any other invasive procedure trigger
the hemostatic system. This balance is also disturbed by trauma,
cytokines or infectious agents. Thus, the perioperative period is at high
risk for both pro-haemorrhagic and prothrombotic abnormalities.
Hypoxia, hypothermia, metabolic acidosis and extracorporeal circulation
may also further aggravate the situation (Bombeli and Pahn, 2004).
Coagulopathy may also be encountered by the intensivist due to
physiological disturbances, disturbances in the primary haemostasis,
hemostasis, and abnormalities of blood, plasma or due to disseminated

intravascular coagulation (Meybohm et al. 2013).
1.2.1.2 Primary homeostasis:

Primary haemostasis results from complex interactions between platelets,
vessel wall and adhesive proteins leading to the formation of initial '
platelet plug'. The endothelial cells lining the vascular wall exhibit the
antithrombotic properties due to multiple factors viz: negatively charged
heparin-like glycosaminoglycan , neutral phospholipids , synthesis and
secretion of platelet inhibitors , coagulation inhibitors and fibrinolysis
activators .In contrast , sub endothelial layer is highly thrombogenic and
contains collagen , Von Willebrand factor (Vwf) and other proteins like
laminin , thrombospondin , and vitronectin that are involved in platelet
adhesion . Any vascular insult results in arteriolar vasospasm, mediated
by reflex neurogenic mechanisms and release of local mediators like
endothelin and platelet-derived thromboxane A2 (TxA2) (Cines et al.,
1998, Lasne et al., 2006, Triplett, 2000).



1.2.1.3 Platelets:

Platelets are disc shaped, a nucleate cellular fragments derived from
megakaryocytes. They have a pivotal role in haemostasis by forming the
initial haemostatic plug that provides a surface for the assembly of
activated coagulation factors leading to formation of fibrin stabilized
platelet aggregates and subsequent clot retraction. Platelets have two

types of granules:

e Alpha granules contain P-selectin , fibrinogen, fibronectin,factor v
factor VIl factorlV,platelet derived growth factor and tumor
growth factor-a (TGF-a) (HeemsKerk et al., 2002) .

e Gamma granules or dense granules-contain adenosine triphosphate
(ATP), adenosine diphosphate (ADP), calcium (ca), serotonin,
histamine and epinephrine (HeemsKerk et al., 2002).Normally
platelets do not adhere to intact vascular endothelium. Subsequent
to the vascular injury, platelets adhere to collagen and Vwf in the
sub endothelial tissue and undergo a morphological change by
assuming irregular surface, forming numerous pseudopods thus
drastically increasing their surface area (Andrews and Berndt,

2004). The formation of the platelet plug involves a series of steps:
1.2.1.3.1 Platelet adhesion:

After vascular injury Vwf acts as a bridge between endothelial
collagen and platelet surface receptors Gplb and promotes platelet
adhesion. The platelet glycoprotein complex | (Gp-1b) is the principal
receptor for Vwf (HeemsKerk et al., 2002).



1.2.1.3.2. Platelet secretion:

After adhesion, degranulation from both types of granules takes
place with the release of various factors. Release of calcium occurs here.
Calcium binds to phospholipids that appear secondary to the platelet
activation and provides a surface for assembly of various coagulation
factors (HeemsKerk et al., 2002) .

1.2.1.3.3. Platelet aggregation:

Thromboxane A2 produced by activated platelets provide stimulus for
further platelet aggregation. TxA2 along with ADP enlarge this platelet
aggregate leading to the formation of the platelet plug, which seals off
vascular injury temporarily. ADP binding also causes a conformational
change in Gpl1b /111a receptors presents on the platelet surface causing
deposition of fibrinogen. Thrombin generation also catalyzes the
conversion of this fibrinogen to fibrin which adds to the stability of the
platelet plug and is now known as secondary homeostasis (HeemsKerk et
al., 2002). Prostacyclin inhibits platelet aggregation (platelet anti
aggregation effect) and the balance between TxA2 and prostacyclin leads
to localized platelet aggregation thus preventing extension of the clot
thereby maintaining the vessel lumen patency (Cines et al., 1998, Ashby
et al., 1990).

1.2.1.4 Clotting factors (coagulation proteins):

Majority of clotting factors are precursors of proteolytic enzymes known
as zymogens that circulate in an inactive form. The activation of each
zymogen is depicted by suffixing letter "a" to the Roman numeral
identifying that particular zymogen. Most of the procoagulants and

anticoagulants are produced by liver except factor 111, IV and VIII. These
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proteins undergo a post translation modification (vitamin k dependent
Gama carboxylation of glutamic acid residues) which enables them to
bind calcium and other divalent cations and participate in clotting
cascade. Deficiency of vitamin k or administration of vitamin k

antagonists (warfarin) lead to anticoagulation (Monroe et al., 2010).
1.2.1.4.1 Nomenclature of coagulation proteins:

The first 4 of the 12 originally identified factors are referred to by their
common names, i.e., fibrinogen, prothrombin, tissue factor (TF), and
calcium and are not assigned any Roman numerals .F6 no longer exists.
The more recently discovered clotting factors (e.g. prekallikrein and high-
molecular-weight kininogen) have not been assigned Roman numerals.
Some factors have more than one name. Factor V and FVIII are also
referred to as the labile factors because their coagulant activity is not
durable in stored blood. Prothrombin is a plasma protein formed by liver
(MW 68700). It is an unstable protein, splitting into smaller proteins one
of which is thrombin (MW 33700). Thrombin generated from
prothrombin also has pro-inflammatory effects which are exerted by the
activation of protease activating receptors present on monocyte,
lymphocytes, endothelium and dendritic cells (Hall, 2010).Von
Willebrand factor is a glycoprotein present in blood plasma and produced
constitutively as ultra-large VWTf in endothelium, megakaryocytes, and
subendothelial connective tissue. It mediates platelet adhesion to
subendothelial surface. It also acts as a carrier protein for coagulant
activity of Factor VIII and is referred there as VIII: C. (Sadler,
1998,Barash et al,. 2006)]Fibrinogen is an essential coagulation protein
produced by liver (MW340 kDa) and is the precursor of fibrin that
ultimately defines the strength of clot.(Doolittle et al., 1998, Kamath and
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Lip, 2003)Factor Il or TF is a membrane bound procoagulant
glycoprotein (MWA47-kDa) present in the subendothelial tissue and
fibroblasts and is not exposed to blood until disruption of the vessel wall.
(Monroe et al., 2010) It is the primary initiator of coagulation in vivo. TF
is localized predominantly to the tunica media and tunica adventitia of
blood vessels and a smaller quantity as circulating TF on monocytes.
Tissue factor may be activated by physical injury (activation of Vessel
wall TF), by direct vascular injury or functional injury (activation of

circulating TF), by hypoxia, sepsis, malignancy, inflammation, etc.

Clotting factors can also be classified into three groups (Mackman et al.,
2007, Many et al., 2001):

Fibrinogen Family Vitamin K dependent | Contact Family
Fibrinogen Factor 11 Factor XI
Factor V Factor VII Factor XII
Factor V111 Factor IX HMWK

Factor XIlI Factor X Prekallikerin

1.2.1.4.2 Classification of coagulation factors:

Fibrinogen Family
Vitamin K dependent proteins

Contact family.

Hypoxia up regulates the expression of P selectin present in the o
granules of platelets on the endothelium leading to recruitment of

monocytes containing TF, thus initiating coagulation.




With the exposure of TF to factor VII/VIlla in the blood, it allows for the
formation of TF-VIlla complex and thus initiate the coagulation cascade
(Myers et al., 2003, Closse et al., 1997).

