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Abstract 
 

Introduction: The equilibrium between supply and demand for red blood cells is increasing 

unpredictably in many countries. Donor availability is being altered by present lifestyle and 

increasingly rigid eligibility criteria. The demand for blood is increasing due to aging 

population. An understanding of trends in blood and its product usage profile and current 

usage can help predict future trends in demand and help to put efforts to reduce use in 

particular areas. This will also assist in understanding clinical demand, planning resource 

allocation and inventory management in the blood bank. 

Aim: To study the pattern of blood and blood component utilization in a tertiary care     

Hospital. 

Materials and Methods: This retrospective study was conducted in Blood Bank in the 

Department of Transfusion medicine and Immunohematology, CMC and hospital over a 

period of six months, distributed over a year. All the requests coming to blood bank for blood 

and its components during the selected months were reviewed. Information regarding 

patient’s demographic details, diagnosis and indication for transfusion, type of request 

(Routine or emergency), blood and its products transfused or returned were collected. Month 

wise blood and its products utilization patterns were analysed. CT ratio, Transfusion index 

and Transfusion probability were also calculated. Statistics related to wastage of blood and its 

components were also reviewed.  

Results: Total 20,399 requests came to our blood bank in six months. A total of 10,364 

patients’ utilized total 32,608 units of blood and its components. Total 14,195 units of packed 

red cells, 5062 units of FFP, 10,118 units of platelets, 2751 units of cryoprecipitate and 482 

units of cryosupernatant were utilized. November had maximum number of requests and 

utilization. Most of the requests for blood were from the inpatients (wards). Most of the blood 
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was requested and utilized in age group of 21-30 years. Most of FFP units were requested and 

utilized in age group of 31-40 years. Most of platelet units were requested and utilized in age 

group of 51-60 years. Cryoprecipitate and cryosupernatant were maximally requested and 

utilized in age group of 21-30 years. In our study, requests for male patients were more and 

they also utilized more blood and components than females. Most of the blood and its 

components were used for diagnosis neoplasm according to ICD 10 code classification.  

Patients in the division of medicine utilized most blood. Although the division of surgery 

requested most of the blood, on an average, they utilized only 1/3rd of the requested product. 

Among the medical specialties, Haematology utilized most of the blood and components.  

Overall anaemia was the most common indication for red cell utilization. In surgical group 

Spine surgery had a maximum CT ratio. Neurosurgery and Hand Surgery had the lowest 

transfusion index in overall specialities. Hand Surgery and spine surgery had a lowest 

transfusion probability. Overall utilization rate in our study was 59.8%. 

Conclusion: This retrospective study contributes the information on blood components usage 

in our tertiary care hospital. It displays the trend of utilization of blood and its components 

and is applicable for quality management of transfusion practice, cost analysis and to recruit 

scheme for local and regional blood donation programs.  Regular review of blood component 

usage is very important to estimate the blood utilization pattern in any hospital. Profile of 

blood utilization will act as indicator for quality management of blood bank 

Introduction 
 

Blood transfusion with hopes to benefit patients is an ancient practice and the available 

records date back to the thirteenth century, from then and till date transfusion of blood and 

blood components remain an important and indispensible part of patient management. . With 



15 
 

the progress made in the field of medicine and the advent of new technology transfusion is 

safer than ever before, even then like all therapeutic interventions it involves many significant 

and often unwanted side effects and underestimated risks. This and the fact that blood is a 

very limited and precious resource and the attempts to come up with substitutes have not 

yielded any satisfactory results, the judicious and appropriate use of blood and its component 

becomes imperative. For surgical patients blood transfusion play a major role for 

resuscitation and management. And there is over ordering of blood for elective and 

emergency surgical procedures and it is usually common practice (1). Number of studies has 

started due to increase in demand for blood and its blood products with rising transfusion 

associated cost and morbidity  to review appropriate utilization and usage of blood ordering 

practice (2)(3). Health care expenses are increased due to inappropriate usage of medical 

technology and hence therefore inappropriate usage of blood is costly. One study by 

Koistinen about the factors affecting the blood transfusion costs states four points including 

collection costs, costs of laboratory tests, handling costs and cost of blood administration. 

Therefore inappropriate use of transfusion adds additional cost to treatment of disease. Thus 

indication for ordering blood must be fully justified. Hence periodic review of blood 

components usage is essential to assess the blood utilization pattern in any hospital or health 

set up. An analysis of transfusion practices in a hospital set up can be of help to identifying 

key areas where there is a need to change policy and formulate strategies for clinician 

education. The major aim of such system is to ensure appropriate usage of blood components 

that is considered as scarce resource. Transfusion practice audit should be conducted on 

individual requisition or aggregate data. This can be followed by on-going monitoring of 

input areas after assessment of effectiveness of intervention.  Taken together a declining 

donation rate and an increase in the consumption of blood components require a novel 

approaches on both sides of the blood supply chain. Optimal use of blood components 
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requires even more attention. Establishment of criteria for blood transfusion and strict 

adherence to such criteria may be necessary to reduce blood usage. Nationwide studies are 

necessary for monitoring and improving transfusion practices. By this study results obtained 

may help to provide improvement opportunity and to find strategies for such improvements. 

Review of Literature 
 

History of Transfusions 

Circulation discovery and great work in this field by William Harvey emerges a necessary 

environment for blood transfusion trial (Harvey 1628). As human history begins blood is 

called as the essence of life – A vital force. A drawing made by prehistoric man shows that 

man with bleeding from traumatic and injured wounds. Leviticus mention that “the life of the 

flesh in the blood” in the Bible. In 770-221 BC statement given by the Chinese Huang Di Nei 

Ching says that soul is there in blood. In ancient rituals central theme is based on blood.  For 

physical and spiritual restoration, blood baths were taken by Egyptians and Romans. For 

getting gladiator’s vitality as a belief blood from fallen gladiator was drank by Romans. As 

self-punishment pre-Columbian North American Indians the body of its greatest power 

bleded. Rejuvenation of the health status and disease treatment blood drinking as a tonic and 

therapeutic measures was emerge in Middle Ages. 

In history it is mention that Pope innocent VIII due to falling ill health, blood was given from 

three young boys and he drank that blood in 1492. This experiment was failure, pope and 

three young boys died. Beneficial  effect of infusion of blood did not come in practice till 17 

century (4). 

First human to human transfusion with modern transfusion begins 
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After banned for almost two decades blood transfusion again emerges as new therapy. In 

1795, there is mention about first human to human transfusion by a surgeon Philip Syng 

Physick who was called as father of American surgery. But there was no proof for such 

comments. But in nineteen century, first human to human transfusion was done by James 

Blundell in a post-partum haemorrhage case  (5). In almost 10 years he transfused ten such 

cases with post-partum haemorrhage 

Discovery of ABO blood groups 

The false belief that all human blood is same came to end when discovery of blood group 

made.  In 1901, an Austrian immunologist Karl Landsteiner discover the three human blood 

groups name A,B and C by incubating red cells of some individuals with serum from other 

individuals resulting in different agglutination patterns. This C blood group was renamed as 

blood group O. Exactly after one year in 1902, AB blood group was discovered by two 

fellows who were former students of Karl Landsteiner name Alfred Decastello and Adriano 

Struli (5). After these discoveries of blood groups, typing and compatibility testing for blood 

group had not started till 1906. But in 1907, Richard Weil a German pathologist started first 

time the ABO typing and compatibility testing. Jan Jansky of Czechoslovakia and Moss of 

united states again independently identified four blood groups in 1907 and 1910 respectively 

(6). Due to different nomenclature for blood group system given by different authors, lots of 

confusion created at that time. American Association of immunologists in 1927 , finally 

adopted a new nomenclature scheme classification given by Landsteiner, a present day 

terminology (6). Ludvig Hektoen of Chicago proposed the donors selection by blood group 

and crossmatching (7). In 128 cases of transfusion report, Reuben Ottenberg in 1913 studied 

the compatibility testing importance. After that in 1937 some studies suggested that 

crossmatching in unnecessary by taking same donor and same blood group patient  for 

crossmatching (5) . 
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Discovery of Rh blood group. 

After major discovery of ABO blood group in transfusion medicine, haemolytic transfusion 

reactions are still occurring in majority of cases. By seeing all these cases it was concluded 

that blood typing is not sufficient to prevent all these transfusion reaction.  Levine, 

Landsteiner and wiener work almost parallel to discover the Rh blood system. Present 

terminology for Rh system like C, c, D, E, e was given by Sir Ronald Fischer in 1944. Levine 

successfully explained the haemolytic transfusion reaction are caused by Rh antibodies (5). 

Later on discovery of Coombs reagent in 1945 by Robin Coombs leads to discovery of many 

other blood group antigens. 

Citrate anticoagulation 

Braxton Hicks in 19th century developed the first chemical approach for anticoagulation with 

phosphate of soda. It was not successful. Different anticoagulant including sodium 

bicarbonate, hirudin and ammonium oxalate and arssphenamine and sodium sulphate and 

sodium iodide are used as anticoagulation, but nothing was successful. Addition of dextrose 

with citrate in blood for storage during First World War by Rous and Turner make new trends 

for additive solution. Rous and Turner solution was used in World War I by an American 

army physician, Oswald Robertson. 

Storage Media 

During initial blood banking days till 1950, blood was collected in glass bottles and used for 

transfusions. In these bottles blood collection procedure was complex using steel needles and 

rubber tubing into glass rubber stoppered bottles (5). These bottles were reused after washing 

and sterilization. Risk factors include breakage, air embolism and pyogenic reactions by 

utilizing these bottles as device for blood collection. A new device system utilizing 

collapsible bag of polyvinyl resin 1 material was introduced by , Carl Walter in 1952 (9). Due 
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to plastic flexibility plasma can be remove following sedimentation and centrifugation and 

components can be prepared (10). 

Starting of Blood Banks 

In 1921 a new blood banking service named as blood donor service was established by Percy 

Oliver. At that time Percy Oliver was secretary of the Camberwell division of the British Red 

Cross (6). This idea gave a lot of revolution in field of transfusion so that more and more no 

of donors as volunteer had taken initiation.  By seeing increasing demand for blood, Greater 

London Red cross Blood Transfusion service was established. (5). But some of the authors 

give the credit of first blood bank at Cook county Hospital in Chicago, established by 

Bernard Fantus in 1937 (11) . Blood Bank term was first coined by Fantus (11). 

Blood Fractionation 

In World War II, whole blood and plasma transfusion had its own advantages, but preparing 

it for large scale is problem. To solve this problem Cohn invented his famous Cohn 

fractionation by cold ethanol method by which one of its products, Albumin was used in 

battle field as successful adjuvant to plasma. 

Blood components 

One more step in development of transfusion service was development of cell separator. In 

1951 Edwin Cohn develop a cell separator which separate whole blood in to platelets, white 

cells and red blood cells. This principle of component therapy was more successful after 

development of plastic bags for storage of blood and its components. 

Blood and Its components 

Blood collection from donors and separate into its components are the main role of blood 

banking. Proper technique of blood collection should be employed to ensure optimal care of 

both the donor and the recipient. Availability of different components is required for effective 
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transfusion therapy. Components usually meet the all transfusion need of patients. 

Components can be used separately or in combination. 

They also reduced the risk of transfusion. Blood collected from donor as whole blood. 

Need to separate the whole blood into components because of following reasons: 

 

1. After separation of blood and its components, each components can be stored 

according to its optimal survival. 

For example: Whole blood collected and store at 2-6 degree. After 24 hours of storage 

only few viable platelets and labile clotting factors are there remain in bag. On the 

other way if components are prepared platelets can be store for 5 days and FFP can be 

store at one year. 

2. Particular components required by patient can be given if components are separated. 

3. Unnecessary transfusion can be avoided which are contraindicated in patients. 

For example: Patient with congestive cardiac failure and anaemia. If whole blood is 

given to treat anaemia can lead to hypervolemia. 

4. From one donor several components can be prepared from this one unit. So much 

beneficial that optimal use of every unit of blood donated. 

5. Blood components can be used as supplements to blood. 

 

 

Blood components are divided into cellular components, plasma components and plasma 

derivatives. 
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Cellular components: It includes Red cell concentrate, Leukocytes reduced red cells, platelet 

concentrates and Leukocyte reduced platelet concentrate, Platelet apheresis, Granulocytes 

apheresis. 

 

Plasma components: Fresh frozen plasma, Single donor plasma, Cryoprecipitate, Cryo poor 

plasma. 

 

Plasma Derivatives: Albumin 5% and 25%, Plasma protein fractions, Factor VIII 

concentrates, Immunoglobulins, Fibrinogen and Other coagulation factors. 

From a single unit of whole blood collection, blood components including red cells, platelets 

and plasma can be prepared. A tightly regulated preparation and proper storage is required 

during components preparation. Compatibility between component and patient regarding 

blood group can be considered during selection of each product for transfusion. Similar risk 

of as a biohazard for each component derived from main parent whole blood unit. Plasma 

components for therapeutic use are prepared by common conventional methods including 

centrifugation and freezing thawing. 

After fractation, plasma derivatives including albumin, immune serum globulin and 

concentrated coagulation factors can be stored at more flexible temperature and can be given 

without regard of ABO compatibility. Plasma derivatives are prepared by more complex 

methods under well-equipped laboratory with plasma fractation technology. 

In this modern era of blood banking, it is possible to make components from whole unit due 

to different specific gravity and density gradient of different cellular component, refrigerated 

centrifugation and multiple plastic package system under aseptic condition. Specific gravities 

of different red cell, platelets and plasma are between 1.08-1.09. 1.03-1.04 and 1.02-1.03 

respectively. 
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Whole Blood 

Whole blood, from the history of transfusion practice was utilized as lifesaving agent 

especially during wars, mass casualty and trauma accident. But due to improvement in blood 

banking, component therapy and new strategies for transfusion, use of whole blood has 

declined. Even though whole blood is still considered as effective tool for massive blood loss 

in case of trauma and transplant settings (20). Whole blood is directly collected from the 

healthy donors in primary bag with anticoagulant solution. Bag used for whole blood is either 

single bag 350 ml with CPDA-1 or double bag 450ml with CPDA-1. Whole blood carries the 

haematocrit of 30-40 percent. After transfusion of one unit of whole blood, 70% of transfused 

red cell should survive after 24 hours post transfusion in patient’ s circulation. During storage 

as whole blood, it has no functional platelets and labile coagulation factors V and factor VIII. 

The main purpose for whole blood collection is to utilize it as source material for component 

preparation. Although now a days because of component therapy, use of whole blood has 

declined but till now whole is very good alternative for the patients with trauma and massive 

blood loss requiring massive resuscitation (25) (26). Whole blood is used in condition where 

intravascular blood volume is more likely to be maintained along with oxygen saturation. 

Some studies favours use of warm fresh whole blood in case of wars and mass casualty by 

analysing risk vs. benefit ratio for whole blood transfusion (27). Still main concern about 

fresh warm whole blood is risk of infectious disease transmission. 

 

Red blood cell concentrates (Packed red cell) 

After centrifugation red blood cell gets settled down and plasma is on above red cell. 

Centrifugation speed depends upon type of component prepared and at what temperature 

components are prepared. Red cell has PCV of 70-80 % with 15% plasma and all original 

leukocytes and platelets. 
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Different types of Red cell concentrate available 

1. RBC concentrates 

2. RBC concentrates deprived of buffy coat 

3. RBC concentrates with additive solutions 

4. Washed RBC 

5. Leukoreduced RBC 

6. RBC concentrates deprived of the buffy coat and resuspended in additive solutions. 

7. Frozen RBC 

8. Aphaeretic RBC 

9. Irradiated RBC 

10. Packed red cell 

Leukoreduced Red cell concentrates 

After centrifugation of whole blood, plasma is removed and this red cell concentrate 

is passed through inline filter to reduced leukocytes population in stored red cell 

concentrate. This filtration can be done also on bed side post storage. In leukoreduced 

red cell concentrates the white blood cell count will be less than 1 x 106/ unit but 

preferably less than 0.5 x 106. The haematocrit value of leukoreduced red cell 

concentrate is between 50% to 70% and haemoglobin is around 40 g. It is stored at 1-

6 degree Celsius. 

Indication for red cell concentrates transfusion 

Transfusion of red cell concentrates in acute anaemia.  Transfusion threshold or trigger for 

red cell concentrates is less than 6 g/dl of haemoglobin for which transfusion is always 

required. For haemoglobin between 6 to 10 g/dl requirement depends upon patient’s clinical 
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condition whether stabilized or not.  Haemoglobin values over 10 g/dl seldom require 

transfusion. 

1. Transfusion of red cell concentrate in case of chronic anaemia 

In case of chronic anaemia if haemoglobin is less than 8 and after considering that there is no 

alternative like hormone or supplement therapy we can transfuse red cell. 

2. If haemoglobin is between 8-10 g/dl, transfusion will require in case of patient having 

cardiorespiratory illness with decrease in oxygenation. For chemotherapy and 

radiotherapy patients haemoglobin threshold for transfusion  is 8-10 g/dl 

(52)(53)(54)(55). 

3. Red cell concentrate transfusion in case of surgery 

Patient in good clinical condition transfusion is rarely required if haemoglobin is more than 

10 g/dl. All decision regarding transfusion will be taken on according to patient condition and 

any comorbidity associated with present disease. 

4. Red cell concentrate transfusion in bone marrow transplantation 

Irradiated red cell concentrate should be given for transplant patient to prevent transfusion 

associated graft vs. host disease. Haemoglobin threshold for transplant patient is 9g/dl. 

5. Red cell concentrates transfusion in case of neonates. 

Haemoglobin threshold for neonates are different from adults. If neonates haemoglobin is 

less than 12-13 g/dl transfusion will be required in small aliquots of dose 5- 10 ml/kg.(59). 

Platelets 

Platelets from whole blood are prepared by two major methods. 
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Platelet rich plasma method: In this method after collection at room temperature whole 

blood is centrifuge with low spin. After centrifugation plasma separated from main bag and  

is collected into satellite bag. After that plasma bag is centrifuged with high spin at room 

temperature, platelet is separated out after removing plasma as supernatant. Platelet product 

prepared from whole blood is called as random donor platelet. One unit of platelets contains 

approximately 0.55 x 1011 platelets. Shelf life of platelet is 5 days but in CMC platelet is 

expired after three days of collection. 

Buffy coat method for preparation for platelets: In this method hard spin is given after 

whole blood collection. After centrifugation three layers will formed down red cell, buffy 

coat containing platelets and granulocytes and plasma. Red cell is separated out through filter 

to get leukoreduced red cell. Buffy coat is used for preparing platelets after giving low spin. 

Apheresis platelet preparation: Platelet are separated with the apheresis and contain 

approximately 3 x 1011. 

Indication for use 

Thrombocytopenia due to decreased platelet count : Any reason for decreased platelet 

production threshold for platelet transfusion is 10,000 uL/L in clinically stabilised patient 

(66)(67). If any of the following condition are present there in patient then threshold for 

platelet transfusion is 20,000 ul/L (68)(69)(70): 

1. Fever greater than 38.5 degree Celsius 

2. Septic syndrome 

3. Invasive aspergilliosis 

4. Amphotericin B therapy 

5. Plasma coagulation disorder 
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6. Major Headache 

7. Altered consciousness 

8. Alteration of vision 

9. Neurological deficit 

10. Recent minor bleeds 

11. Rapid fall in platelet count 

Following are transfusion threshold for thrombocytopenia prophylactically 

1. In case of acute leukaemia except AML M3 in unstable patients transfusion 

threshold is 20,000 platelets/uL(68)(74)(66). 

2. In case of acute leukaemia with stabilized patient except AMLM3 transfusion 

threshold is 10,000/uL (68)(66)(74). 

3. In case where the risk of alloimmunisation or refractoriness is more in acute 

leukaemia except AMLM3 platelet transfusion threshold is 5000 platelets/uL 

(68)(74)(66). 

4. In case of Acute promeylocytic leukaemia transfusion threshold is 30000 

platelets/uL (68)(66)(74). 

5. In case of bone marrow aplasia and myelodysplasia in unstable patient transfusion 

threshold is 10,000 platelets/uL(67). 

6. In case of bone marrow aplasia and myelodysplasia in stabilized patient no need  

for any prophylactic transfusion. 

7. In case of bone allogeneic and autologous bone marrow transplantation 

transfusion threshold for platelet transfusion is 10,000 platelets/uL. 

8. In case of bladder tumour and necrotic mass with intensive management 

transfusion threshold for platelet is 20,000 platelets/uL(66). 
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9. In case of solid tumour with intensive management transfusion threshold for 

platelet transfusion is 10,000 platelets /uL (66). 

10. In case of ocular surgeries and neurosurgery patient transfusion threshold for 

platelet transfusion is 1,00,000 plaelets/ul. 

11. In case of major surgeries with other risk factor transfusion threshold is 50,000-

1,00,000 platelets/uL. 

12. In case of major surgery with no critical bleeding transfusion threshold for platelet 

transfusion is 50,000 platelets/uL. 

13. In case of lumbar puncture, endoscopy with biopsy ,catheter placement and for 

liver biopsy transfusion threshold is 50,000/uL (67). 

14. For bone marrow aspiration and biopsy , no threshold is set for platelet transfusion 

(68). 

Therapeutic indication for platelet transfusion in case of active bleeding. 

Following are the transfusion threshold and indication for platelet transfusion in 

case of patient with active bleeding (68). 

 

1. In case of patient with peripheral blood autologous stem cell transplant 

with chance of high bleeding transfusion threshold is not set. 

2. In case of surgical patient with surgical bleeding, transfusion threshold for 

platelet transfusion is 50,000 – 100,000 platelets/uL. 

3. In case of massive transfusion, transfusion threshold for platelet 

transfusion is 75,000 platelets/uL. 

4. In case of acute disseminated intravascular coagulation with major 

bleeding and thrombocytopenia transfusion threshold for platelet 

transfusion is 50,000 platelets/uL (67)(75). 
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5. In cases of platelet function defects with peri operative bleeding, 

autoimmune thrombocytopenia with critical bleeding and post transfusion 

purpura threshold for transfusion is not set. 

 

Fresh Frozen Plasma 

After collection of whole blood platelet and plasma is separated and plasma is freeze with in 

8 hours of processing. Fresh frozen plasma is stored at -18 degree Celsius for one year and 

according to AABB if frozen plasma is stored at -65 degree Celsius it can be stored for seven 

years. One unit of fresh frozen plasma processed from 450ml whole blood unit contain 175-

230 ml volume plasma, each 1 ml of plasma contain 1 iu of each factor including factor V 

and VIII and 200-400 mg of fibrinogen. FFP as a blood components contain all normal levels 

of the stable clotting factors, albumin and Immunoglobulins. After preparation of fresh frozen 

plasma it retains 70% of original coagulant factors VIII and V labile clotting factors along 

with natural inhibitors of clotting factor (65). For clinical use fresh frozen plasma should 

contain low titre anti erythrocyte antibody. 

Fresh frozen plasma indications 

1. Correction of clotting factors deficiency whether it might be acquired or congenital. 

2. When PT or APTT ratio is 1.5 times more than normal values in cases of Liver 

disease, active bleeding or invasive surgery bleeding prevention. 

3. FFP is used as vitamin K antagonist as second choice of treatment after PCC in case 

of major intracranial bleed or in case of emergency surgery. 

4. In cases of acute disseminated intravascular coagulation after correcting underlying  

cause and with active bleeding. 

5. In case massive transfusion protocol 
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6. For act as substitute in case of single factor deficiency 

7. In case of TTP, HUS and HELLP syndrome as a replacement fluid in aphaeretic 

treatment. 

8. In case of exchange transfusion of neonates act as adjuvant fluid. 

Cryoprecipitate (Cryoppt.) 

There are two methods of cryoprecipitate preparation. In first method of cryoprecipitate 

preparation FFP plasma is thawed at 1-6 degree Celsius and centrifuged.  Cold insoluble 

protein precipitate down in the bag and supernatant is collected in another satellite bag 

(Cryosupernatant). Precipitate is resuspended into residual plasma and called as 

cryoprecipitate. Cryoprecipitate is refrozen at -18 degree Celsius. One bag of cryoprecipitate 

contain 80 IU of Factor VIII , 150 mg of fibrinogen per unit,  170 units/bag vWF Ristocetin 

cofactor activity, 60 unit/bag of Factor XIII , normal ADAMTS and fibrinonectin (16). 

Cryoprecipitate are thawed and transfused within 6 hours. 

Indication for cryoprecipitate 

1. Hypodysfibrinogaemia 

2. VWD disease 

3. Haemophilia A 

4. Factor XIII deficiency 

5. Massive transfusion bleeding 

6. Fibrinogen TPA – Related life threatening haemorrhage 

7. Uremic bleeding. 

8. Inhibitor is not available. 

      Cryosupernatant 
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It is a by-product of cryoprecipitate production. The shelf life of cryosupernatant is 12 

months stored at -18 degree Celsius from the date of collection. It contain all clotting 

factors specially Factor II, VII, IX and X. It also retains normal levels of Factor V (85%) 

along with fibrinogen with concentration of 200 mg/ dL (88). Cryosupernatant is used for 

treatment of thrombotic thrombocytopenic purpura, haemolytic uremic syndrome, protein 

malnutrition and in case of burns for albumin replacement. 

Hazards of transfusion 

As a medicine blood is always considering as a life saving medicine. But like every 

medicine blood also have some side effects of transfusion. That is called as Hazards of 

transfusion. Hazards of transfusion are divided into two parts: 

1. Infectious hazards of Transfusion 

a. Transfusion transmitted Hepatitis 

b. HIV or other retroviruses transmission 

c. Transfusion transmission of parasites 

d. Bacterial contamination of blood products 

e. Prion diseases 

2. Non-infectious hazards of transfusion 

I. Haemolytic transfusion reactions 

II. Febrile, allergic , non- immune reactions 

III. Transfusion associated graft vs. host disease 

IV. Transfusion associated iron overload 

V. Transfusion related acute lung injury 

VI. Transfusion associated circulatory overload 



31 
 

After blood transfusion some changes in immune system and its response will 

occur. This is called as Transfusion related immunomodulation (TRIM)(89). 

Allogeneic blood transfusion will produce additional effect on immune system by 

means of proinflamamatory mechanism and immunomodulatory response(90). 

 

Guidelines 

Directorate general of Health science (DGHS) guidelines (117) 

Red Blood Cell Transfusions 

Hypo proliferative anaemia, haemolytic anaemia and anaemia of chronic disease are the 

conditions in which more than one unit of blood transfusion is required (Multiple 

transfusions). Packed red cell along with iron chelating agents should be transfused in 

multiple transfusions to prevent haemosiderosis. In case of sickle cell anaemia fresh RBC’s 

from healthy donor should be transfused with 10-15 ml/kg body weight for every 12 hours to 

reach haemoglobin level up to 12-13 g/dl. Level of HbS should be maintained below 40%. In 

case of stroke in sickle cell anaemia HbS level should be maintained below 20%.  In case of 

thalassemia haemoglobin of 7 to 9 g/dl is safe level under transfusion programme, 

haemoglobin level of 10-12 g/dl is adequate under hyper transfusion programme and 

haemoglobin more than 12 g/dl is adequate for super transfusion programme with dose of 10-

20 ml/kg of red cells in every 3-4 weeks. 

Neonatal red cell transfusion guidelines 

1. If haemoglobin less than 7 g/dl, red cell should be transfused (10-20ml/kg body 

weight) 
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2. If haemoglobin level less than 8 g/dl with episodes of apnoea/ bradycardia greater 

than 10 episodes/ 24 hours or greater than 2 episodes requiring bag and mask 

ventilation, in sustained tachycardia greater than 180 beats/min, in sustained 

tachypnea greater than 80 breaths/ min, in cessation of adequate weight gain in 4 days 

or in mild respiratory distress transfuse red cells (10-20 ml/kg body weight). 

3. If haemoglobin less 10 g/dl with moderate respiratory distress syndrome transfuse red 

cells (10-20 ml/kg body weight). 

