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SYNOPSIS 

Autologous blood transfusion is known to have advantages over allogeneic transfusion by 

preventing transfusion reactions, transfusion transmissible infections (TTIs), 

alloimmunization, metabolic disturbances, and coagulopathies. Also, the need for blood far 

exceeds the allogeneic blood supply.  

In this study, we aim to bring out the peri-operative effects of autologous blood transfusion 

undergoing various Neurosurgical and Vascular surgical procedures in our hospital. Our 

secondary objectives are to compare the requirement of allogeneic blood and blood 

components in patients between the autologous transfusion group and the allogeneic 

transfusion group, to compare the hematological (hemoglobin, hematocrit, coagulation 

profile) investigations pre- and post-transfusion, to compare the mean duration of Intensive 

Care Unit (ICU) stay, post-operative infections and other outcomes between the two 

groups, and also to assess the influence of autologous blood transfusion in the Blood 

Centre inventory. 

A randomized controlled trial was carried out in the Neurosurgery and Cardiothoracic and 

Vascular surgery departments of our institute over a period of 15 months. We allocated the 

patients receiving autologous transfusion to Group I and those who received conventional 

allogeneic transfusion were clustered as Group II for analysis. We employed Acute 

Normovolemic Hemodilution (ANH), Pre-deposit Autologous Donation (PAD) and Intra-

operative Cell Salvage (ICS) as various modalities for autologous blood collection. Those 

patients in the autologous transfusion group in whom autologous blood did not suffice, 

allogeneic transfusion was provided. Data was collected and statistical analyses were 

performed by using a statistical software package SPSS, version 20.0. 

Out of a total of 2207 patients who underwent surgical procedures in the departments of 

Neurosurgery and Vascular surgery, 141 patients were selected and randomized into 2 

groups as mentioned above.  

In order to study the safety of autologous blood collection, we compared the heart rate, 

mean arteriolar pressure (MAP) and SPO2 before and after blood collection among the 



 

xx 
 

patients who underwent ANH and PAD. We concluded that ANH and PAD can be safely 

carried out without drastic changes in the vital signs recorded.  

We elicited that out of the total 71 patients who underwent autologous transfusion, 43 

(60.6%), i.e., the majority received exclusive autologous blood transfusion. A detailed 

analysis was done separately for the neurosurgical and vascular surgical patients and it 

depicted that autologous transfusion has significantly reduced the requirement for 

allogeneic blood transfusion.  

On comparing the hemoglobin, hematocrit, platelet count and INR between the group 

which received autologous transfusion and one which received conventional allogeneic 

transfusion, it was seen that they were comparable. All parameters remained within normal 

limits itself.  

Post-operative outcomes like duration of ICU stay, re-exploration due to bleeding, hours of 

mechanical ventilation from the time of intubation and post-operative infections upto 5 

days post- surgery were compared between the group receiving autologous blood and that 

receiving allogeneic blood. There was no statistically significant difference between the 

groups in the neurosurgical patients as well as those vascular surgical patients who 

underwent ANH.  

But it was seen that there was a significant decrease observed in the duration of ICU stay 

and the need for re-exploration due to post-operative bleeding in those thoraco-abdominal 

aortic aneurysm patients who utilized autologous intra-operatively salvaged blood 

compared to their allogeneic controls. 

Also, transfusion reactions were observed in a few patients who received allogeneic 

transfusion while none were reported among the patients who received exclusive 

autologous transfusion. 

The Blood Centre inventory was also saved to a significant extent by employing the 

autologous transfusion programme.  
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Blood transfusion is a ubiquitous treatment that is commonly practiced in modern 

medicine. “Blood for blood” is an age-old maxim that is still being followed 

perioperatively all over the world. Extensive surgical procedures are becoming quite 

frequent and are associated with major blood loss requiring large volumes of blood. This 

continues to increase the need for intra- and post-operative replacement of blood and its 

components. 

Blood transfusion may be either autologous or allogeneic. The word autologous arises 

from the Greek words autos which means self and logus which means relation. Thus, 

autologous means ‘related to self’. Autologous blood transfusion is the process of 

collecting blood from an individual and transfusing back to the same person when a 

requirement for blood or blood components arises. Here, the donor and the recipient are 

the same people [1,2]. The term allogeneic arises from allo- which means different and the 

Greek word genea which means race. Thus, allogeneic donation means blood and blood 

components collected from an individual and intended for transfusion to another 

individual. Allogeneic transfusion, also known as homologous blood transfusion, involves 

the transfusion of blood or blood components obtained from a compatible donor to a 

patient.[2]  

Primary concerns about allogeneic transfusions ascended from the transmission of viruses 

such as the hepatitis viruses, human immunodeficiency virus (HIV), and human T-cell 

lymphotropic viruses (HTLV). Reliable screening tests have abridged the risk of infection 

from transfusion, but have further raised the cost of each unit. Allogeneic blood transfusion 

is not completely safe, even after advances in blood screening and collection techniques 

as it may be associated with complications such as hemolytic transfusion reactions, 

transfusion transmissible infections (TTIs), alloimmunization, metabolic disturbances, 

coagulopathies, and immune suppression. It also increases the economic and 

psychological burden on patients and their families. [3,4] 

Autologous blood transfusion can avoid these serious adverse effects, alleviate blood 

shortages, and save blood resources and is hence increasingly being recognized as a 

suitable adjunct to conventional allogeneic transfusion practice.  
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There are four methods of autologous transfusion. They are Preoperative (Pre-deposit) 

Autologous Donation (PAD), Acute Normovolemic Hemodilution (ANH), Intraoperative 

Cell Salvage (ICS) and Post-operative Cell Salvage.[5] 

Autologous transfusion reduces the need for allogeneic transfusion and can be safely 

carried out in elective surgery, by proper planning between the surgeon, anesthetist, and 

transfusion medicine specialist, and thereby deciding the method of autologous blood 

collection. [6] The most important driving forces for the use of autologous blood transfusion 

are to avoid the risk of transfusion transmissible infections (TTI) and to protect an 

increasingly scarce resource. 

The most prominent benefits of autologous blood transfusion are that it can promptly 

provide patients with blood that has an identical type, quickly replenish the patient's blood 

volume, and improve oxygen carrying capacity, maintaining effective blood circulation.[7] 

In this new era during which patient blood management (PBM) using multimodal methods 

of plummeting obligation on allogeneic blood are becoming routine, autologous blood 

transfusion remains a valuable means for blood conservation perioperatively.[9] PBM 

programmes vary in scope, cost, and effectiveness. Initiating a full-fledged programme 

comprising all possible specialties and interventions may be challenging in a hospital with 

no capability to consider beforehand.  

ANH and cell salvage are becoming more cost-effective alternatives to PAD.  PAD should 

be reserved for patients with limited availability of compatible blood (eg, patients with 

IgA deficiency, multiple red cell alloantibodies, or antibodies to a high-frequency antigen) 

or when sufficient time for regeneration of the collected red cell mass is attainable after 

collection. Due to personal reasons and/or public insight into blood safety, certain patients 

may still insist on PAD for their surgical procedures. Many facilities encourage such 

patients to donate sufficiently early, allowing for an erythropoietic response. Regardless 

of the reason for donation, it is important for hemoglobin optimization before and after the 

donation. Advanced planning and evaluation of the patient are important for PAD to be of 

benefit for PBM. Donating as early as possible, donating the minimal amount, and being 

evaluated for and receiving iron replacement therapy with or without erythropoietin before 

the donation is important strategies for avoiding allogeneic transfusions. Cell salvage and 
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ANH are essential elements of a program for limiting allogeneic blood exposure in surgical 

patients. The particular techniques a hospital chooses to undertake will often depend on 

the type and number of surgical cases, preferences of the surgeon, and personnel resources. 

Standards are to be maintained, which will help ensure that the patient undergoes therapy 

utilizing skilled, competent personnel trained in proper procedures and equipment 

operation to avoid procedure-associated morbidity.[10] 

While autologous blood transfusion is usually the purview of the anaesthesiologist, 

transfusion medicine specialists have become increasingly involved with the technique as 

part of comprehensive patient blood management programs. They should be mandatorily 

involved in the approval of protocols, technical aspects of blood collection as well as 

storage, and quality assurance. Under many circumstances, a member of the transfusion 

service should be available in the operating room to assist with the procedure. [8] 

In this study, the peri-operative outcomes of autologous and allogeneic blood transfusions 

in neurosurgical and vascular surgery patients will be compared; also, the influence of 

autologous blood transfusion in the Blood Centre inventory will be evaluated. This study 

will also bring out how autologous blood transfusion has aided in conserving precious 

allogeneic blood due to an acute shortage of voluntary blood donors during the         

COVID-19 pandemic. 
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Primary Aim  

To study the effects of autologous blood collection and transfusion in patients undergoing 

Neurosurgical and Cardio-vascular surgical procedures in our hospital  

Secondary Objectives  

1. To compare the requirement of allogeneic blood and blood components in patients 

between the autologous transfusion group and the allogeneic transfusion (control) 

group  

2. To compare the hematological (Hemoglobin, Hematocrit, coagulation profile) 

investigations pre- and post-transfusion between the autologous group and 

allogeneic transfusion group.  

3. To compare the mean duration of Intensive Care Unit (ICU) stay, post-operative 

infections and other outcome measures between patients in the two groups.  

4. To assess the influence of autologous blood transfusion in the Blood Centre 

inventory. 

 

 

 

 

 

 

 

 

 

 



 

  
Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 7 
 

 

 

 

 

REVIEW OF 

LITERATURE 
 

 

 

 

 

 

 



 

  
Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 8 
 

History of Blood Transfusion 

The circulation of blood was discovered by English physician William Harvey in 1628. In 

1665, physician Richard Lower performed the first recorded successful blood transfusion 

in England: transfusion of blood between dogs.[12] In 1667, Jean-Baptiste Denis and 

Richard Lower separately reported successful blood transfusions from lambs to humans in 

France and England respectively. Blood transfusion from animals to humans was 

prohibited by law within 10 years because of reactions. The first human blood transfusion 

was performed in 1795 by American physician Philip Syng Physick in Philadelphia, but 

this information was not published.[11] 

In 1818, James Blundell who was a British obstetrician performed the first successful 

transfusion of human blood to his patient as a treatment for excessive blood loss due to 

postpartum hemorrhage. He used the patient's husband as a donor and withdrew 

approximately four ounces of blood from the vein in his arm and, using a syringe, he 

successfully transfused the wife. Between 1825 and 1830, he performed 10 transfusions, 

five of which proved to be beneficial to his patients, and he published these results. He 

also devised “the impellor” for performing transfusions. Blundell is regarded as the Father 

of Modern Blood Transfusion. [11,12]  

Later, in 1840, Samuel Armstrong Lane was aided by consultant Dr. Blundell, at St. 

George's School in London to carry out the first successful whole blood transfusion to treat 

a patient with hemophilia. [11]  

Between 1873 and 1880, US physicians began to transfuse milk (from cows, goats, and 

humans). But there was an increased frequency of adverse reactions to milk and hence 

saline infusion replaced milk as a “blood substitute” in 1884. [11,13] 

The most remarkable discovery was made by Karl Landsteiner, an Austrian physician, in 

1900. He discovered the first three human blood groups and named them as A, B, and C. 

Blood type C was later renamed as O. His colleagues Alfred Decastello and Adriano Sturli 

discovered AB, the fourth type, in 1902. The Nobel Prize for Medicine was awarded to 

Karl Landsteiner in 1930 for this discovery. [5, 11, 12, 14] 

Hektoen, in 1907 suggested that the safety of transfusion could be improved by 

crossmatching blood between donors and patients to exclude incompatibilities. The first 
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blood transfusion after blood typing and crossmatching was performed by Reuben 

Ottenberg in New York. He also observed the mendelian inheritance of blood groups and 

documented the universal utility of group O donors. [11,14] 

In 1908, a French surgeon named Alexis Carrel developed a method to prevent clotting of 

blood by sewing the vein of the recipient directly to the vein of the donor. This vein-to-

vein or direct method, known as anastomosis, proved unfeasible for blood transfusions. 

But this paved the way for successful organ transplantation. Carrel received the Nobel 

Prize in 1912 for the same. [12,13] 

Roger Lee, who was a physician at the Massachusetts General Hospital, along with Paul 

Dudley White, demonstrated in 1912 that it was safe to give group O blood to patients of 

any blood group, and that blood from all groups can be transfused to group AB patients. 

The terms "universal donor" and "universal recipient" were hence coined. [15] 

Around 1914, long-term anticoagulants, including sodium citrate, were developed. 

Anticoagulation allowed for longer preservation of blood. Richard Lewisohn used sodium 

citrate as an anticoagulant at Mt. Sinai Hospital in New York in 1915. [12] In addition, 

Richard Weil demonstrated the feasibility of refrigerated storage of such anticoagulated 

blood. Although this was a great advancement in the field of transfusion medicine, it took 

10 years for sodium citrate use to be accepted. Francis Rous and J.R. Turner introduced a 

citrate-glucose solution in 1916 that permitted the storage of blood for several days after 

collection. [15] Allowing blood to be stored in containers for later transfusion helped the 

changeover from the vein-to-vein method to indirect transfusion. This discovery also 

paved way for the establishment of the first blood depot by the British during World War 

I. Oswald Robertson, an American Army officer, is accredited for creating blood depots. 

[15] Robertson received the AABB Landsteiner Award in 1958 as the developer of the first 

blood bank. 

The very first blood bank was established in 1932 in a Leningrad hospital. In 1937, Bernard 

Fantus, director of the therapeutics at the Cook County Hospital in Chicago, established 

the first hospital blood bank in the United States. In creating a hospital laboratory that can 

preserve and store donor blood, Fantus coined the term "blood bank." Within a few years, 

hospital and community blood banks begin to be established across the United States. 

Some of the earliest are in New York, San Francisco, Miami, and Cincinnati. [11, 12, 15] 
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Later, the Rh blood group system, which is the second most important following the ABO 

system, was discovered between 1939 and 1940 by Karl Landsteiner, Alexander Wiener, 

Philip Levine, and R.E. Stetson. It was soon recognized as the cause of the majority of 

transfusion reactions. [5,11,12,15] Identification of the Rh factor took its place next to the 

discovery of ABO as one of the most important breakthroughs in the field of blood 

banking. 

History of Autologous blood transfusion 

The idea of transfusing back the own blood of the patient was stated for the first time by 

Eulenburg and Landois, in 1866. They proposed to treat gas poisonings by suggesting that 

the blood would be withdrawn and then transfused after the poisonous gases have been 

eliminated.[16]  

However, the first originally sourced autologous blood transfusion was performed by the 

German surgeon Friedrich von Esmarch. The blood which was shed during exarticulation 

of the thigh at the hip joint was collected by him in a washbowl, and after defibrinating, 

was reinjected back into the severed femoral vein. However, in spite of further cases of 

autologous blood transfusion performed for various indications in different countries, the 

method was unable to gain a grip in the treatment of acute blood loss.[16] 

F.C. Grant, the neurosurgeon at the University Hospital of Pennsylvania, made the first 

report on pre-deposit autologous blood transfusion in 1921. The patient was a 42-year-old 

man having a rare blood type who was to be operated on for a cerebellar tumor. 500 ml of 

autologous blood was collected, kept in 0.2% sodium citrate solution in a refrigerator, and 

transfused following suboccipital exploration. Clinically, there was a promising 

postoperative course, and 'autotransfusion' was appraised as a life-saving procedure. [17]  

The first case of intraoperative blood salvage was performed on a 42-year-old man with 

left occipital meningioma. Due to massive bleeding, the tumor could not be removed even 

by two-staged operations. In a 3rd stage operation, 600 ml of autologous blood was 

collected with a homemade suction apparatus and was replaced intraoperatively. Hence, 

they could remove the tumor weighing about 120 grams. This was reported by L.E. Davis 

and H. Cushing in 1925. No adverse effects were noted. Intraoperative blood salvage was 

performed in 23 cases and it provided beneficial effects in all except one. In ten of the 

cases, the procedure was assessed as a life-saving treatment. [18] 
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The first description of acute hemodilution was first put reported by Kronecker in 1886.[19] 

Clinical use of hemodilution in surgical practice began with reports in the late 1950s and 

early 1960s by Neptune and Panico describing the use of bloodless prime in open heart 

surgery.[20] Early reports which utilized heparinized autologous blood through venous 

drainage cannulas with the subsequent return at the conclusion of bypass, indicated that 

the use of blood collected during surgery could be used to decrease blood use. [21]  

 

 

Types of Autologous Blood Collection 

1. Pre-operative (Pre-deposit) Autologous Donation 

The term pre-deposit autologous donation (PAD) refers to the collection and subsequent 

storage of blood where the person from whom the blood is collected is intended also to be 

the recipient. This modality is planned for the clinical benefit of that person by 

contemplating an expected loss of a significant amount of blood resulting from, for 

example, elective surgery. [22,23] 

As per the British Committee for Standards in Haematology, Transfusion Task Force 2007 

guidelines [22], PAD is recommended for  

• Rare blood groups where allogeneic blood is difficult to obtain 

• Children with scoliosis (Evidence obtained from at least one randomized 

controlled trial) 

• Patients at serious psychiatric risk if blood transfusion is thought to be likely to 

cover their elective surgery (Evidence obtained from expert committee reports or 

opinions and/or clinical experiences of respected authorities.) 

