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ABSTRACT 

 

BACKGROUND & AIM 

Single donor platelet transfusion is an essential component of supportive 

therapy in patients with hemato-oncological patients. SDP transfusion is given either 

prophylactically to reduce the risk of bleeding or therapeutically to control active 

bleeding. Although many patients have an appropriate increase in platelet count 

when transfused with single donor platelets, less than adequate results tend to be 

seen in 15%-25% of the hemato-oncology patient. Unsatisfactory response to SDP 

transfusion is often multi-factorial, with 80% of refractoriness being predominantly 

due to nonimmune causes. The aim of the study was to evaluate the response to SDP 

transfusion by the calculation of Corrected Count Increment (CCI) in hemato-

Oncological Patients after transfusion at specified time period. The study also tried 

to find out clinical factors associated with unsuccessful increment. 

MATERIALS & METHODS 

The study was conducted over a period of one year (July 2018 to  

June 2019). In total, 85 hemato-oncological patient samples were tested for CCI at 1 

and 24 hours after SDP transfusion. Descriptive statistical analysis was performed to 

calculate the percentage and mean count. 

RESULTS  

The mean count of transfused platelets was 3.1 × 10¹¹ / unit. The mean 

platelet count before transfusion was 18.3 × 10³ / L. The mean platelet increment at 

1  hour  was  24.7  10³  /  L  and  24  hours  was  13.04  ×  10³  /  L.  The  mean CCI  at  1  



hour and 24 hours was 12875.49  and 6372.518  respectively. In total, 14(16.4%) out 

of 85 patients received suboptimal dose of platelets, 7(8.2%) of the patients showed 

unsuccessful CCI at 24 hours despite successful CCI at 1 hour. All these 7 patients 

had clinical factors possibly responsible for failure of increment. However, in 

7(8.2%) of the remaining patients also had associated clinical factors despite 

successful CCI at 24 hours. 71(83.6%) of the total 85 patients received optimal dose 

of platelets. Out of these 71 patients, 70 who had successful 1 hour CCI, 19 of these 

patients  showed  failure  of  expected  CCI    at  24  hours.  The  remaining  one  patient  

showed unsuccessful CCI after 1 hour of transfusion itself. 

CONCLUSION 

In our study, almost 2/3rd of the hemato-oncological patients on 

chemotherapy showed successful CCI after 24 hours of SDP transfusion. The 

probable reason for unsuccessful CCI at 24 hours despite successful CCI at 1 hour 

after SDP transfusion is attributed to certain non-immunological clinical factors like 

fever, splenomegaly and sepsis. Further, the reason for unsuccessful CCI at 24 hours 

observed in few of our cases is suboptimal dose of platelets. However, it is 

imperative to conduct further study on larger number of cases to arrive at a 

definitive conclusion. 

Keywords 

Single Donor Platelets (SDP), Corrected Count Increment (CCI), Clinical 

Factors, Hemato-oncological Patients. 
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INTRODUCTION 

Platelets are extremely small 2 to 3 , discoid shape and anucleated structure 

derived from the cytoplasm of bone marrow megakaryocytes. So, whenever 

bleeding occurs, platelet become activated and release the substances stored within 

the granules, form clots to arrest the bleeding.  

Platelet transfusion is given either prophylactically to reduce the risk of 

bleeding or therapeutically to control active bleeding.The decision whether to 

transfuse platelets depends on clinical condition of the patient, reason for the 

thrombocytopenia, platelet count, and functional ability of the patient’s own 

platelets139,140.Most platelets are transfused to patients with severe hypoproliferative 

thrombocytopenia due to haematological malignancies (Leukemia, Lymphoma), 

cytotoxic chemotherapy and hematopoietic stem cell transplantation. These patients 

are most likely to develop refractoriness. Hence, to prevent such refractorinessABO, 

HLA and HPA-matched platelets are preferred. 

Platelets used in transfusion therapy can be prepared by separation of units of 

platelet concentrates (PCs) from whole blood using either the buffy coat (BC) or the 

platelet-rich plasma (PRP) method, prepared from single unit of whole blood within 

6-8 hours of collection or from single donors by aphaeresis procedure. The platelet 

concentrates prepared from whole blood are called Random Donor Platelets (RDP). 

Four to six units of RDP is equivalent to one unit of Single Donor Platelets (SDP) 

collected by automated cell separator device. 

Plateletpheresis procedure is a relatively simple, safe and important adjunct 

to blood bank inventory112.In recent years in developing countries like India, the 

demand for SDP has been increased considerably. The most common reason behind 
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the growing demand for plateletpheresis is the increasing awareness of specific 

component therapy, reducing multiple donor exposures to the recipient111.to reduced 

risk of alloimmunization, reducing the risk of transfusion transmitted infections 

(TTI), and high quality product with full effective transfusion dose. In addition, 

SDPs transfusion reduces the chance of a sepsis due to bacterial contamination110. 

Most of the modern apheresis instruments collect concentrated platelets that 

contain <5×106 leukocytes per microliter. These SDP are considered leukocyte-

reduced by most standards145. SDP can be irradiated at any stage during storage and 

can thereafter be stored up to their normal shelf life after collection78. 

SDP are indicated for the prevention and treatment of hemorrhage in patients 

either with qualitative/quantitative disorders of platelets or both141. SDP transfusions 

are an essential component of supportive therapy in patients with haematological 

malignancy disorders.Following a platelet transfusion, the platelet count should rise, 

with a peak at 10 minutes to one hour and a gradual decline over 72 hours.Platelet 

count increment is typically measured within 24 hours in patients given prophylactic 

platelet transfusions. For patients undergoing invasive procedures, it is prudent to 

check that the desired platelet count was achieved before performing the procedure, 

which can be done within 10 minutes of the transfusion. For actively bleeding 

patients, cessation of bleeding is a more important clinical endpoint than the post-

transfusion platelet count136. 

As per DGHS standards, each unit of single donor platelet should contain a 

minimum of 3×1011 platelets  per  bag125. The efficacy of platelet transfusion is 

assessed by Corrected Count Increment (CCI)141. Although many patients have an 

appropriate increase in platelet count when transfused with single donor platelets, 

less than adequate results tend to be common in 15% to 25% of the hemato-



3 

oncology patient. This poor response to platelet transfusion leads to an increased 

risk of morbidity and mortality, as well as longer hospital stays116. 

Unsatisfactory response to single donor platelets transfusion is often 

multifactorial, with 80 percent of refractoriness being predominantly due to 

nonimmune causes117.The  pattern  of  unsatisfactory  response  following  SDP  

transfusion due to nonimmune causes is typically observed with a normal increment 

at one hour (normal platelet recovery) and  return to the baseline count within 24 

hours (reduced platelet survival). Most often, this pattern of response is associated 

with sepsis, disseminated intravascular coagulation (DIC), fever, splenomegaly, 

active bleeding and cytotoxic medications.This type of pattern is not consistent with 

alloimmunization. 

Hence, this study is aimed to assess the clinical (nonimmunological) factors 

responsible  for  the  failure  of  corrected  count  increment  at  24  hours  after  SDP  

transfusion in haemato-oncology patients. 
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AIM AND OBJECTIVES 

 

Aim 

To  evaluate  the  response  to  Single  Donor  Platelet  transfusion  by  the  

calculation of Corrected Count Increment in a Hemato-Oncological Patients after 

transfusion at specified time period. 

Objective 

 To assess Corrected Count Increment after successful Single Donor 

Platelet transfusion. 

 To assess clinical factors influencing the Corrected Count Increment. 
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REVIEW OF LITERATURE 

 

Platelets 

Platelets are small anucleate cells that are derived from the cytoplasm of 

megakaryocytes and have a characteristic discoid shape with dimensions of 

approximately 3.0 × 0.5 m and a cytoplasmic volume of 7 femtolitres1. Platelets are 

essential for normal hemostasis. In adult humans, a normal circulating concentration 

of 150–450 × 106 platelets per millilitre is maintained by the marrow’s production 

and release into blood of at least 75–100 billion platelets per day2. 

Megakaryocyte 

Megakaryocytes are the largest cells in the bone marrow and are polyploid, 

possessing multiple chromosomecopies. Which account for less than 0.5% of all 

bone marrow cells3. Megakaryocytes under the influence of an array of stromal cell 

cytokines cluster with hematopoietic stem cells in vascular niches adjacent to 

venous sinusoid endothelial cells4. 
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Fig. 1:Cross section of bone marrow hematopoietic tissue. 

Differentiating and mature megakaryocytes localize to the abluminal (non-

blood) surface of sinusoid-lining endothelial cells. 

Megakaryocytopoiesis 

Megakaryocytopoiesis commences with hematopoietic stem cells that 

differentiate into cells of the platelet lineage and this process includes proliferation, 

maturation and terminal differentiation of megakaryocytic progenitors5. 

Hematopoietic stem cells are converted into megakaryocytes by exposure to 

the specific growth factor Thrombopoietin (TPO). TPO initiates a maturation 

program that amplifies the megakaryocyte polyploidization results in a functional 

gene amplification whose likely function is an increase in platelet-specific protein 

synthesis6. In particular, cytoskeletal elements, membrane systems, and receptor 

proteins are made in bulk, and the megakaryocyte becomes filled with platelet-

specific granules. Platelet production begins when microtubules aggregate in the cell 

cortex, and one pole of the megakaryocyte spontaneously elaborates pseudopodia. 

These begin as large blunt pseudopodia, which subsequently thin and branch into 
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proplatelets. The branching reaction is dependent on a localized assembly of actin 

filaments. Platelets are assembled primarily at the ends of the proplatelets. 

Intracellular organelles are delivered to the platelet buds along microtubule tracks in 

the shafts. Platelets are released from the ends of proplatelets1. The process by 

which proplatelets extend into the sinusoidal spaces followed by detachment and 

fragmentation into individual platelets giving rise to approximately 2000 to 5000 

new platelets per cell7. 

 

Fig. 2 : Major events that lead to Platelet Formation and release from 

Megakaryocytes. 

Platelet Structure 

 Platelets are the smallest of the many types of cells in circulating 

blood,  averaging  only  2.0  to  5.0  m  in  diameter  and  0.5  m  in  thickness  and  

possessing  a  mean  cell  volume  of  6  to  10  femtoliters.It  prefers  to  remain  obscure  

throughout its 7- to 10-day lifespan. 

 



8 

The ultra structure of the platelets is divided into four zones 

1. Peripheral zone.  

2. Sol-gel zone.  

3. Organelle zone.  

4. Platelet membrane systems. 

1.  Peripheral Zone  

The peripheral zone is composed of a plasma membrane, has a thicker 

exterior by a fluffy surface coat called glycocalyx membrane. The glycocalyx 

membrane is covered with glycoprotein receptors, which will aids in facilitate 

adhesion of platelets to the damaged surfaces, triggers platelet activation, promote 

aggregation as well as cellular element interaction8. The cytoplasmic membrane has 

a trilaminar structure consisting of a bilayer phospholipids embedded with integral 

proteins. The lipid bilayer of the peripheral zone on which the glycocalyx rests is a 

typical unit membrane and does not differ in appearance from the membrane 

covering other cells9. Yet it serves an extremely important role in the acceleration of 

clotting10. The sub-membrane filaments have an important role in the shape change 

and translocation of receptors and particles over the exterior surface of the cell. 

2.  Sol-gel Zone 

As it is clear that the matrix inside platelets resembles a liquid gel, the 

internal environment of platelets is made up of many structural elements. The 

structural zone consists of microtubules and network proteins. The changes in the 

state of polymerization and movement of the fibrous components of the matrix are 
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intimately related to support of platelet discoid shape in resting state and to internal 

contraction when the platelet is activated.  

3.  Organelle Zone 

Platelets contain three major types of secretory organelles, including alpha 

granules, dense bodies and lysosomes. Occasional multi vesicular bodies (MVB) are 

also present. They develop in the megakaryocyte by fusion of the small vesicles 

buddingfrom  the  trans-Golgi  zone  of  the  Golgi  complex  and  may  serve  as  sorting  

stations in development of  granules, dense bodies, and lysosomes11. Small 

numbers of relatively simple mitochondria are present in platelet cytoplasm. This 

zone serves an important role in energy metabolism. 

Alpha Granules 

It is the most numerous of the organelles seen in platelets about 40-80 in 

number which can be visualized by both light and electron microscopy. Alpha- 

granules are round to oval in shape and 200-500 nm in diameter. The interior 

substructure is divided into zones. The submembrane zone contains VWF, organized 

into tube like structures12. 

Human platelets it contains many proteins, including those synthesized by 

the megakaryocytes, platelet-selective proteins including coagulation factor V, 

platelet thrombospondin, P-selectin, and VWF, and proteins synthesized in other 

cells and taken up by platelets, such as fibrinogen. 

Dense Bodies (DB) 

Human platelets DB are smaller than the alpha granules, are fewer in 

number, and have high morphological variability13. There are 4-8 DB/platelets with 
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a range of 0-24. DB is rich in adenine nucleotides, including ATP and ADP, 

serotonin, pyrophosphate, calcium, and magnesium. Analytical electron microscopy 

has shown that the human DB are particularly rich in calcium, and the complex it 

forms  with  pyrophosphate  and  serotonin  is  responsible  for  the  electron  opacity  of  

platelet DB. 

Lysosomes 

Human platelets contain few lysosomes, Usually 0 or 1 lysosomes per 

platelet. Platelet lysosomes may serve as an endosomal digestion compartment in 

platelets. Lysosomes in platelets appear to be vestigial remnants with no significant 

role in platelet function. 

4.  Platelet membrane systems 

Platelets have two discrete membrane systems not found in other blood cells: 

The  channels  of  the  open  canalicular  system (OCS),  elements  of  the  dense  tubular  

system(DTS) form membrane complexes14,15. 

The OCS is the membrane that surrounds the twisted channels leading from 

the platelet surface to the interior of the platelet.Derived from the plasma membrane 

and demarcation membrane system of the megakaryocyte.OCS may be the major 

route for uptake and transfer of products, such as fibrinogen, from plasma to platelet 

-granules16,17. In addition, channels of the OCS serve as conduits for the discharge 

of products stored in secretory organelles during the platelet release reaction. 

Channels of the OCS also have major roles in the platelets’ hemostatic reaction. 

The DTS representing residual smooth endoplasmic reticulum of the parent 

cell. The DTS is one of the storage sites for calcium, indicating calcium binding 

sites and enzymes involved in PG synthesis 18. 
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Integral Proteins  

Platelet cell surface receptors that span the platelet membrane serve as a 

receptor  for  stimuli  involved  in  platelet  function.  In  resting  phase  of  the  platelets,  

GPIb-IX and GPIIb-III receptors cover the outer surface of the platelet. In vascular 

injury,  GPIb-IX  receptors  primarily  serve  as  an  anchor  for  platelets  to  attach  with  

collagen exposed after disruptions in the vascular endothelial layer. The other two 

collagen receptors are GPVI and integrin 1 that stabilize the 

attachment.Glycoprotein receptor VI and Ib-IX complex will activates GPIIb-IIIa 

complex. Upon platelet activation, GPIIb-IIIa undergoes a conformational change 

that permits fibrinogen to bind and forms the secondary haemostatic plug. There is 

also  additional  recruitment  of  platelets  on  the  damaged  surface  resulting  in  the  

platelet aggregation. 

Platelet Antigens 

Platelets express a variety of antigenic markers on their surface. Some of 

these  antigens  are  shared  with  other  cells,  as  with  ABO and HLA,  whereas  others  

are essentially platelet specific, like HPAs. 

 ABH blood group antigens, 

 Human Platelet Antigens (HPA), 

 Human Leukocytes Antigen (HLA). 

1.  ABH Blood Group Antigens 

ABO  antigens  are  on  platelets.  These  antigens  consist  of  type  II  chains  

intrinsic to the platelet and type I chains representing the soluble ABH antigens 
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normally found in plasma and adsorbed onto the surface of the platelet19. The 

platelet glycoproteins express majority of the A, B and H antigens on platelets. The 

glycoprotein GpIa/IIa expresses most of the ABH substance per GP molecule20,21. 

When 51Cr-labeled group A platelets are transfused to normal group O volunteers, 

the recovery is reduced to 1/3 of that occurring following ABO-compatible 

transfusions22. The higher the ABO isoagglutinin titers, the greater the reduction in 

recovery of transfused platelets. Duquesnoy et al reported a 23% reduction in the 

recovery when platelets from HLA-matched donors were transfused to 

alloimmunized patients who were ABO incompatible with the donor platelets23. 

Skogen et al. reported two groups-O patients who were refractory to platelets 

transfused from group A donors but not from platelets transfused from group O 

donors24.  Heal  et  al.  reported  a  41%  decrease  in  the  recovery  of  A- or 

B-incompatible platelets compared with ABO-compatible platelets transfused to 

HLA-matched refractory patients25. The transfusions providing a poor response were 

from  donors  with  high  expression  of  A  or  B  antigens.  All  of  these  studies  

substantiate the concept that if platelets containing ABH antigens are transfused into 

patients with circulating antibody directed against those antigens, the intravascular 

recovery of the transfused platelets is substantially decreased. In platelet transfusion, 

the ABO blood group system does matter26-29. 

The proposed mechanism for platelet destruction in ABO incompatible 

transfusions is because of the circulating immune complexes (CIC) is formed. This 

CIC may be an interaction between soluble ABH antigens of the patient and 

transfused antibodies from donor plasma. The CIC that is formed binds to the Fc 

receptor of the macrophages or to the C3 binding membrane proteins on the platelet. 

