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Operational definitions

Preeclampsia- Is a disorder of pregnancy characterized by high blood pressure(blood
pressure (BP»140/90 mmHg ,repeated two times four hrs. apartleproria £0.3 g/dl), edema

ard other major symptoms like head ache, blurred vision, right upper quadrant pain may begin as

early as the 20th gestational week and last for 6 weeks after delivery.

Mild Preeclampsia:-If BP is between 140/90 and 160/110 with proteinefié8g/dl without the

major symptoms.

Severe Preeclampsiatf BP is >160/110 and proteinuria >0.3, BP 140/90-160/110 with the

mgor symptomsand BPX60/110 with or without the major symptoms.

Thrombocytopenia (reduced platelet valug-Refers to a disorder in which there is a

relative decrease of thrombocytes, commonly known as platelets, present in the blood.A normal
human platelet count ranges from 150,000 to 450,000 platelets per microliter of blood.One
common definition of thrombocytopenia that requires emergency treatment is a platelet count

below 50,000 per microliter.

Normal pregnancy:.-A uni-foetal pregnancy that occurs in a normotensieenan without
proteinuria, who remained normotensive and delivers after 36 weeks of pregnancy a healthy

neonate with a weight adequate for gestational age
Mean platelet volumeMPV):-Is the average platelet size in an individual’s blood sample.
Platelet distribution width (PDW):- Uniformity of platelets in terms of size.

Platelet large cell ratio (PLCR):4s the ratio of large platelets from the 12fldiscriminator

or larger to total platelet count.



Abstract

Background:Platelet abnormality is one of the most commonly identified hematological
abnormality in preeclampsia.Preeclampsia is a major obstetric problem and cause of maternal
mortality especially in developing countries. However, platelet parameter of preeclamptic
women is not well recognized as a tool for prediction and prognosis of preeclampsia in Ethiopia.

Objectives: To evaluate the role of platelet parameters in prediction of preeclampsia at Ayder

comprehensive specialized and Mekelle General Hospitals.

Methods:A cross sectional comparative study was conducted on 219 pregnant women at ACSH
and MGH in Mekelle city from January to March 2017.Using convenient sampling method,79
diagnosed cases of preeclampsia and 140 healthy pregnant women were selected. Platelet
parameters were analyzed from EDTA venous blood sample by automated hematology analyzer
(SYSMEX-XT 4000i).0One-way ANOVAsupplemented with post-hoc test was done to compare

the mean platelet parameters difference across the three groups of women. Receiver Operating
Characteristics (ROC) curve was used to calculate sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), for a given platelet parameters in discriminating
the presence or the absence of preeclampsia. Pearson correlation test was used to see the
relationship between continuous variables. The data was cleaned, entered and analyzed using

SPSS version 20 software. A P-value of <0.05 was considered as statistically significant

Result:The platelet count in severe preeclampsia was significantly lower than in mild pre
eclampsia andcontrols while all platelet indices were increased with severity of preeclampsia
with a statistical significant difference P<0.05. Results showed a negative correlation between
platelet count and strong positive correlation between platelet indices .ROC analysis showed that
MPV was seen to have largest area under the curve (AUC=0.85; 95%CI (0.79, 0.89)) with cutoff
value >9.45fl , sensitivity of 83.5% , specificity of 86.4%, positive predictive value of 77.6% and
negative predictive value of 90.3%, indicating as it is the best parameter for predicting
preeclampsia. The second most important predictor parameter identified was platelet count.

Conclusion:The estimation of platelet parameters may be considered as reliable, economic and
rapid method for prediction of preeclampsia and assessment of its severity.

Keywords: platelet indices, platelet count, preeclampsia, Predictive value



1. Introduction

1.1 Back ground

Platelets (PLT) are small anucleated cell which are cytoplasmatic fragments of bone marrow
megakaryocytes, with a diameter of 3#%m and a volume of 4.5-11 Femto liter (FI). A single
megakaryocyte can give rise to 1500-2000 of them to the bloodstream, where they circulate for
7-10 days [1]. Platelets are dynamic blood particles whose primary function, along with the
coagulation factors, is hemostasis, or the prevention of bleeding. Platelets interact with each
other, as well as with leukocytes and endothelial cells, searching the vascular bed for sites of
injury. There, they become activated and when stimulated, platelets undergo a shape change and
their surface area increases. Platelets play a pivotal role in the first steps of clot formation by
adhering to damaged blood vessel as well as donating their membrane phospholipids for the

activation of coagulation factors [2, 3].

In addition to their important role in hemostasis and thrombosis, accumulating evidence
demonstrates that platelets contribute to the inflammatory process, microbial host defense,
wound healing, angiogenesis, and remodeling [4, 5]. Platelet indices, such as mean platelet
volume (MPV) and platelet distribution width (PDW), platelet large cell ratio (PLCR) are a
group of derived platelet parameters obtained as a part of the automatic complete blood count.
Emerging evidence suggests that platelet indices may have diagnostic and prognostic value in
certain diseases [5]. Platelets indices have been recently used in the prediction, diagnosis, and
prognosis of many diseases being reported as clinically useful biomarkers; one of the diseases is
preeclampsia [6,7].Thrombocytopenia is attributed to two main causes. Failure of platelet
production and early excessive platelet consumption, where the second cause is observed in

preeclampsia [6].

Preeclampsia (PE) is a serious multi-systemic pregnancy complication affecting between (5-8 %

of pregnant women) worldwide [7, 8]. Therefore it is considered as one of the major health

1



problems associated with pregnancy and one of the causes of maternal mortality [9, 10]. The
prevalence of PE in developing countries ranges from 1.8% to 16.7% [11]. Generally the
diagnosis depends mainly on finding of hypertension and proteinuria after 20 weeks of
pregnancy [12]. PE is characterized by hypertension (blood pressure >140/90 mmHgQ),
proteinuria ( >0.3 g/d), edema and other symptoms and may begin as early as the 20th gestational

week and last for 6 weeks after delivery [13].

Preeclampsia has been a major cause of poor result in pregnancy and the category “hypertensive
diseases of pregnancy” and is a leading cause of maternity death in Africa [14]. The pathogenesis
of PE remains unknown, and the many theories related to the etiology of PE pose great
challenges for future investigation. The abnormal invasion of placenta and the release of
placenta-derived adverse factors during the first trimester are thought to be the main cause of the
extensive damage to the maternal endothelium and systemic inflammatory response involving
many systems and organs in late pregnancy [15].Although the causes of PE are completely
unknown, one of the responsible mechanisms is thought to be activation of inflammatory
systems with predominant involvement of cytokines and chemokines. However, there is an
ongoing debate about whether inflammatory system hyperactivity indeed exists during PE, and if
available data are sufficient for justification of broad anti-immune system treatment strategies
[16, 17]. PE can be classified into two degrees, mild PE (mPE) and severe PE(sPE) [18].

Platelet indices are biomarkers of platelet activation. They allow extensive clinical investigations
focusing on the diagnostic and prognostic values in a variety of settings without bringing extra
costs. Among these platelet indices, mean platelet volume (MPV), and platelet distribution width
(PDW), platelet large cell ratio (PLCR) are a group of platelet parameters determined together in
automatic CBC profiles; they are related to platelets’ morphology and proliferation kinetics. The
volume of platelets in the bloodstream is heterogeneous, and their structures and metabolic
functions differs [2, 3, 19].

The platelet count and mean platelet volume (MPV) are measured during a routine automatic
whole blood count and hence are commonly available parameters nowadays. Mean platelet

volume (MPV), which is commonly used as a measure of platelet size, indicates the rate of
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platelet production and platelet activation [12, 19]. The MPV has been shown to correlate with
the function and activation of platelets. The importance of MPV has been emphasized as an

inflammation marker in some diseases such as preeclampsia [20].

Platelet activation begins in the first month of pregnancy in women with risk for preeclampsia
[21].Several studies suggested that when platelets are activated they become larger in size which
causes increased platelet indices such as MPV, PDW and PLCR [22]. So, platelet indices can
give an idea of platelet activation. Recent advances in automated blood cell analyzers have made
it possible to measure MPV, PDW and PLCR. The normal values for MPV are 8.4-12.0 FI, PDW
8.0-14.0 Fl and P-LCR 10-30% [23].