• Patients who refuse to consent to allogeneic transfusion but who would consent 

to PAD 

According to the AABB PBM recommendations, PAD should be reserved for those 

patients for whom there is inadequate availability of compatible blood (eg, patients with 

IgA deficiency, or patients with an antibody to a high-frequency antigen or with multiple 

red cell alloantibodies). Sufficient time should be obtainable after collection so that 
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regeneration of the collected red cell mass can be allowed. Due to personal reasons and/or 

public perception of blood safety, a handful of patients still insist on PAD for their 

forthcoming surgical procedure. [10] 

The National Blood Transfusion Council (NBTC), under the Ministry of Health and 

Family Welfare, Govt. of India put forward the National Aids Control Organization 

(NACO) guidelines [23] which state that: 

• Autologous pre-deposit procedure requires the consent of the donor-patient and a 

request from the treating physician.  

• The records of all units collected for autologous use should be maintained.  

• Pre-deposit unit should be labelled "For Autologous Use Only" segregated and used 

solely for this purpose. The donor–patient’s signature should be on the label.  

• Precaution should be taken to identify the donated unit and donor-patient before the 

transfusion procedure.  

• If the blood collected for autologous transfusion is not used for the donor-patient, it 

should be discarded. 

NACO suggests that rigid criteria required for donor selection are not applicable for 

autologous donation. Whenever requirements for donor selection or collection cannot be 

applied, suitable guidelines applicable for the individual donor-patient should be 

established in consultation with their physician and medical officer of the blood centre.  

The individual guidelines should be recorded in the procedure manual of the blood centre 

and clinical records of the donor-patient. The suitable guidelines include: 

• The volume of blood collected should be proportionate to the donor-patient’s weight 

and volume of preservative used. 

• There should not be any age limits for autologous transfusion procedures. 

• The hemoglobin concentration of donor-patient should not be less than 11 g/dl and 

Haematocrit not less than 33% and must not fall below 10 g/dl., at the end of this 

autologous programme. However, this level may be adjusted to higher or lower 

values by the medical officer based on the clinical condition of the donor.  

• Iron supplementation should be started much in advance of this programme and must 

continue sufficiently to replenish iron stores. 
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• Donation of pre-deposit autologous transfusion should not be undertaken when 

donor-patient has, or is being treated for bacteremia or has any local skin lesions. 

• Pre-deposit donation for autologous transfusion should not be drawn from donor-

patient within 72 hours of the anticipated operation or transfusion. 

• The frequency of phlebotomy for a number of autologous transfusion units should 

be determined by the blood bank medical officer and donor-patient's physician. 

• Phlebotomy for autologous units should not be undertaken more frequently than 

every three days and at least 72 hours prior to surgery. 

• Transfusion of the autologous units should be under medical supervision. 

With regard to testing of units, NACO guidelines state that: 

• ABO grouping and Rh(D) typing for the PAD units should be determined. 

• The tests for irregular antibodies and infectious disease tests should be done at least 

on the first unit collected from the patient-donor. 

• Any abnormal test results should be reported to the patient's physician.  

• Blood should be discarded if the test result is positive for any mandatory TTI test. 

The following information should be provided on a label or tag attached to the blood 

container.  

• Name of the blood bank (collecting facility) and its manufacturing license number. 

• Name of the patient and the hospital where he is hospitalized 

• Patient's hospital registration number and other details (Ward-Bed or any other 

identifying information; 

• ABO and Rh(D) type; 

•  Date of collection and expiry; 

• HIV/HCV/HBsAg status; VDRL test; Malaria Parasite 

• Notice that the unit is 'For Autologous Use Only'. 

The patient's blood sample should be accompanied by pre-transfusion requisition form for 

autologous transfusion as per the requirements to confirm the ABO and Rh blood group. 

Advantages of PAD: 

• This modality virtually eliminates the risks of viral transmission and immunologically 

mediated hemolytic, febrile, or allergic reactions. [24] 
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• Prevents immunomodulation, which is the decrease in cellular immune function that 

have been documented after allogeneic transfusions. [25] 

Disadvantages of PAD:  

• Blood that is collected may be discarded if not used by the donor-patient [23] because 

the amount drawn may exceed the median routinely needed to avoid additional 

allogeneic transfusions.  

• Leftover blood cannot be used for other patients because most autologous donors do 

not meet the stringent health requirements for allogeneic blood donation. 

• Administrative or clerical errors can occur during labelling and/or storage leading to 

mismatched transfusions.  

In PAD, regardless of the reason for donation, it is important for hemoglobin optimization 

before and after the donation. Advanced planning and evaluation of the patient is important 

for PAD to be of benefit for PBM. PAD is most effective when collection occurs 4 to 6 

weeks before surgery to allow sufficient interval for red cell regeneration. [10] Donating as 

early as possible, donating the minimal amount, and being evaluated for and receiving iron 

replacement therapy with or without erythropoietin before donation are important 

strategies for avoiding allogeneic transfusions.   

Erythropoietin and iron can be administered to promote the formation and maturation of 

erythrocytes in patients from whom large volumes of blood is collected to prevent pre-

operative anemia. Studies have revealed that the combined use of erythropoietin along 

with iron promotes hematopoiesis in a short period of time [26]. The preoperative 

erythropoietin administration increases hemoglobin levels, lessens the requirement for 

blood transfusion, and also contributes to their recovery [27]. Dai et al suggest that 

optimized PAD by adjusting the physical condition by supplementation of crystalloid 

intravenous fluid (IVF) and intraoperative administration of erythropoietin is a safe and 

effective method for patients who are scheduled to undergo elective cardiac surgery [28].  

2. Acute Normovolemic Hemodilution (ANH) 

Acute normovolemic hemodilution (ANH) is defined as the withdrawal of whole blood 

from a patient immediately before surgery, either before or shortly after the induction of 

anesthesia, and simultaneous replacement with a suitable volume of crystalloid or colloid 
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intravenous fluids, alone or in combination, in order to maintain the circulating volume.[29] 

ANH is also known as intraoperative hemodilution. Generally, a predetermined volume of 

autologous whole blood is withdrawn (1 or 2 units) from the patient and is stored in the 

operating room just before a surgical procedure, replacing the removed blood volume with 

three times crystalloid or equal volume of colloid solution. Then, towards the end of the 

surgery, the blood units are transfused back to the patient.[5] 

The key goal of this technique is to create relative anemia in the patient so that the blood 

that is shed during the surgical procedure would effectively have a reduced red cell content. 

Once the threat of further blood loss is reduced, the ANH blood could be transfused back 

to the patient. This technique helps to avoid or limit allogeneic red cell transfusion. Also, 

the ANH whole blood may provide, to a small extent, platelets and coagulation factors that 

would aid hemostasis. [10] 

Studies demonstrate that the ANH method of autologous blood collection helps in 

adequate dilution of the blood, thereby reducing the hematocrit, and in turn reducing RBCs 

lost in acute blood loss during surgery [30,31,32]. This modality has been commonly used in 

postpartum hemorrhage, cancer, and orthopedic surgeries – like joint replacement and also 

in spine surgery. These are surgeries that often have a large volume of blood loss, and 

hence these patients often require blood transfusions [33,34,35].  

The British Committee for Standards in Hematology Blood Transfusion Task Force 

recommends that ANH should be considered only when the potential blood loss is likely 

to be greater than 20% of the total blood volume of the individual. Also, they recommend 

that this technique should be executed only when the pre-operative hemoglobin 

concentration is greater than or equal to 11 g/dL. [29] 

Age is not a factor in recruiting patients for this procedure. But, in patients, more than 45 

years of age added precaution should be exercised in view of the risk of underlying 

ischemic heart disease. Patients with severe myocardial disease of any cause, for example, 

moderate to severe left ventricular impairment, severe aortic stenosis, unstable angina, 

critical left main stem disease or the equivalent, should only undergo hemodilution over 

and above that is necessarily incurred during cardiopulmonary bypass with extreme 

caution. [29] 
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The BCSH also suggests that patients undergoing ANH need not be screened routinely for 

viral markers. In order to protect staff from the risks of transmission of TTIs universal 

precautions are to be observed. Also, the fate of all units must be documented. 

According to the BCSH guidelines [29], the following points are important while carrying 

out ANH: 

• Blood may be collected into a single bag with CPD-A1 anticoagulant. Appropriate bag 

volume selection is important to maintain anticoagulant to blood ratios. 

• A regularly calibrated balance should be used to measure the volume of blood drawn.  

• Skin should be cleaned thoroughly using chlorhexidine (in alcohol) or equivalent.  

• The donor tubing should be clamped, for example with “non-toothed” Spencer Wells 

forceps, before the guard is removed from the needle. The clamp should remain in 

place until after the venipuncture. This prevents air from entering the bag and possibly 

contaminating the donation.  

• The blood bag should be labelled during donation. The label affixed to the blood bag 

should include the following information: Surname, First name, Date of birth, Hospital 

number, Date and time of collection, Responsible Medical Officer, and UNTESTED 

BLOOD: FOR AUTOLOGOUS USE ONLY  

• The blood bag should be agitated gently throughout the collection procedure in order 

to mix blood with the anticoagulant.  

• Blood collected during hemodilution must remain with the patient and should not be 

kept in a blood refrigerator. It may be kept for up to 6 hours at room temperature, 

preferably in an insulated box or other container to minimize temperature fluctuations. 

The container should be labelled with the patient’s full details with a warning that it 

must not be used for another patient. 

• Pre-transfusion checks of identity are mandatory and should be equivalent to the 

standard procedures for administration of allogeneic blood by the hospital.  

• In general, all such blood should be used in the operation theatre itself. If ANH blood 

is to be taken along with the patient to a recovery area or ward, a written procedure 

should be in place to guarantee that the blood is handled and administered to the patient 

appropriately.  

• Any unused autologous blood is to be disposed off as hazardous waste; the fate of all 

units must be documented.  
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• It should be ensured that no autologous blood is transferred to the general blood supply.  

• The number of units of blood and total volume removed from the patient must be 

recorded in the patient’s case notes. Whenever allogeneic blood is given, the reasons 

must be documented clearly in the patient’s notes.  

• Serious adverse events should be reported to the hospital transfusion committee and to 

any appropriate national reporting system. 

• Regular audit of procedures should be undertaken under the aegis of the hospital 

transfusion committee. Audit and comparison with allogeneic blood usage is to be 

facilitated by the regular recording of autologous blood use in theatre. 

The safety of ANH mainly depends on the maintenance of normovolemia. In all patients, 

care must be taken to match the continuous replacement of volume with crystalloids or 

colloids with the removal of blood. In older patients and where cardiac disease may be 

suspected, additional care is necessary. [32] 

Advantages of ANH   

1) ANH dilutes the blood thereby reducing the concentration of erythrocytes in blood 

circulation during surgery. In turn, this reduces erythrocyte loss and improves the 

tolerance of the body, reducing actual blood loss during the surgery [32].  

2) It is the only method that provides fresh autologous whole blood – functions of 

platelets and clotting factors are not affected much [5,10].   

3) Blood that is collected is maintained at the point of care reducing the risk of blood 

mismatch because of administrative errors. [29] 

4) Blood is readily obtainable for patients with Rh D negative traits, rare blood groups, 

irregular antibodies, or with other blood cross-matching disparities.  

5) It effectively prevents postoperative bleeding and anemia, and provides a safe and 

effective autologous transfusion method. [36,37] 

Disadvantages of ANH  

1) There is an acute and significant reduction in hematocrit leading to hemodynamic 

instability and a possibility of myocardial ischemia in susceptible patients. [38] 

2) Additional training is required for anesthetic personnel.  
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Extreme hemodilution (target hematocrit <20%) is likely to be more efficacious in 

reducing allogeneic transfusion requirements, but the risks are correspondingly greater. 

This procedure should be restricted to relatively healthy patients with a low risk of 

ischemic heart disease and must be supervised by an expert anaesthetist using appropriate 

monitoring techniques.[29] 

ANH is most often used in cardiac bypass surgery where the immediate postoperative 

transfusion of ‘fresh whole blood’ containing platelets and clotting factors is seen as an 

advantage. Reported hazards of ANH include fluid overload, cardiac ischemia and wrong 

blood into patient errors. [2] ANH has also been successfully used in lung cancer patients 

[39], dealing with hemorrhage in orthopedic surgery and postpartum hemorrhage in the 

Rh(D) negative patients. It also provides a safe and effective mode of blood 

transfusion[34,35]. 

3. Intra-operative Cell Salvage (ICS) 

Intraoperative cell salvage (ICS) is the process of recovering red blood cells from blood 

lost in the operative field and returning them to the patient. [40] In simpler terms, it is the 

collection and reinfusion of blood spilled during surgery. [2] 

The AABB guidelines recommends that intraoperative or postoperative autotransfusion 

should be performed in surgeries where a large amount of bleeding (more than 20% total 

volume) is anticipated. [10] 

In the operating room, once a sufficient volume of shed blood is recovered, and the patient 

loses sufficient blood to require transfusion, the salvaged blood can be centrifuged and 

washed in a closed, automated system. Red cells suspended in sterile saline solution are 

produced, which must be transfused to the patient within 4 hours of processing.[2] During 

this process, the plasma, platelets, red cell stroma, contaminants, and anticoagulant are 

removed. The washed red cells are transferred to a separate bag, which is then administered 

to the patient in much the same way that allogeneic blood would be administered.[10] The 

red cells are transfused through a 200 µm screen filter, as in a standard blood 

administration set, except in those instances where a leucodepletion filter is indicated.[2] 

Ideally, the recovered autologous red cell product should have a hematocrit of at least 45% 

to 55%. Substantial volumes of red cells can be recovered for reinfusion in those cases 

undergoing increased blood loss. Intraoperative blood recovery may be considered for 
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several surgical procedures, including cardiothoracic, orthopedic, neurosurgery, 

obstetrics, gynecology, urology, and vascular procedures. [10] 

Commercially available, largely automated devices are available for ICS and are now 

widely used in hospitals for both elective and emergency surgery with significant blood 

loss. It is being widely practiced in the management of major traumatic or obstetric 

haemorrhage. The machines must always be used and maintained according to the 

manufacturer’s instructions by appropriately trained staff. A 2010 Cochrane Collaboration 

review of randomised trials of ICS, mainly in cardiac and orthopaedic surgery, showed a 

20% reduction in donor blood exposure (an average saving of 0.7 units per patient). Much 

useful information about clinical indications and use of ICS, policies for implementation, 

staff training/competency assessment and patient information has been prepared by the 

UK Cell Salvage Action Group (UKCSAG).[2] 

According to JPAC guidelines [2], the indications for ICS in adults and children (for whom 

low-volume processing bowls are available) are as follows: 

• Surgery where the anticipated blood loss is >20% of the patient’s estimated 

blood volume. 