Thus, the reduced platelet recovery due to circulating immune complexes can occur 

when the ABO incompatibility is either the “major” or “minor” type30. Another 
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reason could be the IgM and IgG anti A or anti B in the patient‘s serum bind to the 

A and B substances on the transfused donor platelets, leading to the early removal 

from the circulation. 

A separate consideration involving the ABO system and platelet transfusion 

is the potential administration of large volumes of ABO-incompatible plasma if 

transfusions involve “minor” incompatibility (e.g., group O platelets transfused to a 

group A patient). While this may reduce the survival of the transfused platelets, 

another concern is the potential for hemolysis when large amounts of 

ABO-incompatible antibody are transfused31,32.  It  is  now  common  to  limit  the  

volume of ABO-incompatible plasma a patient can receive. This can be in terms of a 

percentage of the patient’s estimated blood volume or an absolute volume limit. For 

instance, an adult patient could be limited to no more than 1 liter of 

ABO-incompatible plasma per week. It is thus recommended that the anti-A and 

anti-B titer  of  group O platelets  be  determined  and  only  those  with  low ABO titer  

screening can be done on apheresis units be administered to group A or B patients. 

Although other red cell antigens like Lea, Leb,P,  Pk,  I,  i,  Cromer  antigens  

associated with decay accelerating factor are also found on platelets, but there is no 

evidence that antibodies to those antigens significantly reduce platelet survival in 

vivo33. 

2.  Human platelet antigens (HPA) 

HPA refers to a Human platelet-specific alloantigen. Platelet membrane 

glycoproteins are expressed in different forms as result of single nucleotide 

polymorphisms (SNPs) in the genes that encode them. The amino acid changes 

resulting from these SNPs in turn result in glycoprotein structure and antigenic 

changes capable of eliciting alloantibody responses after pregnancy or platelet 
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transfusions.  Currently,  35  different  HPAs  expressed  on  six  different  platelet  

membrane glycoproteins - GPIIb, GPIIIa, GPIb , GPIb , GPIa, and CD109—have 

been identified34. These antigens are often referred to as “platelet specific,” but some 

are found on cells other than platelets (especially leukocytes and endothelial cells), 

although their chief clinical importance appears to be linked to their presence on 

platelets. 

Twelve antigens are clustered into six biallelic groups (HPA-1, HPA-2, 

HPA-3,  HPA-4,  HPA-5,  and  HPA-15).  The  nomenclature  for  HPAs  consists  of  

numbering the antigens in their order of discovery; with the higher frequency 

antigens designated “a” and the lower-frequency antigens designated “b” 35. HPAs 

for which antibodies against only one of the two antithetical (non-wild-type) 

antigens have been detected are labelled with a “w” for “workshop,” such as HPA-

6bw. 

Molecular Basis of Type 

Originally, typing was performed with patient-derived antisera; however, an 

important limitation is that patients often have additional antibodies against Class I 

HLA antigens  and  therefore  the  sera  was  not  monospecific  and  contaminated  with  

anti-HLA antibodies. Once the molecular determinants for HPA type were 

discovered to be due to amino acid substitutions at specific points, the application of 

molecular methods to perform typing using DNA-based techniques became the 

“gold standard.” 

Disease Associations  

Alloantibody formation against HPA antigens is associated with several 

forms of thrombocytopenia, specifically  
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 Neonatal alloimmune thrombocytopenia (NAIT),  

 Posttransfusion purpura (PTP), and  

 Platelet transfusion refractoriness. 

The specific HPA antibodies were directed against the alloantigens HPA 1b, 

5b and 2b which result in platelet refractoriness has been established less 

frequently36. The antibodies identified mainly against HPA 5b, followed by HPA 1b 

and HPA 5a37. In the TRAP study, the most common platelet alloantibody was 

directed against HPA 1b38.  Sanz  C,  Freire  et  al  reported  the  frequency  of  HPA  

antibodies estimated to be approximately 5-15% often in combination with HLA 

antibodies39. Bajpai M, Kaura et al study on 50 patients with hematologic-oncologic 

diseases who received multiple transfusions reported an overall incidence of 

antiplatelet antibodies 66% with of 60% for anti-HLA antibodies40. 

3.  Human Leukocyte Antigens 

The HLA complex is located within the 6p21.3 region of theshort arm of 

chromosome 6 and contains >240 genes of diverse functions. Many of the genes 

encode immune system proteins.Depending on the coding gene, locus and function, 

the MHC gene family is divided into three subgroups or classes, named I, II, and III. 

The  HLA  Class  I  region  contains,  classical  genes  HLA-A,  HLA-B,  and  HLA-C  

along with HLA-E, HLA-F, HLA-G, HLA-H, HFE, HLA-J, HLA-K, HLA-L, 

MICA, and MICB. The latter genes encode non classical antigens or Class Ib, have 

limited polymorphism with low levels of expression and not involved in platelet 

transfusion related complications. HLA genes are closely linked to one another and 

are  inherited  en  bloc  as  a  genetic  unit.  The  series  of  HLA  alleles  on  a  single  
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chromosome 6 is called haplotype. Combination of maternal and paternal haplotypes 

inherited creates the individual’s HLA genotype. 

HLA  is  present  on  all  nucleated  cells  of  the  body.  HLA  associated  with  

platelets is the main source of Class I HLA in whole blood41. Most Class I HLA on 

platelets is expressed as integral membrane proteins, whereas smaller amounts may 

be adsorbed from surrounding plasma. HLA-A and -B locus antigens are 

significantly represented, but there appears to be only minimal platelet expression of 

HLA-C42. However, antibodies to HLA C antigen do have significant effect on the 

allogenic platelets42,43. With rare exceptions, Class II HLA is not present on the 

platelet membrane. 

Transfusion-associated HLA alloimmunization appears to be influenced by 

the underlying disease, immunosuppressive effects of treatment regimens, and 

whether the blood components contain a significant amount of leukocytes. With 

widespread use of leukocyte-reduced (LR) blood components has considerably 

reduced  HLA  alloimmunization  from  transfusion.  HLA  antibodies  also  commonly  

develop following pregnancy and are present in the sera of more than 32% of 

women who have had four or more pregnancies.44 HLA antibodies have also been 

identified in 1.4% to 3.3% of never-pregnant or transfused women and men with no 

previous transfusions45. Sensitization to HLA antigens becomes important in platelet 

transfusionspatients when HLA antibodies cause destruction of allogenic platelets, 

contributing to platelet transfusion refractoriness. 

Physiologic Platelet Sequestration 

 Radio-labelled platelet studies have shown that approximately 30% 

of the total platelet mass exists as a freely exchangeable pool in the 

spleen. Because the normal platelet life span is 9–10 days, platelets 
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spend approximately one-third of their lives, or 3 days, within the 

spleen.  

 Approximately 10%-15% of all platelets are removed from 

circulation daily in normal individuals. In patients with 

hypersplenism, up to 90% of the platelets can be found in the spleen.  

 After labelled platelets are injected, there is accumulation in both the 

liver and the spleen. An initial, irreversible phase of hepatic uptake 

occurs. This equilibrates during the first 5 minutes and may reflect 

hepatic clearance of platelets damaged during the labelling 

procedure. Simultaneously, there is a slow increase in activity over 

the spleen that peaks in about 20 minutes. Splenic platelet uptake is 

thus dependent on input (spleen blood flow) and output (clearance). 

 The most important determinant of the splenic platelet pool is the 

spleen size. The measurement of spleen size can thus be helpful in 

predicting the degree of thrombocytopenia expected from excess 

platelet pooling in the spleen. Consequently and as a general rule, 

even if the spleen is massively enlarged, severe thrombocytopenia 

(<20 × 109/L) is rare. On the other hand, mild thrombocytopenia may 

be explained by mild splenomegaly that may not be detectible on 

physical examinationbut can be seen with imaging studies47. 

Platelet Count and Survival 

Platelet  survival  correlated  directly  with  platelet  count  in  the  

thrombocytopenic patients. However, Life span of platelets is independent of the 

count when it exceeds more than 1,00,000/µl. Platelet survival was modestly 
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reduced to 7.0±1.5 days in patient having a platelet count in range of 50,000-

1,00,000/µl. But markedly reduced to 5.1± 1.9 days when the count <50,000/µl. 

Average normal platelet turnover is 41,200/µl/day with a daily fixed platelet 

consumption of 7100/µl/day is required to support vascular integrity.When the 

platelet counts are 1,00,000/µl this standard amount of platelet consumption which 

is about 7100/µl/day doesn’t  impact the overall  platelet  half  life as reflected in the 

circulation48. 

Thrombocytopenia 

Thrombocytopenia is defined as a platelet count below the lower limit of the 

normal range  150×109/L. The normal adult platelet count range is 150,000-

450,000/µL, with mean values of 266,000/µl in females and 237,000/µl in males50. 

 Degrees of thrombocytopenia can be further subdivided into  

 Mild platelet count 100,000 to 150,000/µl,  

 Moderate platelet count 50,000 to 99,000/µl and 

 Severe platelet count <50,000/µl. 

However, these numbers must be interpreted in the context of the underlying 

disease, and higher or lower values may be appropriate for certain conditions49.  

 Thrombocytopenia can be caused by any of four general mechanisms:  

 Platelet under production,  

 Increased platelet destruction or consumption, 

 Platelet sequestration, and 

 Hemodilution. 
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Thrombocytopenia in Hemato-oncology Patients 

Thrombocytopenia is common among hemato-oncology patients undergoing 

treatment. The frequencies of thrombocytopenia vary depending on the primary 

malignancy and treatment received. For example, 42% of multiple myeloma patients 

treated with bortezomib and 40–65% of patients with myelodysplastic syndrome 

demonstrate thrombocytopenia. Other contributing factors include medications, 

malnutrition, renal insufficiency, and anemia of chronic disease. 

Bone marrow suppression and resultant pancytopenia can occur due to 

I. Direct Cancer Effect 

 Hematologic malignancies with bone marrow involvement, 

 Splenomegaly / Hypersplenism due to tumour involvement, portal or 

splenic vein thrombosis. 

II. Treatment Induced 

 Systemic chemotherapy: Myeloablative and Non-myeloablative 

 Radiation 

III. Microangiopathic Disorders 

 Disseminated Intravascular Coagulation(DIC) 

IV. Immune Disorders 

 ITP 

 Drugs 

 



20 

Platelet Underproduction 

Platelet underproduction usually occurs in association with underproduction 

of other blood cell lines, which results in bicytopenia or pancytopenia. Disorders of 

platelet production may be congenital or acquired. Congenital disorders are 

relatively rare, whereas acquired disorders are much more commonly encountered in 

clinical practice. Decreased platelet productionis generally characterized by normal 

plateletsize on the peripheral blood smear and a normal mean platelet volume 

(MPV). In addition, the reticulated platelet count as measured by flowcytometry is 

low51. A bone marrow aspirate and biopsy may be required in order to determine the 

underlying disorder associatedwith thrombocytopenia. Hematologic and non-

hematologic malignancies, and myelofibrosis, are associated with replacement of the 

marrow space and a reduction in blood cell production and pancytopenia. However, 

sometimes reduction in the platelet count is the first indication of one of these 

abnormalities. Platelet transfusions may be used appropriately for supportive care as 

needed while the cause of the underlying disorder is identified. 

Increased Platelet Destruction or Consumption 

Thrombocytopenia caused by increased platelet destruction develops when 

the rate of platelet loss surpasses the ability of the bone marrow (BM) to produce 

platelets and may be caused by immune or nonimmune mechanisms.  

In  immune  mediated,  it  can  be  due  to  both  auto  and  alloantibodies  to  the  

HPA and HLA antigens are the commonest reason for platelet destruction. The 

major autoantibodies against GpIIb/IIIa causing platelet destruction and less with 

GpIa/IIa. 
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Mechanisms of Platelet Destruction or Consumption 

1. Immune Mediated 

 Autoantibody-mediated platelet destruction by RES. 

   Eg: Primary and secondary idiopathic (immune) ITP. 

 Alloantibody-mediated platelet destruction by RES. 

 Eg. Neonatal Alloimmune Thrombocytopenia (NAIT),  

 Post-Transfusion Purpura (PTP), 

 Passive Alloimmune Thrombocytopenia (PAT);  

 Alloimmune platelet transfusion refractoriness 

 Drug-dependent, antibody-mediated platelet destruction by RES.  

 Eg: Drug-induced immune ITP (e.g., vancomycin). 

 Platelet activation by binding of IgG Fc of drug-dependent IgG to 

 platelet Fc IIa receptors 

 Eg: Heparin Induced Thrombocytopenia (HIT). 

2. Non-Immune Mediated 

 Platelet activation by thrombin or proinflammatory cytokines. 

 Eg : DIC;  

  Septicemia or systemic inflammatory response syndromes 
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 Platelet destruction via ingestion by macrophages 

 (hemophagocytosis). 

 Eg: Infections,  

 Certain malignant lymphoproliferative disorders 

 Platelet destruction through platelet interactions with altered vWF. 

 Eg: Thrombotic Thrombocytopenic Purpura (TTP),  

 Hemolytic Uremic Syndrome (HUS). 

 Platelet losses on artificial surfaces. 

 Eg: Cardiopulmonary bypass surgery,  

        Use of intravascular catheters. 

 Decreased platelet survival associated with cardiovascular diseases. 

 Eg: Congenital and acquired heart disease,  

   Cardiomyopathy,  

       Pulmonary Embolism47. 

Platelet Transfusions 

Platelets  may  be  transfused  either  to  prevent  bleeding  or  to  treat  active  

bleeding. The decision whether to transfuse platelets depends on  

 Clinical condition of the patient,  
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 Cause of the thrombocytopenia,  

 Platelet count, and  

 Functional ability of the patient’s own platelets.  

Most platelets are transfused to patients with transient thrombocytopenia due 

to chemotherapy for malignancy, including hematopoietic stem cell 

transplantation111,114. Most platelet transfusions are used for the prevention of 

bleeding rather than the treatment of active bleeding. Some patients with stable but 

low platelet counts, such as those with aplastic anemia or autoimmune 

thrombocytopenia, have little evidence of bleeding and do not require prophylactic 

platelet transfusions at all115. 
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Platelet Preparation 

Platelets used in transfusion therapy can be prepared either by separation of 

units of platelet concentrates (PCs) from whole blood using either the buffy coat 

(BC) or the platelet-rich plasma (PRP) method, which can be pooled before 

administration, or by apheresis from single donors using automated cell separators. 

In most centres, pooled PCs are less costly. Single-donor platelets from selected 

donors are necessary when histocompatible platelet transfusions are needed. 

Apheresis  

Terminology and Definitions 

Apheresisis derived from a Greek word that means separate or remove, and it 

was first used in 1914 by Able, Rowntree, and Turner. 

Apheresis procedures can be divided into two categories,  

 Cytapheresis, where the cellular elements are removed, and  

 Plasmapheresis, where plasma is removed.62 

Principle 

The basic principle steps in apheresis are  

1)  Separation of blood components and  

2)  Removal of the desired componentsusing an online automated 

system. 

Separation can be accomplished by filtration, centrifugation, or a 

combination of both. 
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 Filtration takes advantage of differences in particle size to separate 

blood plasma from the cellular elements.  

 Centrifugation uses differences in specific gravity to separate and 

isolate blood components. 

 

Haemonetics Systems for Plateletpheresis 

The instruments built by the Haemonetics Corporation in Braintree, MA, 

collect plasma, platelets, WBCs, or red cells by intermittent flow centrifugation. The 

choice of centrifugation bowl depends on the component to be collected.The conical 

Latham bowl was used in the Haemonetics Model MCS and MCS Plus (MCS+). 

 

Fig. 3: Conical Latham Bowl 
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 Its stationary stem is joined to the bowl by a rotating seal. Friction in the seal 

is minimized by a graphite-based coating, which prevents heat build-up. Blood 

entering the stationary tube goes to the bottom of the rotating bowl where it is forced 

to the periphery and rises between two concentric conical surfaces. Centrifugal force 

causes vertical layers to form with red cells on the outside, plasma on the inside, and 

buffy coat (platelets and white cells) in between. As more whole blood is pumped 

into the bowl, accumulation of red cells pushes lighter components upward and 

inward. Lighter components eventually exit the bowl through an effluent tube in 

order of increasing density and are directed into appropriate containers.When the 

bowl becomes filled with red cells, the process must be stopped temporarily. The 

blood pump is reversed to empty the bowl, and another cycle is started. 

The auto-surge technique was developed to collect purer platelet 

components.With this technique, whole blood enters the bowl until the buffy coat is 

detected by optical monitors mounted over the top of the bowl. Whole blood inflow 

is  then  stopped,  and  plasma  from  the  plasma  air  bag  is  pumped  rapidly  (>200  

mL/minute) into the rotating bowl. The recirculating plasma percolates through the 

cellular layers in the bowl, and as it exits the bowl, the lighter components—first 

platelets, then lymphocytes—are floated off. Eventually, granulocytes and red cells 

would come off too, but a sensor monitors the optical density of the bowl effluent 

and stops the surge cycle before this can happen. 