1.2.1.5 Naturally occurring anticoagulants in the body:

The anticoagulant system exerts a regulatory role over the procoagulant
activity in blood thus localizing the thrombus formation. The main
anticoagulant mechanisms naturally present in the body include the
following (Clovin, 2002):

1.2.1.5.1 Antithrombin:

Antithrombin (AT), previously known as AT 11l is the main inhibitor of
thrombin. It is a serine protease inhibitor, which binds and inactivates
thrombin, factor 1Xa, Xa, Xla and Xlla. The enzymatic activity of AT is
enhanced in the presence of heparin. However, the plasma concentration
of heparin is low and does not contribute significantly to the in vivo
activation of AT. AT is activated by binding of heparin sulphate present
on endothelial cell surface. AT binds coagulation factors in a ratio of 1:1
and this complex is removed by reticuloendothelial cells. Other thrombin
inhibitors are heparin cofactor II, a2 macroglobulin and al-antitrypsin

(Opal et al., 2002, Ejiofor, 2013).
1.2.1.5.2 Tissue factor plasminogen inhibitor:

It is a polypeptide produced by endothelial cells. It acts as a natural
inhibitor of the extrinsic pathway by inhibiting TF-VIla complex.
(Ejiofor, 2013, Price et al., 2004)] Protein S enhances the interaction of
factor Xa in the presence of calcium and phospholipids. (Dahm et al.,
2008)
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1.2.1.5.3 ProteinC:

The propagation phase of the coagulation is inhibited by the Protein C

pathway that primarily consists of four key elements:

e Protein C is a serine protease with potent anticoagulant,
profibrinolytic and anti-inflammatory properties. It is activated by
thrombin to form activated protein C (APC) and acts by inhibiting
activated factors V and VIII (with Protein S and phospholipids
acting as cofactors) Thrombomodulin - A transmembrane receptor
on the endothelial cells, it prevents the formation of the clot in the
undamaged endothelium by binding to the thrombin Endothelial
protein C receptor is another transmembrane receptor that helps in

the activation of Protein C.

e Protein S is a vitamin K-dependent glycoprotein, synthesized by
endothelial cells and hepatocytes. It exists in plasma as both free
(40%) and bound (60%) forms (bound to C4b-binding protein).
The anticoagulant activity is by virtue of free form while the
bound form acts as an inhibitor of the complement system and is
up regulated in the inflammatory states, which reduce the Protein
S levels thus resulting in procoagulant state. It functions as a
cofactor to APC in the inactivation of FVa and FVlIlla. It also
causes direct reversible inhibition of the prothrombinase (FVa-
FXa) complex. (Righy et al., 2004).

e Protein Z dependent protease inhibitor/protein Z (PZI):

It is a recently described component of the anticoagulant system that is
produced in the liver. It inhibits Factor Xa in reaction requiring PZ and
calcium (Corral et al., 2007).

11



1.2.1.6 Coagulation pathways:

The coagulation proteins are the core components of the coagulation
system that lead to a complex interplay of reactions resulting in the
conversion of soluble fibrinogen to insoluble fibrin strands (Bombeli and
pahn, 2004).

1.2.1.6.1 Coagulation cascade:

It has been traditionally classified into intrinsic and extrinsic pathways,
both of which converge on factor X activation. The classical theory of
blood coagulation is particularly useful for understanding the In vitro
coagulation tests, but fails to incorporate the central role of cell-based
surfaces in In vivo coagulation process (Bombeli and pahn, 2004).
Interestingly contact activation critical for In vivo haemostasis does not
get support from following observations. Persons lacking FXIlI,
prekallikrein, or high-molecular-weight kininogen do not bleed
abnormally. Second, patients with only trace quantities of FXI can
withstand major trauma without unusual bleeding, and those who
completely lack factor XI (haemophilia C) exhibit mild haemorrhagic
disorder. Deficiencies of FVIII and FIX (both intrinsic pathway factors)
lead to haemophilia A and B, respectively, however the classic
description of two pathways of coagulation leave it unclear as to why
either type of haemophiliac cannot not simply clot blood via the
unaffected pathway. To answer all this, the modern time-based
structuring of blood coagulation provides more authentic description of
the coagulation process. It is now appreciated that the classic theories
may provide only a reasonable model of in vitro coagulation tests (i.e.,
APTT and PT) (Bombeli and pahn, 2004).

12



1.2.1.6.1.1 Extrinsic pathway:

It is considered as the first step in plasma mediated haemostasis. It is
activated by TF, which is expressed in the sub endothelial tissue.(Lanse
et al .,2006)Under normal physiological conditions, normal vascular
endothelium minimizes contact between TF and plasma procoagulants ,
but vascular insult expose TF which binds with factor Vlla and calcium
to promote the conversion of factor X to Xa (Owens and Mackman |,
2010).

1.2.1.6.1.2 Intrinsic pathway:

It is a parallel pathway for thrombin activation by factor XII. It begins
with factor XII, HMW Kkininogen, prekallekerin and factor XI, which
results in activation of factor XI. Activated factor XI further activates
factor IX, which then acts with its cofactor (factor VIII) to form tenase
complex on a phospholipid surface to activate factor X.(Hall,
2010,Kumar et al., 2010)]

1.2.1.6.1.3 Common pathway:

Activated factor X along with its cofactor (factor V), tissue
phospholipids, platelet phospholipids and calcium forms the
prothrombinase complex which converts prothrombin to thrombin. This
thrombin further cleaves circulating fibrinogen to insoluble fibrin and
activates factor XIII, which covalently crosslinks fibrin polymers
incorporated in the platelet plug. This creates a fibrin network which
stabilises the clot and forms a definitive secondary haemostatic plug
(Hall, 2010, Kumar et al., 2010).

13



1.2.1.6.1.4 Fibrinolytic system:

Fibrinolytic system is a parallel system which is activated along with
activation of coagulation cascade and serves to limit the size of clot.
Fibrinolysis is an enzymatic process that dissolves the fibrin clot into
fibrin degradation products (FDPs) by plasmin originating from fibrin
bound plasminogen in liver. This reaction is catalysed by TPA or
urokinase plasminogen activator (u-PA) released from vascular
endothelium. The release of t-PA is stimulated by tissue occlusion,
thrombin, epinephrine, vasopressin and strenuous exercise .Plasmin
activity is tightly regulated by its inhibitor (a-2 antiplasmin) thus
preventing widespread fibrinolysis (Cesarman and Hajjar, 2005). In vivo
activity of the fibrinolytic system is assessed clinically by measuring the
FDP's. D dimers are produced by digestion of cross linked fibrin and are
specific indicators of fibrinolysis used in the assessment and diagnosis of

pulmonary embolism, DIC or deep vein thrombosis (Clovin, 2004).
1.2.1.6.1.4.1 Regulation of the fibrinolytic system:

Since plasmin has the potential to degrade fibrinogen leading to
deleterious consequences, the fibrinolytic activity is limited by

following factor:

1. Plasminogen activator inhibitor - It is the main physiological
inhibitor of fibriolysis and acts by inhibiting t-PA and u-PA

irreversibly

2. TAFI - It is a plasma proenzyme synthesized by liver and activated
by thrombin. It decreases the affinity of plasminogen to fibrin and

augments the action of anti-trypsin in inhibiting

14



3. Plasmin inhibitors - o2 antiplasmin and a2Macroglobulin are the
glycoproteins that exert action by virtue of plasmin inhibition
(Ejiofor, 2013).

1.2.1.6.2 Current concept of coagulation:

Current evidence supports the understanding that intrinsic pathway is not
a parallel pathway but indeed it augments thrombin generation primarily
initiated by the extrinsic pathway Newer model describes coagulation
with following steps (Triplett, 2000):

1.2.1.6.2.1 Initiation:

It occurs by expression of TF in damaged vessel which binds factor Vlla
to activate factor 1X and factor X. This activation of factor IX by TF-Vlla
complex serves as the bridge between classical extrinsic and intrinsic
pathways. Factor Xa then binds to factor Il to form thrombin (factor Ila).
Thrombin generation through this reaction is not robust and can be

effectively terminated by TF pathway inhibitor (Triplett, 2000).
1.2.1.6.2.2 Amplification:

Since the amount of thrombin generated is not sufficient, therefore
numerous positive feedback loops are present that bind thrombin with
platelets. Thrombin that is generated in the initiation phase further
activates factor V and factor VIII, which serves as a cofactor in
prothrombinase complex and accelerates the activation of Factor Il by F
Xa and of F Xa by F IXa, respectively (Triplett, 2000).

1.2.1.6.2.2.3 Propagation:

The accumulated enzyme complexes (tenase complex and

prothrombinase complex) on platelet surface support robust amounts of
15



thrombin generation and platelet activation. This ensures continuous
generation of thrombin and subsequently fibrin to form a sufficiently
large clot (Triplett, 2000).

1.2.1.6.2.2.4 Stabilization:

Thrombin generation leads to activation of factor XIII (fibrin stabilizing
factor) which covalently links fibrin polymers and provides strength and
stability to fibrin incorporated in platelet plug. In addition, thrombin
activates thrombin activatable fibrinolysis inhibitor (TAFI) that protects
the clot from fibrinolysis. (Bombeli and pahn, 2004, Lanse et al., 2006).