Even though the exact cause of elevated blood pressure in preeclampsia is obscure, platelets get
activated and attach to the endothelium at the site of injury. In the early stages of hypertension in
pregnancy, platelet aggregation is increased.A typical case picture is one of a vasoconstrictive
state with low plasma volume and cardiac output, high blood pressure and systemic vascular
resistance in combination with signs of organ damage or HELP syndrome [proteinuria,
hemolysis, elevated liver enzyme, low platelets]. As a result bone marrow releases young
platelets which are large, resulting in increased Mean platelet volume (MPV) [24]. Automated
analyzers are widely distributed in Ethiopia and the platelet parameters are part of the routine

complete blood count (CBC).



1.2 Statement of the problem

Preeclampsids a serious multi-systemic pregnancy complicaticiecahg between (5-8 %
pregnant women) worldwide. As stated by world health organizai® inajor public health
concern in developing countries like Ethiopiais one of the causes of maternal death A7]

study in Ethiopia reported that majority of the hematological parameters including platelet
indices are underutilized in clinical patient management [25]. Whereas these are being reported

as clinically useful biomarkers in many diseases including preeclampsia [6,7].

Early detection of platelet count abnormalities irgmampsia is a sign of worsening disease.
Thus, utilization of these simple markers could have facilitated early detection of maternal and
fetal complications thereby play a role as prognostic tool in managehwedate, there is no
effective treatment for PE in addition to the termination of pregnancy. Therefore, a reliable

predictor for PE would play an important role in early prevention and intervegtibn [

Platelets are activated early in pregnancy in womlen lave preeclampsia; the platelets may be
used up prior to delivery, leading to an insufficient amount of platelets remaining to allow
clotting and haemostasis to occur. This could be the reason why some preeclamptic women have
bleeding problems at delivery. Data regarding the association of platelet parameters with
preeclampsia are conflicting. There are studies globally which show platelet parameters having
an association with preeclampsia [6,7,23,24,27-34, 36-38].While others demonstrated no
significant relationship between platelet parameters and preeclampsia[35,39-41].

As to my knowledge though many studies have been published in Ethiopia describing the
prevalence of preeclampsia in pregnant women, no research has been published in comparing the

platelet parameters in preeclampsia and normal pregnancy.



1.3 Significance of the study

This study was carried out to see if there is a &gant relationship between platelet count and
platelet indices with preeclampsia. It could help to suggest that platelet indices have diagnostic

and prognostic value in certain diseases like preeclampsia.

This study will also contribute to the conflicting body of evidence whether platelet count and
Platelet indices can be used as clinically useful biomarkers. Currently there is no test for early
detection of preeclampsia, so the disorder is commonly not discovered until the third trimester,
when the three main symptoms, hypertension, edema, and proteinuria, are commonly picked up
[13].If preeclampsia can be detected at an earlier stage by looking at the platelets, the potential
for preventing bleeding problems can exist. The information of the present study might enrich
the knowledge of clinicians for early identification of preeclampsia. In preeclampsia, increased
platelet indices may occur earlier than development of other recognized manifestations like
hypertension and proteinuria when the vascular changes occur. On the other hand, lowered
platelet count and increased platelet indices in pregnant women during antenatal check may be
considered as a risk factor for development of preeclampsia. The finding will help to suggest that
this group of pregnant women may be considered for special attention to controlthe development

of preeclampsia.

This study will also contribute in proving evidence based information of using platelet
parameters as useful biomarkers for early identification of preeclampsia for clinicians working in
hospitals as well as other health care facilities which provide antenatal care. By doing so, the
findings of this study could play an important role in decreasing morbidity and mortality of
pregnant women as a result of preeclampsia. Furthermore, this study could be used as a reference

or a bench mark study for related studies.



2. Literature review

There are studies which establish significant difference in platelet count and platelet parameters
in preeclampsia compared to normal pregnant women, thus suggesting the usefulness of these

tests for diagnosis and predicting the severity of preeclampsia [27].

Howarth Set al (1999) conducted a study in US involving 349 normal pregnancies at various
gestational stages, and in 30 cases of preeclampsia.Platelet count and mean platelet volume
(MPV) were estimated.A probability plot was constructed from these data using discriminant
analysis of MPV versus platelet count for the preeclamptic versus normal pregnancies. The
study found that the sensitivity of MPV was 90%and specificity 83.3% for the prediction of
preeclampsia development [28].

A study done in Stanford University northern California stated that platelets appear to play an
important role in prediction of preeclampsia. Enhanced platelet activation, as determined by
whole blood analyzed using flow cytometry and increased levels of platelet endothelial cell
adhesion molecule-1 (PCAM-1) also occur in women who develop preeclampsia as
demonstrated by Taylat al, (1999) [29] and Robertsss al, (1989) [30].

Freitas Let al.2013 in Brazil stated that Lower PLT count and PCT were observed in sPE
comparing to normal pregnant and to non-pregnant women with P-Value<0.001. PDW was
higher in sSPE comparing to normotensive pregnant and to non-pregnant women.MPV was higher
in SPE comparing to normotensive pregnant and non-pregnant wamaéysis from the ROC

curve and its areas for each variable showed that the parameters have regular diagnostic
significance, except for PCT, which is considered as not good for this purpose. The study
claimed that sPE females had a significantly higher MPV (cutoff: 9.6 FL) with a sensitivity of
51.72% and a specificity of 82.76%. However, only a few patients developed thrombocytopenia
[31].

Kaito K et al. (2005) in Britain also explained that hyper destruction of platelet increases MPV,
PDW and PLCR. They also stated that increased PLCR indicate increased bone marrow activity
[23]. Earlier, Neigert al(1992) in United Kingdom have reported that the platelet counts in 67

preeclamptic women were lower when compared with 71 healthy pregnant controlsno difference



was observed in terms of platelet count between mild and severe preeclamptic cases. However,
in this study, healthy pregnant women were studied as control group, and it has been stated that
even in normal pregnant women compatechon-pregnant control the platelet numbers have

decreased in the third trimester [32].

The platelet count decreased significantly with séeerity of preeclampsia as demonstrated by
Dadhich Set al. (2012) in southern Asia,they also noted that the decrease in platelet count was
antedating significant increase in blood pressure by 4 to 6 weeks. As a result, the authors
concluded that this Platelet parameter can be used to predict development of progressive
hypertension in at risk patients [27].

A cross sectional study was conducted in Dhaka the capital city of Bangladesh by Suk#ana R

al (2012) in a total number of 100 pregnant women in their third trimester of pregnancy
attendingin Obstetrics and Gynecology Department of Dhaka Medical Hospital. Among them 50
diagnosed cases of preeclampsia were selected as casesand 50 normal healthy pregnant women
as controls. Platelet count was measured in allstudy participants and the mean (xSD) platelet
count in cases and controls were 144,260+96,472 and 198,100+£51,219, respectively. There was
statistically significant difference of mean platelet count between cases and controls. The lower
platelet count in preeclampsia is associated with abnormal activation of the coagulation system
and is believed to reflect increased platelet consumption. Distinguishing preeclampsia from other
causes of abnormal screening results would aid doctors in the diagnosis and prompt treatment of
their patients. The authors, therefore, concluded that Platelet count may be used as simplest,
cheapest and earliest indicator of preeclampsia [33].

A Case control study done by Amigh al.(2015) in India comprising 50 preeclamptic cases
between 20 to 24 weeks of gestation and 50 normotensive pregnant females matched for age and
gestation as controls. Preeclamptic patients were separated intothree groups as mild =25,
moderate=13 and severe preeclampsia=12. Platelet count, mean platelet volume and
plateletdistribution width measured by automated hematology analyzer Sysmex KX 21
wererecorded in all the groups. Comparison of the three platelet parameters i.e., Platelet count,
MPV and PDW among the preeclampsia and normotensive pregnant control group was done by
using independent t test. Platelet count was lower in the preeclampsia group as compared to

control group and this was statistically significant. Though MPV was higher in preeclampsia
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group as compared to control group, the finding was not statistically significant; However, PDW
was significantly higher in preeclampsia group as compared to the control groufd g4

was also another study done by Mohapatra 8(2007) in India on pregnancy induced
hypertension. They observed that platelet count was inversely related to the severity of

pregnancy induced hypertension [35].

