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MPV : Mean Platelet Volume. 
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INTRODUCTION 

Thrombocytopenia is defined as platelet counts below 1,50,000 

cells/cu.mm, but they do not reveal the underlying pathology. 

 During evaluation of these patients , it is important  to identify the 

etiology, whether it is due to hypoproduction or hyperdestruction and this has a 

impact over the proper management of the patients.  

The two main causes  of thrombocytopenia are  

1) Increased destruction or peripheral consumption (hyper-destructive 

thrombocytopenia ) such as immune thrombocytopenic purpura (ITP) , 

disseminated intravascular coagulation (DIC) and thrombotic 

thrombocytopenic purpura(TTP)  

2)  Decreased platelet production( hypoproduction thrombocytopenia)seen in 

many bone marrow diseases. 

            Bone marrow aspiration remained the gold standard method 

for evaluating the cause for thrombocytopenia for a long time.But this 

procedure is invasive , time consuming and carries an overt risk of bleeding 

in some thrombocytopenia patients. 

           Serology for infectious diseases ,platelet associated 

immunoglobulin and molecular markers for disseminated intravascular 
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coagulation are also used in evaluating thrombocytopenia but are relatively 

costly. 

             But recently automated blood cell analysers have made it 

possible to measure  various platelet indices such as plateletcrit (PCT), platelet 

distribution width(PDW), mean platelet volume(MPV) ,Platelet large cell ratio 

(P-LCR) and immature platelet fraction(IPF) and these indices provide 

valuable information. 

              This study attempts to find the usefulness of these platelet 

indices in initial evaluation of patients with thrombocytopenia by assessing 

their variation in different clinical scenarios and to assess their sensitivity and 

specificity. 
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AIM OF THE STUDY 

2. To study the relationship of platelet indices with respect to the  

underlying mechanism of thrombocytopenia. 

 

 

 

 

 

 

 

 

 

 

 

  

1. To evaluate the variation in platelet indices in establishing 

clinical correlation in patients presenting with thrombocytopenia. 
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REVIEW OF LITERATURE 

THROMBOCYTOPENIA 

Thrombocytopenia is characterised by decrease in platelet counts . 

Thrombocytopenia is a significant finding which is often missed in hospitalised 

patients  if platelet parameters are not evaluated routinely .1 Normal platelet 

value ranges from 1,50,000 to 4,50,000 cells/ microL.  Platelet counts below 

1,50,000 cells / microL  define thrombocytopenia, but they do not reveal the 

underlying pathology.2 

The three main reasons for thrombocytopenia are a) decreased platelet 

production , b) increased platelet destruction and c) disorders  of platelets 

distribution  .3While evaluating the thrombocytopenic patients , it is important 

to identify the cause for thrombocytopenia  whether it is due to decreased 

production or increased destruction , which will have the impact over  correct 

management  of the patients.4 

Thrombocytopenia can be graded into three based on their platelet 

values such as  Mild: 100,000 - 150,000/microL, Moderate: 50,000 - 

100,000/microL. Severe: < 50,000/microL.This grading is essential for 

assessing the severity of the thrombocytopenia .5 Usually thrombocytopenia is 

not detected clinically until the platelet value has fallen below 1,00,000 cells/ 

microL.Not all thrombocytopenic patients presents with bleeding, only those 

with severe thrombocytopenia has increased risk for intra-cerebral and intra-
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abdominal bleeding.6Diagnosis of these patients on time is essential and timely 

management would be life saving.7 

DIAGNOSIS 

Thrombocytopenia is  a diagnosis , not a disease. Detailed history such 

as family history of bleeding or thrombocytopenia , recent intake of drugs , live 

virus vaccination , recent diagnosis of  haematological diseases or non 

haematological diseases which tend to decrease platelet values (such as 

eclampsia, sepsis, DIC, anaphylactic shock, hypothermia, massive 

transfusions), nutritional status , menstrual status , alcohol consumption , 

pregnancy  should be obtained .8Following detailed history , physical 

examination such as petechia, purpura, gum bleeding , ecchymosis , bleeding 

into muscle and joints were evaluated as it can help in differentiating the causes 

of thrombocytopenia.Then laboratory investigations are done such as complete 

blood count and peripheral smear.It is essential to look into peripheral smear to 

rule out artifactual or pseudothrombocytopenia.9 

ARTIFACTUAL OR PSEUDOTHROMBOCYTOPENIA: 

Pseudo thrombocytopenia occurs when platelets are counted 

inaccurately. It is defined as low platelet counts on automated 

analysers.Inaccurate platelet counts may occur in the presence of giant platelets 

10 and platelet satellitism .11 The main cause for artifactual or pseudo 

thrombocytopenia is platelet clumping.12 



6 

 

PLATELET CLUMPING 

 Platelet clumping is mainly due to EDTA induced alteration of surface 

glycoprotein and anionic phospholipids which in turn causes  binding of the 

antiplatelet antibodies which further causes agglutination .Most of the 

antibodies are of Ig G  followed by Ig M and Ig A.13 Most of the agglutinins 

react at room temperature (37 ˚C ) or at low temperature(22˚C) .14 The count 

will be flagged as low platelet count by automated analysers considereing  

platelet clumps as leucocyte. 

PLATELET SATELLITISM 

Platelet satellitism which is an invitro phenomenon , associated with 

EDTA treated blood at room temperature.One of the mechanism is that 

immunoglobulin autoantibodies directed against the glycoprotein IIb/IIIa 

complex of the platelet membrane and the neutrophil Fc gamma receptor.This 

is seen as platelets adhering to the polymorphonuclear leucocytes producing a 

rosette like appearance.15 It is seen in patients with vasculitis , lupus , chronic 

liver disease 16 , mantle cell lymphoma and marginal zone B cell 

lymphoma.17,18 

 



 

DECREASED PLATELET PRODUCTION:

Megakaryocytes are the only one which is responsible for the production 

of platelets. Suppression of megakaryocytes or bone marrow suppression will 

decrease the production of platelets leading to thrombocytopenia.It can result 

from any number of causes.

to decreased production of thrombopoietin .

could be due to hereditary and acquired causes.

associated with megakaryocyte hypoplasia in the

is associated with ineffective thrombopoiesis.

marrow injury by myelosuppressive drugs or irradiation and aplastic anemia.
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FIG 1: PLATELET CLUMPING 
14

FIG 2: PLATELET SATELLITISM 

DECREASED PLATELET PRODUCTION: 

Megakaryocytes are the only one which is responsible for the production 

of platelets. Suppression of megakaryocytes or bone marrow suppression will 

decrease the production of platelets leading to thrombocytopenia.It can result 

from any number of causes.It could be due to ineffective thrombopoiesis or due 

to decreased production of thrombopoietin .Hypoproductive thrombocytopenia 

could be due to hereditary and acquired causes. There are two types ,

associated with megakaryocyte hypoplasia in the bone marrow, and the other 

is associated with ineffective thrombopoiesis. The most common causes are 

marrow injury by myelosuppressive drugs or irradiation and aplastic anemia.
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FIG 2: PLATELET SATELLITISM 
17 

Megakaryocytes are the only one which is responsible for the production 

of platelets. Suppression of megakaryocytes or bone marrow suppression will 

decrease the production of platelets leading to thrombocytopenia.It can result 

could be due to ineffective thrombopoiesis or due 

Hypoproductive thrombocytopenia 

There are two types ,one is 

rrow, and the other  

The most common causes are 

marrow injury by myelosuppressive drugs or irradiation and aplastic anemia. 
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INHERITED THROMBOCYTOPENIA/CONGENITAL HYPOPLASIA 

Most inherited thrombocytopenia are due to specific chromosomal 

abnormalities or genetic defects. Lack of adequate bone marrow 

megakaryocytes (megakaryocytic hypoplasia) is seen in a wide variety of 

congenital disorders 

MAY- HEGGLIN ANOMALY: 

It is a rare congenital syndrome , which has autosomal dominant 

inheritance and was first described by May in 1909 and in 1945 by Hegglin. 

The incidence of this anomaly is unknown .It is characterised by  variable 

thrombocytopenia  and  inclusions resembling dohle bodies within the 

granulocytes(The inclusions are large, spindle shaped, pale blue staining 

bodies) and giant platelets (20 µm in diameter).19 

Thrombocytopenia is seen in nearly half of the patients.Most of the 

patients are asymptomatic and symptoms such as epistaxis, gingival bleeding, 

easy bruising, menorrhagia and excessive bleeding associated with surgical 

procedures are seen when the platelet values are less than 50,000 

cells/cu.mm.20 

 Patients have a mutation of MYH9 gene present in chromosome 

22q12–13. MYH9 gene  encodes for nonmuscle myosin heavy chain (a 

cytoskeletal protein in platelets). 21 The mutation results in disordered 

production of nonmuscle myosin heavy chain type IIA.This leads to 



 

thrombocytopenia secondary to

fragmentation. Leukocyte inclusions are precipitates of myosin heavy chains. 

Neutrophil and platelet function is considered to be normal. Bleeding time is 

prolonged in proportion to the degree of thrombocytopenia.

 Despite variable thrombocytopenia , there is only giant platelets but the 

platelet function remains normal.

megakaryocytes with normal lobulation and granularity

FIG 3: Peripheral blood 

MYH9 GENE RELATED DISORDERS

There are three other disorders involving mutations of the 

have been reported such as  Sebastian syndrome, Fechtner syndrome,

Epstein syndrome. They represent variable expression of a single gene defect. 

They are all hereditary forms of thrombocytopenia. 

associated with certain clinical

with interstitial nephritis and nerv

nephritis,nerve deafness and congenital cataracts

9 

thrombocytopenia secondary to defective megakaryocytic maturation and 

fragmentation. Leukocyte inclusions are precipitates of myosin heavy chains. 

Neutrophil and platelet function is considered to be normal. Bleeding time is 

prolonged in proportion to the degree of thrombocytopenia.22 

Despite variable thrombocytopenia , there is only giant platelets but the 

platelet function remains normal.Bone marrow shows adequate 

megakaryocytes with normal lobulation and granularity.                                   

 

FIG 3: Peripheral blood smear showing giant platelets and Dohle body like 

inclusion in neutrophil.
23 

GENE RELATED DISORDERS 

There are three other disorders involving mutations of the 

have been reported such as  Sebastian syndrome, Fechtner syndrome,

They represent variable expression of a single gene defect. 

They are all hereditary forms of thrombocytopenia. Each 

associated with certain clinical features. e.g. Epstein syndrome is associated 

nephritis and nerve deafness; Fechtner syndrome with

nephritis,nerve deafness and congenital cataracts .Sebastian syndrome is 

defective megakaryocytic maturation and 

fragmentation. Leukocyte inclusions are precipitates of myosin heavy chains. 

Neutrophil and platelet function is considered to be normal. Bleeding time is 

Despite variable thrombocytopenia , there is only giant platelets but the 

Bone marrow shows adequate 

                                    

smear showing giant platelets and Dohle body like 

There are three other disorders involving mutations of the MYH9 gene 

have been reported such as  Sebastian syndrome, Fechtner syndrome, and 

They represent variable expression of a single gene defect. 

Each  syndromes are 

features. e.g. Epstein syndrome is associated 

e deafness; Fechtner syndrome with 

.Sebastian syndrome is 
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inherited as an autosomal dominant disorder characterized by large platelets, 

thrombocytopenia, and granulocytic inclusions.24 

THROMBOCYTOPENIA WITH ABSENT RADIUS (TAR) 

SYNDROME: 

It is a rare autosomal dominant disorder  with the combination of 

thrombocytopenia and absent radius which was first described by Greenwald 

and Sherman in 1929 and was delineated as a syndrome with a description of 

cardinal manifestations by Hall et al in 1969 .25,26 

It occurs due to the mutation in the RBM8A gene located on the long 

arm of chromosome 1 (1q21.1). Patients have  a high incidence of transient 

leukemoid reactions with elevated white blood cell  counts above 

100,000cells/cu.mm in 90% of patients. 27 

Thrombocytopenia (100%) is the most common clinical manifestation 

and  90% of the cases are symptomatic  within the first four months of life. 

