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Abstract

Introduction: GDM affects 2-10% of women during their pregnancy. It
IS important to recognize and monitor GDM closely due to the risk of
adverse effects on the mother and the fetus. Newborns of women with a
history of GDM or risky gestation are also at increased long-term risk of
developing metabolic diseases and macrosomia. Maternal glucose easily
crosses the placenta and as a consequence maternal hyperglycemia leads
to intrauterine hyperglycemia, which induces fetal hyperinsulinemia and
possible modification of growth and future metabolism of the fetus. The
association between hyperglycemia and thrombosis is well known, and
thrombosis in fetal umbilical cord vessels rate of 1/250 in risky
gestations. It was monitored that there was venous thrombosis in 70 % of
the Cases determined to have had cord thrombosis, the casual
mechanisms and related effects of thrombosis are not well understood. PT
and APTT have been reported to be increased during pregnancy, but how
this effect has clinical impact on newborn cord blood PT and APTT is
still unexplained. This study aimed to assess PT and APTT level in cord

blood of newborn in mothers with gestational diabetes mellitus.

Materials and Methods: This is a cross sectional descriptive study
carried out in Khartoum state in Saad Aboulela University Hospital,
Alsaaha Specialized Hospital and Al-Qma Specialized Hospital, in the
period from March to June 2018. Thirty samples collected from cord
blood of newborn of GDM and thirty matched control group from cord
blood of newborn of healthy pregnant were recruited in this study.
Citrated Blood sample was collected from each newborn cord blood of
normal pregnant women as control for estimation of PT,INR and
APTTby using CL-2000 Biobase automated coagulometer, Data was

analyzed by SPSS version 20, and expressed as means and tables.

Xl



Results: The mean of PT was significant increased in cord blood of
infant of GDM (19.61+4.47) when compared to the control group
(15.42+1.67) (P. value= 0.000).Also the mean of INR was significant
increase in newborn cord blood of GDM (1.64+0.45) compared to the
control (1.17+0.16) In addition; the mean of APTT is also significantly
increased in newborn cord blood of GDM (53.53+3.86) compared to
control group (50.83+4.40) P-value 0.014. An insignificant increase in PT
of cord blood from GDM pregnant with FBG <100 (mg/dl) (19.21+5.45)
to GDM pregnant women with FBG>100 (mg/dl) (19.79+4.11).Also the
INR was insignificant increase in cord blood from GDM pregnant with
FBG <100 (mg/dl) (1.67%0.40) to GDM pregnant women with FBG>100
(mg/dl) (1.56%0.56). Otherwise an insignificant increase in APTT of cord
blood from GDM pregnant with FBG <100 (mg/dl) (54.33+4.42) to GDM
pregnant women with FBG>100 (mg/dl) (53.19+3.65).No correlations
between PT ,INR and APTT level and duration of diabetes , BMI, history
of diabetes, hypertension of women (P. value > 0.05). Furthermore, no
association between PT ,INR and APTT level and newborns weight (P>
0.05).

Conclusion: The study concluded that PT, INR and APTT could be used
as indicator for the risk of thrombotic abnormality of newborn for future

management.

X1



:\M\Jﬁ\ uaidla
48 jra agall o el Ll e 9610-2 Al cinay Jeall 5 Si (e Aedia
GO B S n il oY1 (e S Aanall B pand Lind (m pall daslia
ol Y Jhalae S Geaal a5 il Jasll (A Hlalas 5l (s Sl (i je Gl Ggileal
35 aY) ad A Sl 33l ) GlIN A€ ¢ A geun Aandiall () AW 22 (e Sl jamy Anay)
saill allai (e Jargs il (8 Gl W) 3345 () (st Laacaa I Jala Sl 30y
sl Llad ) Cua iy e pdl alaty adll i Sl gl on A8 Sliiva Jilall sl
P suosl pall dalat sa g cJaadl Hhalaa e 250\ Jabay Gpiall (g puall Jaadl 22 &
aad aall Jalas U5 o) adll 5 5 il Juadl d aall Jalas sass il SV (06 9,70
e ol bdiall (D sae s S a5 G il (e () Bise a8l o3 s gl
Jaadl ad (8 Ly e Lgpal 3ol 5l o2 5355 () (S S (ST cJaadl B 58 J3IA (lala )y Legd)
() 5 Cmes sl (e ulal aagd Al all o3 (V) (s i Al 30V 1) aad (5 )
e el U1 Y I Jaal ool diall a3 3 g el i) (il pae s S

& psb Al AV, Al Al 45 ae Alad e adade A ) eda el 5k
o il Al ey il 4aludl iy aelall Sl gl S e
) 5 Omas ool e el Al pall Caagd YN8 gy (N Y V8L e (e Byl
G LA o Jaall (g S (oaim ya JURY (g ) Janll 3 (5 3a) Jadinall (Sl saa g 5
slaiall e die D 5 Al 0 AlaS Jaall (5 S i e JUlY (5l Jaall (e die
5 el () el adailim alla 5 dimy ya S (e ()5l 02 341 cdasn de senS

s (C-2000 Biobase) Sk alaainl ahaul s sl il (piudlgue s il (e

XV



G._‘Mﬂ\ c_..\m_g:i e-u20 o laal e liay) HL.JS Lilaal) e)'aj\ Cua\_a_).t idaud ¢ C..‘a\_ul\ Jalas

Crmsas i) (e dad () (oum pall il o g 1 MUIS il Jans e il o el
(4.47£19.61) J sl o (sl hadiall (5l g s Al ey 5 Aol sall 4y )Ll dpnaillc
ol il culS a8 ddalall de senall daily Wl (3.86+53.53 )(0.45+1.64)
Lo i die &3l 238 (4.40+50.83) (0.16£1.17) (1.67£15.42) 1 AU &l jusidll
O Al s 4y sina ol 3y Agilan) AlVa Culd Ciliy i Glia o) asd adaliall 4 gaadly
(5ol ladiall (5Dl sae g i) (e 5 Aad gall 4y sl dsille Gasag gl ey danssia
o2 A )i die Liayl g ¢(+00r (e jral 4 ginall dagill)adagliall de sanall 5 oz yall ()
Cres Rl e 4al e JSI 4G 5ima 330 ) a3 <100 alball HSlall s ae VA
(19.21+_5.45) sl e 5 3all Jadiall (5530 saa g A1 ey 5 A sall 4y jlamall dpnillc
ol il oS 28 Al de senall dnally Wi (54.33+_4.42) (1.67+_0.40)
i 6 s oIS (53.19+ 3.65) (1.56+_0.56) (19.79+ 4.11): Il &l yusid)
Ol saa s A (a3 5 A sall A lmall dssille Gaaas g ) (e (B Adibanl ¥ il

(2060 O ial g sinall Fall) iayall saa ca (gaiayall (53] g5 3al) Tadkial

A gal) g jlemall dnille Gares 5l e dawssie and o) e dlasd) ¢ jLaldadIall
Juib) Yal Glhalall dde (il axdieg o) OSay (s badidl (indlsse s Al ()

XV



Chapter One

1. Introduction

1.1Gestational Diabetes Mellitus (GDM)

Gestational diabetes mellitus (GDM) is defined as glucose intolerance of
various degrees that is first detected during pregnancy. GDM is detected
through the screening of pregnant women for clinical risk factors and,
among at risk women, testing for abnormal glucose tolerance that is
usually, but not invariably, mild and asymptomatic. GDM appears to
result from the same broad spectrum of physiological and genetic
abnormalities that characterize diabetes outside of pregnancy. GDM is a
form of hyperglycemia. In general, hyperglycemia results from an insulin
supply that is inadequate to meet tissue demands for normal blood
glucose regulation (Thomas and Anny, 2005).

1.1.1 Classification

Uniform classification of diabetic in pregnancies is still needed for both
epidemiological and clinical purposes. Both the World Health
Organization (WHO) and National Diabetes Data Group (NDDG) of
National Institutes of Health (NIH) have endorsed a classification based
on the etiology. WHO classification differ only by recognizing impaired
glucose tolerance (IGT) before pregnancy. This is simple but of no

prognostic value.



Classification of maternal diabetes in pregnancy:
e Pregestational diabetes: preexisting typel or type2 or secondary.
o Gestational diabetes: diagnosis is made post gestationally, normal

glucose tolerance.

The classic classification system of diabetes in pregnancy was initially
developed by Dr. Priscilla White in 1949 and referred currently as the
White’s classification. On the basis of age at onset, diabetes duration,
metabolic, and vascular complications, Dr. White divided diabetes in
pregnancy in classes from “A” (more favorable) to “F” (less favorable).
The original White’s classification underwent multiple modifications,
until 1980. The first revision was done in 1965 by shifting vascular
complications to “D” and adding class “R” which denotes the presence of
proliferative retinopathy. In 1972 a further update was made in which,
GDM was included in class “A” and class “D” was subdivided into five
categories. The latest modification applied to the White’s classification
includes addition of GDM as a distinct separate class and deletion of class
“E” and “G”. The American College of Obstetricians and Gynecologists
(ACOG) proposed another classification for GDM, adding a note for the
presence or absence of metabolic complications, doubting the usefulness

of the White’s classification in clinical practice.

