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ABSTRACT

Background: Thrombocytopenia, characterized by a reduced platelet
count, is a common hematological abnormality with diverse underlying
causes, broadly classified into hypo-productive and hyper-destructive
mechanisms. Platelet indices, including Platelet Distribution Width
(PDW), Mean Platelet Volume (MPV), and Platelet Large Cell Ratio (PLCR),
provide valuable insights into the pathophysiology of thrombocytopenia
and may help differentiate its etiology. Introduction: Thrombocytopenia,
a hematological condition defined by a reduced platelet count, arises
from varied etiologies, broadly categorized into hypo-productive and
hyper-destructive mechanisms. Differentiating between these causes
is crucial for appropriate diagnosis and management. Platelet indices
such as Platelet Distribution Width (PDW), Mean Platelet Volume (MPV),
and Platelet Large Cell Ratio (PLCR) serve as potential biomarkers to
distinguish between these underlying mechanisms. Aim of the study:
This study aims to analyze platelet indices in thrombocytopenic patients
and correlate them with bone marrow biopsy findings to enhance
diagnostic precision in evaluating thrombocytopenia. Objectives: 1. To
evaluate platelet indices, including Platelet Distribution Width (PDW),
Mean Platelet Volume (MPV), and Platelet Large Cell Ratio (PLCR), in
thrombocytopenic patients to differentiate between hypo-productive and
hyper-destructive etiologies. 2. By correlating these indices with bone
marrow biopsy findings, the study seeks to enhance the understanding
of thrombocytopenia’s pathophysiological mechanisms and improve
diagnostic accuracy. Methodology: This cross sectional analytical study
was done in tertiary care hospitals of Peshawar from 1st January 2022 to
June 2024. Cases of both the genders and all ages, when referred to the
hematology section for workup of a thrombocytopenia were included.
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Bone marrow biopsies were taken to find the causes of low
platelet counts. If any of the platelet index was missing,
that case was excluded. Platelet indices were compared in
all different cases of thrombocytopenia and with normal
control groups. Quantitative variables were analyzed by
mean, standard deviation and independent sample t-test or
Mann Whitney test. Frequency and percentages were used
for the qualitative data. Results: One hundred thirty-four
cases with low platelet count were analyzed. Mean age of the
study population was 29.3+26, with a range of one year to
105 years, with eighty-seven (64%) males and forty-seven
(36%) females. Platelet distribution width, Mean Platelet
Volume and Platelet Large Cell Ratio were comparatively low
in hypo productive thrombocytopenia group as compared
to hyper destructive one (13+1.7 versus 14.5%3, 9.3%+1.7
versus 9.4+1.9 and 24.7+8.1 versus 25.6%9.6 respectively).
Conclusion: Platelet indices were comparatively lower in
cases of hypo productive thrombocytopenia as compared to
hyper destructive cases. Thus, comparative study of platelet
indices between these two groups of thrombocytopenia

gives an idea of the underlying cause.

Keywords: Thrombocytopenia, Platelet Indices, Platelet
Distribution Width, Mean Platelet Volume, Platelet
Large Cell Ratio, Bone Marrow Biopsy, Hypo-Productive
Thrombocytopenia, Hyper-Destructive Thrombocytopenia,
Hematological Disorders.

INTRODUCTION

Platelets are the disc shaped non nucleated element of the
blood. These are produced in the bone marrow by shedding
of the parts of cytoplasm from the megakaryocytes. They
then enter the circulation where they remain in the blood
for a duration of ten to twelve days [1]. The main role of
the platelets in the body is to prevent the bleeding at the
site of endothelial damage in the blood vessels [2]. When
the endothelium of the blood vessel is broken, the platelets
get adhered to the site of break. This is then followed by
accumulation of more and more platelets at the same site to
form a hemostatic plug [3]. This whole process is known as

hemostasis.