4. If haemoglobin is less than 12 g/dl with severe respiratory distress syndrome or 

congenital heart disease with cyanosis or heart failure transfuse red cells  (10-20 

ml/kg body weight). 

5. Acute blood loss for volume replacement and neonate in shock transfuse  red cells 

(10-20 ml/kg body weight).   

  Guidelines for red cell transfusion excluding neonates as stated above in red cell indications 

Platelets  

Patients with primary or secondary functional disorders of platelets  require transfusion of 

platelets in case of either prophylaxis or in case of treatment of haemorrhage (66). Platelet 

transfusion does not depend upon solely only on the platelet count, but also on the clinical 

condition. Absolute indication  for platelet requirement is clinical relevant bleeding along 

with severe thrombocytopenia (66). 

Thrombocytopenia due to decreased platelet count : Any reason for decreased platelet 

production threshold for platelet transfusion is 10,000 ul/L in clinically stabilised patient 

(67)(68). If any of the following condition as mentioned above in platelet indications are 

present there in patient then threshold for platelet transfusion is 20,000 ul/L (69)(70)(71)  
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Exception to this are the cases in which there is the risk of alloimmunization  and platelet 

risk of refractoriness is very high, the recommended threshold is 5,000 platelets/uL 

specially in case of acute leukaemia except APML (72) (73). Clinical instable person the 

recommended threshold is 20000/uL for platelet transfusion. Cancer patient undergoing 

active and aggressive treatment specially bladder cancer or necrotic tumour 

recommended threshold is 20000 platelets(74). In case of major surgeries or invasive 

procedure like lumbar puncture, epidural anaesthesia , liver biopsy platelet threshold for 

transfusion is 50,000 /uL (75)(68). In cases of neurosurgery and ocular surgery threshold 

for platelet transfusion is 100,000  platelets/uL (69)(75). 

Rest of platelet transfusion guidelines is same as mentioned above in platelet indication.  

Platelet transfusion in neonates: In case of neonates transfusion threshold for platelet 

transfusion is according to following criteria: 

1. In cases platelet count is less than 20,000 to 30,000, prophylactic transfusion is 

required for every case. If neonatal alloimmunization thrombocytopenia is present 

then washed , irradiated platelet should be transfused from donors lacking antigen 

involved (77)(78)(79). 

2. In case platelet count is between 30,000-50,000 platelets/uL platelet should be 

transfused in situations (78)(79)(77): 

a) Extremely very low birth weight less than 1000g in less than one week old 

baby. 

b) Previous intraventricular cerebral haemorrhage with- in 24-48 hours of life. 

c) Associated coagulation disorder 

d)  Critically ill neonates with sepsis or low blood pressure with invasive 

procedure. 
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3. In cases platelet count between 50,000-100,000 platelets/uL and neonates is bleeding, 

platelet should transfused. 

In case where platelet count is more than 100,000 platelets/ul, no need for transfusion. 

Fresh Frozen Plasma 

Guidelines for fresh frozen plasma are same as mentioned above in FFP indications. 

Cryoprecipitate and cryosupernatant  

In dose of 1 unit per 10 Kg body weight if fibrinogen concentration is more than100 mg. 

If fibrinogen concentration is in between 50-100 mg than 2 units per 10 kg body weight. 

If fibrinogen concentration less than 50 mg than 1 unit per 5 kg body weight. 

Guidelines for cryoprecipitate and cryosupernatant are same as mentioned above in 

indications of cryoprecipitate and cryosupernatant. 

Need, Clinical Demand and Utilization of blood and components 

Need for safe blood 

Blood is the connective living tissue that circulates in body via heart, arteries, veins and 

capillaries to carry out nourishment, vitamins, antibodies, electrolytes, hormones and oxygen 

supply to the tissues. Blood is a lifesaving and vital health resource. But on the other hand 

blood can be potential vector for harmful and infectious disease that can be fatal such as HIV, 

HCV and HBV. Due to transfusion of unsafe blood, every year millions of peoples are at risk 

of life threatening risks which can be avoidable. 5% to 10% of HIV infections are transmitted 

through infected blood and blood products transfusion. According to WHO Global data base 

2002, 83 million units of blood were collected annually in 178 countries and out of that 83 



35 
 

million units of blood, 13 million units were not screened for HIV or any other transfusion 

transmissible infection. Developing countries make 80% of the population, but only 40% of 

global blood supplies are contributed by developing countries. 60% or approximately more 

that it of blood supply is collected from family or replacement donors in developing 

countries. Shortage in blood supply had major impact on women with PPH, pregnancy 

complications, accident victims and patients with life threatening anemia. Worldwide 

globally, through access of safe blood approximately 150000 pregnancy related deaths can be 

avoided. Approximately 25000 women die due to post- partum hemorrhage every year in 

India.  In 30-40% case the cause of maternal death in India is obstetrics hemorrhage 

according to sample registration survey of India and almost half of the women are anemic 

according to National family health survey (2005-2006) in reproductive age group. By seeing 

above scenario there is much need to fulfill blood shortage. 

Clinical Demand: 

Demand for blood and blood components are increasing in all parts of the world. With latest 

technology, health care systems advancement and health coverage improvement , the demand 

for blood supply is increasing and moreover this demand is being driven by increasing 

improved and sophisticated surgical procedures and medical procedures like transplantation, 

cardiovascular and urological surgeries, cancer therapy, trauma care and the blood disorders. 

All major surgeries require and demand blood to be available as anticipated blood loss or 

standby. Additionally post- partum hemorrhage or bleeding during delivery is the major 

cause of maternal mortality will add further increase demand for blood and its product. In 

obstetrics cases like PPH or hemorrhage complication women can die within hour, so urgent 

and timely management is required including blood and its product transfusion for these 

patients. Every year 1.3 million death annually and globally due to road traffic accidents 

along with 20 million injure and 50 million people become disable. 90% deaths due to  road 
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traffic accidents occur in developing countries. 468000 deaths due to uncontrolled bleeding 

occur in developing countries. In low income countries health facilities, diagnostic facilities 

and treatment facilities are very poor, majority of blood transfusion are prescribed for 

pregnancy complications, neonatal anaemia, trauma, Childhood anaemia and congenital 

blood disorders. In many situations present health system are unable to meet the demand, on 

the other hand expansion of health coverage and improved health services will further 

increase the need of blood and its products supply.          

 

Supply of blood units (Worldwide statistics) 

 From 2004 to 2012 there is 25% increase in donations. It was 80 million in 2004 and now it 

is 108 million donations globally. Half of these donations comes from high income countries. 

65% of blood transfusion is  utilized by children under 5 years of age in low socioeconomic 

countries. In high income countries, 76% of all transfusions will be utilized by patient group 

over 65 years of age. Blood donation rate is 36.8 donations per 1000 population in high 

income countries and 11.7 donations in middle income and 3.9 donation in low income 

countries. From 2004 to 2012 there is increase in voluntary  donations of 8.6 million unit.. 

Demand and supply of Blood (Indian Statistics) 

India with a population of 1.2 billion , every year India faces a blood shortage of 3 million 

units. If increase in 2% of Indian population  donation problem of deficit can be solved out. 

By a report by WHO in 2012, 9 million units are collected every year while demand is about 

12 million units. In Delhi NCR region, there is shortage of 100,000 units per year. With 

seeing the statistical analysis the proper utilization and appropriate usage of blood is required 

for this precious life saving agent. 
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 Blood and blood components transfusion are an indispensable part of patient management. 

While blood transfusions can be lifesaving at many times, like all therapeutic interventions it 

brings along its own share of side effects. It therefore becomes imperative to reduce the 

inappropriate use of blood products. Also availability of adequate safe blood is a challenge 

that developing countries have  had to grapple with for a long time especially due to paucity 

of voluntary donors , poor storage facilities for storage and component preparation but also 

mainly because of inappropriate blood ordering and utilization. (1-3) 

 

The practice of over requisition without utilization has been reported by earlier workers 

(118)(119)(120).  Also with various guidelines in place for transfusion of blood and blood 

products, non-adherence to these guidelines will result in non- judicious use of blood and 

blood components. 

The advancements in medical field and introduction of newer technology means that the 

infectious complications of blood transfusion has reduced (121) and the non- infectious 

complications of transfusion have emerged as a major concern. 

With introduction of better technology a gradual shift of transfusion needs from surgical field 

to medical specialty has also been observed, but since in surgical specialty whenever bleeding 

occurs it can be rapid leading to patient instability resulting in serious morbidity and 

mortality, blood is usually cross matched to ensure its availability in times of need (118) 

 Every time cross match is done a cost is incurred along with this it means  that the unit is 

unavailable to other patients and thus increases the risk of unit being outdated. 

A high cross match to transfusion ratio (CTR) suggests that most requests are not translated 

to actual need for transfusion and is an indirect measure of wasted resources. 
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Along with Red cell concentrates, component misuse is also on the rise.  Studies have 

highlighted the inappropriate usage of FFPs in many studies (119) despite having set 

standards guidelines for FFP transfusion. 

There has been a recent surge in the number of platelet transfusions. The administration of 

aggressive chemotherapy along with bone marrow and stem cell transplant has expanded the 

need for platelet transfusion. 

However injudicious and repeated platelet transfusions may lead to platelet refractoriness 

which will be associated with both higher hospital costs and longer length of stay.  

With all these concerns in mind a prospective audit on appropriate usage of blood and its 

components become imperative. For inappropriate use of blood component is of concern not 

only because of transfusion transmitted infections but also to overcome the paucity of this 

valuable and limited resource. Such studies will help us to outline the areas where 

improvements could be brought about so transfusions no longer remain injudicious. 

Physician education program which outline the benefits and adverse effects of blood 

transfusion and component therapy has shown a significant reduction in appropriate use of 

FFP (120). Similarly for platelets also a standard set of guidelines should be in place. 

Physician education programs can be used to implement these guidelines and outline the 

criteria for use of single donor platelets versus random donor platelet transfusion(122). 

Regular audits will also help in implementation of MSBOS (maximum surgical blood order 

schedule). In this the list of most common elective surgeries are outlined and the maximum 

number of blood units to be cross matched for each of them is set by analysing retrospective 

data.  This would increase blood availability as it decreases the time each unit spends in an 

assigned status. The advantage of establishing MSBOS has already been demonstrated by 

many studies (122).  It decreases CTR (cross match: transfusion ratio) thereby making blood 
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more available and also saves staff time and money. Suggestions to personalize blood order 

as per patient have also come into the picture (123).  However what this study mainly aims is 

to streamline the blood ordering thereby reducing excessive ordering and increasing the 

availability of blood where truly needed. 

Physicians unfamiliar with evidence based transfusion guidelines transfuse blood components 

unnecessarily to correct mild abnormalities of coagulation tests, resulting in adverse outcome 

and increase health care costs. Every blood bank has to develop its transfusion guidelines or 

has to follow standardized transfusion guidelines.  The CMC blood bank has based its 

practice on AABB, BCSH and DGHS guidelines for transfusion. Red blood cells are 

transfused to alleviate the symptoms of anaemia. For FFP transfusion guidelines include PT, 

APTT greater than 1.5 times normal or any derangement in PT or APTT if patient is 

undergoing any invasive procedure or in case of coagulation factor deficiency, if the 

particular factor concentrate is not commercially available. For platelets, platelet count 

should be more than 20,000/cu mm with bleeding, 30,000/ cumm for APML, 50,000/cumm 

for any surgical procedure, 1,00,000/cumm for any neurosurgical or ophthalmology 

procedure and 10,000/cumm in case of Aplastic anaemia with no bleeding.   

In blood bank main concern is the issuing of blood according to appropriate 

guidelines for proper utilization of blood and its components. Demanding more blood than 

what is ultimately transfused remains a major problem; not only is  blood not available for a 

patient who genuinely requires blood, it also reduces the shelf life of blood thereby increasing  

wastage. Providing testing guidelines, such as type and screen (T/S) policies and maximum 

surgical blood order schedules (MSBOS), as well as monitoring crossmatch-to-transfusion 

(C:T) ratios may be helpful. A C:T ratio greater than 2.0 usually indicates excessive 

crossmatch requests. In some situations, it may be useful to determine C:T ratios by service 

to identify areas with the highest ratio. An institution’s guidelines must reflect local patterns 



40 
 

of surgical practice and patient population. These may be compared to published guidelines 

to ensure that local practice does not markedly deviate from generally accepted standards of 

care. Ordering guidelines should be periodically reviewed to keep pace with changing 

methods and practices. A change in the C:T ratio might signal a significant modification in 

clinical practice. Haemotherapy is an integral part of contemporary medicine. The ability of 

modern technology to separate blood to its various components has been a boon to medicine. 

Many of the therapeutic interventions currently being undertaken like Hematopoietic stem 

cell transplantation, major dose chemotherapy, major surgeries, trauma management would 

be unthinkable were it not for the support of transfusion. 

Beguin et al. retrospectively analysed over 2000 data from all 124 Belgian hospitals. In-

hospital stays were linked to diagnosis-related groups and transfusions. One of the flaws of 

this study is that it excluded the chronically transfused out patients, since this group 

constitutes the major group of patients receiving massive transfusion, for e.g. Haematology 

patients, they should have been included in the study. Only a small subset of in-patients 

suffering from a limited number of diseases accounted for the majority of transfusions. In the 

group of surgical patients, 18.6% received transfusions, while in medical patients, this 

percentage was just 8.1. Three percent of the surgical patients accounted for 55.7% of 

transfusion resources, while in the medical group, 3% of the patients generated 80.2% of 

transfusion costs. One of the interesting observations made in both the groups were that the 

number of transfusions increased as the age of the patient increased . In the surgical group, 

patients older than 65 years made up 41% of the group but accounted for 67.1% of patients 

receiving transfusions. In the medical group, the percentage older than 65 years was 47.1 and 

accounted for 66% of patients receiving transfusions. In the surgical group, solid organ 

transplantation, multiple significant trauma and surgical procedures for cardio circulatory 

diseases were the diagnoses with the highest rates of transfused patients.  
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In the medical group, the diagnoses with the highest rates of transfused patients were 

bone marrow transplantation, haematological malignancies, infections, trauma and poorly 

differentiated tumours. In both groups, the variables with the highest impact on the 

proportion of patients transfused were disease severity and age of the patient.  Apart from the 

age-related increase in consumption of cellular blood components, the Belgian group also 

showed that an absolute minority of patients require massive amounts of the resources. This 

study also showed that unexpected blood requirements in case of emergencies is one factor 

that puts a constraints on the blood supply. Mozes et al and schot and steenssens in there 

study found out that packed red blood cell and FFP were used inappropriate with greatest 

prevalence among blood products (124). By using transfusion guidelines and pre-set criteria 

for red cell transfusion Ghali et al found out that 55.3% of transfusion of packed red cell is 

unnecessary in evaluation of red blood cell transfusion practice (125).   Finnish data also 

showed a marked increase in RBC consumption as the age of recipients increases. This trend 

starts in the Finnish population at around the age of 50. Patients in the 70–80-year-old age 

group receive eight times more RBC units than Finnish patients aged 20–40. When the 

Finnish study group simulated RBC consumption per age group according to Finnish 

transfusion practices using population demographics and age distributions of other European 

countries, they were able to show that a significant part of the variation in RBC consumption 

in each of the other European countries can be explained by the variation in the age 

distribution of the population of the respective countries.  In one study by Young Ae Lim et 

al the pattern of usage of  blood and its component is done under diagnostic criteria in korean 

university hospital. In this study a total of 397 489 units of blood components (RBC 171 916 

units; FFP 69 301 units; and PLT 156 272 units) were transfused for 17·2% of all discharged 

patients. Acute myeloid leukaemia, liver cell carcinoma, advanced gastric cancer, alcoholic 

or other unspecified cirrhosis of liver were the top 5 diagnoses related with the highest usage 
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of blood component. These provide a baseline transfusion practice in their institute and the 

data would help in predicting future blood needs in a variety of diagnostic categories. In 

elective surgery preoperative requests of blood units is usually based on wrong thinking and 

assumptions for overestimating the anticipated blood loss or demanding large quantities of 

blood. Out of these large quantities of blood units only few blood units are used and lead to 

cause exhaustion of resources and valuable supplies. It  will also lead to wastage of 

technician time, effort and biochemical reagents and also add to financial burden for each 

surgical patient (1). In various studies in all over world countries over ordering and utilization 

of blood is between 5% to 40% by surgeons (3). 7- 10% of blood due to over ordering get 

wasted annually(1). In India, Nigeria and Kuwait the utilization rate is 28% (126) , 69.7% 

and 13.6% respectively for elective surgery. In rates of transfusion common variation is due 

to many factors including difference in anaesthetic and surgical techniques, cancellation of 

cases, differing opinions about haemoglobin threshold below which transfusion is required, 

lack of the transfusion protocols and preoperative anaemia.  Due to all above factors there is 

uncertainty about relative benefits and risks of transfusion including value of minimising 

blood loss and subsequent transfusion.  

FFP, it is recommended to transfuse 5–6 units to correct the haemostatic defect due to 

clotting factor deficiency . Many times only 1 or 2 units are transfused. There are many such 

reports available regarding inappropriate transfusion of FFP at various centers, showing 29–

40% FFPs being used inappropriately.  Kakkar et al with his report in 800 bed teaching 

hospital in India reported that with education campaign decreases 26% of inappropriate 

requests for FFP with 6000 transfusion orders and 16000 units of blood products transfused 

annually (127).  In one study by Choudharyet al as evaluation of fresh frozen plasma usage in 

tertiary hospital in north India reported that a total of 595 units of FFP were issued to 112 

patients, of which 53 units (8.9%) were returned unused and the remaining 542 units (91.1%) 
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were actually transfused. These transfused 542 units were further analysed. The mean patient 

age was 38.9 years (range 3–69 years) with an M:F ratio of 2.8:1. Of 112 patients, 93 patients 

(83%) received other blood components such as red cells and platelet concentrates, 

concurrently, while 19 patients (17%) were given FFP only. Based on the published 

guidelines they found that appropriate usage of FFP was in 33 patients (29.5%) and 

inappropriate usage in 79 patients (70.5%) of 112 patients evaluated. Chronic liver disorders 

followed by disseminated intravascular coagulopathy were the most common appropriate 

indications for FFP infusion, constituting 23 of 33 patients. Bleeding related to surgery such 

as cardiovascular and thoracic surgery (CVTS) and others with normal coagulation profile 

were the most common inappropriate indication for FFP misuse (43 of 79 patients). Medical 

specialties used FFP more judiciously than surgical units. FFP was used appropriately in only 

29.5% of patients as per the published guidelines. There was no obvious evidence for the 

need of FFP in the remaining 70.5% of patients.  Finally only 50% of these patients, the 

adequate dose of FFP were given. Due to risk of viral transmission usage of blood product 

should be appropriate. The infection rate in Taiwan is very high for hepatitis B (2/10000). So 

standardised transfusion clinical guidelines should be follow to avoid inappropriate usage of 

blood products. But in Taiwan there are no such standardized guidelines, so there is common 

inappropriate usage of blood products (128). Concerns regarding transfusion-transmitted 

infections and non availability of blood components in developing nations make it crucial to 

optimize FFP transfusions and reduce wastage. In India, the scenario is compounded by the 

fact that there is a lack of data on residual risk of viral transmission by blood products, and 

scarcity of components for transfusion because there are very few blood centres having 

facilities for component preparation. However, in spite of the publication of guidelines for the 

transfusion of FFP and the recommendations that component use be more rational, FFP is 

still often misused. Yeh et al. carried out audit on FFP usage and followed it by five sessions 
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of education on transfusion guidelines which resulted in 30% decrease in inappropriate FFP 

usage (129).  Hawkins TE instituted a system of pre transfusion approval which resulted in 

33% decrease in units of FFP transfused. The FFP units returned from surgical services, 

indicating a ‘panic reaction’ of the surgeons or anaesthetists to intraoperative bleeding, 

leading to over-ordering of this component. Recently Noviset al  reported an FFP wastage of 

6.8% in the USA. But with periodic audits, hospital policy and computerized transfusion 

guidelines inappropriate usage can be reduced. In an audit in Taiwan population after 

education program there is decrease in 5.2% of inappropriate FFP usage. With the application 

of computerized transfusion guidelines furthermore 30% decrease in inappropriate usage. 

With the periodic audits and guidelines, there is 74.6% reduction in FFP transfusions and 

65% to 30% reduction in requests form (128). 

PLATELETS: Edward Greeno et al. in 2007 done a study in which they had reduced the 

threshold for prophylactic transfusion of platelet from 20,000 /uL to 10,000/ uL. They 

included 503 patients who received 7401 platelet transfusions. They divided into two phase 

study one with 20,000 threshhold and 10,000 threshhold. They found that total 73% of 

transfused totally prophylactically. Out of that 53% are used in first phase study with platelet 

count less than twenty thousand and 20% in less than 10,000 platelet count. Marked reduction 

in prophylactic transfusion  % in the second phase of the study prophylactically.  During the 

first phase of the study, only 53 percent of transfusions were given at a pre transfusion PLT 

count of less than 20 x 109 per L and 20 percent less than 10 x 109 per L. In the second phase 

of the study when the transfusion trigger was 10 x109 per L, 28percent of transfusions were 

given at this level. Many prophylactic PLT transfusions were given at PLT counts higher than 

the recommended trigger. Although the new transfusion guidelines altered transfusion 

practice, only a minor change in overall PLT usage was observed. Other changes in 

transfusion practices, such as dose per transfusion or sampling interval, will be required 
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before significant reduction in the costs and hazards of prophylactic PLT transfusions can be 

realized.  

It is important for the blood bank to be able to fulfil the demands for this life-saving product 

and at the same time, evaluate and assess the existing trends of blood ordering. This is 

important to prevent misuse which may lead to shortage of blood availability and thus denial 

of blood supply to someone in a life-threatening situation. The importance of an internal audit 

and education programs, emphasizing proper selection of blood components for patients and 

avoiding their overuse, has been highlighted by various authors who reported a marked 

decline in inappropriate demands for blood products after such audits were followed by 

educational sessions for clinicians.  

Indications for blood usage have been defined over the years. In the post-World War II era, a 

popular trigger for blood transfusion was a Hb level less that 10 g/dl due to any cause. 

Presently, with advent of blood component usage for specific needs of patients, better 

guidelines have been suggested and put to practice globally. In many hospitals, it is now a 

standard practice of blood bank to manufacture different blood components from donated 

whole blood units and supply only components thereafter to patients. However, use of whole 

blood is recommended in certain situations, instead of replenishment of blood loss through 

components. One such situation where use of whole blood is preferentially indicated is 

polytrauma, as in road accident casualties. Advanced trauma life support (ATLS) guidelines 

recommend blood transfusion in class III and IV Hypovolemia, in adults. An actively 

bleeding case with loss of  more that 25% of total blood volume or an active bleeding patient 

who has already received 4 units of PRBC, needs to be transfused with whole blood as it not 

only replenishes the blood volume and oxygen-carrying capacity, it replenishes, and prevents 

dilution of, coagulation factors too. In this audit, they found that units issued showed a ratio 

of whole blood:PRBC:FFP:platelets as 3.8:2.6:2.4:1 . Internal audits form an integral part of 
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the quality control program in a blood bank, like in any other organization. The purpose of 

quality assurance here is to provide safe and effective blood products to patients. Transfusion 

services should establish procedures that define ideal stocking levels for each blood type and 

critical levels at which emergency orders are indicated.  

CMC policies:  As a tertiary care centre and research centre daily approximately 100-150 

requests are received per day for blood and its components in our blood bank. Due to increase 

in number of patients and increase in demand for blood, load also increase to get enough 

numbers of donors to meet the demand for blood and its components. It is always parallelism 

between number of donors and fulfilment of demands. Every year about 25000 donors 

donated in CMC including camps and about approximately 40,000 – 45,000 blood product 

request are received in blood bank. It is challenge for blood bank to maintain parallelism 

between donation (Increase in voluntary donation) and utilization of blood and its products. 

As per statistics replacement donors are more as compared to voluntary donors in developing 

countries. Present voluntary donations rate of India is 60%. With more population of 

replacement donors which is less to fulfil the demand of blood requests. With all above points 

it is necessary to make policies, guidelines and keeping the eyes on utilization and 

appropriate usage of blood products. There should be an internal control mechanism for 

appropriate usage of blood products including regular audits, appropriate internal guidelines, 

regular sessions with clinicians, transfusion index and CT ratio. In our blood bank blood 

request received is scrutinized by medical officer posted in blood bank according to latest 

guidelines, laboratory parameters and if laboratory parameters not available directly 

conversation with clinicians. We follow DGHS, AABB and BCSH guidelines. After getting 

proper information medical officer will allot respective blood products. Even after good 

efficient internal control method there is still some lacunae are there for examples in 

operation theatre due to over anticipated blood loss blood units are reserved. If this reserved 
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crossmatch units are not utilized it will put extra working burden on technical staff in terms 

of wasting of resource and time and for patients as increase in cost. Due to these lacunae 

regular audits for utilization pattern for appropriate usage should be done.     

 

India‘s effort to improve safety and blood access: 

Indian national government has important public health responsibilities like to ensure a safe, 

source and ethical supply of blood and blood products and judicious, rational and appropriate 

clinical use of blood.  Lots of literature is in support of the fact that well organized, nationally 

well-coordinated blood transfusion service is better, safer and more cost effective than 

hospital based or other fragmented system. So in India also well- coordinated network of 

blood transfusion service is established for safe and ethical blood supply to all over India.    

Blood is a major part of health system and act as health care intrinsic requirement and 

accurate functioning of health system. NACO had been established in 1992 and act primarily 

for safe blood transfusion in the country. Blood banks over 600 districts in all over India are 

supported by NACO. In April 2002, Indian government adopted the National blood policy 

with aim to create a nationwide system to ensure safe blood supply and easy access to 

adequate blood supply.   

 

Elements of blood safety  
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Supreme Court judgement (1996). By Judgement of Supreme Court in 1996, it is mandated 

to create National Blood Transfusion council (NBTC) and professional blood donation 

removal. NBTC is the part of National AIDS Control Organization (NACO) and this council 

is the apex body for making policies regarding the issues pertaining to blood and plasma.  

 

 

Organogram of Indian blood transfusion service  
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Setting up of NBTC/SBTC:  

National Blood Transfusion Council was developed in 1996 as a registered society with its 

office at New Delhi under Supreme Court Judgement with the following objectives: 

a) To promote Voluntary Blood Donation 

b) To ensure safe blood transfusion 

c) To provide infrastructure to blood centres 

d) To develop human resource 

NBTC is the apex body and policy maker related to all matters pertaining to blood centres 

operation. NBTC is the central body organization and coordinating the State Blood 

Transfusion Councils (SBTCS). NBTC also ensures other health programmes and 

involvement of other ministries for related Blood Transfusion Service’s  (BTS) various 

activities. National level supervision by blood transfusion services division in NACO and 

National Blood Transfusion Council (NBTC).  

State Blood Transfusion Councils are regulated by NBTC and works under NBTC with 

coordination with NACO. Every state or UN has state/UN blood transfusion council and 

these councils were established after 1996 Supreme Court Judgement. State/UN Blood 

Transfusion Councils (SBTCs) are responsible for blood programme implementation at 

state /UN level, as per the recommendation of the NBTC. STBCs develop an action plan 

for phasing out of replacement donors. Blood transfusion service are organized by SBTCs 

through network of regional blood centres and satellite centres and Indian red cross 

society, other Government society, and NGO run blood centres and monitor their 

functioning.  
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National Aids Control Organization (NACO) :  For ensuring safe blood provision as a 

primary objective in India National Aids Control organization had been established in 

1992. NACO coordinates and supports a network of blood banks in over 600 districts all 

over India. Indian government has adopted a very efficient and comprehensive total 

quality management approach. Modernization of blood banks is the main step taken by 

Indian government under blood safety programme through different phases of the National 

Aids Control programme with primary motive of provision of safe blood for the country. 