Currently, the term diabetes in pregnancy has been suggested to include

all cases of hyperglycemia observed during pregnancy comprising GDM



and PED. The latter include pre-gestational type 2 diabetes mellitus
(T2DM) and type 1 diabetes mellitus (T1DM), and GDM is defined as
any degree of hyperglycemia that is recognized for the first time during
pregnancy. This definition of GDM should be understood as to include
cases of undiagnosed T2DM “overt diabetes” identified early in
pregnancy and true GDM which develops later in pregnancy

(Chamberlain et al., 2013).

1.1.2 Epidemiology

The prevalence of GDM has been progressively increasing and it reflects
the background prevalence of obesity and T2DM in general population.
Higher rates of GDM were found to raise in parallel with higher rates of
T2DM. This may be related to the common risk factors including obesity,
physical inactivity, ethnic background and urbanization. In Northern
Californian pregnant women without pre-existing diabetes, reported that
the prevalence of GDM was low among non Hispanic white women and
African Americans, and high in Asians and Filipinas. Interestingly higher
rates of GDM were demonstrated among those with lowest BMI (Asians
and Filipinas) and lower rates were found in those with highest BMI
(non-Hispanic white women and African Americans)( Hedderson et al.,

2012).



1.1.3 Etiology

Pregnancy represents a complex metabolic and physiological condition
that can be considered as a status of biological tolerance test which has
the ability to detect insulin resistance earlier. Insulin resistance (IR) in
pregnancy could be the result of maternal obesity with varying degree of
adipocytokine production, or increased production of diabetogenic
placental hormones. In addition to insulin resistance, pancreatic (-cell
dysfunction might also play a role in the pathophysiology of GDM
(Abdel Hameed and John, 2017).

1.1.4 Pathophysiology of GDM

Insulin resistance during pregnancy stems from a variety of factors,
including alterations in growth hormone and cortisol secretion (insulin
antagonists), human placental lactogen secretion (which is produced by
the placenta and affects fatty acids and glucose metabolism, promotes
lipolysis, and decreases glucose uptake), and insulinase secretion (which
iIs produced by the placenta and facilitates metabolism of insulin). In
addition, estrogen and progesterone also contribute to a disruption of the
glucose insulin balance. Increased maternal adipose deposition, decreased
exercise, and increased caloric intake also contribute to this state of

relative glucose intolerance( Amanda, 2008).



1-1-5 Risk Factors for GDM

Several risk factors are associated with the development of GDM. The
most common risk factors include a history of macrosomia (birth weight
> 4000 g), being a member of an ethnic group with a higher rate of type Il
diabetes (as mentioned above), polycystic ovarian syndrome, essential
hypertension or pregnancy-related hypertension, history of spontaneous
abortions and unexplained stillbirths, strong family history of diabetes
(especially in first-degree relatives), obesity (pregnancy weight > 110%
of ideal body weight or body mass index [BMI] > 30), age older than 25
years, persistent glucosuria, and a history of GDM in a previous
pregnancy. No known risk factors are identified in 50% of patients with

GDM (Marion , 2008).

1.1.6 Effect of GDM on The Newborn’s Health and Risk for Future

Diseases

Newborn of women with a history of GDM are also at increased long-
term risk of developing metabolic diseases such as obesity, T2DM and
the metabolic syndrome. This long-term risk depends on genetic
susceptibility and is further modulated by the postnatal environment. In
recent years focus has been on the phenomenon of epigenetic

transmission of acquired characteristics from mother to child due to



perinatal programming of the fetus. Maternal glucose easily crosses the
placenta and as a consequence maternal hyperglycemia leads to
intrauterine hyperglycemia, which induces fetalhyperinsulinemia and
possible modification of growth and future metabolism of the fetus (fuel-
mediated teratogenesis). Also worth noticing, is the finding that the
relation between birth weight and risk of T2DM is U-shaped and
therefore both infants with decreased and those with increased birth
weight are at increased risk of developing T2DM as compared to persons

being born with a normal birth weight (Ulla , et al.,2015).

1-1-7Association between GDM and Thrombosis in Umbilical Cord

Blood

Thrombosis in fetal umbilical cord vessels is a rarely seen condition. It is
stated that it is seen at a rate of 1/1300 in the retrospective autopsyresults,
1/1000 in perinatal autopsies, 1/250 in risky gestations and 1/25 only in
the cases on which cord anomalies are examined. It was monitored that
there was venous thrombosis in 70 % of the Cases determined to have
had cord thrombosis, both arterial and venous thrombosis in 20% of them
and only arterial thrombosis in 10% of them, the casual mechanisms and
related effects of thrombosis are not well understood (Avagliano L, et al.,
2010). Maternal diabetes mellitus is risk factor for fetal thrombus
formation: infants of diabetic mothers have an increased level of a 2-
antiplasmin and decreased fibrinolysin activity with a higher risk of

6



developing thrombosis. They also have an imbalance between
vasodilatation and vasoconstriction factors, with enhanced susceptibility
to vasoconstriction and platelet aggregation .In one study aimed to find
the coagulation link of the hemostatic system in newborn infants from
mothers with GDM, fifty newborn infants born to mothers with
extragenital pathology (diabetes mellitus) were studied for the
coagulative link of the homeostasis system as were 20 babies born to
essentially healthy mothers. The conducted study revealed signs of
hypercoagulation presenting with activation of the external and internal
route of hemostasis in those infants born to mothers with diabetes
mellitus (DM). Toward the period of early neonatal adaptation shifts are
still observable in the coagulating system at the expense of stimulation of
the first phase of coagulation. The disclosed abnormalities in the
coagulative link of the coagulating system in infants born to DM mothers
pose a threat of development of thrombohaemorrhagic complications

(Znemen’ka, et.al, 2000).

1.1.8 Screening and Diagnosis of GDM

There is a debate regarding the preferred screening protocol for GDM.
Some experts recommend universal screening because not all women
who develop GDM have risk factors. The ADA policy states that

screening may be omitted in low-risk women. A woman is considered



low risk if all of the following factors are present: age younger than 25
years; BMI less than 25 before pregnancy; not of Hispanic, African
American, American Indian, South or East Asian, or Pacific Islander
descent; no first-degree relative with DM; no history of abnormal glucose
tolerance; and no history of poor obstetric outcome. The American
College of Obstetricians and Gynecologists (ACOG) practice bulletin
states that universal screening is the most sensitive and more practical
approach, but it notes that low-risk women may be excluded from
screening per the ADA recommendation. The United States Preventive
Services Task Force on Preventive Health Care (2008) concluded that
there is not enough evidence to support or deny universal screening for

GDM.

1.1.8.1 Screening

When the universal screening approach is employed, patients with no
known risk factors should undergo a 1-hour glucose test (glucose
challenge test) at 24 to 28 weeks of gestation. Patients with known risk
factors that indicate the possibility of glucose intolerance may be tested at
the onset of prenatal care. If this initial screen is normal, then the test is
repeated at the beginning of the third trimester (24 weeks).For the glucose
challenge test, the patient receives 50 g of glucose. One hour later, blood
is drawn for a plasma glucose determination. A glucose value above 130

to 140 mg/dL is considered abnormal and necessitates a second test, the

8



3-hour glucose tolerance test. Our center uses 140 mg/dL as the cutoff
point. Abnormal results for the 1-hour screening testoccurred in 15% of
patients. Of those patients who go on to have the 3-hour screening test,
15% was diagnosed with GDM.To perform glucose tolerance testing
(GTT), clinicians first draw a fasting glucose sample and then administer
100 g of glucose. Blood for glucose values is drawn at 1 hour, 2 hours,
and 3 hours. Although some centers perform a 75-g 2-hour GTT as both a
screening test and a diagnostic test, most centers in the United States rely

on the 2-step method described above.

1.1.8.2 Diagnosis

In the Carpenter/Coustan conversion method, diagnosis of GDM is based

on the presence of 2 or more of the following factors:

« Fasting serum glucose concentration exceeding 95 mg/dL
« 1-hour serum glucose concentration exceeding 180 mg/dL
« 2-hour serum glucose concentration exceeding 155 mg/dL

« 3-hour serum glucose concentration exceeding 140 mg/dL

Alternatively, some centers employ the National Diabetes Data Group
(NDDG) criteria, which are slightly more liberal. The abnormal values

are as follows ( Metzger BE, 2002):

« Fasting serum glucose concentration exceeding 105 mg/dL



« 1-hour serum glucose concentration exceeding 190 mg/dL
« 2-hour serum glucose concentration exceeding 165 mg/dL

« 3-hour serum glucose concentration exceeding 145 mg/dL

The Hyperglycemic and Adverse Pregnancy Outcomes (HAPO) study
showed that increasing levels of plasma glucose are associated with birth
weight above the 90th percentile, cord blood serum C-peptide level above
the 90th percentile, and, to a lesser degree, primary cesarean deliveries
and neonatal hypoglycemia (Crowther CA, et al 2005). There were also
associations between increased maternal plasma glucose levels and
premature delivery, shoulder dystocia, preeclampsia, and hyper-
bilirubinemia. The results of the HAPO and Australian Carbohydrate
Intolerance Study in Pregnant Women (ACHOIS)studies indicate that
maternal hyperglycemia that does not meet diagnostic criteria for overt
diabetes still has a correlation with perinatal disorders and problems. This
association suggests a need to reevaluate the standards and criteria for

diagnosing and treating hyperglycemia in pregnancy (Gabbe SG, 2003).