1.2.2 Diabetes mellitus:

Diabetes mellitus (DM) is a metabolic disorder characterized by chronic
hyperglycemia due to disturbances of carbohydrates, fat , and protein
metabolism that are associated with absolute or relative deficiencies in
insulin secretion , insulin action or both (Charles, 1998), over 170 million
people world which and about 1.9- 7.0 y of the African population are
affected. (wokoma, 2002, Fabiyi et al.,2002).Diabetes have three main
types : type one diabetes mellitus which called IDDM (Insulin Dependent
Diabetes Mellitus) , type two diabetes mellitus which called NIDDM
(Non Insulin Dependent Diabetes Mellitus) and gestational diabetes

which is classified as type two diabetes mellitus (McFarlane, 1997) .
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1.2.2.1 Classification of diabetes mellitus:
1.2.2.1.1 Type one diabetes mellitus:

Type ldiabetes is also called insulin-dependent diabetes .It used to be
called Juvenile-onset diabetes,because it often begins in child hood .Is an
autoimmune condition .It is caused by the body attacking it is own
pancreas with antibodies .In people with type 1 diabetes,the damaged
pancreas does not make insulin .This type of diabetes may be caused by
agenetic pre-disposition. It could also be the result of faulty beta cells in
the pancreas that normally produce insulin .Anumber of medical risks are
associated with type 1 diabetes .Many of them stem from damage to the
tiny blood vessels in your eyes called (diabetic retinopathy), nerves
(diabetic neuropathy) . Even more serious is the increase the risk of heart
disease and stroke. Treatment of type 1 diabetes involves taking insulin,
which needs to be injected through the skin in to the fatty tissue below

.The methods of injecting insulin includes:
e Syrings insulin pensthe ture pre-filled cartidges and fine needle.

e set injection that use high pressure air to send aspray of insulin

through the skin

e Insulin pumps that dispense insulin through flexible tubing to

acatheter under the skin of the abdomen.

Aperiodic test called the A1C blood test estimates glucose level in your
blood over the previous three months. It’s used to help identify over all
glucose level control and the risk of complications from diabetes,
including organ damage. Having type 1 diabetes dose require significant

life style changes that include:
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e Frequent testing of your blood sugar level.
e Careful meal planning.
e Daily exercise.

Takinginsulinand other medication needed.People with type 1 diabetes
can lead long, active lives if they carefully monitor their glucose, make
the needed life style changes, and adhere to the treatment plan
(Dansinger, 2017).

1.2.2.1.2 Type 2 diabetes mellitus:

By far ,the most common form of diabetes is type 2 diabetes accounting
for 95 % of diabetes cases in adults .Some 26 million American adults
have been diagnosed with the disease .Type 2 diabetes used to be called
adult-onset diabetes ,but with the epidemic of obese and overweight kids
,more teengagers are now developing type 2 diabetes .Type 2 diabetes
also called non-insulin dependent diabetes .Is often a milder form of
diabetes than type 1 .Nevertheless ,type 2 diabetes can still cause Major
health complication ,particularly in the smallest blood vessels in the body
that nourish the kidney , nerves ,and eyes .also increases your risk of
heart disease and stroke . In which pancreas usually produces some
insulin. But either the amount produced is not enough for the body's
needs, or the body's cells are resistant to it .Insulin resistance , or lack of
sensitivity to insulin , happens primarily in fat, liver, and muscle cells
And All test is a blood test that estimates average glucose level in your
blood over the previous three months . Periodic ALC testing may be
advised to see how well diet,exercise, and medication are working to
control blood sugarand prevent organ damage. The A1C is typically done
a few times a years (Dansinger, 2017).
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1.2.2.1.3 Gestational diabetes mellitus:

Diabetes that’s triggered by pregnancy is called gestational diabetes
(pregnancy,to some degree, leads to insulin resistance). It is often
diagnosed in middle or late pregnancy.Because high blood sugar level in
a mother are circulated through the placenta to the baby,gestational
diabetes must be controlled to protect the baby’s growth and
development. According to the National Institute of Health, the reported
rate of gestational diabetes is between 2%to 10%of pregnancies.
Gestational diabetes usually resolves itself after pregnancy. Having
gestational diabetes dose, however, put mothers at risk for developing
type 2 diabetes later in life .Up to 10%woman with gestational diabetes
develop type 2 diabetes .It can occur anywhere from a few weeks after
delivery to months or years later .With gestational diabetes, risks to the
unborn baby are even greater than risks to the mother .Risks to the baby
include abnormal weight gain before birth, breathing problems at
birth,and higher obesity and ziabetes risk later in life . Risks to the mother
include needing a cesarean section due to an overly large baby, as well as
damage to heart ,kidney, nerves,and eye .Treatment during pregnancy

includes working closely with your health care treatment and :

e Careful meal planning to ensure adequate pregnancy nutrients

without excess fat and calories.
e Daily exercise.

e Controlling pregnancy weight gain.
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e Taking diabetes insulin to control blood sugar levels if needed
(Dansinger, 2017).

1.2.2.1.4 Other forms of diabetes mellitus:

After rare kinds of diabetes can result from specific condition. For
examples, disease of pancreas,certain surgeries and medication, or
infections can cause diabetes .These types of diabetes account for only
1% to 5% of all cases of diabetes (Dansinger, 2017).

1.2.2.2 Sign and symptoms of diabetes mellitus:

The signs and symptoms of untreated diabetes are weight loss ,
polyuria(increased urination), polydipsia (increased thirst ), and
polyphagia (increased hunger)(Cooke and Plotnick, 2008) .Symptoms
may be develop rapidly (weeks or months ) in type 1 DM,while they
usually develop more slowly and may be subtle or absent in type 2 DM
.Several other signs and symptoms can mark the onset of diabetes
although they are not specific to the disease .In addition to the known
ones above , they include blurry vision, headache ,fatigue ,slow healing
of cuts ,and itchy skin . Prolonged high blood glucose absorption in the
lens of the eye, which leads to changes in it is shape, resulting in vision
changes. Anumber of skin rashes that can occur in diabetes are

collectively known as diabetic dermadromes (Rockefeller, 2015).
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1.2.2.3 Causes of diabetes mellitus:

Comparison of type 1 and type 2 diabetes (Shoback, 2011) :

Features

Type 1 diabetes

Type 2 diabetes

Onset

Sudden

Gradual

Age at onset

Mostly in children

Mostly in adults

Body size Thin or normal Often obese
Ketoacidosis Common Rare
Autoantibodies Usually present Absent

Endogenous insulin

Low or absent

Normal, decreased or increased

Concordance in 50% 90%
identical
Prevalence ~10% ~90%

DM is classified in to four broad categories type 1, type 2,gestational

diabetes and other specific types .The" other specific types

are

collection of a few dozen individuals causes (Shoback, 2011).diabetes is

amore variable disease than once thought and people may have

combinations forms.The terms "diabetes”, without qualification usually

refers to diabetes mellitus (Tuomi et al., 2014).

1.2.2.4 Pathophysiology:
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Insulin is the principle hormone that regulates the uptake to glucose from
the blood in to most cells of the body, especially liver, adipose tissue and
muscle, expect smooth muscle, in which insulin acts via the IGF-
1.Therefore,deficiency of insulin or the insensitivity of it is receptors play
a central role in all forms of DM (Insulin Basics, American Diabetes, and
Association-retrieved 24 April, 2014).The body obtains glucose from the
main places: the intestinal absorption of food; the breakdown of the
glycogen, the storage form of glucose found in the liver; and
gluconeogenesis, the generation of glucose from non-carbohydrates
substrates in the body. Insulin plays a criticalrole balancing glucose levels
in the body. Insulin can inhibit the breakdown of glycogen or the process
of gluconeogenesis , it can stimulate the transport of glucose into fact and
muscle cells ,and it can stimulate the storage of glucose in form of
glycogen (David and Dolors, 2011).Insulin is released in to the blood by
beta cells(B-cells),found in the islets of Langerhans in the pancreas , in
responseto rising levels of blood glucose ,typically after eating .Insulin is
used by about two-thirds of the body's cells to absorb glucose from the
blood for use as fuel , for conversion to other needed molecules , or for
storage . Lower glucose levels result in decreased insulin release from the
beta cells and in the breakdown of glycogen to glucose. This process is
mainly controlled by the hormone glucagon, which acts in the opposite
manner to insulin (Kim et al., 2012). If the amount of insulin available is
insufficient , if cells respond poorly to the effects of insulin (insulin
insensitivity or insulin resistance), or if the insulin itself is defective , then
glucose will not be absorbed properly by the body cells that require it ,
and will not be stored appropriatery in the liver and muscles . The net
effect is persistently high levels of blood glucose, poor protein synthesis,

and other metabolic derangements, such as acidosis (David and Dolores,
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2011). When the glucose concentration in the blood remains high over
time, the kidneys will reach a threshold of reabsorption, and glucose will
be excreted in the urine (glycosuria) (Robert et al., 2012). This increases
the osmotic pressure of the urine and inhibits reabsorption of water by
kidney, resulting in increased urine production (polyuria) and increased
fluid loss. Lost blood volume will be replaced osmotically from water
held in the body cells and otherbody compartments, causing dehydration

and increased thirst (polydipsia) (David and Dolores, 2011).
1.2.2.5 Diagnosis of diabetes mellitus:

DM is characterized by recurrent or persistent high blood sugar, and is

diagnosed by demonstrating any one of the following (WHO, 2003):

Fasting plasma glucose level >7.0 mmol/l (126 mg/dl).

e Plasma glucose >11.1 mmol/l (200mg/dl) two hours after a

75¢g oral glucose load as in glucose tolerance test .

e Symptoms of high blood sugar and casual plasma glucose
>11.2mmol/l (200mg/dl).

e Glycated hemoglobin (HbA1C)>48mmol/mol (>6.5 DCCT
%) (WHO, 2010).