A study in Turkey by Sontast al. 2016 revealed that PLCR was found to be associated with the
severity of PE when it was compared with mild stage. This finding may be related to cytokine-
dependent defective maternal immune activation in PE pathogenesis. In addition, PLCR may

also be an indirectly available and simple reflector for degree of immune activation in PE [36].

A case control study conducted by Ahmetcl. (1993) in Egypt revealed that platelet numbers
were decreased by 50¥10in 12 of the 15 patients with preeclampsia. They also revealed
persistent increase of 0.8 fl in MPV in 14 out of 15 preeclamptic patients between 24 weeks and
38 weeks of gestation; however, MPV remained constant in normal pregnancies between the first
trimester and the end of pregnancy [37].

On the other hand, an observational longitudinal study was done by Naahal.An 2015 in

Egypt in women attending antenatal clinic (ANC) and/or admitted to maternity ward atZagazig
hospital, Egypt over the period from 2nd June 2014 tdN28y 2015. By usinga total of 2813
pregnant women the study provides evidence that PLT count decreases while MPV and PDW
increase as pregnancy advances, and these changes are more pronounced in PE than
normotensive pregnancy. Changes in platelet indices predict development of PE by 2 - 8 weeks
and are proportional to the progress of this disorder. The selected platelet indices, especially
PDW, have the potential to be utilized as markers for not only prediction of PE development but
also severity of hypertension [24].

To evaluate the platelet indices and their significance in assessment of severity of preeclampsia
and their correlation with pregnancy outcome, a prospective study was conducted by Ahmed W,
et al from January 2012 to March 2013 in EL-Galaa Teaching Hospital in Cairo Egypt. Blood
samples were collected from200 pregnant women, 100 normotensive and 68 cases mild and 32
cases sever preeclampsia), and analyzed for platelet indices. The pregnant women were followed
up for both maternal and fetal outcome. The study revealed that the platelet count was decreased,
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while MPV, PDW and PLCR increased with severity of preeclampsia, poor maternal prognosis
and poor fetal prognosis. They found a relationship between platelet indices and severity of

preeclampsia and pregnancy outcome [38].

A study done in Sudan by Elkareem Aakt(2016) compared the platelet count and platelet
indices in preeclampsia and normal pregnancy. The result revealed that among 87 total pregnant
women, 37 were preeclamptic pregnant women, and there were significant differences in the
platelets indices of MPV, PDW, and P-LCR among the study groups [39].

On the other hand there are studies which came up with contradicting findings. For example, a
study conducted by Yayuzcan é.al, in Turkey in 2014 compared Mean Platelet Volume,
Neutrophil-LymphocyteRatio and Platelet-Lymphocyte Ratio in SeverePreeclampsia in healthy
pregnant and non-pregnant women. The study showed that when the PLCR value of the three
groups namely severe preeclampsia, healthy pregnant and non-pregnant women were compared,
there was no statistically significant difference between the three groups. The situation was the
same for the paired comparison; there were no significant difference between patients with
severe preeclampsia and healthy pregnant women or between patients with severe preeclampsia
and controls or between healthy pregnant women and controls [40].

Similarly, Santos et al, in Turkey found no difference in platelet count in normotensive and
preeclampsia women. However, all other platelet indices were significantly higher in the
preeclampsia [36]. Elkareeahal(2016) in Sudan also studied the platelets count and plateletcrit
(PCT) and demonstrated that these parameters did not vary significantly between PE and normal
pregnancy group [39]. Kulkarini and Sutaria also did not observe any significant difference in

respect to platelet count in their study [41].

Regarding the correlation of platelet count and platelet induces a study done in Ethiopia by
Negash Met al (2016) in Diagnostic predictive value of platelet indices for discriminating hypo
productive versus immune thrombocytopenia purpura due hyper destruction of Platelets which is
also thought to be the main cause for reduced platelet count in preeclampsia.They found
statistically significant negative correlationbetween platelet count and the platelet indices in
immune thrombocytopenia purpura patientswhich was PLT Vs M@V (correlation



coefficient)=-0.5 P=0.004 PLT Vs PDW (r=-0.6 P<0.00l and correlation between PLT Vs
PLCR ¢=-0.5 P=0.00}42].

Taken together, the studies reviewed above provide conflicting evidences as to the association of
platelet count and indices with preeclampsia and its severity though mounting body of data
favors the presence of association and clinical utility of these markers. As far as my literature
search goes there is no published report from Ethiopia. Hence, this study tried to fill this gap and
lend additional data to broaden the existing scientific knowledge globally. Since CBC is the most
frequently requested test in general and during pregnancy in particular, there is a need
forgeneration of more data since introduction of these simple markers improve the clinical

management of pregnant women at risk of preeclampsia with no additional cost.
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3. Objectives

3.1. General objective

To evaluate the role of platelet parameters in ptedicof preeclampsia at Ayder comprehensive

specialized and Mekelle General Hospitals.

3.2. Specific objectives

» To compare the platelet count, MPV, PDW, and PLCRin mild and severe stages of
preeclampsia and normal pregnancy.

* To determine correlation between platelet count and platelet indices in mild and severe
stages of preeclampsia and normal pregnancy.

» To determine sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), for PLT Count, MPV, PDW and P-LCR in discriminating the
presence orthe absence of preeclampsia.
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4. Hypothesis (Ho)

There is no difference in platelet parameters of preeclamptic pregnant women compared to

normal pregnant women.
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5. Materials and methods

5.1. Study area

This study was conducted at Ayder comprehensive ajmsail (ACSH) and Mekelle General
Hospital (MGH) , which are found in Mekelle City. Mekelle is capital city of Tigray Regional
State and is located in the Northern part of Ethiopia, at 783 km from the capital city, Addis
Ababa.The Ayder Referral Hospital commenced rendering its referral and non-referral services
for around 8 million population in its catchment areas of the Tigray, Afar and South-eastern parts
of the AmharaRegional States with total patient flow of above 100,000 per year.It has a total
capacity of 500 beds in four major departments, with ANC attending women of >150 per month
and other specialty units along with six other affiliated hospitals in the Tigray regional state. It is
also used as a teaching hospital for the College of Health Sciences, Mekelle University.The
hospital has more than 45 specialists in the various areas of medical specializations and adequate

number of other health professionals which constitute the health care team[43].

Mekelle Hospital is the largest regional hospital serving about 6 million people residing in
Tigray, Northern Amhara and Western Afar regions, with ANC patient flow above 600 per

L IAddis Aasaba Study site, Ayder

ETHIOPIA comprehensive
specialized and
Mekelle General

Figure.1 Mekelle study site: ACSH and MGH.

5.2. Study design and periodA cross-sectional comparative study was conducted
from January to March 2017
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Study Design FlowChart

Pregnant women

If the pregnant women fulfills the inclusion criteria
And obtain consent paper

|

Looking at her chart and conducting her physician
labeling by code if she is preeclamptic or normal pregnant

Sample collection, labeling with code No.

|

Testing the sample with SYSMEX- XT 4000i automated hematology analyzer

Registe'ring the value of Platelet count, MPV, PDW and PLCR

Data entry and Sample analysis

|

Interpretation

5.3. Population

5.3.1. Source population
All pregnant women who visit ACSH and MGH.

5.3.2. Study Population
Pregnant women that fulfill the inclusion criteria during the study period and volunteer to take

part in the study were the study population.
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5.4. Eligibility criteria
5.4.1 Inclusion Criteria

* Volunteer Preeclamptic pregnant women (cases)
* Volunteer Healthy normotensive pregnant women2& weeks gestation with a live

singleton fetus were eligible and approached for recruitment.