1.1.9. Treatment and Management of GDM

Treatment of GDM with diet and insulin reduces health problems mother
and child. Treatment of GDM is also accompanied by more inductions of
labour.A repeat OGTT should be carried out 6 weeks after delivery, to

confirm the diabetes has disappeared. Afterwards, regular screening for
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type 2 diabetes is advised. If a diabetic diet or G.I. Diet, exercise, and oral
medication are inadequate to control glucose levels, insulin therapy may
become necessary. The development of macrosomia can be evaluated
during pregnancy by using sonography. Women who use insulin, with a
history of stillbirth, or with hypertension are managed like women with

overt diabetes (Gabbe SG, Graves CR, 2003).

1.1.9.1 Lifestyle

Counseling before pregnancy (for example, about preventive folic acid
supplements) and multidisciplinary management are important for good
pregnancy outcomes. Most women can manage their GDM with dietary
changes and exercise. Self-monitoring of blood glucose levels can guide
therapy. Some women needed antidiabetic drugs, most commonly insulin
therapy. Any diet needs to provide sufficient calories for pregnancy,
typically 2,000 — 2,500 kcal with the exclusion of simple carbohydrates.
The main goal of dietary modifications is to avoid peaks in blood sugar
levels. This can be done by spreading carbohydrate intake over meals and
snacks throughout the day, and using slow-release carbohydrate
sources—known as the G.I. Diet. Since insulin resistance is highest in
mornings, breakfast carbohydrates need to be restricted more. Ingesting
more fiber in foods with whole grains, or fruit and vegetables can also
reduce the risk of gestational diabetes (Gabbe SG, Graves CR, 2003).

Regular moderately intense physical exercise is advised, although there is
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no consensus on the specific structure of exercise programs for GDM
(Gabbe SG, 2003).Self-monitoring can be accomplished using a handheld
capillary glucose dosage system. Compliance with these glucometer
systems can be low. Target ranges advised by the Australasian Diabetes

in Pregnancy Society are as follows (Gabbe SG, Graves CR, 2003).

« Fasting capillary blood glucose levels <5.5 mmol/L
« 1 hour postprandial capillary blood glucose levels <8.0 mmol/L

« 2 hour postprandial blood glucose levels <6.7 mmol/L

Regular blood samples can be used to determine HbAlc levels, which
give an idea of glucose control over a longer time period. Research
suggests a possible benefit of breastfeeding to reduce the risk of diabetes
and related risks for both mother and child (Gabbe SG, Graves CR,

2003).

1.1.9.2 Medication

If monitoring reveals failing control of glucose levels with these
measures, or if there is evidence of complications like excessive fetal
growth, treatment with insulin might be necessary. This is most
commonly fast-acting insulin given just before eating to blunt glucose
rises after meals. Care needs to be taken to avoid low blood sugar levels
due to excessive insulin. Insulin therapy can be normal or very tight;

more injections can result in better control but requires more effort, and
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there is no consensus that it has large benefits. A 2016 Cochrane review
concluded that quality evidence is not yet available to determine the best
blood sugar range for improving health for pregnant women with GDM
and their babies.There is some evidence that certain medications by
mouth might be safe in pregnancy, or at least, are less dangerous to the
developing fetus than poorly controlled diabetes. The medication
metformin is better than glyburide. If blood glucose cannot be adequately
controlled with a single agent, the combination of metformin and insulin
may be better than insulin alone. Another review found good short term
safety for both the mother and baby with metformin but unclear long term
safety.People may prefer metformin by mouth to insulin injections.
Treatment of polycystic ovarian syndrome with metformin during
pregnancy has been noted to decrease GDM levels.Almost half of the
women did not reach sufficient control with metformin alone and needed
supplemental therapy with insulin compared to those treated with insulin
alone, they required less insulin, and they gained less weight. With no
long-term studies into children of women treated with the drug, there
remains a possibility of long-term complications from metformin therapy.
Babies born to women treated with metformin have been found to
develop less visceral fat, making them less prone to insulin resistance in

later life (Gabbe SG and Graves CR, 2003).
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1.1.10 Complications of GDM

1.1.10.1 Maternal Complications

Women with GDM experience twice the number of urinary tract
infections than women who do not have GDM. This increased infection
incidence is thought to be due to the increased amount of glucose in the
urine beyond the normal glucosuria that is present in pregnancy. There is
also an increased risk of pyelonephritis, asymptomatic bacteriuria, and
preeclampsia. There is a 10% risk of polyhydramnios that may increase
the risk of abruptionplacenta and preterm labor as well as of postpartum
uterine atony. Congenital anomalies do not occur at an increased rate in
patients with GDM. There is reportedly an increased incidence of
stillbirth when glucose control is poor. There is also a 10% per year risk
of developing type Il diabetes after the pregnancy in which GDM
occurred, with the greatest risk within the first 5 years following the

index pregnancy (Adam SS, 2009).

1.1.10.2 Neonatal Complications

Macrosomia, if it occurs, typically becomes evident at 26 to 28 weeks
gestation. Complications associated with macrosomia include fetopelvic
disproportion leading to operative delivery, shoulder dystocia, and
neonatal hypoglycemia. There is an increased incidence of

hyperbilirubinemia, hypocalcemia, respiratory distress syndrome, and

14



polycythemia in the Newborn. Long-term complications can include
obesity, diabetes during childhood, impaired motor function, and higher

rates of inattention and hyperactivity (Adam, 2009).

1.1.11 Management of GDM

The cornerstone of GDM management is glycemic control. The initial
treatment for GDM is lifestyle interventions, which include medical
nutrition therapy and daily exercise. Patients are required to check their
glucose level frequently at home to assure that the glycemic targets are
achieved. If the glycemic goals are not accomplished with these

measurements, medical therapy should be initiated (Eman,2015).

1.1.11 Blood Glucose Monitoring

Women are instructed to carry out self monitoring of blood glucose 4
times a day, fasting glucose (upon awakening), and one or 2 hour post-
meals (after the first bite of a meal). In GDM, monitoring of blood
glucose after meals is preferred over pre-meal testing as the risk of
macrosomia increases with increased maternal glucose levels post-
meals. This was illustrated in a randomized clinical trial, which compared
preprandial glucose monitoring to one hour post-prandial testing, and
found macrosomia, cesarean deliveries, and neonatal hypoglycemia were
significantly less frequent in women who monitor their glucose post-

meals. However, it is not known whether a one hour, or 2-hour post-
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prandial testing is the ideal goal for the prevention of fetal risks.
Therefore, patients can monitor their glucose levels at one or 2 hours
post-meal, whatever is convenient, or at the estimated peak blood glucose
is most likely to occur post prandial, for example, choosing the time at

which glucose was elevated during OGTT (Eman,2015).

1.1.12 Pharmacological Interventions (Insulin Therapy)

If the medical nutrition therapy and exercise fail to achieve glycemic
goals for a woman with GDM, insulin therapy should be initiated. The
type and timing of insulin should be chosen based on the specific blood
glucose elevation. If the fasting glucose is greater than 90-95 mg/dl
(whole blood capillary) then basal insulin, long-acting insulin analog, or
Neutral Protamine Hagedorn (NPH); 4 units for example, should be
started before bedtime. If fasting glucose level is too high, then basal
insulin dose can be calculated according to the patient’s weight,
0.2units/kg/day. In cases where glucose level is elevated following a
meal, rapid-acting insulin, or regular insulin should be prescribed before
that specific meal, beginning with 2-4 units, or a dose of one unit per 10-
15 g of carbohydrates. If both fasting and PP glucose levels are elevated,
a 4-injections-per-day regimen ‘“basal and meal time insulin regimen”
should be prescribed.Basal and meal time insulin regimen is preferred
over twice dose regimen because it is more likely achieves, maintains

target blood glucose, and allows more flexibility.One could start by 2-4
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units of rapid-acting insulin, or regular insulin before each meal, and 2-4
units of basal insulin before bed time. Another approach to determine the
insulin doses is based on a woman’s body weight and gestational week.
In the first trimester, the total daily insulin requirement is 0.7units/kg/day,
in the second trimester it is 0.8 units/kg/day, and in the third trimester it is
0.9-1.0 units/kg/day. In a morbidly obese woman, the initial doses of
insulin may need to be increased to 1.5-2.0 units/kg to overcome the
combined IR of pregnancy and obesity. Subsequently, the calculated total
daily dose of insulin should be divided into 2 halves; one half given as
basal insulin at bed time, and the other half divided between 3 meals, and

given as rapid-acting, or regular insulin before meals (Eman,2015).