A positive result, in the absence of unequivocal high blood sugar, should
be confirmed by a repeat of any of the above methods on a different day.
It is preferable to measure a fasting glucose level because of the case of
measurement and considerable time commitment of formal glucose
tolerance testing, which takes two hours to complete and offers no
prognostic advantage over the fasting test(Saydah et al., 2001).According

to the current definition, two fasting glucose measurements above
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126mg/dl (7.0mmol/l) is considered diagnostic for DM .Per the world
Health Organization people with fasting glucose from 6.1 to 6.9 mmol/I
(110 to 125 mg/dl) are considered to have impaired fasting glucose
(WHO,2006) . People with plasmaglucose at or above 7.8mmol/l
(140mg/dl), but not over 11.1mmol/l (200mg/dl) two hours after a 75¢g
oral glucose load are considered to have impaired glucose tolerance. Of
these two pre diabeticstates, the latter in particular is a major risk factor
for progression to full-blown DM, as well as cardiovascular disease
(Santaguida et al., 2008). The American Diabetes associated since 2003
uses as slightly different range for impaired fasting glucose of 6.5 to 6.9
mmol/l (100 to 125 mg/dl) (Bartoil et al., 2011) Glycated hemoglobin is
better than fasting glucose for determining risks of cardiovascular disease

and death from any cause (Selvin et al., 2010).
1.2.2.6 Complications of diabetes mellitus:

All forms of diabetes increase the risk of long-term complication. These
typically develop after many years (10-20) but may be the first symptom
in those who have otherwise not received a diagnosis before that time.
The major long-term complications related to damage to blood vessels
(Sarwar et al., 2010). The primary complications of diabetes due to
damage to the eyes , kidneys,and nerves .Damage to the eyes , known as
diabetic retinopathy , is caused by damage to the blood vessels in the
retina of the eye , and can result in gradual vision loss and blindness.
Damage to the kidneys,known as diabetic nephropathy, can lead to tissue
scarring, urine protein loss, and eventually chronic kidney disease,
sometimes requiring dialysis or kidney transplantation. Damage to the
nerves of the body, known as diabetic neuropathy,is most common

complication of diabetes .The symptoms can include numbness, tingling,
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pain, and altered pain sensation, which can lead to damage the skin.
Diabetes related foot problems (such as diabetic foot ulcers) may occur,
and can be difficult to treat, occasionally requiring amputation.
Additionally, proximal diabetic neuropathy causes painful muscle atrophy
and weakness. There is a link between cognitive deficit and diabetes.
Compared to those without diabetes, those with the disease have a 1.2 to
1.5 fold greater rate of decline in cognitive function (Cukierman,
2005).Being diabetic , especially when on insulin , increase the risk

offalls in older people (Yang etal., 2016) .
1.2.2.7 Hemoglobin A1C:

Glycated protein is formed post-transnationally through the slow, non-
enzymatic reaction between glucose and amino groups on proteins.
HbAL1C is clinically useful index of mean glycaemia during the preceding
120 days, the average life of span of erythrocytes. Carefully controlled
studies have documented as close relationship between the concentrations
of HbA1C and mean glycaemia. HbA1C is considered as a more reliable
parameter in monitoring glycaemia over the glycemic reading with the

conventional glucometer.
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1.3 Rationale:

Diabetes is a major source of morbidity in developing countries.
In Sudan diabetes is an increasing problem, being responsible for
10% of hospital admission and mortality. Measurement of
hemostatic parameter is important in the decrease development of
complication of diabetes mellitus. Any disturbance in level of
hemostatic parameter have role in pathogenesis and prognosis of
diabetes. Diabetes patients have hypercoagulability in the blood,
this study is designed to show the effect of diabetes in these
hematological parameters (prothrombin time, Activated partial
thromboplastin time Platelet count and International Normalized
Ratio (INR).
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1.4 Objectives:
1.4.1 General objective:

Estimate of coagulation profile and platelets count in diabetes

Type Il in Khartoum State.
1.4.2 Specific objectives:

1. To estimate level of PT, PTT, Platelet count and INR tests in

patients with diabetes and compare with healthy individuals.

2. To determine the effect of diabetes exposed period in PT,
APTT, platelet count and INR tests.

3. To assess relation between PT, PTT, INR and platelet count

and gender.

4. To correlate between controlling of diabetes and /or duration of

the disease and the tested parameters.
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Chapter two

Materials and Methods
2.1 Study design:

This is a description cross-sectional study aimed to determine the effect
of diabetes in coagulation profile (PT, APTT) .The study was conducted
in Khartoum state during the period of July to November.

2.2Study population:
Samples taken from diabetic type Il women and men including all ages.
2.3 Sample size and sampling:

30 samples were randomly selected for this study by using random
selection method as case group and 30 samples collected from healthy

individuals as control group.

2.4 Inclusion criteria:

Diabetes patients using insulin injections and tablets.

2.5 Exclusion criteria:

The patients with hypertension or used oral anticoagulant.
2.6 Ethical considerations:

The samples were taken under ethical circumstances after ethical

approval from best care hospital administration.
2.7 Collection and processing of blood samples:

Sample of 2 ml of blood was collected in 20 microliter part citrate

solution. After centrifugation (3000 r/ 15 minutes at room temperature) to

29



obtain platelet poor plasma (ppp), the plasma was collected and stored at
-20c until analysis .All samples were analyzed for prothrombin time(PT)

and activated partial thromboplastin time (APTT).
2.8 Data analysis and presentation:

Data analyzed by SPSS version 11.5 program and presented in form of

tables and graphs (Independent t test, correlation and one way ANOVA..
2.9 Methodology:

Semi- automated method by coagulometer biobas 10.

2.10 Coagulometer:

It is automated coagulometer using magnetic sensor making the results
accurate and more relianle than manual testing .It performs all
coagulation tests like PT, APTT, etc.

Principle:

Measuring cuvette with small rod stainless steel magnetic stirrer inside ,
kept in coagulometer holes which was adjusted at 37c , the clotting
reaction initiated through the test dependent added reagents , magnetic
stirrer began to run rapidly around it is horizontal axis due to magnetic
field .Surrounding and magnetic sensor was measuring the time , the clot
which was formed stopped the movement of magnetic stirrer and the time
which was spent up to the end point time was recorded on display as the

clotting time of the performed test .
Sampling:

Platelets poor plasma (PPP), the blood was drawing using a needle with

limited occlusion of the arm by the tourniquet. The blood was added to
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the anticoagulant at a ration of 2ml of the blood to 0.2ml of citrate.Buffer
sodium citrate and gently mixed, 3.2% buffer sodium citrate container
was used.(Shapiross, 2003)The sample was centrifuge at 3000r/ 15
minutes to obtain platelets poor plasma (ppp), the plasma was placed in to
eppendorf tube cap and frozen at -20c used for prothrombin time ,

activated partial thromboplastin time.
2.11 Methods:

2.11.1 Prothrombin time (PT) automated using biobas10

coagulometer.
Principle:

The prothrombin test measures the clotting time of the plasma in the
presence of an optimal concentration of tissue extraction (thromboplastin)
and indicates the overall efficiency of the extrinsic clotting system
(Giangrande, 2003).