5.4.2. Exclusion Criteria
* Intra-uterine fetal death (IUFD)

* Poor past obstetric history [recurrent miscarriage, pre-term labor, intrauterine growth
restriction]
e Currently suffering from a systemic disease, gestational or insulin-dependent diabetes,

heart disease, renal or hepatic dysfunction) and inflammatory diseases.
* Any hematological diseases which can affect the platelet parameters and bone marrow

were excluded by looking in to their charts and consulting their physician’s

5.5. Study variables

5.5.1. Dependent variable

* Platelet parameters: PLT count, MPV, PDW and PLCR
» Sensitivity, specificity, NPV, PPV of Platelet parameters: PLT count, MPV,
PDW, PLCR
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5.5.2. Independent variables
* Preeclampsia (mild and severe)

» Gestational age

* Age

5.6. Measurement and Data collection

5.6.1. Sample size determination

For this study the sample size was calculated using the formula of hypothesis testing for two

population means.

Required information:

Standard deviation ;SS,

Level of significance which is usually set to a level of 0.05; respective Z value is 1.96
Power of the test : 100(2)%,which is usually set to 80%, which is equal tc40.8

Sample size can be estimated using the formula

20%[z4 —%+ z1 — B]?

(ul — p2)*

n =

2 - . 512+522
Where ¢°) is pooled variance =
The anticipated mean of platelet indices (MPV) for preeclampsia is 10.15 and for normal

pregnancy is 9.48 with a standard deviation of 1.10 and 0.87 respectively. Since no studies were

conducted in our country previously, the values are taken from studies conducted in Sudan [39].

., 0.87241.10°
l.e.c= f20.983
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_2(0.983)[1.96 + 0.84]*
~ (10.15-—9.48)?

n =35
35+ (15% for contingency) = 40

The minimum sample size required for group 1, n1=40

To evaluate the clinical accuracy of platelet parameters in preeclampsia, it is possible to make
the number of controls (normotensive pregnant women) double of the cases (preeclamptic

pregnant women). The sample required for group 2 n2=2(nl) =80
N =nl+n2 = 40+80

N(total sample size) = 120 This was taken as minirmample size and, thus, the study
included79 cases and 140 controls total 219 study participants were involved.

5.6.2. Sampling method

Convenient sampling method was used to collect.data

5.6.3. Data collection procedure

Volunteering pregnant women after getting an informed consent wereclinically examined by the
doctors whether she is preeclamptic or normal by making diagnosis based on brief clinical
history, B.P. urine examination for protein and checking for not taking any therapy for
preeclampsia. Those preeclamptic and normotensive pregnant women attending the antenatal
care clinic of the two public hospitals and those who fulfills the inclusion criteria were recruited,
consecutively. Blood sample was collected from the study participants following standard
operating procedures (SOPs) by a qualified laboydahnologist. About 3-4 ml blood sample

from each patient was collected into a vacutainer tube (purple cap) containing 2.0 mg/ml
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ethylenediamine tetraacetic acid (EDTA-K2) and preserved at room temperature for platelet

analysis for >2 hrs..

5.6.4. Hematological analysis

Blood sample collected in EDTA tubes was mixed well to prevent clump and clot formation for
platelet count and platelet indices. Samples were measured in Hematology auto analyzer
(SYSMEX-XT 4000i, Sysmex Corporation, Kobe, Japan) within 2 hours of blood collection to
determine the exact value of the platelet parameters. SYSMEX-XT 4000i provides a 27-
parameter CBC, including a 6-part WBC Differential with reportable Immature
Granulocytes. Reticulocyte Hemoglobin (RET-He) is standard on the fluorescent reticulocyte
panel. The XT-4000also performs body fluid analysis with seven parameters.Hematology
analyses is performed according to the Hydro Dynamic Focusing (DC Detection), flow
cytometer method (using a semiconductor laser), SLS-hemoglobin method and traditional
impedance method for platelet count when Blood cells suspended in the diluted sample pass
through an aperture causing a change in the direct current resistance between electrodes. The size
of the blood cell is detected as electric pulses and the number of blood cells is calculated by
counting the pulses.And the three discriminators the upper (UD),lower (LD) and the fixed
discriminator used for discriminating platelet sizes. The results obtained were registered on

registration books prepared for this purpose.

5.7.Data Quality Assurance

Blood sample quality was ensured by collecting and processing according to the standard
operating procedures.
Pre-analytic

» Samples were checked whether they are in the acceptable criteria like; hemolysis,

clotting, volume and collection time, were checked for the correct labeling.
» Safety procedure and specimen handling procedure were strictly followed
* Manufacturer procedures and SOP were strictly followed.

* Prior to analysis samples were checked for time of collection
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Analytical

» Prior to analysis, samples were homogenized by inverting 10-15 times.
» The performance of automated hematology analyzer was checked by running three levels
hematology cell controls (Normal, Low and High).

Post analytical

» The result of platelet counts and platelet indices were registered as the exact number

(value)

5.8. Data analysis and interpretation

The data obtained from the automated CBC machine was entered and analyzed by using
Statistical Package for Social Science (SPSS) version 20 (SPSS INC, Chicago, IL, USA). The
mean and standard deviation were used to summarize platelet parameters. One-way ANOVA
(analysis of variance) supplemented with post-hoc test was done to compare the mean platelet
parameters difference across the three groups of women (normal, mild or severe preeclampsia).
Receiver Operating Characteristics (ROC) curve was used to calculate sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), for a given platelet parameter
and indices (PLT, MPV, PDW and P-LCR) in discriminating the presence or the absence of
preeclampsia. Based on estimations of sensitivity and specificity for cut-off value of the platelet
parameters, the Area under Curve (AUC) for each of them was determined. The largest AUC is
associated with the best parameter for development of preeclampsia. Pearson correlation test was
used to see the relationship between continuous variables. A P-value of <0.05 was considered as

statistically significant.Tables and figures and were used for the description of the data.

5.9. Ethical considerations

The study was conducted after it was ethically reviewed and approved by the Department of
Medical Laboratory Science research and ethical review committee (DRERC), College of Health
Science, Addis Ababa. By getting permission from Tigray health bureau, ethical clearance was

also obtained from Ayder and Mekelle hospitals. Then permission was obtained from the

19



hospitals’ administration office and a letter informing each departmentswas written. The study
aims, risks, benefits and right for withdrawal anytime from the study was explained for the study
participants and informed consent was obtained. Samples were coded and confidentiality of
patient data was maintained throughout the study by locking hard copies and password

protecting electronic files.

5.10. Dissemination of the result

The finding of this study will be presented and submitted to Addis Ababa University, College of

Health Science Medical Laboratory Science Department, to Ayder referral hospital and Mekelle
hospital so as to influence for using platelet parameters in predicting preeclampsia in pregnant
woman. Findings will be presented in relevant workshops, seminars and scientific conferences

and manuscript will be submitted to peer reviewed national or international journal.
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6. Results

This study included 2 groups of pregnant women: first group included 140 pregnant women with
normal pregnancy and second group included 79 pregnant women with preeclampsia, 35 cases
of second group were mild preeclampsia and 44 cases of second group were sever
preeclampsia.139 study participants were from ACSH and the rest 90 study participants were
from MGH.

6.1 Baseline Characteristics of Pregnant Women with and without Preeclampsia

There was a significant difference between the three studied groups with regards to blood
pressure both systolic and diastolic which increased with severity of preeclampsia
(P<0.05).Duration of pregnancy was significantly shoiterpatients with preeclampsia than
normal pregnant women groups (P-value < 0.05) (Table 1).While there was no significant
difference between the three studied groups with regard to age with mean age of 25.64+3.9 in

normal pregnant, 25.20+3.5 in mild preeclampsia and 25.64+5.26 in severe preeclampsia.

Table 1. Characteristics of Pregnant Women with and without Preeclampsia at ACSH and MGH,
Mekelle, Ethiopia, from January —March 2017 (n=219)

Preeclampsia

Normal(n=140) Mild(n=35) Severe (n=44)

P-value
Age 25.64+3.9 25.20+£3.5 25.64+5.26 0.85
Gestational age (in  35.99+3.58 34.51+4.48 34.61+3.99 0.031
weeks)
Systolic BP(mmHg) 102.50+10.6 143.14+5.29 157.95+16.07 <0.001
Diastolic BP(mmHg) 66.93+8.03 97.71+6.17 103.86+14.3 <0.001
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6.2 Comparison of platelet parameters across severity of preeclampsia

Changes in platelet parameters in the three groupsoofien are described in Table 2. The
mean+SD platelet counts were291.6+58.4410 226.42+56.52x10L
and185.28+60.22x1WL,in normal pregnancy, patients with mild preeclampsia and severe
preeclampsia, respectively. The platelet count decreased across the severity of preeclampsia,
while MPV,PDW and PLCR increased with severity of preeclampgia0(05). The average
platelet parameters were significantly different among the categories of women (P=0.000). Post-
hoc tests also showed significant mean platelet parameter variation among each pairs of severity

of preeclampsial{able 2).