This was the primary motive of National Aids Control Programme (NACP) with in first 

three phases of NACP. In three phase period time HIV Seropositivity had reduced from 

1.2% to 0.2% in blood banks which are DAC supported. Safe blood availability had 

increased by 98 lakhs units in 2013 from 44 lakhs units in 2007. The annual requirement in 

India for blood is estimated around 12 million units of blood. To get requirement fulfil, 57 

Lakh units of blood had been collected by NACO supported blood banks in 2013-2014. 

84% of this collected blood units was from voluntary non remunerated blood donation.  

NACP IV strategy and targets: Under this phase NACP IV working group on blood 

safety has purposed a suggestion for changing nomenclature from blood safety to Blood 

transfusion service (BTS). In this fourth phase, the scope of blood safety programme has 

been expanded to full-fledged programme for BTS. 

Blood Transfusion services (under support NACO) : End projects targets are: 

1. Cumulative Number of Blood Banks – 1300. 

2. Total number of Blood units collected – 90 lakh Units. 

3. Percentage of Voluntary Blood donation – 90%. 

4. Number of Blood units converted to Blood Components – 80%.  
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 Metro blood Banks : Suggestion for  top four centres, state–of–the- art who are excellence 

in Transfusion medicine has to be opened in Chennai, Delhi , Kolkata and Mumbai.   

Plasma Fractionation Centre : To set up a  plasma fractionation centre proposal in Chennai 

to prepare plasma products for use with a capacity of processing 150,000 litres of plasma per 

annum with in the country.  

National Blood Transfusion Council :  To strengthen the NBTC, to empower it so that all 

the roles and responsibilities of NBTC as apex policy forming body are fulfilled including 

safe blood transfusion service and all matters pertaining to organization , standards, operation  

and training of a suitable transfusion service in India. Much more better communication and 

coordination between NBTC and SBTC and providing financial, managerial and technical 

assistance to SBTC.  

Blood safety key indicators 

Blood collection in NACO supported blood banks 

Percentage of blood collection via voluntary blood donation in blood banks supported by 

NACO. 

Percentage of blood separated in blood banks supported by NACO into components. 

Percentage of sero –prevalence of TTIs in blood banks supported by NACO.  

Current scenario: 

Blood Transfusion services in India are controlled by multiple channels including licensing 

being under the Drug Controller General of India and policies under NBTC and SBTC. 

Recently national blood cell has been created in Department of Health and Family welfare 

with an identical mandate as NBTC. 
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BTS supported by NACO had a network of blood banks composed of 1,137 blood banks, 

including 258 Blood component separation units (BCSU), 34 model blood banks, 180 major 

blood banks and 665 district level blood banks. Total blood banks supported by NACO 

increased from 1118 in 2012-2013 to 1137 in 2013-2014. 81 more banks will be included in 

NACO supported blood banks by 2014-2015. Due to increased component separation and 

training to clinicians for rational usage of blood, appropriate clinical usage of blood has been 

definitely rise. Only 60% of component separation takes place in NACO supported 

component separation units. 

Voluntary Blood Donation programme:  

Main source of blood supply is from regular voluntary non- remunerated blood donors. Total 

29 lakh blood units were collected from 68453 voluntary blood donation (VBD) camps 

conducted in 2013-2014. VBD has increased to 84% in 2013-2014 from 54.4% baseline at 

the beginning of NACP-III.   

Model Blood Banks:  To improve standards of BTSs and function as demonstration centres 

for the states, Model blood bank are established. There are 34 model blood banks. 

Blood Component Separation Units (BCSU):  258 BCSU are there all over India under 

NACO support to promote rational use of blood. BCSU are situated and working in different 

states and component separation has increased from 47% to 59% in  2013-2014 year. 

Major Blood banks (MBB) and District level Blood Bank (DLBB):  Less than 5000 units 

per year are collected by government and charitable blood banks and acts as MBB and DLBB 

in various districts of the country. There are 180 of MBB and 665 of DLBB in the country in 

the year 2013-2014. 
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Blood Access: In Rome, Italy in October 2013, India was represented by the secretary NACO 

in WHO’s high level policy maker’s forum on “Achieving Self-sufficiency in Safe Blood and 

blood products based voluntary non-remunerated donation”. 

Blood Transfusion Services – Training Programme : Education and training is very basic 

need and essential part of every aspect of Blood transfusion Services. 17 centres are 

established  all over India for  training in transfusion medicine.  

NACO supported blood banks supervisory visits: Core team composed of blood 

transfusion experts, SACS representatives, SBTC and state drug control representatives have 

been created in every state for supervision of all voluntary blood camps and NACO supported 

blood banks.        

National aids control programme III (NACP – III): Blood safety programme under NACP 

– III, the broad objective is to ensure provision of safe and quality blood within one hour of 

the requirement in a health facility via well-coordinated BTS. Reduction of transfusion 

associated HIV transmission to 0.5 per cent is the specific objective of NACP-III. 

State AIDS Prevention and Control Society (SACS): 

SACS are decentralized and autonomous governing body. This body is governed by the 

minister in charge of health or the chief secretary and comprised of board representatives 

from civil society, key governments departments, trade and industry, PLHA networks and 

private health sector.  SACS approve new policy initiatives, annual plan and budget, accepts 

the annual audit report and appoints statutory auditors.  

Role of State Aids Control Societies:  

a. To establish SBTC 

b. Operate safety programme known as an blood safety programme as an NACP 

integral component via financial, administrative and technical support. 
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c. Funding of SBTC is supported by SACS and facilitates its functioning. 

d. To ensure that policies laid down by NBTC are followed.  

National Blood policy -2007  

National blood policy was adopted by Indian government in April 2002 comes under NACO, 

Ministry of Health and Family welfare, New Delhi and also coordinate with NBTC. 

Aim of national blood policy is to ensure adequate and accessible supply of safe and quality 

blood and blood components collected / procured from a voluntary non- remunerated blood 

donor in well-equipped premises, free of transfusion transmitted infections, and is stored and 

transported under optimum conditions.      

Main objectives are: 

1. To maintain commitment made by government firmly for provision of safe and 

adequate quantity of blood , blood components and blood products. 

2.  To establish  availability of  adequate resources to develop and reorganize the blood 

transfusion service in the entire country. 

3. To use updated technology for operating the blood transfusion services. 

4. To execute extensive awareness programme for donor information, retention,   

recruitment, motivation and education for safe and adequate blood availability. 

5. To motivate judicious and appropriate clinical use of blood and blood products. 

6. Through human resource development strengthens the manpower. 

Blood bank licensing – The dual licensing system. 

For licensing an adequate legal framework is given in Schedule X B of the Drugs and 

cosmetics Act 1940 / Drugs and Cosmetics rules 1945 published in the Gazette of India: 

Extraordinary (Part II – section 3 (i) which tell mandatory testing of blood for Transfusion 

transmissible infections including HIV. Rules are there for adequate testing procedure, 
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maintenance of complete and accurate records, quality control , experience for blood bank 

personnel and standard qualifications. Steps for getting blood bank license: 

1. Application in form 27-C by institution/Individual called the licensee with the 

fees. 

2. Application form is scrutinized by state drug controller and SBTC. 

3. Blood banks inspection by SBTC and for grant of license issuing of No Objection 

certificate. 

4. Blood Bank premises inspection by joint (Centre and state) inspection team . 

5. Recommendation for licensing to Central license approving authority. 

6. In form 28-C grant of license. 

     The Drugs Controller General (India) is the main Central Licence Approving Authority 

whereas the regulatory control is under the dual authority of State and Central Government. 

The blood banks require a manufacturing license under this act. Dual system of licensing of 

blood bank include central and state governments authority ; license is issued by state 

licensing authority, while the central license approving authority is the Drug controller 

general , India (DCG-I).  

Regional Blood Transfusion Centre:   

RBTC act as mandatory effective functioning mother blood bank to strengthen and support 

blood storage centres of the region/area. RTBC also has responsibility to contribute the 

availability of resources for National and /or State Blood transfusion Council. Primary 

objective of a RBTC is to ensure a stable, cost effective and safe blood and its blood 

components supply to meet the demands of the patients in the region and to help health 

centres or hospitals in their appropriate use. RBTC is the large goal integral component for 

ensuring blood security – equitable access to safe blood to the needy.  

Blood Storage centres: 
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To make safe and good quality blood available to First referral units where full functioning 

blood bank is not feasible, Indian government has decided to set up the Blood storage units. 

Joint effort from NACO and National rural health mission (NRHM) leads to starting up of 

Blood storage units in the FRUs. Infrastructure and manpower and necessary equipments for 

storage and issue of blood are provided by NRHM. On the other hand an annual grant of Rs 

10,000 for obtaining consumables will be provided by NACO. Along with this NACO will 

also coordinate with nearest RBTCs for supply of screened blood regularly and give training 

to the attached blood storage centre staff. A proposal to established 3222 blood storage 

centres in identified first referral units during NACP- III. In 2009-2010 a target of 512 

storage units were planned to open and become operational. 

Blood transportation vans: 

Under strict proper cold chain blood need to be transported from Regional blood Transfusion 

centre to BSC. 6-8 Blood storage centre will be linked to each RBTC. NACO had provided 

the 500 refrigerated blood transport van to the RBTCs/District blood banks in order to supply 

blood units to BSC during NACP III. From RBTC to BSC these vans will transfer blood units 

regularly and also efficient in emergency or demand situations. In 2009 – 2010 total 250 vans 

and 1000 transport boxes were initiated and delivery of van and boxes had started.   

CONCLUSION  

Transfusion services need to establish guidelines for handling blood shortages and 

unexpected emergencies. So for all these inquiries blood bank should also have audit on type 

of request.  Periodic assessment of blood usage followed by educational sessions for 

clinicians is recommended to its prevent misuse or overuse, which may lead to shortage of 

available blood to someone in a life-threatening situation. Internal audits form an integral part 

of the quality control program in a blood bank, like in any other organization.  Audits then 

serve the purpose of identifying areas of gap between the guidelines (best knowledge) and 
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current practice (action). When important gaps are identified through audits, intervention can 

be developed towards changing patterns. To improve the chance of achieving meaningful and 

lasting change in practice, the intervention should be carefully chosen and designed. The 

purpose of quality assurance here is to provide safe and effective blood products to patients. 

In a hospital transfusion culture has to be adopted in which clinicians should motivate and 

encourage to look carefully the possibility of transfusion  in their patients well before actual 

need arises and to use efficiently blood products make a plan  ahead before transfusion. More 

strategies for improving blood utilization include potential transfusion problems anticipation, 

adequate and timely preoperative assessment of the risk, baseline haemoglobin optimization , 

blood salvage techniques, transfusion guidelines follow up and target therapy, massive 

transfusion protocols and point of care testing. By these latest strategies cost effective and 

safe transfusion culture is promoted. 
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Aim of the study 
 

To study the pattern of blood and blood component utilization in a tertiary care Hospital. 
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Objectives of the study 
 

1. To study distribution of blood request by clinical departments. 

 

2. To determine most frequent clinical diagnosis and indication for transfusion of blood 

and its components. 

 

3. To study appropriate usage of blood and its components. 

 

4. To assess wastage of blood and its components. 

 

5.  To Calculate Crossmatch Transfusion  ratio ( CT Ratio), Transfusion Index (TI)  and 

Transfusion Probability (%P) for large volume user departments. 

Materials and Methods 
 

Settings: 

1. The study was conducted in Christian Medical College, Vellore, and Tamilnadu.  It is 

a 2800 bed teaching hospital, providing tertiary medical care to the residents of 

Vellore and surrounding districts of Tamil Nadu, Andhra Pradesh and Kerala.  It also 

serves as a referral centre for patients from rest of India, and the Middle East, a few 

African countries and South East Asia including the members of SAARC. This 

observational study was carried out in the Department of Transfusion Medicine and 

Immunohematology (Blood bank). The study was approved by the institutional 



60 
 

Review Board (Research and Ethics Committee) of the Christian Medical College, 

Vellore. (Annexure1). 

2. The primary goal of the study was to determine the pattern of request and utilization 

of blood and components by clinical departments. We also aimed to study the most 

frequent clinical diagnosis with stated indication for transfusion and to assess wastage 

of blood from data sampled over 6 months. 

3. The secondary purpose of this study was to assess utilization of blood and its 

components along with standard parameters such as crossmatch (CT ratio), 

Transfusion Index (TI) and Transfusion probability (%P) for large volume user 

departments.  

The CMC Blood Bank produces the following components: Red cells (including 

leuko-reduced units), Fresh frozen plasma, Platelets, Cryoprecipitate and 

Cryosupernatant in order to support multispecialty clinical services. 

 

Duration of the study period: This study was conducted over a period of six months 

in the year 2014.The months included were February, March, May, July, September 

and November. The months were randomly chosen so as to ensure that every quarter 

of the year gets represented. 

 

Inclusion Criteria: All the requests for blood and blood components that was sent to 

our blood bank for the above mentioned period from all the clinical departments were 

included in this study. 

 

Exclusion Criteria: All incomplete request forms coming to blood bank during this 

period were excluded from this study. 
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Materials:  

All requests sent to the blood bank for different blood components from the various 

inpatient and outpatient facilities including operation rooms, intensive care units, 

wards and outpatient treatment rooms, serving the patients of all clinical departments 

in CMC. 

Data collection and Source of Data: Blood and blood derivatives request forms of 

CMC blood bank. 

Blood Request form contained following information: 

1. Hospital No 

2. Age 

3. Sex 

4. Clinical unit 

5. Ward/Firm 

6. Clinical diagnosis 

7. Indication for Transfusion 

8. Previous transfusion 

9. Transfusion reaction 

10. Pregnancy history 

11. Date of request 

12. Date of transfusion 

13. For use in 

14. Emergency/Routine 

15. Blood group 

16. Type of blood or its product requested 

17. Type of blood or its product allotted 
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18. Type of blood and its product issued 

19. Cross matching 

20. Return of blood products 

A copy of blood request form is attached at the end (annexure 3). 

To collect the data, similar to blood request form epidata format was generated for 

easy entries documentation and quick interpretation. Epidata format contained the 

following points. 

Hospital no Age Sex In patient/Out patient 

Clinical unit Ward Provisional 

Diagnosis 

Diagnosis 

Diagnosis code Haemoglobin PCV Platelet count 

Prothrombin count APTT D- Dimer Fibrinogen 

Previous Transfusion CMCH Transfusion Any Transfusion 

reaction 

Pregnancy 

H/o Still birth Date of blood 

administration 

Date of blood request Time of 

Administration 

Emergency/Routine User type Blood group Irradiated/ Non 

irradiated 

Red cell Required Red cell Allotted Red cell Issued Red cell Returned 

Red cell indication FFP Required FFP Allotted FFP Issued 

FFP Indication Cryoprecipitate 

Required 

Cryoprecipitate 

Allotted 

Cryoprecipitate 

Issued 

Cryoprecipitate 

Indication 

Cryosupernatant 

Required 

Cryosupernatant 

Allotted 

Cryosupernatant 

Issued 

Cryosupernatant PRC required PRC Allotted PRC Issued 
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Indication  

SDP required SDP Allotted SDP Issued PRC/SDP indication 

 

Methodology:  

1. In this study daily requests for blood and its components (Packed red blood cells, 

Fresh frozen plasma, leukoreduced packed cell, whole blood, platelet rich concentrate, 

cryosupernatant, cryoprecipitate and plasma) that were sent to blood bank for the 

specified duration were reviewed  and all relevant information present on request 

form were entered in epidata format entry client version 2.0.3.15 software .  

 

2. All data regarding demographic details of the patient, unit or speciality in which the 

patient was admitted, blood group of the patient, type of request (Routine or 

emergency), diagnosis, type of blood and its product requested and whether it was 

transfused or not along with indication for transfusion was entered in epidata entry 

client software.  

 

3. Relevant laboratory parameters (Haemoglobin, packed cell volume, Prothrombin 

time, Activated partial thromboplastin time, fibrinogen, platelet count, D-dimer) to 

type of blood and its product requested were also reviewed from CMC clinical 

workstation information system and entered in epidata entry client software . 

4. All previous transfusions, CMCH transfusions and history of any transfusion 

reactions were also entered in epidata software. 

5. Details of blood group, routine/emergency and used blood or its product including the 

number and type of component transfused were also noted down.  
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6. Different type of components usage was noted and correlation with patient’s 

diagnosis and transfusion indication were made. 

7. Diagnosis were categorized according to ICD 10 broad categories  ICD 10 Primary 

Diagnosis   (Broad categories)(4). 

S.No  System Code 

1 I Infection A00- B99 

 

2 II Neoplasm C00 –D48                      

3 III Disease of blood and blood forming organs                                       D50-D89 

4 IV Endocrine, metabolic and nutritional disorders                               E00-E90 

5 V Mental and behavioural disorders                                                        F00-F99 

6 VI Disease of nervous system G00-G99 

7 VII Disease of eyes and adnexa system                                                       H00- H59 

8 VIII Disease of ear, nose  and mastoid process H60- H99 

9 IX Disease of circulatory system I00-I99                                                         

10 X Disease of respiratory system J00-J99 

11 XI Disease of digestive system KOO K93 

12 XII Disease of skin and subcutaneous system L00-L99 

13 XIII Disease of musculosystem and skeletal system MOO-M99 

14 XIV Disease of genitourinary system N00-N99 

15 XV Pregnancy, child birth and puerperium                                                O00-099 

16 XVI Certain condition originating in perinatal 

period                               

P00-P95 

17 XVII Congenital malformation  and chromosomal Q00-Q99 
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abnormality               

18 XVIII Abnormal clinical finding                                                                       R00-R99 

19 XIX Injury poisoning and external injury                                                    S00-T98 

20 XX External causes of morbidity and mortality                                         U01-Y98 

21 XXI Factors influencing health status Z00-Z98 

 

         Analysis: 

1. Epidata entry client version 2.0.3.15 and epidata manager version 2.0.5.51 under    

window 64 bits were used to manage data and analysis was done by SAS version 9.4. 

2. A copy of data collection format is attached to this enclosure (Annexure 2). 

3. Data was analysed after entering all request form in the epidata software. 

4. Crossmatch to transfusion ratio (C/T ratio) = Number of units 

crossmatched/Number of units transfused. 

a. A ratio of 2.5 and below is considered indicative of significant blood usage(1). 

 

5. Transfusion probability (%T) = Number of patients transfused/Number of patients 

crossmatched × 100.  

a. A value of 30% and above is considered indicative of significant blood 

usage(1). 

 

6. Transfusion index (TI) = Number of units transfused/Number of patients 

crossmatched. 

a. A value of 0.5 or more is considered indicative of significant blood 

utilization(1). 
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Sample Size: 

Based on the data of blood utilization, it ranged from 20% to 65% (REF: Blood   Requisition 

and Utilization Practice in Surgical Patients at University of Gondar Hospital, Northwest 

Ethiopia.Tadesse Belayneh, GashawMessele, ZewdituAbdissa, and 

BirehanemeskelTegene.Hindawi Publishing Corporation  Journal of Blood Transfusion 

Volume 2013, Article ID 758910). Assuming the same utilization (65%)in our hospital, in 

order to estimate this with the precision of 1%, with 95% CI, we need to study nearly 8740 

requests. This number can be obtained in 3 months’ time.  Due to seasonality variability and 

other contributing factors six months data was collected from each quarter of year 2014 ( 

February, March, May, July, September and November ) . 

Single proportion –Absolute precision  

Expected proportion 0.2 0.65 0.65 

Precision in %  5 1 3 

Desired compliance 

limit      

95 95 95 

(1-alpha) %                              246 8740 971 

 

Statistical analysis:  

The data was entered in EPIDATA software version 2.0.3.15 and analysed using SAS 

software version 9.4. Distribution of blood requests, blood and its component distribution and 

utilization were presented by departments, indications, diagnosis, blood group frequencies, 

CT ratio, transfusion index and transfusion probability. Frequencies and percentages were 
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provided for categorical variables and Mean and SD, minimum and maximum were provided 

for all the continuous variables. Bar graphs and Line charts were made for graphical 

representation of the data. New variables were derived from existing variables using 

appropriate formula and descriptive statistics calculated wherever needed. 

Results 
 

General information:  

The total number of patients that have registered in CMC in six month period that was 

studied was 9, 79,023. This included both inpatients and outpatients. Of this total number, 

51.3% were males and 48.6% were females. As expected about 1 in 20 patients seen in the 

OPD required admission as shown in Table 1. During the study period, a total of 20,399 

requests were received in the blood bank. This resulted in a ratio of 21 requests per 1000 total 

patients. 

Table 1: Gender wise distribution of patients and Blood requests in CMC Hospital 

S.no Gender Total 

CMC 

patients 

% OPD % Inpatients % Blood 

Bank 

Requests 

% 

1 Male 5,03,077 51.3  4,76,476 51.5 26,601 48.6 12,124 60.3 

2 Female 4,75,946 48.6 4,47,866 48.4 28,080 51.3 7966 39.6 

3 Total 9,79,023 100 9,24,342 100 54,681 100 20,090 100 

 

A total of 18,309 whole blood units were collected in CMC blood bank in six months from 

approximately 20,500 screened donors. After routine screening and exclusion for transfusions 

transmissible infections etc., a total 17,802 red cell units were labelled as safe for blood 

transfusion. 94.6% of red blood cells were utilized out of total red blood cells stock (14991 

red cell units) during study period. The remainder approximately 5.4% was discarded due to 

expiry. 32,608 units of blood and its components were utilized in inpatient departments 
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during study period with 2781 of hospital bed strength in CMC hospital. So, overall 

utilization rate per bed in CMC was 11.7 for all blood or component units per year. Red cell 

utilization rate per bed for inpatients was 5.1 units per bed. For other blood components 

utilization rate per bed for inpatients was 6.6 units per bed per year.  

The largest proportion of requests, 37.3%, was from the wards followed by operation theatre 

(34.6%). OPD requested only 10.4% of requests and maximum requests from inpatient 

departments as shown in Table 2. Request vs. patients for hospital admitted patient was in 

ratio of 1:3. Maximum number (67.6%) of overall requests was for patients in the age group 

of 21-60 years (Fig 1.).  Maximum number of requests for FFP and platelets were from 

paediatrics age group (0 - 5 years of age).  Male to female ratio for number of requests were 

1.5:1. The proportion of males of males and females were approximately evenly distributed 

(Table 1). However, 60% per cent of the requests were for males and 7966 requests (48.6%) 

for females, over the study period (Table 3).  Emergency requests comprised 15.9% and the 

majority (80.7%) were received as routine requests over this period as shown in Fig 2. Total 

16829 requests came for red cell in six months and maximum red cells were in requested in 

March month as shown in Fig 3. On average there were 2804 requests were for red blood cell 

per month. A total 2744 requests came for FFP in the six month study period, with an average 

457 FFP requests per month. Total 2314 requests came for platelets in six months with an 

average 385.6 platelets requests per month (Fig 3). 

Table 2: Location wise distribution of blood and its products requests  

S.No.  Location No of requests % 

1 Ward 7617 37.3 

2 Casualty 1198 5.8 

3 ICU 2094 10.2 

4 Operation Room 7071 34.6 

5 Labour Room 282 1.3 

6 OPD 2137 10.4 

7 TOTAL 20399 100 
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Table 3: Gender wise distribution of blood and its components requests 

Gender Total  

no of 

request

s 

Red 

cell 

request

ed 

% FFP 

reques

ted 

% PRC 

reques

ted 

% Cryop

pt.  

reques

ted 

% Cryos. 

Request

ed 

% 

Male 12124 10003 59.3 1732 63.1 1428 61.6 293 55.0 69 63.3 

Female 7966 6573 39.0 982 35.7 875 37.7 230 43.2 39 35.7 

others  309 266 1.5  30 1.0 14 1.0    9 1.6  1 0.9 

Total 20399  16842 100 2744 100 2317 100  532 100  109 100 
 

 

 

Fig 1:  Age wise distribution of total blood and its component request forms 
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Fig 2: Distribution of Total request forms – Routine vs. Emergency 

 

 

Fig 3: Distribution of blood and its components requests in six months 

 

Requests:  

During the study period, a total of 20,399 requests were received in the blood bank. For the 

purpose of the study we segregated the requests by the source considered as broad divisions: 

Medicine, Surgery, Paediatric and Obstetrics & Gynaecology. Table 4 shows the distribution 

of divisions from which requests were received in the blood bank. Majority of the requests 

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

Emergency Routine Missing

Total no of requests

Red Blood Cell Requested

FFP Requested

Cryoppt requested

Cryosup. Requested

PRC requested

0

500

1000

1500

2000

2500

3000

3500

4000

4500

Feb March May July Sep Nov

Cryosup requested

Cryoppt requested

PRC requested

FFP requested

Total RC  requested



71 
 

(43.3%) were from Medical departments, for all components.  In 0.4% this detail could not be 

ascertained and were therefore excluded from further analysis (Fig 4).  

Table 4: Distribution of overall requests by division wise 

S.No Division Total no of 

requests 

 (%) 

1 Medicine 8791 43.3 

2 Surgery 7601 37.4 

3 Obstetrics and  

Gynaecology 

1402 6.9 

4 Paediatrics 2509 12.3  

5 Missing 96 0.4 

6 Total 20399 100 

 

          

Fig 4:  Distribution of overall requests by division wise 

Out of 20,303 requests, the majority (82.5%) was for red blood cells, 13.4% for FFP and 11.3 

% for platelets, 2.6% for cryoprecipitate and 0.5% for cryosupernatant. In medical division 

haematology had maximum number of overall requests (Fig 5). Orthopaedics had maximum 

number of requests in surgical division (Fig 6). Medical and Surgical divisions accounted for 

a one third of the red cell requests, each. The obstetrics and gynaecology departments 

accounted for the least (6.3%). For blood components including FFP, platelets cryoprecipitate 

and cryosupernatant maximum number of requests was from division of medicine as shown 

in Table 5 and 6. March month (17.3%) had maximum number of red cell requests as shown 

in Fig 3. Maximum number of red cell requests came from ward followed by operation 
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theatre. Most red cell requests had come from age group 21-30 years as shown in Fig 7. 

Majority of the requests for red cells was for male patients. Most of the FFP demand (5.8%) 

was from the Medical division and the least by Obstetrics and gynaecology (0.4%) division. 

In November month there was maximum number of requests (19.8%) and least number of 

request in the month of May (13.8%). The distribution of over the remaining study period is 

given in Fig 3. Maximum number of FFP request was from age less than one year followed 

by between 31-60 years of age group. Majority of the requests for FFP was for male patients 

(63.1%) followed by female patients (35.7%). Only 17 % of FFP request came as emergency, 

79.7% requests came as routine request and 3.2 % requests were missing due to lack of 

information on request form (Fig 2). Maximum platelets were requested by medical division 

(43.2%) and least by OG division (2.1%) (Table 6). In the paediatric group, maximum 

platelet requests were from 1-5 years age group followed by 11-15 years of age group. In our 

study there were 61.6 % platelet requests from males and 37.7 % platelet request from 

females (Table 3). 2.5 % platelets requests came as emergency and 18.0% platelet requests 

came as routine with 79.3 % requests were missing due to lack of information in request 

forms. Maximum requests for cryoprecipitate came from medical division (50%) and least 

from paediatrics division (11.3%). Maximum request for cryoprecipitate came from July 

month as shown in Fig 3. Maximum requests for cryoprecipitate were for patients in the 21-

30 years age group. Of these, 55.3% cryoprecipitate requests were for male patients and 43% 

for female patients. Only 16 requests had come as emergency and 171 requests had come as 

routine requests. There were 345 cryoprecipitate requests with inadequate information. 