• Elective or emergency surgery in patients with risk factors for bleeding (including 

high-risk Caesarean section) or low pre-operative Hb concentration. 

• Major hemorrhage. 

• Patients with rare blood groups or multiple blood group antibodies for whom it 

may be difficult to provide donor blood. 

• Patients who do not accept donor blood transfusions but are prepared to accept, 

and consent to, ICS (this includes most Jehovah’s Witnesses). 

ICS should not be used when contents of the bowel contaminate the surgical site. Also, 

blood should not be aspirated from infected surgical fields. Due to concerns about cancer 

cell reinfusion and spread, ICS is not recommended in patients having surgery for 

malignant disease. However, extensive clinical experience suggests this is not a significant 

risk although it is recommended to reinfuse leuco-depleted the red cells by making it pass 

through a leucodepletion filter. [29,41] 
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The BCSH guidelines for ICS are as follows [29]: 

❖ SELECTION OF PATIENTS:  

• Cell salvage is appropriate where there is a clean wound.  

• The technique is applicable to open heart surgery, vascular surgery, total joint 

replacements, spinal surgery, liver transplantation, ruptured ectopic pregnancy and 

some neurosurgical procedures.  

• Some Jehovah’s Witnesses may accept transfusion of autologous cells salvaged by 

a continuous circuit device: specific consent to the procedure should be sought in 

this instance.  

 

❖ CONTRAINDICATIONS: 

•  Cell salvage techniques should not be used in the presence of bacterial 

contamination of the surgical field.  

• Malignant disease has been considered a contraindication but recently published 

work suggests that the risk of dissemination of malignant disease is minimal.  

• Blood containing fat or amniotic fluid should not be salvaged because of the risk 

of embolism and DIC.  

• Topical clotting agents such as collagen, cellulose, gelatin, and thrombin, and 

topical antibiotics or cleansing agents used in the operative field should not be 

aspirated into a cell salvage device.  

• Complications have been reported in patients with sickle cell disease.  

 

❖ Patients undergoing cell salvage need not be screened routinely for viral markers.  

❖ All blood salvage devices should be used in strict compliance with the manufacturers’ 

instructions.  

❖ Blood for reinfusion must be labelled according to the specifications given for ANH.  

❖ All cell salvage procedures and volumes of blood reinfused must be recorded in the 

patient’s case notes.  

❖ Whenever allogeneic blood is transfused, the reasons must be documented in the 

patient’s notes. 
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Advantages of Intra-operative cell salvage 

• Reduces or eliminates the need for allogeneic blood transfusion and the associated 

risks of infectious and non-infectious complications.[41]  

• Studies comparing cell salvaged with allogeneic blood have demonstrated increased 

mean erythrocyte viability [42] and increased 2,3-disphosphoglycerate (2,3-DPG) and 

adenosine triphosphate (ATP) levels in salvaged blood. [43,44] The mean erythrocyte 

viability has been reported to be as high as 88% with cell salvage.[45]  

• Salvaged RBCs maintain their normal biconcave disc shape, but allogeneic blood 

assumes an echinocyte shape (after 14 days), which is thought to impair its ability to 

cross the capillary beds. [46]  

• It has also been postulated that cell salvage may have immunostimulatory effects, 

which may reduce postoperative infection.[42]  

Disadvantages of Cell Salvage [47] 

• Initial equipment cost 

• Cost of disposables 

• Complex device – staff training and competency 

• Delay in processing red cells 

• Risk of bacterial contamination 

• Red cell lysis due to ‘skimming’  

• Complications like air and fat embolism, and electrolyte imbalance. 

Complications of cell salvage  

Complications associated with the use of cell salvage are rare and studies have shown no 

increase in complications in patients receiving cell salvage.[48]  

Potential complications include electrolyte imbalance, air embolism, pyrexia with rigors, 

infection, fat embolism, microaggregates causing micro-embolism, and salvaged blood 

syndrome. Salvaged blood syndrome is the activation of intravascular coagulation with 

increased capillary permeability leading to acute lung injury and renal failure. This 

syndrome is related to the dilution of salvaged blood with large volumes of saline solution, 

and forms deposits of cellular aggregates when used with the fixed volume bowl system.[47]  
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Other complications include hemolysis, and increased amounts of free hemoglobin, which 

can lead to renal damage. Moreover, salvaged blood contains no platelets or coagulation 

factors. Hence, in cases of massive hemorrhage, it is likely that the patient will require 

allogeneic blood components like platelets, fresh-frozen plasma, and cryoprecipitate. 

Coagulation factor deficiency should be anticipated after more than 2 litres blood loss with 

continued bleeding. [47,48] 

Point of care testing (including thromboelastography), laboratory testing (including 

prothrombin time, fibrinogen, and platelet count), or both should be carried out and blood 

product replacement considered according to local protocols. [49] 

In 2006, a Cochrane Collaboration meta-analysis of studies published up to 2003 of the 

use of cell salvage for minimizing allogeneic blood transfusion found that cell salvage was 

efficacious in reducing the requirement for allogeneic blood transfusion in elective 

surgeries. Overall, the use of cell salvage reduced exposure to allogeneic blood transfusion 

by 39%, with an average saving of 0.67 units per patient. Cell salvage was found to be the 

most effective in orthopedic surgery and had no negative impact on morbidity or mortality. 

In patients who had received autologous salvaged blood, there was a decreased incidence 

of myocardial infarction and reduced postoperative infections.[48] 

There is evidence that autologous transfusion results in increased survival after 

esophagectomy when compared with allogenic blood transfusion.[50] This may be due to 

the lack of immunomodulatory effects of salvaged blood compared with allogeneic blood.  

At present, the application of intraoperative or postoperative autologous transfusion has 

widely expanded. Its application in surgeries with a small amount of bleeding in healthy 

adults can moderately improve early postoperative hemoglobin levels and tissue 

oxygenation [51]. Intraoperative or postoperative cell salvage can also be combined with 

PAD in elective major surgeries to improve the effect of blood transfusion and the 

prognosis of patients [52].  

The application of intraoperative or postoperative cell salvage in cancer surgery remains 

controversial as some clinicians fear that it may cause cancer cell proliferation and 

metastasis [53,54]. However, other studies have revealed that it can be safely applied to 

certain tumor surgeries [55], with the required specific assessments before and during 

surgery such as tumor metastasis and recurrence, and the use of a leukocyte filter [56]. 
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The AAGBI guidelines recommend the use of cell salvage in cases where patients have 

objections to receiving allogeneic blood transfusions.[41] There are many case reports of 

the successful use of cell salvage in Jehovah’s Witness patients undergoing major surgery, 

including radical prostatectomy,[57] living donor liver transplants,[58] renal cell carcinoma 

extending into the right atrium,[59] and gynae-oncology surgery.[60] 

ICS is now widely used in women at high risk of postpartum hemorrhage during Caesarean 

section and in the management of major obstetric hemorrhage and is supported by many 

specialists and national guideline groups. Concerns about amniotic fluid embolism have 

not been observed in practice. But, gross fluid contamination should be aspirated before 

the collection of blood and the harvested red cells should be reinfused through a 

leucodepletion filter. [2, 61] 

4. Post-operative Cell Salvage (PCS) 

Postoperative cell salvage (PCS) involves the recovery and reinfusion of shed blood from 

surgical drains and/or wounds. It is largely used in cardiac and orthopedic surgical cases 

where the volume of shed blood may be significant. Blood recovered postoperatively may 

be washed or unwashed. The minimum volume for reinfusion is considered to be 

200mL.[10]  

For the unwashed product, blood is collected into a device where it is filtered. Once a 

sufficient volume is reached, the filtered blood is transferred to an infusion bag for 

administration. For the washed product, once sufficient shed blood is collected in the 

surgical drain, it is further processed by washing and then transferred to a bag for 

reinfusion. [10] 

Although controversial, reinfusion without washing is more commonly applied, 

particularly for joint replacement surgery.[62] In the absence of washing, the product has a 

hematocrit ranging from 20% to 30% and contains activated clotting and complement 

factors, inflammatory mediators, cytokines, and fat particles that can increase the risk for 

febrile reactions.[10] Despite these negative effects, unwashed postoperative recovered 

blood has been shown to reduce allogeneic blood transfusions in orthopedic surgery [62,63], 

but has been less effective in reducing such transfusion in cardiac surgery.[63] 

Improved product quality and safety—hematocrit ranging from 60% to 80% with the 

removal of contaminants—can be achieved by using devices that wash and concentrate the 
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postoperative wound drainage blood (eg, CardioPAT, OrthoPAT, Haemonetics, Braintree, 

MA). However, the higher costs associated with these devices and the maintenance of 

competency by nursing staff may be a disadvantage for some institutions. [10] 

PCS is relatively less expensive, has the potential to reduce exposure to donor blood, and 

is also acceptable to some Jehovah’s Witnesses. It remains unclear whether it adds 

significantly to a comprehensive blood conservation programme that includes preoperative 

optimization of hemoglobin, hemostatic/antifibrinolytic measures during surgery, and 

strict postoperative transfusion thresholds.[2] 

 

Autologous blood transfusion in Neurosurgery 

Literature depicts that pre-donated autologous blood transfusion is acceptable and safe 

predominantly in scoliosis surgery. It significantly reduces the subsequent requirement of 

allogeneic transfusion. Although the cost is currently more than allogeneic transfusion, 

with the increase in the costs of the latter and the decrease in potential donors which is 

anticipated, pre-donation of autologous blood will become comparatively cost-

effective.[64] 

ANH has been proven as a safe, effective, and affordable method of blood transfusion in 

patients undergoing intracranial surgery. Complications associated with homologous 

blood transfusion can be avoided with autologous blood transfusion. [65,66]  

Evidence to support the use of cell salvage in neurosurgery is limited. A prospective 

observational study comprising 472 patients who underwent intracranial surgery found 

that the use of cell salvage resulted in a reduction in the use of allogeneic blood transfusion 

by 74%. In 25% of patients who required blood transfusions, the use of allogeneic blood 

was avoided altogether.[67] 

 

Autologous blood transfusion in Cardio-vascular Surgery 

The total transfusion is an index of the demand for blood, which is a scarce resource. It is 

also a marker of the number of donors to whom patients are being exposed to. This 

exposure was highest for patients with ruptured thoraco-abdominal aortic aneurysms 
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(TAAAs), followed by patients treated without ANH, and least in patients treated with 

ANH. [68] 

When a systematic review of five randomized controlled trials (RCTs) was looked into, it 

was found that there was not enough evidence to recommend the routine use of cell salvage 

during elective abdominal aortic aneurysm (AAA) or aorto-femoral bypass surgery.[69] 

These findings were contradicted by a meta-analysis of five RCTs in 2007, which found 

that cell salvage reduced the risk of exposure to allogeneic blood transfusion by 37% in 

patients undergoing elective AAA repair.[70]  

In vascular surgery, the use of a combination of methods of blood conservation has been 

demonstrated to be effective. A small multi-centre, prospective, randomized study found 

that cell salvage in combination with ANH decreased the exposure to allogeneic blood 

transfusion from 80.0% to 33.7%.[71]  

 

Development trends and challenges of autologous blood 

transfusion 

Autologous blood transfusion techniques and concepts need to be further explored and 

researched urgently, especially with respect to blood collection methods and timing, in 

order to highlight the role of autologous blood transfusion in a clinical transfusion setting. 

Blood cell separation technology (apheresis) began in the 1980s. It has been widely used 

in clinical practice mainly for the collection of hematopoietic stem cells, granulocyte 

collection, plasmapheresis, plateletpheresis, blood component removal, and other 

therapeutic uses [72]. Apheresis technology is widely used for allogeneic blood component 

collection such as platelets, plasma, and erythrocytes. This technique can be used to collect 

red cells, platelet concentrate, and plasma, according to the requirement of the patient as a 

part of PAD. These components can be stored separately according to their respective 

preservation requirements so as to maintain their normal physiological activity.[73] Also, 

another advantage is that as only concentrated blood components are collected, the blood 

volume in patients before and after the collection does not vary significantly. Using the 

blood apheresis technique, 2 or more units of red blood cells can be collected at a time. In 

a comparative study in which 2 units of red blood cells were collected in two ways: by 
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whole blood collection and by apheresis, it was revealed that in the apheresis collection, 

only the concentrated blood components were collected and hence the blood volume of 

the patient did not fluctuate significantly before and after collection, thereby ensuring 

added safety. Compared to the whole blood collection, patients who underwent apheresis 

collection had fewer days of hospitalization and faster recovery of the post-operative 

hemoglobin levels. However, presently, the collection of more than 2 units of autologous 

erythrocyte or other blood components using a blood apheresis system has not been 

reported. [73] 

Another challenge is that while utilizing the existing techniques, the shelf-life of platelets 

is short-lived. To tackle this, platelet cryopreservation technology has continuously gained 

more attention all over the world. In order to avoid damaging the platelet membrane during 

cryopreservation which affects platelet function, a cryoprotectant Dimethyl sulfoxide 

(DMSO) is added. DMSO also acts as an enhancer of cell fusion and permeability.[74] The 

application of DMSO in the cryopreservation of apheresis platelets is included in the 1998 

European "Blood Component Preparation, Application and Quality Assurance 

Guidelines". Literature reveals that DMSO with a final concentration of 6% was added, 

platelets in long-term storage at –80°C had a considerable quality and stability of 

function.[75] Therefore, this strategy can be implemented in the future in order to extend 

the platelet shelf-life, and ensure that autologous platelets maintain their physiological 

function.  

The existing autologous blood transfusion technology does not completely satisfy the 

clinical requirements of transfusion. Hence, application of new technology like apheresis 

and platelet preservation technique and new concepts can be applied in autologous blood 

transfusion, in the near future. 
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A Randomized Control Trial was conducted by the Department of Transfusion Medicine 

in collaboration with the departments of Neuroanesthesia, Neurosurgery, Cardiac-

anesthesia and Cardio-Thoracic & Vascular Surgery (CTVS) in Sree Chitra Tirunal 

Institute for Medical Sciences and Technology (SCTIMST), Trivandrum.  The sample size 

of the study was 141 patients who underwent various neurosurgical and vascular surgical 

procedures in this institution during a period of 15 months from January 2021 to March 

2022.  

The various inclusion and exclusion criteria were as follows: 

Inclusion criteria [10,22,29]: 

1. Age – 18 years and above   

2. Patients undergoing elective neurosurgical or vascular surgical procedures. 

3. Patients with an anticipated blood loss of more than 20% of the total blood 

volume. 

4. Pre-operative Hemoglobin more than 11g% for ANH; greater than or equal to 

12.5 g% for Pre-deposit autologous donation. 

5. For ANH and Pre-deposit autologous donation: 

a. Surgical cases with Maximum Surgical Blood Order Schedule 

(MSBOS) of 1, 2 and 3 units of blood 

b. American Society of Anesthesiology [ASA] score I or II 

6. For Intra-operative cell salvage: 

a. MSBOS 4 units and above 

b. ASA score of III, IV and V   

7. Platelet count more than 100x109/L;  

8. Normal coagulation profile; and  

9. Stable cardiac function. 

10. Normal renal and liver functions  
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Exclusion criteria:  

1. Patients under 18 years of age. 

2. Emergency surgical procedures 

3. Patients with  

• High grade malignant diseases,  

• Acute and chronic infectious diseases,  

• Autoimmune diseases,  

• Metabolic diseases,  

• Respiratory diseases,  

• Liver and kidney diseases, 

• Unstable cardiovascular conditions,  

• Fever, and 

• Use of perioperative corticosteroids and other drugs affecting 

immune function. 