Procedure:

PT liquid thromboplastin brought to 37c and was well mixed,
coagulometer was adjusted at 37c and cuvettes with magnetic stirrers
inside were kept in holes at 37¢ for 2 minutes then 200ml of prothrombin
liquid thromboplastin added to the plasma and simultaneously was
measured at the end point, the clotting time determined directly from the

display.
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2.11.2 Activated partial thromboplastin time (APTT), automated
using biobas10:

Principle:

The test measures the clotting time of plasma often the activation of
contact factors but without added tissue thromboplastin, and so indicates
the overall efficiency of intrinsic pathway. To standardized the activation
of contact factors. The plasma is first pre-incubated with kaolin.
Standardaized phospholipid is provided to allow the test to be performed
on PPP. The test depends at only the contact factor and on factors VII and
IX , but also on the reactions with factor X,V,I1,1, it is also sensitive to the
presence of circulating anticoagulants (inhibitors )and heparin
(Giangrande, 2003) .

Procedure:

Activated partial thromboplastin reagent was brought to 37c¢ and was
well mixed , coagulometer was adjusted at 37c and cuvettes with
magnetic stirrer inside werekept in holes at 37¢ , 100 ml of plasmas
placed in cuvettes , 100ml of APTT reagent which was pre-warmed at
37c was added to plasma , mixed well and incubate for 3 minutes , 100ml
of Cacl2 which was pre-formed at 37c was added and simultaneously the
display started to measure the time , then the time of clot formation was

observed directly from display.
2.11.3 1 Chroma HBAL1C:
Intended use:

Is a fluorescence Immunoassay (FIA) for the quantitative determination

of HBALC in human whole blood. It is useful as an aid in management
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monitoring of the long-term glycemic status in patients with diabetes

mellitus. For in vitro diagnostic only.
Introduction:

Glycated protein is formed post-transnationally through the slow, non-
enzymatic reaction between glucose and amino groups on proteins.
HbAL1C is clinically useful index of mean glycaemia during the preceding
120 days, the average life of span of erythrocytes. Carefully controlled
studies have documented as close relationship between the concentrations
of HbA1C and mean glycaemia. HbA1C is considered as a more reliable
parameter in monitoring glycaemia over the glycemic reading with the

conventional glucometer.
Principle:

The test uses a sandwich immune detection method: the detector antibody
in buffer binds to antigen in sample, forming antigen-antibody
complexes, and migrates on to nitro cellulose matrix to be capture by
other immobilized antibody in test strip. The more antigen in sample
forms the more antigen-antibody complexes and leads to stronger
intensity Of fluorescence signal on detector antibody. Instrument for |
Chroma tests displays the content of glycated hemoglobin in terms of

percent of the total hemoglobin in blood.
Sample collection and processing:

-The sample is human whole blood (EDTA), it is recommended to test

the sample within 12 hours after collection.

-Samples may be stored for up to a week at 2-8 ¢ prior to being tested .
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-If testing will be delayed more than a week, samples should be frozen at
-70c or below. Samples stored frozen at -70c for 3 months showed no

performance difference.

-Once the sample was frozen, it should be used one time only for test,
because repeated freezing and thawing can result in the change the test

values.
Procedure:
1-Draw 100ml of hemolysis buffer and transfer it into detection buffer.

2-Draw 5ml of fingertip blood or tube blood using 5ml capillary tube in

to the detection buffer tube.

3-Close the lid of the detection buffer tube and mix the sample

thoroughly by shaking it about 15 times.
4-Take out the cartridge half from i-chamber solt.

5-Pipette out 75ml of the sample mixture and load it into a sample well in

the test cartridge.

6-Wait till the sample mixture flow appears in the windows (about 10

seconds).
7- Insert the cartridge into the I-chroma solt.
8-Leave the sample in i-chamber for 12 minutes before removing.

9-Press select button on the instrument for ichroma tests to start the

scanning process.

10-Instrument for ichroma tests will start scanning the sample loaded

cartridge immediately.
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11-Read the test result on the display screen of the instrument for ichroma

tests.
2.11.4. Platelet count:

A platelet count is used to detect the number of platelets in the blood. The
test is included in a Complete Blood Count (CBC), a panel of tests often
performed as part of a general health examination. Platelets are tiny
fragments of cells that essential for normal blood clotting. A platelet
count may be used to screen for or diagnose various diseases and
conditions that can cause problems with clot formation. A platelet count
may be performed in conjunction with one or more platelet function tests,
which assess the function of platelets, and or tests that evaluate
coagulation such as PT and PTT (WHO, 2017).
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Chapter Three

Results
Population characteristic:

In this study 60 subjects were participated. 30(12 males and 18 females)
of these were patients with type Il diabetes patients and 30 were healthy
control matched with age. The patients were divided according to HbA1C
value in to diabetic controlling (13 patients) and uncontrolling (17
patients) groups. The age of subjects ranged from 30-80 years with a
mean age of 50 years. All subjects were residing in Khartoum state, blood

samples of patients were collected from Best Care Hospital.

Table (3-1): Means and STD of tested parameters in patients

and controls

Parameters Mean £ STD P-value
PT P 13.099 +1.219 0.893
C 13113+1.132
INR P 1113+0.283 0.971
C 1114+0.312
APTT P 33.853+4.849 0.321
C 34480+4.671
Platelets count P 297.53+98.918 |0.703
C 292.60+97.293

P = patients (30 patients)

C = control (30 controls).
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Figure (3-1) Relation between PT in seconds and age in years of patients.
A no correlation between PT of the increase age of patients.
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Figure (3-2) Relation between INR and age in years of patients. A no
correlation between INR of the increase age of patients.
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Figure (3-3) Relation between APTT in seconds and age in years of
patients. A no correlation between APTT of the increase age of patient.
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Figure (3-4) Relation between platelets count and age in years of patients.
A no correlation between platelets count of the increase age of patient.
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Table (3-2): Relation of parameters with gender of patients

Parameters

Mean + STD

P-value

PT

M 13.2+1.0
F 13.0+13

0.703

INR

M 1.18+0.29
F 1.00+0.32

0.312

APTT

M 35.99+5.19
F 3347+4.12

0.151

Platelets count

M 232+57.0
F 333+98.6

0.003

M = Males (12)

F = Females (18)
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Table (3-3): Association between duration of the diabetes typell
and tested parameters as analyzed by ANOVA

Parameters NO Mean = STD P-value

PT 23 | (1-10) years 13.13 £ 1.36 0.769
7 More than 10 years 12.97 + 0.61

INR 23 | (1-10) years 1.12 +0.34 0.568
7 More than 10 years 1.07 £ 0.15

APTT 23 | (1-10) years 33.70 £ 4.71 0.100
7 More than 10 years 37.02 = 3.73

Platelets count |23 | (1-10) years 306 £ 97 0.166
7 More than 10 years 247 £+ 89
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Table (3-4): Parameters among diabetic controlling and

uncontrolling groups

Parameters | NO Mean £ STD P-value

PT 13 | Lessthan 8% 12.91+1.14 0.834
17 | More than8% 13.22 £ 1.29

INR 13 | Lessthan 8% 1.05+0.25 0.918
17 | More than 8% 1.15+0.34

APTT 13 | Lessthan8% 34.37+5.13 0.380
17 | More than 8% 34.55 + 4.44

Platelets count |13 | Less than 8%275 = 73 0.419
17 | More than 8% 307 + 112

Less than 8% = Controlling diabetes (13 patients)

More than 8% = Uncontrolling diabetes (17 patients)
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Chapter Four

Discussion, Conclusion, Recommendations
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Chapter Four
4.1 Discussion

The investigation of PT and INR showed no variation between patients
(13.0933+1.21993)  (1.1147+0.31291) and  healthy individual
(13.1333£1.05841) (1.0453+0.20549). The Estimation of APTT among
diabetic patients showed an increased in the mean of APTT in patients
(34.80£4.6714) compared to healthy individuals (33.210+5.0399) with
statistically non-significant relation. The mean of platelets count of
diabetic patient was decreased (292.60£97.293) when compared to
healthy individuals (298.83+98.852) but this variation was not
statistically significant relation.The results disagree with the study
conducted in southeast Asian,by Acang and Jalil,1993,who found in
significantly short PT, APTT in diabetic Patients especially who suffered
from diabetes for a long time and followed by chronic complication
(Acane and Jalil,1993).sec). In other hand the results of this study agreed
with the study conducted in SUST by Abdeen and Ayman , in that study
insignificant prolongation of PT and APTT were observed in patients
compared to control but the difference within the normal range.
According to disease duration , PT of patients was within normal range ,
APTT was prolonged progressively with increase period of disease on set
(Abdeen and Ayman,2014).Estimation of platelets count among diabetic
patients showed mild decreased level (292.60 + 97.29) compared with
normal healthy individuals (298.83 + 98.85), The results of this study
disagreed with the study conducted in SUST by Hassan, when she
reported that there was significant increased in platelets count in the

diabetic patient when compared with non diabetic control(Hassan, 2011).
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Estimation of PT and APTT among diabetic male and female showed that
increased PT and APTT in diabetic males (13.2 £ 1.06 , 35.99 + 5.19)
compared to diabetic females (13.02 £ 1.33, 33.47 £ 4.12). But platelets
count decreased in males (232 £ 57.01) compared to females (333 +
98.61) .This results agreed with the study conducted in SUST by Hassan ,
as she reported a significant shortened APTT in diabetic male , significant
prolongation of PT in diabetic male and insignificant increased of
Platelets count in diabetic male when compared to diabetic
female(Hassan,2011).