Table 2: Comparison of platelet parameters by severity of preeclampsia among pregnant women
attendingACSH and MGH, Mekelle, Ethiopia, January-March 2017 (n=219).

Platelet Preeclampsia
parameters Normal(n=140) Mild(n=35) Severe (n=44)

P-value***

MeanzSD MeantSD  Mean+SD

PC(10L) 291.6+58.4 226+56.5 185.3+60.2 <0.001
MPV(fl) 8.4+0.9 11.5+2.1 12.3+1.7 <0.001
PDW(f) 10.8+1.8 11.1+1.6 14.3+3.4 <0.001
PLCR(%) 29.1+6.8 30.8+6.6 35.3+£8.9 <0.001

Mean (Standard Deviation); F-test (One way-Anova) for mean difference across severity of
preeclampsia; PC-Platelet Count; MPV-Mean Platelet Volume; PDW-Platelet Distribution
Width; PLCR-platelet large cell ratio. ***(P-value is<0.001).

6.3 Correlation between the platelet parameters by severity of preeclampsia

In normal pregnant women, platelet count (PC) was negatively correlated with MPV, PDW and
PLCR. For example, decrease in PC was proportional with increase in MPV (r=-0.35; p=0.000).
While, the other parameters had strong positive relationship. In women who had mild
preeclampsia none of the platelet parameters had significant correlation. In women with severe

preeclampsia, PC was negatively correlated with PDW and PLCR (p<Udig 3.
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Table 3: Correlation between platelet parameters in normal, mild and severe preeclampsia
among pregnant women visiting ACSH and MGH, Mekelle EthiopiaJanuary —March
2017(n=219)

Platelet parameters Preeclampsia
Normal (r) Mild (r) Severe (r)

PC vs. MPV -0.35%** 0.12 -0.16

PC vs. PDW -0.36** 0.22 -0.32*

PC vs. PLCR -0.38** -0.1 -0.39**

r: Pearson correlation ,*** (P-value is <0.001),**(P-value is <0.01),*(P-value is <0.05)

6.3.1 Correlation between platelet count (PC) and platelet indices in women with
preeclampsia

In women who had preeclampsia the platelet count igadfisant negative correlation with
PDW and PLCR (p<0.05). While, PC was not significantly correlated with MPV with correlation
coefficient (r=-0.99 and p=0.385 (Figure 2).
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Figure 2:Correlation between platelet count (PC) and mean platelet volume (MPV), platelet
distribution width (PDW), platelet large cell ratio (PLCR) in women with preeclampsia (where;

r = correlation coefficient).
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6.4 Comparison between the diagnostic values of platelet parameters

In this study, the optimal cut-off levels of platepetrameters for prediction of development of
preeclampsia were identified using ROC analysis. ROC curve analysis showed that platelet count
can differentiate normotensive pregnant women from preeclamptic pregnant women at a cut off
value <233x10L with sensitivity of 70.9 % and specificity of 83.9 %.MPV can differentiate
normotensive pregnant women from preeclamptic pregnant women at a cut off value >9.45fl
with sensitivity of 83.5 % and specificity of 86.4%.PDW and PLCR have a sensitivity of 72.2%,
52.1% and 81.0%, 35.0% at a cut off values >10.85fl and >26.2% respectively. MPV has largest
area under the curve (AUC=0.85; 95%CI (0.79, 0.89)), indicating as it is the best parameter for
predicting preeclampsia (Figure 3 and Table 4). The second most important predictor parameter
identified was PC.

Table 4: Comparison between the diagnostic values of platelet parameters in the study
participants visiting ACSH and MGH, Mekelle, Ethiopia, January-March2017 (n=219).

Platelet Sensitivity  Specificity PPV NPV Cut-  AUC(95% ClI)
indices (%) (%) (%) (%) off

PC(10) 70.9 83.9 70.9 83.6 <233 0.77(0.71, 0.83)
MPV/(fl) 83.5 86.4 77.6 90.3 >9.45 0.85(0.79, 0.89)
PDW (fl) 72.2 52.1 46.0 76.8 >10.85 0.625(0.557, 0.686)
PLCR(%) 81.0 35.0 41.3 76.6 >26.2 0.58(0.52, 0.639)
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Figure 3: Receiver Operating Characteristics (ROC) curve of platelet parameters in pregnant
women with preeclampsia (mild or severe) visiting ACSH and MGH , Mekelle, Ethiopia,
January-March 2017 (n=219).
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7. Discussion

CBC parameters including platelet count and platelet indices such as MPV, PDW and PLCR are
widely available and are cost-effective. However, in daily practice, most physicians consider
only CBC parameters .thus neglectioidner parameters like platelet indid@%].PE remains a

significant cause of maternal and fetal mortality and morbidity. [44]

In the present study, which aimed to evaluate the role of platelet parameters in prediction of
preeclampsia, the three groups were comparable as regard to maternal age.According to the
pathophysiology of preeclampsia, endothelial activation leads to increased platelet aggregation
which in turn is responsible for decrease in the platelet count. In the current study, there is a
significant gradual decrease in platelet count from normotensive pregnant women 291.6+58.4
mm®) to mild PE group (226+56.5minand severe PE group (185.3+60.2/m

Similar findings were reported by Dadhiehal [27]who observed declining platelet count with
severity of preeclampsia. The authors noted that the decrease in platelet count was antedating
significant increase in blood pressure by 4 to 6 weeks of pregnancy and concluded that the
Platelet parameter can be used to predict development of progressive hypertension in patientsat
risk. Accordingly similar inverse relation between platelet count and severity of preeclampsia
was alsodocumented byseveral researchers including Mokbah¢&4].Freitaset al [31], Kaito

Ket al [23], and similar studies also by Neigaral [32], Sultana Ret al [33], and Amitaet
aldescribe that platelet consumption and aggregation increases as the disease gets more severe
[34].

In the current study the PC cutoff value was <2331 preeclamptic females (sensitivity
70.97%; specificity 89.3%) which was in agreement with Emtaal [45] which showed that
platelet count at cut off value < 198,000 can differentiate normotensive pregnant women from
mild PE patients with a sensitivity of 90% and specificity of 92% and at a cut

off value of < 149,000 can differentiate mild PE from severe PE patients with
sensitivity of 84% and specificity of 92 %. On the other hand there are studies which didn’t
found a significant difference in Platelet count of the groups such as $aakas Turkey [36],
Elkareemet al [39], and studies done by Kulkarini and Sutaria et al [41].
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Due to increased consumption and destruction of platelets, bone marrow producesand release
large platelets leading to increase MPV in preeclampsia [23].However literature reveals
conflicting results regarding the relation between MPV and preeclampsia. Dadhich et al, in their
study described MPV as a good marker of platelet dysfunction in preeclampsia [27].

Moreover therewas a gradual increase in MPV of the current study from normotensive pregnant
women [8.4%0.9fl] to mild preeclampsia [11.5+2.1fl]] and sever preeclampsia patients [12.3+1.7]
with P-value < 0.001.Kaito kt al in 2005 in Britain also explained that hyper destruction of
platelet results in an in Increases MPV, PDW, and PLCR [23] similar findings were found by
Hutt et al [46] reported an increase in MPV which was noted about two weeks before the
increase in blood pressure and other clinical features of pre-eclampsia developed.Freitas [31],
Nooh et al[35], Ahmed W [38] et gl Elkareem et a[39] and Santos et 4B5].