Written informed consent was obtained for participation in the study from all eligible 

candidates after explaining the purpose and design of the study. 

The patients were allocated into two groups by randomization using computer generated 

random numbers; Group I (71 patients) receiving autologous transfusion and Group II (70 

patients) who received allogeneic blood transfusion only. In those cases, in which 

autologous blood did not suffice, additional allogeneic blood was used for the autologous 

transfusion group (Group I).  

In Group I, autologous blood transfusion was performed. In this study, we have utilized 

Pre-deposit autologous donation (PAD), Acute Normovolemic Hemodilution (ANH) and 

Intra-operative Cell Salvage (ICS) modalities for autologous transfusion. However, ANH 

was performed in the maximum number of cases. PAD was carried out exclusively in 

neurosurgical patients mainly those who were to undergo spine surgeries and in those 

patients in whom compatible blood was difficult to be found. In vascular surgical patients 

we employed ANH alone in those cases with MSBOS of 1, 2 and 3 units and ICS in cases 

with MSBOS ≥ 4 units of blood. ICS was not performed in neurosurgical cases owing to 

the cost factor as well as dissemination of any malignancy of intracranial lesions that were 

undetected prior to surgery. In those patients in whom autologous blood was insufficient 

to meet the blood loss, allogeneic blood was administered. 
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Post-operative Cell Salvage was not used as there could be increased rates of 

contamination, air and fat embolism, and other complications with the method. 

In Group II, after induction of anesthesia, surgery was allowed to proceed and allogeneic 

blood was transfused when blood loss was estimated to be ≥ 20% of their total blood 

volume.  

 

Modalities of autologous blood collection employed in this study: 

1. Acute Normovolemic hemodilution (ANH) 

• Performed in the operating room 

• After induction of anesthesia 

• Autologous whole blood was collected in 350 mL single blood bags which contained 

49mL CPD-A anticoagulant. 

• Volume of blood to be collected was based on MSBOS; Also, the maximum volume 

that could be collected was determined by the formula adopted from the BCSH 

guidelines [29]: 

V= EBV × (Ho−Hf /Hav) 

Where V = Volume of blood collected, EBV = Patient's estimated blood volume 

(70ml/kg), Ho= Patients initial Hematocrit, Hf = Patient's final (Desired) Hematocrit 

after hemodilution (30%), and Hav = Average of initial and final Hematocrit. 

 

• Vascular access: Either anti-cubital vein or internal jugular vein 

• Simultaneous infusion of crystalloid in the ratio 1:3 (blood: crystalloid) – mainly 

normal saline; in some instances, Ringer lactate was also used. If there was 

hypotension, intravenous colloid (Hydroxy ethyl starch) was administered. 

• Volume of blood collected in the blood bag was assessed using Blood Collection 

Monitor; it also helped in continuous mixing of blood with anticoagulant. (Image 1) 

• Vitals were monitored continuously; during any intractable hypotension, bleeding was 

stopped. 
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Image 1: Autologous whole blood is collected in the operating room after anesthesia 

induction 

• Autologous whole blood units were labelled using the assigned green coloured stick-

on label. The bags were sequentially labelled with the patient’s name, age, gender, 

hospital number and date and time of collection. The label stated “AUTOLOGOUS 

BLOOD”. (Image 2) 

 

                           

Image 2: Autologous whole blood collected by ANH and labelled 
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• Blood was stored in the operating room itself and transfusion was given within 6 hours 

from the time of collection – the last unit collected being the first to be transfused in 

order to obtain more functional platelets as well as clotting factors. Also, the fresher 

units would be more diluted; more concentrated blood could be given at the end.  

• Hemoglobin levels were monitored using Arterial Blood Gas (ABG) analysis before 

the start of surgery, after ANH, at maximum surgical blood loss, and also post-

transfusion. 

• TTI testing was not performed. However, every patient admitted for surgery in our 

institute undergoes routine testing for HIV, Hepatitis B and C. 

 

 

2. Pre-deposit Autologous Donation (PAD) 

 

• Performed either in the Blood Centre or in the ward in which the patient was admitted. 

(Image 3) 

• Blood was collected from two weeks prior and up to 72hrs before the surgery.  

• Autologous whole blood was collected in 350 mL triple bags and was separated into 

packed red cells (PRC) and Fresh frozen plasma (FFP) universally. Also, platelet 

concentrate was prepared from the last unit collected.  

• Labelling of PRC and other components were done as per guidelines. 

• Storage of autologous units – separate compartments allotted to prevent mixing up 

with allogeneic units. 

• Autologous blood donation was planned according to the date of surgery. 

• Iron supplementation was started ahead of blood collection and was continued until 

discharge from hospital 

• Transfusion was given as per routine protocol which is followed for allogeneic 

transfusions. 

• Blood pre-donated in the Blood Centre underwent routine investigations like blood 

grouping, typing and antibody screening as per NACO guidelines.[23] 

• TTI testing performed – Malaria, Syphilis, Hepatitis B, Hepatitis C and HIV. [23] 
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Image 3: Autologous blood being collected from a donor-patient in the Blood Centre 

 

3. Intra-operative Cell Salvage (ICS) 

• Performed in the operating room after a sufficient volume of blood is shed intra-

operatively.  

• Equipment used was Cell Saver by Sorin Xtra (Image 4) 

 

 

Image 4: Cell saver equipment - Sorin Xtra used in this study 
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• The salvaged blood was centrifuged and washed in a closed, automated system. Red 

cells suspended in sterile saline solution were produced and transfused to the patient 

within 4 hours of processing. (Image 5) 

• TTI testing was not performed in the units collected.  

 

                    

Image 5: Cell Saver being used by a thoracoabdominal aortic aneurysm 

patient 

 

All patients in the study who had a blood loss above 20% of their total blood volume were 

given transfusion. In Group I (Autologous Transfusion Group), either pre-deposit 

autologous blood, blood collected by ANH, or autologous blood collected using Cell Saver 

was used for transfusion. Group II (Allogeneic transfusion group) received conventional 

allogeneic blood for replacement intraoperatively, depending on the blood loss.  

However, in the event of excessive blood loss, autologous transfusion was started early 

and if the blood loss exceeded the autologous blood donation, allogeneic blood was also 

given. The autologous blood units which were not re-transfused were discarded. 
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During surgery, ECG, heart rate, arterial blood pressure, oxygen saturation, temperature, 

urine output, and blood loss were monitored. Blood collected in suction bottles and drapes 

was also included in the total calculated blood loss.  

Preoperative hemoglobin, hematocrit, and coagulation profile (platelet count and PT-INR) 

were recorded as baseline values. The hemoglobin values were measured again at 

maximum surgical blood loss and after re-transfusion in Group I, whereas in Group II, 

hemoglobin was measured at maximum surgical blood loss and after transfusion of 

allogeneic blood. 

Demographic data of all the study population was recorded. Hemodynamic changes like 

mean arterial pressure and heart rate before and after donation, complications, and any 

additional allogeneic blood requirement in the autologous transfusion group were noted. 

Pre- and post-operative investigation results like Hb, hematocrit, platelet count and PT-

INR, intraoperative transfusion requirement, the volume of blood lost during the surgery, 

duration of ICU stay, re-exploration for bleeding, hours of mechanical ventilation, and 

post-operative infections up to 5 days post-surgery if any,  in both groups were compared. 

Units of Autologous blood discarded were recorded. 

 

Statistical Analysis 

Categorical and quantitative variables were expressed as frequency (percentage) and mean 

± SD respectively. An independent t-test was used to compare quantitative parameters 

between categories. Mann-Whitney U test was used to compare ordinal parameters 

between groups. Fisher’s exact test was used to find associations between categorical 

variables. Paired t-test was used to compare quantitative parameters before and after the 

intervention. For all statistical interpretations, p<0.05 was considered the threshold for 

statistical significance. Statistical analyses were performed by using a statistical software 

package SPSS, version 20.0. 
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RESULTS 
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A total of 2207 patients underwent surgical procedures in the departments of Neurosurgery 

and Vascular surgery during the period January 2021 to March 2022. After excluding those 

subjects who did not meet the eligibility criteria and did not give consent, a total number 

of 141 patients were selected and randomized into Group I consisting of 71 patients who 

underwent autologous transfusion, and Group II comprising 70 patients who obtained 

conventional allogeneic transfusion. We employed pre-deposit autologous donation 

(PAD), acute normovolemic hemodilution (ANH) as well as intra-operative cell salvage 

(ICS) as modalities of autologous blood collection.  

Among this, the total number of male patients were 102 (72.3 %) and female patients were 

39 (27.7%). The patients were all between 18 to 70 years of age with a mean age of 48±14 

years. Age, gender, weight and pre-operative laboratory investigations are depicted in 

Table 1. An age-wise distribution is illustrated in Figure 1. 

 

Table 1: Comparison of the demographics and pre-operative characteristics for patients 

who received autologous transfusion (Group I) and conventional allogeneic transfusion 

(Group II) 

  

Variable Group I (n=71) Group II (n=70) p 

Age (years) [Mean±SD] 48.5 ± 13.4 47 ± 13.8 0.516* 

Gender 
Male N (%) 51 (72%) 51 (73%) 

0.891# 

Female N (%) 20 (28%) 19 (27%) 

Weight (kg) [Mean±SD] 68.3 ± 11.7 66.9 ± 10.0 0.426* 

Base-line pre-operative investigations  

Hb (g/dL) 13.4 ± 1.1 13.7 ± 1.1 0.099* 

Hematocrit (%) 40.4 ± 3.3 41.2 ± 3.2 0.099* 

Platelet count (lakhs/cumm) 2.7 ± 0.8 2.8 ± 0.8 0.492* 

INR 1.1 ± 0.1 1.1 ± 0.1 0.936* 

*T-test;  #Chi-square test,  

INR = International Normalized Ratio 
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Figure 1: Age-wise distribution of study participants among the groups (Group I – 

Autologous transfusion; Group II – Allogeneic transfusion) 

 

Cases subjected to autologous transfusion 

The various cases which were subjected to autologous transfusion are described in tables 

2 and 3. 

Table 2: Neurosurgical cases which underwent autologous transfusion 

  
Modality Diagnosis No. of cases Total 

 

     ANH 

Intracranial Meningioma 23  

34 Schwannoma 7 

AV Malformation 4  

 

     PAD 

Spine surgeries 5  

9 Intracranial Meningioma 3 

Clival chordoma 1 
ANH= Acute Normovolemic Hemodilution, PAD = Pre-deposit Autologous Donation 

 

Table 3: Vascular surgical cases which underwent autologous transfusion 

  
Modality Diagnosis No. of cases Total 

 

 

ANH 

Infra-renal abdominal aortic 

aneurysm 

14  

22 

Thoracic mass lesion excision 4 

Carotid aneurysm 3 

Subclavian artery aneurysm 1  

Intra-operative 

Cell Salvage 

(ICS) 

Thoraco-abdominal aortic aneurysm 6 6 
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Effect of autologous blood collection on heart rate, mean arteriolar pressure and 

SPO2 

The effect of autologous blood collection on the heart rate, mean arteriolar pressure (MAP) 

and SPO2 were analyzed for those patients who underwent ANH and PAD. There was a 

statistically significant difference in the MAP among the neurosurgical and vascular 

surgical patients who underwent ANH (p<0.01). There was no statistically significant 

difference in the heart rate and SPO2 among any of the groups. (Tables 4,5 and 6) 

 

 

 

 

Table 4:  Comparison of heart rate pre- and post- autologous blood collection 

 

 

Surgery 

 Pre-collection Post-collection  Paired 

t 

 

 Mean SD Mean SD Mean difference p 

Neuro-

surgery 

ANH 

(n=34) 

78.9 9.6 75.5 10 3.4 1.77 0.085 

PAD 

(n=9) 

77.4 4.4 76.1 7.9 1.3 0.67 0.522 

Vascular 

surgery 

ANH 

(n=22) 

82.9 10.4 80 12.7 2.8 1.28 0.216 

Table 5:  Comparison of Mean arteriolar pressure (MAP) pre- and post- autologous 

blood collection 

  
 

 Surgery 

 
Pre-collection Post-collection Mean 

difference 

Paired 

t 

 

 
Mean SD Mean SD p 

Neuro-

surgery 

ANH 

(n=34) 

95.7 7 84.9 10.5 10.9 5.96 <0.01 

PAD 

(n=9)  

94 6.1 93 4.6 1 0.83 0.43 

Vascular 

surgery 

ANH 

(n=22) 

95.6 10.1 88.4 12.5 7.2 3.9 <0.01 

Table 6:  Comparison of SPO2 pre- and post- autologous blood collection 

  
 

Surgery 

 
Pre-collection Post-collection Mean 

difference 

Paired 

t 

 

 
Mean SD Mean SD p 

 

Neuro-

surgery 

ANH 

(n=34) 

97.1 1.6 97.4 1.4 0.2 0.58 0.565 

PAD 

(n=9) 

96.9 1.4 97.2 1.2 0.3 0.47 0.65 

Vascular 

surgery 

ANH 

(n=22) 

97 1.5 97.3 1.1 0.4 0.79 0.437 
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Requirement of allogeneic blood and blood components among the autologous 

transfusion group 

Out of the total 71 patients who underwent autologous transfusion, 43 (60.6%) received 

exclusive autologous blood transfusion, whereas 28 (39.4%) received additional 

allogeneic transfusion. (Figure 2) Cases in the autologous group which required additional 

allogeneic blood have been described in Table 7. 

Table 7: Cases in the autologous transfusion group which required additional 

allogeneic blood 

 

  

 

 

Diagnosis 

No. of patients who received additional 

allogeneic transfusion  

 

 

 

 

 

Neuro-

surgery 

Intra-

operatively 

alone 

  

Post-

operatively 

alone 

Both intra- 

and post-

operatively 

TOTAL 

(%) 

Intracranial Meningioma 

(n=26)  

6 3 0 9 (34.6) 

Schwannoma  (n=7)  1 - 1 2 (28.6) 

AV Malformation  (n=4)  0 0 0 0 

Spine surgeries      (n=5) 0 0 0 0 

Clival chordoma    (n=1) 

  

- - 1 1 (100) 

 

 

 

 

 

Vascular 

Surgery 

 

Infra-renal abdominal 

aortic aneurysm 

(IRAAA)     (n=14) 

 

3 

 

3 

 

2 

 

8 (57.1) 

Thoracic mass lesion   

(n=4) 

1 0 0 1 (25) 

Carotid aneurysm        

(n=3) 

0 1 0 1 (33.3) 

Subclavian artery 

aneurysm (n=1) 

0 0 0 0 

Thoraco-abdominal aortic 

aneurysm (TAAA)      

(n=6) 

 

- - 6 6 (100) 

 

 

 



 

  
Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 41 
 

 

 

 

A. Allogeneic transfusions in the Neurosurgical patients 

Case-wise allogeneic transfusion requirement among the neurosurgical patients in Group 

I (autologous transfusion group) is shown in Figure 3. 

 

Figure 3: Transfusion requirements among neurosurgical patients in the autologous 

transfusion group 

 

Among the neurosurgical cases, only 9 out of 43 patients (20.9%) from Group I required 

additional allogeneic blood intra-operatively. (Figure 4) 
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Figure 2: Transfusion requirement among autologous transfusion group (n=71) 
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Figure 4: Intra-operative transfusion requirements among the autologous group in 

Neurosurgery 

 

The mean intra-operative requirement of allogeneic blood components was calculated for 

those patients who received additional allogeneic blood from Group I and for Group II. 