1.2. Umbilical Cord Blood

Cord blood (umbilical cord blood) is blood that remains in the placenta
and in the attached umbilical cord after childbirth. Cord blood is collected
because it contains stem cells, which can be used to treat hematopoietic

and genetic disorders Figure (1.1) (Young Ho.Lee, 2010).

Figure (1.1): Anatomy of Umbilical Cord (Jennifer D. 2007)
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1.2.1Umbilical Cord Structure

The umbilical cord at full term, as a rule, is about equal to the length of
the foetus, i.e., about 50 cm, but it may be greatly diminished or
increased. The umbilical cord is essentially composed of amniotic
epithelium covering mucoid mesenchymal connective tissue (Wharton’s
jelly). Sarugaseret al postulated that this connective tissue was derived
from a mesenchymal precursor cell population located within the
umbilical cord. They reported that these cells were most likely located in
close vicinity to the vasculature, thus close to their source of oxygen and
nutrients. They called these cells human umbilical cord perivascular
(HUCPV) cells (Habibollah S, 2010). The umbilical cord inserts into the
chorionic plate of the placenta. It usually has two arteries and a vein,
suspended in a hydrated extracellular matrix known as Wharton’s jelly.
Originally two veins are present, but the second one normally atrophies
during the pregnancy. These vessels are developmentally derived from
the allantoic vessels. At the junction of umbilical cord and placenta, the
umbilical arteries branch radially to form chorionic arteries Figure (1.2).
The chorionic arteries further branch before they enter into the villi. In the
villi, they form an extensive arteriocapillary venous system, bringing the
fetal blood extremely close to the maternal blood; but no intermingling of

fetal and maternal blood occurs. This is defined as the placental barrier
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and allows selective movement of endogenous and exogenous
compounds across the placenta. This protects the developing foetus from
the harmful effects of toxins, chemicals, cytokines, micro-organisms etc.
The umbilical vessels are responsible for exchange of gases, nutrients and
waste products between fetal and maternal circulations across the
placental membranes. The umbilical arteries deliver deoxygenated blood
to the capillaries of the placental villi where gaseous exchange takes place
between maternal and fetal circulations. Oxygenated blood is returned to
the fetus via the umbilical vein. Maternal blood in the intervellous spaces

is supplied and drained by maternal vessels.
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Figure (1.2): Cross section of the placenta (The Bartleby.com edition of Gray's Anatomy

of the Human Body)
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Human umbilical vessels differ from the major vessels of the same caliber
in the body for many reasons. Transudation of fluid occurs in these
vessels and contributes to the formation of the amniotic fluid (Blanco,
M.V.et.al, 2011).

This blood is usually thrown away. Cord blood contains stem cells, which
are special cells that can be used to treat certain diseases in children and
adults. These diseases include some cancers (leukemia and lymphoma),
blood disorders (sickle cell and thalassemia major), and other
life-threatening diseases Human umbilical cord blood (HUCB) contains
an average of 150 ml of blood at term and is rich in various components
like higher Hemoglobin (20 against 14.4/cmm with 70 percent fetal
Hemoglobin), potentiality to carry 60 percent more oxygen than adult
Hemoglobin, platelet concentration of 750000 against 250000 per
microlitre of adult blood and a WBC count of 24000 against 6500-
10,500 cells/pcl in adult blood (Blanco, M.V.et.al., 2011). Hence, studies
were started towards utilizing this natural human resource.

1.2.2 Histology of the Umbilical Cords

All umbilical cords included three vessels clearly seen in the stained
sections. Infants born to diabetic mothers had thicker umbilical vein
intima-media layer and increased both umbilical vein and umbilical artery
intima-media areas when compared to the control infants. The umbilical

arterial thickness was similar between the groups, Figure (1.3) Umbilical
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cord is a fetus-derived organ connecting the fetus to the placenta. It is
made of two arteries and a vein surrounded by a few mesenchymal
stromal cells and abundant extracellular matrix.The umbilical cord
connective tissue has a major role in preventing the vessels from bending
and occluding, but the stromal cells are also suggested to participate in
the regulation of umbilical cord blood flow together with endothelial cells

(Elaine Gluckman, 2015).

Wharton’s
jelly

placental
. vein

allantois

placental TN 4
s
- placental artery

Placental Cord

Figure (1.3): A cross-sectional image of a postpartum umbilical cord (Hill M.

UNSW2010)

1.2.3 Collection and Storage

Umbilical cord blood is the blood left over in the placenta and in the
umbilical cord after the birth of the baby. The cord blood is composed of
all the elements found in whole blood. It contains red blood cells, white

blood cells, plasma, platelets and is also rich in hematopoietic stem cells.
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There are several methods for collecting cord blood. The method most
commonly used in clinical practice is the "closed technique”, which is
similar to standard blood collection techniques. With this method, the
technician cannulates the vein of the severed umbilical cord using a
needle that is connected to a blood bag, and cord blood flows through the
needle into the bag. On average, the closed technique enables collection
of about 75 ml of cord blood. Collected cord blood is cryopreserved and
then stored in a cord blood bank for future transplantation. Cord blood
collection is typically depleted of red blood cells before cryopreservation
to ensure high rates of stem cell recovery (Young Ho. Lee, 2010).

1.2.4 Medical Application of Cord Blood

The cord blood (CB) was introduced for the first time in human to
reconstitute the hematopoietic system in patient with Fanconi anemia.
Since the first cord blood transplantation (CBT), more than 20,000 CBTs
have been reported worldwide and more than 400,000 CB units have been
stored in more than 100 CB banks. The first report of CBT in Korea was
introduced in 1998, since then more than 500 CBTs have been performed
and more than 20,000 CB units have been stored for public purposes.
Efficacy of unrelated CBT has been demonstrated in children and adults
with hematological malignancies and children with a variety of
nonmalignant hematologic disorders, including hemoglobinopathies,

immunodeficiencies. The clinical use of CB has expanded into various
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areas such as treatment of inherited metabolic disorders. Since CB
contains hematopoietic stem cells as well as a mixture of multipotent
stem cells such as unrestricted somatic stem cells, mesenchymal stem
cells, and endothelial colony-forming cells, CB has the ability to
regenerate numerous tissue types with functional improvements.
Recently, the use of CB in several regenerative medicine applications has
expanded its clinical utility. The application of CB for regenerative
medicine is different from typical hematopoietic stem cell transplantation
(HSCT) which has been performed for inherited metabolic disorders
(IMD) requiring pre-conditioning chemotherapy regimens Figure

(1.4)(Young-Ho. Lee, 2010).
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Figure (1.4): Cord Blood Cells Types (Young-Ho. Lee, 2010)

Cord blood is used the same way that hematopoietic stem cell
transplantation is used to reconstitute bone marrow following radiation
treatment for various blood cancers, and for various forms of anemia. Its

efficacy is similar as well (Young Ho. Lee, 2010).
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Table 1.1: Clinical Uses of Umbilical Cord Blood to Date (Young Ho.
Lee, 2010).

« Infantile Krabbe’s disease

« Epstein-Barr virus

« Lysosomal and peroxisomal storage diseases

« Diamond-Blackfan anemia

« Various acute and chronic leukemias

« Neuroblastoma

« Non-Hodgkin’s lymphoma

« Hodgkin’s lymphoma

« Sickle-cell anemia

« Cooley’s anemia

« Hurler syndrome

« Leukocyte adhesion deficiency

« Evans syndrome

« Osteopetrosis

« Spinal cord injury
Successes Using of Umbilical Cord Blood to Treat a Variety of Disease
and Injury included (Young Ho. Lee, 2010):

e Acute Leukemia

e Chronic Leukemia

e Myelodysplastic Syndromes
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Lymphomas

Anemias:
o Aplastic Anemia
o Congenital Dyserythropoietic Anemia
o Fanconi Anemia (Note: the first cord blood transplant in
1988 was for FA, an inherited disorder)
o Paroxysmal Nocturnal Hemoglobinuria (PNH)
o Pure Red Cell Aplasia

Inherited Red Cell Abnormalities:

o Beta Thalassemia Major (also known as Cooley’s Anemia)
o Blackfan-Diamond Anemia
o Pure Red Cell Aplasia
o Sickle Cell Disease
Inherited Platelet Abnormalities:
o Amegakaryocytosis / Congenital Thrombocytopenia
o Glanzmann Thrombasthenia
Inherited Immune System Disorders - Severe Combined
Immunodeficiency (SCID):
o SCID with Adenosine Deaminase Deficiency (ADA-SCID)
o SCID which is X-linked
o SCID with absence of T & B Cells
o SCID with absence of T Cells, Normal B Cells
o Omenn Syndrome
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e Inherited Immune System Disorders — Neutropenias

e Myeloproliferative Disorders

e Phagocyte Disorders

e L eukodystrophy Disorders

e | ysosomal Storage Diseases

1-2-5 Normal Range of Umbilical Cord Blood Parameters

1-2-5-1 Hematological Parameters

In Parallel with Beckman Coulter Ac T5diff Normal Adult Values, and

the Normal Range of Values (Based on Dacie and Lewis3) adopted by

(Katsares, et al., 2015)(Table 1.2).