Platelet counts are  in the range of 15 - 30x109/L in infancy and improve to 

near normal range by adulthood. The thrombocytopenia occurs  secondary to 

impaired bone marrow production of platelets, despite normal thrombopoetin 

production and slightly elevated serum levels.  

The number of megakaryocytes in the bone marrow is very much 

reduced. 
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 Though Platelet aggregation and survival times are reduced ,the overall 

platelet function tends to be normal and bleeding occurs secondary to low 

platelet numbers.28 

CONGENITAL AMEGAKARYOCYTIC THROMBOCYTOPENIA 

It is a rare autosomal recessive  bone marrow failure syndrome that is 

characterised by  severe thrombocytopenia which can later  evolve into aplastic 

anemia and leukemia. The disorder  is often recognized on day 1 of life or at 

least within the first month . 29-31 Patients present with platelet counts of fewer 

than 20,000/mL at birth, with petechiae and evidence of bleeding at or shortly 

after birth, and with  physical anomalies .32The primary findings are 

thrombocytopenia and megakaryocytopenia .33 Platelet size is usually 

normal.34There is an absence of megakaryocytes in the bone marrow  with no 

associated physical abnormalities.This disorder is caused by mutation in the 

gene for the thrombopoeitin (TPO) receptor, c-Mpl. TPO exerts its biological 

effects through the TPO receptor, c-Mpl. TPO binding stimulates both early 

and late phases of megakaryocytopoiesis, increasing the number, size, and 

ploidy of megakaryocytes, and promoting the expression of platelet-specific 

markers. This loss of function results in reduced megakaryocyte progenitors 

and elevated thrombopoietin levels35—37 
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INEFFECTIVE THROMBOPOIESIS: 

APLASTIC ANEMIA: 

Aplastic anemia (AA)  is  a bone marrow failure syndrome characterised 

by pancytopenia in peripheral blood and aplasia/hypoplasia  in bone marrow. It 

is a rare and life threatening haematological disorder caused by the destruction 

of the pluripotent stem cell.38 It can be either congenital (15-20%) or 

acquired(75-80%) .Congenital aplastic anemia is rare and usually associated 

with Fanconi anemia and dyskeratosis congenita. 39Acquired type , in more 

than 50% cases , the etiology is unknown.Some of the causes may be 

autoimmune disease , iatrogenic agents , viral infection such as parvo virus  

and pregnancy. 40  

Peripheral blood pancytopenia is diagnosed by the following criteria 

such as haemoglobin <10g/dl, total leucocyte count <4000 cells/cu.mm, and 

platelet count < 1,00,000 cells/cumm, but the diagnosis of aplastic anemia was 

done by  marrow cellularity that is decrease or loss of hematopoietic  cell  

<30%.41 

 

Fig 6 : Bone marrow trephine biopsy – hypocellular( hematopoietic 

elements replaced by fat).
41 
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The deficiency of stem cell, abnormal microenvironments of bone 

marrow, the system of immune dysregulation and decreased growth factors ,all 

these factors contribute for developing  aplastic anemia. Bone marrow is 

hypocellular and the bone marrow has been filled fat and stromal cell. 

Decreased hematopoietic stem and progenitor cell numbers and function , 

resulting in impaired megakaryopoiesis and insufficient mature platelet 

production are the causes of thrombocytopenia.42 

INHERITED APLASTIC ANEMIA:  

FANCONI ANEMIA : It is an autosomal recessive condition first  

described by the Swiss paediatrician Guido Fanconi in the year 1927 ,  who 

described a familial form of aplastic anaemia in three brothers with short 

stature, hypogonadism and skin pigmentation.43the incidences of aplastic 

anaemia, myelodysplastic syndrome (MDS), and acute myeloid leukaemia 

(AML) are all greatly increased in homozygotes. It is the most common cause 

for inherited aplastic anemia.The most common clinical features are 

haematological manifestations.The blood and bone marrow appears normal at 

birth and then macrocytosis with anisopoikilocytosis is the first developed 

abnormality followed by thrombocytopenia and neutropenia.Pancytopenia 

usually develops by 5-10 years of age.44, 45 

ACQUIRED APLASTIC ANEMIA(AA):Most cases(70%)  are due to 

idiopathic reasons. 10-15%  case occurs secondary  to the drugs , virus and 

other causes. It is diagnosed after excluding the causes for inherited aplastic 
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anemia usually in patients between 6 and 9 years of age.46 One of the infectious 

agents causing  acquired AA is Parvo virus B 19.The human erythroid 

precursor is the only known host cell of Parvo virus B19.47 Erythrocyte P 

antigen(globoside ) acts as receptor for the virus.The non structural protein 

(NS1) is responsible for the G1 arrest and apoptosis of the erythroid 

precursors.Whereas megakaryocytes are lysed by restricted expression of viral 

proteins in the absence of viral propagation .This explains reticulocytopenia 

without thrombocytopenia in patients with haemolytic anemia , who have 

shortened erythrocyte survival.48Direct cytotoxicity by these  viral proteins also  

causes destruction of the marrow elements.Also immune mediated destruction 

of the marrow elements expressing viral proteins plays a role in aplasia.49,50 

MEGALOBLASTIC ANEMIA: Megaloblastic anemia is a group of 

hematologic disorder  which is characterised by abnormal DNA synthesis and 

results in blood and bone marrow disorders. 51The presence of macro-

ovalocytes with  an MCV >115 fl, anisocytosis, poikilocytosis and 

hypersegmented neutrophils in peripheral blood are  suggestive of  

megaloblastic disorder associated with a nutritional deficiency, i.e., vitamin 

B12 or folate deficiency.Bone marrow also shows megaloblastic hyperplasia 

with megaloblasts-which are due to the asynchrony between  nuclear and 

cytoplasmic maturation , cytoplasm which has no DNA , doesnot mature 

fully,whereas  nucleus has RNA , mature fully with hemoglobinisation .52,53 
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Fig 7: peripheral smear showed macro-ovalocyte and hypersegmented 

neutrophil.
54 

Thrombocytopenia was seen in 20% of patients with megaloblastic 

anemia due to vitamin B12 and folic acid deficiency because of ineffective 

thrombocytopoiesis. Rarely, severe thrombocytopenia may occur.54 Diminished 

platelet aggregation and reduced release of ADP and ATP from granule stores 

in response to different agonists have been reported.55 

LEUKEMIA: 

Leukemia is a clonal disorder  which is characterised by  rise of 

immature cells in lymphoid and myeloid series. Leukemia are of  two groups: 

a) Acute leukemia  and b) Chronic leukemia. In acute leukemia, 1/3 of patients 

have petechia, ecchymosis and nose bleeding relation with thrombocytopenia.56 

Incidence and severity  of thrombocytopenia in patients with leukemia 

vary according to the type and stage of leukemia.Thrombocytopenia is very 

common at presentation in cases of acute leukemia.The reasons for 

thrombocytopenia are diffuse bone marrow infiltration by leukemic cells 

leading to decreased production of platelets, increased platelet destruction from 
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hypersplenism, immune mediated destruction of platelets as in case of chronic 

lymphocytic leukemia and following chemotherapy .57 

CHRONIC  ALCOHOLISM :  

Thrombocytopenia is the most common haematological abnormality 

encountered in patients with chronic liver disease.Multiple factors results in 

thrombocytopenia such  as decreased production , splenic sequestration and 

increased destruction58 

Thrombocytopenia occur the result of the liver cirrhosis with congestive 

splenomegaly or deficiency of folic acid.One of the proposed metabolism is 

that the metabolites of ethanol, especially acetaldehyde, impair the late stages 

of platelet production and increase platelet destruction .Diminished 

thrombopoietin levels along with  marrow suppression results in decreased 

platelet production.59 

Alcohol gives direct effects on platelet and cause decreased platelet 

counts , impaired platelet function and diminished fibrinolysis .Other  

mechanism by which alcohol works is the inhibition of platelet aggregation; it 

inhibits the release of thromboxane which is an enzyme found in platelet and 

has a prothrombotic activity which stimulates the activation of new platelet as 

well as increasing platelet aggregation. Other cause is  the increased pooling of 

platelets in enlarged spleen.60 
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INFECTIOUS DISEASES:  

Thrombocytopenia can be seen in patients with viral, bacterial, fungal 

and parasitic infections.Cytomegalovirus, Epstein-Barr virus and Hepatitis C 

virus and human immunodeficiency cirus(HIV) can produce thrombocytopenia 

during viral infections. Thrombocytopenia in many infectious appears due to 

hypo production rather than due to immune  mediated destruction.Sometimes 

immune mediated destruction also happens in certain infections.61 

ACQUIRED DRUG INDUCED HYPOPLASIA: 

CHEMOTHERAPY OR RADIOTHERAPY:  

Chemotherapeutic agents that are used for the treatment of hematologic 

and non hematologic malignancies  will suppress the  production of  bone 

marrow megakaryocyte and other hematopoietic cells.  The main dose-limiting 

factor for many chemotherapeutic agents is drug-induced thrombocytopenia  

.62Chemotherapy or radiation therapy is an important cause of the 

thrombocytopenia. Bone marrow suppression (myelosuppression) is a common 

side effect of chemotherapy which increase the chances of anemia, 

thrombocytopenia and neutropenia.  

Drugs like nitrosoureas, mitomycin and 5- florouracil can produce bone 

marrow toxicity. Zidovudine (used for the treatment of HIV infection) is also 

known to cause myelotoxicity and severe thrombocytopenia .63Interferon 

therapy commonly causes mild to moderate thrombocytopenia. Interferon- α 
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and interferon-γ inhibit stem cell differentiation and proliferation in the bone 

marrow .64This  thrombocytopenia  leads to hemorrhage, and  so the platelet 

count should be monitored closely.The lowest blood count occurs within 7-10 

days after chemotherapy and recover after 2 to 3 weeks and for its treatment 

platelet transfusion is necessary.65 

INCREASED DESTRUCTION OF PLATELETS : 

Accelerated platelet destruction is the most common cause of 

thrombocytopenia.Increased platelet destruction may lead to stimulation of 

thrombopoiesis and  results in the increase in the number, size, and rate of 

maturation of the precursor megakaryocytes. When the platelet destruction 

exceeds that of the platelet production rate , it results in thrombocytopenia.66 

 Platelet destruction occurs due to both intracorpuscular defects and 

extracorpuscular abnormalities.Platelet destruction is seen most often in 

extracorpuscular defects with intracorpuscular defects are very rare  as seen in 

hereditary thrombocytopenia such as Wiskott-Aldrich Syndrome.67 

WISKOTT-ALDRICH SYNDROME: 

 It is an X- linked hereditary disease which is characterised by 

thrombocytopenia with small platelet size which is a consistent finding  in 

patients with mutations in the WASP gene.68WASP is a key regulator of actin 

polymerization in hematopoietic cells.69  WASP gene is involved in the 

development of  proplatelet and proplatelet release from megakaryocytes.70-71  
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In addition , platelets are not released directly from within marrow , there is a 

transendothelial migration of the megakaryocytes  which requires 

reorganisation of actin filaments and formation of pseudopods.72. A mutation 

occurs in any 1 of 8 exons which affect the function of WASP gene and 

thereby affecting the functions of the WASP gene.The platelet abnormalities 

are due to defect in proplatelet production as a consequence to abnormal 

interaction between WASP and cytoskeleton.73 

Though the exact mechanism of this platelet defect is not known, 

splenectomy done on these patients  are  known to have  elevated  platelet 

count towards normal with normal morphology .These data suggests the fact 

that the thrombocytopenia is due to  peripheral destruction of platelets.74-

76Despite increased peripheral destruction , marrow megakaryocytes are normal 

or increased in number  suggesting ineffective thrombopoiesis.77 

Thrombopoietin (TPO) level in plasma was normal or slightly elevated.78  

IMMUNE MEDIATED THROMBOCYTOPENIA: 

It is characterised by immune mediated destruction of platelets and 

impaired production of platelets.It could be auto- antibody mediated or allo-

antibody mediated.The allo antibody mediated thrombocytopenia is seen in 

neonatal alloimmune thrombocytopenia , post transfusion purpura and platelet 

alloimmunization after platelet transfusions 
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IMMUNE THROMBOCYTOPENIA(ITP): 