On the other hand, Cyehanal [47]and Amitaet al [34]did not find a significant difference in

the MPV between preeclampsia and normal pregnant group.Some researchers have suggested
that Platelet count and MPV cannot predict the risk of PE. Ceyhan et al claimed that MPV used
to predict PE: however it may be unreliable, because of differences in the methods and/or
equipment used to obtain CBCs [47]. For example, addition of EDTA increases the MPV and
various hematological counters yield different MPV data. In the present study, the time between
sample collection and CBC measurements was less than 2 hrs. perhaps minimizing such

concerns

By ROC curve analysis we found that MPV at cut off value >9.45 can differentiate preeclamptic
pregnant women from normal women with a sensitivity of 83.5% and specificity of
86.4%.Dundaset al [48] stated that an MPV cutoff of 8.5 fl (sensitivity 78%; specificity 86%)
was indicative of a risk of PE. Freitassal [31] considered a slight higher that a cutoff of 10 fl
(sensitivity 51.72%; specificity 82.76%). Howartretsal [28]on the other hand suggested that a
combination of reduced platelet count and elevated MPV afforded a sensitivity of 90% and a
specificity of 83.3% when used to predict PE. These results are in agreement with Badhich

and Yinet al [27, 19] as they described MPV as a good marker of platelet dysfunction in
preeclampsia. On the other hand, Kashamaal [49] observed that MPV changes did not
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predict preeclampsia or preterm labor. Moreover Altigtaal [22] reported that MPV is not a

significant predictor of severity of preeclampsia [22].

In the present study there was significant increase in PWD from normotensive pregnant women
(10.8+1.8fl) to mild PE (11.1+1.6 fl) and severe PE groups (14.3£3.4 fl) with P-value < 0.001.
These results are supported by Dadtechl [27] who demonstrated a month wise increase in
PDW in preeclampsia group as compared to those in normal pregnant group. These results were
in agreement with that reported by Santos and Ni@ah [35, 24], Ahmed Wet al [38], Freitas

et al [31] and Song ¥ al [18]. The increased PDW is explained by increased platelet turnover
which would support the idea that platelet survival time is decreased resulting in increased
destruction of platelets. This may be also because of increased bone marrow activity of unknown
stimulus. Similarly rise in PDW serves as an important indicator of disease severity [22].A
previous study in Ethiopia by the supervisors of this research have demonstrated the predictive
value of platelet indices for discriminating the two causes of thrombocytopenia hyper-destruction
versus hypo-production where higher values of the indices were found in patients with hyper-

destruction thrombocytopenia [42].

In our study ROC curve analysis showed that PWD can differentiate preeclamptic pregnant
women from normal pregnant women at a cut off vatue0.8.fl with sensitivity of 72% and
specificity of 52 % with AUC of 0.625.Nooh AMt al (2015)in Egypt foundROC curve analysis

of PDWwith a little higher AUC (0.980) PDW>19.9 as optimal cut-off for the prediction of PE
development. This cut-off level had a sensitivity of 96.3% and a specificity of 91.3% for
prediction of PE development [24]. Consistent with Eman et al(2005) ROC curve analysis
showed that PWD can differentiate normotensive pregnant womenfrom mild PE at a cut off
value>12.6fl with sensitivity of 90 % and specificity of 92 and can differentiate mild from
severe PE at a cut off valael6.4fl with sensitivity of 84 % and specificity o2 %6 with AUC

of 0.886 and 0.862 respectively [45].

29



There was also significant increase in PLCR from normotensive pregnant women (29.1+6.8%) to
mild PE (30.8+6.6%) and severe PE groups (35.3%£8.9fl) with P-value < 0.001.This finding is
consistent with findings of Kaitet al [23] also stated that increased PLCR indicate increased
bone marrow activity,Santost al [36], Ahmed W et al [38] and Elkareemt al [39].
Contradicting result was found by Yayuzaaral [40].

ROC curve analysis showed that PLCR can differentiate preeclamptic pregnant women from
normal pregnant women at a cut off value >26.2% with sensitivity of 81% and specificity of 35%
with AUC of 0.58. Formerly similar study was done by Han L et al (2014) found AUC of PLCR
to predict preeclampsia very close with our study which was 0.587[50].

The final findings regarding correlation between platelet parameters were, in normal pregnant
women, PC was negatively correlated with MPV, PDW and PLCR. For example, decrease in
platelet count was proportional to an increase in MPV (r=-0.35; p=0.000).While, the other

parameters had strong positive relationship. The highest negative correlation index was found
betweenplatelet count and platelet distribution width in preeclampsia patients. In women who
had mild preeclampsia none of the platelet parameters had significant correlation. In women with

preeclampsia, platelet count was negatively correlated with PDW and PLCR (p<0.05).

Eventhough no study has been done regarding correlation of platelet count and platelet induces
in preeclampsia patients there was a study done in our country Ethiopiaregarding correlation of
platelet count and platelet induces in hyper destruction thrombocytopenia which is the main
cause for reduced platelet count during preeclampsia by NegashaN (2016) found
statistically significant negative correlation between platelet count and the platelet indices in
immune thrombocytopenia purpura patients due hyper destruction of platelets which was PLT Vs
MPV (r (correlation coefficient)=-0.5 P=0.004LT Vs PDW(r=-0.6 P<0.001pand correlation
between PLT Vs PLCR#%-0.5 P=0.001[42].
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8. Strength and limitation

8.1. Strength of the study

v" All blood samples for CBC assessment were process@unviwo hours after vein
puncture

v' Assessments were carried out using the same anilaodgand the same automated
counter.
v" The study is the first of its kind in our countrydssess the role of platelet parametrs in

predicting PE.
8.2. Limitation of the study

v' As the study was designed to be cross-sectional, to establish the role of platelet
parameters in prediction and assessing the severity of preeclampsia in the course of the

pregnancy period was not possible.
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9. Conclusion and recommendation

9.1 Conclusion

Our work showed that platelet count, MPV, PDW and RLOwere useful to detect the risk of

PE, due to increased platelet destruction and plateletover in patient with preeclampsia,
decreasing platelet count and increasing MPV, PWD and PLCR may play a role in predicting
preeclampsialthough our sensitivities and specificities withaegto PDW and were a little

less than those of other studies. In additloa estimation of platelet indices may be considered

as an easy, reliable, economic and rapid method for detection of preeclampsia and assessment of

its severity.

9.2 Recommendations

v Platelet parametrs are easily obtained together thithCBC report; thus, clinicians
should evaluate platelet count and indices when assessing the risk of PE.

v Further research including more study participantalevdurther help us to assess
whether or not preeclampsia can be predicted in the early second trimester in a similar
way. Women who have their blood drawn early, mid, and late second trimester could be
followed for the development of preeclampsia and predict the prognosis of the mother

and the fetus.
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11. Annexes

Annex I Participant information sheet

Principal Investigator: Feven Tesfay Kinfe

Addis Ababa University College of Health Sciences

Introduction: You are being asked to take part in research study on Changes in Platelet
parameters duringPregnancy as Potential Markers forPrediction of Preeclampsia Development.
The study has been approved by Addis Ababa University Medical Laboratory Science
department research ethics committee.

Purpose The purpose of this study is to evaluate the changes in platelet count and platelet
indices in preeclampsia compared to normal pregnancy at Aydercomprehensive specialized and
Mekelle General Hospitals.

Procedures to be carried on you are invited to participate in the study after giving your
consent by giving blood samples if CBC is not ordered by your doctor.

Risks associated with the study There is no risk and serious invasive procedure at the
beginning as well as at the end of the study and there is no additional time required from you to
stay during study.

Benefits of the study: There is no any financial benefit to you. But the result of the study will be
used for your clinical care as well as plays a role if platelet parameters could use for diagnosis
and prediction of preeclampsia and will play a role in minimizing maternal mortality and
morbidity rate. There is no compensation for using your blood sample.

Confidentiality of your information: The results of the laboratory findings will be kept
confidential and could only be accessed by the researcher and the responsible physician. There
will be no personal information to be attached to your data.

Termination of the study: We will respect your decision if you later on change your mind.