(Table 8, Figure 5) 

Table 8: Comparison of the intraoperative requirement (no. of units) of allogeneic 

blood and blood components in neurosurgical cases between autologous (group I) 

and allogeneic transfusion (group II) groups 

 

Blood component Group I (n= 9) Group II (n=46)  
Mean SD Mean SD 

PRBC 1.7 1.1 2 0.9 

FFP 0.7 0.5 0.7 0.9 

PC (RDP) 0.5 0.4 0.5 0.8 

Cryoprecipitate 0 0 0 0 
 

 
 

Figure 5: Intraoperative requirement (no. of units) of allogeneic blood and blood 

components in neurosurgical cases between the two groups 
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In the post-operative period, 5 (11.6%) patients in the autologous group and 5 (10.9%) in 

the allogeneic group received additional allogeneic PRBCs. It was noted that the mean 

requirement was higher in the autologous group which received additional allogeneic 

blood. (Table 9, Figure 6) 

Table 9: Comparison of the post-operative requirement (no. of units) of allogeneic 

blood and blood components in neurosurgical cases 

 

Blood component  Group I (n= 5) Group II (n=5) p 
 

Mean SD Mean SD  

PRBC 1.2 0.4 1 0 0.34 

FFP 0 0 0 0 - 

PC (RDP) 0 0 0 0 - 

Cryoprecipitate 0 0 0 0 - 

 

 

  

Figure 6: Comparison of post-operative allogeneic blood and blood component 

requirement (no. of units) in neurosurgical cases between autologous and allogeneic 

transfusion groups 

 

B.1. Allogeneic transfusions in the Vascular surgical patients (excluding TAAA 

patients) 

Case-wise allogeneic transfusion requirement among the vascular surgical patients in 

Group I (autologous transfusion group) who underwent ANH is shown in Figure 7. 
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Figure 7: Transfusion requirements among Vascular surgical patients in the 

autologous transfusion group who underwent ANH 

 

Out of the 22 patients in the ANH autologous group (Group I), only 6 (27.3%) patients 

required allogeneic blood transfusion in addition to the autologous blood intraoperatively. 

(Figure 8) 

There were 19 patients in the allogeneic transfusion group (Group II).  

 

 

 Figure 8: Intra-operative transfusion requirements in the autologous group among 

patients who underwent ANH in Vascular surgery 
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The mean intra-operative requirement of allogeneic blood components was calculated for 

those patients who received additional allogeneic blood from Group I and for Group II. 

(Table 10, Figure 9). Statistically significant difference was observed in transfusion of 

PRBC intraoperatively, between the two groups. 

Table 10: Comparison of intraoperative allogeneic blood and blood component 

utilization in vascular surgical cases between autologous (ANH) and allogeneic 

transfusion groups 

 

       Allogeneic Units Group I (n=6) Group II 

(n=19) 

Z# p 

Mean SD Mean SD 

PRBC 1 0 2.3 0.9 3.02 0.002 

FFP 1 0 1.2 0.8 0.54 0.59 

PC (RDP) 0.2 0.4 1.6 2.1 1.55 0.12 

Cryoprecipitate 0 0 0 0 - - 
# Mann-Whitney U test 

 

 

Figure 9: Comparison of intraoperative allogeneic blood and blood component 

utilization in vascular surgical cases between autologous (ANH) and allogeneic 

transfusion groups 

 

Likewise, during the post-operative period, 6 (27.3%) out of 22 patients from the 

autologous group (Group I) were transfused with allogeneic blood/components. In Group 

II, 10 (52.6%) out of 19 patients received additional blood/components post-operatively. 
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There was no statistical significance between the two groups with respect to transfusion of 

any blood component. (Table 11, Figure 10) 

Table 11: Comparison of post-operative allogeneic blood and blood component 

requirement (no. of units) in vascular surgical cases between autologous (ANH) 

and allogeneic transfusion groups 

 

Allogeneic Units Group I (n=6) Group II (n=10) Z# p  
Mean SD Mean SD   

PRBC 1 0 1.3 0.5 0.92 0.35 

FFP 0 0 0 0 - - 

PC (RDP) 0.5 0.8 0.9 1 0.65 0.51 

Cryoprecipitate 0 0 0 0 - - 
# Mann-Whitney U test 

 

 

Figure 10: Comparison of post-operative allogeneic blood and blood component 

utilization in vascular surgical cases between autologous (ANH) and allogeneic 

transfusion groups 
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PRBC, FFP, RDP and Cryoprecipitate in all the four groups. (p < 0.01 for PRBC, FFP, 

RDP transfusions; p<0.05 for Cryoprecipitate transfusion) (Table 12, Figure 11) 

Table 12: Comparison of intraoperative allogeneic blood and blood component 

utilization in Thoraco-abdominal aortic aneurysm (TAAA) cases between autologous 

(ICS) and allogeneic transfusion groups 

  
   Allogeneic Units Group I (n=6 ) Group II (n=5 ) 

  

Mean SD Mean SD Z# p 

PRBC  3.5 2.1 5.8 1.3 3.06** 0.002 

FFP 2.5 2 3.4 0.9 3.12** 0.002 

PC (RDP) 4 2.3 4.2 1.3 2.96** 0.003 

Cryoprecipitate 0.8 1 1.2 1.1 2.53 * 0.012 

# Mann-Whitney U Test 

**Significant at 0.01 level, *Significant at 0.05 level 

 

 

 

Figure 11: Comparison of intraoperative allogeneic blood and blood component 

utilization in Thoraco-abdominal aortic aneurysm (TAAA) cases between 

autologous (ICS) and allogeneic transfusion groups 
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In the post-operative period, there was a statistically significant difference with respect to 

PRBC transfusion (Z=2.27 and p=0.023) between the two groups. (Table 13) 

Table 13: Comparison of post-operative allogeneic blood and blood components (no. 

of units) in Thoraco-abdominal aortic aneurysm (TAAA) cases between autologous 

(Group I) and allogeneic (Group II) transfusion groups 

  
Allogeneic Units  Group I (n=6 ) Group II (n=5 ) 

  

Mean SD Mean SD Z # p 

PRBC 1.5 0.8 1.2 0.8 2.27 * 0.023 

FFP 0.7 1 0 0 - - 

PC (RDP) 1 1.7 0.6 1.3 0.44 0.661 

Cryoprecipitate 0 0 0 0 - - 

# Mann-Whitney U Test 

*Significant at 0.05 level 

 

It was noted that the group which was transfused with autologous salvaged blood had more 

requirement of allogeneic blood and its products in the post-operative period. (Figure 12) 

 

Figure 12: Comparison of post-operative allogeneic blood and blood component 

utilization in Thoraco-abdominal aortic aneurysm (TAAA) cases between autologous 

(ICS) and allogeneic transfusion groups 
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Comparison of the effect of transfusion on hemoglobin, hematocrit, platelet 

count and INR between autologous and allogeneic groups 

We further did a comparison between patients receiving autologous and allogeneic 

transfusion based on their hemoglobin, hematocrit (HCT), platelet count and INR, as 

described below. 

1. Neurosurgery patients receiving autologous blood (collected by ANH) vs 

Allogeneic blood 

 

A t-test was performed between the two groups by grouping on the basis of Hb-value 

pre-operatively, on the day of the surgery (Day 0), one day after surgery (Day 1) and 

5th day of the surgery (Day 5). There was no significant difference between the two 

groups prior to surgery. Day 0, day 1 and day 5 indicated significant difference in the 

Hb values between two groups with t = 2.75 with p = 007, t =2.53 with p = 0.013 and 

t = 4.05 and p < 0.01 respectively. (Table 14, Figure 13) 

 

**: - Significant at 0.01 level, *: - Significant at 0.05 level; Day0 = on the day of surgery, Day1 = 

one day after surgery, Day5 = 5 days after surgery 

 

 

Table 14: Comparison of hemoglobin pre- and post-operatively in patients between 

autologous transfusion and allogeneic transfusion group for Neurosurgery 

 

Group I (ANH 

Autologous) Group II (Allogeneic) 

t p 
Mean Hb 

(g/dL) 
SD N 

Mean 

Hb 

(g/dL) 

SD N 

Pre-

operative 13.5 1.2 34 13.7 1.1 46 0.69 0.491 

Day0 10.6 1.0 34 11.3 1.2 46 2.75** 0.007 

Day1 10.4 1.1 34 11.2 1.4 46 2.53* 0.013 

Day5 10.3 1.2 34 11.4 1.3 46 4.05 p<0.01 
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Figure 13: Comparison of hemoglobin (g/dL) pre- and post-operatively in patients 

between autologous transfusion and allogeneic transfusion group for Neurosurgery 

 

Similarly, as done for hemoglobin, a similar analysis was applied to the hematocrit (HCT), 

platelet count and INR.  

Between group comparison for Group I (ANH autologous) and Group II (allogeneic), the 

hematocrit value did not show any difference for the pre-operative value but there was a 

significant difference in the hematocrit on the day of the surgery, 1 day after surgery and 

5 days post-surgery with p-values being p < 0.007, p < 0.014 and p < 0.01 respectively.    

(Table 15, Figure 14) 

Table 15: Comparison of hematocrit (HCT) pre- and post-operatively in patients 

between ANH autologous transfusion and allogeneic transfusion group in 

Neurosurgery 

 

 

Group I (Autologous) Group II (Allogeneic) 

t p 
Mean 

HCT 

(%) 

SD N 

Mean 

HCT 

(%) 

SD N 

Pre-

operative 40.6 3.7 34 41.1 3.2 46 0.69 0.491 

Day0 31.9 3.0 34 34.0 3.7 46 2.75** 0.007 

Day1 31.3 3.4 34 33.6 4.3 46 2.52* 0.014 

Day5 30.9 3.5 34 34.2 3.8 46 4.04 p<0.01 

**Significant at 0.01 level, *Significant at 0.05 level; Day0 = on the day of surgery,  Day1 = one 

day after surgery, Day5 = 5 days after surgery 
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Figure 14: Comparison of hematocrit (%) pre- and post-operatively in patients 

between ANH autologous transfusion and allogeneic transfusion group in 

Neurosurgery 

 

With regard to the platelet count, it was noted that there was no significant difference in 

the pre-operative, day 1 post surgery and fifth day post-surgery values between the 

autologous and allogeneic group. The platelet counts on the day of the surgery showed 

significant difference with t = 2.28 with p = 0.025. (Table 16, Figure 15) 

Table 16: Comparison of Platelet count pre- and post-operatively in patients 

between autologous transfusion and allogeneic transfusion groups in 

Neurosurgery 

 

Group I (Autologous) Group II (Allogeneic) 

t p 
Mean 

Platelet 

count 
(lakhs/mm3) 

SD N 

Mean 

Platelet 

count 
(lakhs/mm3) 

SD N 

Pre-operative 3.1 0.7 34 2.8 0.9 46 1.29 0.199 

Day0 2.9 0.7 34 2.5 0.9 46 2.28* 0.025 

Day1 2.9 0.7 34 2.6 0.9 46 1.99 0.052 

Day5 3.0 0.7 34 2.8 0.9 46 1.1 0.275 

*Significant at 0.05 level; Day0 = on the day of surgery, Day1 = one day after surgery,             

Day5 = 5 days after surgery 
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Figure 15: Comparison of Platelet count (lahks/cumm) pre- and post-operatively in 

patients between autologous transfusion and allogeneic transfusion groups in 

Neurosurgery 

 

Likewise, regarding INR value, there was a significant difference between the ANH 

autologous and allogeneic group only on Day 1 with t = 2.11 and p = 0.038. There was no 

significant difference in the other days when compared.  (Table 17, Figure 16) 

Table 17:  Comparison of INR pre- and post-operatively in patients between 

autologous transfusion and allogeneic transfusion group in Neurosurgery 

 

 
Group I (Autologous) Group II (Allogeneic) 

t p 
Mean SD N Mean SD N 

Pre-

operative 1.04 0.07 34 1.06 0.06 46 1.33 0.189 

Day0 1.06 0.08 34 1.04 0.05 46 1.1 0.275 

Day1 1.06 0.06 34 1.03 0.05 46 2.11* 0.038 

Day5 1.07 0.08 34 1.06 0.05 46 1.21 0.228 

* Significant at 0.05 level; Day0= on the day of surgery, Day1= one day after surgery, Day5= 5 

days after surgery 

 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Pre OP Day0 Day1 Day5

M
e

an
 V

al
u

e

Autologous Allogeneic



 

  
Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 53 
 

 

Figure 16: Comparison of INR pre- and post-operatively in patients between 

autologous transfusion and allogeneic transfusion group in Neurosurgery 

 

 

2. Neurosurgery patients receiving pre-deposit autologous blood 

The mean hemoglobin, hematocrit, platelet count and INR was calculated for the pre-

operative, Day 0, 1 and 5 for the group which received autologous blood collected by 

PAD. (Table 23) Comparison with allogeneic group was not done as a matching group 

was not present. 

Table 18: Mean pre- and post-operative Hemoglobin, hematocrit, platelet count 

and INR in group which underwent autologous transfusion of pre-deposited blood 

 

Transfusion Hemoglobin 

(g/dL) 

Hematocrit 

(%) 

Platelet count 

(lakhs/mm3) 

INR 

 

 

Pre-deposit 

Autologous 

 

 Mean SD Mean SD Mean SD Mean SD 

Pre-op 12.8 0.71 38.5 2.1 2.7 0.7 1.05 0.07 

Day 0 11 1.3 33.1 4 2.7 0.7 1.06 0.05 

Day 1 10.7 1.8 32.1 5.3 2.7 0.7 1.06 0.05 

Day 5 11 1.3 33 4 2.7 0.8 1.06 0.02 

Day0 = on the day of surgery, Day1 = one day after surgery, Day5 = 5 days after surgery 
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3. Vascular surgery patients receiving autologous blood (collected by ANH) vs 

Allogeneic blood [Thoraco-abdominal aortic aneurysm cases excluded] 

 

When a group comparison between patients receiving ANH autologous transfusion 

and allogeneic transfusion among the vascular surgery patients was deduced, there 

was no statistically significant difference in the pre-operative hemoglobin. The Hb 

value on the day of the surgery (Day 0), Day 1 and Day 5 showed significant group 

difference. (Table 19, Figure 17) 

Table 19:  Comparison of hemoglobin pre- and post-operatively in patients between 

ANH autologous transfusion and allogeneic transfusion group in Vascular surgery 

 

Group I (Autologous) Group II (Allogeneic) 

t p Mean Hb 

(g/dL) 
SD N 

Mean Hb 

(g/dL) 
SD N 

Pre-

operative 13.8 0.9 22 13.8 1.1 19 0.24 0.815 

Day0 10.3 0.9 22 10.9 0.6 19 2.24* 0.031 

Day1 9.3 1.2 22 10.6 0.8 19 3.92 <0.01 

Day5 8.7 1.6 22 10.2 1.2 19 3.32** 0.002 

**: - Significant at 0.01 level, *: - Significant at 0.05 level; Day0 = on the day of surgery, Day1 = 

one day after surgery, Day5 = 5 days after surgery 

 

 

Figure 17: Comparison of hemoglobin (g/dL) pre- and post-operatively in patients 

between ANH autologous transfusion and allogeneic transfusion group in Vascular 

surgery 
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A group comparison was performed to understand the difference in the hematocrit between 

the ANH autologous and allogeneic groups. It was noted that there was no significant 

difference in the pre-operative value.  A difference was noted on the day of the surgery 

(Day 0) with t = 2.24, p = 0.031, one day after the surgery (Day 1) with t=3.92 and                   

p < 0.01 and the fifth day post-surgery (Day 5) with t = 3.32 and p = 0.002. (Table 20, 

Figure 18) 

Table 20: Comparison of hematocrit pre- and post-operatively in patients between 

ANH autologous transfusion and allogeneic transfusion group in Vascular surgery 

 

 

Group I (Autologous) Group II (Allogeneic) 

t p 
Mean 

HCT 

(%) 

SD N 

Mean 

HCT 

(%) 

SD N 

 Pre-

operative 41.3 2.7 22 41.5 3.3 19 0.24 0.815 

Day0 30.8 2.8 22 32.6 1.9 19 2.24* 0.031 

Day1 28.0 3.5 22 31.8 2.4 19 3.92 p<0.01 

Day5 26.1 4.9 22 30.7 3.7 19 3.32** 0.002 

**: - Significant at 0.01 level, *: - Significant at 0.05 level; Day0 = on the day of surgery, Day1 = 

one day after surgery, Day5 = 5 days after surgery 

 

 

Figure 18: Comparison of hematocrit (%) pre- and post-operatively in patients 

between ANH autologous transfusion and allogeneic transfusion group in Vascular 

surgery 
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A comparative analysis between the two groups on platelet counts pre-operatively, on the 

day of surgery (Day 0), one day after surgery (Day 1) and five days post-operatively (Day 

5) represented that there was no statistically significant difference (p>0.05). (Table 21, 

Figure 19) 

Table 21: Comparison of platelet counts pre- and post-operatively in patients 

between ANH autologous transfusion and allogeneic transfusion group in 

Vascular surgery 

 

 
Group I (Autologous) Group II (Allogeneic) 

t p Mean 

(lakhs/mm3) 
SD N 

Mean 

(lakhs/mm3) 
SD N 

Pre-

operative 2.4 0.7 22 2.8 0.8 19 1.64 0.109 

Day 0 2.2 0.8 22 2.5 0.8 19 1.14 0.260 

Day 1 2.2 0.8 22 2.5 0.8 19 1.26 0.216 

Day 5 2.1 0.8 22 2.6 0.8 19 2 0.053 

Day0 = on the day of surgery, Day1 = one day after surgery, Day5 = 5 days after surgery 

 

 

 

Figure 19: Comparison of platelet counts (lakhs/cumm) pre- and post-operatively in 

patients between ANH autologous transfusion and allogeneic transfusion group in 

Vascular surgery 
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Statistically significant difference in the INR between the ANH autologous transfusion 

group and the allogeneic transfusion group was seen in day 5 post surgery (p = 0.021). 