All parameters have no correlation with age. When show parameters
among controlled diabetes were compared with non controlled diabetes
mellitus, the results show that the mean of PT, INR and APTT in
uncontrolled diabetes (13.3 = 1.2, 0.985 + 0.084, 34.97+5.15) are more
increased than the mean of controlled diabetes (12.8 £1.1, 0.94 + 0.06,
33.97 £ 5.15), but the mean of platelets count of uncontrolled diabetes is
decreased (269.6 +73.8) than mean of controlled diabetes (312.06
+113.1).The results also show that all parameters increased with duration
of the disease but no data were available to compare the observation with

similar study.
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4.2 Conclusion:

1. PT among study group showed no variation when compared with
mean of normal control this variation no clinical significance. APTT
showed mild increased in diabetic when compared with normal but
this increase not clinical significant. Platelet count showed mild
decreased when compared with normal control, but this decreased
have no clinical significant.

2. All parameters (PT, INR, APTT and Platelet count) increased in
uncontrolled diabetic patients but is not clinical significant. The
parameters PT, INR and PTT are increased with duration, this
increased not clinical significant, but the platelets count decreased
with duration and have clinical significant.

3. All parameter decreased with age. No variation of PT between
male and female, but APTT and INR the male is more affected than
female, and Platelet count and HBALC the female is more affected
than male .However in this study association between diabetes and

hemostatic mechanism has been observed.
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4.3 Recommendation:

1. The study provides an experimental evidence indicated that regular
estimation of coagulation profile and platelet count for diabetes
mellitus.

2. Diet control among diabetic patient is necessary as to avoid
complication resulting from hyperglycemia.

3. Health program should be implemented to explain the
complications associated with diabetes mellitus, and how to avoid
these complications.

4. Further study with large sample size should be done to compare

these parameters in diabetic patient and healthy individuals.
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Appendices
Appendix (1): Questionnaire
Sudan University of Science and Technology

College of Graduate studies

Hematology Department

(=] To [=] S P
SAMPIE NO () ferree i
Drug and Treatment : .......ccvvviiriiriiieiii i e eae
DUFALION .. e e e e
Diabetic: yes( ) No( )

Control the Treatment : yes () No( )
Aspirin Taken: yes () No( )
Treatment for Hypercoagulability :

yes () No( )

Date: ....ovvvieiinnnnns Sign: ..o
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Appendix (2): materials supplied:
Features of coagulometer:
e One channel open system with all kind of quality reagents.
e Photometric system for the detection of stable polymer fibrin.

e Incorporated magnetic stirrer system in order to mix well the

reagent and plasma.

e Temporary controlled block for storing 10 reaction cuvettes and a

reagent vial.Performs PT, APTT, etc.

Prothrombin time (PT) automated using biobas 10 coagulometer.
Reagent:

1. Pooled normal control plasma.

2. Prothrombin time Kkit.
Equipment:

1. Coagulometer biobas with its cuvette.

2. Magnetic (ball).

3. Automatic pipette.

4. Yellow and blue tips.
Requirements:

Thromboplastin reagent which contains tissue factor and phospholipid
obtained from human or rabbet brain or recompenant DNA, automatic

pipette, ppp, curettes, magnetic stirrers and coagulometer.
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Normal Values:
The normal range of PT is between 11-16 seconds (Shapiross, 2003).
Interpretation:

The common cause of prolonged PT is:Administration of oral
anticoagulant drugs (vit k antagonists), liver disease, vit k deficiency,

DIC, or prothrombin deficiency or defect.

Activated partial thromboplastin time (APTT), automated using

biobas
Reagent:
1. Polled normal control plasma.
2. Activated partial thromboplastin time Kit.
Equipment:
1. Coagulometer biobas and it cuvette.
2. Magnetic ball.
3. Automatic pipette.
4. Yellow and blue tips.
Requirements:

PPP, kaolin-cephalin reagent, Cacl2, 0.025 %water bath, automatic

pipette , coulometer , cuvettes and magnetic stirrers .
Normal range:

The normal range is typically within 26-40 seconds (Shapiross, 2003).
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Interpretation:

The common cause of prolonged APTT is : DIC , liver disease , massive
transfusion with plasma deplete , administration of or contamination with

heparin or other anticoagulants red blood cell, a circulating anticoagulant
(inhibitor )and deficiency of coagulation factor other than factor (VII) .

Materials supplied in i-chroma tests:
Components of ichroma HbAL1C:
Cartidge Box:

-Cartidges.

- ID chip.

- Instruction for use.

Detection buffer Box:

- Detection buffer Box

- Hemolysis buffer vial (3ml).

Sample collection and processing:

-The sample is human whole blood (EDTA), it is recommended to test

the sample within 12 hours after collection.
-Samples may be stored for up to a week at 2-8 ¢ prior to being tested .

-If testing will be delayed more than a week, samples should be frozen at
-70c or below. Samples stored frozen at -70c for 3 months showed no

performance difference.
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-Once the sample was frozen, it should be used one time only for test,
because repeated freezing and thawing can result in the change the test

values.
Interpretation of the result:

-Instrument for ichroma tests calculates the test result automatically and
displays HbA1C concentration of the test sample in terms of %( NGSP),
mmol/mol (IFCC), mg/dl (eAG).

The cut-off (reference range ) :

-NGSP (%): 4.5-6.5%.

-IFCC (mmol/mol) : 26-48 mmol/mol .
Working range :

-NGSP (%): 4-15%.

-IFCC (mmol/mol): 20.2-140.4mmol/mol.

- eAG (mg/dl): 68.1-383.8mg/dI.
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Appendix (4): Results