Your withdrawal of consent will not affect your right to receive medication. . Also you have the
right to have question about the study. | will be glad to answer your questions about this study at

any time.
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You may contact me at e-mail addréega.tesfay@gmail.com or mobile+251 912 10 2948

Department of Medical Laboratory Science research ethics office +251 11 275 5170

Participants information sheet (Amharic version

AN PGk AFAFEPT aolE erAT PR
0T%- 4,07 F04L N7 ANALY-
ACOP (HY PI°CIPC 176~ APOHe EPLE 12 NALAANA RIGCHE PANCRS AL HIPVCT (L P9°CI°C
226 PP1-9P0C 0TE 4P 01T AT N Pak 1T @yt ATTOP LnPTIA::
PPGE hATD : TATAT (19104 P29° GLIPTF PolovM A@.p A%t TNAGC Gt NP HF  aohet
P9 gy (i ATIOP £LAGA @R ATLADT ATIOP 10+ (HY PTG ¢ APate .95 Pk n3-4 o,
(2% PAL TI7N.L PULPT) PRI° GavG QA
LV PLI° GavG 1RIPP M-AT (HY TGF aPA+EP av<te PRI° JOCavs. B MAPT ATIOP L&A LAMPFA::
hPek OC +PLH TUov@ T&F: 7GR (CO AR PLaNA. 14T PAA S ATSE PLméT T LH,
KR TCIP:
hPek  e°0TTH TP @ 9°U9° ARYT L1THA TPI° 02TLD9° ek NTLTTA At ATIOP AT +tm
P9, W8P LMPTIN RATIO- PAGTF PG 20T Advpin ATRaPP
hCAP PPETT@. avLF AG TLOATEErE:
NAMTLI® AL P9.LLID+ RI°CaPs M-yt aP(e(lavte TIATLPrE AITmMOP T SATGE %A% (F
TGP AL, WILTLDA ALITTAP hOSAU-::(NHY TGF AL PAPTT TR N7 D9 (% A.MEES IPATIA,
PTTF STAN::NTGE AL PAGPATEI® P1 (19PVA PTIERLT av-teav-( T AAPT::

NGO A% ATGE AL PAPTT TOE Aavavph OHS 1!

NP PAD- AT ALTTT STAN

adh:- 0912102948

Email :feva.tesfay@agmail.com

vho°s ANg-Fé HIPUCT hed P9°CI°C #°19°90C (e hdherc +251 11 275 5170

Participants information sheet (Tigrigna version)

A At 879 ATt AdS HUN Srds

AavL: 407 048 NP, 8AN7A:

707 OH. §& 9°CI°C Oé-ch G&PLE 072 tl A0ANA RZOCHT §8 ANG-F4 AR7T0 L HFIPUCT GeIPCIPC
Ad-ch 271:9°90C 199k 238 HNIR nR'r NN EeTY T NS @bhst TPEAT SmPge::

38



OH. 87%F 9P0F €425 +her? il 3-471A. (h€ §8 AY 977 Hh@7) G L9° Gavg Qyn::Al, G
L9° Gav-G k1 Lavy MM, (H, I°CI°C NIPAF 4.7 aP(ch G LI° J°CaPL. M-dA AT TPEAT LA LOYNT:
thfl H/0A £9° HOINC G& 9°Cave- phst avtvh a0tk TLATLPrE HihAD WPHNAT AS T 9°CI°C
G097 (1F Al TP IPHQOA NED1007T Ldok::

AH, @085t HAOT TOE N9T75 @9 A%t hPed hPPh AQT avi\( hshO ShhA Af7::A(h avoSHt:
703 b1 A TTANA G2 PPELH av ek aPAN AADT::

A TNEO A%t At aPOSHE HADT chef 79PN U AP:-

MHPOA ALC-A N7LL LhAA hPT=

nAh.:: 0912102948

Emddva.tesfay@gmail.com

hh9°s ANGP6 D&AL TIPUCE §8 FPCI°C A219°90C (LE hdh. #b4: +251 11 275 5170
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Annex II Informed consent form
By signing below, you are agreeing that: (1) you hesa&d and understood the participant

information sheet, (2) questions about your participation in this study have been answered

satisfactory, (3) you are taking part in this research study voluntarily (without any coercion).

Name of person obtaining consent Signature of person obtaining consent and date

Informed consent form (Amharic version)

ACOP N7PGE AdPATE av< PG avPSy PTLIAKNT P&

QLY OF PAW-3 (1P5F: A79016 £,985 ToUPrPF A 28009 M 17InLPD- $8 AL (&L y-::
1. hAg eHAmP 7 AATGE aPl8 eT.AMD7 Zh& “TINNPT G aPLS TP
2. 079k AL Aldt TPE APO(L J°AT AZ8TT

3. 075k AvAte PONRE N1E-0NP aot P § IOI9°%L 1T +20F OLI° “ldt ALLLAND ao P
241N vz

apPEy ete0AD: A0 O 4C1 hG
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Informed consent form (Tigrigna version)

W7 FATeEE At aP8Sht TIPOAF G a0 teh 4.PRE T PTT HING GTPo
N 7k Hoe A0V 00850t T9P0FG 4.5 o YT 19PCA06 ANHTLP GrPd WG]

LA AdA. NTO707 WAATaPs5ot NS HUAN & T°T007 7I°CERTY

2.0k PGt aPAlt 1L HAOAA P Kbl aPA(L h9PHZhA

340t P3Gt T9P0FE HOAG NAOAT 0o (ch &.PLTTET PPIGL T AT @L L&kt HETINLAT IR
04.0°19::

Qe Tt aPAAL $b6 4.CT KT 00T

U0&F HahO 0% o2 Ti° 4.C71 AG OOt
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Annex III. Standard Operating procedures

SOP for Blood collection
In order to draw blood and collect to perform a variety of laboratory tests there are equipments
necessary.

Equipment

» 21 gauge needle for each participant with closed vacutainer system

» Blood collection tubes for each participant

* Tourniquet

» Box of nitrile /vinyl gloves (Do not use latex gloves due to allergies/sensitivities.)

» Alcohol wipes

» Cotton balls/swabs

» Bandages

» Pillow/pad for raising arm to comfortable elevation

» Apple/orange juice and snacks for fasting participants

» Disposable, single use materials or equipment are to be used whenever possible

* Any reusable materials or equipment must be cleaned and disinfected with
Alcohol-based sanitizers before use with another participant

Safeguards /safety procedures

* A new pair of disposable latex/vinyl gloves is used with each participant.

Goves are to be for single-procedure use only. Gloves should always be removed
Using a glove-to-glove or skin-to-skin technique which will prevent
Contaminating the hands.

* The use of gloves does not replace the need for hand hygiene. Hands should be
Properly washed before the gloves are put on and after the gloves are removed.
Hand hygiene is also needed before and after the replacement of gloves during a
Procedure or in between tasks.

* Participants are reminded to do no heavy lifting for 24 hours.
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Procedure for drawing blood

Step 1 — Assemble equipment
Collect all the equipment needed for the procedure and place it within safe and easy reach on a
tray or trolley, ensuring that all the items are clearly visible.

Step 2 — Identify and prepare the patient

Step 3 — Select the site

Step 4 — Perform hand hygiene and put on gloves

Step 5 — Disinfect the entry site

Step 6 — Take blood

Step 7 — Fill the laboratory sample tubes

* When obtaining multiple tubes of blood, use evacuated tubes with a needle and tube
holder. This system allows the tubes to be filled directly. If this system is not available,
use a syringe or winged needle set instead.

* If a syringe or winged needle set is used, best practice is to place the tube into a rack
before filling the tube. To prevent needle-sticks, use one hand to fill the tube or use a
needle shield between the needle and the hand holding the tube.

» Pierce the stopper on the tube with the needle directly above the tube using slow, steady
pressure. Do not press the syringe plunger because additional pressure increases the risk
of hemolysis.

* Where possible, keep the tubes in a rack and move the rack towards you. Inject
downwards into the appropriate colored stopper. DO NOT remove the stopper because
it will release the vacuum.

» If the sample tube does not have a rubber stopper, inject extremely slowly into the tube
as minimizing the pressure and velocity used to transfer the specimen reduces the risk of
hemolysis. DO NOT recap and remove the needle.

» Before dispatch, invert the tubes containing additives for the required number of times
(as specified by the local laboratory).