There was no statistical difference with respect to the pre-operative, Day 0 and 1 value     

(p > 0.05).  (Table 22, Figure 20) 

Table 22: Comparison of INR pre- and post-operatively in patients between ANH 

autologous transfusion and allogeneic transfusion group in Vascular surgery 

 

 
Group I (Autologous) Group II (Allogeneic) 

t 

p 

Mean 

INR 
SD N 

Mean 

INR 
SD N 

 

Pre-

operative 1.09 0.06 22 1.06 0.06 19 1.56   0.127 

Day0 1.06 0.07 22 1.05 0.05 19 0.55   0.584 

Day1 1.05 0.07 22 1.06 0.05 19 0.66   0.515 

Day5 1.03 0.05 22 1.06 0.05 19 2.41*  0.021 

*Significant at 0.05 level; Day0= on the day of surgery, Day1= one day after surgery,                    

Day5 = 5 days after surgery 

 

 

Figure 20: Comparison of INR pre- and post-operatively in patients between ANH 

autologous transfusion and allogeneic transfusion group in Vascular surgery 
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4. Vascular surgical Thoraco-abdominal aortic aneurysm (TAAA) patients who 

underwent autologous transfusion (intra-operative cell salvage-ICS) vs 

allogeneic transfusion  

A comparison for TAAA patients was also made between those patients who received 

autologous (intra operative cell salvage -ICS) and allogeneic blood transfusion. The 

Hb value on post-operative day 5 alone was found to be significantly different 

(p=0.012). (Table 23, Figure 21) 

Table 23:  Comparison of Hemoglobin pre- and post-operatively between patients 

who received intra-operatively salvaged autologous transfusion vs allogeneic 

transfusion  

 

 

Group I (Autologous-

ICS) Group II (Allogeneic) 
t p 

Mean 

Hb(g/dL) 
SD N 

Mean 

Hb(g/dL) 
SD N 

Pre-

operative 12.7 0.8 6 13.7 0.9 5 1.98 0.079 

Day0 9.3 0.6 6 9.2 0.4 5 0.08 0.936 

Day1 8.7 0.9 6 8.2 1.0 5 0.92 0.381 

Day5 8.1 0.9 6 9.5 0.4 5 3.14* 0.012 

*Significant at 0.05 level; Day0 = on the day of surgery, Day1 = one day after surgery, Day5 = 5 

days after surgery 

 

 

Figure 21: Comparison of Hemoglobin pre- and post-operatively between patients 

who received intra-operatively salvaged autologous transfusion vs allogeneic 

transfusion 

 

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

Pre OP Day0 Day1 Day5

M
e

an
 V

al
u

e

Autologous Allogeneic



 

  
Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 59 
 

Likewise, a comparison of hematocrit pre-operatively, on the day after surgery (Day 0), 

one (Day 1) and five (Day 5) days following surgery represented that there was a 

statistically significant difference between the group receiving intra-operatively salvaged 

blood and that receiving allogeneic blood on Day 5 post-operatively (p=0.012). (Table 24, 

Figure 22) 

Table 24: Comparison of Hematocrit pre- and post-operatively between patients who 

received intra-operatively salvaged autologous transfusion vs allogeneic transfusion 

 

 

Group I (Autologous-ICS) Group II (Allogeneic) 

t p Mean 

HCT 

(%) 

SD N 

Mean 

HCT 

(%) 

SD N 

Pre- 

operative 38.1 2.3 6 41.0 2.6 5 1.98 0.079 

Day0 27.8 1.9 6 27.7 1.2 5 0.08 0.936 

Day1 26.2 2.6 6 24.7 3.0 5 0.92 0.381 

Day5 24.4 2.8 6 28.6 1.1 5 3.14* 0.012 

*Significant at 0.05 level; Day0 = on the day of surgery, Day1 = one day after surgery, Day5 = 5 

days after surgery 

 

 

Figure 22: Comparison of Hematocrit pre- and post-operatively between patients 

who received intra-operatively salvaged autologous transfusion vs allogeneic 

transfusion 
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There was no statistically significant difference in the platelet count with respect to the 

pre-operative, Day 0, 1 and 5 values between the autologous and allogeneic transfusion 

groups. (Table 25, Figure 23) 

Table 25: Comparison of platelet counts pre- and post-operatively between 

patients who received intra-operatively salvaged autologous transfusion vs 

allogeneic transfusion 

 

 

Group I (Autologous-

ICS) Group II (Allogeneic) t 
p 

Mean 
(lakhs/mm3) 

SD N Mean 
(lakhs/mm3) 

SD N  

Pre-

operative 2.0 0.4 6 2.9 0.7 5 1.78 0.065 

Day0 1.7 0.5 6 2.2 0.7 5 1.12 0.292 

Day1 1.6 0.5 6 2.0 0.7 5 1.12 0.293 

Day5 1.5 0.5 6 2.0 0.6 5 1.49 0.170 
Day0 = on the day of surgery, Day1 = one day after surgery, Day5 = 5 days after surgery 

 

 

Figure 23: Comparison of platelet counts pre- and post-operatively between patients 

who received intra-operatively salvaged autologous transfusion vs allogeneic 

transfusion 
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Comparison of INR pre-operatively, on the day after surgery (Day 0), one (Day 1) and five 

(Day 5) days following surgery depicted that there was no statistically significant 

difference between the groups receiving intra-operatively salvaged blood and that 

receiving allogeneic blood on Day 0, 1 and 5 post-operatively. (Table 26, Figure 24) 

 

Table 26: Comparison of INR pre- and post-operatively between patients who 

received intra-operatively salvaged autologous transfusion vs allogeneic 

transfusion 

 

Group I (Autologous-

ICS) 

Group II 

(Allogeneic) 
t p 

Mean 

INR 
SD N 

Mean 

INR 
SD N 

Pre-

operative 1.08 0.10 6 1.06 0.05 5 0.47 0.649 

Day0 1.28 0.08 6 1.28 0.08 5 0.07 0.946 

Day1 1.28 0.08 6 1.26 0.05 5 0.58 0.579 

Day5 1.25 0.10 6 1.26 0.05 5 0.19 0.852 

Day0 = on the day of surgery, Day1 = one day after surgery, Day5 = 5 days after surgery 

 

 

 

Figure 24: Comparison of INR pre- and post-operatively between patients who 

received intra-operatively salvaged autologous transfusion vs allogeneic transfusion 
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Effect on Blood Loss 

Further, analysis was performed to compare blood loss between patients in the two groups. 

It was found that there was no statistically significant difference in blood loss in 

neurosurgical or vascular surgical patients. (Table 27, Figure 25) 

Table 27: Comparison of blood loss (in mL) between patients in the two groups 

Surgery 
Group I Group II 

t p 
Mean SD N Mean SD N 

Neurosurgery 1104.4 367.7 43 1242.6 377.7 46 1.92 0.059 

Vascular surgery 

(excluding TAAA) 1344.5 479.8 22 1555.8 442.8 19 1.46 0.153 

Vascular surgery      

→ TAAA  2713 677.34 6 2860.0 322.88 5 0.44 0.669 

    TAAA = Thoraco-abdominal aortic aneurysm 

 

Figure 25 illustrates a slightly higher blood loss in the group which underwent 

conventional allogeneic blood transfusion practice (Group II) compared to the group 

which received autologous transfusion (Group I). 

 

 

Figure 25: Comparison of blood loss (in mL) between patients in the two groups 
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Post-operative Outcomes 

Post-operative outcomes like duration of ICU stay, re-exploration due to bleeding, hours 

of mechanical ventilation from the time of intubation and post-operative infections upto 5 

days post- surgery were compared between the group receiving autologous blood (Group 

I) and that receiving allogeneic blood (Group II). (Tables 28, 29)  

 

Table 28: Post-operative outcomes for Neurosurgical patients who received 

autologous blood vs allogeneic transfusion 

   
Group I (n= 43) Group II 

(n=46) 

p 

ICU duration of stay (days) 2.9 ± 0.7 2.7 ± 0.9 0.246 

# 

Re-exploration for Bleeding N(%) 0 1 (2.2) - 

Mechanical ventilation (hours) 8.3 ± 2.6 8.4 ± 2.6 0.875# 

Post-operative infection** N (%) 1 (2.3) 3 (6.5) 0.220 

$ 

ICU = Intensive care unit; ** Upto 5 days post-operatively;   
 # Mann-Whitney U Test, $ Fisher's Exact Test 

 

 

 

 

Table 29: Post-operative outcomes for vascular surgical patients who received 

ANH autologous blood vs allogeneic transfusion 

   
Group I (n= 22) Group II (n=19) p 

ICU duration of stay (days) 2.7 ± 0.8 2.8 ± 1 0.989 # 

Re-exploration for Bleeding 

N(%) 

1 (4.5) 2 (10.5) 0.430 $ 

Mechanical ventilation (hours) 9.8 ± 4.6 9.8 ± 3.7 0.869 # 

Post-operative infection** N 

(%) 

1 (4.5) 2 (10.5) 0.430 $ 

ICU = Intensive care unit; ** Upto 5 days post-operatively;   
 # Mann-Whitney U Test, $ Fisher's Exact Test 
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Statistically significant difference was observed in the TAAA patients between the two 

groups with respect to duration of ICU stay (p=0.002) and re-exploration due to bleeding 

(p=0.048). (Table 30) 

Table 30: Post-operative outcomes for vascular surgical patients who received 

intra-operatively salvaged autologous blood (TAAA cases) vs allogeneic 

transfusion 

   
Group I (n= 6) Group II (n=5) p 

ICU duration of stay (days) 2.7 ± 1.1 6.2 ± 0.8 0.002 # 

Re-exploration for Bleeding 

N(%) 

1 (16.7) 2 (40) 0.048 $ 

Mechanical ventilation (hours) 33.5 ± 10.4 39.6 ± 11.1 0.370 # 

Post-operative infection** N (%) 0 1 (20) 0.357 $ 

ICU = Intensive care unit; ** Upto 5 days post-operatively;   
 # Mann-Whitney U Test, $ Fisher's Exact Test 

 

 

Transfusion Reactions 

In Group I, transfusion reactions were observed in 2 patients – 1 patient with Febrile non-

hemolytic transfusion reaction (FNHTR) and another with a FNHTR with allergic 

transfusion reaction. Both these patients suffered the reaction after receiving additional 

allogeneic blood over the autologous transfusion. 

In Group II, transfusion reactions were observed in 3 patients – 1 neurosurgical patient 

had an allergic reaction, 2 patients who underwent vascular surgical procedures, 1 had 

Transfusion associated dyspnoea (TAD) and 1 suffered a FNHTR. 
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Effect on Blood Centre Inventory  

159 blood units were collected by autologous transfusion. (Table 31)  

Table 31: Autologous blood units collected 

    
No. of units 

Neurosurgery Pre-deposit 13 

ANH 59 

Vascular surgery ANH 40 

Intra-operative cell salvage (equivalent units) 47  
Total 159 

 

DISCARDS: 

2 PRBC (1.26%), 9 FFP and 2 RDP which were collected as pre-deposit were discarded. 

1 (0.62%) whole blood unit collected by ANH in a vascular surgical patient was also 

discarded. 

Hence, a total of 156 allogeneic red cell units were saved. 
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This was a randomized controlled trial that was carried out over a period of 15 months in 

141 patients who underwent various neurosurgical and vascular surgical procedures in our 

institute. The patients were allocated into two groups – Group I which received autologous 

transfusion and Group II which received conventional allogeneic transfusion as per 

institute protocols.  

In our study, the maximum number of autologous transfusions among the neurosurgical 

cases were employed in patients with meningioma. Likewise, Patil et al, in their study 

bring out that the maximum number, of neurosurgical cases that utilized autologous blood 

transfusion successfully, was that of meningioma. [66] This shows the feasibility of 

employing autologous transfusion, especially ANH, in meningioma cases. Similarly, 

among the vascular surgical cases, the maximum number was seen in infra-renal 

abdominal aortic aneurysm cases.  A study by Wolowczyk et al on the effects of ANH 

among aortic aneurysm cases reports that autologous transfusion was safe and successful 

in patients with infra-renal abdominal aortic aneurysm. [76]   

In our study, the effect of autologous blood collection was assessed by comparing the 

difference in hemodynamic parameters like heart rate and mean arteriolar pressure (MAP), 

and also the percentage saturation of oxygen (SPO2) pre- and post- blood collection. It was 

found that there was no significant difference in heart rate or SPO2 from the baseline values 

of the patients. However, despite showing a statistically significant difference in the MAP 

pre- and post- autologous blood collection in those patients who underwent ANH among 

the neurosurgical and vascular surgical patients, the MAP values remained within normal 

physiological limits. Likewise, Oppitz et al report that there was a significant difference 

in the MAP post autologous collection in neurosurgical patients following ANH, but just 

as seen in our study, the values were within the normal physiological range. [30] This depicts 

that PAD and ANH can be safely carried out without causing any hemodynamic instability 

under the supervision of trained blood centre and anesthesia personnel respectively. 

Studies carried out in India by Patil et al and Naqash et al also brought out that there was 

no statistically significant difference in mean arterial pressure and heart rate before and 

after autologous blood collection by ANH and hence is a safe procedure.[66,77]  

An exception was noted in 2 (2.8%) of our patients who underwent ANH (1 neurosurgical 

and 1 vascular surgical) in whom hypotension not responding to intravenous (IV) 

crystalloids or colloids was observed and vasopressors were initiated. Segal et al, in a 
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meta-analysis of 42 studies reported that only 0.85% experienced hypotension during acute 

hemodilution. [78] 

Regarding the requirement of additional allogeneic blood in the autologous transfusion 

group, it was found in our study that the majority (60.6%) received autologous transfusion 

alone. Similar reports have been put forward by Guo et al, Patil et al and Naqash et al. 