Table (1.2) Normal Range of Hematological Parameter (Katsares, et al (2015)

1.1.4
Hematological
Parameters in
Umbilical Cord

European Values
(Range, Mean + SD)

(Male and Female)

Beckman Coulter
AceT S5diff (Normal

Adult Values)

Mean = SD (Male and

Female)

WBC (103/pL) 4.0-11.00 4.0-11.0 72+3471%34(M)*
RBC (106/uL) 4.5-5.55.0  0.5(M) 4.00-6.20 2.46 +0.82
3.8-4.84.3+0.5 (F)
HGB (g/dL) |13-17 15 £ 2 (M) 12— 11.0-18.8 88+29

1513.5+ 1.5 (F)
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HCT (%)

40-50 45 £ 5 (M) 35.0-55.0 25.9 + 8.8
36-4.6 41+ 5 (F)
MCV (fL) | 83-10192+9 (M, 80-100 105+ 6
F)
MCH (pg) | 27.0-32.0295+25 26.0-34.0 358+£3.1
(M, F)
MCHC (g/dL) | 31.5-34.533.0 £ 1.5 31.0-35.0 343+7.3
(M, F)
RDW (%) |11.6-140128+1.2 10.0-20.0 121+16123%
1.7(M)* 12.0 + 1.6
(F)*
PLT (103/pL) 150-400 150-400 160 + 59 157 + 58
(M)* 164 + 60 (F)*
MPV (fL) NA 6.0-10.0 80+0.7
NE# (103/pL) 2-7 2.00-8.00 34+1832%17
(M)* 3.6 + 1.9 (F)*
Ly# (103/pL) 1.00-3.00 1.00-5.00 2.66 £ 1.29
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1-2-5-2Coagulation Parameters

Normal values coagulation parameters in the newborn adopted by (Lippi,
et al., 2007) Table (1.3).

Table (1.3) Normal Range of Coagulation Parameter (Lippi, et al

2007)

Coagulation Parameter Normal Range
Prothrombin time (sec) 11-15

Partial thromboplastin time (sec 30-40
Fibrinogen (mg/dl) 175-350

Fibrin split products (mcg/mi <10

Thrombin time (sec) 15-20

1.3 Homeostasis
Homeostasis is defined as arrest of bleeding, comes from Greek, haeme

meaning blood and stasis meaning to stop (Thornton P and Douglas J,
2010).The normal haemostatic response to vascular damage depends on
closely linked interaction between the blood vessel wall, circulating
platelets and blood coagulation factors .An efficient and rapid
mechanism for stopping bleeding from sites of blood vessel injury is
clearly essential for survival. Nevertheless, such a response needs to be
tightly controlled to prevent extensive clots developing and to break

down such clots once damage is repaired. The haemostatic system thus
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represents a delicate balance between procoagulant and anticoagulant
mechanisms allied to a process for fibrinolysis. The five major
components involved are platelets, coagulation factors, coagulation
inhibitors, fibrinolysis and blood vessels (Hoffbrand, et al., 2011).
German pathologist Rudolph Virchow described thrombi and their
tendency to embolize. He proposed that the formation of thrombi is
predisposed by abnormalities in blood flow, vessel wall and blood
components. This lead to the formation of ‘Virchow’s triad,
demonstrated in Figure(1.5) for thrombogenesis. It was a simplified
view of thrombosis formation predisposition. Now it is known that the
process of thrombus formation requires complex interactions involving
injury to the vascular endothelium, platelet adherence, aggregation and
release and clotting factor activation, eventually leading to thrombin

generation and fibrin formation (Wolberg AS, 2012).

" Vasculature
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Figure (1.5): Virchow’s triad(Wolberg AS, 2012)
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1.3.1 Primary Homeostasis

Primary homeostasis results from complex interactions between platelets,
vessel wall and adhesive proteins leading to the formation of initial

platelet plug. (Palta , et al., 2014).

1.2.3 Secondary Homeostasis

Secondary homeostasis consists of the cascade of coagulation serine
proteases (Table: 1.1) that culminates in cleavage of soluble fibrinogen by
thrombin, Thrombin cleavage generates insoluble fibrin that forms a
crosslinked fibrin mesh at the site of an injury. Fibrin generation occurs
simultaneously to platelet aggregation (Furie B .2009). It has been
traditionally classified into intrinsic and extrinsic pathways, both of which
converge on factor X activation Figure(1.8). The majority of coagulation
factors were discovered in the middle of the 20" century when doctors
and scientists were presented with patients with different coagulation
pathologies (Gale AJ 2011 - Palta , Saroa R,2014). While most factors are
also named after either the person who discovered them or the patient in
whom it was first discovered they have also been given roman numerals.
As it was also mentioned previously these numbers were given according
to time of discovery and not according to their turn in the coagulation
pathway (Vest, 2017). Coagulation factors are inactivated enzymes or
precursor proteins (also called zymogens) that circulate in the blood and

become activated when a blood vessel is injured. The activation results in
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a step-wise amplification of the response. This step-wise activation of
coagulation factors is called the coagulation cascade. The coagulation
cascade consists of intrinsic pathway and extrinsic pathway, these two
pathways join together in the common pathway, seen in Figure (1.6). The
first part of the coagulation cascade is differentiated by how it is initiated
and the factors involved. The intrinsic pathway is initiated by factors
present in the blood while the extrinsic pathway Isis initiated when its
components come into contact with tissue factor (TF) located outside the
vascular system . The extrinsic pathway is initiated when FVII comes into
contact with TF. TF becomes exposed to blood components during injury
to endothelium. It activates FVII to FVIla. TF together with FVI1la then
activates FX to its active form FXa. The intrinsic pathway works
similarly to the extrinsic pathway. It is initiated when the plasma protein
known as Hageman factor (FXII) comes into contact with a negatively
charged surface, eg activated platelets. FXII becomes FXlla. FXlla
together with high molecular weight kininogen (HMWAK) activates FXI to
FXla. FXla, together with FXa and thrombin cleave FVIII to FVllia,
which acts as a cofactor in the next step. FIXa and FVIlla, together with
calcium and negatively charged phospholipids convert FX to FXa. FXa
arises from both the intrinsic and the extrinsic pathway, it is of no
importance from where it is activated, the coagulation cascade will

continue along the common pathway. The common pathway begins with
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FXa binding to cofactor FV, and in the presence of calcium this complex
forms the prothrombinase complex. This complex converts prothrombin
into thrombin, which in turn converts fibrinogen to fibrin and generates
the fibrin clot. The last phase of hemostasis is fibrinolysis. This involves
the dissolving of the blood clots during the process of wound healing. It
also prevents the formation of clots in healthy blood vessels. The
fibrinolytic system is initiated simultaneous with the activation of the
coagulation cascade to limit the size of the clot. It is an enzymatic process
where plasmin dissolves the fibrin clot into fibrin degradation products.
Plasmin, generated from plasminogen by the proteases tissue-type
plasminogen activator (tPA) and urokinase-type plasminogen activator
(uPA). Plasmin activity is in turn regulated by its inhibitor, alpha-2-

antiplasmin, to prevent widespread fibrinolysis (Leung LLK, 2016).

Table 1.4 : Nomenclature of the coagulation proteins/clotting factors (Palta S, etal. 2010)
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1.3.2.1 Extrinsic Pathway:

It is considered as the first step in plasma mediated haemostasis. It is
activated by TF, which is expressed in the subendothelial tissue. Under
normal physiological conditions, normal vascular endothelium minimizes
contact between TF and plasma procoagulants, but vascular insult expose
TF which binds with factor VIla and calcium to promote the conversion

of factor X to Xa (Owens AP 3" and Mackman N, 2010).

Vessel injury
Contact
TF
Vila IX
TF Vila Xla Xl
Villa IXa
T
Vil VWF
Xa Va Vv
Thrombin
Prothrombin
Il Fibrinogen Fibrin monomer
Fibrin polymer Fibrinopeptides
A+B
X Xllla

Stable fibrin
Figure(1.6): The pathway of blood coagulation cascade. (A.V. Hoff brand and P.A.H.

Moss. 2011)
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1.3.2.2 Intrinsic Pathway

It is a parallel pathway for thrombin activation by factor XII. It begins
with factor XII, HMW kininogen, prekallekerin and factor XI (contact
family) which results in activation of factor XI. Activated factor XI
further activates factor 1X, which then acts with its cofactor (factor VIII)
to form tenase complex on a phospholipid surface to activate factor X

(Hall JE, 2010).

1.3.2.3 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 (Kumar V, et al., 2010).

1.3.2.4 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
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bound plasminogen in liver. This reaction is catalyzed 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 exerciseFigure (1.7).