It is the most common cause for isolated thrombocytopenia.It occurs in 

all age groups.Childhood ITP  is acute in onset and occurs following viral 

infection or after vaccination ,though the thrombocytopenia is severe yet it  

resolves  spontaneously within few weeks to 6 months. Whereas adult ITP is 

chronic in onset and does not resolve spontaneously.79 

In ITP, the platelet counts are often less than 1,00,000 cells/cu.mm.It is 

classified as primary ITP and secondary  ITP.80 

Primary ITP is denoted by the absence of any other underlying 

pathology.It is due to the antiplatelet antibodies, impaired 

megakaryocytopoiesis and T-cell mediated destruction of platelets .81Secondary 

ITP is due to underlying disorders such as: autoimmune disease (systemic 

lupus erythematosis (SLE) or rheumatoid arthritis), HIV, helicobacter pylori, 

or underlying immune dysregulation syndromes such as Common Variable 

Immunodeficiency (CVID).82 

PRIMARY ITP: 

About 80% cases are of primary ITP.83About 60-70% of these patients 

have platelet specific IgG antibodies which was directed against platelet 

surface glycoproteins, GPIIb/IIIa and GP1b/IX/V.84 These antibodies act 

differently based on the epitope they attack , resulting in defective  clearance, 

inhibit megakaryopoiesis  or induce platelet apoptosis .85-87 
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There are some patients who have abnormal T cells  that results in 

platelet destruction and few patients have T cell dysregulation that results in 

autoantibody production .88 

Diagnosis of ITP is generally made by review of peripheral smear and 

evaluation of history and examination of the patient.Peripheral smear show 

reduced platelets , but the platelets are greater in diameter.Bone marrow shows 

megakaryocytic hyperplasia.89 

 

FIG : 13:  Peripheral blood showing  scarce platelets with one giant 

platelet.
124 

 

FIG : 14: Bone marrow trephine shows megakaryocytic hyperplasia
124 
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SECONDARY ITP: 

Secondary ITP occurs due to underlying conditions. 

Thrombocytopenia  in patients receiving biologic response modifiers 

such as interferons is  immune mediated, because increased levels of platelet-

associated Ig G have been measured and thrombocytopenia is reversed after the 

removal of the agents.90 

In systemic lupus erythematosus(SLE), which is an autoimmune 

disorder  with broad spectrum of clinical manifestations. The common 

haematological abnormalities in SLE is thrombocytopenia and 

leucopenia.91The most common mechanism for thrombocytopenia is believed 

to be increased platelet clearance mediated by anti-platelet autoantibodies.The 

severity of thrombocytopenia and response to treatment should be closely 

monitored to predict the prognosis in SLE patients.92 

Antiphospholipid antibody syndrome (APS) which is characterised by 

recurrent arterial and venous thrombosis and recurrent abortions. 

Thrombocytopenia is rarely severe and is the most common non – criteria 

hematologic manifestation of  APS. Thrombocytopenia is seen in 20-40% of 

patients with APS. The possible mechanism of thrombocytopenia in APS is 

APLA-related direct platelet destruction, immune platelet destruction by 

antibodies against platelet GPs, complement-mediated platelet destruction, and 

platelet aggregation and consumption.93 
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Certain drugs causes severe thrombocytopenia and bleeding.The 

mechanism is different for different drugs. Some drugs causes the bone marrow 

suppression or immune mediated destruction  resulting in thrombocytopenia. 

Drug induced immune mediated destruction occurs through these mechanisms 

such as one is typed as quinidine- and quinine-induced thrombocytopenia , in 

which the antibody induced by drugs interacts with platelets only in the 

presence of the drug. The Fab portion of the Ig G antibody binds to a platelet 

membrane proteins such as  GP Ib/IX complex or the GP IIb/IIIa complex.94 

Second mechanism is induction of hapten-dependent antibodies.That is 

some drugs are too small to induce an immune reaction , hence they act as a 

hapten and binds with carrier molecule like plasma protein and acts as an 

antigen.95 

The third mechanism is that the drugs stimulate the formation of an 

autoantibody that binds to a specific platelet membrane glycoprotein with no 

requirement for the presence of free drug. 

In heparin induced thrombocytopenia (HIT), which is a  common side 

effect of unfractionated heparin administration in about  1% to 5% of patients. 

Despite the thrombocytopenia, patients with HIT usually are not at significant 

risk of bleeding, because the platelet count typically does not fall below 40,000 

cells/cu.mm.  10 - 30% of patients with HIT develop thrombotic complications. 

It is caused by formation of autoantibodies to complex of platelet factor 4 and  

heparin.96 
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NON  IMMUNE MEDIATED INCREASED DESTRUCTION OF 

PLATELETS: 

THROMBOTIC THROMBOCYTOPENIC PURPURA : 

 Thrombotic thrombocytopenic purpura (TTP) is a rare and life-

threatening thrombotic microangiopathy characterized by microangiopathic 

hemolytic anemia, severe thrombocytopenia, and organ ischemia linked to 

disseminated microvascular platelet rich-thrombi. 97TTP is  characterised by 

the presence of a severe deficiency of ADAMTS13 (activity < 10%), which is 

the only biologic marker specific for TTP. 98 

ADAMTS13 is a  disintegrin and metalloprotease with thrombospondin 

type 1 repeats, member 13 which is a  specific von Willebrand factor cleaving 

Protease.Deficiency of which leads to development of  platelet-hyperadhesive 

ultralarge VWF multimers, leading to the formation of platelet-rich 

microthrombi within small arterioles. The mechanism for ADAMTS13 severe 

deficiency is acquired via Ig G autoantibodies to ADAMTS13.99 

Peripheral blood showed marked decrease in platelets, RBC 

polychromasia, and RBC fragmentation (microspherocytes, schistocytes, 

keratocytes), a triad  characteristic of microangiopathic hemolytic anemias.100 
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Fig 15: peripheral blood showing schistocytes 
100 

HAEMOLYTIC UREMIC SYNDROME:
 

The main differential diagnosis for TTP is hemolytic uremic syndrome. 

HUS results from food poisoning with enterohemorrhagic strains of 

Escherichia coli or other bacteria producing a shiga-like toxin (STEC-HUS). It 

is essential to distinguish TTP from other causes of thrombotic 

microangiopathy such as  cancer, organ transplantation, sepsis, or pregnancy 

for preeclampsia and the hemolysis elevated liver enzymes low platelet count  

because patients with severe ADAMTS13 deficiency are likely to respond to 

therapeutic plasma exchange (TPE) , whereas those without ADAMTS13 

severe deficiency often require treatments other than TPE.101 

ABNORMALITIES IN DISTRIBUTION OF PLATELETS: 

The normal spleen sequesters approximately one third of the total 

platelet mass. Mild thrombocytopenia may be present in conditions causing 

splenomegaly . The total body platelet mass is  normal in these disorders,since  

numerous platelets are sequestered in the enlarged spleen, there will be reduced 

platelet count. Hypersplenism can be seen  in  many conditions such as chronic 

liver disease with portal hypertension and congestive splenomegaly  sickle cell 
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anemia, hemoglobin C disease,  thalassemia major, chronic infections, gaucher 

disease, myelofibrosis and lymphoma. The administration of massive amounts 

of stored whole blood may produce a temporary thrombocytopenia because the  

stored blood contains platelets whose viability is severely impaired by the 

effects of storage and temperature.They do not require any treatment since once 

splenectomy done , the platelet count comes to normalcy.102 

 

 

                                                   

  



27 

 

PLATELETS 

HISTORY 

Platelets were recognised as a distinct blood element in the late 19th 

century by Bizzozero in 1882 who demonstrated that platelets were responsible 

for formation of clots at the sites of vascular injury in guinea pig microvessels 

in vivo.103Platelets are considerably smaller than the other previously 

recognised  blood elements such as erythrocytes and leucocytes. 

Platelets are anucleate cells arising from cytoplasmic fragmentation of 

megakaryocytes in the bone marrow, and have a diameter of 2-3 µm.Platelets 

were onc called as “cellular dusts”.Platelets circulate in a discoid form and 

their average lifespan in humans is ~10 days.104  Normal human platelet count 

is ~150,000- 450,000/µl.However , spontaneous bleeding does not occur until 

platelet count falls below 10,000/µl.105 

Despite their lack of nucleus , platelets are actively involved in broad 

range of physiologic and pathologic process.Platelets contain a variety of 

mediators that regulate hemostasis and thrombosis as well as other functions 

including recruitment of other cells(chemotaxis) , vasomotor function , cell 

growth and inflammation.The relevant constituents for thrombosis are present 

both on cell membrane and in the cytoplasm , mainly within platelet 

granules.106 
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PLATELET FORMATION 

Megakaryocytes (MKs)are highly specialized precursor  cell in the bone 

marrow that function solely to produce and release platelets into circulation  

through a series of cellular events.MKs are the largest (50-100µm) and the 

rarest cell (constituting ~0.01% of nucleated bone marrow cells) in the bone 

marrow. 

MKs are developed from pluripotent hematopoietic stem cells 

.Thrombopoietin (TPO) acts as a major factor that helps in the growth and 

development of MKs from stem cell precursors. 

MKs undergo a process called endomitosis which is DNA replication 

without cell division. Endomitosis is a TPO driven process during which MKs 

become polypoid and initiate a rapid cytoplasmic extension which is 

characterised by development of  demarcation membrane system(DMS) and 

increased accumulation of cytoplasmic proteins and granules essential for 

platelet function . 

Once on maturation, the bulk of cytoplasm is packed into multiple long 

processes called proplatelets and the nucleus is extruded.An MK may extend to 

form 10-20 proplatelets .Platelets are formed at the tips of proplatelets , as 

platelets develop they receive their granules and organelle content  transported 

from MK cell body.107 
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The time taken by the MKs to mature and produce platelets is ~5 days 

.108   

  

 

FIG 16:  PLATELET FORMATION.
108 

STRUCTURE OF PLATELETS 

The platelet membrane consists of a typical bilayer phospholipids 

,which contains membrane glycoproteins that interact with various ligands 

,either soluble ligands that activate the platelets ,or fixed ligands within vessel 

wall or on other cells through which the platelets adhere to these structures .Its 

plasma membrane contains a network of numerous invaginations into the 

platelet interior ,connected to the exterior through small pores known as open 

canalicular system(OCS).109       

Platelets contain a second channel system , derived from megakaryocyte 

smooth endoplasmic reticulum , known as dense tubular system(DTS).The 

DTS stores calcium and a variety of enzymes involved in platelet 
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activation.The DTS does not associate with the plasma membrane in contrast to 

OCS.110 

PLATELET GRANULES 

Platelet granules serve as seretory vesicles , releasing components to the 

extracellular fluid and also serve to direct molecules to the plasma membrane 

in a process of exocytosis. Three main populations of granules are evident in 

inactivated , normal platelets which differ in their ultrastructure , granule 

contents ,kinetics of exocytosis  and function. 

1.ALPHA GRANULES 

Alpha granules are the largest (~200-400nm) and most prevalent and 

heterogenous platelet granules.111 

There are about 50-60 granules per platelet and are responsible for the 

granular appearance of the cytoplasm in peripheral blood smears.These 

granules contain the majority of platelet factors involved in hemostasis and  

thrombosis .They also contain proteins involved in inflammation and wound 

healing . 

These include large polypeptides such as thrombospondin , p-selectin , 

platelet factor 4 and beta thromboglobulins  as well as several factors involved 

in coagulation( factors V,XI,XIII , fibrinogen , von Willebrand factor and high 

molecular weight kininogens). 
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α- granules contain a variety of adhesion molecules involved in platelet- 

vessel wall interaction such as fibronectin .The membrane of α granules 

contain several proteins that are also expressed on platelet cell membrane such 

as GPIb complex ,GP VI ,GP IIb/IIIa and P-selectin. 

2.DENSE GRANULES 

Platelet dense granules are the smallest granules (~150nm) and appear 

as dense bodies on electron microscopy , due to their high calcium and 

phosphate content.112 

There are about 3-8 dense granules per platelet .They contain high 

concentrations of adenine nucleotides(ADP, ATP) and serotonin .Dense 

granues also contain small GTP- binding proteins and have been reported to 

contain relevant adhesion molecules present on platelet compartments 

including  GPIb complex ,GP IIb/IIIa and P-selectin. 