[35,66,77] In our study, only 20.9% of the neurosurgical patients and 27.3% of the vascular 

surgical patients who underwent ANH required additional intra-operative allogeneic blood 

component transfusion. Also, the number of intra-operative allogeneic units transfused by 

the neuro- and vascular surgical patients in the autologous group was lesser compared to 

those in the allogeneic transfusion group. A multicenter study by Goldberg et al also 

concludes that there was a significant association between ANH and reduced perioperative 

RBC transfusion in cardiac surgery. They also mention that the larger the volumes of 

ANH, the more profound the reduction in allogeneic blood transfusion. Their findings 

suggest that the volume of ANH could be an important feature of blood conservation 

strategy. [33]  

Contradictory to the intra-operative findings it was noted in our study that the post-

operative allogeneic transfusions were slightly higher among the neurosurgical patients 

who underwent ANH and PAD, and also TAAA patients who were transfused with intra-

operatively salvaged autologous blood. But, in the vascular surgical group which 

underwent ANH, the post-operative allogeneic blood component usage was also lower 

compared to their controls who received conventional allogeneic transfusion. But, Segal 

et al report in their meta-analysis that the risk of allogeneic transfusion was similar among 

patients receiving ANH and those receiving usual transfusion practices. [78]  

Among the neurosurgical patients, autologous transfusion was feasible in cases like intra-

cranial meningioma, schwannoma, arterio-venous malformations, and spinal surgeries. 

Multiple studies show successful autotransfusion in meningiomas, intra-cranial 

aneurysms, and spine surgeries, hence making them suitable for autologous transfusion. 

[30,66,77] It was noted in our study that clival chordoma, being locally invasive, was not ideal 

for autologous transfusion as there is a very high propensity for uncontrolled bleeding 

which in turn may require many units of additional allogeneic blood and blood products.[79] 

In our study, the patients in the allogeneic transfusion group who underwent clival 

chordoma excision also suffered rapid and increased blood loss. Chin et al report the 
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increased risk of internal carotid artery injury in endoscopic endonasal surgeries like that 

of clival chordoma excision which in turn can lead to increased blood loss and massive 

transfusion. [80] 

Among the patients from vascular surgery, it was noted in our study that ANH was feasible 

in infra-renal abdominal aortic aneurysms, thoracic mass lesions, carotid as well as 

subclavian artery aneurysm. Intra-operative requirement of allogeneic PRBC, FFP, and 

RDP was lesser in the group in which ANH and autologous transfusion were practiced. 

But, in the post-operative period, the requirement of additional allogeneic PRBC was noted 

to be slightly higher than the group which received conventional allogeneic transfusion, 

but was not statistically significant. Droz et al reported in their study that just as in our 

study, the intra-operative allogeneic transfusion requirement was reduced in patients who 

underwent ANH. But, contradictory to our study, they observed that there was a decrease 

in allogeneic blood transfusion in these patients during the post-operative period also. [81] 

The intraoperative allogeneic blood and blood product utilization in thoraco-abdominal 

aortic aneurysm (TAAA) cases showed that despite marked blood loss, the group which 

received intra-operatively salvaged blood required significantly lesser units of allogeneic 

blood and blood products. But, just as in the case with the group which underwent ANH, 

those aneurysm patients who received intra-operatively salvaged blood utilized more units 

of blood and blood products in the post-operative period. Alvarez et al also describe that 

cell salvage did not reduce the amount of peri-operative allogeneic transfusions in 

abdominal vascular surgeries. [69] A review article by Shantikumar et al which took into 

consideration 23 studies also found that cell salvage autotransfusion in abdominal aortic 

aneurysm surgery has significantly reduced the requirement of allogeneic blood 

transfusion in both elective cases as well as in ruptured aneurysms. [82] Torella et al suggest 

that a combination of ANH and ICS would suffice all the intra-operative blood necessity 

and may render crossmatching unnecessary, even in aortic aneurysm surgery. [83] 

We compared hematological parameters like hemoglobin, hematocrit, platelet count, and 

INR values between the autologous and allogeneic transfusion groups. Among the 

neurosurgical and vascular surgical patients who underwent ANH, there was a statistically 

significant decrease in post-operative hemoglobin and hematocrit values in both 

autologous and allogeneic transfusion groups. The autologous transfusion group had a 

lower mean Hb and HCT compared to the allogeneic group. A similar observation was 
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made by Oppitz et al among neurosurgical patients.[30] This could be due to the liberal use 

of allogeneic PRBCs in the latter group compared to the restrictive transfusion practice 

seen in the former group in order to minimize allogeneic transfusions. But, in our study, 

the mean post-operative values on the day of surgery, the first day, and the fifth day after 

surgery in both groups were within the normal physiological range. This finding is similar 

to that reported by Dai et al who mentions that hemoglobin and hematocrit levels were 

within the normal range before and after autologous blood donation, transfusion, and 

before discharge in patients undergoing elective cardiac surgery. [28] 

On analysis of the TAAA cases which underwent ICS and conventional allogeneic 

transfusion, the pre-and post- transfusion Hb and hematocrit values were comparable 

between the two groups in our study. It was also noted that in both the groups there was a 

significant decrease in the mean Hb and hematocrit values in the post-operative period 

when compared to the pre-operative values. Similarly, Cheriyan et al report in a meta-

analysis that there was a moderate drop in hemoglobin levels post-operatively in patients 

receiving salvaged blood compared to those who did not receive it. [84] This depicts that 

the use of ICS has no added advantage on the Hb and hematocrit levels of the patient. 

Contrary to our finding, Liu et al reported that no significant differences were noted in 

neither hemoglobin nor hematocrit levels in the post-operative period between the group 

which received salvaged autologous blood and the group which received a routine 

allogeneic transfusion. [85] 

Taking into consideration the platelet count and INR, it has been noted that despite having 

few statistically significant differences between the autologous and allogeneic groups 

among the neurosurgical and vascular surgical patients, all the values were within the 

normal range. Smith et al, in their study regarding coagulation test changes associated with 

ANH in cardiac surgery, found that the platelet counts, as well as PT/INR values, were 

within the normal range. [86] A similar report was made by Mladinov et al among thoracic 

aortic aneurysm patients.[87] Droz et al describe that in their study, that ANH in open aortic 

aneurysm repair had beneficial outcomes related to coagulation such as a rise in platelet 

count and a decrease of international normalized ratio (INR). [81] 

We also compared blood loss between the two groups and found that the mean volume of 

blood lost intra-operatively remained comparable in the group that received autologous 

blood as well as in those who received purely allogeneic transfusions. This finding is 
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consistent with a study by Oppitz et al who reported that intraoperative blood loss and 

operative time were comparable between neurosurgical patients who underwent 

autologous as well as allogeneic transfusions. [30] Guo et al, in their study, found that 

perioperative blood loss was not significantly different between groups that received 

autologous and allogeneic transfusion. [35] 

Various post-operative outcomes like duration of ICU stay, need for re-exploratory surgery 

due to post-operative bleeding, duration of mechanical ventilation, and rate of post-

operative infection were compared between the autologous and allogeneic transfusion 

groups. All these outcomes were comparable among the patients who underwent 

neurosurgical and vascular surgical procedures in whom ANH and PAD were carried out. 

A similar observation was made by Oppitz et al stating that the incidence and grade of 

complications and length of hospital stay were similar between groups that obtained 

autologous transfusion by ANH and their allogeneic controls. [30] An observation by Dai 

et al reported that the duration of ICU stay was significantly reduced in those patients who 

underwent autologous transfusion.[28] Wolowczyk et al, in their study, bring out that only 

18% of the patients in the ANH group had post-operative complications compared to 45% 

in the allogeneic transfusion group. [76] Another study by Droz et al illustrates that those 

patients who underwent ANH for open abdominal aneurysm repair had a shorter hospital 

stay compared to their controls who received allogeneic transfusion. [81] Mladinov et al in 

their study describe that peri-operative outcomes like mean ICU stay, duration of 

mechanical ventilation, re-operation for post-operative bleeding, and need for renal 

replacement therapy were comparable in those thoracic aortic aneurysm repair patients in 

whom ANH was performed vs. not performed. [87]  

Senarslan et al describe that similar in-hospital morbidity and mortality rates were noted 

in patients who utilized ICS as well as those patients who did not. [88] But, in our study, in 

the TAAA patients who utilized ICS it was shown that the mean ICU stay duration and 

requirement for re-exploration for post-operative bleeding were reduced significantly 

compared to those patients who received conventional allogeneic transfusion. A 16-year 

retrospective study with 2012 patients by Kiser et al comparing “low Cell Salvage” 

(salvaged units <40, and “high cell salvage” (salvaged units ≥40) portrays that there was 

an incremental risk of renal failure and 30-day mortality proportional to the number of 

salvaged cell units. [89]  
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In those patients who received autologous transfusion alone, there were no transfusion 

reactions reported. A similar observation was made by Dai et al where there were no 

adverse reactions during the autologous blood transfusion process in elective cardiac 

surgery patients.[28] The various transfusion reactions reported were FNHTR, allergic 

transfusion reaction, and TAD – all in patients who received allogeneic blood/ blood 

product transfusion. A meta-analysis by Segal et al also illustrates that there were no 

transfusion reactions in those patients who obtained autologous blood alone. In their study 

also, they encountered transfusion reactions in patients who required additional blood or 

blood products. [78] 

We discarded 1 whole blood unit collected by ANH from a patient with a thoracic mass 

lesion after his intra-operative frozen section biopsy revealed a high-grade spindle cell 

carcinoma. No other units collected by ANH were discarded. On the other hand, 2 PRBC, 

9 FFP, and 2 RDP units which were collected by PAD and separated were discarded. An 

Italian national survey reported by Catalano et al portrays that about 50% of the pre-

deposited autologous blood was discarded as they were not used. [90] A multi-center study 

by García-Erce et al also highlights the high discard rates (38%) of pre-deposit autologous 

blood in patients undergoing spinal surgery.[91] In our study also, the discards were of 

spinal surgery patients. Autologous blood discards can also cause an added financial 

burden to the patient.[92] Hence, it is ideal to employ PAD in patients with rare blood 

groups or those who have any alloantibodies in whom it is difficult to obtain allogeneic 

blood. [22] In our study, one case of meningioma had alloantibody anti-e, against e-antigen, 

a high prevalence antigen belonging to the Rh blood group system. We collected 2 units 

of autologous blood as PAD and proceeded with the surgery. The 2 autologous units were 

transfused. The patient did not require any additional allogeneic blood.  

The autologous blood transfusion programme made a marked impact on our blood 

inventory by helping us to save precious allogeneic blood to be used by patients who were 

not fit for autologous blood collection and transfusion. Moreover, this study was carried 

out during the global COVID-19 pandemic. Even amidst a dire acute shortage of blood 

donors, the autologous transfusion service catered to the needs of the patients and the 

postponement of surgeries due to the reason of “blood shortage” could be avoided in our 

institute. Hence, it was also proven that autologous blood transfusion can be safely carried 

out during an acute shortage of blood or during any pandemic situation.  
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SUMMARY 
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A randomized controlled trial was carried out among patients undergoing surgical 

procedures in neurosurgery and vascular surgery over a period of 15 months. Our main 

aim was to study the effects of autologous blood collection and transfusion among our 

study participants. 141 patients were categorized into Group I and II which comprised 

patients who received autologous and allogeneic transfusions respectively.   

We employed PAD, ANH and ICS as the autologous blood collection modalities. Pre-

deposited autologous blood was collected and stored in the blood centre. ANH was 

performed in the operating room and blood was kept there until transfusion. ICS was 

performed only in TAAA cases as they almost always experienced massive blood loss.   

We studied the effects of autologous blood collection in our study subjects and found that 

autologous blood collection is a safe procedure and can be carried out by trained personnel.  

Also, when we compared the requirement of allogeneic blood, it was also seen that the 

majority of the patients who underwent autologous transfusion did not require additional 

allogeneic blood. The mean requirement of allogeneic blood among those in the 

autologous transfusion group who required additional allogeneic blood was comparable or 

in some cases, even lesser than in the control group who received allogeneic transfusion 

alone. We observed that ICS played a great role in reducing allogeneic blood transfusions. 

We also studied the effect of autologous transfusion on Hb, hematocrit, platelet count and 

INR and found that all these parameters were within normal limits and not significantly 

different from the allogeneic transfusion group. 

On studying the post-operative outcomes like duration of ICU stay, need for re-exploratory 

surgery due to post-operative bleeding, duration of mechanical ventilation, and rate of 

post-operative infection, we observed that all these outcomes were comparable between 

the autologous and allogeneic transfusion groups among the patients who underwent 

neurosurgical and vascular surgical procedures in whom ANH and PAD were carried out. 

But, the TAAA patients who utilized ICS had a reduced mean ICU stay duration and 

requirement for re-exploration for post-operative bleeding compared to those patients who 

received conventional allogeneic transfusion alone. 

There were no transfusion reactions in those patients who were given autologous 

transfusion alone. 
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We observed that ANH is an ideal modality of auto-transfusion. It reduces the overall 

requirement of allogeneic blood components. PAD, on the other hand, requires keen 

planning and has more probability of blood discards which augments the economic burden. 

ICS can be advantageous in those patients expected to bleed massively by decreasing the 

intraoperative allogeneic blood transfusion. 

Autologous blood transfusion aids in preventing postponement of surgeries due to acute 

blood shortage or unavailability of crossmatch compatible blood, as in the case with rare 

blood groups or alloimmunization to red cell antigens. It also helps in maintaining Blood 

Centre inventory. 
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CONCLUSION 
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➢ Acute normovolemic hemodilution (ANH) and pre-deposit autologous donation 

(PAD) can be carried out safely without any significant hemodynamic changes in 

the donor-patient.  

➢ The requirement of allogeneic blood and blood components intra-operatively are 

much lesser in those patients who received autologous blood transfusion. Blood 

loss was comparable between patients undergoing autologous as well as allogeneic 

transfusions.  

➢ Hemoglobin, hematocrit levels and parameters of coagulation like platelet count 

and INR values were within the normal range before and after autologous blood 

donation and transfusion. 

➢ Duration of ICU stay, need for re-exploratory surgery due to post-operative 

bleeding, duration of mechanical ventilation and rate of post-operative infection 

were similar in both the autologous and allogeneic transfusion groups.  

➢ Autologous blood transfusion aided in saving Blood Centre inventory to a 

significant extent. 
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LIMITATIONS 
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1. Our institute does not have various surgical specialties like Orthopedics and 

Obstetrics & Gynecology, but is limited to Neurosurgery and Cardiothoracic and 

Vascular Surgery. Hence the study population was limited to these two specialties 

only. 

2. The study was carried out during a short period, that too amidst the COVID-19 

pandemic. Thus, the number of participants recruited for the study was less. 

3. We followed up with the patients only up to 5 days post-operatively, failing 

inability to assess the long-term effects. 