Overall the following departments were responsible for the more frequent requests for 

cryoprecipitate: haematology (20.8%), paediatrics (9.0%), obstetrics and gynaecology 

(6.9%), General surgery (6.8%) and thoracic surgery (5.2%).   
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         Fig 5: Speciality wise overall requests distribution in medicine division 

 

          

         Fig 6: Speciality wise overall requests distribution in surgical division 
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Table5: Distribution of red cell requests by division 

S.N

o 

Division Total no 

of 

requests 

WB 

Request 

forms 

% RC/PC 

Request 

forms 

% LDRC 

Request 

forms 

% Total 

red cell 

request 

forms 

% 

1 Medicine 8791 116 5.7 6122 47.3 748 38.8 6949 41.4 

2 Surgery 7601 1741 85.9 4271 33.0 1037 53.8 6972 41.5 

3 Obstetrics 

and 

Gynaecology 

1402 117 5.7 1086 8.3 85 4.4 1283 7.6 

4 Paediatrics 2509 52 2.5 1459 11.2 57 2.9 1558 9.2 

 7 Total 20303 2026 100 12938 100 1927  100 16762 100 

   

Table 6:  Division wise distribution of blood components requests. 

 

 
 

         

 

       Fig 7: Age wise distribution of red cell request forms 
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1 Medicine  8791 1196 43.6 267 50.3 89 81.6 1001 43.2 

2 Surgery 7601 995 36.3 144 27.1 6 5.5 540 23.3 

3 Obstetrics 

and 

Gynaecology 

1402 94 3.4 60 11.3 5 4.5 49 2.1 

4 Paediatrics 2509 454 16.5 59 11.1 9 8.2 723 31.2 

5 Total 20303 2739 100 530 100 109 100 2313 100 
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In medical division, Haematology had generated the maximum demand of (21.4%) red cell, 

12.4% of FFP, 20.9% of platelets and 23.9% of cryoprecipitate requests. Maximum number 

(16.6%) of red cells requests was for patients in the age group of 21-30 years.  

In surgical division, Orthopaedics department requested for maximum number of red blood 

cells (11.3%). Thoracic surgery requested for the most FFP (23.4%) and platelets (15.3%). 

Neurosurgery department had requested for the majority of cryoprecipitate (7.5%) and 

cryosupernatant (2.7%) requests in surgical group. 

 In obstetrics and gynaecology division, OG unit 3 (Obstetrics and gynaecology unit) had 

requested for majority of red cell (35.2%), FFP (34.9%) and cryoprecipitate requests. OG unit 

5 (Obstetrics unit only) had requested for maximum platelet requests (40%) and OG unit 4 

(Obstetrics unit only) for maximum cryosupernatant requests (40%) in OG division. 

In division of Paediatrics, Paediatric oncology accounted for the majority of red cell requests 

(24%) and platelet requests (54.6%). Neonatology requested for most FFP requests (28.4%). 

CH unit 1 had accounted for most of the maximum cryoprecipitate requests (30.5%) and CH 

unit 2 for maximum cryosupernatant requests (44.4%) in paediatric division. 

Utilization:  

Table 7 shows the distribution blood and its product utilization in the blood bank covering the 

different hospital divisions. Total 32,608 units were utilized for 10,364 patients during study 

period. Out of 32,608 units utilized, the majority (43.5%) was for red blood cells, 31 % for 

platelets and 15.5 % for FFP, 8.5% for cryoprecipitate and 1.4 % for cryosupernatant. 

Medical division utilized the most blood and components (60.7%) and OG division 

accounted for the least utilization (5.6%) in our study. Patients for whom blood and its 

products were requested were more in surgical division (44.7%) as compared to other 

divisions but utilization was far less as compared to other divisions. Medical division utilized 
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the red blood cell units (49.9%) and the OG division contributed the least (6.8%). Per patient 

2.4 red cell units were requested and allotted. 1.6 units of red cells were utilized. For other 

blood components such as FFP, Cryoprecipitate and PRC as well, the Medical division 

utilized the largest proportion (69.0%) and the least was by the OG division (4.6%). Of the 

47.4% red cell units were requested from surgical division only 34.7% of red cell units were 

utilized. Medical (75.9%) and paediatrics (12.2%) division utilized maximum platelets in our 

study.  

Table 7: Division wise blood and its components units utilization. 

S.no Division RC 

units 

utilized 

% FFP 

units 

utilized 

% PRC 

units 

utilized 

% Cryoppt. 

units 

utilized 

% Cryos. 

units  

utilized 

% 

1 Medicine 7092 49.9 3036 59.9 7682 75.9 1531 55.6 459 95.2 

2 Surgery 4939 34.7 1357 26.8 978 9.6 731 26.5 10 2.0 

3 Obstetrics 

and 

gynaecology 

973 6.8 244 4.8 219 2.1 397 14.4 0 0 

4 Paediatrics 1191 8.3 425 8.3 1239 12.2 92 3.3 13 2.6 

5 Total 14195 100 5062 100 10,118 100 2751 100 482 100 

6 Average no. 

of units per 

patient 

1.6  4.7  4.0  9.5  20.0  

 

A total 14,195 of red cell units were utilized over 6 month period with an average of 2365.8 

units of red cell per month. Maximum red cell units were utilized in July month as shown in 

Fig 8.  A total of 11,302 patients requested and utilized blood and its blood components 

during study period. Maximum units of FFP were utilized in November month with an 

average of 843.6 FFP units per month. Maximum units of platelets were utilized in July 

month.  
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        Fig 8: Total blood and its components utilization in six months 

 Approximately a third (30.8%) of red cell units were requested were from the wards. Of the 

red cells crossmatched, 29.7% were for patients in the wards crossmatched and out of those 

crossmatched units, 24.5% of red cell units were utilized. On the contrary, 45.1% of red cell 

units were requested for the OR leading to 43.8% of red cell units being crossmatched and 

only 16.6% of red cell units being utilized. Rest of the red cells were returned to blood bank 

without any utilization. For OPD, 7.2% of red cell units were utilized out of 7.4% of red cell 

unit crossmatched. Maximum utilization of FFP was from ward (50%). But in case of 

operation theatre only 11.5% of FFP units were utilized out of 30.8% requested. Most of the 

platelets units were utilized by wards followed by OPD by way of location. Rest of the blood 

and blood components utilization by location are given in Fig 9.  Maximum utilization of 

blood and its components were from age groups of 21-60 years. Most of the red cells were 

utilized in the age group (21-30 years).  Maximum FFP units were utilized from 31-40 years 

of age group. Maximum platelets were utilized from 51-60 years of age group. 

Cryoprecipitate and cryosupernatant units were maximally utilized between 21-30 years of 

age group.  Male to female ratio for blood and its products utilization was 1.5:1. The details 
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of the utilization of blood and its components by gender are given in Table 8. Almost a fifth 

of blood units were utilized as emergency during study period. Similar pattern was seen for 

other blood components also for emergency utilization. Type of blood and its components 

utilization either routine or emergency is given in Table 9 and Fig 10 .    

 

      

     Fig 9: Location wise distribution of blood and its components utilization 

 

Table 8: Utilization of blood and its components by gender wise 
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% Platelet 

utilized 
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3 Missing 185 1.7 102 0.7 32 0.6 18 0.6 0 0 71 0.7 
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Table 9: Proportion of utilization of blood components – Routine vs. Emergency 

S.

No. 

Type of 

requests 

RC 

utilized 

%   FFP 

utilized 

% PRC 

utilized 

% Cryoppt 

utilized 

% Cryos. 

utilized 

% 

1 Emergency 2731 19.2 1121 22.1 2327 23.0 905 32.7 42 8.7 

2 Routine 11203 78.9 3849 76.0 7589 75.3 1785 64.6 427 88.5 

3 Missing 261 1.8 92 1.8 202 1.6 73 2.6 13 2.6 

4 Total 14195 100 5062 100 10,118 100 2763 100 482 100 

 

          

 

Fig 10:  Proportion of utilization of blood components – Routine vs. Emergency 
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blood and blood forming organs (26.4%). Cryoprecipitate were mostly utilized by patients 

with diseases of blood and blood forming organs (22.7%) followed by neoplasms (20.3%).  

Total 10: Total no of patients with different diagnostic code 

S.No Code Diagnosis Total no. 

of 

patients 

% 

1 I INFECTION 721 6.3 

2 II NEOPLASM 1921 17.0 

3 III DISEASE OF BLOOD AND BLOOD FORMING 

ORGANS                                       

1454 12.8 

4 IV ENDOCRINE, METABOLIC AND 

NUTRITIONAL DISORDERS                               

98 0.8 

5 V MENTAL AND BEHAVIOURAL DISORDERS                                                        2 0.01 

6 VI DISEASE OF NERVOUS SYSTEM 787 6.9 

7 VII DISEASE OF EYES AND ADNEXA SYSTEM                                                       4 0.03 

8 VIII DISEASE OF EAR, NOSE  AND MASTOID 

PROCESS 

46 0.4 

9 IX DISEASE OF CIRCULATORY SYSTEM 917 8.1 

10 X DISEASE OF RESPIRATORY SYSTEM 195 1.7 

11 XI DISEASE OF DIGESTIVE SYSTEM 984 8.7 

12 XII DISEASE OF SKIN AND SUBCUTANEOUS 

SYSTEM 

63 0.5 

13 XIII DISEASE OF MUSCULOSYSTEM AND 

SKELETAL SYSTEM 

1558 13.8 

14 XIV DISEASE OF GENITOURINARY SYSTEM 1245 11.0 

15 XV PREGNANCY, CHILD BIRTH AND 

PUERPERIUM                                                

637 5.6 

16 XVI CERTAIN CONDITION ORIGINATING IN 

PERINATAL PERIOD                               

0 0 

17 XVII CONGENITAL MALFORMATION  AND 

CHROMOSOMAL ABNORMALITY               

43 0.3 

18 XVIII ABNORMAL CLINICAL FINDING                                                                       0 0 

19 XIX INJURY POISONING AND EXTERNAL INJURY                                                    413 3.6 

20 XX EXTERNAL CAUSES OF MORBIDITY AND 

MORTALITY                                         

 1 0.0 

21 XXI FACTORS INFLUENCING HEALTH STATUS  1 0.0 

22  MISSING 185 1.6 

23  TOTAL 11275  
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During study period, “O” positive blood group had maximum frequency (35.2%) followed by 

“B” positive blood group (31.4%) in patients who had utilized blood and its products.  

Red blood Cell: Overall 23,701 red cell units were requested, 23708 red cell units were 

allotted, 20,639 red cell units were issued, 5090 red cell units were returned and total 14195 ( 

43.5%) red cell units were utilized during study period (Fig 11). 14,195 red cell units were 

utilized by 8584 patients in this study. On average 2365 red cell units were utilized per 

month. 2.3 red cell units per patient were requested, allotted and issued. 1.5 red cell units 

were utilized per patient during study period. In medical division maximum red cell units 

were utilized by haematology (51%) followed by casualty (11.4%). In surgical division 

maximum blood was utilized by Orthopaedics (24.9 %) followed by General Surgery (22.1%) 

and Thoracic surgery (17.1%). In surgical division 3966 patients utilized the red cell 

concentrate as transfusion support.   In OG division maximum blood was utilized by OG unit 

3 (37.1%) followed by OG unit 1 (20.7%) . In paediatrics division maximum blood was 

utilized by Paediatric oncology (28.7%) followed by Neonatology (12.0%). Overall top five 

departments utilized maximum red cell units in descending order during study period were 

Haematology (25.4%), Orthopaedics (8.6%), General surgery (7.7%), OG (6.8%) and 

Paediatrics (6.1%).   Haematology department had utilized maximum red cell concentrate for 

indication anaemia (40.5%) followed by paediatrics (8.8%) (Fig 12) . Maximum red cell 

concentrates were utilized by orthopaedics department (20.5%) as indication intraoperative 

blood loss followed by Urology (13.0%) and OG (11.4%)(Fig 13). Orthopaedics had utilized 

maximum red cell concentrates for indication post-operative anaemia (31.3%) followed by 

general surgery (17.4%) (Fig14). The haemoglobin trigger for giving red cell concentrate 

transfusion at CMC is 7 g/dL. During study period, most of the patients (59.8%) from 

medical division had utilized red cells for anaemia with haemoglobin value of less than 

7g/dL. The mean haemoglobin value of those patients transfused was 5.1 g/dL (range 1.0 – 7 
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g/dL). Among the patients with Hb >10g/dL, one third (34.9%) were from the surgical 

division followed by medical division (24.3%), paediatrics division (22.9%) and OG (17.6%) 

division. Medical division had utilized most of red cell units (73.8%) for anaemia with 

haemoglobin value less than 7 g/dL. Haematology had utilized most of blood as indication 

anaemia for haemoglobin value between 7 - 8g/dL. The haemoglobin trigger for giving blood 

transfusion during intraoperative blood loss was 10g/dL. . Most of blood (73.4%) was utilized 

by surgical division intraoperatively for HB level less than 10g/dL. The mean haemoglobin 

level at transfusion was 10 g/dL (Range 1- 20 g/dL). Among the patients in Obstetrics and 

Gynaecology, the transfusion trigger was 9 g/dL with most transfusions (5.0%) being when 

the patients haemoglobin was below this value. Among paediatric patients, the mean value of 

haemoglobin was 8.3 g/dL (Range 2.2 – 20 g/dL). 
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Fig 11: Division wise distribution and utilization of red cell units 
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Fig 12: Anaemia as indication 

 

   

 

Fig 13: Intraoperative blood loss as indication 

 

3506

768648621529452334242210169122 94 92 89 75 73 68 67 66 62 59 46 44 41 32 142

0
500

1000
1500
2000
2500
3000
3500
4000

H
A
EM

A
TO

L…

P
A

ED
IA

TR
IC

S

C
A

SU
A

LT
Y

G
EN

ER
A
L…

O
B

ST
 &

 G
YN

E

G
EN

ER
A
L…

H
EP

A
TO

LO
G

Y

O
R
TH

O
P
A
E…

G
A
SR

O
…

R
A
D
IO
TH

ER
…

N
EO

N
A
TO

L…

TR
A

U
M

A

M
ED

IC
A
L…

U
R

O
SU

R
G

ER
Y

C
A

R
D

IO
LO

G
Y

P
U
LM

O
N
A
R
…

C
H

A
D

H
EP

A
TO

B
IL
…

N
EP

H
R
O
LO

…

P
A
ED

IA
TR

IC
…

V
A
SC

U
LA

R
…

N
EU

R
O
SU

R
…

G
ER

IA
TR

IC
…

P
LA

ST
IC
…

R
H
EM

A
TO

L…

O
TH

ER
S

No of units of RC issued

4748

975 659 621 543 466 212 176 133 108 104 99 96 86 80 79 40 34 29 27 25 156
0

1000

2000

3000

4000

5000

No of units of RC issued



85 
 

 

Fig 14: Postoperative anaemia as indication 

 

FFP: Total 1730 patients requested for 8353 FFP units during study period. For that 7847 

units were allotted for 1704 patients and 5062 units of FFP were transfused to 1088 patients. 

Per patient 4.8 units of FFP requested, 4.6 units allotted and 4.6 units were utilized. 

Maximum FFP were utilized by medical division (59.9%) and least by OG division (4.8%). 

In medical division maximum FFP were utilized by Haematology (27.8%) followed by 
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18). Haematology (75.7%) utilized maximum FFP for indication multiple factor deficiency. 

Plastic surgery (38.3%) utilized maximum FFP for indication album replacement. 

Nephrology (19%), haematology (12.6%) and General medicine (10.9%) were the three main 

major departments in descending order who utilize the FFP as indication therapeutics. 

Transfusion trigger for FFP transfusion according to DGHS guidelines or AABB guidelines 

are as following; 

PT > or equal to 18.0 Seconds or APTT > or equal to 54.5 seconds require FFP transfusion or 

other components support. In our study, medical division patients (47.1%) utilized FFP 

appropriately followed by paediatrics division patients (23.6%) according to criteria (PT > 18 

sec or APTT >54.5 sec). FFP was also used in situations where the PT or APTT was not 

abnormal (30%). Most of these patients were those who were being given supportive therapy 

following an episode of coagulopathy.  

 

 

Fig 15: Speciality wise distribution of FFP utilization in medical division 
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Fig 16: Speciality wise distribution of FFP utilization in surgical division 

 

 

 

 

Fig 17: FFP for prophylactically as indication 
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Fig 18: For indication pre procedure prophylactically FFP transfusion. 

 

Platelets: During study period, 11695 platelets units were requested, 10460 platelets units 

were allotted and 10,118 (86%) units were utilized. 3.9 platelets per patient were transfused 

in our study. Maximum platelet was utilized by medical division (50.3%) and least by OG 

division (3.4%) in our study. In medical division maximum platelets were utilized by 

Haematology (42.1%) followed by General Medicine (19.9%) as shown in Fig 19. In surgical 

division maximum platelet were utilized by Thoracic surgery (35%) followed by General 

Surgery (28.6%). In OG division maximum platelets were utilized by OG unit 5 (49.6%) 

followed by OG unit 3 (31.4%). In paediatrics division maximum platelets were utilized by 

Paediatric oncology (58.3%).  

We have categorized the patients into three groups based on the indication for transfusion of 

platelets: (a) Patients with thrombocytopenia with bleeding (b) Prophylactic platelet 

transfusion for patients with thrombocytopenia (c) Transfusion for patients with acquired or 

inherited platelet functional issues.  

In the first category, 47.3% of medical patients and 48.3% of paediatric patients had platelet 
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platelets when their platelet count was between 10,000 – 20,000/uL; 45.3% of medical 

patients fell into this same category. 

Among surgical patients, 40.9 % received platelet transfusions for bleeding when the platelet 

count was < 50,000/uL.  Obstetric patients 6.9 % received platelet transfusion for bleeding 

and the usual threshold was < 50,000 /uL. Maximum number of patients who had received 

the platelet transfusion with designation as thrombocytopenia with bleeding, the 

pretransfusion platelet count was between < 10,000/uL to 50,000/ uL. In similar indication 

for platelet count 10,000-20,000/uL, maximum platelet transfusion (54.4%) was received by 

paediatrics division patients. A few patients were transfused for platelet count of more than 1, 

00, 000/uL in surgical division. In our study platelets were utilized most frequently for 

prophylaxis for thrombocytopenia. In this indication most of the platelet units were utilized 

by medical division patients (64.8%) followed by paediatrics division (30.9%) for platelet 

count less than 10,000/uL. Similar trend was seen for platelet count of 10,000- 50,000/ uL. 

Surgical division utilized prophylactic platelet transfusions for 65.7% of patients whose 

platelet count ranged between 50,000-1, 00,000 /uL. Surgical division performed the most 

proportion of platelet transfusions for functional defect (74.1%) when the platelet count was 

above 1, 00,000/uL; most of the surgical patients were from cardiac surgical units who had 

undergone a bypass surgery. 

In our study maximum platelet transfusions were given for thrombocytopenia 

prophylactically (65.4%) followed by thrombocytopenia with bleeding (18.8%) as an 

indication. Maximum platelet units were utilized by paediatrics (32.7%) as indication 

thrombocytopenia with bleeding followed by General Medicine (13.4%) and Haematology 

(11.2%) (Fig 20). Haematology had utilized maximum platelet units for indication 

thrombocytopenia prophylactically (28.4%) followed by paediatrics (27.4%) and casualty 

(7.7%) (Fig 21). Maximum platelet units were utilized by cardiothoracic surgery (28.1%) as 
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an indication platelet functional defect followed by neurosurgery (18.9%) and General 

Medicine (12.9%) Fig 22).  

 

Fig 19: Total platelet utilization in medical division 

 

 

 

 

 

Fig 20: Thrombocytopenia with bleeding as platelet indication 
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Fig 21: Thrombocytopenia prophylactically as platelet indication 

 

 

 

Fig 22: Platelet function defect 
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(42.8%). In paediatrics division maximum cryoprecipitate were utilized by CH unit 1. 

0
100
200
300
400
500
600
700
800

H
A

EM
A

TO
LO

G
Y

P
A

ED
IA

TR
IC

S

C
A

SU
A

LT
Y

G
EN

ER
A
L…

G
EN

ER
A
L…

H
EP

A
TO

LO
G

Y

TH
O

R
A

C
IC

 S
U

R

O
B

ST
 &

 G
YN

E

N
EP

H
R

O
LO

G
Y

G
A
SR

O
…

R
A

D
IO

TH
ER

A
P

Y

N
EO

N
A

TO
LO

G
Y

N
EU

R
O

SU
R

G
ER

Y

U
R

O
SU

R
G

ER
Y

O
R

TH
O

P
A

ED
IC

S

O
TH

ER
S

No of units PRC transfused

0
20
40
60
80

100
120
140
160

No of units PRC transfused



92 
 

Maximum cryoprecipitate were utilized by Haematology (32.4%) as indication 

prophylactically followed by Hepatology (18.4%) and Neurosurgery (14%) (Fig 23). 

Haematology had utilized maximum cryoprecipitate units for indication therapeutics (31%) 

followed by Obstetrics and gynaecology (17.8%) and General Medicine (10.2%) (Fig 24). 

31% of cryoprecipitate units were utilized by Hepatology as indication pre procedure 

prophylactically (Fig 25). 

 

Fig 23:  Cryoprecipitate for prophylactically as indication 

 

 

Fig 24:  Cryoprecipitate for therapeutic as indication 
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Fig 25: Cryoprecipitate for pre procedure prophylactically as indication 

Cryosupernatant: During study period, total 633 cryosupernatant units were requested, out 

of that 526 units were allotted and 482 units were utilized. Maximum cryosupernatant were 

utilized by Haematology (43.3%) followed by General medicine (40.8%) and Nephrology 

(7.8%). Maximum cryosupernatant units were utilized by Haematology (43.5%), General 

medicine (41%) and Nephrology (7.9%) respectively for ADAMTS replacement as an 

indication. Hepatology utilized cryosupernatant for indication albumin replacement.                 

CT ratio: 
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Overall CT ratio was 1.6 during study period. Surgical division had maximum CT ratio (2.2) 

and least by medical division with CT ratio of 1.2 (Table 11). CT ratio for large blood 

volume user departments including Haematology, General medicine, Obstetrics gynaecology, 

Paediatrics, General surgery and Orthopaedics departments were 1.1, 1.3, 1.3, 1.0, 1.3 and 1.2 

respectively. In surgical division maximum CT ratio was from spine surgery (5.1) followed 

by Neurosurgery (Fig 26).  Details of CT ratio for surgical departments (operation theatre) 

are given in (Fig 27). Maximum CT ratio was from spine surgery (5.1) followed by Hand 

surgery (4.8) in operation theatre. Similarly CT ratio for fresh frozen plasma was very high 

for cardiothoracic department (4.8) (Fig 28).  

Table 11: Overall CT ratio by division wise. 

S.No Division Total RC 

allotted 

(Crossmatch) 

Total RC 

utilized 

(Transfused) 

CT ratio 

1 Medicine 9078 7092 1.2 

2 Surgery 11259 4939 2.2 

3 Obstetrics And 

Gynaecology 

1765 973 1.8 

4 Paediatrics 1606 1191 1.3 

5 Total 23708 14195 1.6 

 

 

Fig 26: CT ratio as speciality wise 
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Fig 27: CT ratio for OT 

 

 

Fig 28: CT ratio for FFP 
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      Transfusion index =  No of units transfused/ No of patient cross matched 

Transfusion index with value of 0.5 or more signifies more efficient blood usage and indicate 

transfused number of units appropriateness. Blood was crossmatched for 10,030 patients and 

8896 patients utilized 14,195 red blood cell units in our study. Transfusion index was 2.1 for 

medical division followed by paediatrics division (1.2). Surgery (1.0) and obstetrics and 

gynaecology (1.0) had similar values (Table 12). TI for large blood volume user departments 

including Haematology, General Surgery and Orthopaedics and Thoracic surgery, Obstetrics 

Gynaecology and Paediatrics were 3.0, 1.6, 1.0, 1.3, 1.0 and 1.4 respectively. The transfusion 

index for other departments in speciality category is given in Fig 29. In surgical division least 

transfusion index was from Hand research (0.2), Neurosurgery (0.4) and from Spine surgery 

(0.4). The detail of TI for the other surgical departments is given in Fig 30.  

Table 12: Overall Transfusion index by division wise 

 

S.NO Division No. of RC 

units 

transfused 

No of patients 

crossmatch 

Transfusion 

index 

1 Medicine 7092 3231 2.1 

2 Surgery 4939 4520 1.0 

3 Obstetrics and 

gynaecology  

973 958 1.0 

4 Paediatrics 1191 949 1.2 

5 Total 14195 9658 1.4 

 

Transfusion probability(%T). 

Transfusion probability %:  No of patient transfused/ No of patient crossmatched x 100 

Transfusion probability of 30% or greater than that indicates appropriateness of number of 

units cross matched and suggested to be appropriate. In our study, a total 10,030 patients 

were crossmatched and total 8896 patients were transfused for red cell units. Haematology 
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(98%) and general medicine (89%) had maximum Transfusion probability among large blood 

volume user. The detail of transfusion probability for medical departments is given in Table 

13. In surgical division Spine surgery and Hand research had least Transfusion probability 

and General surgery had maximum transfusion probability.  

 

Fig 29: Transfusion index by speciality wise 

 

 

Fig 30: Transfusion index for OT (Surgical department) 
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Table 13: Overall Transfusion probability 

 

S.NO Speciality No of 

patient 

Transfused 

 

No of patient 

cross matched 

Transfusion 

probability 

(%T)  

 

 

1 GENERAL MEDICINE 399 446 89.4 

2 GERIATRIC MEDICINE 29 33 87.8 

3 HAEMATOLOGY 1150 1173 98.0 

4 NUCLEAR MEDICINE CLINIC 1 1 100 

5 PALLIATIVE CARE 2 2 100 

6 HEPATOLOGY 162 194 83.5 

7 DERMATOLOGY 1 2 50 

8 RHEUMATOLOGY CLINIC 28 29 96.5 

9 ENDOCRYNOLOGY 29 32 90.6 

10 CARDIOLOGY 76 92 82.6 

11 GASRO ENTROLOGY 139 159 87.4 

12 MEDICAL ONCOLOGY 61 64 95.3 

13 NEPHROLOGY 283 308 91.8 

14 NEPH TRANSPLANT 2 3 66.6 

15 UROLOGY TRANSPLANTS 41 46 89.1 

16 CHAD 61 65 93.8 

17 PULMONARY/RESPIRATORY 

MED/CHEST 

DISEASES/TUBERCULOSIS 

59 67 88.0 

18 NEUROLOGY 30 37 81.0 

19 CASUALTY 513 590 86.9 

20 GENERAL SURGERY 577 683 84.4 

21 TRAUMA 80 88 90.9 

22 ENT 97 112 86.6 

23 VASCULAR SURGERY 91 106 85.8 

24 ORTHOPAEDICS 991 1158 85.5 

25 THORACIC SUR 616 641 96.0 

26 NEUROSURGERY 698 753 92.6 

27 DENTAL 12 17 70.5 

28 HEPATOBILLIARY SCIENCE 75 85 88.2 

29 AMPUTEE CLINIC 1 1 100 

30 HAND RESEARCH 43 72 59.7 

31 ENDOCRINE SURGERY 25 29 86.2 

32 SPINE SURGERY 89 133 66.9 

33 PLASTIC SURGERY 72 87 82.7 

34 PMR 36 40 90 

35 UROSURGERY 534 606 88.1 

36 OPHTHALMOLOGY 2 3 66.6 
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37 OBSTETRICS GYANECOLOGY 778 958 81.2 

38 PAEDIATRICS 550 603 91.2 

39 PAEDIATRIC SUR 223 246 90.6 

40 NEONATOLOGY 109 127 85.8 

41 PSYCHIATRY 2 2 100 

42 RADIOTHERAPY (RT) 129 137 94.1 

43 TOTAL 8896 10030 88.7 

 

Utilization rate:  

Utilization rate: - Units transfused×100/Units crossmatched  

 

It indicates the how much proportion of blood utilized out of crossmatched units. In our study 

total 14,195 red cell units were utilized, out of 23,758 red cell unit’s crossmatched. Blood 

utilization rate in our study was 59.8% that means 60% of blood was utilized out of the 

number of red cell units’ crossmatched. Medical division (78.1%) had maximum utilization 

rate and surgical division had least utilization rate (43.8%) during study period (Table 14). 