Dense granule membrane proteins incorporate with the platelet plasma 

membrane and granule contents are released into extracellular environment.The 

released constituents contribute to recruit other platelets( aggregation) and also 

contribute to local vasoconstriction( serotonin). 

3.LYSOSOMES: 

Lysosomes represent the third category of platelet granules with a size 

intermediate between α- and dense granules (~200-250nm).They contain an 
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intraluminal acidic pH with hydrolytic enzymes active towards constituents of 

the extracellular matrix.113,114. 

PLATELET ADHESION MOLECULES 

Platelets  contain numerous adhesion molecules both on the plasma 

membrane and within granules that are releant for hemostasis and 

thrombosis.The main molecules involved are 

1.P-Selectin: 

P-Selectin(~140 kD) is the largest of the selectin family of adhesion 

molecules.It is contained primarily on platelet α-granules , dense granules and 

also on the Wiebel-Palade bodies of endothelial cells. 

Following platelet activation, the fusion of granule membranes with the 

cell membrane results in rapid expression of P-Selectin on the cell surface.115 P-

Selectin surface expression is commonly used as a marker of platelet 

activation.116 

The ligands for P-Selectin include P-Selectin glycoprotein ligand-

1(PSGL-1), which is expressed primarily on leucocytes 117,von Willebrand 

factor 118, glycoprotein Ibα119 and sulfatides.120 

2.Glycoprotein Ib/IX/V(GPIb/IX/V) 

This receptor complex is the main platelet receptor for von Willebrand 

factor(vWF) .Binding of vWF  to GPIb initiates signal transduction events 
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leading to th activation of the platelet integrin GPIIb/IIIa, which becomes 

competent to bind vWF or fibrinogen to mediate platelet aggregation. 

3. Glycoprotein IIb/IIIa(GP IIb/IIIa) 

This is essential for platelet aggregation .It is a heterodimer with an 

alpha (α~136 kD) and beta (β~92kD) subunit.These  molecules are in surface 

of unstimulated human platelets and  in the membranes of platelet granules are 

translocated to the platelet surface during platelet secretion.Platelet GPIIb/IIIa 

can bind to fibrinogen and other ligands such as vWF and fibronectin. 

4.Collagen receptors 

The α2β1 integrin and glycoprotein VI are the primary collagen 

receptors.They bind to specific sequences on collagen with different 

affinities.GP VI mainly binds to collagen types that can form large collagen 

fibrils such as collagen typeIII.GP VI is a key adhesion molecule involved in 

hemostasis and thrombosis.Absence of this receptor leads to predisposition of 

bleeding. 

5.G-protein coupled receptor. 

a.Thrombin  

Thrombin is a key component of the coagulation pathway and potent 

stimulator of platelets.Platelet responses to thrombin are mediated by protease 

activated receptors(PAR).Thrombin signalling via either PAR 1 or PAR 4 

induces platelet activation, shape change and granule release.121 
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b.Adenosine di phosphate (ADP) 

The response of platelet function to ADP varies on concentration of 

ADP.Exposure of human platelets to low concentrations of ADP results in an 

initial reversible aggregation without granule release.Higher concentrations of 

ADP  induce release of granules and synthesis of prostaglandins giving rise to 

characteristic biphasic response with irreversible aggregation.122 

c.Prostanoids 

Thromboxane A2 (TXA2) is a product of arachidonic acid metabolism; 

two isoforms of thromboxane receptors have been described : TP α and TP β.21 

TP is also a member of G protein coupled receptor (GPCR)  family and it 

results in phospholipase C activity. 123 

TXA2 results in platelet shape change , aggregation , degranulation and 

enhancement of response to other agonists , thus amplifying platelet activation. 

Platelets express receptors for other prostanoids, including prostacyclin (which 

mediates inhibition of platelet aggregation ) and prostaglandin E (which has 

biphasic effect on platelets). 
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AUTOMATED HEMATOLOGY ANALYSERS: 

Hematology analysers are the workhorses of the laboratory .High end , 

high volume analysers are computerised , highly specialised and automated 

machines that delivers reliable red blood counts , platelet counts and 5 part 

differentials of white blood cells identifying lymphocytes, monocytes, 

neutrophils, eosinophils and basophils.Nucleated red blood cells and immature 

granulocytes are emerging as sixth and seventh parameters. 

EVOLUTION OF THE ANALYSERS: 

The first automated cell counters came out in the 1950s based on 

Coulter’s electrical impedance principle in which cells pulled through an 

aperture break an electric circuit, indicating both the presence of a cell and the 

size of the cell.But the truly functional and automated versions of these 

machines did not become available for two more decades.Before this time, cell 

counts were performed manually. 

There are many disadvantages of manual cell counting such as most 

labor intensive ,overestimation of lymphocytes , underestimation of monocytes, 

association with distinguishing lymphocytes from monocytes ,band forms from 

segmented forms and increased cell concentrations along edges.125 

PRINCIPLE: 

The automated hematology analysers functions using large number of 

principles such as electrical impedance , light scatter and fluorescence. 
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ELECTRICAL IMPEDANCE: 

Impedance counting was first described by Wallace Coulter in 1956 

depending on the fact that red cells are poor conductors of electricity.Electrical 

impedance is measured by Coulter principle as it was described in Coulter 

electronics. 

Coulter principle is that the measurement of changes in electrical 

resistance produced by the cells as they traverse a small aperture. As a dilute 

suspension of cells is drawn through the aperture, the passage of each 

individual cell increases the impedance (resistance) of the electrical path 

between two submerged electrodes that are located on each side of the aperture. 

Prerequiste for the process is high dilution of the blood to ensure the 

minimal cell passage. 

Whenever the cell passes through it , flow of current is impeded and a 

pulse is generated.The height of the pulse determines the cell volume and the 

width of the pulse shows time taken by the cell to traverse . The number of 

pulses generated during a specific period is proportional to the number of  cells. 

The output histogram is a display of the distribution of cell volume and 

frequency. Each pulse on the x-axis represents size in femtoliters (fL); the y-

axis represents the relative number of cells. 
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Fig 18: Coulter Principle.
125 

LIGHT SCATTER: 

In some hematology analysers , hydrodynamically focussed sample 

stream is directed through which a beam of laser light is passed .The 

interference in the laser beam is measures as light scatter which is measured by 

photodetectors . The patterns of scatter are measured at various angles (forward 

scatter 180°/0°, and right angle 90°) . Forward scatter measures cell size and 

volume.Side scatter measures internal complexities of the cell .This is marked 

in scatter plot. 

RADIOFREQUENCY CONDUCTIVITY: 

This is done with the help of high frequency electromagnetic probe that 

provides information on the internal constituents of the cells.It can be used in 

conjunction with electrical impedance. 

LIGHT ABSORPTION: 

This is done with the help of absorption spectrophotometry to measure 

the concentration of haemoglobin. 
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FLUORESCENCE: 

This is used for the measurement of RNA in reticulocytes , DNA in 

nucleated RBCs and cell surface antigens. 

The EDTA  anticoagulated  blood is aspirated ,it is passed through the 

RBC chamber , RBC and platelets measured in it and the RBC is lysed , then 

the differential count of the leucocytes  are identified .Hemoglobin is estimated 

by cyanmethemoglobin method.Any particle with size between 36-360 fl 

measured as RBCs , 2-20 fl is measured as platelets and 35-450 fl is measured 

as WBCs. 

Sysmex measures parameters with cells in fluid suspension . in addition 

to hydrodynamic focussing to ensure that the cells travel in a straight line 

through the aperture.This prevents cells flowing through the edge of the 

aperture and causes spurious changes in the electrical field.126, 

 

FIG 19: AUTOMATED BLOOD CELL COUNTER
127 
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In platelets, there can be factitious increase in platelet count  due to 

markedly microcytic or fragmented RBCs and white cell fragments in case of 

leukemia. 

There can be falsely low counts when giant platelets are being identified 

as red cells or due to EDTA induced platelet clumping or satellitism.127 

PLATELET INDICES: 

Platelet indices are potentially useful markers for the early diagnosis of 

the causes for thrombocytopenia.The platelet indices include platelet count, 

mean platelet volume, platelet distribution width , platelet large cell ratio and 

immature platelet fraction. 

MEAN PLATELET VOLUME(MPV): 

MPV is a platelet marker which can be obtained as a part of complete 

blood count (CBC) using automated hematology analyser which measures the 

average size of the platelets present in the blood.128 

MPV is an indicator of activity of the platelets .Larger platelets are more 

active enzymatically and metabolically when compared to small sized platelets 

which are depicted by increased MPV. 

MPV correlates with platelet aggregation, whether measured in platelet 

rich plasma or whole blood.Large platelets also express increased levels of 

adhesion molecules like P-Selectin , GP IIb/IIIa, although the surface density 
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of these glycoproteins is usually constant ,independent of the platelet 

volume.129 

Platelet count is derived through the electrical impedance and the 

distribution curve obtained is thus the actual data and not the fitted curve.MPV 

is calculated from the curve using the formula-  

MPV(fl)=Pct(%)x100/ Plt(x103/µL).130 

EDTA causes the platelet to swell in a time dependent manner.Most of 

the increase in MPV occurs during the first hour and the process continues over 

the next 24 hours .EDTA is thought to increase cyclic AMP and change plasma 

membrane permeability .This situation is further complicated since most of the 

analysers use light diffraction to measure particle size by assessing optical 

density.131 

The analysers used to record reduced  MPV with time since platelet 

swelling results in a lower optical density As a result , studies reported that 

MPV measurements made in EDTA sample are questionable in research unless 

MPV is assessed at a consistent time following phlebotomy or once the 

swelling has ceased at 24 hours.In contrast to all these facts , MPV measured in 

high concentration sodium citrate does not change with time and hence 

considered as gold standard.131 



41 

 

The normal range of MPV  has yet to be adequately determined , but 

studies have shown that MPV in normal subjects suggest an approximate range 

of 7.5-11.5 fl with a mean of 9.5 fl. 

MPV is increased in conditions like immune thrombocytopenic 

purpura,disseminated intravascular coagulation, myeloproliferative disorders 

,pre-eclampsia and HELLP syndrome , non – alcoholic liver disease sepsis, 

hyperthyroidism, bone marrow stimulating drugs like erythropoietin or 

thrombopoietin and recovery from transient hypoplasia(cytotoxic 

chemotherapy).132 

MPV is decreased in conditions with under production of platelets like 

bone marrow aplasia such as aplastic anemia , bone marrow failure , 

splenomegaly , hypothyroidism, iron deficiency anemia and HIV/AIDS.132 

PLATELET DISTRIBUTION WIDTH(PDW): 

PDW is an important index in platelet parameters .It reflects how 

uniform the platelet  are  in size.PDW  reflects the variability in platelet size 

and increased in presence of platelet anisocytosis.Activated platelets with 

increased number and size of the pseudopodia differ in size , leading to the 

alteration in the PDW.It is the relative width of the distribution of platelets in 

volume index of the heterogeneity of  platelets. 

A normal PDW indicates that the platelets are mostly  of same size, 

while a high PDW indicates platelet size varies greatly giving a clue that there 
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may be a disorder affecting platelets.Increased variation in PDW indicates 

platelet heterogenicity  along with the destruction and splenic pooling.PDW 

also varies inversely with platelet count.133 

The optimal method for measuring PDW utilizes changes in electrical 

impedance as used in coulter hematology analyser.134With the peak height 

assumed to be 100%, the distribution width at the 20% frequency level is 

PDW.The unit used is femtoliter(1 fL=10-15L). Normal PDW ranges from 8.3-

11.4fL. 

PLATELET LARGE CELL RATIO (P-LCR): 

P-LCR is the increased percentage of large platelets. It is the ratio of 

large platelets from the 12fL discriminator or larger.135Larger platelets are more 

reactive and contribute to thromboembolic events because of the higher 

production of Thromboxane A2. 

P-LCR was inversely related to platelet count and directly related to 

PDW and MPV. 

