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Abstract

Background: Pre-eclampsia is an obstetric condition that affects pregnant women and their fetuses. It is a
leading cause of maternal and neonatal morbidity and mortality. Platelet activation and destruction is a
well- recognized feature of pre-eclampsia, but the current literature is contradictory regarding the role of
mean platelet volume (MPV) in the diagnosis of this condition.

Objective: The aim of this study is to evaluate the mean platelet volume (MPV) as a method for diagnosis
of preeclampsia by comparison between MPV in normal pregnancy and preeclampsia.

Patients and Methods: The present study was a comparative case control study that was done during the
period of research from May 2018 to February 2019 at obstetrics department of Shebin Elkom Teaching
hospital, Menoufia University and comprised (100) pregnant women who were divided into two groups:
Group 1: 50 pregnant Egyptian women with preeclampsia (cases). Group 2: 50 disease- free pregnant
women (control) after the 20™ week of gestation.

Results: In this study, MPV can differentiate normotensive pregnant women from preeclamptic pregnant
women at a cut off value 10.05 (fl) with sensitivity of 90 % and specificity of 78 %, PPV of 80.4 %, NPV of
88.6 %. MPV has largest area under the curve (AUC= were 0.896; CI :(0.836-0.957), indicating its
importance for predicting preeclampsia.

Conclusion: MPV measurement is useful in predicting preeclampsia if used in combination with other
more sensitive tests. If no other test is available, it might be indicative Kenchaials e to a certain degree.
Keywords: Mean Platelet Volume, Pre-eclampsia, Normal Pregnancy.

Introduction It is also one of the most unknown complications
Pre-eclampsia is a specific syndrome of during pregnancy, which, in spite of many studies,
pregnancy, which is diagnosed by elevated blood still  pose many unanswered  questions.
pressure, plus proteinuria that are papered after 20 Hypertensive disorders during pregnancy are seen
weeks of pregnancy, and is one of the most in 5-11% of pregnancies®®.

serious complications of pregnancy and a major Given that preeclampsia produces
cause of maternal mortality and morbidity®. thrombocytopenia, the role that platelets play in
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the pathophysiology and possible etiology of pre-
eclampsia may shed light on its etiology®.
Activation of coagulation system with agreeability
of platelets along with increased consumption and
resultant reduced organ perfusion leading to multi
system dysfunction is present. Due to increased
platelet consumption, thrombocytopenia along
with other changes in coagulation parameters have
been observed in preeclampsia®.

Platelets are anucleated cells with no DNA .They
are derived from their precursors megakaryocytes
through endomitotic division in the bone marrow
®)

They play a very important role in hemostasis.
Platelet count, size and volume depend upon the
circumstances faced by the marrow at the time of
production. CBC along with other basic
investigations is routine practice for the evaluation
of hematological derangements in normal
pregnancy®.

It has been noted that mean platelet volume
(MPV) is increased in pre-eclampsia. Although
values of MPV are raised during normal
pregnancy but they are more marked in
preeclampsia and revert back to normal after
delivery. So it has been suggested that decrease
platelet count and increase MPV are associated
with the severity of the disease.

MPV is an accurate and inexpensive measure of
the average volume of circulating platelets, is
routinely reported during complete blood count
analysis ). Its predictive role in several important
medical conditions such as coronary artery
disease, stroke, and thromboembolic events has
recently been demonstrated®.

Aim of the Work

The aim of this study is to evaluate the mean
platelet volume (MPV) as a method for diagnosis
of preeclampsia by comparison between MPV in
normal pregnancy and preeclampsia.

Subjects and Methods

The present study was a comparative case control
study that was done during the period of research
from May 2018 to February 2019 at obstetrics

department of Shebin Elkom Teaching hospital,
Menoufia University and comprised (100)
pregnant women who were divided into two
groups:

e Group 1: 50 pregnant Egyptian women with
preeclampsia (cases).

e Group 2: 50 disease- free pregnant women
(control) after the 20" week of gestation.