Haematology (87%) and Paediatrics (80.8%) had highest utilization rate. Blood utilization 

rate for other large blood volume blood user departments are as follows general medicine 

(72.2%), general surgery (54.7%), orthopaedics (45%), thoracic surgery (41.2%), 

neurosurgery (32.5%), urology (36.9%) and obstetrics gynaecology (55%).  

Table 14:  Division wise blood utilization rate. 

S.no Division Red cell 

unit utilized 

Red cell 

allotted 

Blood 

utilization 

rate (%) 

1 Medicine 7092 9078 78.1 

2 Surgery 4939 11259 43.8 

3 Obstetrics 

and 

Gynaecology 

973 1765 55.1 

4 Paediatrics 1191 1606 74.1 

5 Total 14195 23708 59.8 

Discussion 
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Background: Supply/Demand/need/Utilization 

The goal of quality assurance in blood bank is to ensure the provision of safe and quality 

assured blood products to the patients. The regulation of all blood and derived components 

and products are under the purview of Food and Drug Administration (FDA) which considers 

these products as drugs due to therapeutic benefits to patients. Components that are derived 

from blood are packed red blood cells, fresh frozen plasma, platelet rich concentrates and 

cryoprecipitate, cryosupernatant (remnant plasma after the production of cryoprecipitate and 

bank plasma (plasma that was never frozen). Products are primarily those derived on through 

pharmaceutical process from plasma such as factor concentrates, albumin and 

Immunoglobulins. The FDA regulates on the quality of blood and its product by applying 

standards of pharmaceutical industry on collection, storage, testing and supply of safe blood 

(129) . Rational use of blood is intended to ensure that blood is used like a lifesaving drug – 

when essential. Besides, this it also ensures that there is adequate inventory to utilize for 

patients in need. Therefore, it is necessary for every blood bank besides ensuring quality of 

this life saving product, to monitor, assess and evaluate the existing trends and 

appropriateness of blood ordering. As it is lifesaving drug every attempt should be made to 

prevent any misuse of these products. In Internal audit of utilization of blood components can 

act as integral part of quality control programme similar to any other organization. Overuse 

or misuse can lead to shortage of blood specially the rare blood groups and sometimes it is 

really not available for patient who is in life threatening situation. Some of the studies shown 

in down (Table 15) show the inappropriate usage in various studies. 

Table No. 15. Studies assessing the appropriate usage of Red blood transfusion 

Study                                 Inappropriate 

transfusion 

 % of the cases 

  Comments 

 Dietrich 25-60 Criteria HB < 100 g/dL, Blood loss > 500 ml 

,Symptomatic anaemia 
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Mozes et al 49.6 Criteria haematocrit < 0.26 ,Overt bleeding, 

Hypovolemia, symptomatic anaemia    

Reece et al 67 Only single unit transfusions, Pre-set criteria 

is not defined, authors opinion entered in 

assessment 

Coffin et al 4 Transfusion algorithm include pallor and 

weakness accepted as criteria for transfusion 

Haemoglobin cut off less than 100 g/l or 

blood loss > 500 ml 

 

Studies have reported the marked decline in overuse and inappropriate usage of blood after 

educational campaign to clinicians after such reviews (131 - 133). Therefore, it is important 

to do the regular internal audits and educational campaigns for proper utilization of blood 

components for patients and to avoid inappropriate usage. Over a period of time indication 

for usage of blood components has been defined. Post-world war II blood transfusion usually 

given for every patient whose haemoglobin is less than 10 g/dL (129) . But due to developing 

strategies for transfusion, transfusion threshold, transfusion triggers and restrictive strategies 

for transfusion currently appropriate usage of blood is promoted globally. Usually 

retrospective audits are very efficient in finding out the areas where there is a need to change 

transfusion practice. Different studies have assessed the utilization trends of blood 

components with proper feedback to clinicians. Overall, when all red cells and components 

are considered, the Clinical demand to utilization ratio in our study is 59.8 %. While 

utilization ranging from 13.6% to 23.14% has been shown in various studies (126). After 

implementation of maximum surgical blood order schedule (MSBOS) in their surgical 

patients Vibhute et al showed an improved utilization rate from 23.14% to 74.74% (126). 

Supply issues (133) (134) 

According to WHO 2012 statistics, 108 million blood donations collected globally with 

increase of 25% from 80 million donations collected in 2004 (135). There is increase in 8.6 

million voluntary blood donations from 2004 to 2012. Blood donation rate in higher income 
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countries is 36.8 per 1000 population, 11.7 donations in middle income and 3.9 donations in 

low income countries. 65% of blood transfusions are given to children under 5 years of age in 

low income countries and 76% of blood transfusions are given to patients group over 65 

years of age in high income group countries (135).  According to WHO (2009)  greater than 

81 million units of blood are collected globally per year and approximately maximum 80 

million units of Red blood cell were transfused  (136) . Out of that 80 million red cell units 

transfused, Europe and America consumed 30 millions of red cell units annually. Rate of 

donation per thousand populations in Europe and USA was 55 in 2006. Ranges of annual 

RBC consumption in developed countries are between less than 40 to more than 50 RBC 

units annually per 1000 of the population.  This will create no significant difference between 

rate of consumption and rate of donation (137). On the other hand in developing countries 

like Africa donation rate is very low. In developing and transitional countries half of global 

donations were collected in 2007 (138). In these developing countries 6.9 billion of world 

population lives. But the problem is that rate of donation is very low in these developing 

countries (Less than 10 per 1000 thousand population). So with this low rate of donation it is 

difficult for these populations to bridge the gap of appropriate utilization of red blood cell 

with modern medicine technology (137). Blood and its products are more often used in 

developing countries for pregnancy complications and life threatening anaemia in mothers 

and children. So it is very important consider all factors that will influence the utilization 

patterns of blood and its components like age, gender, diagnosis etc. According to the 

National AIDS Control Organization (NACO) which is the statuary body for blood safety in 

India, annual requirement of country is estimated at 80 lakhs units for 2012-13, out of which 

55 lakh units is target for NACO supported blood banks. During 2012 – 2013, 67.56 lakh 

blood units were collected across the country, till December 2012. Of this, NACO supported 

blood banks collected 38.68 lakh units (139). 
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CMC Blood Bank Protocol: Daily requests coming to CMC blood bank from different 

clinical units including wards, operation theatre, labour room, casualty and OPD along with 

blood samples are verified and registered. After checking of sample and identification details 

all relevant information written on request form will be entered into the computerized system 

and sample will send to immunohematology area for blood grouping. After blood grouping 

medical officer posted in blood bank evaluate each request thoroughly for demographic 

details, historical patient information, indication and laboratory data. After that medical 

officer will allot requested blood or its product according to the guidelines after review of 

laboratory results and discussion with clinician where needed and send the request for cross 

matching in immunohematology area. After cross matching, compatible blood or component 

is issued to respective requested area upon receipt of an authorization form. Blood is 

transported in bulk to operation theatre daily and stored in a temperature controlled blood 

cooler and utilized when required. Unutilized blood is returned twice a day to blood bank 

using temperature controlled transportation container. Blood bank follow 20 min rule for 

blood. Blood can be returned from wards/ICU within 20 minutes after issuing and included 

into the stock if specified conditions are met. Blood components are issued on demand only. 

Components once issued are accepted back only for disposal and never included into issuable 

stock.       

For the purpose of this study we have addressed all medical specialties as Division of 

Medicine, all surgical specialities are combined into the Division of Surgery and all obstetric 

and gynaecological units including reproductive medicine are considered as Division of 

Obstetrics and gynaecology. All the paediatric units have been combined into the Division of 

Paediatrics. Casualty (Accident and emergency services) have been considered 

independently.  Since the body of data generated has been very large, relevant, granular data 

has been discussed by the specialty user. 
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CMC is 2781 bedded tertiary care centre with rate of 7.3 blood or its components requests per 

bed per year. Utilization rate per bed in CMC was 11.7 for all blood or component units per 

year. Red cell utilization rate per bed for inpatients was 5.1 units per bed. For other 

components utilization rate per bed for inpatient was 6.6 units per bed per year.    

Age: In our study the age group that received the largest proportion of the transfusions were 

from 21-30 years (17.9%). Among the divisions of care in the hospital, the medical division 

demanded and received more blood /components than the surgical division. Data from 124 

Belgian hospitals by Beguin et al, shows that patients with increased age received transfusion 

in both medical and surgical group (136). Medical group composed of about 47% of patients 

in the Medical division were more than 65 years of age and two thirds received transfusions. 

In the surgical division, 41% of patients were in the same age bracket and a similar 

proportion of patients (2/3) received transfusion. . There is some evidence to show that the 

number of blood and its component requests and units utilized will increase with age group. 

Although maximum blood is utilized in 21-30 years of age group, it is observed that the trend 

of utilization increases with increasing age. A study in the Finnish population also showed 

the trend that RBC consumption will increase as age increases. Patients with 70-80 years of 

age group in Finnish population had received eight times more RBC transfusion than patients 

with 20-40 years of age group (140).  Cobain et al in their  study “A survey of demographics 

of  blood use” showed the data of four countries including USA, England, Australia and 

Denmark for age and sex distribution for red cell, plasma, platelets  utilization (141). Results 

were shown in Table 16 for red cell utilization.  
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Table No. 16. Age wise distribution of red cell utilization in different countries 

S.No Country Age less 

than 40 

years 

Age less 

than 41 

years 

Age  

40-70 

years 

Age 41-

65 years 

Age 

greater 

than 65 

years 

Age 

greater 

than 70 

years 

1 England 14.4% 0 38.4% 0 0 47.2% 

2 USA 0 18.8% 0 27.8% 53.3% 0 

3 Australia 15.4% 0 36.7% 0 0 47.9% 

4 Denmark 6.2% 0 38.4% 0 0 55.5% 

 

In our study more blood utilization was in the 21- 60 years age group as compared to older 

age group and not similar with other western studies trend. One study from south India also 

shown similar results for utilization of blood and its product in the age group 21-50 years as 

compared to our study (142).  This seems to depend upon population demographic trend of 

the region studied and the prevalence of conditions that require transfusion. For example, 

since Denmark had more population of old age people due to increased life expectancy, so 

more blood was utilized among old age people greater than 65 years of age. A small study 

from England collected data over 28 days in a prospective observational study also showed 

that 57.2% of the RBC units transfusion were given to patients over aged 65 years or older in 

the Northern parts of England (143). A recent study in Northern Ireland from 11 hospital 

blood banks also came to same conclusion as stated above; out of 1474 transfusion recipients 

68% were 60 years old or more (144). Netherland PROTON study group published data on 

profiles of transfusion recipients (1996 to 2006) showed that 57.6% of RBC recipients, 41.4% 

of FFP recipients and 29% of all platelet recipients were more than 65 years of age in Dutch 

population. The most common indication was neoplastic and cardiovascular diseases (145). 

In their study among German patients, Greinacher et al. showed that 52% of RBC is 

transfused to 60-74 years of age patients against the Netherland study where 16% of RBC is 
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transfused to similar age group (146). Similarly he also mentions that 16% of RBC is 

transfused to German patients above 74 years of age against Netherland study where 32% of 

RBC are transfused to similar age group.  Regan et al showed the recipients age distribution 

in five hospitals in Oxford, UK, and found out that that FFP and Platelet recipients are 

relatively older in age (145). In our study maximum utilization for FFP and platelet was in 

the age group (21-30 years) and red cell in age group (21-30 years).  FFP and platelet 

utilization is seen to increase with age. But for cryoprecipitate and cryosupernatant maximum 

utilization is from 21-30 years of age. Apparently blood product recipients vary across 

countries in terms of age distribution.  Life expectancy of older age group is increasing in 

developed and developing countries so that RBC consumption is displaying an increasing 

trend as we mention earlier. Hence, appropriate and judicious utilization of blood and its 

components should be considered in order to prevent shortage of blood. 

Gender:  In six months data studied, requests for red cells were more among male (59.9%) 

than female (38.5%) patients with 266 requests not specifying gender in the forms. When 

considering utilization, there appeared to be an overall male predominance (60.2%) as 

compared to female patients (39.2%). Similar patterns are seen in other studies. In the 

Brazilian study by TT Goncalez et al, 62% of all components were utilized by males (147). 

59.8% red blood cell units were utilized by male which is much more than female red cell 

utilization (39%). A significant highlight is that in the 21-40 years age bracket, a third of 

blood utilized was by female patients, for indications mainly related to obstetrics reasons. 

Similarly 72% of the RBC were transfused to women between 25 and 35 years of age in 

PROTON study mainly related to child birth (145). In the PROTON study in Netherland 

hospitals 50% of all RBC, 59% of all FFP and 60% of all platelets  were transfused to men 

with male predominance (145).  As stated above a study by Cobain et al also showed male 

dominance in red cell utilization in England, Australia and Denmark except USA where 
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slight female predominance as compared to male for red cell utilization (141). The pattern in 

our study differs with a German study in which female population consumed more red blood 

units than male (59% vs.51%) in the similar demographic group (137).  Male predominance 

is also seen among other blood components utilization. Plasma components and platelets 

were utilized more by male (61.1%) as compared to female (38.2%) due to more number of 

male patients in middle and older age group with diagnosis of neoplasm, blood forming organ 

diseases and circulatory system. 

Location wise utilization: In our study, most requests for blood and its components came 

from patients in wards (37.3%) followed by operation theatre (34.6%). Patients who present 

themselves to the outpatients are admitted based on their state of morbidity, which in our 

hospital is about 3.5 to 55 of outpatient patient strength. Usually only the patients who 

require supportive therapy and close monitoring or interventional procedures are admitted to 

in-patient care. The profile of patients admitted into the various wards include those 

undergoing investigation to determine diagnosis and depending on the stage of the process, 

many of them require transfusion support. Therefore maximum requests and blood utilization 

will take place in wards. As far as utilization of requested units is concerned, there is a 

significant difference between wards and operation rooms. Out of 11,243 red cell units 

requested only 3955 red cell units were utilized in operation theatre which is 35% of total red 

cell units requested. In the wards, however, 75% of the requested red cell units were utilized. 

The request for use in the operation rooms are based on patient’s pre-operative and the 

anticipated surgical blood loss. In our blood bank, the reservation on a unit of blood is valid 

until 8:00 am the day following the surgery and can be extended for another day if needed, at 

the discretion of the treating doctor. In this system, the reservation on the blood for use in 

operation rooms will burden supply of red cell units. Once the blood is reserved for a patient 

going to the operating room, it will be not available for other patients till next 2days and 
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further if the reservation is extended. And because of less utilization in theatre it will put 

extra burden in terms of cost, technician time, unnecessary crossmatch, reagents wastage and 

create an artificial shortage to red cell units. To fulfil this apparent blood shortage more blood 

donations are sought and for that more blood donors should be recruited which is in effect an 

additional demand on the organizational services. Although the numbers are apparently better 

for the in-patient wards, there is still space for more streamlining and adherence to guidelines. 

Similar trend is seen for FFP in operation theatre. Of the 2563 FFP units were cross matched 

907 FFP (35.3%) units were transfused. Once thawed, FFP is discarded if it is not used. This 

will lead to increased consumption of time and wastage of resource. All clinician should 

follow proper guidelines for judicious and appropriate and rational use of blood and its 

components, which involves ordering the tests of haemostasis, fibrinogen and D-dimer as 

applicable to the patient, except where there is immediate life-threatening Type and screen is 

a better alternative option. Having studied the pattern of request and utilization, the blood 

bank can identify lacunae and plan on appropriate interventions for education and training for 

rational and conservative utilization of blood.  

Routine vs. Emergency: One fifth of total requests came as emergency requests for all blood 

components excluding cryoprecipitate and cryosupernatant. However, for platelets alone 9% 

of requests did not have this information included. Due to lack of available information blood 

bank sometimes not able to respond appropriately to emergency situation where patient 

require transfusion urgently. There is also a possibility of misuse of emergency facility and 

thereby put stress on the blood bank system due to excessive attention to comply with assured 

turn-around-time of 20 minutes for such requests. 33% of total cryoprecipitate units were 

utilized as emergency which is almost a third of utilized cryoprecipitate. This is due to the 

nature of requesting of this component – mostly for medical emergencies such as incidence of 

DIC, PPH and in trauma patients. More of cryosupernatant units were utilized on routine 
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basis. As we see almost 1/5th of total blood resources were utilized as emergency basis, we 

should have back up for blood supply in case of shortage of blood.  

Diagnosis: On review, it was found that the data filled in by the clinicians on the request 

form was not of good quality. In many patients, the indication for transfusion, such as 

anaemia, was implied as the diagnosis. Further, in our hospital, there is no standardized 

system of classification of diagnosis (Such as ICD or SNOMED) while the patient is 

admitted, as the coding happens post-hoc at discharge or death. Therefore we have decided to 

utilize diagnostic categories from the ICD-10 classification. The information in the request 

was coded for the six month period studied. A total 11,275 patients had presented with 

different diagnosis in our study. Total numbers of patients in diagnosis category were 

different from actual total number of patients for utilization of blood products. This is due to 

fact that one patient can have more than one co-morbidities in the study period. Frequently 

occurring diagnosis for surgical patients include trauma, organ transplantation and 

cardiovascular surgery patients and in medical patients include bone marrow transplantation 

and haematological malignancies (148). Similar trend is seen in our study. Maximum red cell 

units (25%) were utilized for diagnostic group of neoplasm. In study by Cobain et al, they  

mention that different red cell utilization in different countries for different diagnosis (141). 

In England the all surgical conditions utilized 39.7% of blood , medical conditions utilize 

53.2% of blood and Haematology 16.3% of blood (141). In USA, the largest proportion is for 

cardiovascular disorders (24%) followed by digestive system disorders (17%) and then 

neoplastic disorders (16%) (141). In Australia maximum red cells were utilized by 

Haematology including malignancy (20.7%), orthopaedic surgery (13.8%) and cardiovascular 

surgery (10.8%) (141). In Denmark for diagnosis Neoplasms utilize 25.7% of blood , 

digestive system utilize 15.5% and diseases of red blood and Blood and blood forming organs 

diagnosis utilize 11.1% red blood cell (141). Our results are comparable to that obtained in 
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the Danish study. In our study maximum blood was utilized for neoplastic disorders followed 

by disease of blood and blood forming organs. Neoplastic category also includes 

haematological malignancies and other solid organ neoplasm from different system. As 

haematological disorders primarily affect the bone marrow, the site of production of all the 

cells, it is logical that the requirement for blood is early and frequent.  Disease of blood and 

blood forming organs includes all chronic benign haematological conditions like thalassemia, 

haemolytic anaemia, sickle cell anaemia etc. These patients also required more transfusion 

for anaemia and components such as platelets. In surgical group, disease of musculoskeletal 

and skeletal system utilizes maximum blood followed by disease of circulatory system 

(Cardio-thoracic surgery).  Musculoskeletal system includes all orthopaedics patients, soft 

tissue injury and spinal surgery patients.  All major surgeries like Total Hip replacement, total 

knee replacement, thoracolumbar scoliosis and lordiosis comes under orthopaedic and spinal 

surgeries. According to literature more blood is required for these surgeries intraoperatively 

and postoperatively (149). So these surgeries utilized maximum blood under surgical group. 

In the PROTON study, the relationship between age and ICD-9 diagnosis of recipients of 

RBC, FFP and platelet had been shown (150). In this study maximum blood was utilized for 

neoplasm (22.3%) followed by circulatory system (21.5%) and injury and poisoning (10.5%). 

In our study only 5% of total blood was utilized for injury and poisoning diagnosis. In the 

PROTON study only 8.6% of total blood was utilized for blood and blood forming organs as 

compared to our study with 18.6% utilization. 5% of blood was utilized for the diagnostic 

group of Pregnancy, Child birth and Puerperium, in our study. Blood utilization or usage 

depends upon multiple factors including the demographic profile of the country, prevalence 

and incidence patterns of disease, healthcare infrastructure, access to healthcare and health 

seeking behaviour. Similarly most of the FFP was utilized (19.2%) for the category, disease 

of digestive system. Disease of digestive system includes patient with liver cirrhosis, end 
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stage liver disease with multiple coagulation factor deficiencies prone to portal hypertension, 

ascites and hematemesis. So these patients require FFP transfusion for management of 

coagulopathy and protein replacement. Although not recommended as per guidelines, FFP 

and cryosupernatant continue to be utilized for albumin replacement considering the cost of 

manufactured albumin. Another common cause for FFP transfusion was DIC underlying any 

other medical condition like neoplasm and infection etc. For disease of genitourinary system 

10.2% FFP units were utilized. Genitourinary disease includes post-transplant antibody 

mediated kidney graft rejection, rapidly progressive glomerulonephritis (RPGN) for which 

FFP units were used as therapeutic plasmapheresis. For the same diagnostic group,  a 

relatively smaller fraction of RBC (10%) and FFP ( 9%)  was transfused to patients with 

disease of digestive system in Netherland against 16% and 21% respectively in Denmark 

(141). In our study diseases of circulatory system utilized 13% of FFP units which is much 

lower than other studies reported (141). Disease of circulatory system consists of all requests 

and blood utilization in cardiothoracic surgery, cardiology patients, chest thorax disease 

patients and connective tissue vascular disorder patients. As compared to our study, the study 

from USA reported maximum utilization of FFP (34%) for cardiovascular surgery and 39.2 

% of FFP for disease of circulatory system from the Danish study which is much higher 

utilization (141). FFP utilization for circulatory system in our study is comparable to England 

(13.7%) (141). In our hospital, 4.4% of FFP units were utilized for disease of Nervous 

system. Disease of nervous system utilizes FFP for therapeutic plasmapheresis for GB 

syndrome and multiple sclerosis. In our study 29% of platelet units were utilized for 

Neoplasm which is comparable to the data from USA (26%) (141). But it is reported that in 

Denmark 66% and in the Netherland 41% of the platelet are transfused to patients in the same 

category (141).  In Australia, the specialty of Haematology utilizes maximum platelets (34%) 

which are comparable to our study for disease of Blood and blood forming organs (26%). 
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Most of the cryoprecipitate transfusions (22.7%) were utilized for disease of Blood and blood 

forming organs. It includes haemophilia A, VWD disease and Factor XIII deficiency which 

utilize cryoprecipitate as source for factor. 20.3% of cryoprecipitate units were utilized for 

diagnosis neoplasm because of associated DIC. There is not much literature regarding 

utilization of cryoprecipitate. In our study, Cryosupernatant units (82.2%) were maximally 

utilized for disease of blood and blood forming organs. This diagnosis includes TTP and 

HUS mainly. Cryosupernatant is preferentially as therapeutic plasmapheresis for TTP and 

HUS as it is depleted of vonWillebrand factor.  Similarly as stated cryosupernatant is also 

used for disease of nervous system as a source of protein replacement for therapeutic 

plasmapheresis. Disease of musculoskeletal system utilizes 10.7% of cryosupernatant as 

source of albumin for therapeutic plasmapheresis. These types of the diagnosis data can be 

utilized for production planning, for analysing the efficiency of product use and, to some 

extent, also as a measure of the quality of the health care delivery system. Accurate 

information regarding baseline usage of RBCs is important for making strategies to changes 

in the profile of RBC demand and to decrease allogeneic donor exposure.    

Blood Group distribution among patients parallels the distribution of ABO and Rh 

distribution among donor population.  We are unable to make any specific inference on 

demand and supply with respect to blood group However at times a blood bank might 

experience relative shortage of one of the less frequent blood groups and it takes planning 

and additional effort to manage both elective and emergency patients at these periods. 

 Red Blood Cells: Balance between demand and supply of red blood cell is increasing 

precarious in many countries (151). Due to change in life style and stringent eligibility 

criteria, the donor availability is getting affected. As mentioned earlier aging population 

increase the demand for blood (151). By understanding the patterns of RBC use and current 

usage will help predict future pattern in demand and help in managing to reduce use in 
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particular areas. Major part of total requests in our study was red cell requests consist of 

82.5% of total requests in six month. This reflects the demand of for blood in a tertiary care 

centre in our country. Major requesting departments were the divisions of medicine and 

surgery for red cell requests with very slightly predominance by surgical department. 

Obstetrics and gynaecology and paediatrics contribute rest of requests with 6.3% and 7.6% 

requests respectively. Of a total 23701 red cell units that were requested, 23708 red cell units 

were crossmatched and only 14195 red cell units was utilized (59%). A substantial difference 

was found in number of red cell utilized against those requested for red cells. The major 

contributor to this difference was the surgical division. In the surgical group, 11256 red cell 

units were requested, 11256 red cell units were crossmatched and only 4939 red cell units 

were utilized. For medical group of a total of  9076 red cell requests for which 9076 were 

crossmatched and resulted in 7092 red cell units being utilized. That means in medicine 

groups almost for every one request 1.02 units of red cells unit was utilized. In surgical group 

total 6972 red cell requests came, for those only 4939 red cell units was utilized (0.70 units 

utilized for every request). A similar pattern was seen with OG and paediatrics.  This shows 

that there may be a significant effect in terms of unavailability of red cell units for other 

patients, technician time, extra cost crossmatch burden for patients, wastage of resources, 

extra pressure for more donor recruitment etc. Overall, almost 50% of total red cell utilized 

was by medical group.   In medical group maximum blood units were utilized by 

haematology department. Haematology consist all patient with malignancy like leukaemia, 

lymphoma etc. and  chronic anaemic disorders like thalassemia, haemolytic anaemia, sickle 

cell anaemia, iron deficiency anaemia etc. These patients are anaemic due to the primary 

disease or the effect of chemotherapy, so they require frequent and regular transfusion, 

although rigorous triggers are 8g/dL and 9g/dL for anaemic patient and post- transplant 

(Bone marrow) patient respectively. The Department of Haematology in CMC has an active 
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bone marrow transplantation program performing more than 100 transplants per year and 

therefore is a significant consumer of blood and its products. For bone marrow transplant 

patients, irradiated red cell units are transfused. From our study, haematology department 

utilizes red cell in appropriate and judicious manner as is evident from their CT ratio, which 

is nearly 1, which is an indicator of judicious usage of blood supply. Casualty (Accident & 

Emergency services) was the next highest user of red cells. In A variety of patients get 

admitted for different reasons in the casualty including medical, surgical and trauma patients 

and often the need for blood is urgent. Nephrology was also one of the large users of red 

blood cell. Chronic kidney disease patients and those on dialysis also require frequent 

transfusion due to anaemia of chronic disease. Nephrology utilized 3.3% of total blood 

utilized blood. In surgical group, orthopaedics and General Surgery was the maximum 

consumer of red blood cells. In our study 8.6% of total RBC utilize by orthopaedics 

department which is less comparative to other studies (141). In surgical group 47% of total 

blood requested was crossmatched but only 34% of total blood was utilized due to over 

ordering of blood and anticipated intraoperative blood loss.  In another study by A Crawford-

Sykes et al in a university hospital in the West Indies showed that overall transfusion rate in 

neurosurgical patients was only 13.2% with 8.6% transfused intraoperatively and 7.9% 

postoperatively (152). In their study on 301 patients with cerebrovascular procedures Couture 

et al also recorded a low intraoperative transfusion rate (0-7.4%) for all procedures at 

university of Virginia (152). In a UK based study in patients undergoing coiling of 

intracranial aneurysm or clipping, the transfusion rate was 32% (152). Similarly our study 

also had lower transfusion rate. In another study, 17% of total RBCs usage was represented 

by orthopaedics (153). Major surgeries like Total hip replacement, Total knee replacement 

and thoracolumbar scoliosis utilized most of the blood in orthopaedics. Cardiothoracic 

surgery also utilized large portion of blood in our study. As mentioned above most of the 
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studies showed maximum utilization of blood for cardiothoracic surgeries. Comparable 

analyses for increased number of CABG surgery suggest increased demand for significant 

rise for RBCs units (154). 10% to 15% of the total blood supply of donor blood usually 

consumed in cardiothoracic surgery during perioperative haemorrhage (155). Surgical case 

usually order blood due to anticipation rather than actual blood loss. This can sometimes lead 

to overuse of red blood cell and unnecessary exposure to various infections and 

haematological antigens. The number of units crossmatch is usually more than actual red cell 

units transfused. We had similar findings in our study. As the CMC policy once blood unit is 

allotted for any operation theatre requests will be cancelled after 24 hours in case of not 

utilized. This will increase workload due to anticipatory blood loss, increase unnecessary 

workload on blood bank staff, time wastage, and reagent consumption. This blood can be 

utilize for more needy patients and will cause a major burden on the supply system. As our 

data also suggest maximum blood utilization in haematology, orthopaedics and 

cardiothoracic departments is similar in trend with above study with similar above reasons. 