The optimal method for measuring P-LCR  is by utilising the changes in 

electrical impedance. It is calculated as a ratio comparing the number of 

particles between the fixed discriminator and upper discriminator , to the 

number of particles between upper and lower discriminator.136Normal range of  

P-LCR is 15-35%. 
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PLATELETCRIT(PCT): 

PCT is a measure of total platelet mass.PCT is the volume occupied by 

platelets in blood .Under physiological conditions , the amount of platelets in 

the blood is maintained in an equilibrium state by regeneration and elimination. 

In healthy subjects , platelet mass is closely regulated to keep it constant, while 

MPV is inversely related to platelet counts. 

Plateletcrit is an effective screening  tool for detecting platelet 

quantitative abnormalities.PCT is directly related to the platelet count and the 

size of the platelets. 

The optimal method for calculating PCT is through electrical impedance 

and is calculated using a formula PCT=(platelet count x MPV )/10000 and 

given in percentage. The normal range for PCT is 0.22-0.24%.137 

IMMATURE PLATELET FRACTION(IPF): 

IPF is an index of thrombopoiesis and can help determine the 

mechanism of thrombocytopenia. IPF levels rise as bone marrow produces 

more platelets.IPF reflects  marrow platelet production from the peripheral 

blood sample.IPF is a modern parameter that measures young and more 

reactive platelets in peripheral blood. 

Platelets that are newly formed are more reactive than mature platelets 

and contain RNA, hence the other name for IPF is reticulated platelets. 
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IPF is an indirect means to evaluate the necessity and timing of platelet 

transfusion.IPF may also be used as an indicator of imminent platelet recovery 

after cytotoxic therapy or post transplant.IPF increases before the platelet 

count, hence used as a tool for monitoring patient response. 

The optimal method for calculating IPF is by flow cytometry techniques 

and the use of nucleic acid specific dye  in the reticulocyte / optical platelet 

channel.The clinical utility is made in the laboratory diagnosis of 

thrombocytopenia due to increased platelet destruction such as 

ITP.Reproducibility and stability results over 48 hours were good. 

An IPF reference range in healthy individuals was established as 1.1-

6.1% with a mean of 3.4%.138
 

ADVANTAGES OF PLATELET INDICES: 

The introduction of automation in laboratory analysis has brought about 

accurate and rapid results.Automation also had made it possible to measure 

certain parameters that had not previously been determined.The platelet indices 

offer valuable information about the morphology and maturity of platelets. 

The platelet indices plays an important role in the rapid evaluation of 

bone marrow activity of patients with platelet associated disorder. 

MPV and IPF are indicators of bone marrow activity , as new platelets 

are larger and contain more RNA.The MPV and IPF offer a method of 
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assessing bone marrow activity without performing a bone marrow aspirate 

,which is an invasive procedure. 

PCT and PDW can be used to differentiate reactive thrombocytosis from 

myeloproliferative disorders.139 

 

PLATELET INDICES AND THROMBOCYTOPENIA: 

Platelet indices are becoming increasingly important in evaluating the 

thrombopoietic function .Reference ranges should be defined clearly and be 

accurate and valuable in interpretation of results to prevent unnecessary and 

costly follow up laboratory investigations. 

Thrombocytopenia may result either from hypoproliferation in marrow 

or peripheral destruction of platelets.Distinction between these two categories 

is usually made by the bone marrow examination.Some studies in literature say 

that platelet indices are differently altered in various causes of 

thrombocytopenia.140 

MEAN PLATELET VOLUME: 

The high MPV in platelet destruction explains the fact the newly 

produced platelets are larger than circulating platelets.In patients with 

thrombocytopenia  secondary to peripheral destruction , MPV is increased , 

reflecting active bone marrow compensation with release of young platelets.141 
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In a study by Numbenjapon et al 142 had concluded that MPV is a 

reliable diagnostic test to differentiate hypoproductive and hyperdestructive 

thrombocytopenia with a cut off value of 7.9fL.Higher MPV was noted in 

hyperdestructive thrombocytopenia. 

Similarly, studies by Kaito et al,143 Ntaios et al,144 Khaleel et al,145 and 

Shah et al146 also reported that MPV was higher in ITP patients than 

hypoproductive thrombocytopenic patients , reflecting  increase in  the 

production rate with an established cut off values ranging from 9fL to 11fL. 

Elsewefy et al147 and Borkataky et al148 found no significant difference 

in the MPV between both thrombocytopenic groups. 

PLATELET DISTRIBUTION WIDTH: 

PDW represents the heterogenicity of platelets.Increased PDW 

represents anisocytosis of platelets. 

In a study by Kaito et al,142 Ntaios et al,143 Khaleel et al,144 and Shah et 

al145 , they had reported that  PDW was higher in ITP patients when compared 

to hypoproductive thrombocytopenia. 

In a study by Nelson et al 148, he mentioned that patients with 

hyperdestructive thrombocytopenia whether due to infection , hemorrhage or  

immune destruction have larger platelets and high PDW.Whereas 

hypoproductive thrombocytopenia , PDW was similar to that seen in patients 

with normal cell counts. 
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PLATELET LARGE CELL RATIO(P-LCR): 

P-LCR was found to be significantly higher in ITP patients compared 

with the normal control group and was significantly lower in hypoproductive 

thrombocytopenic patients when compared with the control group with a cut 

off value greater than 33.6% which yielded 100% diagnostic sensitivity in a 

study by Elsewefy et al.146 

Similarly ,Ntaios et al and Kaito et al reported nearly similar cut off 

value of greater than 30% with diagnostic sensitivity of 90.4 and 91.4% 

respectively. 

Also studies by Babu and Basu 135and Borkataky et al147 reported that P-

LCR was increased in hyperdestructive thrombocytopenic patients than 

hypoproductive thrombocytopenic patients and concluded that P-LCR can be a 

good aid in the differential diagnosis of conditions associated with abnormal 

platelet counts. 

PLATELETCRIT(PCT): 

There is a significant overlap of PCT  between thrombocytopenic 

patients and patients with low normal platelets.This is due to the variation in 

the MPV which is one of the factors affecting MPV. 

In a study with a cutoff value of 0.20-0.36% was helpful in 

distinguishing  thrombocytopenia from normal patients with a sensitivity of 
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90% and indicates  that plateletcrit can be used instead of platelet counts alone 

to determine if the patients need platelet transfusion.149 

In a study , PCT was significantly lower in ITP patients rather than the 

hypoproductive thrombocytopenic patients.Also some study show that the 

value is not altered by severity of thrombocytopenia of either hyperdestructive 

or hypoproductive etiology.151
 

IMMATURE PLATELET FRACTION(IPF): 

Rapid assessment of platelet production is determined by IPF.High IPF 

usually seen in hyperdestructive thrombocytopenia. 

In a study by Adly AA et al, IPF was increased in patients with ITP  

than other groups , and  ITP patients on remission showed lowest IPF. IPF  was 

positively correlated to MPV ,PDW and P-LCR and negatively correlated to 

platelet count and plateletcrit.152 

In other study done in 2004, Patients with ITP had the highest IPF levels 

of all patients  with 73% of ITP patients showing elevated levels  with range 

9.2-33.1%. 153 

Levels were not elevated in patients on chemotherapy or in ITP/TTP 

patients in remission. 

In other research, patients with IPF values >9.0% were 100% specific 

for peripheral platelet destruction, with 89% sensitivity for ITP.154 
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Studies have shown that IPF is an early indicator of marrow recovery in 

patients rebounding from chemotherapy or hematopoietic stem cell transplant. 

IPF recovery defined as levels >7.0% occur on average 3.1 days earlier than 

platelet count recovery, and 3.8 days earlier than absolute neutrophil count 

recovery. Thus IPF may be useful to guide and possibly limit prophylactic 

platelet transfusions in patients undergoing marrow suppressive therapy, in 

view of imminent recovery of the platelet count.155 

In  dengue fever patients , IPF is measured as an indicator to predict the 

recovery of platelets in patients , it is found that the IPF has a strong correlation 

with the recovery of platelet counts in dengue .Nearly 85% patients showed 

recovery within 24 hours after attaining peak IPF. A single value of IPF more 

than 10% was indicative of platelet recovery within 24-48 hours.156 
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METHODOLOGY 

SOURCE OF DATA: 

The present study was conducted in the Institute of Pathology .Madras 

Medical College/ Rajiv Gandhi Government General Hospital .Chennai. 

METHOD OF COLLECTION OF DATA: 

• STUDY PERIOD: 1.5 years. 

• STUDY DESIGN: Prospective study . 

INCLUSION CRITERIA 

    All  patients   of both sexes with platelet count less than 1,50,000 

cells. 

EXCLUSION CRITERIA  

     Patient on antiplatelet drugs or any other medications causing 

thrombocytopenia.  

SAMPLE FOR STUDY: 

        Blood samples from thrombocytopenia patients are obtained in 

EDTA anticoagulated tube. 

SAMPLE SIZE: 

250  cases of thrombocytopenia patients was included in the study. 



51 

 

METHODOLOGY: 

• Venous blood sample were collected in tube containing di-potassium 

EDTA which comes for routine CBC( complete blood count ) was 

analysed and those sample with platelet count less than 1,50,000 

cells/cu.mm was selected for the study. 

• The relevant clinical details and available investigations including 

serological results of the patient with thrombocytopenia was then 

collected from the patient . 

• Platelet indices such as platelet count ,plateletcrit(PCT),platelet 

distribution width(PDW),platelet large cell ratio (P-LCR) ,immature 

platelet fraction(IPF) and  mean platelet volume(MPV) was then 

measured  in automated blood cell analyser(SYSMEX XN 1000) and 

then analysed . 

• Then the cases were correlated with the peripheral smear findings . 

• Then with the clinical findings and with platelet indices , 

thrombocytopenia patients were categorised into hypoproductive and 

hyperdestructive groups based on the predominant mechanism of 

thrombocytopenia. 
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FIG 20: SYSMEX XN 1000- AUTOMATED HEMATOLOGY 

ANALYSER. 
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STATISTICAL METHODS: 

• Descriptive statistics such as number and percentages were used to 

describe categorised variables. 

• Mean  and standard deviations were used to describe the continuous 

variables like platelet count , MPV,PDW,P-LCR,PCT and IPF . 

• Independent sample t- test was applied to find out the significant 

difference in platelet count , MPV,PDW,P-LCR,PCT and IPF in both 

the groups. 

• Pearson’s coefficient was used to analyse association between the 

variables. 

• Statistical significance was determined at 5% level of significance (ie.p-

value <0.05 is considered as significant). 

• Statistical analysis was done using statistical package for social 

science(SPSS version 22 ) software. 

• Microsoft word and excel were used to generate graphs and tables. 
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RESULTS 

The present study  includes 300 cases of thrombocytopenia  selected 

from overall samples which came for CBC analysis  in Rajiv Gandhi 

Government General Hospital for a period of 1.5 years. Of which 50 cases 

were excluded from the study ,because of pseudothrombocytopenia as the 

peripheral smear showed adequate platelets in clumps and singles. 

Of the remaining 250 cases ,Clinical details and  Platelet indices were 

recorded in a proforma. These cases were again divided into two sets, one had 

200 cases and the other had 50 cases . 

In the first set , platelet indices such as platelet count, MPV,PDW,P-

LCR and PCT were done and results were analysed. 

In the other set , the above indices along with IPF was done and the 

results were analysed. 

With the help of platelet indices such as platelet count, MPV,PDW,P-

LCR and PCT and relevant clinical details, the results were analysed and  typed 

into two groups such as hypoproductive and hyperdestructive 

thrombocytopenia.100 cases were placed in hypoproductive group and 100 

cases were placed in  hyperdestructive group. 

The remaining 50 cases of thrombocytopenia were categorised into 19 

cases of hyperdestructive  and 31 cases of hypoproductive thrombocytopenia. 

In these 50 cases , platelet count, MPV,PDW,P-LCR,PCT and IPF was used . 
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Immature platelet fraction was done in these 50 cases and analysed separately . 

Immature platelet fraction in case of dengue patients were recorded on third 

day along with platelet count to look for the recovery of platelet count. 

SEX WISE DISTRIBUTION: 

Among the 200 thrombocytopenic patients , 133 patients were males 

and 67 were females. From this, they have been placed in two groups such as 

hypoproductive and hyperdestructive thrombocytopenia. 