The study was approved by the Ethical Committee
of Al-Azhar University, Egypt. An informed
consent was taken from each individual
participated in the present study and all were fully
informed concerning the nature of the disease.
Inclusion Criteria of Study Population

Pregnant women who attended to hospital with
maternal age between15-45 years, hypertension (a
systolic blood pressure of at least 140 mmHg or
diastolic blood pressure of 90 mmHg) after the
twentieth week of gestation during the study data
collection period (from May 2018 to February
2019) were enrolled in this study. Normotensive
pregnant women who attended the hospital for
routine obstetric care were used as control.
Control pregnant women were matched to cases in
age.

Exclusion Criteria

» Women with history of hypertension,
diabetes, renal disease, and cardiovascular
diseases.

» Pregnant  women  with  history  of
immunosuppression intake, smoking, poor
past obstetric history (intrauterine growth
retardation, recurrent abortions) and those
with any hematological diseases which can
affect the platelet parameters and bone
marrow were excluded.

Data Collection

A predesigned questionnaire was used for
collecting the required data from both pregnant
women with pre-eclampsia (cases) and normal
pregnant women (control). Variables in this
questionnaire included age, weight, height,
gravidity, parity, gestational age, history of
hypertension, history of diabetes mellitus, family
history of Pre-eclampsia, other chronic or

Khaled Zakaria El Sheikha et al IMSCR Volume 07 Issue 10 October 2019

Page 611




infectious  diseases, blood
proteinuria.

pressure, and

Methods

Samples Collection

About 2.5 ml of venous blood was collected once
from both study group and control group by vein-
puncture, using a sterile disposable syringe, into
commercially prepared concentration of Ethylene
Di-amine Tetra-acetic Acid (EDTA) containers.
Also, urine samples were collected for detection
of proteinuria by urinary dipsticks and proteinuria
was diagnosed when it is + 1 or 300 mg/ 24 hours
urine.

Hematological Analysis

Blood sample collected in EDTA tubes was mixed
well to prevent clump and clot formation for
measuring hematological parameters. Samples
were measured in Hematology auto analyzer
(Sysmex the automated hematology analyzer SF-
300, which produced by Sysmex Corporation,
Japan) within 2 hours of blood collection.
Principle of Hematological Analyzer: Direct
Current Detection Method

Blood sample was aspirated, measured to a
predetermined volume, diluted at specified ratio,
and then fed into each transducer. The transducer
chamber had a minute hole called the aperture. On
both side of the aperture, there were the electrodes
between which flowed direct current. Blood cells
suspended in the diluted sample passed through
the aperture, causing direct current resistance to
change between the electrodes. As direct current
resistance changed, the blood cell size was
detected as electric pulses. Blood cells count was
calculated by counting the pulse, and a histogram
of blood size was plotted by determining the pulse
size.

Blood Cell Discrimination Circuit

White blood cells (WBC), Red blood cells (RBC),
and Platelets (PLT) were discriminated and
calculated by the following blood cell
discriminator.

White Blood Cells Discriminator

As to WBC lower discriminator, the optimum
position in 30 — 60 fl was automatically
determined by the microcomputer. WBC was
calculated from the particle counted more than
this lower discriminator (LD).

Red Blood Cells Discriminator

As to RBC lower discriminator (LD) and upper
discriminator (UD), the optimum position in 25 —
75 fl and 200 — 250 fl, respectively, were
automatically determined by the microcomputer.
RBC was calculated from the particle counted
between this lower discriminator and upper
discriminator.

Platelets Discriminator

As PLT lower discriminator (LD) and upper
discriminator (UD), the optimum position in 2 — 6
fl and 12 — 30 fl, respectively, were automatically
determined by the microcomputer. PLT were
calculated from the particle counted between this
lower discriminator and upper discriminator.
Mean Platelet Volume (MPV)

MPV was calculated by the following formula:
MPV (fl) = PCT (%) x 1000 / PLT (103/ul)
Where PCT (%) represented the value weight with
platelet frequency and is called platelet- crit or
platelet volume ratio.