In a healthy person, the normal platelet counts ranges from
150000 to 450000/mm. If the platelet count is below this
limit, the condition is known as thrombocytopenia [4]. The
condition commonly presents as petechiae and bruises
on skin and the mucosal surfaces of the body. Sometimes,
there is frank bleeding in the form of epistaxis, malena,
hemoptysis and menorrhagia that leads to development of
iron deficiency anemia.

For aclinician, it is necessary to know the underlying cause of
the bleeding and low platelet count. It is important because
the treatmentin each case is different from the other. Broadly,
a low platelet count may be divided into whether it is due to
excessive destruction in circulation or because of decreased
formation of platelets [5]. The low platelet count that is
because of increased platelet destruction in the circulation is
known as hyper destructive thrombocytopenia in literature.
Whereas the decreased platelet count because of low
production in the bone marrow is called hypo productive
thrombocytopenia. Drug induced thrombocytopenia and
immune thrombocytopenia purpura (ITP) are examples
[6].

malnutrition, megaloblastic anemia and aplastic anemia are

of hyperdestructive thrombocytopenia Leukemias,

the cause of hypo-productive thrombocytopenias [6].

In clinical setup, the work up usually done includes a clinical
history, clinical examination of the patient, doing a complete
blood count and bone marrow biopsy [7]. The bone marrow
biopsy procedure is an invasive one, and if the platelet
count is too low, the bone marrow biopsy is better avoided
because there is increased chances of bleeding from the site
of aspiration. Also, the bone marrow report takes time and is
available after a period of 3- 5 days. So the patient has to wait
for the report and thus specific treatment cannot be given
till then. The literature suggests that help can be taken from
platelet indices in such cases to find the underlying cause of
thrombocytopenia [8].

The platelet indices are the parameters which give
information about size of the platelets and the variation
in size between them. These indices are easily obtained
through hematology analyses. The platelet indices include
plateletcrit (PCT), mean platelet volume (MPV), platelet
distribution width (PDW) and platelet large cell ratio
(P-LCR) [9]. The plateletcrit indicates about the total mass
of platelets in the blood. Normal value of PCT is 0.2%-0.36%.
The MPV tells about the size of the platelets and PDW gives
information about the difference between size of platelets.
The normal value of MPV is 7.5-11.5 femtoliter. The normal
range of PDW is 10%-17.9%. Researchers believe that it will
be better if every laboratory finds its own reference values
of these platelet indices in their population rather than
using already defined values [9]. Generally, the value of these
indices increase in hyperdestructive thrombocytopenia and
vice versa. It is significant to note that the values of MPV and
PDW change if the blood is allowed to stand in an EDTA tube
for more than one day. Therefore, the platelet indices should
be calculated within one hour of collection of blood samples

to avoid falsely raised values of these parameters.

]

https://doi.org/10.30654/M]CH.10031



ISSN : 2577-4158

Mathews Journal of Cytology and Histology

Literature suggests that the platelet indices are very useful
to tell whether thrombocytopenia is due to excessive
destruction of platelets or because of decreased formation
of the platelets [10]. Thus, it gives us a hint about the cause
of thrombocytopenia. As these platelet indices are easily
available on routine blood count, these can be used as a quick
and cheap tool to predict the cause of thrombocytopenia
[11].

Therefore, this study was conducted to find the changes in the
platelet indices in cases presenting with thrombocytopenias.
This will help in determining whether the changes in these
indices follow a particular pattern and thus highlight the

significance of these indices.
MATERIALS AND METHODS

This Cross Sectional analytical study was done in tertiary
care hospital of Peshawar from 1% January 2022 to June
2024 during a total of two and half year duration. The
platelet count was done by Sysmex Hematology analyser.
Non probability purposive sampling technique was used.
About 140 cases were referred to the hematology section for
workup of thrombocytopenia with a platelet count of below
150 x10°/L of both genders and all ages. The data of patients
was anonymized and ethical approval was obtained from the
ethical review board of the institute.