TABLE 1:SEX WISE DISTRIBUTION 

 
Frequency Percentage 

Male 133 66.5% 

Female 67 33.5% 

Total 200 100.0% 

 

CHART 1: SEX WISE DISTRIBUTION 

 

67%

33%

SEX WISE DISTRIBUTION

Male

Female



 

Of the total 133 male patients , 73 were placed in hyperdestructive and 

60 were placed in hypoproductive group, whereas of the 67 females,27 were 

placed in hyperdestructive and 40 were placed in hypoproductive group

CHART 2 : SEX WISE 

AGE WISE DISTRI

Of the 200 cases, predominantly around 42.5% were in the age group of 

21-40 years, 31.5% were in the age group of 41

group  of 12-20 years, 7 % were in the age group  

were in the age group  above 80 years
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Of the total 133 male patients , 73 were placed in hyperdestructive and 

60 were placed in hypoproductive group, whereas of the 67 females,27 were 

placed in hyperdestructive and 40 were placed in hypoproductive group

CHART 2 : SEX WISE DISTRIBUTION IN BOTH GROUPS

AGE WISE DISTRIBUTION: 

Of the 200 cases, predominantly around 42.5% were in the age group of 

40 years, 31.5% were in the age group of 41-60 years , 18% were in the age 

20 years, 7 % were in the age group  of 61-80 years 

were in the age group  above 80 years. 

HYPERDESTRUCTIVE HYPOPRODUCTIVE
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Of the total 133 male patients , 73 were placed in hyperdestructive and 

60 were placed in hypoproductive group, whereas of the 67 females,27 were 

placed in hyperdestructive and 40 were placed in hypoproductive group. 

DISTRIBUTION IN BOTH GROUPS 
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CHART 3 : AGE WISE DISTRIBUTION

CHART 4: AGE WISE DISTRIBUTION IN EACH GROUP
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ETIOLOGICAL DISTRIBUTION OF CASES IN EACH GROUP: 

In the hyperdestructive thrombocytopenia group, the cases  were sepsis , 

viral fever including  Dengue fever , malaria, immune thrombocytopenic 

purpura. 

CHART 5: DISTRIBUTION OF CASES IN 

HYPERDESTRUCTIVE GROUP

 

 

In the hypoproductive group , the cases were predominantly anemia 

such as iron deficiency anemia, aplastic anemia , macrocytic anemia ,few cases 

of leukemia , sepsis , pancytopenia chronic liver disease, alcoholism , 

megaloblastic anemia and  renal failure and impending septic shock. 
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CHART 6 : DISTRIBUTION OF CASES IN HYPOPRODUCTIVE 

GROUP 

 

ANALYSIS OF MEAN PLATELET COUNT IN BOTH GROUP 

The platelet counts were analysed in two groups.The mean platelet 

count in hyperdestructive thrombocytopenia is 49.1200 ± 27.6023 and in 

hypoproductive group is 44.4600 ± 31.72114 with a p value of 0.269  which is 

statistically insignificant which is given in Table 2. 
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TABLE 2:STATISTICAL ANALYSIS OF  PLATELET COUNT 

Thrombocytopenia 

Platelet 

count 

(X10^9/L) 

Hyperdestructive

Hypoproductive

 

The platelet count

and the mean platelet count in each condition

CHART 7

0
10
20
30
40
50
60
70

43.5447.64
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:STATISTICAL ANALYSIS OF  PLATELET COUNT 

IN EACH GROUP 

N Mean 

Std. 

Deviation 

Std. 

Error 

Mean

yperdestructive 100 49.12 27.60225 2.760

23

ypoproductive 100 44.46 31.72114 3.172

11

The platelet count in each etiological condition is analysed statistically 

and the mean platelet count in each condition is mentioned in chart 7.

CHART 7:  MEAN PLATELET COUNT IN VARIOUS 

CONDITIONS IN EACH GROUP 
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in each etiological condition is analysed statistically 

is mentioned in chart 7. 

:  MEAN PLATELET COUNT IN VARIOUS 
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The overall mean platelet count in hyperdestructive 

49.12 x 10^9/l and in hypo

in chart 8. 

CHART 8: COMPARISON OF MEAN PLATELET COUNT IN 

ANALYSIS OF MEAN PLATELET VOLUME IN BOTH GROUP

The mean platelet volume in the hyperdestructive group is 15.3710 

2.76925 and in the hypoproductive gr

of < .0001 which is statistically significant
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The overall mean platelet count in hyperdestructive thrombocytopenia is 

/l and in hypoproductive group is 44.46 x 10^9/l and is described 

: COMPARISON OF MEAN PLATELET COUNT IN 

TWO GROUPS 

ANALYSIS OF MEAN PLATELET VOLUME IN BOTH GROUP

The mean platelet volume in the hyperdestructive group is 15.3710 

2.76925 and in the hypoproductive group is 9.5370 ± 1.39056 with a p

of < .0001 which is statistically significant 
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thrombocytopenia is 

/l and is described 
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ANALYSIS OF MEAN PLATELET VOLUME IN BOTH GROUP 

The mean platelet volume in the hyperdestructive group is 15.3710 ± 

oup is 9.5370 ± 1.39056 with a p value  



 

TABLE 3 : 

 

group

MPV 

(Fl) 

hyperdestructive
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CHART 9: COMPARISON OF 

The mean platelet volume  in each etiological condition is analysed 

statistically and  the mean platelet volume in each condition with 95% 

confidence interval  is described in chart 10.
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: STATISTICAL ANALYSIS OF  MEAN PLATELET 

VOLUME IN EACH GROUP 

group N mean 

std. 

deviati

on 

std. 

error 

mean

hyperdestructive 100 15.37

10 

2.7692

5 

.2769

3 

ypoproductive 100 9.537

0 

1.3905

6 

.1390

6 

COMPARISON OF MEAN PLATELET VOLUME IN 

TWO GROUPS 

The mean platelet volume  in each etiological condition is analysed 

statistically and  the mean platelet volume in each condition with 95% 

is described in chart 10. 

HYPERDESTRUCTIVE HYPOPRODUCTIVE

15.37

9.54

MPW(FI)

MEAN PLATELET 

std. 

error 

mean t value p value 

.2769

 

18.827

** 

p<.0001 

.1390

 

MEAN PLATELET VOLUME IN 

 

The mean platelet volume  in each etiological condition is analysed 

statistically and  the mean platelet volume in each condition with 95% 



 

CHART 10

ANALYSIS OF PLATELET DISTRIBUTION WIDTH

The mean PDW in the hy

in the hypoproduction group is 

which is statistically significant.

TABLE 

DISTRIBUTION WIDTH IN EACH GROUP

 

GROUP 

PDW 

(FL) 

hyperdestructive

hypoproductive
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CHART 10 : MEAN PLATELET VOLUME IN VARIOUS 

CONDITIONS IN EACH GROUP 

ANALYSIS OF PLATELET DISTRIBUTION WIDTH 

The mean PDW in the hyperdestruction group is 18.3720 

uction group is 10.4360±  2.72172 with a p value of 

which is statistically significant. 

TABLE 4 : STATISTICAL ANALYSIS OF  PLATELET 

DISTRIBUTION WIDTH IN EACH GROUP

N Mean 

Std. 

Deviatio

n 

Std. 

Error 

Mean

hyperdestructive 100 18.3720 3.25986 .32599

hypoproductive 100 10.4360 2.72172 .27217

13.6213.83
15.7815.87

19.2
15.2

9.85 8.24 9.76
7.4

MPVFI

: MEAN PLATELET VOLUME IN VARIOUS 
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CHART 11

The mean platelet distribution width  in each etiological condition is 

analysed statistically and  the mean platelet distribution width  in each 

condition with 95% confidence interval 

CHART 12

VARIOUS CONDITIONS IN EACH GROUP
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11 : COMPARISON OF PLATELET DISRIBUTION 

WIDTH IN TWO GROUPS 

The mean platelet distribution width  in each etiological condition is 

analysed statistically and  the mean platelet distribution width  in each 

condition with 95% confidence interval  is described in chart 12.

CHART 12 : MEAN  PLATELET DISTRIBUTION WIDTH  IN 

VARIOUS CONDITIONS IN EACH GROUP
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The mean platelet distribution width  in each etiological condition is 

analysed statistically and  the mean platelet distribution width  in each 

is described in chart 12. 

PLATELET DISTRIBUTION WIDTH  IN 

VARIOUS CONDITIONS IN EACH GROUP 
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ANALYSIS OF PLATELET 

The mean P

3.25986and in the hypoproduction group is 

of   <.0001 which is statistically significant

TABLE 5 : STATISTICAL ANALYSIS OF  PLATELET

 

Group 

P-

LCR 

(%) 

hyperdestructive

hypoproductive 
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ANALYSIS OF PLATELET – LARGE CELL RATIO 

The mean P-LCR in the hyperdestruction group is 

and in the hypoproduction group is 10.4360 ±  2.72172 

.0001 which is statistically significant. 

STATISTICAL ANALYSIS OF  PLATELET

CELL RATIO IN EACH GROUP 

N Mean 

Std. 

Deviati

on 

Std. 

Error 

Mean 

hyperdestructive 100 40.1320 5.76615 .57661 

 100 21.6110 5.42098 .54210 

13 : COMPARISON OF PLATELET LARGE CELL 

RATIO IN TWO GROUPS 

HYPERDESTRUCTIVE HYPOPRODUCTIVE

40.13

21.61

PLCR(%)

LCR in the hyperdestruction group is 18.3720 ± 

2.72172 with a p value 

STATISTICAL ANALYSIS OF  PLATELET- LARGE 

Error 

 

T 

Value p Value 

 23.402

** 

p<.0001 

 

LARGE CELL 

 



 

The mean platelet large cell ratio  in each etiological condition is 

analysed statistically and  the mean platelet large cell ratio in each condition 

with 95% confidence interval 

CHART 14

EAC

ANALYSIS OF PLATELETCRIT

The mean PCT in the hyperdestruction group is 

the hypoproduction group is 

statistically insignificant.

 

0
10
20
30
40
50
60 40.9842.12

36.14

66 

The mean platelet large cell ratio  in each etiological condition is 

analysed statistically and  the mean platelet large cell ratio in each condition 

with 95% confidence interval  is described in chart 14. 

14  : MEAN PLATELET –LARGE CELL RATIO IN 

EACH CONDITION OF THE GROUPS.

ANALYSIS OF PLATELETCRIT 

The mean PCT in the hyperdestruction group is .0525

the hypoproduction group is .0498 ±  .06537 with a p value of  

significant. 

 

36.1439.8339.8339.95
30.2

23 21.14 17
22.56 17.6

P-LCR (%)

The mean platelet large cell ratio  in each etiological condition is 
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TABLE 6 : STATISTICAL 

 

Thrombocytopenia

PCT 

(%) 

hyperdestructive

hypoproductive

 

CHART 15

The mean plateletcrit in each etiological condition is analysed 

statistically and  the mean plateletcrit

interval  is described in chart 16.
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STATISTICAL ANALYSIS OF  PLATELETCRIT IN 

EACH GROUP 

Thrombocytopenia N Mean 

Std. 

Deviati

on 

Std. 

Error 

Mean

hyperdestructive 100 .0525 .03729 .00373

hypoproductive 100 .0498 .06537 .00654

CHART 15 : COMPARISON OF PLATELETCRIT 

GROUPS 

The mean plateletcrit in each etiological condition is analysed 

the mean plateletcrit in each condition with 95% confidence 

is described in chart 16. 

HYPERDESTRUCTIVE HYPOPRODUCTIVE
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Value p Value 

.00373 0.359 .720 
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: COMPARISON OF PLATELETCRIT IN TWO 

 

The mean plateletcrit in each etiological condition is analysed 

in each condition with 95% confidence 



 

CHART 16

The overall comparison of platelet indices in hyperdestructive group and 

hypoprdoductive group of thrombocytopenia with the statistical si

charted in table 8. 

platelet – large cell ratio  shows s

0.05. 
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16  : MEAN PLATELETCRIT IN EACH CONDITION 

OF THE GROUPS 

The overall comparison of platelet indices in hyperdestructive group and 

hypoprdoductive group of thrombocytopenia with the statistical si

 Mean platelet volume , platelet distribution width and 

ratio  shows statistically significant with p

0.04
0.06 0.05

0.07 0.07

0.04 0.03
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: MEAN PLATELETCRIT IN EACH CONDITION 

 

The overall comparison of platelet indices in hyperdestructive group and 

hypoprdoductive group of thrombocytopenia with the statistical significance is 

Mean platelet volume , platelet distribution width and 

tatistically significant with p– value less than 

0.02

0.05

0.02
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Table 7: STATISTICAL ANALYSIS OF EACH PLATELET 

INDICES IN EACH GROUP 

group- thrombocytopenia N Mean 

Std. 