Step 8 — Draw samples in the correct order
Step 9 — Clean contaminated surfaces and complete patient procedure
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Step 10 — Prepare samples for transportation
Step 11 — Clean up spills of blood or body fluids

Quiality control
Quality assurance is an essential part of best practice in infection prevention and control (1). In

phlebotomy, it helps to minimize the chance of a mishap.
SOP for haematology analyser SYSMEX —XT 4000i

Sysmex XE -4000i

Provides a 27-parameter CBC, including a 6-part WBC Differential with reportable Immature
Granulocytes. Reticulocyte Hemoglobin (RET-He) is standard on the fluorescent reticulocyte
panel. The XT-4000provides you with body fluid analysis with seven parameters including a 2-
part WBC Differential.

Principle

TheSysmexXT-4000i Automated Hematology System utilizes the power of fluorescent
flowcytometry and hydrodynamic focusing technologies. Using a unique, state-of-the art,
diodelaserbench, Sysmex fluorescent flowcytometry provides the sensitivity needed for
measuring and differentiating cell types in whole blood and body fluid samples. Fluorescent
technology and hydrodynamic focusing enable theXT-4000i to consistently classify normal
WBC,RBC and PLT populations from abnormal populations, thereby decreasing the number of
manual interventionPerforms hematology analyses according to the Hydro Dynamic Focusing
(DC Detection), flow cytometry method (using a semiconductor laser), and SLS-hemoglobin
method.

= Platelet counts by a fluorescent optical method and by traditional impedance technology to

improve accuracy of very low and very high PLT counts

- Obtain accurate counts when interferences are present

« Offers automated judgment for reporting PLT-O or PLT-I through instrument settings

ReagentSELLPACTM (Diluent)
TROMATOLYSER-FBTM (Lyse)

STROMATOLYSER-4DLTM (Lyse)
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STROMATOLYSER-4DS TM (Stain)
\SLFOLYSER (Lyse)

RET-SEARCH Il (Diluent)
RET-SEARCH Il (Stain)

Throughput Approximately 80-100 whole blood specimens/hr depending
nanode used. Approximately 38 body fluid specimens/hr.

Quality Control e-Check (XE) — 3 Levels
dinprehensive QC files including (Total QC Management)

“current’and“new” lotfeature Levey-Jennings controlchart X-barMfile Online QualityAssurance

Program—InsightTm

IVD Parameters WBC, RBC, HGB, HCT, MCV, MCH, MCHC, PLT, NEUT%/#,
LYMPH%/#, MONO%/#, EO%/#, BASO%/#, RDW-CV, RDW-
SD,PDW ,MPV, RET%/#, IRF, IG%/#, RET-He# WBC-BF, RBC-
BF, MN%/#, PMN%/#, TC-BF

Specimen
Specimen Type/Stability/Storage

Some anticoagulants will alter test results due to their effects on hemolysis and blood

platelet agglutination. Therefore, use EDTA-2K, 3K or 2Na as the anticoagulant.

Specimens should be stored at room temperature of 18 - 26°C or in the refrigerator of 2 - 8°C .
If stored in a refrigerator, samples should be returned to room temperature, for approximately 30

minutes, before analysis. Otherwise correct results may not be obtained.
Equipment and apparatus
1 Sysmex XT-4000i

Procedure
Instrument Start-Up
01.8.2 Running Controls

45



01.8.3 Running Patient Samples

Internal Quality Control

Control samples are analyzed by the X bar or the L-J control programs, and the data is stored in
the quality control file. At least two levels of controls should be run before analyzing the patient
samples. X bar program analyzes the control twice in succession and the average data is used. L-
J program on the other hand, uses the results from one analysis as one control data. In this lab we
use the L-J program.

HAEMATOLOGY ADULT NORMAL RANGES

INSTRUMENT USED: SYSMEX XT 4000i

PARAMETER REFERENCE RANGE
Red Blood Cell Count (RBC)
Men 4.5-55x 10"/
Women 3.8—4.8x 10"/l
Haemoglobin (Hb)
Men 13 -17 g/l
Women 12 — 15 g/dl
Haematocrit (HCT)
Men 40 -50 %
Women 36-45%
Mean Cell Volume (MCV)
Men 83 - 991l
Women 83 — 991l
Mean Cell Haemoglobin (MCH)
Men 27-32pg
Women 27-32pg
Mean Cell Haemoglobin Concentration (MCHC)
Men 32 — 34 g/di
Women 32 — 34 g/di
Red Cell Distribution Width (RDW) 11.6-14.0%
White Blood Cell Count (WBC) 4-10 x 10%/1
Differential White Cell Count (Diff)
Neutrophils 40 — 80 % (2 - 7 x 10%/I)
Lymphocytes 20— 40 % (1 — 3 x 10%/)
Monocytes 2-10 % (0.2 — 1.0 x 10%/1)
Eosinophils 1-6% (0.02 - 0.5 x 10%/1)
Basophils <1-2% (0.02 —0.1 10%1)
Platelet Count 150 — 400 x 10°/I
MPV
F- 7.2-10.4 FL
M- 7.5-11.5FL
PDW 9-14 FL
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PLT Particle Size Distribution

Platelet particle size distributions are analyzed using three discriminators: a lower discriminator
(LD) and upper discriminator (UD), which are automatically set up between 2 - 6 fL and 12 - 30
fL, respectively; and a fixed discriminator, which is set at 12 fL. PLT particle size distributions
are checked for abnormalities, including abnormal relative frequencies at the lower
discriminator, abnormal distribution widths, and the existence of more than one peak.
1. PDW (PLT Distribution Width) With the peak height assumed to be 100%, the distribution
width at the 20% frequency level is PDW. Units are expressed in fL , with 1 fL equai*to 10
2. P-LCR (Platelet Large Cell Ratio) The P-LCR is the ratio of large platelets from

the 12 fL discriminator or larger. It is calculated as a ratio comparing the number

of particles between the fixed discriminator and UD, to the number of particles

between LD and UD.
3.MPV (Mean Platelet Volume) The MPV is calculated from the following

equation: MPV(FL)=PCT(%)X1

PCTXQ

Interpretation of platelet indices results
Platelet Indices

- Platelet indices are potentially useful markers for the early diagnosis of thromboembolic
diseases.
« Anincrease in both mean platelet volume (MPV) and platelet distribution width (PDW)
due to platelet activation, was suggested due to :
o Platelet swelling.
o Pseudopodia formation.
o MPV and PDW are simple platelet indices, which increase during platelet

activation.

Mean Platelet Volume (MPV)
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- Definition : MPV is a machine-calculated measurement of the average size of platelets
found in blood and is typically included in blood tests as part of the CBC.

1. MPV is higher when there is destruction of platelets.
1. This may be seen as in inflammatory bowel disease.
2. In immune thrombocytopenic purpura (ITP).
3. In myeloproliferative diseases and Bernard-Soulier syndrome.
4. It may also be related to pre-eclampsia, and recovery from transient

hypoplasia.
2. Low MPV values seenin:
3. Primarily with thrombocytopenia when it is due to :

1. Impaired production as in aplastic anemia.

Platelet distribution width (PDW)

- PDW is simple, practical and specific marker of activation of coagulation.

- PDW is a more specific marker of platelet activation, since it does not increase during
simple platelet swelling.

« PDW has been receiving attention due to its usefulness for distinguishing between
reactive thrombocytosis and thrombocytosis associated with myeloproliferative disorder.

- Determination of the PDW reference range is fundamental.

+ Mean platelet volume (MPV) and platelet distribution width (PDW) are useful in the
differential diagnosis of aplastic anemia and idiopathic thrombocytopenic purpura.

- Anincreased PDW is an indication for the anisocytosis of platelets.

- Standard PDW ranges from 9 to 14 fL.

48



Declaration

Assurance of Principal Investigator

The undersigned agrees to accept responsibility for the scientific ethical and technical conduct of
the research project and for provision of required progress reports as per terms and conditions of
the research publications office in effect at the time of grant is forwarded as the result| of this

application.
Name of the student: Feven Tesfay Kinfe

Date Signature

Approval of Advisors:
Aster Tsegaye, MSc, PhD

Date Signature

Jemal Alemu, MSc, PhD Candidate

Date Signature

Mikias Negash, MSc

Date Signature

49