Obstetrics and gynaecology department in CMC include OG1 (Gynaecology oncology), OG2 

(Urogynaecology), OG3 (Obstetrics and Gynaecology), OG4 and OG5 (Predominantly 

obstetrics). The Division of Obstetrics and Gynaecology utilized 7% of total blood because of 

pregnancy related anaemia or obstetrics complications like PPH, DIC, abruption placenta, 

placenta previa, infections etc. In our study OG3 utilized maximum blood followed by OG1. 

As mentioned above OG3 include both obstetrics and Gynaecology, and this spread of 

patients has higher caseload accounts for maximum utilization of blood by OG3. OG1 

include gynaecology oncology, so all patients under this unit will require blood for chronic 

anaemia for chemotherapy and radiotherapy. In the division of Paediatrics, the largest user of 

blood, understandably, was oncology followed by neonatology. The patient profile of 

Paediatric oncology includes all patients with leukaemia, lymphoma and other malignancies 
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where the clinical demand for  transfusion due to anaemia and chemotherapy related effects is 

very high. Decreased oxygen carrying capacity (with haemoglobin less than 8 gm. /dL), 

leukaemia and bleeding dyscrasias were the indications for red blood cell units’ transfusions. 

Neonates require red cell transfusion for anaemia due to sepsis, bone marrow suppression or 

anaemia of prematurity. In our study anaemia was most common indication for blood 

transfusion in both surgical as well as medical group. This is similar to Indian study by 

Gaur.et al (129) . 60% of total blood utilized for indication anaemia in our study which is 

similar to most of the other studies. Haematology, paediatrics and Casualty were the 

maximum utilizers of red blood cells due to reason as stated above. General surgery and 

orthopaedics were the department in surgical group who utilized maximum blood for 

indication anaemia. In the OG division 6% for total blood utilized as indication anaemia due 

to child bearing reproductive age females with pregnancy related anaemia or old age 

malignancy. About 33% of total blood utilized was for intraoperative blood loss. 

Orthopaedics, General surgery and UroSurgery utilized maximum blood for indication 

intraoperative blood loss. Major surgeries like THR, TKR and Spine surgery as 

recommended utilize blood intraoperatively (156)(157). Prostate surgeries like TURP or TCC 

require blood during intraoperatively as mentioned in other studies (158)(159). Only 4% of 

total blood utilized was used as postoperative anaemia. Major surgeries like THR, TKR etc. 

required postoperative blood due to loss of blood from draining site or anaemia of chronic 

disease in view of long stay in hospital. In Metz’s series (160) (172), many inappropriate 

transfusions were given to asymptomatic patients during perioperative period although there 

is no evidence that mild or moderate anaemia will be contribute to morbidity or mortality. In 

general view, transfusion decision should be based on analysis of risks vs. benefits. 

Transfusion decision should consider two factors: 

1. Evaluation of physiological needs of the patients. 
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2. Transfusion of those products only which satisfy these physiological needs. 

A new hypothesis states that increased severity of illness and complexity of hospitalized 

patients are two main factors that play a large role in transfusion of red blood cell, outside of 

evidence based guidelines (161). Patients with multiple comorbidities have more 

physiological need and lower thresholds for transfusion (162). Study regarding blood usage 

by speciality will help to identify the major users of blood for audit of judicious and 

appropriate transfusion practice by targeting that speciality and with a view to minimizing 

usage by dissemination of best practices. Perioperative blood conservation can be achieved 

by introduction of methods such as preoperative anaemia treatment, stoppage of 

anticoagulants preoperatively, improvement of surgical techniques, lower haemoglobin 

threshold for transfusion and using pharmacological approach to lower the need for blood. 

Restrictive blood transfusion strategies in some large randomized controlled trials have 

improved patient outcomes compared to liberal red cell transfusion strategy (163). Clinical 

audits should be done to developed protocols for high usage surgical and medical specialities. 

For minimising inappropriate transfusions, strategies will assume greater significance 

because as a precious product, and high cost for zero risk as demandable by public, law 

courts and the media (164). Along with restrictive strategies and efforts to reduce medical 

expenditures will help to develop initiatives to make transfusion practice better with an aim 

of minimizing non indicated use. Growing concern and emphasis on blood utilization in 

touch with clinical outcome, patient safety and cost lowering has resulted in increased 

implementation of blood conservation programs (165). Due to these restrictive strategies 7-

8% decline of allogeneic red blood cell transfusion is seen in United Kingdom and Canada 

(166)(163). Also in there study in order to support restrictive transfusion strategies, they have 

seen that decline in number of RBC units transfused and pre transfusion haemoglobin broadly 

in both medical and surgical group as well as in subgroups of patients with and without 
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clinical trial data (163). By analysing these trends we state that applying restrictive strategies, 

changes in clinical practice after appropriate guidelines acceptance, education improvements, 

regular audits on red blood usage profile and clinical decision support will help in 

appropriate, judicious and rational use of blood in our nation. 

Fresh Frozen Plasma:  It is very crucial to rationalize, reduce wastage and optimize FFP 

transfusion due to concern regarding transfusion transmitted infections and blood components 

non availability specially in developing nations. Residual viral transmission by blood 

products is hardly known in India due to lack of such data. Blood or its components 

transfusion should be based on based on scientific basis. Especially plasma transfusion can 

overload. Rational use of FFP should be implemented. Up to 5% of transfusion reactions in 

USA is due to FFP transfusion mostly TRALI (167). One more thing about plasma is that it is 

only obtained from human beings so every effort is used to make not to waste this precious 

product.  Although the guidelines has been established for FFP transfusion but still FFP is 

still mostly misused (168). FFP as blood component is transfused in condition like 

coagulation factor deficiency, liver disease, bleeding like DIC, therapeutic plasma exchange, 

warfarin replacement and in case of massive transfusion (66). In CMC blood bank after 

receiving FFP request, FFP is allotted is allotted by medical officer and crossmatched 

(minor). After crossmatching FFP is issued according to demand in blood bank. As 

mentioned above due to policy (CMC protocol) of issue on demand, it is very rare to 

encounter wastage of blood components. During study period out of total request only 13% 

FFP request came in our study. Out of that medicine has highest FFP requests because of 

haematology department. But in speciality wise cardiothoracic department has maximum 

requests followed by haematology. This due to fact that cardiothoracic department as routine 

practice or protocol asked for three units of FFP for all elective surgical cases. Haematology 

requests are more number of patients due to specific coagulation factor deficiency patients, 
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TTP/HUS patients and leukaemia/lymphoma with bleeding tendency. Only few requests 

came as emergency only 2.2% for FFP and most of the request for elective surgical cases. 

More of FFP was transfused for medicine department 59.9% as compared to surgical 

departments 26.8%. This is due to fact that haematology and other main user of FFP comes 

under the medicine. For haematology FFP were transfused for mainly leukaemia/lymphoma 

bleeding with deranged bleeding parameters, plasmapheresis for TTP/HUS and for 

coagulation factor deficiency like FVII deficiency etc. In general medicine, FFP were 

transfused as prophylactically or for bleeding for patients with sepsis. Some patients were 

transfused for plasmapheresis for TTP/HUS. In nephrology department most of the FFP were 

transfused as plasmapheresis for post renal transplant antibody rejection. Similarly in 

Hepatology department most of the FFP were transfused for chronic liver disease and liver 

cirrhosis due to multiple coagulation factors deficiencies as prophylactically or therapeutics. 

But in terms of total FFP requested, more number of FFP requested as compared to FFP 

transfused ( 8353 FFP units requested vs. 5062 FFP units transfused). Less number of FFP 

were transfused due to fact that FFP were transfused according to guidelines and unnecessary 

transfused were avoided. 7847 FFP units were crossmatched, out of those 5062 units only 

transfused which means it put unnecessary burden for cost, technician time and availability of 

components. Most of the FFP requests are crossmatched in surgical department due to over 

ordering and anticipation of bleeding during surgery. Example of this is thoracic surgery 

department. In our hospital in thoracic department as protocol FFP were requested before 

elective surgery due to anticipation of any abnormal bleeding during surgery. In our study in 

thoracic department for CABG or any valve replacement elective surgery  total 1809 units of 

FFP requested , out of that 1740 (22.1%) units were crossmatched and only 358 (7.0) units 

were transfused.     Studies shown that excessive bleeding is due to platelet functional defect 

rather than coagulation factor deficiency specially in case of cardiovascular surgery (119). 
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Gelb et al (169)  in his study observe coagulation factors in cardiopulmonary bypass patients 

and found out decrease in factors during surgery. However decrease in factors is transient and 

never reaches the critical levels of 30% of normal and return back to normal soon after 

surgery. Perioperative transfusion of FFP before cardiopulmonary surgery exposes the patient 

to unnecessary risk without any beneficial effect and add Antithrombin III in blood which can 

cause heparin rebound (119). In different studies, it is mention that inappropriate usage of 

FFP was more for surgical departments as compared to medical services (170). In OG 

department OG3 and OG5 were the maximum utilizers of FFP. This can be due to fact that 

both OG3 and OG5 (only obstetrics) had patients with pregnancy related complication like 

PPH or DIC which utilizes more and more FFP as life- saving therapy. In paediatrics, 

neonatology utilized maximum FFP for neonatal sepsis as prophylactically or therapeutically.  

Computerized transfusion guidelines and periodic audits reduced the inappropriate FFP 

transfusion from 65% to 30% (128).   Excessively long turnaround time for coagulation tests 

for proper guiding of FFP transfusion and confident trust of anaesthetics and surgeons on FFP 

haemostatic effectiveness and surgeon’s underestimation for magnitude of risk associated 

with FFP transfusion. FFP transfusion criteria should make more stringent and laboratory 

evidence of deranged coagulation should be documented. 

Platelets: India does not have a centralized blood supply system; majority of blood banks are 

attached to hospitals (179). In the west large blood collection centre will collect the blood and 

components are be prepared in centralized manufacturing facilities (171) (172). Only about 

20% of Indian blood banks are preparing blood components which are grossly inadequate for 

covering such a growing patient’s demand (171). In this group, only a few centres perform 

component preparation by apheresis technology to fulfil the requirement of thrombocytopenic 

patients (171). In last two decades platelet utilization has increased all over the world, more 

than the use of any other blood components. In our study medical group (50%) had consumed 
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maximum platelets followed by Paediatrics (26%). In both category Haematology and 

paediatrics oncology were the main speciality for large consumer of platelets. Haematology 

patients are the largest group of patients as recipient for platelet transfusions. Reports have 

mentioned that haematology patients have received up to 67% of all issued platelets (173).  In 

recent data from UK mentioned that platelet transfusions had increased in 6% from 2009 to 

2010 and in England (unpublished) there was increase of 8% platelet transfusion in 2011 

(174). Platelet had major contribution in field of modern clinical practice due to easy 

availability. Because of this availability, platelets had role in development of intense 

regimens for haematological or other malignancies, but there is also prevalence of misuse or 

inappropriate use (175). Haematology includes all patients with leukaemia or lymphoma and 

isolated platelet deficiency and those with inherited platelet function defects. Paediatrics 

oncology also includes patients with malignancies like leukaemia or lymphoma. These 

patients were usually on chemotherapy, so thrombocytopenia, febrile neutropenia, bleeding 

and DIC are the main cause of platelet transfusions. Thrombocytopenia secondary to bone 

marrow failure syndromes and chemotherapy is a common cause for transfusion of platelet 

(176).  Similarly Saluja et al. in their his study mention that 88% of platelet transfusions were 

transfused to haemato- oncology speciality appropriately as major user department (171).  In 

our study surgical group utilized only 19.2% of total platelet issued which is very less as 

compared to study by P.H.Sonnekus et al in Bloemfontein, South Africa,  where they ordered 

two or more platelet units (34%) for transfusion (176). In surgical group Thoracic surgery 

utilized maximum platelets followed by General surgery and Neurosurgery.  Thoracic 

patients required platelets during intraoperative phase due to inactivation of platelet in heart 

lung machine. Some reports stated that surgeon utilize inappropriate platelet transfusion for 

cardiopulmonary bypass surgery (171). A commonly reported practice done by surgeons 

while performing CPB is to transfuse peri-operatively  3-4 units of fresh frozen plasma and 2-
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3 units of platelets without any definitive  indication. Huiet al and chenget al also reported the 

inappropriate use of platelets with similar findings (171). In Neurosurgery according to 

department protocol, patient required platelet transfusion for 5 days postoperatively to 

maintain platelet count above 1 lakh. Other surgical patients require platelet transfusion if 

they are on any anticoagulant. Inactivation of platelet will come under acquired platelet 

functional defect. Obstetrics and Gynaecology group had least platelet transfusions that were 

also mainly in PPH of complicated pregnancy. Risk factors for bleeding apart from 

thrombocytopenia are fever (17%), Cardiopulmonary bypass (8%), and uraemia (7%). Along 

with these, certain antifungal agents or intravenous antibiotics (51%) and concomitant 

antiplatelet drugs (15%) were reported to be present itself in 82% of platelet transfusion 

episodes due to bleeding (154). In our study maximum clinical demand for platelets was for 

patients in the age group (21-60 years). As overall life expectancy is increasing and number 

of diseases like malignancy is increasing with age, so more and more platelet transfusion in 

old age group. Haematology wards were the most frequent location for transfusion of 

platelets. After that OPD was the next place where maximum platelet were utilized and 

maximum in paediatrics and haematology OPD. 61% of total patients were males who 

utilized platelets due to more number of male patients. Paediatrics department utilized 32.7% 

of platelets for indication thrombocytopenia with bleeding. The reason for that is majority of 

patients was from paediatrics oncology and paediatrics casualty for diagnosis lymphoma or 

leukaemia requires frequent platelet transfusion due to low platelet count and chemotherapy. 

Some patients in paediatrics oncology presented with DIC with bleeding due to underlying 

malignancy and require platelet transfusion. Haematology and Paediatrics department utilized 

maximum platelet as thrombocytopenia prophylaxis as per protocol. Patients scheduled for 

procedures with thrombocytopenia are also included in this category. As per the protocol 

followed in CMC, platelet count of 10,000/uL is the cut off for stable patients. But if patient 
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had febrile neutropenia or headache even with platelet count of 20,000/uL, platelet 

transfusion is required. And in few patients from paediatrics oncology require port insertion 

for chemotherapy with thrombocytopenia requires platelet transfusion. Hepatology also 

utilized platelet prophylactically for procedure like TIPSS, interventional sonography for 

portal hypertension and ascetic fluid tapping with thrombocytopenia. Surgical department 

like General surgery and Thoracic surgery also utilized platelets prophylactically for any 

procedure on thrombocytopenic patients. Randomised trials have shown that patients who 

had received platelets prophylactically, no clinically significant benefit in terms of decrease 

in blood loss, bleeding time, platelet count , postoperative hospital stay or transfusion 

requirement in CPB patients (177). Recently BCSH guidelines also states that 

prophylactically platelet transfusion is not routinely required by CPB unless there is post-

operative bleeding or in whom a surgical cause of bleed has been excluded. Thoracic surgery 

and Neurosurgery utilized maximum number of platelets units as indication acquired 

functional platelet defect. Platelet functional defects can be – Congenital platelet functional 

defect and acquired functional defect. BSS, GT and storage pool disorder comes under 

congenital platelet functional defect. Haematology utilized maximum platelet for congenital 

platelet functional defect. Acquired platelet defect are those disorder in which platelet counts 

are normal but they are not functional. Thoracic surgery and Neurosurgery utilized maximum 

platelet as indication for acquired platelet functional defect. In our study 65.4% of platelet 

transfusions were given as prophylaxis to prevent bleeding which is similar to study by 

McCullough.J. et al where they utilized 68% of platelets to prevent bleeding (178). But they 

utilized 32% of platelets for active bleeding which almost double of our study (19%). For the 

use of platelets, several guidelines have been published. NHS trust audit in UK showed that 

guidelines were written by 96% of sites that had participated. Despite of so many proposed 

guidelines, both the rate of clinician adherence and prophylactically transfusion prescription 
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triggers vary between and within institutions (179). Physician acceptance to guidelines has 

been shown to vary between 43- 89% and for both prophylactic and therapeutics platelet 

transfusions it is similar (171). Transfusion of components as a human blood derivative 

established the modern medicine. In OG division, maximum platelets were utilized by OG5 

(predominantly Obstetrics) and OG3 (mixed patient group). This is due to fact that all 

pregnancy related complication like PPH or DIC will require components support as life- 

saving therapy, especially platelets and these two units has maximum number of patients with 

pregnancy. In paediatrics most platelets were utilized by paediatrics oncology. Their patients 

include includes leukaemia, lymphoma and other haematological conditions such as aplastic 

anaemia patients which require platelet. Even though there are both national and international 

guidelines for platelet transfusions but still non-adherence is frequently seen. Awareness 

among clinicians for appropriate use of platelets according to guidelines varies significantly. 

Unnecessary allogeneic component exposure leads to alloimmunization, platelet 

refractoriness and TTIs. Additionally there is wastage of this perishable blood component due 

to ignorance towards its storage, platelet handling, transfusion triggers and transfusion across 

ABO and Rh barrier. Transfusion audits are important quality indicators to lower down the 

inappropriate transfusion in patients, improving practising guidelines and identifying areas of 

further improvement. 

Cryoprecipitate:  Cryoprecipitate is a concentrate of high molecular weight plasma proteins 

that is stored in cold. It contains factor VIII: C, Von Willebrand factor fibrinogen, factor XIII 

and fibronectin. Indications for appropriate usage of cryoprecipitate are limited (180). Very 

small number of requests for cryoprecipitate as compared to other components is seen in our 

study due to limited use. Cryoprecipitate is also used for fibrinogen supplementation in 

patients with acquired or congenital Hypofibrinogaemia and dysfibrinogaemia. Fibrinogen 

levels of greater than 100mg/dL are considered to be adequate for haemostasis.  Bleeding is 
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usually associated with fibrinogen levels lower than 100mg/dL. Cryoprecipitate unit contain a 

minimum of 150 mg of fibrinogen. A bag of transfused cryoprecipitate will raise the 

fibrinogen level by 30mg/with 3 to 6 days of half-life in a stable situation where there is no 

abnormal consumption. Clinically, acquired hypofibrinogenemia is associated with 

conditions like consumptive coagulopathy such as DIC. Bleeding complications and blood 

product consumption can be main event in liver transplantation. Liver transplants have  high 

routine blood use when compared to  any other surgical procedure. Patients are in end stage 

liver disease so they cannot synthesize coagulation factor, so they require source of 

coagulation factors and cryoprecipitate is a concentrated source. Haematology and obstetrics 

department utilized the maximum cryoprecipitate units in six months. In haematology 

practice cryoprecipitate had been utilized as therapeutics or prophylactically for VWD, factor 

XIII deficiency and for fibrinogen deficiency in DIC, APML, Hypofibrinogaemia and 

sometimes for Haemophilia A or Haemophilia B when factor concentrates are not available. 

In OG department most of the cryoprecipitate were utilized as therapeutically or 

prophylactically for PPH. As it is in a concentrated form, Cryoprecipitate is very effective 

and useful in stopping bleeding in PPH cases without overloading body fluid volume. In 

general medicine cryoprecipitate units were utilized mainly because of any DIC cases with 

other underlying co-morbidities. In Hepatology due to liver failure and deficiency of 

coagulation factors, cryoprecipitate were utilized mainly as therapeutics for bleeding and as 

prophylactically for any procedure. In neurosurgery cryoprecipitate was utilized mainly 

prophylactically for maintaining fibrinogen level greater than 200mg in postoperative patients 

as part of their protocol. 56% of total cryoprecipitate were utilized by males due to a 

preponderance of male patients. Women in the 21-30 years of age group utilize maximum 

cryoprecipitate due to reproductive age related complications (181). 32% of cryoprecipitate 

were utilized as prophylactically in haematology patients. These patients include mainly 
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factor XIII deficiency patients, haemophilia and VWD patients. Factor concentrates is the 

preferred alternative therapy for Cryoprecipitate. But problem with factor concentrate is that 

they are very costly. As developing country it is not affordable (182). So as alternative 

cryoprecipitate is good source of factor concentrates and it is relatively cheap. Hepatology 

utilized maximum cryoprecipitate with the most common indication being indication pre 

procedure prophylaxis due to various procedures for liver transplant patients and for patients 

with liver cirrhosis like TIPPS and interventional sonography.  OG utilized maximum 

cryoprecipitate for indication therapeutically in case of bleeding from obstetrics 

complications like PPH.  In our study we see that OG3 and OG5 had utilized maximum 

number of cryoprecipitate due to fact that these units contain maximum number of pregnancy 

related patients. Proper utilization of such precious component is required. Strictly following 

to appropriate cryoprecipitate therapy indications is essential. Some risk is associated with 

cryoprecipitate use. Along with transfusion transmissible infections, direct costs of 

unnecessary transfused blood products were always associated. Risk of transfusion 

transmitted infection associated with cryoprecipitate is similar to red blood cells because 

cryoprecipitate is usually transfused along with pool of multiple products, so the risk is 

proportionately higher (183). Anaphylaxis, severe pulmonary reactions and haemolytic 

anaemia due to RBCs antibodies present in cryoprecipitate has been reported (183). 

Moreover misuse of cryoprecipitate for warfarin reversal has been mentioned in various 

studies (184). This reflects the widespread misunderstanding among clinicians and surgeons. 

So there is a need for focus education about coagulation factors and proteins in 

cryoprecipitate. So appropriate, judicious and rational use of cryoprecipitate is required for 

this precious component and internal audits will required for rational use and to identify 

pattern of misuse.  



127 
 

Cryosupernatant: Cryosupernatant is the plasma removed during cryoprecipitate 

preparation. It contains Prothrombin complex concentrate, von Willebrand’s factor, Factor 

XIII and fibronectin. However it is low in fibrinogen and factor VIII. Cryosupernatant used 

for treatment of TTP and HUS as therapeutic plasma exchange for ADAMTS replacement 

and a source of Albumin replacement (185) (186). It can also be source of Prothrombin 

complex concentrate for warfarin reversal or a substitute of factor concentrates in case of 

bleeding. TTP is a rare condition with symptoms of microangiopathic haemolytic anaemia, 

thrombocytopenia, fever, acute renal failure with bizarre neurological signs, can be fatal if 

not treated. This is due to large high molecular weight VWF multimers causing high platelet 

aggregatibility (187). Maximum request for cryosupernatant came from medical group 

including General medicine and Haematology. In both General medicine and Haematology 

maximum cryosupernatant request came for TTP and HUS. Nephrology also utilized 

cryosupernatant for TTP but sometimes also utilized cryosupernatant for therapeutic plasma 

exchange procedures for other indications.  Most requests for cryosupernatant was from  (21-

30 years) of age group, due to fact that more number of patients in this age group and  

prevalence of TTP and HUS disease is more in middle age group with male predominance 

(188). Similarly in our study also male predominance is seen for cryosupernatant utilization. 

Cryosupernatant units were most often utilized for ADAMTS 13 replacement for patients in 

General medicine and Haematology. TTP and HUS are life threatening situation but treatable 

with therapeutic plasma exchange. In this regard cryosupernatant stock is required to 

maintain for its supply. Therapeutic plasma exchange is a costlier procedure. So, it is 

mandatory to utilize this precious component judiciously and appropriately.           

A major role is done by blood and its component in resuscitation and management of elective 

or emergency surgical cases. But currently there is increasing demand and underutilization of 

blood requested with limited supply. In 1976 Friedman et al (1) in his finding mentioned 
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about over ordering of blood. After that various studies over different parts of countries 

showed over ordering. Developing countries data published result with gross over ordering of 

blood in 40% to 70% of the patients transfused (1). In elective surgery only 30% of cross 

matched blood is used (1). For general surgical patient only 5 to 40% of crossmatch patients 

receive transfusion (1). Thomas et al in there study found out 40-45% blood usage only in 

elective surgical cases (189).  In study Preoperative blood ordering and transfusion practices 

for common elective general surgical procedure Bhutia et al found that unnecessary 

crossmatch has been done for up to 40% . By seeing this it is necessary that usage of blood 

and its component should be appropriate and rationalized. Our study showed that 40.1 % of 

cross matched blood is unutilized. In one study from north India 59.0% of cross matched was 

unutilized which is comparable with our study (190). But crossmatch unutilized blood 

percentage is very low as compared to other studies conducted in Nepal (86.4%), Egypt 

(74.8%), Nigeria (69.7%) and in India (76.8%) (1) reflecting  in developing countries. 

Although blood and its components are very crucial in patient care but on the other side it is 

associated with transfusion risks, costs and moreover have limited supply. Transfusion either 

blood or its component plays a critical role in management of surgical patients or 

resuscitation but most of the times surgeons or anaesthetics overestimate the anticipated 

blood loss.  For elective surgeries over- ordering of blood is a very common practice and 

preoperative blood order goes beyond the real need. Due to over assumption of preoperative 

blood requirements many of the problems are faced by blood bank management including 

blood aging and outdating, particular groups and phenotype availability , extra costs and 

unnecessary laboratory works (191). Excessive and unnecessary cross matching of blood is 

expensive.  Crossmatch to transfusion ratio was first described by Boral Henry and 

subsequently by other authors for evaluating blood transfusion practice (1). The ratio (C/T) of 

1 is ideal, ratio of 2.5 or below it signifies efficient blood usage and ratio greater than 2.5 
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shows significantly increased blood crossmatch. Overall CT ratio for our hospital is 1.6 over 

a six months period time which is very low as compared to other study by Jayaranee S et al 

with CT ratio of 5.1 (192).  Similarly T.C.Hall et al in their study found that the overall CT 

ratio of 2.1:1 for elective surgical cases with maximum CT ratio for abdominoperineal 

operation (3.75:1)(189).  Although this CT ratio in our study  is overall including wards, 

OPD, operation theatre, ICUs, casualty and labour room.  Different C/T ratio from different 

studies in developing countries are India (2.5) , Nigeria (2.2) Malaysia (5.0) and Egypt 

(3.9)(134). But when surgical departments alone are considered, in our study CT ratios are 

very high comparable to other studies especially elective surgical study cases. In our study 

maximum CT ratio from surgical department is from spine surgery (5.1) followed by hand 

research (4.8), neurosurgery (3.6), ENT (3.4) and UroSurgery (3.3). For the remaining 

departments, CT ratios are between 1.5 to 3.0. There are few studies that give accurate data 

for large hospitals; most studies are specific to a specialty or a particular procedure. Our CT 

ratio for surgical departments are comparable with the study from Singh JK et al in which he 

found out overall CT ratio of 3.7:1 with blood usage of 26.8% in colorectal resections (194).  