Intrinsic Extrinsic
activation activation
Factor Xlla

Kallikrein Urolunase—hke A
Fibrin

Plasminogen —b Plasmin ———————p
Fbrin degradation

Strcptokmase products (FDPs)
Figure(1.7): The Fibrinolytic System(A.V. Hoff brand and P.A.H. Moss. 2011)

Plasmin activity is tightly regulated by its inhibitor (a-2 antiplasmin) thus
preventing widespread fibrinolysis. 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 Since plasmin has the potential
to degrade fibrinogen leading to deleterious consequences, the

fibrinolytic activity is limited by following factors:

- Plasminogen activator inhibitor: the mainphysiological inhibitor of

fibrinolysis and acts by inhibiting t-PA and u-PA irreversibly.
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- TAFI thrombin activatable fibrinolysis inhibitor: 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 plasmin.

- Plasmin inhibitors: a2 antiplasminand o2Macroglobulin are the
glycoproteins that exert action by virtue of plasmin inhibition (Ejiofor JA.

2013).

1.3.3 Prothrombin Time (PT) and Activated Partial Thromboplastin

Time (APTT):

PT and APTT are by far the most common screening tests for coagulation
abnormalities. These tests correspond respectively to extrinsic and
intrinsic pathways of the Waterfall/Cascade model (Fig. 2A). PT was
originally developed by Quick for measuring the prothrombin level by
adding a large amount of TF (rabbit brain extract) to plasma. It is now
understood that PT is affected by reductions of Factors VII, X, V, and
prothrombin such as occur with vitamin K antagonis therapy or severe
liver disease. In the PT assay, the amount of TF used to trigger in vitro
clotting is in large excess compared with in vivo conditions, leading to
rapid generation of thrombin, and its feedback activation of Factor V.
However, it is evident that the in vivo coagulation mechanism is not fully

reflected by PT because recurrent bleeding occurs in hemophilia (Factor
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VIIl or Factor IX deficiency) despite normal PT values. The
concentration of TF is presumably much lower in vivo, and thus, PT was
modified for evaluating hemophilic plasma using “partial
thromboplastin” (i.e., phospholipid with minimal TF isolated from crude
thromboplastin by ultracentrifugation and dilution). In the PTT (partial
thromboplastin time) test, fVIla-mediated fXa and thrombin productions
are limited under the condition of low TF, and, as a result, the activities
of fIXa and fVIlla as an alternative source of fXa become critical for
clotting . The APTT was further improving for reproducibility by adding
a contact activator (e.g., kaolin, celite, or ellagic acid) in an assay known
as the activated PTT (APTT). In the presenc of a contact system activator,
a series of serine protease activations occur in the descending order of
Factor Xlla 3 Xla 3 1Xa 3 Xa, resulting in thrombin generation. Although
Factor XII activation bya contact activator is not considered important
fornormal hemostasis (because Factor XII deficient patientsdo not bleed),
APTT is sensitive to gross reductionof Factors XlIlI, XI, IX, VIII, V, and
to a lesserextent, prothrombin. The sequence of serineprotease activations
proceeds very slowly in APTT because the cofactors, fVIlla and fVa, are
not availableuntil thrombin is generated to activate them. Thus, APTT is
used clinically for monitoring of unfractionated heparin, argatroban,
bivalirudin, and lepirudin anticoagulation (note: a specific calibration

isrequired for each anticoagulant), because all these thrombin inhibitors
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reduce thrombin-mediated feedback activation of Factors VIII and V.
Although PT/APTT can be used to guide anticoagulation several
important limitations should be notedwhen they are being measured to
evaluate bleeding. Perioperatively, bleeding is caused by multiple
coagulationdefects  because of hemodilution, consumptiveloss,
fibrinolysis, anticoagulant use, hypothermia, andother mechanical and
metabolic derangement. Importantly, PT/APTTdo not provides any
informationon in vivo interaction of platelets with coagulationfactors.
Activated platelets are capable of locally accumulatingcoagulation
factors, and thus, the extent of bleeding under prolonged PT/APTT may
vary accordingto the platelet count and/or function. Further, it isnot
possible to estimate the overall stability of a hemostatic thrombus using
PT/APTT because bothtests are terminated before fibrin is polymerized
by fXIlla. Congenital Factor XIII deficiency is associated with umbilical
cord bleeding and intracranial hemorrhage, but this deficiency is not
detected by PT/APTT screening. PT/APTT also remain normal when
bleedingis caused by increased fibrin  breakdown (i.e.,
hyperfibrinolyticstate) such as occurs in congenital deficiency of 2-
antiplasmin.31  In  contrast to PT/APTT, the use of
thrombelastography/metry allow functional activities of fibrinogen,

Factor XIII, and fibrinolytic proteins (Tanaka, K.A., Key, N.S.2009).
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1.3.4 International Normalized Ratio

The result (in seconds) for a prothrombin time performed on a normal
individual will vary according to the type of analytical system employed.
This is due to the variations between different types and batches of
manufacturer's tissue factor used in the reagent to perform the test. The
INR was devised to standardize the results. Each manufacturer assigns an
ISI value (International Sensitivity Index) for any tissue factor they
manufacture. The ISI value indicates how a particular batch of tissue
factor compares to an international reference tissue factor. The ISI is
usually between 0.94 and 1.4 for more sensitive and 2.0-3.0 for less
sensitive thromboplastins. The INR is the ratio of a patient's prothrombin
time to a normal (control) sample, raised to the power of the 1Sl value for

the analytical system being used.

1.3.5 Cord Blood Coagulation Factors Relationship

The homeostasis of healthy newborn differs from those of normal adult
but remains well balanced without bleeding or thrombosis. However, this
equilibrium is unstable, and the neonate is exposed to acquired or
inherited homeostasis disorders that necessitate to be early diagnosed in
order to be appropriately treated.The newborn is at risk for vitamin K
deficiency with bleeding due to poor transport of vitamin K across the

placenta and low levels of coagulation factors(Gruel Y,2010).
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Coagulation factors do not cross the placental barrier but are synthesized
independently by the conceptus. At birth, activities of the vitamin K
dependent factors I, VII, IX, and X and the concentrations of the contact
factors X1 and XII are reduced to about 50% of normal adult values. The
levels of the factors V, VIII, XIll, and fibrinogen are similar to adult
values. Plasma concentrations of the naturally occurring anticoagulant
proteins (antithrombin, protein C, and protein S) are significantly lower at
birth than during the adult years. The diagnosis of some inherited
coagulation deficiencies can be difficult in the newborn due to
physiologically low levels of coagulation factors (Pichleret al,2008).

However, there were studied in coagulation factors, which measure
fibrinogen level in newborn cord blood between GDM and normal
pregnancy. This physiological mechanism may convert into a pathologic
process in a pregnancy complicated by GDM. Since the coagulation
cascade and the fibrinolytic system involve various coagulation factors
interacting through complex pathways, it becomes difficult to reveal and
even understand the underlying mechanisms of the hemostatic changes
occurring in the glucose metabolism. Considering the impact of GDM on
the coagulation system, the dynamics involved at a pathophysiological
level and the exact mechanism remain still unclear (LemkesBAet al.,

2010).
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1.4 Previous Studies

Nearyet al (2015) conducted a study in Rotunda Hospital, Dublin,
Ireland,One hundred and sixteen infants were recruited.Cord and
peripheral blood of neonates < 30 weeks gestational age (GA) was drawn
at birth, on days 1 and 3 and fortnightly until 30 weeks corrected
gestational age. The following parameters were studied - Prothrombin
time (PT), activated partial thromboplastin time (APTT), fibrinogen and
coagulation factor levels.There were prolongation of PT, APTT, and in
significant increase in plasma fibrinogen between the two groups was
observed (P.value< 0.05).

Christensen et al (2014) a study of coagulation tests at 175 preterm
deliveriesfrom the umbilical vein near the placenta. Fibrinogen,
prothrombin time, activated partial thromboplastin time, D-dimer,
platelet (PLT) count, and mean PLT volume were measured. There were
no abnormal coagulation value.

Datonye, et al, (2007) at Nigerian Newborn, the study involving 60
subjects consisting of 30 newborn neonates and their respective mothers.
Haematocrit, erythrocyte sedimentation rate, haemoglobin concentration,
red blood cell count, white blood cell count, whole blood relative
viscosity, relative plasma viscosity, fibrinogen concentration, mean
corpuscular volume, mean corpuscular haemoglobin and mean

corpuscular haemoglobin concentration were determined.There was
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significantly lower value of fibrinogen found in umbilical cord blood
compared to maternal blood (P.value< 0.05).

Lippi G, et al (2007) a study the postnatal development of the human
coagulation system in newborn infants and to develop appropriate
reference ranges for prothrombin time (PT), activated partial
thromboplastin time (APTT) and fibrinogen. The mean FBG value was
within the adult reference range in newborns at birth.