NO | Sample | Sex |Plts | HBALC |Age |PT |PTT |INR | Control | Duration
1 Case M 357 | 6.1 57 |135/34.8 |1.10 | Yes 3
2 Case F 256 |13.0 50 |12.8 35.2 [0.95 |[NO 12
3 Case F 255 | 7.2 36 |11.3/30.0 |0.84 |Yes 7
4 Case M 202 | 6.0 72 136412 130 |Yes 15
5 Case M 226 | 6.9 75 [12.3/36.2 |0.98 | Yes 15
6 Case F 191 | 9.6 43 113.0/39.0 [1.00 |NO 15
7 Case F 342 |10.9 35 |16.5/39.2 |1.90 |NO 8
8 Case F 439 | 7.0 58 [12.1/29.9 |0.88 | Yes 30
9 Case M 198 | 8.1 57 119 28.8 |0.86 | NO 8
10 | Case F 379 | 104 35 |12.3/30.2 [0.89 |[NO 1
11 | Case F 594 |10.9 55 |11.9/28.8 |0.86 | NO 3
12 | Case F 359 |10.9 39 |12.0/29.8 |0.87 |NO 3
13 | Case F 330 | 7.7 45 114.0/353 |1.00 | Yes 3
14 | Case F 245 |85 76 |13.3 /382 [1.20 |NO 13
15 | Case M 225 | 115 60 |13.0 379 |1.50 |NO 6
16 | Case F 239 | 111 43 115.2/38.0 [1.80 |NO 5
17 | Case M 280 | 7.2 32 139 420 140 |Yes 4
18 | Case M 231 | 7.9 67 |12.0 29.3 |0.87 | Yes 10
19 | Case M 172 | 8.0 55 |11.9 289 |0.86 |NO 1
20 | Case F 456 | 11.0 36 |12.6 /33.0 |0.94 |NO 3
21 | Case F 254 (9.0 52 |14.8 36.0 [1.50 |NO 7
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22 | Case F 398 | 9.7 60 |12.3|27.5 |0.88 |NO 1
23 | Case M 315 | 7.9 73 |13.0 322 |0.97 |Yes 4
24 | Case F 287 | 5.9 60 |13.0 35.0 |0.97 |Yes 1
25 | Case F 286 | 5.6 42 111.9|28.9 |0.86 |Yes 1
26 | Case 296 | 8.2 50 1221298 |0.87 |NO 5
27 | Case M 198 |95 46 142|379 (150 |NO 7
28 | Case F 388 | 9.9 36 |13.2]38.7 |0.99 |NO 3
29 | Case M 206 | 5.9 44 11541432 |1.70 |Yes 8
30 | Case M 174 | 9.7 49 113.7/395 [1.20 |NO 11
31 |Control |F 333 |54 36 |12.1 30.2 |0.88
32 | Control |F 440 | 5.2 40 139|391 |1.30
33 | Control |F 380 | 4.5 33 |125 289 |1.20
34 | Control | M 350 | 6.8 46 |12.9|32.3 |0.99
35 |Control | M 284 | 5.3 55 149 412 |1.50
36 |Control | M 282 | 5.3 43 |13.9|39.0 |1.20
37 | Control | F 450 | 6.3 32 |12.0 28.0 |0.85
38 |Control | M 150 | 5.1 50 |11.9 279 |0.86
39 |Control |F 308 | 4.9 36 |145 439 |1.40
40 |Control | F 198 | 5.3 35 |125 27.7 |0.95
41 | Control | F 221 | 5.2 30 |12.4 350 |0.91
42 | Control | F 203 | 5.0 42 111.9|28.9 |0.96
43 | Control | M 199 |53 33 |12.8|31.5 |0.94
44 | Control | F 148 | 4.8 55 [13.9 40.2 |1.20
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45 | Control | F 232 | 5.1 49 |113.1/29.8 |0.97
46 | Control | F 254 149 31 |13.0 294 |1.50
47 | Control | F 301 | 5.5 65 |12.1 30.3 |0.88
48 | Control | F 324 149 32 |121 31.1 |0.88
49 | Control | M 193 | 7.0 39 |12.2 319 |0.90
50 |Control | M 348 | 5.9 44 1159|359 |1.20
51 |Control |F 413 | 5.7 50 |13.0 33.2 |0.97
52 | Control | F 255 |54 65 |12.9|33.5 |0.94
53 | Control |F 326 | 4.8 57 |14.0 294 |1.50
54 | Control | M 316 | 4.5 38 |13.1 29.8 |0.97
55 |Control | M 244 | 4.4 42 112.8/30.0 [0.97
56 |Control | M 558 | 4.9 40 |12.2129.8 |0.87
57 | Control | M 530 | 6.1 59 |154 432 |1.70
58 | Control |F 254 1 6.5 63 |13.0 35.0 |1.50
59 | Control |F 239 | 6.6 34 |129 28.7 |0.97
60 | Control 341 | 5.2 45 |14.2142.0 |1.50
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Appendix (5): Procedure for determination of HbA1C

Boditech HbAlc Calibrator
WL Capillary tube

CFPO-108
CFPO-19
1PLE COLLECTION AND PROCESSING

smple type for ichroma™ Hb&1c is human whole blood.
It is recommended to test the sample within 12 hours after
follection.
ssmples may be stored for up to a week at 2-8 °C prior to being
f=sted.

testing will be delayed mare than 2 week, samples should be
rozen at -70 °C or below. Samples storad frozen-at -70 °C or
selow for 3 months showed no performance difference.
Dnce the sample was frozen it should be used one time only for
est, because repeated fressing and thawing can result in the
ihange of test values.

eck the components of the ichroma™ HbA1lc as described
fow. : Cartridge, ID chip, Bstruction for use, detection buffer
be and hemolysis buffer wil.
sure that the lot number of the test cartridge matches that of
chip, detection buffer aswe!l as hemalysis buffer.

zep the sealed cartridgs (if stored in refrigerator), detection
sFfer and hemolysis buffer st room temperaturs for at least 30
inutes just prior to the test.Place the cartridge ona clean, dust-
= and flat surface.
i on the instrument for ihroma™ test.

fisert the [D chip into the “IB chip port”.

Iess the ‘Select” button onthe instrument for ichroma™ test.

PERFORMANCE CHARACTERISTICS

Quality control tests should also be performed whenever there
Is any question concerning the validity of the test results.
Control materials are not provided with ichroma™ HbA1lc. For
more information regarding obtaining the control materials,
contact Boditech Med Inc’s Sales Division for assistance.

(Please refer to the instruction for use of control material.)

Analytical Specificity

- Cross-reactivity
There was no significant cross-reactivity from these materials
with the ichroma™ HbA1c test measurements.

Standard material conc.
Cross-reactivity material 52% 65% 105%

Recovery (%]
96.1

HBAD (20 me/mL) EX) 95.0
HB&Ta ATb (20 mg/ml) 1009 %35 1010
Actylated hemoglobin (100 mg/ml) 1010 984 95.7
Carbamylated hemogiobin (100 mg/mL) 1005 578 1000
Giycated h-Alburmin (100 mg/mL) 1003 574 1006
HEALd (100 mg/ml) 1009 57.0 1003
‘Acetylaldehyde hemoglobin {100 mg/mL) 1008 956 95.1

- Interference
There was no significant interference from these materials with
the ichroma™ HbALc test measurements.

Standard material cone.

Methods of dh Sig serformance liquid
chromatography and thiobarbituric 2ol calesimetric methods. In: Clarks

WL, Larner J, Pohl SL, eds. Methods in diisieses research, Vol. 2. New Yark

John Wiley, 1986:475-504.
7. Tahara ¥, Shima K. The response of G o sieswise plasma glucose
change over time in diabetic patients. Diieses Care 1993; 16:1313-4

8. Svendsen PA, Lauritzen T, Soegaard U Mimus i Glycosylated haemoglobin

and steady-state mean blood glucs:
dependent) diabetes. Diabetologiz 155X 234055,
< Cefalu WT, Wang ZQ, Bell-Farrow A, Kiger 58 Sszr C. Glycohemoglobin

in type 1 (insulin-

measured by automated affinity HPLC sormeianes with both short-term zm

long-term antecedent glycemia. Cim Cinam) 2954 £0:1317-21
10.  Singer DE, Coley CM, Samet JH, Natham il Tiests of glycemia in di=

mellitus. Their use in establishing 2 dizgmusissnd in treatment. Ann Intert

Med 1989; 110:125-37.

11 Molnar GD. Clinical evaluation of messliicmanerol in diabetes. D=
1978; 27:216-25.

12, UK Prospective Diabetes Study. Reductiomumfaic with basal

sulfonylurea or biguan " ity
Diabetes 1985; 34:793-8.

13, Baker JR, Johnson RN, Scott DJ. Serum frucsnsamine concentr=
patients with type Il (non-insulin-gepemsieni) disiietes me itus during
changes in management. BM (Gl e i 1114, 288:145.

14. Tehara Y, Shima K. Kinetics of Hbir, giwsmsd alumin, and
and analysis of their weight funciimms sgmimst precsding plzsma surpss
level. Diabetes Care 1995; 15:440-7

15.. Brooks DE, Devine DV, Harris PC. =t all Sl & pid,
whole blood immunochromatgrpibiic i for point o
Clin Chem 1999; 45:1676-1578.

Picase refer to the ‘Instrumient for ichroma™ tests Op
hanual’ for complete information and operating instructions.)
psert a cartridge into i-Chamber slot.

PROCEDU

r2w 100 pL of hemolysis Bu.ffer and transfer it into detection
iTer tube.
2w 5 pL of fingertip blocdor tube blood using 5 ul capillary
ube and put the capillary tube into the detection buffer tube.
lose the lid of the detection buffer tube and mix the sample
eroughly by shaking it 2mout 15 times.
i out the cartridge half form i-Chamber slot.
pette out 75 plL of the sample mixture and load it into 2
ple well in the test cartridge.
it till the sample mixture flow appears in the windows.
izout 10 seconds)
jgert the cartridge into -Chamber slot.
Bzve the cartridge in iChamber for 12 minutes befare
oving.

Scan the ple-loaded cartridge iy ly when the
itubation time is over. If not, it will cause inexact test resuft.
scan the sample-loaded cartridge, insert it into the
rtridge holder of the instrument for ichroma™ tests. Ensure
mper orientation of the cartridge before pushing it all the
&y inside the cartridge holder. An arrow has been marked on
 cartridge especially for this purpose.

ss ‘Select’ button on e instrument for ichroma™ tests to
@t the scanning process.
Etrument for ichroma™ tests will start scanning the sample-
ded cartridge immediately.
E2d the test result on the display screen of the instrument
ichroma™ tests.