Deviatio

n 

Std. 

Error 

Mean 

T 

Value 

p 

Value 

platelet 

count 

(x10^3

/l) 

hyperdestructive 100 49.1200 27.6022

5 

2.76023 1.108 .269 

hypoproductive 100 44.4600 31.7211

4 

3.17211 

pdw 

(fl) 

hyperdestructive 100 18.3720 3.25986 .32599 18.687

** 

<.0001 

hypoproductive 100 10.4360 2.72172 .27217 

mpv 

(fl) 

hyperdestructive 100 15.3710 2.76925 .27693 18.827

** 

<.0001 

hypoproductive 100 9.5370 1.39056 .13906 

p-lcr 

(%) 

hyperdestructive 100 40.1320 5.76615 .57661 23.402

** 

<.0001 

hypoproductive 100 21.6110 5.42098 .54210 

pct 

(%) 

hyperdestructive 100 .0525 .03729 .00373 0.359 .720 

hypoproductive 100 .0498 .06537 .00654 

Of the remaining 50 cases of thrombocytopenia ,platelet indices along 

with immature platelet fraction(IPF) is measured and analysed. 

In these 50 cases , it has been grouped as 19 cases of hyperdestructive 

and 31 cases of hypoproductive thrombocytopenia  as seen in chart 17. 
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CHART 17: GROUPWISE DISTRIBUTION OF CASES OF 

THROMBOCYTOPENIA 

In the hyperdestructive thrombocytopenia group ,the cases are d

ronic liver disease, ITP, malaria, sepsis and renal failure.The distribution of 

cases in hyperdestructive group are given in chart 18. 

CHART 18: DISTRIBUTION OF CASES IN 

HYPERDESTRUCTIVE GROUP 
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CHART 19 

STASTICAL ANALYSIS OF IMMATURE PLATELET FRACTION

The mean IPF in the hypoproduction  group is 

the hyperdestruction group is 

which is statistically significant.
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anemia,  sepsis, pancytopenia 

),Non Hodgkin Lymphoma (NHL) on chemotherapy.

The distribution of the cases in hypoproductive group is described in 

CHART 19 : DISTRIBUTION OF CASES IN 

HYPOPRODUCTIVE GROUP. 

TASTICAL ANALYSIS OF IMMATURE PLATELET FRACTION

The mean IPF in the hypoproduction  group is 6.8968 

the hyperdestruction group is 16.4368 ±  8.46038 with a p value of  

which is statistically significant. 
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: STATISTICAL ANALYSIS OF IPF BETWEEN THE 

GROUPS. 

N Mean Std. 

Deviation 

hyperdestructive 19 16.4368 8.46038 1.94094

hypoproductive 31 6.8968 2.54892 .45780

CHART 20: MEAN IMMATURE PLATELET FRACTION IN 

BOTH GROUPS 

The immature platelet fraction in dengue cases were repeated  on the 

third day along with the platelet count to look for the recovery of platelet 

counts.The results were analysed statistically and  shows statistically 

listed in table 10. 

HYPERDESTRUCTIVE HYPOPRODUCTIVE

16.44

6.90

IPF (%)

: STATISTICAL ANALYSIS OF IPF BETWEEN THE 

Std. 

Error 

Mean 

T Value 

1.94094 5.890** 

.45780  

CHART 20: MEAN IMMATURE PLATELET FRACTION IN 

 

The immature platelet fraction in dengue cases were repeated  on the 

the platelet count to look for the recovery of platelet 

shows statistically 
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TABLE 9: STATISTICAL ANALYSIS OF CHANGES IN IPF ON 

SUBSEQUENT DAYS. 

 

DENGUE CASES Mean N Std. 

Deviation 

Std. Error 

Mean 

T Value p 

Value 

 

IPF ON FIRST 

DAY 

13.762

5 
8 8.09072 2.86050 

1.298 0.235 

IPF ON 3RD  DAY  
16.937

5 
8 4.67086 1.65140 

  

 

The immature platelet fraction is an indicator of bone marrow function .In 

dengue cases, there is significant increase in platelet counts in the third day 

when compared to the first day platelet count if the immature platelet fraction 

is more than 10%.The mean platelet count on first day is compared with the 

platelet counts on third day in dengue case and listed in chart 21. 

 

CHART 21: COMPARISON OF  MEAN PLATELET COUNTS ON 

FIRST DAY AND THIRD DAY IN DENGUE CASES . 

 

The statistical analysis of immature platelet fraction to other platelet indices 

were analysed and found that platelet indices like MPV,P-LCR,PDW,PCT 

AND IPF were found to be statistically significant and  were listed in table 10. 
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TABLE 10: STATISTICAL ANALYSIS OF IPF AMONG OTHER 

PLATELET INDICES IN  BOTH GROUPS. 

GROUP N Mean 

Std. 

Deviation 

Std. 

Error 

Mean T Value p Value 

PLATELET 

(x10^9/L) 

HYPER 19 37.5789 22.95240 5.26564 .722 .474 

HYPO 31 32.3548 25.87991 4.64817 

PDW 

(fl) 

HYPER 19 16.4842 4.24123 .97301 3.751** p<.0001 

HYPO 31 12.1194 3.83792 .68931 

MPV 

(fl) 

HYPER 19 13.4895 3.08615 .70801 6.451** p<.0001 

HYPO 31 9.2065 1.61037 .28923 

PLCR 

(%) 

HYPER 19 42.7053 5.89524 1.35246 9.556** p<.0001 

HYPO 31 20.8871 8.79753 1.58008 

PCT 

(%) 

HYPER 19 .0705 .04636 .01064 4.246** p<.0001 

HYPO 31 .0261 .02777 .00499 

IPF 

(%) 

HYPER 19 16.4368 8.46038 1.94094 5.890** p<.0001 

HYPO 31 6.8968 2.54892 .45780 
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DISCUSSION: 

Thrombocytopenia is seen in numerous conditions .With the advent of 

automated hematology analyser –platelet indices, it can be easier to identify the 

underlying  cause for thrombocytopenia.Platelet indices , though it is available 

in the laboratory , the significance of using platelet indices as a diagnostic 

parameter has not been established fully . 

Platelet count less than 1,50,000 cells/cu.mm is thrombocytopenia.The 

platelet counts were compared in both groups. 

In a study by Kaito et al143, platelet counts were similar in both groups 

with no statistical significance. 

In a study by Parveen et al157, platelet counts did not show significant 

differences between the two patient groups 

In a study by Khairkar et al 158,there was no statistically significant 

difference between two groups. 

In a study by  Elsewefy et al 147, platelet counts did not show significant 

differences between the two patient groups 

In a study by  Khaleel et al 145, also showed no correlation in platelet 

counts between both the groups. 

In the present study ,Platelet counts show no statistical significance 

between both the groups. 
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TABLE 11:  COMPARISON OF MEAN PLATELET COUNT 

(X10^3/cu.mm) IN BOTH GROUPS IN VARIOUS STUDY. 

STUDY HYPERDESTRUCTIVE 

GROUP(MEAN±SD) 

HYPOPRODUCTIVE 

GROUP(MEAN±SD) 

p- Value. 

Kaito et al 6.0 ± 0.4 5.9 ± 0.4 NS 

Parveen et 

al 

79.6 ± 36.3 75.9 ± 36.4 

 

0.64 

Khairkar et 

al 

0.755±0.05 0.585±0.09 NS 

Elsewefy et 

al 

35.8 ± 32.3 45.3 ± 29.7 0.387 

Khaleel et 

al 

39.30 ± 15.34 

 

64.23 ±34.68 0.053 

Present 

study 

49.1200±27.60225 44.4600±31.72114 0.269 

 

Mean platelet volume  acts an indicator of activity of platelets. 

In a study by Ntaios et al143 ,also showed higher MPV in hyperdestructive 

group than  hypoproductive group. 

In a study by Kaito et al143, MPV was significantly higher in immune 

thrombocytopenic purpura than aplastic anemia. 

In a study by Parveen et al157, also showed higher MPV in hyperdestructive 

group than hypoproductive group. 
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In a study by Khairkar et al 158, also showed higher MPV in hyperdestructive 

group than hypoproductive group. 

In a study by  Elsewefy et al147 and Khaleel et al145, MPV was found to be 

higher in hyperdestructive group when compared to hypoproductive group. 

In the present study  ,MPV is higher in hyperdestructive group with P- value 

<0.001. 

TABLE 12:  COMPARISON OF MPV(fl) IN BOTH GROUPS IN 

VARIOUS STUDY. 

STUDY HYPERDESTRUCTIVE 

GROUP(MEAN±SD) 

HYPOPRODUCTIVE 

GROUP(MEAN±SD) 

p- Value. 

Ntaios et al 11.388± 0.57 7.178± 0.54 - 

Kaito et al 12.2 ± 0.2 10.2 ± 0.2 <0.001% 

Parveen et 

al 

12.3 ± 0.9 10.17 ± 1.3 0.05. 

Khairkar et 

al 

10.46±0.15 

 

8.7±0.8 <0.0001 

Elsewefy et 

al 

9.97 ± 1.35 9.08 ± 1.25 0.008 

Khaleel et 

al 

12.33 ± 0.46 10.08 ± 1.81 0.000 

Present 

study 

15.3710±2.76925 9.5370±1.39056 <0.0001 
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Platelet distribution width is a measure of platelet anisocytosis. 

In a study by Ntaios et al144 , PDW was found to be higher in 

hyperdestructive group than  hypoproductive group. 

In a study by Kaito et al143, PDW was significantly higher in immune 

thrombocytopenic purpura than aplastic anemia. 

In a study by Parveen et al157, they did not find any statistical difference 

between both the groups. 

In a study by Khairkar et al 158, also showed higher PDW in 

hyperdestructive group than hypoproductive group. 

In a study by  Elsewefy et al147, PDW did not show significant 

differences between the 

two patient groups  and  the data is statistically insignificant. 

In a study by  Khaleel et al145, PDW was found to be higher in 

hyperdestructive group when compared to hypoproductive group. 

In the present study  ,PDW is higher in hyperdestructive group 

compared to hypoproductive  group  with P- value <0.001. 
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TABLE 13:  COMPARISON OF PDW (fl) IN BOTH GROUPS IN 

VARIOUS STUDY. 

STUDY HYPERDESTRUCTIVE 

GROUP(MEAN±SD) 

HYPOPRODUCTIVE 

GROUP(MEAN±SD) 

p- Value. 

Ntaios et al 17.968± 0.25 11.868± 0.76 - 

Kaito et al 16.8 ± 0.5 11.6 ± 0.3 <0.001% 

Parveen et 

al 

12.3 ± 0.9 19.3 ± 4.2 0.7 

Khairkar et 

al 

16.07±0.17 12.6±0.73 <0.0001 

Elsewefy et 

al 

17.11 ± 1.87 16.90 ± 1.88 0.173 

Khaleel et 

al 

15.61 ± 0.73 13.83 ± 1.75 0.002 

Present 

study 

18.3720±3.25986 10.4360±2.72172 <0.0001 

 

Plateletcrit is the total mass occupied by the platelet. 

In a study by Parveen et al 157, PCT showed no statistical difference 

between both the groups. 

In a study by  Khaleel et al145, PCT  showed no correlation between both 

the groups. 
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In the present study  , the results with PCT appear statistically 

insignificant between these groups. 

 

TABLE 14:  COMPARISON OF PCT (%) IN BOTH GROUPS IN 

VARIOUS STUDY. 

STUDY HYPERDESTRUCTIVE 

GROUP(MEAN±SD) 

HYPOPRODUCTIVE 

GROUP(MEAN±SD) 

p- Value. 