In 2000 Znamens'ka TK and Zhdanovych Ol done a study include
fifty newborn infants born to mothers with extragenital pathology
(diabetes mellitus) were studied for the coagulative link of the
homeostasis system as were 20 babies born to essentially healthy
mothers. The studies were made by day 1 to 3 and 5 to 7 the babies’ life.
The conducted studies revealed signs of hypercoagulation presenting
with activation of the external and internal route of homeostasis in those
infants born to mothers with diabetes mellitus (DM). Toward the period
of early neonatal adaptation shifts are still observable in the coagulating
system at the expense of stimulation of the first phase of coagulation.
The disclosed abnormalities in the coagulative link of the coagulating
system in infants born to DM mothers pose a threat of development of

thrombohaemorrhagic complications.
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1.5 Rationale

Contact of diabetes mellitus (DM) on the coagulation system and
endothelial functions is known for many years. Homeostatic factors and
activities are influenced both by the hyperglycemic state and
hypoglycemic in DM. Newborns of women with a history of GDM or
risky gestation are also at increased long-term risk of developing
metabolic diseases and macrosomia. Maternal glucose easily crosses the
placenta and as a consequence maternal hyperglycemia leads to
intrauterine hyperglycemia, which induces fetal hyperinsulinemia and
possible modification of growth and future metabolism of the fetus. The
association between hyperglycemia and thrombosis is well known, and
thrombosis in fetal umbilical cord vessels rate of 1/250 in risky
gestations. It was monitored that there was venous thrombosis in 70 % of
the cases determined to have had cord thrombosis, the casual mechanisms
and related effects of thrombosis are not well understood. There is an
increased prothrombotic state due to increased activation of platelets and
prothrombotic coagulation factors coupled with a decrease in fibrinolysis.
Pregnancy is a hypercoaguble state in itself. However,this physiological
mechanism may convert into pathologic process in a pregnancy
complicated by GDM. Thrombosis tends to occur in neonatal of diabetic
mothers(Edstrom and Christensen,2000).So, there is evidence that the

risk of thrombosis is increased. Determining an affordable biomarker that
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can predict the effect of GDM on cord blood would provide a better
outcome for newborn.Therefore, this research is intended to open new
avenues toward PT and APTT assays as an initial evaluation and clinical
utility in the prediction of effects of GDM on neonatal cord blood. This
study aimed to assess PT and APTT in cord blood of newborn in mothers
with gestational diabetes mellitus. Studies of the effect of gestational
diabetes in Sudan are not yet conducted so this study take place as starter
for coming studies to verify the relation between the gestational diabetes

and the thrombosis.
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1.60Dbjectives

1.6.1 General Objective

Evaluation of PT and APTT in newborn cord blood samples among

mothers with gestational diabetes mellitus.

1.6.2 Specific Objectives

To estimate PT and APTT in newborn cord blood of healthy

mothers.

To compare the PT and APTT in newborn cord blood of
gestational diabetes mellitus mothers and newborn cord blood of

healthy mothers.

To compare the cord blood PT and APTT according to different

FBG levels among mothers.

To correlate PT and APTT in the cord blood with age, history of

DM and BMI of GDM women.

To correlate PT and APTT between newborns cord blood
gestational diabetes mellitus mothers and their gestational weeks

and weight of newborns.
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Chapter Two

2. Materials and Methods

2.1 Materials

A cross sectional comparative study conducted at the faculty of Medical
laboratory science, Sudan University of Science and Technology from
February to August 2018.Sixty(60) Newborns from 30 mothers with
GDM and 30 healthy mothers were enrolled in this study after ethical
consent and hospital approval. Citrate cord blood samples were
performed for fibrinogen estimation.The practical work and newborns
selection were performed at Saad Aboulela University Hospital and, Al-
Qma Specialized Hospital during and, Alsaaha Specialized Hospital,

Khartoum, Sudan.

2.1.1 Inclusion criteria
e Gestational diabetes mellitus pregnant women.
e Healthy pregnant women (as control).

2.1.2 Exclusion criteria

e Newborn to mothers with liver dysfunction
e Newhborn to motherswith renal dysfunction
e Newborn to motherswith preeclampsia/eclampsia

e Newborn to motherswith endocrine disorders
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e Use of medications with known effects on haemostatic system such
as aspirin, heparin, and enoxaparin.

e Prematurely born newborns.

2.1.3 Ethical Consideration

Ethical committee of research in the Faculty of Medical Laboratory
Science was approved the study. The purpose and objectives of the study
was explained to each one of participants, the participant has right to
voluntary informed consent, has right to withdraw at any time without
any deprivation, assured them that the data collected will remain
confidential and it’s not allowed for any person to identify it. The
questionnaire was filled in their rest time, and participant has right to
benefit from the researcher knowledge and skills. Samples were coded
and confidentiality of patient data was maintained throughout the study
by locking hard copies and password protecting electronic files.

2.2 Methods

2.2.1 Sample Collection

Volunteering pregnant women after getting an informed consentand
before delivery were clinically examined by the doctors whether she is
gestational diabetes mellitus or normal. 2.5 ml of new born umbilical
cord blood was collected in plastic container containing 3.2% ml tri

sodium citrate as anticoagulant, and then the blood is centrifuged, after
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thoroughly mixing, for 15 minutes at 3000 rpm to obtain platelets poor
plasma (PPP).

2.2.2 Prothrombin time (PT) using automated CL- 2000 Biobase
Coagulometer

2.2.2.1 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.
2.2.2.2 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.

2.2.2.3 Component and Reagent

1. Pooled normal control plasma.

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

2.2.2.4 Normal Values

The normal range of PT is between 11-16 seconds.
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2.2.2.5 Interpretation of the Results

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.

2.2.3 Activated partial thromboplastin time (APTT) using automated
CL - 2000 Biobase

2.2.3.1 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, 11,1, it is also sensitive to the
presence of circulating anticoagulants (inhibitors) and heparin.

2.2.3.2 Procedure

Activated partial thromboplastin reagent was brought to 37c and was well
mixed, coagulometer was adjusted at 37c and cuvettes with magnetic
stirrer inside were kept 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 37¢ was added and simultaneously the display
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started to measure the time , then the time of clot formation was observed
directly from display.

2.2.3.3 Component of the Reagent

1. Polled normal control plasma.

2. Cephalin reagent, Cacl2, 0.025 %water bath

2.2.3.4 Normal Range

The normal range is typically within 26-40 seconds.

2.2.3.5 Interpretation of the Results

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).

2.2.4 Data analysis

The collected data proceed for analysis using SPSS version 20 computeri

-zed program and the data presented in form of tables and figures.
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Chapter Three

3. Results

3.1 Demographic Data of Pregnant Women

A total of 60 Sudanese volunteer with gestational diabetic pregnant
women and matched healthy pregnant women as control were enrolled in
this study; 73.3% of gestational diabetic pregnant women aged<35 years
whereas 26.7% of them were >35 Years. Also 53.3% of them had history
of diabetes mellitus whereas 46.7% were not. On other hand 37% of them
had family history of DM whereas 63% were not. On the other hand, 83%
healthy pregnant women <35 years whereas 17% of them >35 Years
Moreover, the results showed significant increase in BMI, FBG level and
newborn weight among GDM mother (P.value <0.05)Table (3.1).

Table: (3.1) Age and Clinical Data Frequencies

Variables Case Control

Age Frequency (%) Frequency (%)
<35 Years 22 73.3 25 83
>35 Years 8 26.7 5 17

History of DM

Yes 16 53.3

No 14 46.7
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FH of DM
No 19 63.0
DM 11 37.0
BMI
<25 10 33.0 19 63
>25 20 67.0 11 37
Total 30 100 30 100

3.2 Descriptive Analysis

3.2.1 The age groups

The Mean of GDM Patients who were hypercoagulable was significant
increase in the age > 35 years (22.26+£3.99) more than Age < 35 years
(18.65+4.31) according to PT. It's also the same in INR result which was
significant increase in the age > 35 years (1.86£0.41) more than Age < 35
years (1.55+0.44). Otherwise the mean of APTTin newborns cord blood
of GDM was significant increase in the age < 35 years (53.72+3.89) to
the age > 35 years (53.01+3.94). Its show that there was a significant

correlation between age and hypercoagulation (Table 3.2).
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Table (3.2) shows the level of age in PT,INR and APTT among

patients
Parameters <35 Years(MeantSD) | >35Years(MeantSD | P-value
PT 18.65+4.31 22.26+3.99 0.044
INR 1.55+0.44 1.86+0.41 0.097
APTT 53.72+3.89 53.01+3.94 0.663

3.2.2 History of Diabetes

A significant increase in the Mean of GDM Patients that have history of

diabetes (21.02+4.53) to the GDM Patientsthathaven't history of diabetes

(18.00£3.94) , While there's No significant in the Mean of INR of GDM

Patients that have history of diabetes (1.75+0.45) to the Patients that

havn't history of diabetes (1.50+0.42). Also there's No significant in the

Mean of APTT of GDM Patients that have history of diabetes

(54.14+3.46) to the Patients that haven't history of diabetes (52.84+4.28),

as shown in (Table 3.3).

Table (3.3) shows the association of parameters with history of

disease
Parameters Yes (MeanzSD) No (MeantSD) P-value
PT 21.02+4.53 18.00+3.94 0.061
INR 1.75+0.45 1.50+0.42 0.125
APTT 54.14+3.46 52.84+4.28 0.363
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3.2.3 BMI and the mean of PT,INRandAPTT in GDM

The results obtained as shown in (Table 3.4) further indicates that
hypercoagulability in GDM patients was dependent on body mass index.
The Mean of PT and APTT of GDM patients with BMI >25 was
insignificantly increase (19.72+4.35 and 53.59%4.03 ) respectively than
those who had a normal body mass index <25. While the Mean of the
INR of GDM patients with BMI >25was insignificant decrease than those
who had a normal body mass index< 25. Hence there was a significant
correlation between body mass index,GDM and hypercoagulability.