Statistical Method

Data were statistically described in terms of mean
standard deviation (SD), or frequencies (number
of cases) and percentages when appropriate.
Comparison of numerical variables between the
study groups was done using student’s t-test. For
comparing categorical data, Chi square (x2) test
was performed. Receiver operator characteristic
(ROC) analysis was used to determine the
optimum cut off value for the studied diagnostic
markers. P values less than 0.05 was considered
statistically significant. All statistical calculations
were done using computer programs SPSS
(Statistical Package for the Social Science; SPSS
Inc., Chicago, IL, USA) version 23 for Microsoft
Windows.
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The diagnostic sensitivity, specificity, positive predictive (PPV) and negative predictive (NPV) values were

calculated as follows:

Reference|lEvaluated test

T ot al
Test + \Y e |- \Y} e
+ % True + ve (a) |False —ve (¢) | a + c
- v False + ve (b) [ True -ve (d) | b + d
T o t a Il]a + blc + dla+b+c+d

Where:

Sensitivity: It is the ability of the test to detect
positive cases or percentage of those with the
disease who have a positive test.

Sensitivity = a/ (a +c) x 100.

Specificity: It is the ability of test to exclude
negative cases or percentage of those without the
disease who have a negative test.

Specificity =d / (b + d) x100.

Positive predictive value = a/ (a +b) x100.
Negative predictive value = d / (¢ +d) x100
Receiver operating characteristic (ROC) curve:
It is a graphical plot of the sensitivity versus
specificity, was used to illustrate the diagnostic
properties of a test on numeral scale.

Results

This study comprised 100 pregnant women
admitted during the period of research from May
2018 to February 2019 to obstetrics clinic of
Shebin Elkom Teaching hospital, EI- Menoufia
University.

The subjects were divided into 2 groups. They
were recruited after the 20" week of gestation:

o Group 1: 50 pregnant Egyptian women with
preeclampsia (cases).

e Group 2: 50 disease- free pregnant women
(control)

The Baseline Characteristics of Pregnant
Women with and without Preeclampsia

Table (1) show age distribution among group |
(patients’ group) and group II (control group).
Distribution of the participants of the two groups
(cases and controls) according to their ages
showed that 79 (79%) of them were found to
have been falling in the age group (17-32) years,
whereas 21 (21%) of them were falling in the age
group (33-43) years. The number of studied
females with increased maternal age was
statistically significantly higher in PE group
(P=0.026).

Moreover, the mean age of the patients' group
was 29.56 * 5.83 years while the mean age of the
control group was 27.58 + 4.32 years. There were
no statistically significant differences between the
two groups regarding to age (P=0.057) (Table 2).

Table 1: Distribution of the study sample according to age

Patients

Control P_-Value

[N

* P <0.05
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Table 2 show that there was a significant
difference between the two studied groups with
regards to blood pressure both systolic and
diastolic which increased with the occurrence of

mmHg among controls, with an overall average
of 135 mmHg among both cases and controls.
Average diastolic blood pressure was found to be
113 mmHg among cases compared with 71

preeclampsia (P<0.001). The results showed that
the average systolic blood pressure among cases
was found to be 158 mmHg compared with 103

mmHg among controls, with an overall average
of diastolic pressure of 87 mmHg.

Table 2: Comparison of mean values of different data of the two studied groups

Patients e

N=50 N=50
A 9 e Mean + S. D|29.56 +5.83|27.58 + 4.32]0 .05 7]
Gestational age (weeks) [Mean *# S. D[36.05 + 3.62(37.52 + 2.1/0 .0 2 8}
Birthweight (g) [Mean * S. D |1926.2 * 799.26 |3305 * 341.4|<0.001]
BMI (Kg / m?)|Mean = S. D|27.94 = 5.95|27.12 + 2.82]0 .3 8 2]
Gravidity|Mean * S. D|2.72 = 1.39|2.44 = 1.25]0. 209 1]
P a r i t y|Mean * S. D]|1 + 1 1/1.22 + 1.13]0 .3 2 4}
Systolic Blood Pressure | \» o o p v s p|l158 +# 19.48|113 + 10.05|<0.001
Diastolic Blood Pressure [Mean # S. D[103 + 11.99|71 + 6 .46|-0-001

Comparison of Hematological parameters
among studied groups (normotensive pregnant
women, preeclampsia cases):