Haemonetics MCS Plus is  a  modified  version  of  the  MCS.  It  has  an  

additional plasma pump to promote better separation in the bowl and shorten the 

blood return cycle. During the withdrawal phase, plasma (when available) is 

pumped from the plasma air bag and mixed with whole blood to maintain blood 

flow into the bowl at a predetermined rate (critical flow). The plasma pump rate is 

controlled by the microprocessor and is dependent on hematocrit, draw rate, and 
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anticoagulant ratio. It automatically compensates for decreases in whole blood 

outflow. The continual plasma recirculation enhances platelet separation from 

lymphocytes and facilitates collection of a leukocytereduced platelet product. This 

pump also operates during the autosurge phase of product collection. During 

reinfusion, the blood pump returns packed cells while the plasma pump returns 

plasma. Their actions are simultaneous rather than sequential, thus shortening the 

reinfusion cycle. The MCS+ is improved for platelet collection, having lower 

leukocyte content, higher blood-processing rates of 42 mL/minute, faster alarm 

recovery procedures, and a built-in platelet yield predictor. Disadvantages include a 

large ECV, limited manual control, and longer procedure times than some 

continuous flow instruments. 

 

Fig.4: Flow diagram of plateletpheresis with the Haemonetics MCS Plus 
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Single-Donor Platelet (SDP) Concentrates Prepared by Apheresis: 

Platelets collected by cell separators are generally referred to as “platelets, 

apheresis” or “SDP by apheresis.” If histocompatible platelets are required for 

patients who are refractory to random-donor transfusions, apheresis platelets from 

donors selected by HLA typing or cross-matching should be used if available. 

 Donor blood removed through a catheter in an arm vein is passed 

through an apheresis instrument in which platelets are separated from 

other cellular components by differential centrifugation. 

 Instruments are automated in that separation parameters are 

determined by the instrument’s electronics based on input 

parameters, including the Donor’s weight, Platelet count, and 

Hematocrit. 

 PRP is separated from whole blood in the centrifuge; the residual red 

cells and plasma are returned to the donor. 

 Most apheresis systems directly collect platelets as PRP, whereas 

other systems yield a concentrated platelet pellet that must be gently 

resuspended. 

 Plateletpheresis usually requires approximately 1.5 to 2 hours and 

involves processing 4to 5L of the donor’s blood39,45. 

 Although platelet apheresis is well tolerated by most donors, adverse 

reactions related to citrate toxicity (hypocalcemia) and hemodynamic 

instability can occur. 

 Interestingly, there is evidence of platelet activation in donors several 

days after platelets are collected by apheresis12. 



29 

 Moreover, repeated platelet donations by apheresis result in the 

transient appearance of mild platelet dysfunction in the donor13. 

Current standards in the United States and the European Union require that a 

bag of apheresis platelets contain at least 3×1011 and 2×1011 platelets suspended in 

approximately 200 mL of the donor’s plasma, respectively63,64. Thus, one apheresis 

SDP approximates six WB-RDP, but because of the variability in platelet collection, 

the range is equivalent to four to nine units of PC prepared from WB-RDP. 

However, many centres split their apheresis collections into two or three products so 

that the dose actually may be more equivalent to four to five units of PC.  

Modern instruments collect concentrated platelets that contain few WBCs—

typically products now contain < 5×106 leukocytes and these SDP are considered 

leukocyte-reduced by most standards. Platelets obtained by plateletpheresis are 

processed, tested, and labeled in a manner similar to that of whole-blood products. 

The number of platelets contained in each bag is determined, although this 

information may not be recorded on the label. 

Platelet Storage 

 All platelet products are stored at 20°C to 24°C using continuous 

gentle horizontal agitation in storage bags designed specifically to 

permit oxygen and carbon dioxide exchange to optimize platelet 

quality65. 

 Plasma  can  be  replaced  partially  with  a  crystalloid  platelet  additive  

solution, thus reducing the amount of plasma that might be infused to 

plasma-incompatible recipients66. 
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 The combination of storage container, agitation, temperature, and the 

use of the appropriate volume of plasma or plasma/additive solution 

permits  satisfactory  preservation  of  platelets  for  up  to  7  days67,68. 

However, several instances of bacterial contamination of PCs stored 

for this period of time have been reported69,70 and the storage time 

from collection to transfusion is limited to 5 days71. 

 In some countries and jurisdictions, the latter can be extended to 7 

days if approved tests for bacterial detection or pathogen reduction 

technologies are used to further decrease the risk of transfusion-

transmitted infections72,73. 

Volume Reduction 

If the volume of plasma in the final pooled component is too large, as might 

be the case for some pediatric recipients, some of the plasma can be removed before 

transfusion. From 15% to 55% of platelets are lost during this additional 

centrifugation step74,75. Volume reduction should therefore be limited to the 

uncommon situations in which patients require severe volume restriction, where 

platelets containing ABO-incompatible plasma are the only available PC for a child 

or for the occasional patient with severe plasma-mediated allergic transfusion 

reactions. Platelet washing with resuspension in platelet additive solutions can be 

used. 

Leukoreduced Blood Products 

The incidence of alloantibody-mediated refractoriness to platelet transfusion 

can be decreased in patients with AML receiving induction chemotherapy when 

both platelet and RBC products are leukoreduced before transfusion. It is therefore 
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appropriate to provide leukoreduced blood products to patients with AML from the 

time of diagnosis to ameliorate this important clinical problem. It is likely that 

alloimmunization can also be decreased in patients with other types of leukemia and 

in  other  patients  with  cancer  who  are  receiving  chemotherapy.Thus  removal  of  

leucocytes below a certain threshold,  5 × 106 in a blood component certainly helps 

in prevention of alloimmunization and associated risks in these patients76. The 

TRAP showed clearest benefits of leukoreduction include decreasing the risks of 

FNHTR, CMV transmission, and HLA alloimmunization77. Other advantages of pre-

storage leukoreduction include a substantial reduction in transfusion reactions and in 

transmission of cytomegalovirus (CMV) infection 

Irradiation of Blood Products 

According to BCSH Recommendation78. 

 Gamma or X-irradiation of blood components, by validated systems, 

is the recommended procedure to prevent TA-GvHD, 

 The minimum dose achieved in the irradiated volume should be 25 

Gy, with no part receiving more than 50 Gy, 

 Platelets can be irradiated at any stage during storage and can 

thereafter be stored up to their normal shelf life after collection, 

 All irradiated components should be labelled as such, using an 

approved bar code label. Each unit should be monitored using a 

radiation-sensitive device, and the result permanently recorded, 

manually or by computer. 

 All adults and children with Hodgkin lymphoma at any stage of the 

disease should have irradiated red cells and platelets for life. 
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There are very few published reports of TA-GvHD in patients receiving 

intensive chemo-radiotherapy without stem cell transplantation and, since 1988, 

there has been only one adult case reported in AML79. In children, there have been 

only eight acute lymphoblastic leukaemia (ALL) and two AML cases reported in the 

world literature. The TRAP study has showed that ultraviolet B (UVB) irradiation at 

1,480 mJ/cm2 was equivalent to leukofiltration for decreasing the incidence of 

platelet refractoriness in patients with AML77. 

TA-GvHD is  a  rare,  but  usually  fatal,  complication  of  transfusion  of  blood  

components. It is a consequence of transfusion of viable lymphocytes capable of 

immune attack against the recipient, which can be prevented by pretransfusion 

gamma irradiation of blood products. Patients at greatest risk include, those 

receiving blood products from partially matched family members whose WBCs 

presumably are not rejected by the host immune system, patients whose cancers are 

associated with severe immunosuppression (eg, Hodgkin’s lymphoma) and/or those 

who have received markedly immunosuppressive therapy with drugs such as 

fludarabine and other purine nucleoside analogs80. 

AABB recommends irradiation of transfusions from relatives. Routine 

irradiation is not suggested for patients with acute leukemia receiving standard 

therapies. There is evidence that the UV irradiation pathogen inactivation techniques 

described previously can also damage DNA in the contaminating lymphocytes, 

preventing cell division and hence, transfusion-associated graft versus- host disease, 

and potentially eliminating the need for irradiation of platelet products in the future. 
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Transfusion Service Factors 

Transfusion services have an important role in assuring optimal responses to 

platelet transfusions. In addition to offering HLA-matched or crossmatch-

compatible  platelets  for  patients  who are  alloimmunized,  A study  by  Slichter  et  al  

giving  a  both  ABO-compatibility  and  platelets  stored   48  h  are  associated  with  a  

significant improvement in post-transfusion CCI81. Thus, these factors must be 

considered when assessing patients for platelet refractoriness and when providing 

optimal care for these patients. 

Platelet in addition to the HLA and platelet-specific antigens, it also express 

ABH antigens  on  their  surface  and  these  antigens  are  both  intrinsic  to  the  platelet  

membrane and passively adsorbed from plasma (Dunstan et al, 1985). In a study by 

Schiffer  et  al  anti-A  or  anti-B  antibody  titres  rise  significantly  in  54%  of  patients  

with acute leukaemia who receive ABO-incompatible platelets. The magnitude and 

frequency of this rise is significantly lower than in normal controls, suggesting that 

the treatment and/or the primary disease produces an immunosuppressive effect in 

these patients.82 Nevertheless, ABO-incompatible platelet transfusions are 

associated with a reduced post-transfusion CCI.81A patient with higher anti-A/B 

antibody titres isalso associated with lower CCI, suggesting that this effect 

isimmune mediated .83 

The TRAP study suggests that platelet age significantly affects CCI.77 A 

study by Bessos et al, in-vitro markers of platelet quality tend to decline by day 5 of 

storage.  A  study  on  the  host  factors,  such  as  bacterial  infection  on  platelet  

transfusion by Norol et al, found to have a significantly different PPRs when 

comparing transfusion of fresh and stored platelets (24% vs. 5% respectively). So, 

when attempting to determine the cause of inadequate response to platelet 
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transfusion, it is best to limit the number of confounding variables and issue the 

freshest ABO-identical platelets available. 

Gamma-irradiation of platelets either immediately prior to transfusion or 

several days in advance of transfusion does not seem to affect either markers of 

platelet quality in vitro.84 or  platelet  recovery  in  vivo  by  Read  et  al;  therefore,  

irradiated platelets should be transfused when indicated. 

Table 1: Guidelines for Prophylactic Platelet Transfusions 

AABB120 BSH122 ASCO121 

 Platelets should be 

transfused prophylactically 

to reduce the risk for 

spontaneous bleeding in 

hospitalized adult patients 

with therapy induced 

hypoproliferative 

thrombocytopenia. 

 Transfusing hospitalized 

adult patients with a platelet 

count of 10 × 109 /L or less 

to reduce the risk for 

spontaneous bleeding. 

 AABB suggests prophylactic 

platelet transfusion for 

patients having elective 

central venous catheter 

placement with a platelet 

count less than 20 × 109 /L. 

 Prophylactic 

transfusion at platelet 

count 10–20 × 109/L 

in the presence of 

risk factors for 

bleeding such as 

sepsis, antibiotic 

treatment, 

abnormalities of 

haemostasis, 

Reversible/chronic 

bone marrow 

failure/critical care. 

 Transfuse for a platelet 

count <10,000/µL in 

patients receiving therapy 

for hematologic 

malignancies. 

 Higher thresholds may 

apply in certain 

circumstances (eg, active 

bleeding, need for invasive 

procedure, fever, 

hyperleukocytosis, rapidly 

declining platelet count, 

anticipated delay in seeking 

care for bleeding  

coagulation abnormalities 

such as in acute 

promyelocytic leukemia, or 

other indications based on 

the judgment of the treating 

clinician). 
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Table 2: Prophylactic Platelet Transfusion Threshold 

 AABB120 BSH122 ASCO121 

Therapy-related 

hypoproliferative 

thrombocytopenia 

10 × 109/L 10–20 × 109/l 10 × 109/L 

Central venous catheter 

placement 
<20×109/L 20×109/L <20×109/L 

Diagnostic lumbar puncture 

<50×109/L [Clinical 

judgement should be used 

for patient with platelet 

count 20-50×109/L]. 

40×109/L <50×109/L 

Bone marrow 

aspirate/biopsy or 

insertion/removal of a 

central venous catheter 

------ Not indicated <20×109/L 

Bronchoscopy and GI 

endoscopy 
------ 20-50×109/L ------- 

Percutaneous liver biopsy ------- 50×109/L ------- 

Major elective nonneuraxial 

surgery 
<50×109/L 50×109/L 

<40×109 to 

50×109/L 

Epidural anaesthesia, 

insertion & removal 
------- 80×109/L ------ 

Cardiac surgery with bypass 

Perioperative bleeding with 

thrombocytopenia and/or 

evidence of platelet 

dysfunction. Routine 

platelet prophylaxis not 

recommended. 

----- ----- 

Intracranial hemorrhage on 

anti-platelet therapy 

Insufficient evidence for 

recommendation 
100×109/L ------ 
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Table 3: Platelet Transfusion to Treat Active Bleeding 

AABB120 BSH122 

In thrombocytopenia patients who 

are bleeding, it is often 

recommended that platelets 

should be transfused to maintain a 

platelet count >50×109/L. 

In bleeding patients with 

qualitative platelet dysfunction, 

platelet transfusion may be 

appropriate even at a normal 

platelet count. 

WHO bleeding grade 2 

Indication Platelet Count to be 

maintained above 

Multiple trauma or CNS 

trauma 
100×109/L 

Bleeding in the presence 

of acute DIC 

50×109/L 

Massive transfusion for 

any condition including 

obstetrics, emergency 

surgery and trauma, with 

on-going bleeding, 

Bleeding (WHO grade 

2) but not severe 
30×109/L 
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Prevention of Bleeding (Prophylaxis) 

Decisions to transfuse platelets, should not be made based purely on 

transfusion“triggers.” The overall status of the patient must be considered when 

determining the need for platelet transfusions(e.g., disease, medications, and 

coagulation status). 

There are three major difficulties encountered when attempting to define an 

optimal prophylactic platelet level:  

(1)  Serious hemorrhage is rare, even at very low platelet numbers;  

(2)  Minor clinical bleeding is difficult to quantify;61and  

(3)  Platelet counts are less accurately determined at the very low platelet 

numbers found in severely thrombocytopenic patients. 

The  PLADO  study  by  Slichter  et  al.58 evaluated three prophylactic platelet 

doses based on the recipient’s body surface area (Low: 1.1×1011 platelets/m2, 

Medium: 2.2×1011 platelets/m2, and High: 4.4×10 11 platelets/m2).  PLADO  study  

compared the percentage of hospitalized oncology patients who experienced at least 

grade 2 WHO bleeding. Stable nonbleeding patients were transfused when the 

morning platelet count was less than 10×109/L. No significant difference in the 

percent of patients experiencing at least grade 2 bleeding was found in the three 

arms of the trial (71% low dose, 69% medium dose, 70% high dose). The 

investigators concluded that the prophylactic transfusion of lower doses of platelets 

at a threshold of 10×109/L does not lead to increased bleeding but may lead to more 

frequent  albeit  smaller  dosed  platelet  transfusions.  The  risk  of  significant  bleeding  

did not appear to measurably increase until the platelet counts fell below 5×109/L. 
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The SToP study evaluated two prophylactic doses (low: 1.5-2.9×1011 

platelets; and high: 3.0-6.0×1011 platelets)59. The SToP trial evaluated prophylactic 

platelet dose with at least grade 2 WHO bleeding as the endpoint. This study was 

halted prematurely due to a higher rate of serious grade 4 bleeds in the low-dose 

arm. However, there was no significant difference in the number of  grade 2 bleeds 

between the two groups. 

Trial Of Prophylactic Platelets Study (TOPPS), is comparing the efficacy of 

prophylactic and therapeutic platelet transfusions. The prophylactic group will 

receive a platelet transfusion at a 10×109/L threshold, whereas the therapeutic group 

will only receive platelet transfusions when actively bleeding60.The endpoint for this 

study is again  grade 2 WHO bleeding. 

Hemorrhage is a serious problem in patients with bone marrow failure85,86. 

There is little risk of serious spontaneous hemorrhage when the platelet count is 

more than 10,000/mL, but the risk increases with lower platelet counts58. Many 

studies support the use of prophylactic platelet transfusions in patients with 

hypo-proliferative thrombocytopenia 85. Patients in the noprophylaxis group had 

more  days  of  bleeding  and  a  shorter  time to  thefirst  bleeding  episode.  However,  a  

subgroup analysis showed that prophylactic transfusions may be more important in 

chemotherapy andallogeneic transplant than in autologous transplant patients87.A 

large number of studies have now confirmed that aplatelet count of 10,000 mL can 

be used safely as an indication for transfusion in uncomplicated patients85,58. 

Platelet Dose 

The usual dose in a prophylactic platelet transfusion is 3-4×1011 platelets for 

an average-size adult. This involves a pool of four to five whole blood-derived 

platelets or one apheresis concentrate. There seems to be an obligatory need for 
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platelets  to  maintain  endothelial  integrity  and,  thus,  hemostasis  of  about  7,000  L  

day48. For prophylactic transfusion there is generally no reason to transfuse platelets 

more often than once a day. One other approach to prophylactically reducing 

bleeding is the prevention of fibrinolysis and improving clot stability by 

administration of epsilon aminocaproic acid88. This appears to be useful and safe 

and is beginning to be used in practice. 