In this study reason for more crossmatch red blood cell as compared to transfused red blood 

cell especially in surgical department for elective cases is due to ordering of additional blood 

in view of subjective anticipation of excessive blood loss estimation during procedures by 

surgeons. Usually in our blood bank allotment and cross matching of red cells has been done 

as per requirement one day prior to surgeries as a routine protocol. The bulk of blood units 

for operation rooms are released in appropriate transportation devices on the day of the 

surgery. In operation theatre there is a facility of proper storage at 2-6 degree Celsius and all 

the bulk stock is stored for the day . As per requirement during surgery, blood is issued to 

respective operation theatre, under the supervision of the anaesthetist. After operation 

theatres are closed at evening rest of the unused blood bags are returned back to blood bank. 
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For emergency surgical cases also blood bags also returned back from operation theatre if 

they have not utilized it or patient had expired before surgery.  So high CT ratio indicates 

unnecessary crossmatch or overestimated blood loss and over ordering.  For any surgical 

procedure the ideal CT ratio would be one but it is both unsafe and unattainable. Although 

recommended CT ratio is of 2 to 2.5 for surgical usage in which 30 - 50% of blood is being 

used or transfused (195). If CT ratio is more than 4 than there very less chance of likelihood 

of transfusion for any surgical procedure (1). In these situations only “group and save” 

protocol is required. Optimal crossmatching and MSBOS  protocol should be used in surgical 

patients requiring transfusion. Finally in many blood banks, large numbers of units are cross 

matched every day for those patients who might never require transfusion for surgical 

procedure. Thus, each hospital for their expected blood usage can have a protocol or schedule 

made by analysing their hospital data for surgical procedures. For meaningful assessment one 

year to six month retrospective data has to be analysed and collect a sufficient numbers of a 

each procedures. In creating up the protocol or schedule factors affecting speed of provision 

of compatible blood should be considered including transporting facility or distance of blood 

bank from operation theatre. MSBOS protocols or schedule will be based on clinical 

practices, patients’ variable and local circumstances. Schedule should be reviewed regularly 

and for effective schedule necessary adjustment has to be made time to time. At lower cost 

red blood cells can be available after grouping and screening test if clinically indicated. Other 

techniques include intraoperative blood salvage and autologous blood transfusion for 

preventing excessive cross matching.   

Probability of transfusion (%T) for a given procedure is first described by Mead et al. 

indicating efficient usage of blood. Transfusion probability is determined by: 

Transfusion probability %:  No of patient transfused  x 100 
                                                  No of patient cross matched  
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 Transfusion probability of 30% or greater than that indicates appropriateness of number of 

units cross matched and suggested to be appropriate. In our study 10030 of patient for whom 

blood was cross matched 8896 patients were transfused.  In our study overall %T is 88.9%.  

This signifies appropriate blood usage. Similarly transfusion probability for request coming 

from wards is 89.9%. But overall transfusion probability for request coming for operation 

theatre or from surgical departments is only 25.9%. Most of the surgical departments has the 

transfusion probability between 10 to 25% with lowest being of spine surgery (11%). 

Comparable data for hospitals of our magnitude are not easily available. In our study 

transfusion probability for surgical departments is much lower  as compared to one study by 

Tadesse Belayneh in Ethiopia with transfusion probability of 47% (1). This study was 

conducted in university of Gondar hospital (Northwest, Ethiopia) in surgical and gynaecology 

department (Routine vs. emergency) with 46.2% of transfusion probability in surgery 

department and 48.2% transfusion probability in gynaecology department. In our study 

transfusion probability of surgery and gynaecology departments are 34.0% and 34.4% 

respectively which is lower than this study. Transfusion probability from a tertiary centre of  

Indian study  is between range from 11.1% to 25% (1) and study from Egypt shows 

probability of 36.9% (1). That means there are over ordering and more number of blood is 

crossmatched for patients as compared to no of patient transfused. 

Transfusion index is another indicator for effective appropriate usage of blood transfusion.  It 

is calculated as : 

Transfusion index =       No of units transfused 
                                        No of patient cross matched 
 

Transfusion index with value of 0.5 or more signifies more efficient blood usage and indicate 

transfused number of units appropriateness. In our study total 14,195 units of red cells are 

transfused to 10,030 patients over six months period time. Transfusion index of our study is 



132 
 

1.4. This signifies overall efficient and appropriate blood usage. Similarly transfusion index 

of in studies from Indian tertiary hospital and Egypt are 0.36 and 0.69 respectively (1).  Our 

hospital blood usage and transfusion index are very good as compared to other studies. 

Transfusion index particularly in wards in our studies also signifies efficient blood usage with 

overall index of 1.7. But in case requests coming for operation theatre and transfusion index 

particularly in operation theatre are very different. Transfusion index of surgical departments 

for request coming for operation theatre are between 0.2-0.9. It is comparable with the study 

by Subramanian. A et al with transfusion index less than 0.5 for neurosurgical and 

orthopaedics surgeries (193). Over ordering of blood should be minimized and Pattern of 

blood ordering should be revised with the help of MSBOS for each procedure and clinical 

department.  

There is paucity of randomised clinical trials due to that there are no evidence based 

protocols for red cell transfusions. Introduction of transfusion guidelines which are evidence 

based will increase the chance of blood utilization appropriately. Other measures include 

optimised baseline haemoglobin, preoperatively risk assessment, transfusion – guided 

targeted therapy, intraoperatively blood loss management. Secondary to patient and surgeons 

differences and to ensure supply balanced and institutional variation demand, regular and 

frequently audits are required. MSBOS protocol and policies, schedule can be implemented 

after scrutinising of audits and by inter medical department discussion and agreement.   

Conclusion 
Blood is a precious and scarce resource and as healthcare becomes accessible to more of the 

population, the demand will increase in our country. Blood and its components are routinely 

ordered and utilized in many hospitals without adequate analysis of actual needs and there is 

a drift from guidelines based practice. Blood transfusion services will improve through 
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standard quality indicators and continuous monitoring of a quality management system. This 

retrospective study provides information on blood and its products usage in our tertiary care 

hospital. It indicates the trend of utilization of blood and its products and is applicable for 

quality management of transfusion practice, cost analysis and local and regional blood 

donation programmes planning. Packed red blood cell was the most frequently requested and 

utilized component followed by platelets, FFP, cryoprecipitate and then cryosupernatant. 

Medical wards account for most of the demand and utilization followed by surgical group. 

However, surgical group had slightly more red cell request than medical group whereas red 

cell utilization which is almost half of medical group. There is no significant seasonal 

variability between the months in our study. Most of the blood and components were 

requested for patients in wards followed by operation theatre; the utilization pattern paralleled 

this trend. However, in the operation theatre less blood and its products were utilized as 

compared to what they have requested. Maximum blood and its products were requested and 

utilized in the age group 21-30 years and there is an increasing trend with age. In our study 

blood and its components were requested and utilized more often for male patients than 

females. Almost 80% of blood and its components were requested and utilized as routine, the 

remainder being requested and utilized as emergency. Most of the patients who needed blood 

and products were in the ICD-10 diagnostic categories of Neoplasm, Disease of Blood and 

Blood forming organs respectively and Disease of Musculoskeletal system. A similar pattern 

was seen for blood components. There was no difference in the frequency of blood group 

among patients as compared to blood donors. Medical specialties utilized most of the blood. 

But surgical group requested maximum blood and utilize only 1/3rd of t the requested. In the 

medical group Haematology utilized the most blood and among surgical specialties, 

orthopaedics utilized the most. In Obstetrics and Gynaecology maximum blood was utilized 

by the unit with the highest case load of both obstetric and gynaecological patients and in 
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Paediatrics maximum blood was utilized by paediatric oncology. Overall anaemia was the 

most common indication for red cell utilization and 58.2% blood was transfused when the 

haemoglobin was less than 7 g/dL. Most of the FFP were requested and utilized by medical 

group. The most frequent indication for FFP transfusion was to manage a coagulopathy, 

indicated by appropriate tests.  The department of Haematology utilized most platelet units in 

the medical group and cardiothoracic department in the surgical group and in paediatrics 

most of the units of platelets were utilized by paediatrics oncology. Overall 

thrombocytopenia prophylaxis was the most common indication for platelet utilization. 

Haematology utilized most of the cryoprecipitate followed by Hepatology. In the majority of 

cases, the most common indication for cryoprecipitate utilization was therapy for 

coagulopathy, both acquired and inherited. Surgical group has a highest CT ratio (2.2). Spine 

surgery has the highest CT ratio followed by Neurosurgery in all specialities. Surgery and 

obstetrics and gynaecology have a lowest transfusion index and medicine has a highest 

transfusion index. Hand research and spine surgery has a lowest transfusion probability and 

haematology has the highest transfusion probability. Overall utilization rate in our study is 

59.8%. Trauma, General medicine and haematology have a highest blood utilization rate in 

descending order. Overall CT ratios for operation theatre were high that can potentially lead 

to increase in cost of care and stress on the inventory as well as increased workload on the 

transfusion service. Formulation and strictly following the transfusion guidelines and 

introduction of MSBOS will help to improve the transfusion practice and appropriate usage 

of blood resources in our tertiary care centre. Overall utilization rate per bed in CMC was 

11.7 for all blood or component units per year. Red cell utilization rate per bed for inpatients 

was 5.1 units per bed. For other blood components utilization rate per bed for inpatients was 

6.6 units per bed per year. A functional hospital transfusion culture should be motivated for 

clinicians to consider the possibility of transfusion in their patients well before the actual 
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demand arises, and to scheme an effort to use blood resources most efficiently. Plans for 

improving blood utilization include timely and properly preoperative assessment of risk, 

increment of baseline haemoglobin, anticipation of potential transfusion problems, 

minimising blood loss during perioperative period, point of care testing, blood salvage 

techniques, transfusion guidelines, target therapy and massive transfusion protocols. 

Awareness of these elements encourages a safe and cost effective transfusion practice.  

Limitations 
 

1. This being a retrospective study, availability of data was restricted to the blood bank 

forms mostly. This accounts for a certain amount of missing data. 

2. We could not see the patient and verify lab results. 

3. We were not able to audit the actual indication for transfusion especially in situations 

where the transfusion trigger was exceeded, to see if there were other clinically 

justifiable patient conditions that demanded the transfusion. 

4. There is not much of literature specifically addressing the issue of supply, demand 

and utilization  especially from India. Hence comparisons are limited. 

 
 

 

 

 

 

 

 



136 
 

Bibliography 
 

1.  Belayneh T, Messele G, Abdissa Z, Tegene B. Blood requisition and utilization practice 

in surgical patients at university of gondar hospital, northwest ethiopia. J Blood Transfus. 

2013;2013:758910.  

2.  Silberstein LE, Kruskall MS, Stehling LC, Johnston MF, Rutman RC, Samia CT, et al. 

Strategies for the review of transfusion practices. JAMA. 1989 Oct 13;262(14):1993–7.  

3.  Friedman BA, Oberman HA, Chadwick AR, Kingdon KI. The maximum surgical blood 

order schedule and surgical blood use in the United States. Transfusion (Paris). 1976 

Aug;16(4):380–7.  

4.  Lim YA, Lee WG, Cho SR, Hyun BH, Sc D. A study of blood usage by diagnoses in a 

Korean university hospital. Vox Sang. 2004 Jan;86(1):54–61.  

5.  Immunohematology. Third Edition by Zmijewski, Chester M.: Appleton-Century-Crofts, 

New York hard, 1st thus - Gil’s Book Loft [Internet]. [cited 2015 Mar 4]. Available from: 

http://www.abebooks.com/Immunohematology-Third-Edition-Zmijewski-Chester-

M/440183812/bd 

6.  Blood Banking and Transfusion Medicine: Basic Principles and Practice, 2e: 

9780443069819: Medicine & Health Science Books @ Amazon.com [Internet]. [cited 

2015 Mar 4]. Available from: http://www.amazon.com/Blood-Banking-Transfusion-

Medicine-Principles/dp/0443069816 

7.  Giangrande PLF. The history of blood transfusion. Br J Haematol. 2000 Sep 

1;110(4):758–67.  

8.  Moore SB. A brief history of the early years of blood transfusion at the Mayo Clinic: the 

first blood bank in the United States (1935). Transfus Med Rev. 2005 Jul;19(3):241–5.  

9.  Simon TL, Snyder EL, Stowell CP, Strauss RG, Solheim BG, Petrides M. Rossi’s 

Principles of Transfusion Medicine. John Wiley & Sons; 2011. 2211 p.  

10.  Walter CW, Murphy WP. A closed gravity technique for the preservation of whole blood 

in ACD solution utilizing plastic equipment. Surg Gynecol Obstet. 1952 Jun;94(6):687–

92.  

11.  Sack T, Gibson JG, Buckley ES. The preservation of whole ACD blood collected, stored, 

and transfused in plastic equipment. Surg Gynecol Obstet. 1952 Jul;95(1):113–9.  

12.  Telischi M. Evolution of Cook County Hospital Blood Bank. Transfusion (Paris). 1974 

Dec;14(6):623–8.  

13.  Greenwalt TJ. A short history of transfusion medicine. Transfusion (Paris). 1997 

May;37(5):550–63.  

14.  Greenwalt TJ, Gajewski M, McKENNA JL. A new method for preparing buffy coat-poor 

blood. Transfusion (Paris). 1962 Aug;2:221–9.  



137 
 

15.  Lin L, Hanson CV, Alter HJ, Jauvin V, Bernard KA, Murthy KK, et al. Inactivation of 

viruses in platelet concentrates by photochemical treatment with amotosalen and long-

wavelength ultraviolet light. Transfusion (Paris). 2005 Apr;45(4):580–90.  

16.  Klein HG. Blood substitutes: how close to a solution? Dev Biol. 2005;120:45–52.  

17.  Technical Manual, 17th edition (Technical Manual of the American Assoc of Blood 

Banks): 9781563953156: Medicine & Health Science Books @ Amazon.com [Internet]. 

[cited 2015 Mar 4]. Available from: http://www.amazon.com/Technical-Manual-

American-Assoc-Blood/dp/1563953153 

18.  AuBuchon JP, Estep TN, Davey RJ. The effect of the plasticizer di-2-ethylhexyl 

phthalate on the survival of stored RBCs. Blood. 1988 Feb;71(2):448–52.  

19.  Mann KG, Whelihan MF, Butenas S, Orfeo T. Citrate anticoagulation and the dynamics 

of thrombin generation. J Thromb Haemost JTH. 2007 Oct;5(10):2055–61.  

20.  Hess JR, Greenwalt TG. Storage of red blood cells: new approaches. Transfus Med Rev. 

2002 Oct;16(4):283–95.  

21.  Laine E, Steadman R, Calhoun L, Blackall D, Levin P, Braunfeld M, et al. Comparison of 

RBCs and FFP with whole blood during liver transplant surgery. Transfusion (Paris). 

2003 Mar;43(3):322–7.  

22.  Murphy S, Gardner FH. Effect of storage temperature on maintenance of platelet 

viability--deleterious effect of refrigerated storage. N Engl J Med. 1969 May 

15;280(20):1094–8.  

23.  Slichter SJ, Harker LA. Preparation and storage of platelet concentrates. I. Factors 

influencing the harvest of viable platelets from whole blood. Br J Haematol. 1976 

Nov;34(3):395–402.  

24.  Murphy S, Gardner FH. Platelet storage at 22 degrees C; metabolic, morphologic, and 

functional studies. J Clin Invest. 1971 Feb;50(2):370–7.  

25.  Kahn RA, Cossette I, Friedman LI. Optimum centrifugation conditions for the 

preparation of platelet and plasma products. Transfusion (Paris). 1976 Apr;16(2):162–5.  

26.  Repine TB, Perkins JG, Kauvar DS, Blackborne L. The use of fresh whole blood in 

massive transfusion. J Trauma. 2006 Jun;60(6 Suppl):S59–69.  

27.  British Committee for Standards in Haematology, Stainsby D, MacLennan S, Thomas D, 

Isaac J, Hamilton PJ. Guidelines on the management of massive blood loss. Br J 

Haematol. 2006 Dec;135(5):634–41.  

28.  Spinella PC. Warm fresh whole blood transfusion for severe hemorrhage: U.S. military 

and potential civilian applications. Crit Care Med. 2008 Jul;36(7 Suppl):S340–5.  

29.  Scott KL, Lecak J, Acker JP. Biopreservation of red blood cells: past, present, and future. 

Transfus Med Rev. 2005 Apr;19(2):127–42.  



138 
 

30.  Valeri CR. Use of rejuvenation solutions in blood preservation. Crit Rev Clin Lab Sci. 

1982;17(4):299–374.  

31.  Valeri CR, Gray AD, Cassidy GP, Riordan W, Pivacek LE. The 24-hour posttransfusion 

survival, oxygen transport function, and residual hemolysis of human outdated-

rejuvenated red cell concentrates after washing and storage at 4 degrees C for 24 to 72 

hours. Transfusion (Paris). 1984 Aug;24(4):323–6.  

32.  Szymanski IO, Teno RA, Lockwood WB, Hudgens R, Johnson GS. Effect of 

rejuvenation and frozen storage on 42-day-old AS-1 RBCs. Transfusion (Paris). 2001 

Apr;41(4):550–5.  

33.  Valeri CR, Ragno G, Pivacek LE, Cassidy GP, Srey R, Hansson-Wicher M, et al. An 

experiment with glycerol-frozen red blood cells stored at -80 degrees C for up to 37 

years. Vox Sang. 2000;79(3):168–74.  

34.  Umlas J, Jacobson M, Kevy SV. Suitable survival and half-life of red cells after frozen 

storage in excess of 10 years. Transfusion (Paris). 1991 Sep;31(7):648–9.  

35.  Valeri CR, Pivacek LE, Gray AD, Cassidy GP, Leavy ME, Dennis RC, et al. The safety 

and therapeutic effectiveness of human red cells stored at -80 degrees C for as long as 21 

years. Transfusion (Paris). 1989 Jun;29(5):429–37.  

36.  Lecak J, Scott K, Young C, Hannon J, Acker JP. Evaluation of red blood cells stored at -

80 degrees C in excess of 10 years. Transfusion (Paris). 2004 Sep;44(9):1306–13.  

37.  Mazur P. Freezing of living cells: mechanisms and implications. Am J Physiol. 1984 

Sep;247(3 Pt 1):C125–42.  

38.  Rowe AW, Eyster E, Kellner A. Liquid nitrogen preservation of red blood cells for 

transfusion; a low glycerol-rapid freeze procedure. Cryobiology. 1968 Oct;5(2):119–28.  

39.  Valeri CR. Simplification of the methods for adding and removing glycerol during 

freeze-preservation of human red blood cells with the high or low glycerol methods: 

biochemical modification prior to freezing. Transfusion (Paris). 1975 Jun;15(3):195–218.  

40.  Hess JR. Red cell freezing and its impact on the supply chain. Transfus Med Oxf Engl. 

2004 Feb;14(1):1–8.  

41.  Meryman HT, Hornblower M. A method for freezing and washing red blood cells using a 

high glycerol concentration. Transfusion (Paris). 1972 Jun;12(3):145–56.  

42.  Valeri CR, Pivacek LE, Cassidy GP, Ragno G. In vitro and in vivo measurements of 

human RBCs frozen with glycerol and subjected to various storage temperatures before 

deglycerolization and storage at 4 degrees C for 3 days. Transfusion (Paris). 2001 

Mar;41(3):401–5.  

43.  Hmel PJ, Kennedy A, Quiles JG, Gorogias M, Seelbaugh JP, Morrissette CR, et al. 

Physical and thermal properties of blood storage bags: implications for shipping frozen 

components on dry ice. Transfusion (Paris). 2002 Jul;42(7):836–46.  



139 
 

44.  Valeri CR, Lane JP, Srey R, Ragno G. Incidence of breakage of human RBCs frozen with 

40-percent wt/vol glycerol using two different methods for storage at -80 degrees C. 

Transfusion (Paris). 2003 Mar;43(3):411–4.  

45.  Liumbruno G, Bennardello F, Lattanzio A, Piccoli P, Rossetti G. Recommendations for 

the transfusion of red blood cells. Blood Transfus Trasfus Sangue. 2009 Jan;7(1):49–64.  

46.  Högman CF, Meryman HT. Red blood cells intended for transfusion: quality criteria 

revisited. Transfusion (Paris). 2006 Jan;46(1):137–42.  

47.  Bruil A, Beugeling T, Feijen J, van Aken WG. The mechanisms of leukocyte removal by 

filtration. Transfus Med Rev. 1995 Apr;9(2):145–66.  

48.  Dzik S. Leukodepletion blood filters: filter design and mechanisms of leukocyte removal. 

Transfus Med Rev. 1993 Apr;7(2):65–77.  

49.  Murphy MF, Wallington TB, Kelsey P, Boulton F, Bruce M, Cohen H, et al. Guidelines 

for the clinical use of red cell transfusions. Br J Haematol. 2001 Apr;113(1):24–31.  

50.  Simon TL, Alverson DC, AuBuchon J, Cooper ES, DeChristopher PJ, Glenn GC, et al. 

Practice parameter for the use of red blood cell transfusions: developed by the Red Blood 

Cell Administration Practice Guideline Development Task Force of the College of 

American Pathologists. Arch Pathol Lab Med. 1998 Feb;122(2):130–8.  

51.  Practice Guidelines for blood component therapy: A report by the American Society of 

Anesthesiologists Task Force on Blood Component Therapy. Anesthesiology. 1996 

Mar;84(3):732–47.  

52.  Elzik ME, Dirschl DR, Dahners LE. Correlation of transfusion volume to change in 

hematocrit. Am J Hematol. 2006 Feb;81(2):145–6.  

53.  Dicato M. Anemia in cancer: some pathophysiological aspects. The Oncologist. 2003;8 

Suppl 1:19–21.  

54.  Varlotto J, Stevenson MA. Anemia, tumor hypoxemia, and the cancer patient. Int J 

Radiat Oncol Biol Phys. 2005 Sep 1;63(1):25–36.  

55.  Van Belle SJ-P, Cocquyt V. Impact of haemoglobin levels on the outcome of cancers 

treated with chemotherapy. Crit Rev Oncol Hematol. 2003 Jul;47(1):1–11.  

56.  Clarke H, Pallister CJ. The impact of anaemia on outcome in cancer. Clin Lab Haematol. 

2005 Feb;27(1):1–13.  

57.  Freireich EJ, Kliman A, Gaydos LA, Mantel N, Frei E. RESPONSE TO REPEATED 

PLATELET TRANSFUSION FROM THE SAME DONOR. Ann Intern Med. 1963 

Sep;59:277–87.  

58.  Mourad N. A simple method for obtaining platelet concentrates free of aggregates. 

Transfusion (Paris). 1968 Feb;8(1):48.  

59.  Moroff G, Holme S, Heaton WA, Kevy S, Jacobson M, Popovsky M. Effect of an 8-hour 

holding period on in vivo and in vitro properties of red cells and factor VIII content of 



140 
 

plasma after collection in a red cell additive system. Transfusion (Paris). 1990 

Dec;30(9):828–32.  

60.  Thibault L, Beauséjour A, de Grandmont MJ, Lemieux R, Leblanc J-F. Characterization 

of blood components prepared from whole-blood donations after a 24-hour hold with the 

platelet-rich plasma method. Transfusion (Paris). 2006 Aug;46(8):1292–9.  

61.  Hay SN, Immel CC, McClannan LS, Brecher ME. The introduction of 7-day platelets: a 

university hospital experience. J Clin Apheresis. 2007;22(5):283–6.  

62.  Hanson SR, Slichter SJ. Platelet kinetics in patients with bone marrow hypoplasia: 

evidence for a fixed platelet requirement. Blood. 1985 Nov;66(5):1105–9.  

63.  Holme S, Heaton A. In vitro platelet ageing at 22 degrees C is reduced compared to in 

vivo ageing at 37 degrees C. Br J Haematol. 1995 Sep;91(1):212–8.  

64.  Murphy S, Gardner FH. Platelet storage at 22 degrees C: role of gas transport across 

plastic containers in maintenance of viability. Blood. 1975 Aug;46(2):209–18.  

65.  Snyder EL, Koerner TA, Kakaiya R, Moore P, Kiraly T. Effect of mode of agitation on 

storage of platelet concentrates in PL-732 containers for 5 days. Vox Sang. 

1983;44(5):300–4.  

66.  Liumbruno G, Bennardello F, Lattanzio A, Piccoli P, Rossetti G, Italian Society of 

Transfusion Medicine and Immunohaematology (SIMTI) Work Group. 

Recommendations for the transfusion of plasma and platelets. Blood Transfus Trasfus 

Sangue. 2009 Apr;7(2):132–50.  

67.  Schiffer CA, Anderson KC, Bennett CL, Bernstein S, Elting LS, Goldsmith M, et al. 

Platelet transfusion for patients with cancer: clinical practice guidelines of the American 

Society of Clinical Oncology. J Clin Oncol Off J Am Soc Clin Oncol. 2001 Mar 

1;19(5):1519–38.  

68.  British Committee for Standards in Haematology, Blood Transfusion Task Force. 

Guidelines for the use of platelet transfusions. Br J Haematol. 2003 Jul;122(1):10–23.  

69.  British Committee for Standards in Haematology, Blood Transfusion Task Force. 

Guidelines for the use of platelet transfusions. Br J Haematol. 2003 Jul;122(1):10–23.  

70.  Pisciotto PT, Benson K, Hume H, Glassman AB, Oberman H, Popovsky M, et al. 

Prophylactic versus therapeutic platelet transfusion practices in hematology and/or 

oncology patients. Transfusion (Paris). 1995 Jun;35(6):498–502.  

71.  Gmür J, Burger J, Schanz U, Fehr J, Schaffner A. Safety of stringent prophylactic platelet 

transfusion policy for patients with acute leukaemia. Lancet. 1991 Nov 

16;338(8777):1223–6.  

72.  Rebulla P, Finazzi G, Marangoni F, Avvisati G, Gugliotta L, Tognoni G, et al. The 

threshold for prophylactic platelet transfusions in adults with acute myeloid leukemia. 

Gruppo Italiano Malattie Ematologiche Maligne dell’Adulto. N Engl J Med. 1997 Dec 

25;337(26):1870–5.  



141 
 

73.  Navarro JT, Hernández JA, Ribera JM, Sancho JM, Oriol A, Pujol M, et al. Prophylactic 

platelet transfusion threshold during therapy for adult acute myeloid leukemia: 

10,000/microL versus 20,000/microL. Haematologica. 1998 Nov;83(11):998–1000.  

74.  Stanworth SJ, Hyde C, Heddle N, Rebulla P, Brunskill S, Murphy MF. Prophylactic 

platelet transfusion for haemorrhage after chemotherapy and stem cell transplantation. 

Cochrane Database Syst Rev. 2004;(4):CD004269.  

75.  Rebulla P. Platelet transfusion trigger in difficult patients. Transfus Clin Biol J Société Fr 

Transfus Sang. 2001 Jun;8(3):249–54.  

76.  Levi M. Current understanding of disseminated intravascular coagulation. Br J Haematol. 

2004 Mar;124(5):567–76.  

77.  Gibson BES, Todd A, Roberts I, Pamphilon D, Rodeck C, Bolton-Maggs P, et al. 

Transfusion guidelines for neonates and older children. Br J Haematol. 2004 

Feb;124(4):433–53.  

78.  Del Vecchio A, Sola MC, Theriaque DW, Hutson AD, Kao KJ, Wright D, et al. Platelet 

transfusions in the neonatal intensive care unit:factors predicting which patients will 

require multiple transfusions. Transfusion (Paris). 2001 Jun;41(6):803–8.  

79.  Blanchette VS, Kühne T, Hume H, Hellmann J. Platelet transfusion therapy in newborn 

infants. Transfus Med Rev. 1995 Jul;9(3):215–30.  

80.  Hellem AJ, Borchgrevink CF, Ames SB. The role of red cells in haemostasis: the relation 

between haematocrit, bleeding time and platelet adhesiveness. Br J Haematol. 1961 

Jan;7:42–50.  

81.  Small M, Lowe GD, Cameron E, Forbes CD. Contribution of the haematocrit to the 

bleeding time. Haemostasis. 1983;13(6):379–84.  

82.  Josephson CD, Mullis NC, Van Demark C, Hillyer CD. Significant numbers of apheresis-

derived group O platelet units have “high-titer” anti-A/A,B: implications for transfusion 

policy. Transfusion (Paris). 2004 Jun;44(6):805–8.  