2m Lblood was collected in an EDTA tube and a bone marrow
aspirate sample was taken. The blood sample of these cases
was run in a hematology analyser within one hour of sample
collection. Blood smear was prepared and examined by
a consultant hematologist for visual confirmation of low
platelet count. Cases where there were platelet clumps in
the tail of blood smears were excluded. Also, the cases whose
platelet indices were not given by the hematology analyzer
were excluded. Bone marrow biopsy was done in all the cases
to know the diagnoses in all of the included cases. Six cases
were excluded and so the remaining 134 cases were included.
The cases were divided into whether thrombocytopenia was

due to excessive peripheral destruction of the platelets or
due to decreased production from the bone marrow. In the
earlier case, the bone marrow megakaryocytes are increased
and the platelet count is low. In the latter case, there is a
decreased number of megakaryocytes and bone marrow is
either occupied with malignant cells or is aplastic. Cases of
leukemia, megaloblastic anemia and aplastic anemia were
included in the “Hypo productive” group. Cases of immune
thrombocytopenia purpura were put into the “hyper
destructive” group. The platelet indices like MPV, PDW and
P-LCR of these two groups were compared to each other and
then to the indices of about 50 normal subjects taken as the

control whose platelet count was normal.

Data was analyzed using SPSS 16. The normality of the data
was assessed visually by seeing histograms of the data,
and also by Shapiro Wilk test. Quantitative variables were
analyzed by mean, standard deviation, and t test. Qualitative
data was presented by using frequency and percentages. The
difference between values of platelet indices in the groups
was analyzed by using an independent sample t-test in case
of parametric data and Mann Whitney U test in case of non-
parametric data. A p value of less than 0.05 was statistically
significant. Stratification of each variable in each group was
done into whether the indices were increased, decreased
or normal for that group and shown in the bar chart. Bar
charts were made in Excel 2013 Box plots were used to show
the pattern of changes in platelet indices together in three

groups.
RESULTS

About 134 cases of thrombocytopenia were included
in the study. About 90 cases were of hypo productive
thrombocytopenia and 44 cases were of hyper destructive
thrombocytopenia. Age of the study sample is given in table
1. The mean values of the platelet indices in different groups
is shown in table 2. The pattern of variables in three groups
is shown in figure 1. Statistical significance of the difference

between variables is shown in table 3.

Table 1. Age distribution in three groups of the study sample

Age (years)

Control group

Hypo productive thrombocytopenia group

Hyperdestructive thrombocytopenia group

Range Mean +SD
7-85 33+16
1-105 31+23
1-76 25422

https://doi.org/10.30654/M]CH.10031
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Table 2. Values of platelet indices in study sample

Platelet count PDW MPV P-LCR PCT
(x10%/L) (femto litre) (femto litre) (%) (%)
Mean Mean Mean Mean Mean
Variables Range +SD Range +SD Range +SD Range +SD Range +SD
150- 13.3- 0.16-
Control group 441 283+72.7 9.7-21 129+2 85-12 10.3x0.98 421 27+6.8 043 0.29+0.06
Hypo productive
thrombocytopenia 4-149 61+34 5-25 13+1.7  6.3-20 9.3+1.7 2.5-43  24.7+81 .01-16 .06+.03
group (n=90)
Hyperdestructive 15.
thrombocytopenia 136 72434 10-22  14.5%¥3  6-16.9 9.4+1.9 1.4-50 25.6%£9.6 .01-.14 .07+.04

group (n=44)

PDW=Platelet distribution width, MPV=Mean platelet patients were ninety and the pattern of PDW have been
volume, P-LCR=Platelet large cell ratio, PCT=plateletcrit shown in figure 1, hyperdestructive thrombocytopenia

The figure 1 shows Changes in PDW in cases of patients were 44 and the pattern of platelets distribution

thrombocytopenia. The hypo productive thrombocytopenia width have been shown in Figure 1.
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17(38.6%) B Decreased
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w
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Hypoproductive thrombocytopenia (n=90) Hyperdestructive thrombocytopenia(n=44)

Figure 1. Changes in PDW in cases of thrombocytopenia.