Treatment of Active Bleeding 

When considering platelet transfusion in a bleeding patient, data relating the 

bleeding time to the platelet count are helpful. With platelet counts <100×106/L, the 

bleeding time is increasinglyprolonged, although it is only slightly prolonged when 

the platelet count is >75×106/L. Thus, platelet transfusions are not necessary for 

bleeding patients with a platelet count >100×106/L because they have a normal 

bleeding time89. A study by Bishop et al on patients undergoing surgery, 

prophylactic  platelet  transfusions  were  given  to  those  whose  platelet  count  was  

<50×106/L90. The bleeding did not relate to the platelet count, but instead to the 

severity of the surgical procedure. Platelet transfusion should be considered in 

actively bleeding patients with a platelet count <50×106/L. The bleeding time is also 

related to the hematocrit. Anaemia is associated with a prolonged bleeding time91. 

For instance, in normal subjects a two-unit red cell donation that causes a 15% 

reduction in hematocrit and a 9% reduction in platelet count results in a 60% 

increase in the bleeding time91.  Thus,  giving  a  red  cell  transfusion  to  a  severely  

anaemic patient may also be beneficial in preventing or stopping bleeding. 

In patients with drug-induced immune thrombocytopenia, the offending drug 

should be discontinued and the patient closely observed. Because transfused 
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platelets will have shortened survival, they are recommended in these cases only for 

treatment of severe thrombocytopenia with active hemorrhage. 

Platelet Dose 

 A standard dose of platelets for prophylactic therapy in adults is 

approximately one random donor unit per 10 kg of body weight, which translates to 

four to six units of pooled platelets or one apheresis unit, both providing 

approximately 3 to 4 x 1011 platelets. A standard paediatric dose is 5 to 10 mL/kg or 

0.5×1011/10 kg for children166. This platelet dosing is expected to raise the platelet 

count by approximately 30×106/L within 10 minutes of the infusion136. 

Outcome of Platelet Transfusion 

Following a platelet transfusion, the platelet count should rise, with a peak at 

10 minutes to one hour and a gradual decline over 72 hours. General transfusion of 

six units of pooled platelets or one apheresis unit should increase the platelet count 

by approximately 30×106/L in an adult of average size. 

Platelet count increment is typically measured within 24 hours in patients 

given prophylactic platelet transfusions. For patients undergoing invasive 

procedures, it is prudent to check that the desired platelet count was achieved before 

performing the procedure, which can be done within 10 minutes of the transfusion. 

For actively bleeding patients, cessation of bleeding is a more important clinical 

endpoint than the post-transfusion platelet count. 

The  length  of  time  platelets  have  been  stored  has  a  modest  effect  on  their  

survival in the recipient. As an example, compared with platelets stored for two or 

three days, platelets stored for five days produce a smaller increment in platelet 

count136. 
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There are various ways to assess the effectiveness of platelet transfusions. In 

a bleeding patient this should include clinical assessment of cessation of bleeding. 

For prophylactic platelet transfusions, the response is typically assessed by 

measurement of the post-transfusion platelet count increment.  

An important predictor of the patient‘s response to a platelet transfusion is 

the platelet count done after transfusion119. The most common formulae to evaluate 

the response to platelet transfusions include106,137. 

1) Absolute Platelet Increment (API),  

2) The percentage platelet recovery (PPR), 

3) The corrected count increment (CCI). 

The API is the simplest calculation and is used most commonly in routine 

practice due to lack of available data for the actual number of platelets transfused or 

body surface area by the health care practitioner assessing the patient, although these 

can be readily estimated.  

API of >10 × 109/l at 1 or 24 h is considered a successful transfusion to be 

consistent with the previous formulas, and if not attained, is a good indicator to 

suspect refractoriness. 

API = Post-transfusion platelet count -Pre-transfusion platelet count. 

The percentage platelet recovery (PPR) is calculated from the platelet 

increment × 109/l  (PI),  the  blood  volume  (BV)  in  litres  and  the  platelet  dose  

transfused × 1011 (PD):- 

PPR (%) = Absolute Platelet Increment × Blood Volume × 100 × PD-1. 
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Table 4: Approximate Normal Values for Blood Volumes.126 

Blood Volume in ml/kg 

INFANT ADULT 

Premature Term Birth at 72 hrs MALE FEMALE 

108 87 66 60 

 

A platelet recovery of about 67% in a stable patient indicates a successful 

transfusion, but the minimum platelet recovery to define a successful transfusion is 

considered as >30% at 1 h post-transfusion and >20% at 20–24 h.138 

The corrected count increment × 109/L (CCI) is calculated from the PI, the 

body surface area of the patient in m2 (BSA) and the dose of platelets transfused × 

1011 (PD):- 

 CCI = Absolute Platelet Increment× Body Surface Area × PD-1 

A CCI of >7.5 × 109/L at 1 h and >5 × 109/L at 20–24 h is considered to be a 

successful  transfusion.  The  Trial  to  Reduce  Alloimmunization  to  Platelets  (TRAP)  

study defined platelet refractoriness as a 1-h CCI of <5 ×109/L on transfusing ABO 

identical fresh platelets two sequential occasions77. 

To calculate Body Surface Area using DuBois and DuBois formula127: 

Body Surface Area in m2 = 0.00718 × Height (cm)0.725× Weight (kg)0.425. 
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Table 5 : Definition of Platelet Refractoriness 

Most Common 

used Formulae137 

Successful 

Transfusion 

Unsuccessful 

transfusion 

Platelet 

Refractoriness 

API API>10 × 109/L at 1 

or 24 hours135. 

------ ------- 

PPR PPR of about 67% in 

a stable patient, but 

the minimum platelet 

recovery >30% at 1 

hour post transfusion 

and >20% at 20–24 

hours. 

 <30% at 1 hour 

post transfusion  

 and 

 <20% at 20–24 

hours. 

------- 

 

CCI  >7.5 × 109/L at  

1 hr CCI and  

 >5 × 109/L at 20–

24 hrs. 

 <7.5 × 109/L at  

1 hr CCI  and 

 <5× 109/L at 20–

24 hrs. 

10-min to 1-hr 

increment 

of<5×109/L on 2-

consecutive 

occasions, using 

ABO identical 

platelets and in the 

absence of 

predominantlynon-

immunological 

factors. 
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Platelet Refractoriness 

Platelet Refractoriness represents a consistent failure to achieve an 

appropriate platelet count increment following platelet transfusion.  

Table 6 : Causes of Platelet Refractoriness135. 

In most cases, platelet refractoriness is 

thought to have a nonimmune cause 

such as 

Approximately 20% of cases of platelet 

refractoriness are thought to have an 

immune etiology. 

Fever  

HLA antibodies Sepsis 

Splenomegaly 
ABO incompatibility 

Disseminated intravascular coagulation 

Hemorrhage 
Human Platelet Antigen (HPA) antibodies 

Medication 

Veno-occlusive disease 

Drug-dependent autoantibodies. Graft-vs-host disease 

Prolonged Platelet storage 
 

To evaluate a patient for immune refractoriness, platelet count should be 

obtained between 10 and 60 minutes after transfusion. Alternatively if the platelet 

count increases appropriately 1 hour after transfusion but then declines to baselines 

at 24 hrs, a nonimmune cause of platelet refractoriness is likely to be considered129.  

Immune refractoriness  is  usually  caused  by  antibodies  that  HLA and cause  

rapid clearance of transfused platelets. Less commonly, immune refractoriness is 

attributed to antibodies directed against human platelet antigens. Transfusion 

recipient may become alloimmunized to platelet HLA antigens either by prior 
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transfusion, pregnancy or organ transplantation. Platelet express HLA class-I 

antigens, but they are relatively poor immunogens. When immune refractoriness 

occurs in platelet transfusion recipient, the HLA antibody response is mainly 

provoked by contaminating WBCs in the unit rather than the platelet itself. The 

TRAP study confirmed that leukocyte reduction significantly reduces the risk of 

HLA alloimmunization. Pregnancy is the most important risk factor for primary 

HLA sensitization. In the era of leukocyte reduction blood components, immune 

refractoriness often reflecting a secondary immune response to HLA antiogens, is a 

particular problem in multiparous women. 

Identifying  HLA antibodies  is  a  2nd important step in approaching immune 

refractoriness. HLA antibody detection is most commonly performed using flow 

cytometry of multiantigen-coated beads, although other methods like 

lymphocytoxicity assays, enzyme-limked immunosorbent assays are also used. 

Laboratories report a panel-reacting antibody (PRA) score reflecting the degree of 

HLA alloimmunization. A PRA of 20% has been used as a threshold consistent with 

immune refractoriness. 

To manage immune refractoriness include providing  

 HLA-matched platelets, 

 HLA antibody avoidance, 

 Platelet cross-matching. 
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Non-Immune Mediated 

Non-immune platelet refractoriness is most commonly due to shortened 

platelet survival. This is most commonly due to patient factors92 but may also be 

secondary to platelet unit variables, such as age and low platelet dose per unit. The 

impact of gamma irradiation of the platelets is controversial81. 

A subsequent analysis of transfusion and clinical factors captured in the 

TRAP Study identified fever ( 38.4°C), increasing number of platelet transfusions, 

heparin administration, bleeding, increasing weight, history of at least 

twopregnancies or male gender as variables associated with increased risk of 

refractoriness. Other patient-related factors that did not affect the development of 

platelet refractoriness were patient age, prior transfusions, splenectomy, height, 

amphotericin, transfusionreaction and infection, although these were found to be 

variables affecting 18- to 24-h post-transfusion increments81. 

Determining the cause of refractoriness to platelet transfusion - We use two 

measurements of platelet response when evaluating the patient suspected to have 

refractoriness to platelet transfusion: 

 Platelet recovery – Defined as the increment in platelet count (PI) 

measured 10 minutes to one hour following transfusion116. 

 Platelet survival – Evaluated by a platelet count obtained 18 to 24 

hours post-transfusion. Platelet survival should be sufficient to permit 

a gradual fall in the platelet count to pre-transfusion levels in 

approximately three days116. 
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Pattern for nonimmune causes — A normal increment at one hour 

following transfusion, with return to the baseline count within 24 hours, is typical of 

the  shortening  of  platelet  survival  seen  with  sepsis,  DIC,  haemorrhage  and  those  

taking medications that interfere with platelet survival. This type of pattern is not 

consistent with alloimmunization116. 

Septicaemia 

The study by Davis et al shows the association between sepsis and 

thrombocytopenia52.  While  DIC  in  association  with  sepsis  plays  a  role  in  some  

cases, those with severe thrombocytopenia53. Up to 30% of thrombocytopenic 

patients in critically ill patients have non-specific platelet-associated antibodies, a 

subset of whom also have autoantibodies to glycoprotein IIb/IIIa or glycoprotein 

Ib/IX54. This suggests that the circulating immune system may contribute to sepsis-

induced thrombocytopenia. Haematophagocytosis, is common in the marrow of 

septic patients with thrombocytopenia, suggest that Macrophage Colony Stimulating 

factor  is  overproduced  in  the  sepsis  syndrome55. In addition, platelet 

underproduction may contribute to thrombocytopenia in some patients56. Finally, 

platelets may be sequestered at the level of the activated endothelium. These 

sequestered platelets can be irreversibly activated, destroyed, and prevented from 

returning to the circulation56. Potentially playing an important role in the host 

response to the sepsis57. 

The study by Aslam et al, platelets are important in innate immune responses 

against invading microorganisms.Results show that human plateletsvariably 

expressed TLR2, TLR4, and TLR9 by flow cytometry and Western blotting. TLRs 

play a critical role by recognizing pathogen-associated molecular patterns (PAMPs) 

on invading microorganisms.The functional significance of one of these, TLR4, 
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appears to be a role in the modulation of LPS-induced thrombocytopenia and TNF-

production93.  

In addition, the study by Andonegui et al data shows platelets do express 

functional levels of TLR4, which contribute to thrombocytopenia through 

neutrophil-dependent pulmonary sequestration in response to LPS94.  In  studies  of  

septic patients by Sigurdsson et al radioactively labelled platelets were sequestered 

in the lung, liver and intestines95.  Semple  et  al  in  his  study,  bacterial  LPS  can  

synergize with anti-platelet antibodies to enhance phagocytosis96. These findings 

may partially explain how clinical factors, such as sepsis, can modulate whether or 

not an alloimmunized patient will manifest platelet refractoriness. McFarland et al 

found that septic patients had reduced 24-hour post-transfusion platelet recoveries97. 

Sepsis were identified as significant independent predictors in fewer patients, these 

factors were always associated with lesser increments in a study conducted by 

Friedberg et al98. 
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Disseminated Intravascular Coagulation 

DIC is characterized by consumption of coagulation factors through the 

unregulated and excessive generation of thrombin, leading to the deposition of fibrin 

in small vesselsleading to widespread (micro) vascular thrombosis, thereby 

compromising blood supply to various organs, which may contribute to organ 

failure99.  

A study done by Bayer et al showed that patients with acute promyelocytic 

leukemia frequently present with DIC due to spontaneous or chemotherapy- induced 

release  of  tissue-factor  from  the  granules  of  the  leukaemic  cells100. Transfused 

allogenic platelets are not exempt from the consumption and are also depleted. The 

consumptive process also activates and immobilizes platelets; thus, DIC is also a 

risk factor for poor CCIs following platelet transfusion by Bishop et al101. Treatment 

of the underlying cause of DIC should correct the platelet refractoriness. 

Pathophysiology of Dic134 

Flow Chart 1 
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Fever 

In patients treated for haematological malignancies, the combination of 

fever, infection, and medications is the most common cause of platelet refractoriness 

by the study by Doughty et al101. Although fever is associated with decreased CCIs, 

it is unclear whether this is due to confounding factors such as concomitant infection 

or medications102.  

Fever  is  produced  by  the  action  of  circulating  cytokines,  such  as  IL-1  and  

TNF, on the hypothalamus, resulting in the secretion of prostaglandin-E2, which 

mediates the elevation of body temperature152.  These  cytokines  are  known  to  

promote endothelial cell activation, with expression of adhesion molecules and pro-

coagulant activity151. The endothelial activation could be responsible for the rapid 

clearance of transfused platelets and would explain the association of fever with 

platelet transfusion refractoriness103.  

McFarland et al study show that fever markedly reduced one hour post-

transfusion platelet recoveries97. Supporting the hypothesis that clinical factors 

modulate whether or not alloimmunized patients manifest refractoriness, an 

observational study of HLA-alloimmunized patients found that concurrent fever 

significantly  reduced  the  PPR  when  random  donor  platelet  components  were  

transfused; however fever did not significantly affect the PPR when matched 

platelets were used (Petz et al, 2000)104. Among nonimmunological causes, 

bleeding, fever and infection were found to associated with refractoriness107. 
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Chronology of Events Required For the Induction of Fever130 

Flow Chart 2 

Infection, microbial toxins, 
mediators of inflammation, 

immune reactions

Monocytes/macrophages, 
endothelial cells, others

Pyrogenic cytokines                   
IL-1, IL-6, TNF, IFN

Hypothalamic endothelium

Prostaglandin E2

Cyclic AMP

Elevated Thermoregulatory set 
point

Heat Conservation,                  
Heat Production

Fever

Microbial Toxins

CIRCULATION 



52 

Splenomegaly 

About 1/3 of the platelet mass is normally sequestered in the spleen. 

Splenomegaly from any cause tends to increase splenic platelet pooling. 

Hematologic malignancies including the myeloproliferative disorders may result in 

marked splenomegaly. In particular, myelofibrosis may be associated with 

thrombocytopenia. The thrombocytopenia associated with splenic sequestration 

alone is generally moderate enough so as not to be associated with bleeding 51. 

An increase in the size of the spleen can be caused by several mechanisms. 

Increased workload of the spleen can be caused by immunologic stress (infection, 

inflammation,  or  an  autoimmune  disorder)  or  by  increased  RBC  removal  (RBC  

membrane disorders, hemoglobinopathies). Malignant infiltrative disorders may 

increase splenic size (infiltrative splenomegaly) and cause hypersplenism. Thus the 

demonstration of an enlarged spleen does not necessarily mean that the cytopenias 

are caused solely by hypersplenism. 

Thrombocytopenia of hypersplenism is caused primarily by increased splenic 

platelet pooling. A massively enlarged spleen can hold more than 90% of the total 

platelet mass. In the absence of altered platelet production, the total body platelet 

mass usually is normal, and the platelet life span is near normal. Usually, the splenic 

transit time remains normal ( 10 minutes), but the absolute number of platelets 

retained within the enlarged spleen is increased. All of these platelets remain part of 

the exchangeable pool. In hypersplenism, the thrombocytopenia is moderately 

severe (platelet counts of 50 × 109/L to 150 × 109/L). Severe thrombocytopenia (<20 

× 109/L) suggests another diagnosis. Therefore it is unusual for patients with 

hypersplenism to have evidence of hemostatic impairment attributable to 

thrombocytopenia or to need specific interventions to raise the platelet count. 
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Plasma volume expansion occurs in hypersplenism, but hemodilution plays a 

relatively minor role in the thrombocytopenia.  