Table 3 show the changes in hematological
parameters in the different studied groups. The
results showed that the mean value + SD for the
hemoglobin (12.17 + 1.15 Vs 12.87 + 1.26)
(g9/dL), the red blood cell count (RBCs) (4.04 +
0.633 Vs 4.1 + 0.318) (10°/uL), the platelets count
and the white blood cells count (WBCs)( 240.794
+ 81.53 Vs 270.204 £ 46.34),( 12.041 £ 4.774 Vs

healthy control respectively. These results
revealed that there was a significant decrease in
the mean value of platelets counts and hemoglobin
levels in preeclampsia cases when compared to
healthy control (P = 0.004 & P= 0.03;
respectively).While there was a significant
increase in WBCs and mean platelets volume
(MPV) in preeclampsia patients when compared
to control group (P < 0.001).Also, there was no
significant difference in the mean value of RBCs
between studied groups (P > 0.05).

7.869 + 2.834) (10%/pL) in preeclampsia cases and

Table 3: Hematological Parameters for Different Studied Groups (Healthy Controls and patients Group):

P atients|C ontor ol

N=50 N=50 P-Value

R a n g e |l 0 — 1 6|1 0 - 1 6 * *

Hb (gldL) ‘Mean + S. D|[12.17 +1.15[12.87 + 1.26 0.004

WBCs count (x10°/ uL) |[R @ n g e|3700-38530[(3700-16700(<0.001"""
Mean * S. D|[12.041 + 4.774[7.869 + 2.834

PLT (x10°%/ pL)|R a n g e|6 7 - 5 0 5[1 9 0 4 1 7[/<0.030°"
Mean * S. D|240.794 + 81.53[270.204 + 46.34

RBCs count (x10°/ pL) [R 'a n g e|3 — 53 — 5[0 5 4
Mean + S. D|4.04 # 0.633[4.1 +* 0.318

M PV (fL)[R a n g el9 - 1 3[9 -~ 1 _1}<0.001"""
Mean *+ S. D[10.94 + 0.83|9.71 + 0.6

- *: P <0.05, **: P <0.01, ***: P <0.001.
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Complications of preeclampsia in all studied IUGR, 3 cases developed eclampsia, 1 developed
cases HELLP syndrome, and 1 had IUFD (Table 4).
Complications were observed in fetus and mothers

who suffer from preeclampsia. Seven cases had

Table 4: Complications of preeclampsia in all studied cases

Patients

Complications

1
#*: P <0.01

Correlation between mean platelet volume protinurea, and edema (p<0.05). Also, it had
(MPV) and other parameters in the studied significant negative correlation with birth weight,
subjects: gestational age at delivery, hemoglobin, and
In the studied subjects the mean platelet volume RBCs (p<0.05). While MPV was not significantly
had significant positive correlation with age, correlated with platelets count with correlation
systolic and diastolic blood pressure and WBCs, coefficient (r=-0.176 and p=0.082 (Table 5).

Table 5: Correlation between mean platelet volume (MPV) and other parameters in the studied subjects

Route of delivery

Systolic Blood pressure

Diastolic Blood Pressure

a

Rl O N|OolRfwWOoOl |||~ OO

OO |N|O[AN|IO|IAN| N|O|O|OIN|O|O|"

a
n
S
t
S
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Diagnostic values of platelet and MPV

In this study, MPV can differentiate normotensive
pregnant women from preeclamptic pregnant
women at a cut off value 10.05 (fl) with a
sensitivity of 90 % and specificity of 78 %, PPV

of 80.4 %, NPV of 88.6 %. MPV has largest area
under the curve (AUC= were 0.896; CI :( 0.836-
0.957), indicating its importance for predicting
preeclampsia (Table 6).

Table 6: Diagnostic values of MPV in the study participants (n=100).

1.0

0.6 |

Sensitivity

0.29

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity
Figure 1. ROC curve of MPV (fl) for
discriminating preeclampsia patients from healthy
volunteers. The area under the ROC curve and P
value of MPV (fl) were 0.896 CI :( 0.836-0.957)
and P < 0.001; respectively.