Figure 2 shows changes in mean plasma volume MPV in Figure 3, the changes in platelets’ large cell ratio in cases
cases of thrombocytopenia have been shown in figure 2. of thrombocytopenia have been shown in hypo-productive
The sample size of hypo-productive thrombocytopenia was thrombocytopenia and hyperdestructive thrombocytopenia
90 and hyperdestructive thrombocytopenia patients were patients. In Figure 4, changes in plateletcrit in cases of

44 and their pattern of MPV has been shown in figure 2. In  thrombocytopenia have been shown respectively.
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Figure 2. Changes in MPV in cases of thrombocytopenia.
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Figure 3. Changes in P-LCR in cases of thrombocytopenia.
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Figure 4. Changes in PCT or plateletcrit in cases of thrombocytopenia.
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In figure 5a the box plot is showing Box plot showing showing distribution of P-LCR.
distribution of PDW, 5b showing distribution of MPV and 5c
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Figure 5(a). Box plot showing distribution of PDW.
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Figure 5(b). Box plot showing distribution of MPV.
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Figure 5(c). Box plot showing distribution of P-LCR.
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In Table no. 3 There is Comparison of platelet indices in
control and hypo-productive thrombocytopenia groups,
data was analyzed on independent sample T test and Mann
Whitney-U test, table no. 4 showing Comparison of platelet

indices in control and hyperdestructive thrombocytopenia
groups. Table no. 5 showing Comparison of platelet indices
in hypoproductive and hyperdestructive thrombocytopenia

groups.

Table 3. Comparison of platelet indices in control and hypoproductive thrombocytopenia groups

Platelet Indices Control group  Hypo productive thrombocytopenia group P value
PDW (femto litre)
12.9+2 13+1.7 .975%*
Mean +SD
MPV (femto litre)
10.3+0.98 9.3+1.7 <.001**
Mean +SD
P-LCR (%)
27+6.8 24.7+8.1 .065*
Mean +SD

*independent sample t test
**Mann Whitney-U test.
Confidence interval 95%

Table 4. Comparison of platelet indices in control and hyperdestructive thrombocytopenia groups

Platelet Indices Control group Hyperdestructive thrombocytopenia group P value
PDW (femto litre)
12.9+2 14.5+3 .019%*
Mean £SD
MPV (femto litre)
10.3+0.98 9.4+1.9 .054*
Mean +SD
P-LCR (%)
27+6.8 25.6+9.6 .045%
Mean +SD

*independent sample t test
**Mann Whitney-U test.
Confidence interval 95%

Table 5. Comparison of platelet indices in hypoproductive and hyperdestructive thrombocytopenia groups

Platelet Indices Hypoproductive thrombocytopenia group  Hyperdestructive thrombocytopenia group P value
PDW (femto litre)
13£1.7 14.5+3 .038*
Mean +SD
MPV (femto litre)
9.3x1.7 9.4+1.9 .649%*
Mean +SD
P-LCR (%)
24.7+8.1 25.6%9.6 .634*
Mean +SD

*independent sample t test
**Mann Whitney-U test.

Confidence interval 95%

DISCUSSION

A low platelet count can be due to a number of causes.
These can be broadly divided into either due to abnormally
increased platelet destruction in the circulation or due to

problems in the synthesis in the bone marrow. Although

https://doi.org/10.30654/M]CH.10031

bone marrow aspiration and biopsy is mandatory for
making the final diagnosis of the thrombocytopenia. Yet, the
literature suggests that the platelet indices can be helpful in
determining the underlying mechanism, and thus the cause

of thrombocytopenia. But, still the researchers are still not

]



ISSN : 2577-4158

Mathews Journal of Cytology and Histology

clear about the clear cut pattern of these indices in different

cases of thrombocytopenia [12].