Platelet survival studies by Bishop et al with 51Cr-labeled platelets have 

revealed the immediate sequestration of approximately 1/3 of transfused platelets in 

the  spleen  and  poor  platelet  recovery  at  1  hour  in  the  presence  of  HLA antibodies  

and splenomegaly, but an increased survival following splenectomy102. Patient with 

a palpable spleen will be expected to have at 20 hours a CCI reduced by 3.9 from 

that in a similar patient without a palpable spleen.123 In a study by Bock et al showed 

that Splenomegaly, hepatomegaly, pre-transfusion storage time and fever were 

associated with a decreased CCI105. Shastry et al revealed significant influence of 

splenomegaly on refractoriness.106 

 

Fig.5: Physiologic and Pathologic Platelet Splenic Sequestration.46 
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Physiologic and Pathologic Platelet Splenic Sequestration.46 

 Normally,  about  5%  of  cardiac  output  is  to  the  spleen;  however,  a  

platelet that enters the spleen spends about 10 minutes there (splenic 

transit time = 10 min). In contrast, it usually takes only about  

1 minute for a platelet to make a circulatory pass elsewhere. Thus 

about one-third of the platelets at any one time are located within the 

spleen: (5% × 10 min) :( 95% × 1 min), or an approximate 1 : 2 ratio.  

 In hypersplenism, the splenic blood flow can increase by a factor of 

5, that is, from 5% to 25% of total blood flow per minute. Thus, even 

without increase in splenic transit time, up to 70% or more of the 

platelets can be exchangeably sequestered within the spleen. 
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Drug-Induced Thrombocytopenia 

Drug-Induced Suppression of Platelet Production 

Thrombocytopenia is a common problem in Hemato-oncology patients. 

Aside from bleeding risk, thrombocytopenia limits chemotherapy dose and 

frequency. The incidence of chemotherapy-induced thrombocytopenia varies greatly 

depending on the treatment used; the highest rates of this condition are associated 

with gemcitabine- and platinum-based regimens.  

Chemotherapeutic Agents 

Many chemotherapeutic and immunosuppressive agents cause 

thrombocytopenia when used aggressively. Cytosine arabinoside,6-mercaptopurine, 

Methotrexate, Busulfan, Cyclophosphamide, Cis-platinum, and many others 

routinely cause myelosuppression, leading to thrombocytopenia when given at 

sufficient doses. Although all myeloid elements are usually affected, 

thrombocytopenia often limits the dose of a chemotherapeutic agent that can be 

administered. 

Pathophysiology of Chemotherapy-Induced Thrombocytopenia 

Not all chemotherapy drugs cause thrombocytopenia in the same way. 

Different chemotherapy drugs affect the megakaryocyte and platelet production 

pathway at different steps.   

 Alkylating agents such as busulfan affect pluripotent stem cells.153,154 

 Cyclophosphamide spares hematopoietic stem cells because of their 

abundant levels of aldehyde dehydrogenase, but affects later 

megakaryocyte progenitors.155 
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 Bortezomib has no effect on stem cells156 or megakaryocyte 

maturation but does inhibit nuclear factor kappa B, a critical regulator 

of platelet shedding.157Thrombocytopenia, developed primarily in 

patients with a low base-line platelet count; it was transient, with 

recovery occurring within the 10-day period during which treatment 

was suspended.161 

Platelet Survival itself may be Altered by some Agents 

 Agent ABT-737 reduces the activity of the platelet clock Bcl-x(L) 

and rapidly induces platelets to undergo caspase-mediated 

apoptosis.158,159 

 Etoposide also increases platelet apoptosis by reducingBcl-x(L) 

activity 

Chemotherapy may enhance platelet clearance by immune mechanisms 

 Administration of single-agent fludarabine has been noted to produce 

an immune thrombocytopenia in up to 4.5% of patients.160 

 Platelet destruction is also increased when chemotherapy drugs produce a 

drug-dependent secondary immune thrombocytopenia, 

Management of chemotherapy induced Thrombocytopenia 

Recombinant interleukin (IL)-11 has been approved for the treatment and 

amelioration of chemotherapy-induced thrombocytopenia. 

Recombinant  thrombopoietin  raised  the  platelet  count  nadir,  reduced  the  

need for platelet transfusions, reduced the duration of thrombocytopenia, and 

allowed maintenance of chemotherapy dose intensity. Two thrombopoietin receptor 

agonists namely, romiplostim and eltrombopag, are potent stimulators of platelet 

production.  
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Chemotherapy  dose  reduction  and  platelet  transfusions  remain  the  major  

treatments for affected patients.For clinicians; mechanism has important 

consequences because in immune-mediated thrombocytopenia the drug must be 

avoided, while in dose-dependent thrombocytopenia a dose reduction may be 

sufficient.150 

Table 7 : Antibiotics Associated with Isolated Thrombocytopenia165 

S. No Drug Mechanism 

01 Beta-lactam antibiotics  

(eg, penicillins, cephalosporins) 

Drug-induced immune thrombocytopenia 

02 Daptomycin Bone marrow suppression (dose-

dependent) 

03 Linezolid Bone marrow suppression (dose-

dependent) 

04 Piperacillin Drug-induced immune thrombocytopenia 

05 Quinine Drug-induced immune thrombocytopenia 

06 Rifampin Drug-induced immune thrombocytopenia 

07 Sulfonamides Drug-induced immune thrombocytopenia 

08 Trimethoprim-

sulfamethoxazole162,163 

DITP; antibodies react with the 

sulfamethoxazole; antibodies to 

trimethoprim have not been identified 

09 Vancomycin109,163,105 Drug-induced immune thrombocytopenia 
 

Platelet antigens that are targeted by drug-dependent antibodies may include 

a variety of surface glycoproteins, most commonly GP Ib/V/IX or GP IIb/IIIa. 

Others may also be involved (eg, GPV, PECAM). Some antibodies may bind to 

multiple regions of a single glycoprotein or to multiple epitopes simultaneously.165 
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Selection of Platelets for Transfusion in Patients with Alloimmune 

Refractoriness 

Table 8: Guidelines for Platelet Refractoriness 

AABB120 BSH122 ASCO121 

 HLA antibodies are 

present 

 

 

 Most widely used 

approach - to supply 

apheresis platelets from 

donors whose HLA-A 

and HLA-B antigens 

closely matches those of 

the patient. 

 Alternate approach - 

“best-mismatch” units 

are often required when 

identical units are 

unavailable - This is 

accomplished through a 

grading of a potential 

HLA-matched 

component, including 

the grading of the 

mismatched HLA 

antigens, and a 

determination of 

whether these 

mismatched HLA 

antigens share any 

 ABO matched platelets 

should be used when 

available to maximise 

increments. 

 Patients with 

hypoproliferative 

thrombocytopenia who 

are refractory to platelet 

transfusions solely due 

to nonimmune factors 

should not receive 

HLA-selected platelet 

transfusion. 

 Patients with 

hypoproliferative 

thrombocytopenia who 

are refractory to platelet 

transfusions and have 

class I HLA antibodies 

should receive class I 

HLA-selected platelet 

transfusion. 

 Patients with 

hypoproliferative  

thrombocytopenia who 

continue to be refractory 

 Monitoring for 

Refractoriness 

 

 Panel consensus is that 

platelet counts 

performed 10 to 60 

minutes after transfusion 

should be obtained after 

all transfusions, when 

refractoriness is 

suspected. Because 

patients may have a poor 

increment to a single 

transfusion, yet have 

excellent platelet 

increments with 

subsequent transfusions, 

a diagnosis of 

refractoriness to platelet 

transfusion should be 

made only when at least 

two transfusions of 

ABO-compatible units, 

stored for , 72 hours, 

result in poor 

increments. 

 Managing 
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AABB120 BSH122 ASCO121 

common epitopes with 

those of the patient. 

Degree of Matching for 

HLA-matched Platelets: 

Match 
Grade 

Description 

A 4-antigen match 

B1U 1 antigen unknown 
or black 

B1X 1 cross-reactive 
group 

B2UX 1 antigen blank 
and 1 cross-
reactive. 

C 1 mismatched 
antigen present 

D  2 mismatched 
antigens present 

R Random 

 

 In alloimmune refractory 

patients, the  best 

increases in CCI occur 

with grade A, B1U, or 

B2UX matched 

platelets, but platelets 

mismatched for some 

antigens like B44,B45 

that are poorly expressed 

on platelets can also be 

successfully transfused. 

 Alternative approach for 

to HLA-selected platelet 

transfusions and have 

human platelet antigen 

(HPA) antibodies 

should receive HPA-

selected platelet 

transfusion. 

 Patients with 

hypoproliferative 

thrombocytopenia who 

are not refractory to 

platelet transfusion 

should not receive 

HLA-selected or HPA- 

selected platelets 

Refractoriness: 

 Alloimmunization is 

usually due to antibody 

against HLA antigens 

and only rarely to 

platelet-specific 

antigens. Patients with 

alloimmune-refractory 

thrombocytopenia, as 

defined previously, are 

best managed with 

platelet transfusions 

from histocompatible 

donors matched for 

HLA-A and HLA-B 

antigens. 
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AABB120 BSH122 ASCO121 

supplying HLA-

compatible transfusions 

is to determine the 

specificity of the 

patient’s HLA 

antibodies (ASP 

method) and select 

donors whose platelets 

lack the corresponding 

antigens. 

 Pretransfusion Platelet 

cross-matching using 

SPRCA test, 

significantly faster than 

waiting for HLA test 

results. 

 Platelet crossmatching 

or HPA genotyping 

should be considered for 

patients not respond to 

ABO- and HLA-

compatible platelets. 

 HLA-selected platelets 

should be irradiation to 

prevent TA-GVHD. 

  

 

 



 

 

 

MATERIALS AND 

METHODS 
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MATERIALS AND METHODS 

Study Design 

This  study  prospective  observational  study  conducted  in  the  Department  of  

Transfusion Medicine, The Tamil Nadu Dr.MGR Medical University, Guindy, 

Chennai and the Blood Bank and Haematology Department, Adyar Cancer Institute 

(WIA), Adyar, Chennai. The study was approved by the respective Institutional 

Research and Ethics committee. 

Study Population 

Study population includes Hemato-Oncological Patients receiving Single 

donor platelets transfusion in the Department of Transfusion Medicine, The TN 

Dr.MGR Medical University, Guindy, Chennai and in the Blood Bank and 

Haematology Department, Cancer Institute, Adyar during the study period from July 

2018 to June 2019.  

Inclusion Criteria 

All age groups of Hemato-Oncological Patients receiving Single Donor 

Platelet transfusion. Only one transfusion event was analysed per patient  

Exclusion Criteria  

 Patient  those  who  are  not  willing  to  participate  in  the  study  are  

excluded.  

 Patients receiving non-ABO matched single donor platelet 

transfusion.  

 Patients who have already been included in the study  
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Informed Consent 

All details regarding the study has been explained and written informed 

consent obtained from the patients (patients with 18 years, consent will be obtain 

from parents or guardians) in either English or in the local vernacular language , 

whichever is preferred by the patient. 

Table 9: Sample Size 

Single Proportion – Absolute Precision 

Expected Proportion 0.5 0.5 0.5 0.5 0.5 0.5 0.67 0.67 

Precision (%) 5 6 7 8 9 10 5 10 

Desired confidence level (1-alpha) % 95 95 95 95 95 95 95 95 

Required sample size 384 267 196 150 119 96 340 85 
 

Sample size for the study calculated by using formula = Z 2P (1-P) / d2.  

2= Level of significance,  

P = Proportion of Bleeding,  

Q = 1-P,  

d = Precision = 10%.  

Sample size = (1.96)2(0.67) (0.33) / 102.  

Minimum sample size was estimated to be approximately 85 patients. 
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Statistical Analysis 

Data was entered into Microsoft-EXCEL sheet and statistically analysed 

using IBM SPSS software Version 21.0. Demographic details will be given in 

descriptive statistics. Quantitative data will be given in the summary statistics. P 

value <0.05 was considered significant. 

Operational definitions 

1) Single Donor Platelets (SDP) 124 

 The term plateletpheresis includes platelets collected by apheresis, 

using a cell separator and the product is called single donor platelets. 

 Single SDPs should have a platelet count of  3×1011 / unit.  

2)  Plateletpheresis Donor Selection criteria125: 

 Plateletpheresis donors should meet the same qualifications as blood 

donors with few additional essential criteria. 

 Plateletpheresis donor should be preferably repeat donor for whole 

blood donation –might be given whole blood 1-2 times earlier. 
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Table 10: Donor Selection Criteria 

S. No Condition Criteria 

1 Age 18-60 yrs 

2 Weight in kg 50 kg 

`3 Donation Interval  At least 48 hours interval for after platelet 

apheresis donation. 

 Not more than two times a week, limited to 

24 in one year. 

 After whole blood donation a plateletpheresis 

donor shall not be accepted before 28 days. 

 Apheresis platelet donor shall not be accepted 

for whole blood donation, if the reinfusion of 

red cells was not complete then the donor 

shall not be accepted within 90 days. 

 Donor shall not donate any type of donation 

 After bone marrow harvest (12 

months) 

 After peripheral stem cell harvest (6 

months) 

04 Platelet count > 1,50,000/µL 

05 Haemoglobin > 12.5gm/dl 

06 Haematocrit > 37.5 

07 Medication taken by 

Plateletpheresis 

donors 

Aspirin and other 

NSAIDs 

Defer for 3 days after last 

dose 

Ticlopidine and 

clopidogrel 

Defer for 2 Weeks after last 

dose 
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 The blood volume of the donor is calculated based on body weight in 

kilograms (70ml/kg body wt) and apheresis devices used in the donor setting should 

not remove more than 15% of the donor’s total blood volume, and most remove less 

than 10%. Extracorporeal volume (ECV) for this system depends on donor 

haematocrit, time in the cycle, and time in the procedure, as well as on the size of 

the bowl used. 

3) Donor Preparation for Plateletpheresis 

 After explaining the procedure in detail, duration, possible hazards 

and benefits, written consent of the donor is obtained. 

 Proper venous access is an important consideration in plateletpheresis 

donation. The suitable vein should be examined at the time of 

selecting the donor. 

 Plateletpheresis donor should be screened prior to procedure for 

markers of transfusion transmitted infections in the same manner as 

for the whole blood donation. 

 Tests for Haemoglobin, ABO grouping and Rh typing and Screenings 

for unexpected antibody are done prior to apheresis procedure. 

 The platelet count should be done before all plateletpheresis 

procedure. So that donor’s health will not be compromised. 

 The skin at the site of the needle insertion must be aseptically 

prepared before phlebotomy. The scrub is performed for a period of 

time defined by standard operating procedures and in a manner such 

that the skin surrounding the needle insertion site is also treated. 

 After the site has been properly prepared, venipuncture has been 

performed preferably in the antecubital fossae. 



66 

4) Plateletpheresis Procedure 

 All plateletpheresis donations were performed using Haemonetics 

MCS+ apheresis machine, a single needle procedure. 

 Preparing the Haemonetics MCS+ apheresis device involves inserting 

the LDP protocol card. 

 At the beginning of the procedure, the apheresis operator enters 

information,  such  as  the  donor’s  height,  weight,  haematocrit,  and  

platelet count, required by the apheresis device to optimize the 

procedure for the donor and the product(s) being collected. 

 The duration of the procedure varies, depending on the cell count 

being collected as well as donor size, vascular access. 

 During the procedure, donors have been made as comfortable as 

possible and offering music to divert their attention from the 

collection procedure. 

 Prophylactic tablet calcium supplementation was given orally; 

additional calcium tablets were given to the donors those who 

complain the symptoms of hypocalcaemia due to citrate toxicity. 

 During the procedure the donor is monitored for development of any 

adverse events and appropriate management protocol followed as per 

the standard operating procedure. 

 Once the procedure is completed, the needle line tubing is clamped, 

pressure cuff is released.  

 Needles are then removed under aseptic precautions and pressure is 

applied to the venipuncture site until bleeding has stopped. A 

pressure bandage is then applied to the phlebotomy site. 
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 Post donation care of apheresis donor by providing refreshments and 

ensuring proper hydration.  

 Post donation counselling done for the apheresis donor. To avoid 

strenuous activity such as lifting or pulling with the arms for a 

specified interval, and to eat well and drink plenty of fluids over the 

next 24 hours. 

 Donors have been observed following plateletpheresis donations for 

about 15 minutes to ensure that no delayed negative effects occur. 

 Donors who are feeling well and have not experienced any adverse 

effects are then allowed to leave. 

Leukoreduction 

 All  SDP  donations  were  performed  using  Haemonetics  MCS+  

plateletpheresis kit with in-line leucofilters thus enabling effective 

leukoreduction of platelet concentrates. 

 The purpose of leukoreduction reducing incidence of FNHTR, 

reducing risk of Septic Platelet Transfusion Reaction, treatment of 

alloimmunized patient for preventing platelet refractoriness, to 

increasing the transfusion interval between two dosages and finally 

SDP is consider to be the treatment of choice for Hemato-oncology 

patients requiring frequent platelet transfusions. 

5) Corrected Count Increment [ CCI ]:  

 CCI is one of the methods used to evaluate a response to platelet 

transfusion.  The  patients  who  met  the  inclusion  criteria,  the  first  1-

hour and 24-hours platelet count were assessed for the successful 

SDP transfusion by calculating the corrected count increment.  
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 The efficacy of the transfused platelet concentrates is usually 

estimated from the Corrected Count Increment (CCI) of platelets 

measured after transfusion.  

CCI = Absolute platelet Increment/ L × Body surface area (m2) 

  Number of platelet transfused (1011) 

 Absolute  platelet  increment  =  Posttransfusion  platelet  count  –  

pretransfusion platelet count.  

 Number of platelets transfused in each unit expressed in 1011.  