83.  Slichter SJ, Davis K, Enright H, Braine H, Gernsheimer T, Kao K-J, et al. Factors 

affecting posttransfusion platelet increments, platelet refractoriness, and platelet 

transfusion intervals in thrombocytopenic patients. Blood. 2005 May 15;105(10):4106–

14.  

84.  Allford SL, Hunt BJ, Rose P, Machin SJ, Haemostasis and Thrombosis Task Force, 

British Committee for Standards in Haematology. Guidelines on the diagnosis and 

management of the thrombotic microangiopathic haemolytic anaemias. Br J Haematol. 

2003 Feb;120(4):556–73.  

85.  Williamson LM, Cardigan R, Prowse CV. Methylene blue-treated fresh-frozen plasma: 

what is its contribution to blood safety? Transfusion (Paris). 2003 Sep;43(9):1322–9.  

86.  Atance R, Pereira A, Ramírez B. Transfusing methylene blue-photoinactivated plasma 

instead of FFP is associated with an increased demand for plasma and cryoprecipitate. 

Transfusion (Paris). 2001 Dec;41(12):1548–52.  



142 
 

87.  Hellstern P, Muntean W, Schramm W, Seifried E, Solheim BG. Practical guidelines for 

the clinical use of plasma. Thromb Res. 2002 Oct 31;107 Suppl 1:S53–7.  

88.  United Kingdom Haemophelia Centre Doctors’ Organisation. Guidelines on the selection 

and use of therapeutic products to treat haemophilia and other hereditary bleeding 

disorders. Haemoph Off J World Fed Hemoph. 2003 Jan;9(1):1–23.  

89.  Smak Gregoor PJ, Harvey MS, Briët E, Brand A. Coagulation parameters of CPD fresh-

frozen plasma and CPD cryoprecipitate-poor plasma after storage at 4 degrees C for 28 

days. Transfusion (Paris). 1993 Sep;33(9):735–8.  

90.  Klein HG. Immunomodulatory aspects of transfusion: a once and future risk? 

Anesthesiology. 1999 Sep;91(3):861–5.  

91.  Vamvakas EC, Blajchman MA. Transfusion-related immunomodulation (TRIM): an 

update. Blood Rev. 2007 Nov;21(6):327–48.  

92.  Brunson ME, Alexander JW. Mechanisms of transfusion-induced immunosuppression. 

Transfusion (Paris). 1990 Sep;30(7):651–8.  

93.  Opelz G, Sengar DP, Mickey MR, Terasaki PI. Effect of blood transfusions on 

subsequent kidney transplants. Transplant Proc. 1973 Mar;5(1):253–9.  

94.  Mowbray JF, Gibbings C, Liddell H, Reginald PW, Underwood JL, Beard RW. 

Controlled trial of treatment of recurrent spontaneous abortion by immunisation with 

paternal cells. Lancet. 1985 Apr 27;1(8435):941–3.  

95.  Chung M, Steinmetz OK, Gordon PH. Perioperative blood transfusion and outcome after 

resection for colorectal carcinoma. Br J Surg. 1993 Apr;80(4):427–32.  

96.  Blumberg N, Zhao H, Wang H, Messing S, Heal JM, Lyman GH. The intention-to-treat 

principle in clinical trials and meta-analyses of leukoreduced blood transfusions in 

surgical patients. Transfusion (Paris). 2007 Apr;47(4):573–81.  

97.  Dienstag JL, Purcell HR, Alter HJ, Feinstone SM, Wong DC, Holland PV. Non-A, non-B 

post-transfusion hepatitis. Lancet. 1977 Mar 12;1(8011):560–2.  

98.  Alter HJ, Purcell RH, Shih JW, Melpolder JC, Houghton M, Choo QL, et al. Detection of 

antibody to hepatitis C virus in prospectively followed transfusion recipients with acute 

and chronic non-A, non-B hepatitis. N Engl J Med. 1989 Nov 30;321(22):1494–500.  

99.  Busch MP. Transfusion-transmitted viral infections: building bridges to transfusion 

medicine to reduce risks and understand epidemiology and pathogenesis. Transfusion 

(Paris). 2006 Sep;46(9):1624–40.  

100.  Soldan K, Davison K, Dow B. Estimates of the frequency of HBV, HCV, and HIV 

infectious donations entering the blood supply in the United Kingdom, 1996 to 2003. 

Euro Surveill Bull Eur Sur Mal Transm Eur Commun Dis Bull. 2005 Feb;10(2):17–9.  

101.  Busch MP. Transfusion-transmitted viral infections: building bridges to transfusion 

medicine to reduce risks and understand epidemiology and pathogenesis. Transfusion 

(Paris). 2006 Sep;46(9):1624–40.  



143 
 

102.  Ferreira MC, Nel TJ. Differential transmission of human immunodeficiency virus 

(HIV) via blood components from an HIV-infected donor. Transfusion (Paris). 2006 

Jan;46(1):156–7.  

103.  Dow BC, Munro H, Ferguson K, Buchanan I, Jarvis L, Jordan T, et al. HTLV 

antibody screening using mini-pools. Transfus Med Oxf Engl. 2001 Dec;11(6):419–22.  

104.  Vamvakas EC. Is white blood cell reduction equivalent to antibody screening in 

preventing transmission of cytomegalovirus by transfusion? A review of the literature 

and meta-analysis. Transfus Med Rev. 2005 Jul;19(3):181–99.  

105.  Bryce J, Boschi-Pinto C, Shibuya K, Black RE, WHO Child Health Epidemiology 

Reference Group. WHO estimates of the causes of death in children. Lancet. 2005 Apr 

26;365(9465):1147–52.  

106.  Seed CR, Kitchen A, Davis TME. The current status and potential role of laboratory 

testing to prevent transfusion-transmitted malaria. Transfus Med Rev. 2005 

Jul;19(3):229–40.  

107.  Eberhard ML, Walker EM, Steurer FJ. Survival and infectivity of Babesia in blood 

maintained at 25 C and 2-4 C. J Parasitol. 1995 Oct;81(5):790–2.  

108.  Choudhury N, Murthy PK, Chatterjee RK, Khan MA, Ayyagari A. Transmission of 

filarial infection through blood transfusion. Indian J Pathol Microbiol. 2003 

Jul;46(3):367–70.  

109.  Niu MT, Knippen M, Simmons L, Holness LG. Transfusion-transmitted Klebsiella 

pneumoniae fatalities, 1995 to 2004. Transfus Med Rev. 2006 Apr;20(2):149–57.  

110.  Klein HG, Dodd RY, Ness PM, Fratantoni JA, Nemo GJ. Current status of microbial 

contamination of blood components: summary of a conference. Transfusion (Paris). 1997 

Jan;37(1):95–101.  

111.  Baele PL, De Bruyere M, Deneys V, Dupont E, Flament J, Lambermont M, et al. 

Bedside transfusion errors. A prospective survey by the Belgium SAnGUIS Group. Vox 

Sang. 1994;66(2):117–21.  

112.  Geiger TL, Howard SC. Acetaminophen and diphenhydramine premedication for 

allergic and febrile nonhemolytic transfusion reactions: good prophylaxis or bad practice? 

Transfus Med Rev. 2007 Jan;21(1):1–12.  

113.  Paglino JC, Pomper GJ, Fisch GS, Champion MH, Snyder EL. Reduction of febrile 

but not allergic reactions to RBCs and platelets after conversion to universal prestorage 

leukoreduction. Transfusion (Paris). 2004 Jan;44(1):16–24.  

114.  Farrugia A, Tan Y, Romeo A, Martin L, Rolland JR, Kellner S, et al. Relative 

efficiency of leucocyte removal procedures for the production of leucocyte-poor red cell 

concentrates assessed by flow cytometry. Vox Sang. 1994;66(3):153–60.  

115.  Kleinman S, Caulfield T, Chan P, Davenport R, McFarland J, McPhedran S, et al. 

Toward an understanding of transfusion-related acute lung injury: statement of a 

consensus panel. Transfusion (Paris). 2004 Dec;44(12):1774–89.  



144 
 

116.  Wallis JP, Lubenko A, Wells AW, Chapman CE. Single hospital experience of 

TRALI. Transfusion (Paris). 2003 Aug;43(8):1053–9.  

117.  Saran RK, India, Directorate General of Health Services, World Health Organization. 

Transfusion medicine: technical manual. New Delhi: Directorate General of Health 

Services, Ministry of Health and Family Welfare, Govt. of India; 2003.  

118.  Surgenor DM, Wallace EL, Hao SH, Chapman RH. Collection and transfusion of 

blood in the United States, 1982-1988. N Engl J Med. 1990 Jun 7;322(23):1646–51.  

119.  Chaudhary R, Singh H, Verma A, Ray V. Evaluation of fresh frozen plasma usage at 

a tertiary care hospital in North India. ANZ J Surg. 2005 Jul;75(7):573–6.  

120.  AuBuchon JP. Blood transfusion options: improving outcomes and reducing costs. 

Arch Pathol Lab Med. 1997 Jan;121(1):40–7.  

121.  Dodd RY. Current risk for transfusion transmitted infections. Curr Opin Hematol. 

2007 Nov;14(6):671–6.  

122.  Sandler SG. Management of patients with hematologic malignancies and aplastic 

anemia who are refractory to platelet transfusions. Haematologia (Budap). 1998;29(1):1–

11.  

123.  Palmer T, Wahr JA, O’Reilly M, Greenfield MLVH. Reducing unnecessary cross-

matching: a patient-specific blood ordering system is more accurate in predicting who 

will receive a blood transfusion than the maximum blood ordering system. Anesth Analg. 

2003 Feb;96(2):369–75, table of contents.  

124.  Mozes B, Epstein M, Ben-Bassat I, Modan B, Halkin H. Evaluation of the 

appropriateness of blood and blood product transfusion using preset criteria. Transfusion 

(Paris). 1989 Aug;29(6):473–6.  

125.  Ghali WA, Palepu A, Paterson WG. Evaluation of red blood cell transfusion practices 

with the use of preset criteria. CMAJ Can Med Assoc J J Assoc Medicale Can. 1994 May 

1;150(9):1449–54.  

126.  Vibhute M, Kamath SK, Shetty A. Blood utilisation in elective general surgery cases: 

requirements, ordering and transfusion practices. J Postgrad Med. 2000 Mar;46(1):13–7.  

127.  Kakkar N, Kaur R, Dhanoa J. Improvement in fresh frozen plasma transfusion 

practice: results of an outcome audit. Transfus Med Oxf Engl. 2004 Jun;14(3):231–5.  

128.  Yeh C-J, Wu C-F, Hsu W-T, Hsieh L-L, Lin S-F, Liu T-C. Transfusion audit of fresh-

frozen plasma in southern Taiwan. Vox Sang. 2006 Oct;91(3):270–4.  

129.  Gaur DS, Negi G, Chauhan N, Kusum A, Khan S, Pathak VP. Utilization of blood 

and components in a tertiary care hospital. Indian J Hematol Blood Transfus Off J Indian 

Soc Hematol Blood Transfus. 2009 Sep;25(3):91–5.  

130.  Erickson ML, Champion MH, Klein R, Ross RL, Neal ZM, Snyder EL. Management 

of blood shortages in a tertiary care academic medical center: the Yale-New Haven 

Hospital frozen blood reserve. Transfusion (Paris). 2008 Oct;48(10):2252–63.  



145 
 

131.  Zimmermann R, Büscher M, Linhardt C, Handtrack D, Zingsem J, Weisbach V, et al. 

A survey of blood component use in a German university hospital. Transfusion (Paris). 

1997 Oct;37(10):1075–83.  

132.  Greeno E, McCullough J, Weisdorf D. Platelet utilization and the transfusion trigger: 

a prospective analysis. Transfusion (Paris). 2007 Feb;47(2):201–5.  

133.  Full Text PDF [Internet]. [cited 2014 Aug 7]. Available from: 

http://onlinelibrary.wiley.com/store/10.1111/j.1423-0410.2010.01446.x/asset/j.1423-

0410.2010.01446.x.pdf?v=1&t=hyk4ox12&s=12351af337bc3d3fb323b67fa3fe20de8cb1

85e9 

134.  WHO | Blood safety and availability [Internet]. WHO. [cited 2015 Sep 15]. Available 

from: http://www.who.int/mediacentre/factsheets/fs279/en/ 

135.  Gibbs WN, Corcoran P. Blood safety in developing countries. Vox Sang. 

1994;67(4):377–81.  

136.  Seifried E, Klueter H, Weidmann C, Staudenmaier T, Schrezenmeier H, Henschler R, 

et al. How much blood is needed? Vox Sang. 2011 Jan 1;100(1):10–21.  

137.  How much blood is needed? - PubMed - NCBI [Internet]. [cited 2015 Aug 7]. 

Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/?term=How+much+blood+is+needed%3F+E.+Seif

ried%2C1+H.+Klueter%2C2+C.+Weidmann%2C3+T.+Staudenmaier%2C4+H.+Schreze

nmeier%2C4+R.+Henschler%2C1+A.+Greinacher5+%26+M.+M.+Mueller1 

138.  WHO | Towards 100% voluntary blood donation [Internet]. [cited 2015 Sep 18]. 

Available from: http://www.who.int/bloodsafety/publications/9789241599696/en/ 

139.  NACO | National AIDS Control Organisation | Ministry of Health & Family Welfare | 

MoHFW | HIV/AIDS | Condom Promotion | SIMS | Blood Bank | Blood Transfusion | 

STI [Internet]. [cited 2015 Sep 15]. Available from: 

http://www.naco.gov.in/NACO/About_NACO/ 

140.  Ali A, Auvinen M-K, Rautonen J. The aging population poses a global challenge for 

blood services. Transfusion (Paris). 2010 Mar;50(3):584–8.  

141.  A survey of the demographics of blood use. - PubMed - NCBI [Internet]. [cited 2015 

Aug 10]. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/?term=A+survey+of+the+demographics+of+blood

+use+T.+J.+Cobain%2C*+E.+C.+Vamvaka 

142.  A study of blood utilization in a tertiary care hospital in South India. - PubMed - 

NCBI [Internet]. [cited 2015 Aug 11]. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/?term=A+study+of+blood+utilization+in+a+tertiar

y+care+hospital+in+South+India 

143.  Where does blood go? Prospective observational study of red cell transfusion in north 

England. - PubMed - NCBI [Internet]. [cited 2015 Aug 7]. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Wells+AW%2C+Mounter+PJ%2C+Chapm

an+CE%2C+et+al.%3A+Where+does+blood+go%3F+Prospective+observational+study



146 
 

+of+red+cell+transfusion+in+north+England.+BMJ+2002%3B+325%3A803%E2%80%

93806 

144.  Barr PJ, Donnelly M, Morris K, Parker M, Cardwell C, Bailie KEM. The 

epidemiology of red cell transfusion. Vox Sang. 2010 Oct;99(3):239–50.  

145.  Borkent-Raven BA, Janssen MP, van der Poel CL, Schaasberg WP, Bonsel GJ, van 

Hout BA. The PROTON study: profiles of blood product transfusion recipients in the 

Netherlands. Vox Sang. 2010 Jul 1;99(1):54–64.  

146.  Greinacher A, Fendrich K, Alpen U, Hoffmann W. Impact of demographic changes 

on the blood supply: Mecklenburg-West Pomerania as a model region for Europe. 

Transfusion (Paris). 2007 Mar;47(3):395–401.  

147.  Goncalez TT, Sabino EC, Capuani L, Liu J, Wright DJ, Walsh JH, et al. Blood 

transfusion utilization and recipient survival at Hospital das Clinicas in São Paulo, Brazil. 

Transfusion (Paris). 2012 Apr;52(4):729–38.  

148.  Beguin C, Closon M-C, Vandekerckhove P, Baele P. Concentration of transfusion 

resources on a few pathologies and a few patients: analysis of the comprehensive in-

hospital patient database. Transfusion (Paris). 2007 Feb;47(2):217–27.  

149.  Kumar N, Chen Y, Nath C, Liu EHC. What is the role of autologous blood 

transfusion in major spine surgery? Am J Orthop Belle Mead NJ. 2012 Jun;41(6):E89–

95.  

150.  The PROTON study: profiles of blood product transfusion recipients in the 

Netherlands. - PubMed - NCBI [Internet]. [cited 2015 Aug 10]. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20202179 

151.  Tinegate H, Chattree S, Iqbal A, Plews D, Whitehead J, Wallis JP, et al. Ten-year 

pattern of red blood cell use in the North of England. Transfusion (Paris). 2013 

Mar;53(3):483–9.  

152.  Crawford-Sykes A, Ehikhametalor K, Tennant I, Scarlett M, Augier R, Williamson L, 

et al. Blood use in neurosurgical cases at the university hospital of the west indies. West 

Indian Med J. 2014 Jan;63(1):54–8.  

153.  Mukhtar SA, Leahy MF, Koay K, Semmens JB, Tovey J, Jewlachow J, et al. 

Effectiveness of a patient blood management data system in monitoring blood use in 

Western Australia. Anaesth Intensive Care. 2013 Mar;41(2):207–15.  

154.  Stanworth SJ, Cockburn H a. C, Boralessa H, Contreras M. Which groups of patients 

are transfused? A study of red cell usage in London and southeast England. Vox Sang. 

2002 Nov;83(4):352–7.  

155.  An audit of red cell and blood product use after the institution of thromboelastometry 

in a cardiac intensive care unit. - PubMed - NCBI [Internet]. [cited 2015 Aug 7]. 

Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson+L%2C+Quasim+I%2C+Soutar+

R%2C+et+al.+An+audit+of+red+cell+and+blood+product+use+after+the+institution+of



147 
 

+thromboelastometry+in+a+cardiac+intensive+care+unit.+Transfus+Med+2006%3B16

%3A31-9 

156.  Muñoz M, Gómez-Ramírez S, García-Erce JA. Implementing Patient Blood 

Management in major orthopaedic procedures: orthodoxy or pragmatism? Blood 

Transfus Trasfus Sangue. 2014 Apr;12(2):146–9.  

157.  Seicean A, Seicean S, Alan N, Schiltz NK, Rosenbaum BP, Jones PK, et al. 

Preoperative anemia and perioperative outcomes in patients who undergo elective spine 

surgery. Spine. 2013 Jul 1;38(15):1331–41.  

158.  Shrestha BM, Prasopshanti K, Matanhelia SS, Peeling WB. Blood loss during and 

after transurethral resection of prostate: a prospective study. Kathmandu Univ Med J 

KUMJ. 2008 Sep;6(23):329–34.  

159.  Schuster TG, Marcovich R, Sheffield J, Montie JE, Lee CT. Radical cystectomy for 

bladder cancer after definitive prostate cancer treatment. Urology. 2003 Feb;61(2):342–7; 

discussion 347.  

160.  Tuckfield A, Haeusler MN, Grigg AP, Metz J. Reduction of inappropriate use of 

blood products by prospective monitoring of transfusion request forms. Med J Aust. 1997 

Nov 3;167(9):473–6.  

161.  Alcantara J, Opiña A, Alcantara R. Appropriateness of Use of Blood Products in 

Tertiary Hospitals. Int Blood Res Rev. 2015 Jan 10;3(2):54–65.  

162.  Roubinian NH, Murphy EL, Swain BE, Gardner MN, Liu V, Escobar GJ, et al. 

Predicting red blood cell transfusion in hospitalized patients: role of hemoglobin level, 

comorbidities, and illness severity. BMC Health Serv Res. 2014;14:213.  

163.  Holst LB, Petersen MW, Haase N, Perner A, Wetterslev J. Restrictive versus liberal 

transfusion strategy for red blood cell transfusion: systematic review of randomised trials 

with meta-analysis and trial sequential analysis. BMJ. 2015;350:h1354.  

164.  Shander A, Hofmann A, Ozawa S, Theusinger OM, Gombotz H, Spahn DR. Activity-

based costs of blood transfusions in surgical patients at four hospitals. Transfusion 

(Paris). 2010 Apr;50(4):753–65.  

165.  Tinmouth AT, McIntyre LA, Fowler RA. Blood conservation strategies to reduce the 

need for red blood cell transfusion in critically ill patients. CMAJ Can Med Assoc J J 

Assoc Medicale Can. 2008 Jan 1;178(1):49–57.  

166.  Restrictive red blood cell transfusion strategies in critical care: does one size really fit 

all? - PubMed - NCBI [Internet]. [cited 2015 Sep 16]. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Restrictive+red+blood+cell+transfusion+str

ategies+in+critical+care%3A+does+one+size+really+fit+all%3F+Nichol+AD1. 

167.  Silliman CC, Boshkov LK, Mehdizadehkashi Z, Elzi DJ, Dickey WO, Podlosky L, et 

al. Transfusion-related acute lung injury: epidemiology and a prospective analysis of 

etiologic factors. Blood. 2003 Jan 15;101(2):454–62.  



148 
 

168.  Moiz B, Arif FM, Hashmi KZ. Appropriate and inappropriate use of fresh frozen 

plasma. JPMA J Pak Med Assoc. 2006 Aug;56(8):356–9.  

169.  Bevan DH. Cardiac bypass haemostasis: putting blood through the mill. Br J 

Haematol. 1999 Feb;104(2):208–19.  

170.  Prathiba R, Jayaranee S, Ramesh JC, Lopez CG, Vasanthi N. An audit of fresh frozen 

plasma usage in a tertiary referral centre in a developing country. Malays J Pathol. 2001 

Jun;23(1):41–6.  

171.  Saluja K, Thakral B, Marwaha N, Sharma RR. Platelet audit: Assessment and 

utilization of this precious resource from a tertiary care hospital. Asian J Transfus Sci. 

2007 Jan;1(1):8–11.  

172.  Overview of blood components and their preparation [Internet]. [cited 2015 Sep 16]. 

Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4260297/ 

173.  Cameron B, Rock G, Olberg B, Neurath D. Evaluation of platelet transfusion triggers 

in a tertiary-care hospital. Transfusion (Paris). 2007 Feb;47(2):206–11.  

174.  Platelet transfusions in haematology patients: are we using them appropriately? - 

PubMed - NCBI [Internet]. [cited 2015 Aug 13]. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Platelet+transfusions+in+haematology+pati

ents%3A+are+we+using+them+appropriately%3F+L.+J.+Estcourt%2C1+J.+Birchall%2

C2+D.+Lowe 

175.  Supportive care for patients with blood disorders. - PubMed - NCBI [Internet]. [cited 

2015 Aug 13]. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Freireich+EJ.+Supportive+care+for+patient

s+with+blood+disorders.+Br+J+Haematol.+2000%3B111%3A68%E2%80%9377 

176.  Sonnekus PH, Louw VJ, Ackermann AM, Barrett CL, Joubert G, Webb MJ. An audit 

of the use of platelet transfusions at Universitas Academic Hospital, Bloemfontein, South 

Africa. Transfus Apher Sci Off J World Apher Assoc Off J Eur Soc Haemapheresis. 2014 

Dec;51(3):44–52.  

177.  Harding SA, Shakoor MA, Grindon AJ. Platelet support for cardiopulmonary bypass 

surgery. J Thorac Cardiovasc Surg. 1975 Aug;70(2):350–3.  

178.  McCullough J, Steeper TA, Connelly DP, Jackson B, Huntington S, Scott EP. Platelet 

utilization in a university hospital. JAMA. 1988 Apr 22;259(16):2414–8.  

179.  Cheng G, Wong HF, Chan A, Chui CH. The effects of a self-educating blood 

component request form and enforcements of transfusion guidelines on FFP and platelet 

usage. Queen Mary Hospital, Hong Kong. British Committee for Standards in 

Hematology (BCSH). Clin Lab Haematol. 1996 Jun;18(2):83–7.  

180.  Practice parameter for the use of fresh-frozen plasma, cryoprecipitate, and platelets. 

Fresh-Frozen Plasma, Cryoprecipitate, and Platelets Administration Practice Guidelines 

Development Task Force of the College of American Pathologists. JAMA. 1994 Mar 

9;271(10):777–81.  



149 
 

181.  Maternal outcomes in critically ill obstetrics patients: A unique challenge. - PubMed - 

NCBI [Internet]. [cited 2015 Sep 16]. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Maternal+outcomes+in+critically+ill+obste

trics+patients%3A+A+unique+challenge+Rakesh+Bhadad 

182.  Evatt B, Austin H, Leon G, Ruiz-Sáez A, de Bosch N. Hemophilia treatment. 

Predicting the long-term risk of HIV exposure by cryoprecipitate. Haemoph Off J World 

Fed Hemoph. 2000 Jul;6 Suppl 1:128–32.  

183.  Goodnight SH. Cryoprecipitate and fibrinogen. JAMA. 1979 Apr 20;241(16):1716–7.  

184.  Preston FE, Laidlaw ST, Sampson B, Kitchen S. Rapid reversal of oral 

anticoagulation with warfarin by a prothrombin complex concentrate (Beriplex): efficacy 

and safety in 42 patients. Br J Haematol. 2002 Mar;116(3):619–24.  

185.  O’Brien KL, Price TH, Howell C, Delaney M. The use of 50% albumin/plasma 

replacement fluid in therapeutic plasma exchange for thrombotic thrombocytopenic 

purpura. J Clin Apheresis. 2013 Dec;28(6):416–21.  

186.  Fontana S, Kremer Hovinga JA, Lämmle B, Mansouri Taleghani B. Treatment of 

thrombotic thrombocytopenic purpura. Vox Sang. 2006 May;90(4):245–54.  

187.  Furlan M. Deficient activity of von Willebrand factor-cleaving protease in thrombotic 

thrombocytopenic purpura. Expert Rev Cardiovasc Ther. 2003 Jul;1(2):243–55.  

188.  Elsevier: Hematology, 6th Edition: Hoffman, Benz, Silberstein, Heslop, Weitz & 

Anastasi [Internet]. [cited 2015 Sep 16]. Available from: 

https://elsevier.ca/product.jsp?isbn=9781437729283 

189.  Hall TC, Pattenden C, Hollobone C, Pollard C, Dennison AR. Blood Transfusion 

Policies in Elective General Surgery: How to Optimise Cross-Match-to-Transfusion 

Ratios. Transfus Med Hemotherapy Off Organ Dtsch Ges Fur̈ Transfusionsmedizin 

Immunham̈atologie. 2013 Feb;40(1):27–31.  

190.  Subramanian A, Rangarajan K, Kumar S, Sharma V, Farooque K, Misra MC. 

Reviewing the blood ordering schedule for elective orthopedic surgeries at a level one 

trauma care center. J Emerg Trauma Shock. 2010 Jul;3(3):225–30.  

191.  Subramanian A, Sagar S, Kumar S, Agrawal D, Albert V, Misra MC. Maximum 

surgical blood ordering schedule in a tertiary trauma center in northern India: A proposal. 

J Emerg Trauma Shock. 2012;5(4):321–7.  

192.  Jayaranee S, Prathiba R, Vasanthi N, Lopez CG. An analysis of blood utilization for 

elective surgery in a tertiary medical centre in Malaysia. Malays J Pathol. 2002 

Jun;24(1):59–66.  

193.  Subramanian A, Sagar S, Kumar S, Agrawal D, Albert V, Misra MC. Maximum 

surgical blood ordering schedule in a tertiary trauma center in northern India: A proposal. 

J Emerg Trauma Shock. 2012 Oct;5(4):321–7.  



150 
 

194.  Singh JK, Singh P. Routine pre-operative cross-match for elective colorectal 

resections: an appropriate use of resources? Surg J R Coll Surg Edinb Irel. 2011 

Feb;9(1):8–12.  

195.  Guidelines for implementation of a maximum surgical blood order schedule. The 

British Committee for Standards in Haematology Blood Transfusion Task Force. Clin 

Lab Haematol. 1990;12(3):321–7.  

 

 

 

 

 

 

 

 

Annexures 
 

 

 

 

 

 

 

 

 



151 
 

Annexure 1 

 

Annexure 1 

 



152 
 

 

 

Annexure 2 



153 
 

 

 

Annexure 2

 

Annexure 2 



154 
 

 

Annexure 2 

 

 

 

 

 

 

 

 



155 
 

Annexure 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



156 
 

 

Annexure 3 

 

 



157 
 

 