Parveen et al 0.06 ± 0.03 

 

0.08 ± 0.1 0.2 

Khaleel et al 0.06 ± 0.03 0.06 ± 0.03 0.97 

Present 

study 

0.0525±0.03729 0.0498±.06537 0.720 

 

Platelet-large cell ratio is the measure of platelet mass which is occupied 

by large platelets. 

In a study by  Elsewefy et al147, the study showed that the P-LCR was 

higher in hyperdestructive group than hypoproductive group. 

In a study by Ntaios et al , P-LCR was found to be higher in 

hyperdestructive group than  hypoproductive group. 

In a study by Kaito et al143, P-LCR was significantly higher in immune 

thrombocytopenic purpura than aplastic anemia. 

In the present study, P-LCR is higher in hyperdestructive group than 

hypoproductive group with statistically significant data. 
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TABLE 15:  COMPARISON OF P-LCR (%) IN BOTH GROUPS IN 

VARIOUS STUDY. 

STUDY HYPERDESTRUCTIVE 

GROUP(MEAN±SD) 

HYPOPRODUCTIVE 

GROUP(MEAN±SD) 

p- Value. 

Elsewefy et 

al 

41.68 ± 4.33 27.57 ± 4.57 <0.001 

Ntaios et al 36.968± 4.45 27.0158± 6.68 - 

Kaito et al 42.2 ± 1.5 25.7 ± 1.1 <0.0001 

Present 

study 

40.1320±5.76615 21.6110±5.42098 <0.001 

 

Immature platelet fraction is an indicator of bone marrow activity. 

In a study by Adly AA 155, IPF was found to be significantly higher  in 

Immune thrombocytopenic purpura when compared with  haematological 

malignancies. 

In a study by Kickler TS et al 159,showed that the patients with 

hyperdestructive thrombocytopenia has higher IPF when compared to the 

marrow suppression patients. 

In the present study , there is higher IPF value in hyperdestructive cases 

when compared to hypoprodutive cases. 
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TABLE 16:  COMPARISON OF IPF (%) IN BOTH GROUPS IN 

VARIOUS STUDY. 

STUDY HYPERDESTRUCTIVE 

GROUP 

HYPOPRODUCTIVE 

GROUP 

p- Value. 

Adly et al 

(Median) 

11.8 7 <0.001 

Kickler TS  et 

al 

(MEAN±SD) 

12.8± 6.9 4.1± 2.2  

Present study 

(MEAN±SD) 

16.4368 ±  8.46038 6.8968 ± 2.54892 <0.001 
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SUMMARY 

� For the study period of  one and a half years  ,  300 cases of 

thrombocytopenia (platelet <1,50,000 cell/cu.mm)  among the overall 

samples which came for  routine complete blood count  were included in 

the study  conducted at Institute of  Pathology. Rajiv Gandhi 

Government General Hospital. Chennai. 

� Out of the 300 cases, 50 cases were excluded  due to 

pseudothrombocytopenia as peripheral smear  showed large platelets 

and clumps. 

� The remaining 250 cases were split into two , one containing 200 

samples and other containing 50 samples. 

� Out of the 200 samples , with the help of clinical details and other 

relevant details obtained from the patient and  the cases were grouped 

into two groups such as hyperdestructive and hypoproductive 

thrombocytopenia  based on the predominant mechanism of 

thrombocytopenia with 100 cases in each . 

� Out of the 100 cases of hyperdestructive group, 73 were males and 27 

were females. 

� Whereas out of the 100 cases of hypoproductive group , 60 were males 

and 40 were females. 

� Among 100 cases of hyperdestructive group and hypoproducive group, 

predominant age group is 21-40 years in both the groups. 
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� Along with the platelet count ,Platelet indices  such as MPV ,PDW, P-

LCR and PCT were measured and analysed in both group. 

� Platelet count and Plateletcrit (PCT) were found to have no statistically 

difference between two groups. 

� Whereas in mean platelet volume(MPV), Platelet distribution width 

(PDW) and P-LCR were significantly higher in the hyperdestructive 

group than the hypoproductive group with p-value <0.001. 

� Of the remaining 50 cases , it is again grouped into 19 cases of 

hyperdestructive thrombocytopenia and 31 cases of hypoproductive 

thrombocytopenia , in which Platelet indices along with the Immature 

platelet fraction (IPF) was analysed . 

� Immature platelet fraction (IPF) was found  to be significantly higher in 

hyperdestrutive cases than the hypoproductive cases with p-value less 

than 0.001. 

� In the remaining 50 cases also, MPV,PDW and P-LCR was found to be 

higher in hyperdestructive group and found to be statistically significant. 

� IPF in nine dengue cases of the 19 hyperdestructive group  were 

followed up and IPF done on the third day and showed improvement in 

platelet counts on the third day. 
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CONCLUSION 

It is concluded that the  platelet indices such as mean platelet volume 

,platelet distribution width , plateletcrit ,platelet large cell ratio and immature 

platelet fraction helps in discriminating the etiological cause for 

thrombocytopenia. 

Among the platelet indices ,mean platelet volume(MPV) provides much 

more reliable results in distinguishing both groups. 

Immature platelet fraction (IPF) plays in important role in measuring the 

bone marrow thrombopoietic activity. 

Platelet indices helps in providing many information preventing 

unnecessary invasive procedures in the patients such as bone marrow 

transfusion and unnecessary platelet transfusion. 
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COLOUR PLATES 

 

Fig 1: Giant Platelets/Thrombocytopenia. 

 

Fig 2: Platelet clumps. 

 

Fig 3 : Adequate number of  Platelets. 



 

 

 

Fig : 4 :  CBC – LYMPHOCYTOSIS WITH THROMBOCYTOPENIA. 

 

Fig :5 : CBC – NEUTROPHILIC LEUCOCYTOSIS WITH 

THROMBOCYTOPENIA. 



 

 

INFORMATION SHEET 

• We are conducting a study on role of platelet indices in 

thrombocytopenia among patients attending Government General Hospital, 

Chennai and for that your sample may be valuable to us. 

• The purpose of this study is to plan for appropriate treatment 

measures in cases of thrombocytopenia easily with the help of platelet 

indices by automated blood cell analysers. 

• We are selecting certain samples with reduced platelet count 

and  we may be using your sample to  perform tests  which in any way do 

not affect your final report or management. 

• The privacy of the patients in the research will be maintained 

throughout the study. In the event of any publication or presentation 

resulting from the research, no personally identifiable information will be 

shared. 

• Taking part in this study is voluntary. You are free to decide 

whether to participate in this study or to withdraw at any time; your decision 

will not result in any loss of benefits to which you are otherwise entitled. 



 

 

• The results of the special study may be intimated to you at the 

end of the study period or during the study if anything is found abnormal 

which may aid in the management or treatment. 

 

Signature of investigator     Signature of participant 

 

Date  

 

 

 

 

 

 

 

 

 

 

 

 



MuhŒ¢ájftšjhŸ 

MuhŒ¢á jiy¥ò : j£lQmsÉfis¡ bfh©Lj£lQ¡fŸ

 Fiwgh£o‰fhd fhuz¤ij f©l¿í« xU

 MŒî 

MŒths®  : kU.Ñ®¤â mg®dh. m, 
    ïu©lh« M©L, 

nehŒF¿ÆašJiw, 
    br‹idkU¤Jt¡ fšÿÇ, 
    br‹id - 600 003. 

 j§fsJïu¤j« ï§Fbg‰W¡bfhŸs¥g£lJ.  

ïuhé› fhªâ muR bghJ kU¤Jtkid¡F tU« 

nehahËfËl« ïU¡F« ïu¤j¤âš V‰gL« j£lQ 

FiwghLfis¥ g‰¿xUMuhŒ¢á ï§F eilbg‰W tU»‹wJ. 

ïu¤j¤âšV‰gL« j£lQ Fiwgh£o‰fhd fhuz§fis 

f©l¿tnj ïªjMŒÉ‹ neh¡fkhF«. 

Ú§fS« ïªj MuhŒ¢áÆš g§nf‰feh§fŸ ÉU«ò»nwh«. 

ïªj MuhŒ¢áÆš c§fSila ïu¤j¤âš áy áw¥ò¥ 

gÇnrhjid¡F c£gL¤â mj‹ jftšfis MuhŒnth«. mjdhš 

j§fsJ nehÆ‹ MŒt¿¡ifnah mšyJ á»¢irnah 

ghâ¥ò¡FŸshfhJ v‹gijí« bjÇÉ¤J¡ bfhŸ»nwh«. 

KoîfismšyJfU¤JfisbtËÆL« nghnjh mšyJ 

MuhŒ¢áÆ‹ nghnjh j§fsJ bgaiunah mšyJ 

milahs§fisnah btËÆlkh£nlh« v‹gijí« bjÇÉ¤J¡ 

bfhŸ»nwh«. 



ïªj MuhŒ¢áÆš g§nf‰gJ j§fSila ÉU¥g¤â‹ ngÇš 

jh‹ ïU¡»wJ. nkY« Ú§fŸvªneuK« ïªj MuhŒ¢áÆš ïUªJ 

ã‹th§fyh« v‹gijí« bjÇÉ¤J¡ bfhŸ»nwh«. 

ïªjáw¥ò¥ gÇnrhjidfË‹ Koîfis MuhŒ¢áÆ‹ nghJ 

mšyJ MuhŒ¢áÆ‹ KoÉ‹ nghJ j§fS¡F m¿É¥ngh« 

v‹gijí« bjÇÉ¤J¡ bfhŸ»nwh«. 

ïªj MŒit g‰¿a r§njf§fS¡F bjhl®ò bfhŸs 

nt©oat® kU.Ñ®¤â mg®dh. m,brš: 9486655616 

 

g§nf‰ghs® ifbah¥g«..................................ïl«:..............njâ:........... 

g§nf‰ghs® bga® k‰W« Éyhr«............................................................... 

MuhŒ¢áahs® ifbah¥g«...............................ïl«:..............njâ:........... 

 

 

 



 

 

INFORMED CONSENT FORM 

 

Title of the study: “THE ROLE OF PLATELET INDICES IN 

DIFFERENTIATING THE CAUSES OF  THROMBOCYTOPENIA  IN  A 

TERTIARY CARE HOSPITAL” 

 

Name of the Participant :  

Name of the Principal (Co-Investigator) : 

Name of the Institution : MadrasMedicalCollege 

Name and address of the sponsor / agency (ies) (if any) : 

 

Documentation of the informed consent 

I _____________________________ have read the information in this 

form (or it has been read to me). I was free to ask any questions and they have 

been answered. I am over 18 years of age and, exercising my free power of choice, 

hereby give my consent to be included as a participant in  

A study to estimate the role of platelet indices by automated blood cell 

analysers in cases of  thrombocytopenia  in  a tertiary care hospital  ” 



 

 

1. I have read and understood this consent form and the information provided to me. 

2. I have had the consent document explained to me. 

3. I have been explained about the nature of the study in which the blood sample will 

be tested for various platelet parameters on automated blood cell analysers. 

4. I have been explained about my rights and responsibilities by the investigator. I 

have the right to withdraw from the study at any time. 

5. I have informed the investigator of all the treatments I am taking or have taken in 

the past ________ months including any native (alternative) treatment. 

6. I hereby give permission to the investigators to release the information obtained 

from me as result of participation in this study to the sponsors, regulatory 

authorities, Govt. agencies, and IEC. I understand that they are publicly presented. 

7. I have understand that my identity will be kept confidential if my data are publicly 

presented 

8. I have had my questions answered to my satisfaction. 

9. I have decided to be in the research study. 

I am aware that if I have any question during this study, I should contact the 

investigator. By signing this consent form I attest that the information given in this 



 

 

document has been clearly explained to me and understood by me, I will be given 

a copy of this consent document. 

For adult participants: 

Name and signature / thumb impression of the participant (or legal 

representative if participant incompetent) 

Name _________________________ Signature_________________ 

Date________________ 

 

Name and Signature of impartial witness (required for illiterate patients): 

 

Name _________________________ Signature_________________ 

Date________________ 

Address and contact number of the impartial witness: 

Name and Signature of the investigator or his representative obtaining 

consent: 

Name _________________________ Signature_________________ 

Date________________ 
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