Table (3.4) shows the level of PT, INR and APTT in relation to BMI

Parameters <25 (MeanzSD) >25 (MeanzSD) P-value
PT 19.41+4.92 19.72+4.35 0.864
INR 1.67+0.49 1.62+0.44 0.771
APTT 53.42+3.69 53.59+4.03 0.909

3.2.4 FBG and the Mean of PT ,INR and APTT in GDM

An insignificant increase in PT of cord blood from GDM pregnant with
FBG <100 (mg/dl) (19.21+5.45) to GDM pregnant women with
FBG>100 (mg/dl) (19.79+4.11).Also the INR was insignificant increase
in cord blood from GDM pregnant with FBG <100 (mg/dl) (1.67+0.40) to
GDM pregnant women with FBG>100 (mg/dl) (1.56+0.56). Otherwise an

insignificant increase in APTT of cord blood from GDM pregnant with
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FBG <100 (mg/dl) (54.33t4.42) to GDM pregnant women with

FBG>100 (mg/dl) (53.19+3.65), as shown in (Figure 3.1).

Figure ( 3.1): Mean Comparison of FBG in PT,INR and APTT
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3.2.5 The Mean of PT, INR and APTT in GDM

Figure (3.2) illustrated the distribution of hemostatic profile according to.
The mean of PT was significantly increased in pregnancy (19.61+4.47)
when compared to the control group (15.42+1.67) P. value=0.000.Also
the mean of INR was significant increase in pregnancy (1.64+0.45)
compared to the control (1.17+0.16). In addition; the mean of APTT is
also significantly increased inpregnancy(53.53+3.86) compared to control
group (50.83+4.40) P. value= 0.014.

Figure (3.2) Mean Comparison of Study Parameters in Case versus

the Control Group among GDM Women
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3.2.6 Correlation between Gestational weeks and PT, INR and

APTT

There was No correlation between gestational weeks and PT, INR and
APTT (R-value =0.280)( R-value -0.236) (R-value 0.111) respectively

as shown in table (3.5).

Table (3.5) Correlation between Gestational weeks and PT,INR and

APTT
Variable PT INR APTT
Gestational weeks | R-value -0.280 -0.236 0.111
P-value 0.135 0.209 0.558

3.2.7 Correlation between weight of baby and PT, INR and APTT
There was No correlation between weight of baby and PT, INR and
APTT (R-value 0.069) (R-value= 0.002) (R-value= -0.026) respectively
as shown in table (3.6).

Table (3.6) Correlation between weight of baby and PT, INR and

APTT

Variable PT INR APTT

Weight of baby R-value 0.069 0.002 -0.026

P-value 0.716 0.991 0.892
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Chapter Four

4. Discussion, Conclusions and Recommendations

4.1 Discussion

Gestational DM is a systemic disease that affects both the mother and
fetus. These patients are more likely to develop Type 2 DM; hence, they
must be monitored closely. There are few studies in the available
literature on PT and APTT in patients with GDM. GDM remains a
significant cause of an increment in perinatal mortality, the risk of
developing type Il diabetes mellitus in the following 10 years increase by
20-30% .This study, aimed to determine PT, INR and APTT in cord
blood of gestational diabetes mellitus mother, the two groups were
comparable as regard to PT, INR and APTT. In the current study, 73% of
gestational diabetic pregnant women aged<35 years whereas 26.7% of
them were >35 Years. Also 53.3% of them had history of diabetes
mellitus whereas 46.7% were not. On other hand 37% of them had family
history of DM whereas 63% were not. On the other hand, 83% healthy
pregnant women <35 years whereas 17% of them >35 Years Moreover,
the results showed significant increase in BMI, FBG level and newborn
weight among GDM mother (P.value <0.05) The Mean of GDM Patients
who were hypercoagulable was significant increase in the age > 35 years
(22.26+3.99) more than Age < 35 years (18.65+4.31) according to PT.

It's also the same in INR result which was significant increase in the age
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> 35 years (1.86+0.41) more than Age < 35 years (1.55+0.44). Otherwise
the mean of APTTin newborns cord blood of GDM was significant
increase in the age < 35 years (53.72+3.89) to the age > 35 years
(53.01£3.94). Its show that there was a significant correlation between
age and hypercoagulation. A significant increase in the Mean of GDM
Patients that have history of diabetes (21.02+4.53) to the GDM Patients
that haven't history of diabetes (18.00£3.94) , While there's No significant
in the Mean of INR of GDM Patients that have history of diabetes
(1.7520.45) to the Patients that havn't history of diabetes (1.50%0.42).
Also there's No significant in the Mean of APTT of GDM Patients that
have history of diabetes (54.14+3.46) to the Patients that haven't history
of diabetes (52.84+4.28). The Mean of PT and APTT of GDM patients
with BMI >25 was insignificantly increase (19.72+4.35 and 53.59+4.03 )
respectively than those who had a normal body mass index <25. While
the Mean of the INR of GDM patients with BMI >25was insignificant
decrease than those who had a normal body mass index< 25. Hence there
was a significant correlation between body mass index,GDM and
hypercoagulability.

there was a significant gradual increased in PT in cord blood of GDM
pregnant women (19.61+4.47) when compared to the control group
(15.42+1.67) P. value= 0.000. Also there was significant increased in

INR in cord blood of GDM pregnant women (1.64+0.45) when compared
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to the control (1.17£0.16) P. value= 0.000. In addition; the APTT was
also significantly increased in cord blood of GDM pregnant women
(53.53£3.86) when compared to control group (50.83+4.40) P. value=
0.014. The results disagreed with the study Conducted by Zhao et.al,
2011 who reported that Prothrombin time (PT) of diabetic subjects was
insignificantly shorter than that of non diabetic controls. In other hand the
results of this study was agreed with the study conducted by Sarkar, S, et
al., (2005) who stated that no infant had a clinically apparent thrombotic
event and there was no difference in IDM vs Controls. Also it was agreed
with the study conducted by Gorar, S, et al.,(2016) who found in
significantly lower PT and APTT in GDM patients compared to the
controls (P. value< 0.05).0On the other hand, there was an insignificant
gradual decrease in PT (19.21+5.45) of cord blood from GDM pregnant
women who their FBG <100 (mg/dl, while the PT of cord blood from
GDM pregnant women who have FBG >100 (mg/dl) is increased
(19.79+4.11). Also the same for INR which there is an insignificant
gradual decrease in of cord blood from GDM pregnant women who their
FBG <100 (mg/dl) (1.56+0.56), while the INR of cord blood from GDM
pregnant women who have FBG >100 (mg/dl) is increased (1.67+0.40).
But the APTT was an insignificant gradual increase cord blood from

GDM pregnant women who their FBG<100(mg/dl)(54.331£4.42), while
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the APTT of cord blood from GDM pregnant women who have FBG
>100 (mg/dl) was decreased (53.19+3.65).

In this study there was no correlation between newborns cord blood PT
and APTT in GDM mothers and gestational weeks, also there was no
correlation between newborns cord blood PT and APTT in GDM mothers
and weight of newborns.

In cord blood of Gestational diabetes mellitus (GDM), increasing of PT
and APTT was recognized, and this will help to suggest that this group of
Infants of Diabetic Mothers may be considered for special management
and follow up for inflammation and hemostatic disorders. Hence, these
parameters are potential useful markers for the early diagnosis of

thromboembolic disorders.

This study findings could play an important role in the health impact of
newborn of Diabetic Mothers. Furthermore, this study could be used as a

reference or a benchmark study for related studies.

4.2 Conclusions
e Significant increased in PT, INR and APTT in cord blood
gestational diabetes mellitus.
e Hemostatic parameter including PT, INR and APTT levels may be
one of the valuable markers of hemostatic disorders in cord blood

GDM.

61



e A significant reversed association between FBG level of GDM and

in PT, INR and APTT.

e Estimation of in PT, INR and APTT may be considered as an easy,
reliable, economic and rapid method.

e Newborn of GDM mother were at risk for thrombotic disorders.

e Cord blood is not a waste, and it has many benefits beside the

clinical application.

4.3 Recommendations

1. The study provides an experimental evidence indicated that regular

estimation of coagulation profile and platelet count for diabetes mellitus.

2.The role of changes in these parameters in the hemostatic system during
diabetic pregnancy and the possible clinical relevance concerning the risk

for thrombosis call for further studies.

3. More researches should be performed for monitoring the complete

coagulation profile.

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

parameters in diabetic patient and healthy individuals.
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Appendix I:Questionnaire
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Weeks of gestation on delivery time? ...
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Maternal Glucose Level: ...

After understanding the contents of this questionnaire and the aim of

research I agree ...... ccccoeevnnnnnenn. To collect the sample.

The researcher admitted not to use theblood sample in any other
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Appendix I11: Images of Device and Reagents
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