 Pre-transfusion platelet count was obtained from patient investigation 

records. 

 Body surface area was calculated from patient height in cm and 

weight in kg.  

 Body Surface Area (m2) calculated using the DuBois and DuBois 

formula  

BSA (m2) = 0.00718 × height (cm) 0.725 × weight (kg) 0.425. 

 Post-transfusion venous blood samples from the patient will be 

collected after 24 hours in a sterile EDTA vacutainer for the Post-

transfusion platelet count. 

 Actual platelet yield used as the denominator and it has been 

calculated  from  the  segment  of  the  donor  platelet  unit  used  for  the  

respective patient.  
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Flow Chart 3: Methodology  

Diagrammatic representation of how our patients were recruited into this study 

All Hemato-Oncological Patients Requesting Single Donor Platelet to Blood Bank. 
 

ABO matched single donor platelet transfusion. 

 

ABO matches SDP platelet for transfusion Sample collection pouch to calculate yield 

 

SDP Transfusion: Starting Time: Immediately, Completion Time: Within 30 minutes. 
 

Post-transfusion venous blood sample from same patient taken at 1 hr and 24 hrs of SDP 
transfusion. 

 

Post-transfusion platelet Count analyse using Sysmex six part Automated Cell Counter 
 

Using the pre-and post-transfusion platelet count, Corrected count increment calculated 
using the formula 

CCI = Absolute Platelet Increment × Body Surface Area × PD-1 

 

Successful Transfusion51,147 Unsuccessful transfusion51 

 7.5 × 109/L at 1 hr CCI, 
 >5 × 109/L at 20–24 hrs CCI. 

 <7.5 × 109/L at 1 hr CCI, 
 <5 × 109/L at 20–24 hrs CCI. 

 

If < 5 × 109/L at 24 hrs consider nonimmunological factors responsible for the failure of 
CCI. 

 

Assessing for the presence/absence of various clinical factors influencing the CCI. 

 

Clinical Factors135: (01) Fever, (02) Sepsis, (03) Splenomegaly, (04) DIC, (05) Drugs. 
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Description of the Methodology 

Pre-Donor Counselling  

 Predonation counselling for the voluntary blood donors who arrive at the 

blood bank are offered and explaining the details of the plateletpheresis 

procedure with its relative consequences and willingness to donate Single 

Donor Platelet confirmed. 

 Informed written consent in the Apheresis Donor Questionnaire form is 

obtained from the voluntary blood donor. 

 The Donor is allowed to fill up the Donor Questionnaire Form and physical 

examination of the donor is performed by the investigator. 

Sample Collection & Testing 

Pre-transfusion Platelet Count 

 The patient‘s pre-transfusion platelet count was obtained from the patients 

case records. The pretransfusion platelet counts were analysed using 

calibrated Sysmex six part automated cell counter. 

Post-Transfusion Platelet Count 

 Informed written consent is obtained from the Hemato-oncology patients in 

the Proforma form for study purpose by the investigator. 

 Blood was collected using 23 gauze needle after cleaning the site with spirit 

and with the help from staff nurses in the Hematology wards. After 
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collecting 2 ml of blood, adequate pressure were applied with sterile cotton 

to make ensure that there was no further bleeding from the phlebotomy site. 

 Mixing the 2 ml of blood sample in EDTA vacutainer tube and analysed 

using Sysmex six part automated cell counter for posttransfusion platelet 

counts. 

Calculation of Platelet Yield for the Single Donor Platelet Product: 

 The product Single Donor Platelet bag is allowed to resting period of one 

hour and placing the product bag in the platelet incubator cum agitator for 

atleast 5-minutes before the PC sample is taken for platelet yield. 

 One ml of platelet concentrates from segment of the Single Donor Platelet 

unit to assess the platelet yield. 

 A PC sample taken from the product was diluted with diluent 1 in 4 dilutions 

and the value recorded using the calibrated automated cell counter. The 

product platelet count is arrived by multiply the value with the dilution 

factor. 

 Actual platelet yield was calculated by using the Formula128: 

Actual Platelet Yield =      Volume of    ×     PLT count of     ×  Conversion factor 

                                         Product in ml       PC sample in µl            (x 103 L) 

 

 Actual platelet yield used as the denominator and it has been calculated from 

the segment of the donor platelet unit used for the respective patient. 
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Corrected Count Increment [ CCI ]106: 

CCI =  Absolute platelet Increment/ L × Body surface area (m2) 

Number of platelet transfused (1011) 
 

Absolute platelet Increment [API]106: 

API = Posttransfusion platelet count – pretransfusion platelet count. 
 

Body Surface Area(BSA) in m2: Calculated using the DuBois and DuBois 

formula127.  

          BSA (m2) = 0.00718 × height (cm) 0.725 × weight (kg) 0.425. 
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Clinical Factors Influencing CCI  

1. Fever: 

 Fever is an elevation of body temperature that exceeds the normal daily 

variation and occurs in conjunction with an increase with an increase in 

hypothalamic set point. 

 The mean body temperature is 36.8o±0.4oC (98.2o±0.7o), with low level at 

06.00 A.M. and higher levels at 4-6 P.M. 

 The maximal normal body temperature is 37.2o (98.9oF) at 06.00 A.M. and 

37.7oC (99.9oF) at 04.00 P.M. 

 Elevation in body temperature >37.2oC (>98.9oC)  at  A.M  or  >37.7oC 

(>99.9oC) at P.M. would define a fever130. 

 Electronic digital thermometer used for measuring body temperature, with 

the help from staff nurses in the Hematology wards. 

2. Splenomegaly132 

 The most common symptoms produced by disease involving the spleen are 

pain and heavy sensation in the left upper quadrant.  

 Massive splenomegaly may cause early satiety. 

 Physical examination of the spleen: 

 Inspection: Fullness in the left upper quadrant that descends on 

inspiration, 
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 Palpation: Bimanual palpation, and Ballotment. 

 Precise method of enlarged spleen determined by ultrasonogram for routine 

assessment of spleen size, because it has high sensitive and specificity. 

Ultrasonogram report for each participant was obtained from the patient’s 

investigational chart. 

3. Sepsis133 

 Sepsis is a dysregulated host response to infection that leads to acute life-

threatening organ dysfunction. 

 Common clinical features include signs of infection, with organ dysfunction, 

plus altered mentation; tachypnea; hypotension; hepatic, renal, or 

hematologic dysfunction. 

  “Sepsis-3” clinical criteria for sepsis to aid clinicians in identifying sepsis 

include: 

 A suspected Infection, 

 Acute organ dysfunction, defined as an increase by 2 points from baseline 

on the Sepsis-related organ failure assessment (SOFA) score. 

 SOFA score is an 24-point measure of organ dysfunction that uses six organ 

system [Renal, Cardiovascular, Pulmonary, Hepatic, Neurologic, 

Hematologic], where 0-4 points are assigned per organ system. 
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Table 11: SOFA variables 

Systolic Blood Pressure  100 mmHg 

Serum Creatinine  1.2 mmHg 

PaO2/FiO2  300 

Platelets  150 k/uL 

Glasgow coma scale < 15 

Bilirubin  1.2 mg/dL 

Mechanical ventilation Present / Absent 

Vasopressors Present / Absent 

Vasopressors More than one 
 

 Based on “Sepsis-3” clinical criteria the diagnosis of sepsis has been made 

by  the  treating  physician  in  the  Hemato-oncology patients  and  details  were  

obtained by investigator from the patient’s hospital record. 

4. Disseminated Intravascular Coagulation134 

 DIC is a clinic-pathologic syndrome characterized by widespread 

intravascular fibrin formation in response to excessive blood protease 

activity that overcomes the natural anticoagulant mechanisms. 

 Acute promyelocytic leukemia (APL) is the most common Hemato-

oncological disease that leads to DIC. 

 Clinical manifestations of DIC are related to the magnitude of the imbalance 

of hemostasis, to the underlying disease, or to both. 

 The diagnosis of clinical significant DIC based on the presence of clinical 

and/or laboratory abnormalities of coagulation or thrombocytopenia. 
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 The most common findings are bleeding ranging from oozing from 

venipuncture sites, petechiae, and ecchymoses to severe hemorrhage from 

the gastrointestinal tract, lung, or into the CNS. 

 In chronic DIC, the bleeding symptoms are discrete and restricted to skin or 

mucosal surfaces. 

 The hypercoagulability of DIC manifests as the occlusion of vessels in the 

microcirculation and resulting organ failure. 

 The Laboratory Investigation should include coagulation tests aPTT, PT, 

Thrombin time [TT] and markers of Fibrin degradation products (FDPs), In 

addition to platelet and red cell count and analysis of the blood smear. 

 Common findings include the prolongation of PT and/or aPTT; platelet 

counts <1,00,000/µL, or a rapid decline in platelet number; the presence of 

schistocytes in the blood smear; and elevated levels of FDP. 

 The most sensitive test for DIC is the FDP level. 

 The D-dimer test is more specific for detection of fibrin – but not fibrinogen-

degradation products an indicates that the cross-linked fibrin has been 

digested by plasmin. 

 The diagnosis of DIC has been made by the treating physician based on 

clinical and Laboratory investigation in the Hemato-oncology patients and 

details were obtained by investigator from the patient’s hospital record. 

5. Drug History 

 The detail related to drugs used in treatment was obtained from the patients 

drugs chart for individual patients. 
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RESULTS 

BASELINE CHARACTERISTICS 

Gender 

A total of 85 patients who were found to be evaluated for CCI following a 

single donor platelet transfusions were analyzed in the study period from July 2018 

to June 2019. Of these 85 patients, 58 were males (68.2%) and 27 were females 

(31.8%).   

Figure 6: Gender 

 

Gender distribution in our study population 

 

 

MALE-
68.2% 
(n=58)

FEMALE-
31.8% 
(n=27)
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Age Distribution 

Figure 7: Age Distribution 

 

The majority of patients was between 18-40 yrs (32.9%) and the age group 

of < 18 yrs and > 60 yrs had the same number of patients (n=18). The mean age was 

38.2 yrs. The youngest was 11 yrs old and the oldest patient was 70 yrs of age. 

 

 

 

21.2% (n=18)

32.9% (n=28)
24.7% (n=21)

21.2% (n=18)

< 18 Years 18 -40 Years 41-60 Years > 60 Years
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Diagnosis 

Diagnosis  of  patients  enrolled  in  our  study  was  as  shown  below,  with  the  

largest group contributed by patients with ALL (32.9%) and followed by AML 

(19%).                                  

Table 12: Diagnosis 

S. No. Diagnosis Number of Cases 

1 ALL 28 

2 AML 19 

3 CML 12 

4 APL 5 

5 CLL 3 

6 HL 4 

7 NHL 7 

8 MM 5 

9 SLL 2 

TOTAL 85 

 
Figure 8: Diagnosis 

 

ALL - 32.9%

AML - 22.4%CML - 14.1%

APL - 5.9%

CLL - 3.5%

HL - 4.7%

NHL - 8.2% MM - 5.9% SLL - 2.4%



80 

Blood Group Distribution 

Blood group and Rh typing of the patients enrolled in our study was as 

shown below, with the Majority blood group contributed by patients with ‘O’Rh 

Positive (32%) followed by ‘B’Rh Positive (27%) and least by ‘AB’Rh Negative, 

‘B’Rh Negative and ‘O’Rh Negative had the same number n=1 (1%). 

Figure 9: Blood Group Distribution 

 

All patients enrolled in our study have been transfused ABO group specific 

single donor platelets. Of which majority of patients have been transfused ‘O’Rh 

Positive followed by ‘B’Rh Positive SDPs. 

O Rh Positive 
32%

B Rh Positive 
27%

A Rh Positive 
23%

AB Rh 
Positive 15%

O Rh 
Negative 1%

B Rh 
Negative 1% AB Rh 

Negative 1%

O Rh Positive (n= 27) B Rh Positive (n=23) A Rh Positive (n=19)
AB Rh Positive (n=13) O Rh Negative (n=1) B Rh Negative (n=1)
AB Rh Negative (n=1)
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Anthropometry Measurements 

Figure 10: Anthropometry Measurements 

 

The mean height 160.153 cm (range 125–178) and mean weight 56 kg (range 

29–85). The mean body surface area of the patients was 1.57 m2 (range 1–2.03). 

Figure 11: Pretransfusion and Posttranfusion Platelet Count 
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Figure 12: Distribution of Corrected Count Increment in Study 

Population 

 

Among the total 85 Hemato-oncology patients, Majority of them 58 patients 

have CCI >5000 at 24 hours following single Donor Platelet Transfusion. However, 

27 patients have CCI <5000 at 24 hours. 

Figure 13: Successful Vs Unsuccessful CCI following SDP Transfusion 

 

CCI <5000 at 24 hours consider as Unsuccessful transfusion seen in 27 

patients (32%). CCI >5000 at 24 hours consider as Successful transfusion seen in 58 

patients (68%). 
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TABLE 13: Platelet Dose Transfused to Successful and Unsuccessful 

Patients 

Platelet Dose 
Transfused × 1011 kg 

Corrected Count Increment 

<5000 >5000 

0.03 - N = 1 (1.2%) 

0.04 N = 7 (8.2%) N = 6 (7.1%) 

0.05 N = 8 (9.4%) N = 25 (29.4%) 

0.06 N = 6 (7.1%) N = 17 (20.0%) 

0.07 N = 5 (5.9%) N = 5 (5.9%) 

0.08 N = 1 (1.2%) N = 3 (3.5%) 

0.11 - N = 1 (1.2%) 

Total N = 27 (31.8%) N = 58 (68.2%) 

 

Majority of them has been transfused with Platelet Dose of 0.05×1011/Kg 

seen in 33 patients followed by 0.06×1011/Kg seen in 23 out of total 85 Hemato-

oncology patients. 
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Table 14: Platelet Dose (<0.05×1011/Kg*) Study in Unsuccessful and 

Successful Patients 

Unsuccessful CCI <5000 Successful CCI >5000 

Sl. No. Clinical Factors Number 
of Cases 

Clinical 
Factors 

Number of 
Cases 

1 Fever + Splenomegaly 
+ Drugs 2 

Fever + Drugs 1 

2 Fever + Sepsis + 
Splenomegaly + Drugs 1 

3 Fever + Drugs 1 
Sepsis + 
Drugs 1 

4 Fever +  Splenomegaly 
+ Drugs 1 

5 Splenomegaly + Drugs 2 

Splenomegaly 
+ Drugs  3 

Drugs Alone 2 

 
TOTAL 7 TOTAL 7 

 

*Platelet Dose <0.05×1011/Kg is consider to be suboptimal dose. 

 14 out of 85 patients received suboptimal dose of platelets, 7 of the patients 

showed unsuccessful CCI at 24 hours despite successful CCI at 1 hour. All these 7 

patients had clinical factors possibly responsible for failure of increment. However, 

in 7of the remaining patients also had associated clinical factors despite successful 

CCI at 24 hours 
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Figure 14: Corrected Count Increment at 1-hour and 24-hours seen in 

Unsuccessful Patients 

 

Among  the  85  Hemato-oncology  patients,  27  of  them  observed  to  have  an  

unsuccessful transfusion. In the 27 patients, one patients does not have expected CCI 

>7500 at initial 1-hour and remaining twenty five patients fail to achieve CCI >5000 

at 24-hours. 
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Figure 15: Clinical Factors in the Total 85 Patientss: 

 

Table 15: Clinical Factors among the Successful and Unsuccessful CCI.   

 

Clinical 

Factors 
Fever Sepsis DIC Splenomegaly Drugs 

CCI 

< 5000 
Present 

21 6 1 19 23 

>5000 17 9 2 16 50 

< 5000 
Absent 

6 21 26 8 4 

>5000 41 49 56 42 8 

Total 85 
 

Clinical factors such as Fever n=38(44.7%), Sepsis n=15(17.7%), DIC 

n=3(4.7%), Splenomegaly n=35(41.2%), Drugs n=73(86%) seen in total 85 Hemato-

oncology patients. 