RPRETATION OF TEST RESULT

rument for ichroma™ tests calewlates the test result
iomatically and dispiays! HbAlc concentration of the test
mple in terms of % (NGSP), mmol/mel IFCC), me/fdl (eAG).

WGSP (%): 4.5-6.5 %

IFCC (mmol/mol): 26-48 mmol/mal
urking range

P (%): 4-15%
IFCC (mmol/mol): 20.2-140.4 mmol/mol
=AG (mg/dL): 68.1-383.8 mg/dL

ATY CONTROL

lity control tests are a part of the good testing practice to
firm the expected results and validity of the 2ssay and should
jperformed at regular intervals.

control tests should be performed immediztely after
gming a new test lot to ensure the test performance is not
red.

Interference material 52% 65% 10.5% Note: Please refer to the table below in et wanous symbois
Recovery (%]
Non-interfarence 101.0 96.2 98.7
Acetaminophen (20 me/dL] 1004 978 1009 N7 || siiiznctor cn> tone :
L-ascorbic acid (500 mg/dL] 101.0 7.8 99.8 e =
Bilirubin (2 g/dL) 100.8 97.8 100.4 [:E Read instruction for use
D-glucose (1,000 mg/dL) 100.9 97.6 93.8 S
Intralipid (800 U/L) *1008 96.2 100.6
Triglyceride (327 M) 100.9 96.1 99.6 UseityDats
Urea (10 g/dL) 1001 581 9.7 ' ik

Precision
The intra-assay precision was calculated by one evaluator, who
tested different concentration of control standard five times each

Batch code

Catalog number

with three different lots of ichroma™ HbA1c. Caution
4 Accuracy
HbAlc Lot 1 Lotz Lot3 AVG SD - e =
= (%) (&)
5.2 5.28 5.18 5.24 523 012 236 100.6
6.5 6.46 6.48 6.34 643 013 1.99 289
105 104 10.56 10.58 10.51 0.19 1.83 100.1

of the European Communy 5

The inter-assay precision was confirmed by 3 different evaluators
with 3 different lots, testing five times each different
concentration.

In vitro diagnostic medical devics

Temperature limit

@5 EB B

Botween-person. Between-lot
HbAlc (%)
AVG 50 cv R AVG ES) EE) T
52 519 0.03 061 5.23 0.05 096 2
65 651 0.02 036 643 0.07 112 This product fuifills the requirements of the Dirscsue 98/79/EC
0.5 10.50 001 010 et 010 @9 c e on in vitro diagnostic medical devices.
= Comparability: —

HbA1c concentrations of 200 clinical samples were quantified
independently with ichroma™ HbAlc and Roche Cobas
integra800 as per prescribed test procedures. Test results were
compared and their comparability was investigated with linear
regression and coefficient of correlation (R). Linear regression
and coefficient of correlation between the two tests were
Y¥=1.0025X - 0.2003 and R = 0.9855respectively.

For technical assistance; please contact:
Boditech Med Inc’s Technical Services
Tel: +82 33 243-1400

E-mail: sales@boditech.co.kr

1400 4
st v=1.0025x-0,2003 .
g R=0.9855
Elﬂm N=200
-:E 800 ‘ g
5
£ s
£
S a0 >
s
= 2080
ooo T T
] 2 4 6 8 10 12 14
Roche Cobas integra 800 HbALc NGSP[%]
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be used and should be recoliected.

= Just befare use, allow the cartridge, detection buffer and sample
10 be 2t room temperature for approximately 30 minutes.

®  ichroma™ HbALlc as well as the instrument for ichroma™ tests
should be used away from vibration and/or magnetic field.
During mormal usage, it can be noted that instrument for
ichroma™ tests may produce minor vibration.

= Used detection buffer tubes, pipette tips and cartridges should
be handled carefully and discarded by an appropriate method in
accordance with relevant local regulations.

= The mixture of Detection Buffer and Hemolysis buffer must be
used within 1 hour after mixing.

= An exposure to larger quantities of sodium azide may cause
cerizin health issues like convulsions, low blood pressure and
heart rate, loss of consciousness, lung injury and respiratory
failure.

= jchroma™ HbALc will provide accurate and reliable results
subject to the following conditions.

ichromo(™

2 fluorescence Immunoassay (FIA) for the

o of HE&Ic{Hemoglobin Alc) in human whole

i &l in management and monitoring of the long-

term glycemic stz i petients with dizbetes mellitus. £ - Useichroma™ HbAlc should be used only in conjunction with
For in vitro diagnostic use onlly. ; instrument for ichroma™ tests.

- Any anticoagulants other than EDTA, sodium heparin, sodium

! INTRODUCTIO! citrate should be avoided.

i . e
Glycated protein is formed post-translationally through the slow, AGE AND STABILITY

nonenzymatic reaction between glicose and amino groups on proteins.

HbA1c is a dlinically usefull index of mean glycemia mm preceding = The cartridge is stable for 20 months (while sealed in an
e lifie spam of ey : aluminum foil pouch) if stored at 4-30 °C.

= The detection buffer pre-dispensed in a tube is stable for 20
months if stored at 2-8 °C.

= The hemolysis buffer dispensed in a vial is stable for 20 months
if stored at 4-30 °C.

= After the cartridge pouch is opened, the test should be
performed immediately.

TEST SYSTEM

mnm#exes and migrates onio r\ﬂ:mte!lulose matrix to be captured by
the other immobilized-antibody on test st

nts to the capture/detector antubodles
The test may yield false negative result. The non-responsiveness
af the antigen to the antibodies is most common where the
epitope is masked by some unknown components, so as riot to
be detected or captured by the antibodies. The instability or
degradation of the antigen with time and/or temperature may
cause the false negative as it makes antigen unrecognizable by
the antibodies.
8uffer Vil and an “ID chip’ = Other factors may interfere with the test and cause erroneous
The cartridge contains 2 test strip, the membrane which has ant results, such as technical/procedural errors, degradation of the
human HbATc at the test line, while rabbit 126 2t the iine. fest components/reagents or presence of interfering substances
‘™ Each cartridge is individually sealed in an aluminum foil pouch in the test samples.

& * *3ining 2 desiccant. 25 sealed cartridges are packed in 2 box = Anyclinical diagnosis based on the test result must be supported
ﬁ] " tains an 1D chip. by a comprehensive judgment of the concerned physician
Sar .“ = diterti E i hin LDA oo including clinical symptoms and other relevant test results.
r— biit IgG-fluorescence conjugate, bovine serum = The'test conditions for ichroma™ HbA1c are as follow.
il m as 2 stabilizer and sodium azide in phosphate - Temperature: 20-30 °C

saline (PBS) as a preservativ - we Humidity: 10-70 %
= n buffer is pre-dispensed in a separate tube. '
&nﬁs:::;m nomionic detergent and sodium MATERIALS SUPPLIED
ot is i [Rer| crpc-38

Components of ichroma™ HbAlc
= Cartridge Box:

- Cartridges 25
- ID Chip 1
% and procedures described in this - Instruction For Use ik
7 = Detection Buffer Box S
= jtisren mhe 1o wse fresh - Detection Buffer Tubes 25
= = |t is possible %0 se fireenl samiples. Please refer to “SAMPLE - Hemolysis Buffer Vial (3 mL) 1
COLLECTION AND PROCESSING”.
‘= Do not expose ichroma™ Hilfde test kit to direct sunlight. i 2
B b e iDicin, MATERIALS REQUIRED BUT SUPPLIED ON DEMAND
de!ecti(?n buffer and hemolysis buffer] must match each other. Following items can be purchased separately from ichroma™ HbAlc.
Do net interchange the test components between different lots Pleasesgontact our sales division for more information. /
or use the test components after the expiration date, either of & instrument for ichroma™ tests
wihich might vield misleading of test result(s). o e
Do net reuse. A detection buffer tube should be used for jeliomare Aoeer @ i 7~
processing one sample only. So should a cartridge. - ichroma™ Il FPRRQ%&';//V Bt
‘The cartridge should remain sealed in its original pouch before - ichroma™ D REF 13305
‘use. Do not use the cartridge, if is damaged or already opened. = -Chamber E FPRRO0Y
Frozen szmple should be thawed only once. For shipping, = ichroma™ Printer E FPRROO7
samples must be packed in accordance with the regulations. = Boditech HbALc Control @ CFPO-96 A \ ‘—\

HbAlc Sample with severe hemolytic and hyperlipidemia cannot
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