Discussion

The results of the current study showed that the
average systolic blood pressure among cases was
158 mmHg compared to 103 mmHg among
controls and average diastolic blood pressure was
found to be 113 mmHg among cases compared
with 712 mmHg among. As expected, patients with
PE had a statistically significant higher systolic
and diastolic blood pressure than normotensive
pregnant women group (P-value < 0.01)

The two groups were compared as regard to
maternal age with the mean age of patients group
higher than control group but with no statistical
significance.

This was in accordance to many studies that
identifies increased maternal age as a risk factor
of preeclampsia ©.

Gaillard et al."® mentioned that older age is
related to the aging of uterine blood vessels and
appears to be an independent obstetric risk factor
for pre-eclampsia as it is associated with a gradual
loss of vascular compliance, which subsequently
leads to a higher afterload"®. Moreover,
differences in hemodynamic adaptations related to
pregnancy and ageing might be associated with
differences in blood pressure levels during
pregnancy. The influence of maternal age on
blood pressure levels during pregnancy might
thereby partly explain the observed associations
between advanced maternal age and the risk of
gestational hypertensive disorders™?.

As regard the mean maternal body mass index
(BMI), it was higher only in patients who had
severe preeclampsia than the controls, without
statistically significant difference.

Other previous studies identified obesity as a
definite risk factor for PE. They explained that
both pre-pregnancy BMI and Gestational weight
gain (GWG) may increase oxidative stress levels,
stimulate a systemic inflammatory response, and
accelerate damage to vascular endothelial cells,
resulting in preeclampsia™?.

In addition, the results of the current study showed
that the mean of gestational age at delivery was
significantly lower in patients who had
preeclampsia than in the controls.

These results were in line with other researches
that published PE as a salient cause for preterm
delivery™?,
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According to the World Health Organization
(WHO) preeclampsia was also found to have an
adverse impact on maternal and neonatal health
with no definite treatment except for the
termination of pregnancy/ expulsion of the fetus
(13)

In addition, patients with preeclampsia had
significantly lower mean birth weights for the
neonates compared to controls.

This was in agreement with authors who pointed
out a number of maternal impacts of preeclampsia
such as increased number of cesarean sections and
fetal impacts are intrauterine growth retardation
(IUGR), placental infarction, early placenta
displacement, prematurity and its
consequences™®.  Preeclampsia, a condition
characterized by decreased uteroplacental blood
flow and ischemia, is a significant risk factor in
the development of IUGR and represents the most
common cause of IUGR in the non-anomalous
infant ©.

In the present study, cesarean section was the
most prevalent mode of delivery with a
significantly higher occurrence of Cesarean
section in the preeclamptic group than in the
control group. Katz et al.®® reported that
Cesarean section is frequently performed in
patients with severe preeclampsia but real
indications remain unclear.

Deoni et al.“® notified that the large range of
cesarean delivery rates across hospitals suggests
that practice variation, a modifiable factor, also
played an important role in the increased
prevalence of cesarean delivery.

In this study, there were slight differences in
gravidity number among patients and controls (P=
0.26), in addition, number of primigravida was
higher in patients group compared to controls this
finding agree with all other studies that found
increased incidence of PE in primigravida than
multigravida®”. Bdolah and his collegues stated
that there is relatively high circulating anti-
angiogenic state as higher soluble fms-liketyrosine
kinase 1 (sFltl) levels found in the first and
second trimester of nulliparous women. However,

there are no studies in the third trimester ‘when
circulating levels of sFItl are highest’ that
examined the relationship between parity and the
circulating anti-angiogenic factors®®.
Furthermore, There was a significant difference
between the two studied groups with regards to
appearance of protein in urine (P<0.001). 46% of
the cases showed proteinuria level ranged from (+
- ++), whereas 54%o0f them showed a level ranged
from (+++ - ++++) so, proteinuria was found in
all studied cases of PE. This was in line with the
British National Institute for Health and Care
Excellence (NICE) and the Swedish Society for
Obstetrics and Gynecology (SFOG) as they still
include proteinuria in the definition of
preeclampsia™®.

As well, on reporting edema as a sign of severity;
it was found in 24% of the cases, whereas no signs
of edema were seen among the rest participants
(P<0.001).