44.70%

17.70%
4.70%

41.20%

86%

55.30%

82.30%
95.30%

58.80%

14.00%

PRESENT ABSENT
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Analysis of Individual Clinical Factors Influencing CCI in SDP 

Transfusion 

1.  Fever 

Table 16: Descriptive Analysis of fever and CCI 

 Fever Frequency % Mean 
95% CI 

for Mean 
Median Range 

Standard 

Deviation 

CCI 

< 5000 

Present 

21 24.7 3917 3689 - 4145 4030 2863-4466 500.3645 

>5000 17 20 7678 6677 - 8680 7296 5370-11112 1948.3039 

< 5000 

Absent 

6 7.05 3514 2869 - 4158 3541 2459-4121 613.8052 

>5000 41 48.23 7488 6877 - 8100 7090 5011-11933 1938.6271 

TOTAL 85 100 
 

 

Table 17: Correlation between Fever and Unsuccessful CCI 

Crosstab 

CCI 

Total Unsuccessful 

<5000 

Successful  

>5000 

Fever 
Present 21 17 38 

Absent 6 41 47 

Total 27 58 85 
 

 

 



88 

Risk factors in the study group 

Factors 
95% Confidence Interval 

P Value Odds Ratio 
Lower Upper 

Fever 2.898 24.585 0.000 8.441 

 

In present study, the sign and symptom of fever has been present in 38 

patients  out  of  85  total  Hemato-Oncological  patients.  In  correlating  presence  of  

fever with CCI will show the mean value of 5600 and in their shows the mean value 

of 6981.532. Hence, the fever influencing the CCI clinical and statistic significance 

with ‘P’value 0.000 (<0.05 is statistics significant). 
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2.  Splenomegaly 

Table 18: Descriptive Analysis of Splenomegaly and CCI 

  Splenomegaly Frequency % Mean 
95% CI for 

Mean 
Median Range 

Standard 

Deviation 

CCI 

< 5000 

YES 

19 22.35 3898 3676 - 4119 3975 2906-4466 460.4225 

>5000 16 18.82 6974 6061 - 7887 6557 5266-10457 1712.6953 

< 5000 

NO 

8 9.42 3660 3068 - 4253 3903 2459-4460 708.8836 

>5000 42 49.41 7761 7145 – 8378 7277 5011-11933 1977.4111 

TOTAL 85 100 
 

 

Table 19: Correlation between Splenomegaly and Unsuccessful CCI 

Crosstab 

CCI 

Total Unsuccessful 

<5000 

Successful  

>5000 

Splenomegaly 
Present 19 16 35 

Absent 8 42 50 

Total 27 58 85 
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Risk factors in the study group 

Factors 
95% Confidence Interval 

P Value Odds Ratio 
Lower Upper 

Splenomegaly 2.278 17.065 0.000 6.234 
 

In our study, the clinical diagnosis of Splenomegaly has been seen in 35 

patients  out  of  85  total  Hemato-Oncological  patients.  In  correlating  presence  of  

Splenomegaly with corrected count increment will show the mean value of 5304 and 

in the absence of splenomegaly shows mean value of 7105. There was a significant 

influence of splenomegaly on 24-hours CCI in Hemato-Oncological patients with 

‘P’value 0.000 (<0.05 is statistics significant).  
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3.  Sepsis 

Table 20: Descriptive Analysis of Sepsis and CCI 

 Sepsis Frequency % Mean 
95% CI for 

Mean 
Median Range 

Standard 

Deviation 

CCI 

< 5000 

Yes 

6 7.05 4025 3745 - 4304 4098 3709-4363 266.1619 

>5000 9 10.58 8344 6868 - 9820 9327 5042-10133 1919.8128 

< 5000 

No 

21 24.7 3771 3502 - 4040 3939 2459-4466 591.4227 

>5000 49 57.67 7397 6849 - 7946 7045 5011-11933 1910.5025 

Total 85 100 
 

 

Table 21: Correlation between Sepsis and Unsuccessful CCI 

Crosstab 

CCI 

Total Unsuccessful 

<5000 

Successful  

>5000 

Sepsis 
Present 6 9 15 

Absent 21 49 70 

Total 27 58 85 
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Risk factors in the study group 

Factors 
95% Confidence Interval 

P Value Odds Ratio 
Lower Upper 

Sepsis 0.491 4.925 0.450 1.556 
 

 

In our study, the diagnosis of sepsis has been made in 15 patients out of 85 

total Hemato-Oncological patients. In correlating presence of sepsis with corrected 

count increment will show the mean value of 6616.667. However, absence of sepsis 

shows mean value of 6309.847. Independent sample test shows no statistic 

significance of sepsis on the corrected count increment in Hemato-Oncological 

patients with ‘P’value .450 (<0.05 is statistics significant). 
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4. DIC  

Table 22: Descriptive Analysis of DIC and CCI 

 DIC Frequency % Mean 
95% CI for 

Mean 
Median Range 

Standard 

Deviation 

CCI 

< 5000 

YES 

1 1.19 2863 

>5000 2 2.35 6006 4023 – 7988 6006 5850-6162 220.6173 

< 5000 

NO 

26 30.58 3864 3656 – 4073 4002 2459-4466 517.0659 

>5000 56 65.88 7599 7080 – 8118 7265 5011-11933 1937.8816 

TOTAL 85 100 
 

 

Table 23: Correlation Between DIC and Unsuccessful CCI 

Crosstab 

CCI 

Total Unsuccessful 

<5000 

Successful  

>5000 

DIC 
Present 1 2 3 

Absent 26 56 82 

Total 27 58 85 
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Risk factors in the study group 

Factors 
95% Confidence Interval 

P Value Odds Ratio 
Lower Upper 

DIC 0.093 12.419 0.953 1.007 

 

In our study, the diagnosis of DIC has been seen in 3 patients out of 85 total 

Hemato-oncological patients. The statistical significance of DIC influence the 

corrected count increment in Hemato-Oncological patients with ‘P’value .953 

(<0.05 is statistics significant). Though DIC has not been show the statistical 

significance on corrected count increment but the presence of DIC influencing CCI 

show the mean value of 4958. The absence of DIC shows mean value of 6415. 
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5. Drugs 

Table 24: Descriptive Analysis of Drugs and CCI 

 Drugs Frequency % Mean 
95% CI for 

Mean 
Median Range 

Standard 

Deviation 

CCI 

< 5000 

YES 

23 27.05 3899 3685 - 4113 4030 2863-4466 494.5151 

>5000 50 58.82 7047 6604 - 7491 6900 5011-10457 1560.6532 

< 5000 

NO 

4 4.72 3415 2300 - 4530 3541 2459-4121 700.5819 

>5000 8 9.41 10649 10129-11169 10503 10075-11933 621.8892 

TOTAL 85 100 
 

 

Table 25: Correlation between Drugs and Unsuccessful CCI 

Crosstab 

CCI 

Total Unsuccessful 

<5000 

Successful  

>5000 

Drugs 
Present 23 50 73 

Absent 4 8 12 

Total 27 58 85 
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Risk factors in the study group 

Factors 
95% Confidence Interval 

P Value Odds Ratio 
Lower Upper 

Drugs 0.251 3.368 0.900 0.920 

 

In the present study, on correlating presence of drugs with corrected count 

increment will show the mean value of 6610 and in the absence of drugs on 

influencing CCI shows mean value of 6310. There was no much difference in the 

mean CCI and statistical significance of drugs on the CCI in Hemato-Oncological 

patients with ‘P’value 0.900 (<0.05 is statistics significant). 
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Clinical Factors Influencing the Response to Platelet Transfusion 

 

Variables in the Equation 

 

Table 26: Logistic Regression Variables 
 

Factors Coefficient Odds ratio P value 95% Confidence Interval 

Lower Upper 

Fever 13.271 .745 .001 3.082 57.147 

Sepsis 3.428 .892 .167 .596 19.705 

DIC 17.106 1.720 .099 .588 497.852 

Splenomegaly 6.871 .716 .007 1.687 27.983 

Drugs .214 .969 .111 .032 1.428 

 

The analysis of multiple clinical factors influencing the response to platelet 

transfusion is given in table above. From the Hosmer and Lemeshow logistic 

regression analysis, shows the presence of fever (‘P=0.001) and splenomegaly 

(‘P’=0.007) significantly contributed to unsuccessful corrected count increment. 

However, in our study sepsis (‘P’=0.167), DIC (‘P’=0.099), and drug used 

(‘P’=0.111) in treatment, did not have statistically significance. 
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Flow Chart 4: To illustrate our Study 

Total 85 Hemato-Oncological Patients Receiving SDP Transfusion 

 

Corrected Count Increment Calculated at 1-Hour and 24-Hours after SDP Transfusion 

 

Successful CCI in 58 
Patients 

 Unsuccessful CCI in 27 Patients 

 

Clinical Factors Influencing the Corrected Count Increment  
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Drugs 

 

Fever 

Drugs 

 

Splenomegaly, 

Drugs 

 

 

Splenomegaly 

 

1 

 

1 

 

1 

 

3 

 

2 

 

11 

 

2 

 

2 

 

3 

 

1 
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Table 27 : Comparison of Clinical Factors influencing CCI across various studies 

Clinical 

Factors 
 

Present Study 

(n=85) 

Shastry  et al106 

(n=40) 

Alcorta et al103 

(n=52) 

Kumawat et al107 

(n=30) 

M.J. Dijkstra-Tiekstra  et al167 

(n=71) 

 

Fever 

Unsuccessful CCI 21 4 29 13 3 

“P” value 0.00 0.67 0.00 0.08 0.00 

 

Splenomegaly 

Unsuccessful CCI 19 4 7 - - 

“P” value 0.00 0.00 0.06 - - 

 

Sepsis 

Unsuccessful CCI 6 4 25 12 - 

“P” value 0.16 0.75 0.02 0.07 - 

 

DIC 

Unsuccessful CCI 1 4 - - - 

“P” value 0.99 0.71 - - - 

 

Drugs 

Unsuccessful CCI 23 - 14 - 15 

“P” value 0.11 - 0.02 - 0.15 

 

“P” value = < 0.05 Statistically Significant. 
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DISCUSSION 

In  the  present  study,  a  total  of  85  Hemato-Oncological  patients  were  

transfused with Single Donor Platelets and samples were tested for Corrected Count 

Increment at 1 and 24 hours after transfusion. The study also tried to find out clinical 

factors associated with unsuccessful increment. 

In the present study, the pattern of CCI at 1-hour was found to be successful 

in the majority of cases 84(98%), and then decline to 27(68%) at 24-hours [Fig.13]. 

In a similar study by M.J. Dijkstra-Tiekstra et al.167 on 79 Hemato-Oncological 

patients reported unsuccessful CCI at 1 and 24 hours in 13 (16%) and 15 (22%) 

patients respectively. Prawita et al.169 in  their  study  on  35  patients  with  various  

haematological and hemato-oncological conditions observed 13 (37%) of 

unsuccessful CCI at 1 hour and 14 (40%) patients showed failure of expected CCI at 

24 hours. 

In our study, 14(16.4%) out of 85 patients received suboptimal dose (< 0.05 

x1011/ kg body weight) of platelets, 7(8.2%) of the patients showed unsuccessful 

CCI at  24 hours despite successful CCI at  1 hour.  All  these 7 patients had clinical  

factors possibly responsible for failure of increment. However, in 7(8.2%) of the 

remaining patients also had associated clinical factors despite successful CCI at 24 

hours. 71(83.6%) of the total 85 patients received optimal dose of platelets (> 0.05 

x1011/ kg body weight). Out of these 71 patients, 70 who had successful 1 hour CCI, 

19 of these patients showed failure of expected CCI   at 24 hours. The remaining one 

patient showed unsuccessful CCI after 1 hour of transfusion itself [Table.13].  

In  Roy  et  al.168 study, among the high dose group (0.06 x1011/kg body 

weight) of children 9.6% of them showed bleeding events, whereas in low dose 
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group (< 0.03 x1011/kg body weight) 6.3% showed bleeding events and concluded 

that the difference observed were not statistically significant.  

In  our  study,  Fever  was  one  of  the  associated  clinical  factor  among  38  

(44.7%) out of total 85 patients. 21 (24.7%) of these patients showed unsuccessful 

CCI at 24 hours after SDP transfusion despite successful CCI at 1 hour. Which was 

statistically significant with  “P” value of <0.05 [Table.17]. 

Kumawat et al.107 in their study on 30 cases of Hemato-Oncological patients 

reported 13 (43%) cases of unsuccessful CCI associated with fever, the remaining 5 

(16.6%) patients showed successful CCI at 24 hours despite fever.  

Shastry  et  al.106 in their study on 40 cases of various haematological and 

hemato-oncological conditions reported unsuccessful CCI among 4 (10%) cases 

with fever successful CCI among 10 (25%) cases. 

The reason quoted by several authors for the cause of unsuccessful CCI in 

patients with fever is due to promotion of endothelial cell activation by elevated 

cytokines IL-1, and TNF- . 

In this study, 35 (41.2%) of the total 85 patients showed splenomegaly. 19 

(22.3%) of them showed unsuccessful CCI at 24 hours despite successful CCI at 1 

hour post-transfusion. 11 cases of CML with massive splenomegaly were included 

in our study, all cases showed unsuccessful CCI. Which was also statistically 

significant with “P” value of <0.05 [Table.19]. 

Shastry  et  al.106 reported unsuccessful CCI in 4 out of 10 cases with 

splenomegaly. Alcorta et al.103 in their study reported 8 out of 52 haemato and 

hemato-oncological patients with splenomegaly, 7 of them showed unsuccessful 
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CCI. The probable reason for unsuccessful CCI in cases with splenomegaly is due to 

increased pooling of platelets in the enlarged spleen. 

In our study, 15 (17.6%) cases had sepsis, 6 (7.05%) of them showed 

unsuccessful CCI. Kumawat et al.107 reported 12 cases of unsuccessful CCI among 

16 cases with sepsis. Shastry et al.106 reported 4 cases of unsuccessful CCI among 9 

patients with sepsis. This could be due to LPS induced thrombocytopenia by human 

platelet TLR4 recognised by PAMPS on invading microorganisms [Table.21].  

Out of 3 (4.7%) cases of APML with DIC, 1 (1.17%) showed unsuccessful 

CCI. Similar findings were reported by Shastry et al.106 The probable mechanism is 

due to higher consumption of platelets in DIC. 

In  this  study,  all  the  patients  were  treated  with  appropriate  cancer  

chemotherapy and antibiotics along with blood component support. Since 84 out of 

85 patients showed successful CCI at 1 hour post-transfusion of SDP, the probable 

drug induced immune mediated thrombocytopenia was not considered to be a cause.  

Only one case in our study showed unsuccessful CCI after 1 hour of SDP 

transfusion. Since this patient was on antibiotics and antineoplastic therapy, the 

probable mechanism for unsuccessful CCI at 1 hour to be considered is an immune 

mediated thrombocytopenia. 
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SUMMARY 

In our study, 

 A total of 85 Hemato-Oncological patients were transfused with Single 

Donor Platelets and samples were tested for Corrected Count Increment at 1 

and 24 hours after transfusion. The study also tried to find out clinical factors 

associated with unsuccessful increment. 

 The pattern of CCI at  1-hour was found to be successful in the majority of 

cases 98%, and then decline to 68% at 24-hours. 

 Out of 85 Hemato-oncological patients, 14 patients were received suboptimal 

dose  of  platelets,  7  of  the  patients  showed  unsuccessful  CCI  at  24  hours  

despite successful CCI at 1 hour. All these 7 patients had clinical factors 

possibly responsible for failure of increment. However, in 7 of the remaining 

patients also had associated clinical factors despite successful CCI at 24 

hours. 

 Fever was one of the associated clinical factor among 38 out of total 85 

patients. 21 of these patients showed unsuccessful CCI at 24 hours after SDP 

transfusion despite successful CCI at 1 hour. 

 A total of 35 out of 85 patients showed splenomegaly. 19 of them showed 

unsuccessful CCI at 24 hours despite successful CCI at 1 hour post-

transfusion. 

 In our study, 15 cases had sepsis, 6 of them showed unsuccessful CCI. 

 Out of 3 cases of APL with DIC, 1 showed unsuccessful CCI. 



104 

 All the patients were treated with appropriate cancer chemotherapy and 

antibiotics along with blood component support. Since 84 out of 85 patients 

showed successful CCI at 1 hour post-transfusion of SDP, the probable drug 

induced immune mediated thrombocytopenia was not considered to be a 

cause. 

 Only one case in our study showed unsuccessful CCI after 1 hour of SDP 

transfusion. Since this patient was on antibiotics and antineoplastic therapy, 

the probable mechanism for unsuccessful CCI at 1 hour to be considered is 

an immune mediated thrombocytopenia. 
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CONCLUSION 

 In our study, almost 2/3rd of the hemato-oncological patients on 

chemotherapy showed successful CCI after 24 hours of SDP transfusion.  

 The probable reason for unsuccessful CCI at 24 hours despite successful CCI 

at 1 hour after SDP transfusion is attributed to certain non-immunological 

clinical factors like fever, splenomegaly and sepsis. 

 Further, the reason for unsuccessful CCI at 24 hours observed in few of our 

cases is suboptimal dose of platelets. 

 However, it is imperative to conduct further study on larger number of cases 

to arrive at a definitive conclusion. 
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Evaluation of Corrected Count Increment in Hemato-Oncological Patients
receiving Single Donor Platelets Transfusion 

PATIENT INFORMATION SHEET

Platelets are extremely small and discoid shape anucleated structure derived 
from the bone marrow megakaryocytes. So, whenever bleeding occurs, platelet 
become activated, form clots to arrest the bleeding.

If the number of platelets is too low (normal platelet count is 150,000-
450,000/µl), excessive bleeding can occur. Causes of low platelet counts include 
failure to produce platelets, blood related cancers, non-blood related cancers, 
chemotherapy and sepsis. In such a situation platelets may have to be collected 
from a single donor by apheresis and transfused into the patient to arrestor prevent 
bleeding.

The efficacy of the transfused platelet concentrates is usually estimated from 
the corrected count increment (CCI) of platelets measured at one hour after 
transfusion.Therefore, if patients platelet count does not increase even after an 
adequate dose of platelet transfusion is given. This is called platelet refractoriness. 
The reason for platelet refractoriness may be due immune and non-immune causes. 
The non-immune causes are infection, sepsis, high fever, splenomegaly, DIC, 
bleeding, drugs (antibiotics, anti-cancer, anti-fungal), others.   

This study will help to decide how to manage hematological malignant 
patients with clinical factors influencing the post transfusion platelet increment. As 
a part of this study, history regarding details about the disease you have, frequency 
of previous transfusions platelets will be recorded.