In the present study, we analyzed that the MPV, PDW
and PDW was decreased in cases of hypo-productive
thrombocytopenia as compared to hyper destructive
groups, and vice versa. As far as comparison with control
was considered, the PDW was higher in both the groups as
compared to controls, however, was statistically significant
only in hyperdestructive cases as compared to the controls.
MPV was lower in hypo productive cases in comparison to
the control group and it was statistically significant (p value
<0.05). Similar findings were reported by Baig MA in 2015,
that the values of MPV, PDW and PLCR were higher in cases
of hyperdestructive thrombocytopenias as compared to hypo
productive thrombocytopenia. In another study done by Lee
from Korea in 2019, it was reported that the MPV and PDW
are higher than normal controls in cases of hyperdestructive
thrombocytopenia [12]. Another study from India reported
similar findings [13]. Chandra H suggested that MPV
has a role in determining the underlying mechanism of
thrombocytopenia. Elsewefy D A also suggested that the
platelet indices like MPV is higher in hyper destructive
thrombocytopenia [14]. Same data is presented by Katty
TV, Bowles, Lee WS, Briggs C, Farias and Brummitt P in their
studies. Kamal M in 2018 reported that the MPV and PDW
were higher in cases of hyper destructive thrombocytopenias
as compared to normal individuals [15]. Similar data was
reported by Islam S from Dhaka in 2016 [16].

If the MPV is increased, it means that the megakaryocytes are
forming bigger platelets, and a high PDW shows that platelets
are of different sizes. Knowing whether thrombocytopenia is
due to excessive peripheral destruction or due to decreased
production is necessary for the clinicians [17]. Although
these platelet indices give hints about the underlying cause
of low platelet count, yet the bone marrow examination is
necessary to make the final diagnosis.

Treatment of thrombocytopenia depends on the cause and

severity:

1. Mild/Asymptomatic: Monitor platelet count and

address underlying cause.
2. Drug-Induced: Discontinue the offending medication.

3. Immune Thrombocytopenia First-line—
IVIG;

thrombopoietin receptor agonists, or splenectomy.

(ITP):

corticosteroids, second-line—rituximab,

4. Thrombotic Thrombocytopenic Purpura (TTP):
Plasma exchange, corticosteroids, rituximab.

5. Heparin-Induced Thrombocytopenia (HIT): Stop
heparin, initiate non-heparin anticoagulation (e.g,

argatroban).

6. Bone Marrow Failure (e.g., aplastic anemia, MDS):

Immunosuppressive therapy, bone marrow transplant.

7. Severe Bleeding or Platelet Count <10,000/pL:
Platelet transfusion.

8. Infection-Related: Treat infection, supportive care.
LIMITATIONS

The study was done in a single health care facility and
hence the results may not be truly representing the data of
population. Also, we did not study indices in each patient
individually to assess whether they are useful in clinical
practice or not when each patient is considered individually
without comparison with control.

RECOMMENDATIONS

Bigger studies should be done including samples from
different hospitals to generate bigger data. Also, we
recommend that study should be done to assess how reliable
these indices are in clinical practice on an individual basis,
where comparison between hypo productive and hyper
destructive groups cannot be made. Further studies are
awaited to devise new platelet indices whose cut off values
may be used in individual patients to give ideas about the

cause of thrombocytopenia.
CONCLUSION

Comparative study of platelet indices in cases of
thrombocytopenia gives idea of underlying cause as PDW,
MPV and P-LCR were comparatively lower in cases of
hypo-productive thrombocytopenia as compared to hyper

destructive cases.

These indices are helpful only when hypoproductive and
hyper destructive cases are studied in comparison with
each other. These indices may not be helpful when studied
on an individual basis without comparison to the control
group, because in both the groups, the indices are reduced
as compared to the controls. We need standardized cut off
values of these indices that can be used without comparing
to control groups or between the two mentioned groups. So,
we assume that studying these indices in individual patients
may not be useful to make accurate underlying differentials
and thus, these indices should not be relied upon wholly
solely and bone marrow biopsy should be done anyways to

make final diagnosis.
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