As regard CBC results, It was found that there
was significantly decrease in the mean value of
platelets counts and hemoglobin levels in
preeclampsia cases when compared to healthy
control (P = 0.004 & P= 0.03) respectively. While,
there was a significant increase in WBCs and
mean platelets volume (MPV) in preeclampsia
patients when compared to control group (P <
0.001).

The utility of MPV as a biomarker has been
evaluated in other medical conditions such as
coronary disease, stroke and thromboembolic
events, and strong evidence supports the inverse
relationship between platelet count and size®.
These findings also were in agreement with other
studies that found a significant decrease in platelet
count and increased MPV in hypertensive
disorders®.

Kashanian et al.?Y observed that MPV changes
did not predict preeclampsia or preterm labour.
Also, Yavuzcan et al.?® observed no significant
difference in the MPV between women with
severe preeclampsia, healthy pregnant women,
and healthy non-pregnant women. Also, it is
worth to mention that some researchers failed to
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confirm that platelet count (PC) and MPV as
predictors of preeclampsia probably because of
the differences in the methods and/or equipment
used to obtain hemogram®?.

Considering complications observed in fetus and
mothers who suffer from preeclampsia; 7 cases
had intrauterine growth retardation (IUGR), 3
developed eclampsia, 1 developed HELLP
syndrome, and 1 had intra uterine fetal death
(IUFD). These findings were all designed as
complications of severe PE.

Furthermore, the mean platelet volume had
significant positive correlation with age, systolic
and diastolic blood pressure, WBCs, protinurea,
and edema (p<0.05). Also, it had significant
negative correlation with birth weight, gestational
age at delivery, hemoglobin, and RBCs (p<0.05).
While, MPV was not significantly correlated with
platelets count with correlation coefficient (r=-
0.176 and p=0.082).

This was in line with other published data with
similar positive correlations between mean
platelet volume and each of blood pressure and
signs of severity as edema®®. These results also
were in agreement with Dadhich et al.®® as they
described MPV as a good marker of platelet
dysfunction in preeclampsia.

In addition, in the current study, MPV was found
to differentiate normotensive pregnant women
from preeclamptic pregnant women at a cut off
value 10.05 (fl) with sensitivity of 90 % and
specificity of 78 %, PPV of 80.4 %, NPV of 88.6
%.

Alkholy et al.®® showed that MPV can
differentiate normotensive pregnant women from
PE at a cut off value > 9.3f] with sensitivity of 90
% and specificity of 92 %.

Dundar et al.®® stated that an MPV cutoff of 8.5
fl (sensitivity 78%; specificity 86%) was
indicative of a risk of PE. Freitas et al.?”
considered a slight higher that a cutoff of 10 fl
(sensitivity 51.72%; specificity 82.76%). Kumru
et al.?® also reported that the sensitivity and
specificity of the cut-off MPV for all the
subgroups were each less than 80%.

It was considered statistically significant. From
ROC curve (1) we found that a MPV cutoff value
of 10.3fl showed sensitivity =87.5% and
specificity =85.3% in differentiating mild from
sever preeclampsia. So incases with preeclampsia
when MPV was> 10.3fl, it suggested severity of
preeclampsia. This increase in MPV in sever
preeclampsia probably indicate hyperdestruction
of platelets due to shorter platelet half |

In summary, MPV is simple, rapid, and economic
tests available in many hospitals. MPV
measurement is useful in predicting preeclampsia
if used in combination with other more sensitive
tests. If no other test is available, it might be
indicative Kenchaials e to a certain degree.

Conclusions

Mean platelet volume is a significant biomarker of
pre-eclampsia. It is more significantly associated
with this condition than other routinely measured
laboratory markers such as platelet count. MPV is
routinely obtained on complete blood cell count
and its utilization in the assessment of pre-
eclampsia in a clinical setting should continue to
be evaluated.

Recommendations

1) The estimation of platelet indices may be
considered as an easy, reliable, economic
and rapid method for detection of
preeclampsia and assessment of its severity.

2) Platelet parameters are easily obtained
together with the CBC report; thus,
clinicians should evaluate platelet count and
indices when assessing the risk of PE.

3) Further prospective and multi-centric
studies with larger patient populations are
necessary to elucidate the predictive factors
for the severity of preeclampsia and the
presence of HELLP syndrome.

4) 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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