Aim &Objective: 
To evaluate the response to Single Donor Platelet transfusion by the calculation of 
Corrected Count Increment in a Hemato-Oncological Patientsafter transfusion at 
specified time period. 

METHODOLOGY:
Patient details about the diseaseand its course obtained from hospital case sheetand 
2 ml of blood samples from the patient will be collected in a sterile EDTA 
vacutainer, tested in The TN Dr.M.G.R. Medical University, Guindy, Chennai.



BENEFIT AND RISKS:
This study will help to provide right dosage of platelet unit in Hemato-oncological 
Patientsto obtain an optimum increment and to decide how to manage 
hematological malignant patients with clinical factors influencing the post 
transfusion platelet increment.
There less than minimum risk to the study participants.

CONFIDENTIALITY:
Your privacy will be protected as permitted by law. Only your researcher and 

ethical committee members will have access to data collected during this study. 

PARTICIPATION:
My participation in this study is voluntary and I know that I am free to withdraw 
from the study at any time, when it affects my legal rights without giving any 
reason. 

I am also willing to give 2ml of my blood sample for this study. I agrees not to 
restrict or interfere with any data or results that are obtained from this study. I 
agree to participate in this research study for the above listed purpose.

Patient’s name: 

Signature                         :                                                  Date: 

Who obtains the consent    :

Signature of the person         : Date: 
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INFORMED CONSENT FORM 

STUDY: “Evaluation of Corrected Count Increment in Hemato-Oncological 
Patients receiving Single Donor Platelets Transfusion”. 

STUDY CENTRE: 
 Blood Bank, Department of Transfusion Medicine,The TN Dr.M.G.R 

Medical University, Guindy, Chennai.
 Blood Bank and Department of Hematology, Adyar Cancer institute, 

Chennai.

PATIENT’S NAME :

PATIENT’S AGE :

I.P NO. :

Patient may check ( ) these boxes 

I confirm that I understood the purpose of the procedure for the above study. 

(      )

I had the opportunity to ask question and all my questions and doubts have been 

answered to my complete satisfaction.( )

I understand that my participation in the study is voluntary and that I am free to 

withdraw at any time without giving reason, without my legal rights being 

affected. ( )

I understand that the ethical committee members and the regulatory authorities 

will not need my permission to look at my health records, both in respect of the 

current study and any further research that may be conducted in relation to it, 

even if I withdraw from the study I agree to this access. ( ) 

I understand that my identity will not be revealed in any information released to 

third parties or published, unless as required under the law.( ) 



I agree not to restrict the use of any data or results that arise from the study.

( )

I agree to take part in the above study and to comply with the instructions given 

during the study and faithfully co-operate with the study team and to 

immediately inform the study staff if I suffer from any deterioration in my health 

or well being or any unexpected or unusual symptoms.( ) 

I am also willing to give my blood sample for this study. (          ) 

[Patients with ] 

Signature / thumb impression

Patient’s name and address:

Place:

Date: 

Signature of the investigator:

Study investigator’s name:

Place:

Date: 
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PROFORMA

Serial Number: 

Inpatient Number: 

Name:  

Age: 

Gender: M/F  

Weight: (Kg) 

Height: (M) 

BSA: 

Diagnosis: 

Clinical factors(PLEASE TICK THE OPTION) 

01. Fever                                           Yes/No 
 

02. Sepsis                                          Yes/No
 

03. Active Bleeding                       Yes/No 
 

04. Medications                                Yes/No
 

05. Splenomegaly                            Yes/No 
 

06. DIC                                             Yes/No 
 

07. Others                                          Yes/No



Number of Transfusions given:

Platelet Counts:  

Pre transfusion Platelet Count    :

Platelet yield in the transfused SDP bag:

Post Transfusion Platelet Count: 

Corrected Count (CCI) = Absolute platelet Increment/µL × Body surface area (m2)
Increment Number of platelet transfused (1011) 

Inference:

Successful or unsuccessful outcome.



1 46 M AML 160 54 3564 1.55 A Pos A Pos 19000 0.06 47600 28600 13682 35000 16000 7515 YES NO NO YES YES
2 56 M CML 169 73 4818 1.83 AB Pos AB Pos 18000 0.04 35324 17324 10567 24600 6600 3660 NO NO NO YES NO
3 15 M HL 157 50 3300 1.48 B Pos B Pos 15000 0.06 39440 24440 12057 29000 14000 6278 YES NO NO NO YES
4 16 F APL 143 42 2520 1.28 O Pos O Pos 29000 0.06 57120 28120 14283 42000 13000 6162 NO NO YES NO YES
5 11 M ALL 140 40 2640 1.24 AB Pos AB Pos 12000 0.06 32504 20504 10593 23900 11900 5465 YES NO NO YES YES
6 55 M MM 170 65 4290 1.75 O Neg O Neg 13000 0.05 38080 25080 13504 28000 15000 7954 NO NO NO NO YES
7 68 M CLL 169 73 4818 1.83 B Pos B Pos 19000 0.04 38620 19620 11968 27000 8000 4436 YES NO NO YES YES
8 55 M CML-BLAST 174 75 4950 1.9 O Pos O Pos 22000 0.04 39980 17980 11387 29000 7000 4030 YES YES NO YES YES
9 21 M ALL 166 60 3960 1.67 A Pos A Pos 13000 0.05 43520 30520 16989 32000 19000 9615 YES YES NO NO YES

10 49 F B NHL 155 48 2880 1.44 O Pos O Pos 16000 0.06 46240 30240 15120 34000 18000 7854 NO NO NO NO YES
11 25 M T-ALL 170 65 4290 1.75 AB Neg AB Neg 19000 0.05 53040 34040 18329 39000 20000 10606 NO NO NO NO NO
12 66 M AML 174 73 4818 1.87 AB Pos AB Pos 16000 0.04 38080 22080 14140 28000 12000 6800 YES NO NO NO YES
13 43 F AML 157 52 3120 1.51 O Pos O Pos 16000 0.06 38080 22080 10686 28000 12000 5490 NO YES NO YES YES
14 57 F CML 145 44 2640 1.32 O Pos O Pos 19000 0.06 36980 17980 8790 26000 7000 3422 NO NO NO YES YES
15 15 F AML 146 42 2520 1.3 O Pos O Pos 21000 0.07 43900 22900 9923 31000 10000 3939 YES NO NO YES YES
16 26 M AML 166 61 4026 1.68 B Pos B Pos 11000 0.05 29920 18920 10421 22000 11000 5600 NO NO NO NO YES
17 12 M ALL 143 40 2640 1.26 O Pos O Pos 16000 0.08 55760 39760 15655 41000 25000 9621 NO YES NO NO YES
18 22 F AML 153 45 2700 1.39 O Pos O Pos 25000 0.07 53040 28040 12373 39000 14000 5896 YES NO NO NO YES
19 55 M CML 170 72 4752 1.83 B Pos B Pos 18000 0.04 34340 16340 10311 24000 6000 3327 NO NO NO YES YES
20 25 M ALL 165 59 3894 1.65 A Pos A Pos 19000 0.05 51680 32680 18278 38000 19000 9500 NO NO NO NO YES
21 70 M T NHL 178 85 5610 2.03 O Pos O Pos 14000 0.03 42160 28160 22417 31000 17000 10457 NO NO NO YES YES
22 19 F ALL 155 45 2700 1.4 B Pos B Pos 18000 0.06 43520 25520 13232 32000 14000 7259 NO NO NO NO YES
23 25 M T-ALL 168 60 3960 1.68 A Pos A Pos 21000 0.05 40620 19620 10987 29000 8000 4072 YES NO NO YES YES
24 49 M APL 170 58 3828 1.67 AB Pos AB Pos 29000 0.05 45340 16340 9095 35000 6000 3711 YES YES NO NO YES
25 15 F ALL 125 29 1914 1 O Pos O Pos 29000 0.11 65280 36280 11373 48000 19000 5757 YES NO NO NO YES
26 25 M HL 168 60 3960 1.68 A Pos A Pos 19000 0.05 42160 23160 12969 31000 12000 6109 YES NO NO NO YES
27 18 F APL 145 46 2760 1.35 B Pos B Pos 33000 0.07 61000 28000 7538 40000 7000 2863 YES NO YES NO YES
28 12 F ALL 144 41 2460 1.28 A Pos A Pos 14000 0.08 38540 24540 9518 25000 11000 4266 YES NO NO YES YES
29 65 M CML- 168 63 4158 1.72 A Pos A Pos 17000 0.06 40800 23800 11662 30000 13000 5790 NO NO NO NO YES
30 70 M SLL 170 65 4290 1.75 B Pos B Pos 20000 0.05 36340 16340 8798 26000 6000 3181 YES NO NO YES YES
31 29 F B NHL 160 53 3180 1.54 AB Pos AB Pos 21000 0.06 43900 22900 10645 31000 10000 4095 NO NO NO NO NO
32 20 M ALL 165 60 3960 1.66 B Pos B Pos 15000 0.05 46240 31240 17286 34000 19000 9557 NO YES NO YES YES
33 20 F NHL 150 48 2880 1.41 B Neg B Neg 20000 0.06 43520 23520 11515 32000 12000 5127 NO NO NO NO YES
34 20 F T-ALL 160 55 3300 1.56 B Pos B Pos 20000 0.06 47600 27600 13047 35000 15000 7090 NO NO NO NO YES
35 67 F AML 156 49 2940 1.46 A Pos A Pos 19000 0.06 48960 29960 14878 36000 17000 7512 NO NO NO YES YES
36 19 M B-ALL 160 55 3300 1.56 A Pos A Pos 11000 0.05 39440 28440 16133 29000 18000 10400 NO NO NO NO NO
37 46 F AML 150 44 2640 1.36 O Pos O Pos 7600 0.07 38080 30480 13458 28000 20400 8840 NO NO NO NO YES
38 17 F AML 146 47 2820 1.37 A Pos A Pos 15000 0.05 21560 6560 4033 19000 4000 2459 NO NO NO NO NO
39 35 M HL 170 68 4488 1.79 O Pos O Pos 20000 0.04 47600 27600 18163 35000 15000 8316 NO NO NO NO YES
40 18 F APL 149 45 2970 1.35 B Pos B Pos 33000 0.06 62560 29560 14458 46000 13000 5850 NO NO YES NO YES
41 14 M ALL 145 44 2904 1.32 O Pos O Pos 11000 0.08 44880 33880 12705 33000 22000 8800 YES NO NO YES YES
42 60 M MM 168 65 4290 1.74 B Pos B Pos 14000 0.05 38080 24080 12892 28000 14000 7424 NO NO NO NO YES
43 70 M CLL 170 73 4818 1.84 B Pos B Pos 18000 0.04 37620 19620 12033 26000 8000 4460 YES NO NO NO YES
44 48 F CML-BLAST 148 45 2700 1.36 B Pos B Pos 22000 0.07 43260 21260 8761 31000 9000 3709 YES YES NO YES YES
45 24 M ALL 168 63 4158 1.72 O Pos O Pos 14000 0.05 44880 30880 16861 33000 19000 10133 YES YES NO NO YES
46 64 F MM 155 50 3000 1.47 AB Pos AB Pos 19000 0.06 46240 27240 13191 34000 15000 7000 NO NO NO NO YES
47 21 M T-ALL 168 60 3960 1.68 A Pos A Pos 15000 0.05 48960 33960 19017 36000 21000 10690 NO NO NO NO NO
48 68 M AML 175 78 5148 1.94 O Pos O Pos 16000 0.04 36720 20720 12883 27000 11000 6466 NO NO NO NO YES
49 47 M AML 165 65 4290 1.72 B Pos B Pos 15000 0.05 39440 24440 12934 29000 14000 7296 YES YES NO NO YES
50 58 F CML 148 45 2700 1.36 O Pos O Pos 16000 0.07 38900 22900 9437 26000 10000 4121 NO NO NO YES NO
51 16 M AML 154 50 3300 1.46 A Pos A Pos 19000 0.06 47600 28600 13918 35000 16000 7078 NO NO NO YES YES
52 26 F ALL 155 49 2940 1.45 A Pos A Pos 12000 0.05 29920 17920 10606 22000 10000 5370 YES NO NO YES YES
53 17 M ALL 144 39 2574 1.25 B Pos B Pos 19000 0.06 40260 21260 11554 28000 9000 4166 YES YES NO NO YES
54 36 M AML 168 62 4092 1.7 B Pos B Pos 19000 0.05 53040 34040 18667 39000 20000 10303 YES NO NO NO NO
55 40 M CML 172 65 4290 1.77 B Pos B Pos 19000 0.04 35340 16340 10711 25000 6000 3933 YES NO NO YES YES
56 27 M ALL 169 65 4290 1.75 O Pos O Pos 20000 0.05 53040 33040 17790 39000 19000 10075 NO NO NO NO NO
57 65 M NHL 175 79 5214 1.84 O Pos O Pos 21000 0.04 42160 21160 12321 31000 10000 5575 NO NO NO YES YES
58 18 M ALL 158 57 3762 1.57 O Pos O Pos 17000 0.05 40800 23800 13110 30000 13000 6184 NO NO NO NO YES
59 21 M T-ALL 165 64 3960 1.66 O Pos O Pos 21000 0.05 38980 17980 9948 28000 7000 3521 YES NO NO YES YES
60 49 M APL 169 59 3762 1.68 AB Pos AB Pos 29000 0.05 45340 16340 9150 35000 6000 3360 YES NO NO NO YES
61 22 F ALL 145 42 2520 1.3 A Pos A Pos 20000 0.07 44880 24880 11002 33000 13000 5121 NO NO NO NO YES
62 65 M HL 169 66 4356 1.76 B Pos B Pos 11000 0.05 38080 27080 14442 28000 17000 9066 YES NO NO YES YES
63 60 M CML 165 60 3960 1.66 A Pos A Pos 34000 0.07 51980 17980 8990 41000 7000 3631 YES NO NO YES YES
64 14 F ALL 143 38 2280 1.23 A Pos A Pos 13000 0.07 32640 19640 9082 24000 11000 5011 NO NO NO NO YES
65 68 M MM 170 60 3960 1.69 O Pos O Pos 13000 0.05 39440 26440 14894 29000 16000 8193 NO NO NO NO YES
66 62 M SLL 169 64 4224 1.73 A Pos A Pos 19000 0.04 38620 19620 12571 27000 8000 4464 YES NO NO YES YES
67 68 M CML- 160 58 3828 1.6 AB Pos AB Pos 15000 0.05 36260 21260 11338 24000 9000 4363 YES YES NO YES YES
68 23 M ALL 163 58 3828 1.62 AB Pos AB Pos 16000 0.05 47600 31600 17652 35000 19000 9327 YES YES NO NO YES
69 58 M B NHL 165 60 3960 1.66 AB Pos AB Pos 18000 0.05 39440 21440 11863 29000 11000 5533 NO NO NO NO YES
70 26 M T-ALL 170 65 4290 1.75 B Pos B Pos 22000 0.05 55760 33760 18178 41000 19000 10075 NO NO NO NO NO
71 66 F AML 150 44 2640 1.36 B Pos B Pos 17000 0.07 44880 27880 12310 33000 16000 6593 NO NO NO NO YES
72 15 M ALL 155 55 3630 1.53 AB Pos AB Pos 26000 0.06 47260 21260 9856 35000 9000 4172 YES YES NO NO YES
73 67 M CLL 164 59 3894 1.64 O Pos O Pos 17000 0.05 36620 19620 10725 25000 8000 3975 YES NO NO YES YES
74 48 F CML-BLAST 150 48 2880 1.41 O Pos O Pos 21000 0.06 43900 22900 10763 31000 10000 4272 YES NO NO YES YES
75 19 M AML 170 68 4488 1.86 B Pos B Pos 15000 0.04 42160 27160 18572 31000 16000 9018 NO YES NO NO YES
76 19 M NHL 163 55 3630 1.58 A Pos A Pos 23000 0.06 46240 23240 11128 34000 11000 5266 NO NO NO YES YES
77 19 F T-ALL 155 53 3180 1.5 O Pos O Pos 16000 0.06 42840 26840 12660 31500 15500 7045 NO NO NO NO YES
78 65 M AML 175 78 5148 1.94 O Pos O Pos 18000 0.04 50320 32320 20096 37000 19000 11112 YES NO NO NO NO
79 49 M AML 163 59 3894 1.63 AB Pos AB Pos 19000 0.05 40800 21800 12046 30000 11000 5433 NO NO NO YES YES
80 65 F CML 149 43 2580 1.34 O Pos O Pos 17000 0.06 38260 21260 10551 26000 9000 4466 YES NO NO YES YES
81 18 M AML 158 54 3564 1.54 AB Pos AB Pos 20000 0.06 48960 28960 13764 36000 16000 7272 NO NO NO YES YES
82 28 M ALL 165 60 3960 1.66 A Pos A Pos 10000 0.05 29920 19920 11022 22000 12000 6036 NO NO NO YES YES
83 16 M ALL 145 41 2706 1.28 B Pos B Pos 18000 0.08 42160 24160 9429 31000 13000 5042 NO YES NO NO YES
84 50 M AML 172 60 3960 1.71 B Pos B Pos 28000 0.05 53040 25040 14272 39000 11000 5700 YES NO NO YES YES
85 59 M MM 175 65 4290 1.79 O Pos O Pos 10000 0.05 43520 33520 18461 32000 22000 11933 NO NO NO NO NO
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