4. Even though we were able to strike a balance between the groups on known factors, 

we are unable to account for unmeasured confounders.  
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Appendix-1

1. Three types of autotogous transfusion: Acute normovoremic hemodilution (ANH)' tntra-operative cell

sarvage ano pre-JepoJit autotogor.'i*n.i;;i;. Fo, nuii] is--zornuxg wilt ba collett"d uft"t induction of

anaesthesi,,..'ir,irr G goo-1ooo*ii. o,i-70 *g prti"nt, wth siriurtanelus intusion of crystalloids'

FeasibilitY of ANH'

Answer: rn Acute normovoremic hemodirution (ANH) moda'ty, b]oo.d wirl be collected based on the

body weight, totj ;i;;,o1,*", lraemogton,t gol::1i,,t'.;, initial r,,ema1oc'it and expected final

haematocrit. rt wiii not be performed iy ex'ctusivetv taring inio'consioeration tlre patient's body weight

arone. N/roreover, the purpose of tnlJ ffi;;J lr' t" ori.n 
''i# 1;; 

-h;"*atocrit 
of the patient bv

withdrawing his/hei ntooo 
'ano inoucei"r"Jirrtion ny .i*l'tr^""rr int"ion of crystalloids or colloids'

This wi* cause rois of diluted brooJ during surgery rni"t"l.Jitl n"t otooo lois is minimized' The

oatients wi, atso have their o*n oioll'i[ ii. Jriginat ....""trrtion, wtricrr can be used instead of

a,ogeneic brood. so, to' exampre, ii , ,"o"irtet/uuitt,"ir'uiJ prii"nt ptanneo for ANH weighs 60 kgs

and has a haemogrobin concentrrtioi "irsgilL ".0 
tr"rri;il of' 4so/o, his brood volume will be

about 4200 mL (7bmL/kg). rr.'e uor-umJ ot-it.," brood ;J;;;;iri u" o"turmined bv the following

formula: V= EBV x (Ho-Hf) /Hav)

where V = Vorume of brood corected, r"gvlprr].".t, "ii*r#d 
blood vorume (7omr/kg), Ho= Patients

initiar Hematocrit, Hf = patient,, iil.,i-roesireo) Hu*rio.iit after hemodilution (30%)' and Hav =

nu"trg" of initial and final Hematocrit'

So, in this exampL, it *" want to bring down the haematocrit to 35%, the vorume of blood which can be

#y*:'.:,m 
j[::T],'31it::$1ru:;"iliiji#*? *,,, be considered as one unit or brood rn

this patient we can withdiaw up to^;;i;;i *r'or" orooi. i"; ;r;h unit of blood collected' the patient's

haemogrobin witidrop by 1g/d.f s",ir'ir,i, caie if g r"nr "ii6"o 
is cottecied, his haemoglobin level

will drop to rzgToi rno r.,"r*oilutio-n *,i"rr* trll:i;*' it'ti' is totally iafe for the patient as he will

he hemodynamicary stabirized with the simurtaneou, inJusion with crystalroids/corloids'

The blood ross wi* be rerativery ress during surgery ano-g units of hil o*n orooo is readily available for

transfusion when need arises H"".-lXrrrri ,, ,i"irini" ,"oriity and is practiced worldwide'

2. For Vascurar surgery patients: lntra-operative ce, salvage ugino !,9' :a)/er 
will also be used (i) ts this

method arready being used in som; ;ith; prtients..in ii"'e"rnstituie? rf no, is ttre equipment available and

are the staff experieiced in the iil;il;J, (ii) what wi, be the approximate cost of disposables per

patient? How wiil it be charged?

Answer: yes, this modarity is curren,y being.used at reast more than twice a month in the department

of crVS, mainry forVascurar *rg;ry.rses-in wrricir'*rrrir"'ii..J torslr anticipated' e'g' cases of

aortic aneurysm surseries. *rt"r'?J";;;;d il; b; th; institute 'ni ,'t" 
patient will be charsed

tiTx#ls[E^''"'$#ip:'::nl'';"" *' l'*"0;#":'T,,fi"].':J:' 
*'can correct 5 to 7 units or

brood at reast, irrereoy making. the charge, .o*pJr"rni" riitt 
-an 

aooeo advantage that the patient

receives his/her own olooo ,no ir'iru" iro,i .nv ,ouui." 
"itect 

of atogeneic transfusion']

3. For Acute normovoremic hemodirution, what is^the reason for performing autotransfusion in the reverse

r 
rffi:?l iit*:f;1;i|,:llffiJ'::,'Jfi"3,tlt':'praterets 

and other crottins factors t:^9 
1: j"crease rn

order to provide the most active LrooJ'.orponents i. *-.'" patient, it wouri be best to transfuse the last

corected unit first which r,r. *oi" uiauie piatetet, ,,io'rtitin! tactors ttran the first collected unit This

ensures better haemostasi, ,ni f'rt t"n"ii"irt effect on the patient'
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4 Group ll: The hemoglobin values will be measured again after blood drainage, hemodilution, at
maximum surgicdl blood loss and after re-transfusion Group l: hemoglobin will be measured at
maximum surgical blood loss and after transfusion of allogeneic blood ls it feasible to measure
hemoglobin at maximum surgical blood loss. ls haemoglobin normally measured multipte times during
surgery?

Answer: Yes, it is feasible to measure haemoglobin multiple times and it is normally measured like
that. All these patients have central venous and arterial accesses established by the anaesthetists.
They routinely perform Arterial Blood Gas (ABG) analysis multiple times during the surgery, from which
haemoglobin levels can be assessed, on which the red cell transfusions are baled on. 

-

5. Brief review of status of research and development in the subject The international, national and current
status and Expertise available have to be indicated.

Answer:
lnternational
ln a quasi-experimental trial by Yang et al in China in 2017, they came to the conclusion that patients
undergoing excision of intracranial meningioma, ANH is an effective procedure to reduce the need for
allogeneic transfusions. (lMedicin e. 2017 Sept; 96(3g): gO93-809S)

J.l Spark et al, in the study conducted in UK titted "Allogeneic versus autologous blood during
abdominal aortic aneurysm surgery" concluded that cell salvage autologous blood can safety replace,
or at least decrease, exposure to homologous blood transfusion, with a reduction in the mean hospital
stay. (Euro J Vasc Endovasc Surg. 1997 Dec; 14(6).482-496)

National
H. Patil et al, in "Clinical Experience of Autologous Blood Transfusion in Neurosurgery: prospective
Study in Central lndia" brought out that autologous blood transfusion is a safe, effectivl, ind affordable
method of blood transfusion in patients undergoing. intracranial surgery. Complications associated with
homologous blood transfusion can be avoided with autologous blood transfusion. (World Neurosurg.
20'18 Jul; 115: 539-543)

ln the 2000, preoperative autologous donation and Acute normovolemic haemodilution were found to
be very safe, viable and practicable alternatives to allogenic transfusion by YV lMachave. (fVed J Armed
Forces lndia. 2000 Apr; 56(2). 93-94)
Sankalp ndia foundation, based in Bangalore is providing oppodunities for autologous blood
donatio n/transfusion htt ndia.n US ion

The National Blood Transfusion Council of lndia (NBTC) under the lVoHFW, Gol also advocates the
importance of Autologous blood transfusion and has put forward guidelines regarding patient selection
and the procedure to be carried out. (Standards for Blood Banks & Blood Transfusion Services. NACO.
2007',93-96)

lmportance of the Proposed Project in the context of current status:
There is a huge shortage of voluntarily donated blood as compared to the requirement. COVID- 1g has
also made an additional impact on the already existing blood shortage. So, if ihose patients who will be
able to accept autologous transfusions can go about with it with lLsser or no allogeneic transfusion
requirement, the existing allogeneic blood available in the Blood Centre can be eaiily used by those
patients who do not fit into the criteria for autologous blood transfusion
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Expertise available 
<istence in our instrtute as a part of the patient

The autologous blood transfusion programme was ln e)

blood management practice. of late, i-here has been a decline in this practice. with this thesis project

we are trying to revive the practice.

1. pre-deposit autologous donation will be carried out in the blood bank or ward as per patient

willingness. The bl6od collection procedure is exactly the same as how it is being done on blood

donors and the staff are experts in phlebotomy. Stock will be maintained in the blood bank'

2. ANH will be carried out only in the presence of Anaesthesiology experts and hence all the

hemodynamic parameters will be monitored and stabilized as and when required' [/loreover'

Autologous transfusion is a parl of curriculum on blood conservation and patient blood management

and hence they have expertise in the procedure

3. lntraoperative Cell Salvage is already being done on vascular surgery patients who undergo

massive blood loss. The [erfusionists in our operating rooms are well trained to operate the cell

Saver.

6. Which are the surgeries that have >2oo/o loos of blood? There is sufficient literature on this. Should a

prospective study,lf,rt too high risk, be done? The investigator may be called for a presentation

Answer: 20% ofthe estimated blood volume of a 60kg person would come around 840mL' This loss is

not unusual in our surgical departments as we carry out a good number of major surgeries. Hence this

is not of any high risk. fi/loreover, autologous blood'transfuiion is belng practiced worldwide, especially

in those patientl who do not consent for allogeneic blood transfusion'

lnvestigator is ready to give a presentation before the members of the TAC at any date of their

convenience.
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Department of Transfusion Medicine  
SCTIMST, Thiruvananthapuram  
 
Dear Dr.Angel Mary Sam,  
 
Thank you for submitting documents related to your proposal titled “AUTOLOGOUS VERSUS 
ALLOGENEIC BLOOD TRANSFUSION: A COMPARATIVE STUDY OF THE PERI -OPERATIVE 
OUTCOMES IN A TERTIARY CARE HOSPITAL IN SOUTH INDIA (IEC/1591)” to the IEC for review. 
 
 
The following documents were reviewed: 
 

 
1. Covering letter addressed to Chairman, IEC, SCTIMST  

dated 27.08.2020   
2. Check list (No check list attached) 
3. TAC Approval with Comments and responses 
4. Singed  IEC Application Form 
5. Project Proposal  
6. Proforma 
7. Project Proposal 
8. Signed CV of PI, Dr. Angel Mary Sam  with TCMC 

Registration number 
9.  Signed CV of Dr.Debasish Gupta  with WBMC Number 
10. Signed  CV of Dr. Manikandan  with TCMC Number  

11. Signed  CV of Dr. Krishnakumar with TCMC Number  
12. .Signed  CV of DrPrasanta Kumar Dash  with TCMC 

Number  
13. .Signed  CV of Dr. Viviek Pillai  with TCMC Number  
14. .Signed  CV of Dr. Amita  with TCMC Number  
15. Information Sheet in English 
16. Information Sheet in Malayalam 
17. Informed Consent Form in English 
18. Informed Consent Form in Malayalam 
19. Declaration Form 
20. DSMB Members list with signature 
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The following members of the Students Sub-Committee of the Institutional Ethics Committee 
participated in the discussions held between August 23-October 29, 2020 at the offices and 
residences of the members 

 

SL. 
No. 

Member Name Highest Degree Gender Scientific /Non Scientific Affiliation with 
Institution(s) 

1. Dr. R V G Menon M Tech, PhD Male Lay Person 
(Chairman) 

No 

2. Dr. Harikrishnan S MD, DM (Cardiology) 
DNB (Cardiology) 

Male Clinician Yes 
 

3. Dr. Kala Kesavan. P MBBS, MD Female Basic Medical Scientist No 
 

4. Smt. Sathi Nair MA (English Literature) Female Lay Person No 
 

5. Dr. Rema M. N MD Female Basic Medical Scientist No 
 

6. Dr. Christina George MD Psychiatry Female Clinician No 
 

7. Dr. Mala Ramanathan PhD  Female Social Scientist 
 (Member Secretary) 

Yes 

 
IEC Decision 
The IEC approved the conduct of the study in the present form. 

 

Remarks: 
The Institutional Ethics Committee expects to be informed about the progress of the study, any SAE 
occurring in the course of the study, any changes in the protocol and patient information/informed consent 
and asks to be provided a copy of the final report. 

 
There was no member of the study team who participated in voting / decision making process.  The ethics 
committee is organized and operated according to the requirements of Good Clinical Practice and the 
requirements of the Indian Council of Medical Research (ICMR).  

 
Sincerely, 

 

  
Mala Ramanathan  

Member Secretary, IEC 
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PROFORMA  

Autologous Versus Allogeneic Blood Transfusion: A Comparative Study Of 

The Peri-Operative Outcomes In A Tertiary Care Hospital In South India 

 

1. Patient Details: 

Group I  Group II  

Age   Gender  

Weight   Blood Group  

Diagnosis/ 

Procedure  

 

Date of surgery  

 

The proforma is divided into Part A, Part B and Part C which consists of the pre-operative, intraoperative and 

post-operative data respectively. 

PART A ( Pre-Operative Data) 

A.1 Investigations 

 

DATE       

Hb   LFT   

TC   ALP   

DC   SGOT/ SGPT   

Platelet   LDH   

Hematocrit   Total protein   

ESR   S. Albumin   

FBS   S. Globulin   

PPBS   A/G ratio   

HbA1C   S. Bilirubin 

Total/ Direct 
  

RFT   Coagulation 

Profile 
  

S. Creatinine   PT   

S. Urea   INR   

Sl. No. 
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Na+   APTT   

K+   Lipid Profile   

Cl-   Tot. Chol.   

Ca2+   TG   

Phosphorous   HDL   

Ammonia   LDL   

   VLDL   

   ABG   

 

 

A.2. Total Blood Volume = 

 

A.3. Total body surface area = 

 

A.4. Total Plasma Volume = 

 

 

 

 

SEROLOGY  

• HIV  

• HBsAg  

• HCV  

• VDRL  

Culture & Sensitivity  

• Blood  

 

 

• Urine  



 

Page | 3  

 

A.5.  Planned modality of blood transfusion:  

• Autologous    [  ] 

 

i. Pre-deposit 

ii. Acute Normovolemic Hemodilution 

iii. Intraoperative cell salvage 

 

• Allogenic         [  ] 

 

A.5.a. If Pre- deposit autologous donation being done, 

      1st Collection  (      /       /20   )         2nd Collection   (     /      /20   ) 

   Before donation   After donation   Before donation   After donation 

Heart Rate     

Blood Pressure     

Mean Arteriolar 

Pressure 

    

Respiratory Rate     

SPO2     

Temperature     

 

  

Reactions, if any, during/after donation: ……………………………………………………. 

 

A.5.b. Volume of Blood collected as pre-deposit= ……………………. 

 

A.5.c. No. of blood units collected = …………………………. 
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PART-B (Intraoperative Data) 

 

B.1.  If Acute Normovolemic Hemodilution (ANH) is performed, 

      1st unit Collection           2nd unit Collection    

   Before collection    After collection    Before collection   After collection 

Heart Rate     

Blood Pressure     

Mean Arteriolar 

Pressure 

    

Hb     

SPO2     

Volume infused     

 

 

Reactions, if any, during/after blood collection: ……………………………………………… 

…………………………………………………………………………………………………. 

 

B.2. Temperature 

Pre-Operative Intraoperative Postoperative 

   

 

 

B.3. Volume of blood lost = ……………………. 

 

B.4. Urine Output = …………………….. 

 

B.5. Fluid infusion volume= …………………………… 
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B.6. Modality of Blood Transfusion (Encircle the appropriate) 

 

        Allogenic Blood 

 

 

 

 

 

a) No. of Units used: 

 

 

 

 

b)  Volume used: 

                                 

                                       Autologous Blood 

 

 

 

a) Units collected 

Pre-deposit   

      ANH* 

Intra-operative 

cell salvage 

 

    NA 

  

b) Volume 

collected (mL) 

 

    NA 

  

c) Units Used    

d) Volume used 

(mL) 

   

*Acute Normovolemic Hemodilution 

 

B.7. Operative time = ……………… 

 

B.8.  No. of Blood units saved in Blood Bank Inventory (if autologous   transfusion    

practiced) = ……………. 

 

B.9. No. of autologous blood units discarded= ……………………… 
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PART-C (Postoperative Data) 

C.1 Investigations 

DATE          

Hb         

TC         

DC         

Platelet         

Hematocrit         

ESR         

FBS         

PPBS         

HbA1C         

RFT         

S. Creatinine         

S. Urea         

Na+         

K+         

Cl-         

Ca2+         

Phosphorous         

Ammonia         

LFT         

ALP         

SGOT/ SGPT         

LDH         

Total protein         

S. Albumin         

S. Globulin         

A/G ratio         
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S. Bilirubin 

Total/ Direct 
        

Coagulation 

Profile 
        

PT         

INR         

APTT         

Lipid Profile         

Tot. 

Cholesterol 
        

TG         

HDL         

LDL         

VLDL         

ABG         

 

 

Culture & Sensitivity  

• Blood  

 

 

• Urine  

 

 

C.2. Total no. of days in ICU =………………  

C.3. Infections post-operatively within 5 days………… 

C.4. Hours of Mechanical ventilation ……………… 

C.5. Re-exploration due to bleeding …………………….. 
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Sree Chitra Tirunal Institute For Medical Sciences And Technology,         

Thiruvananthapuram -11 

                        Department Of Transfusion Medicine 

                                          INFORMATION SHEET 

 

Title of the study:  

Autologous Versus Allogeneic Blood Transfusion: A Comparative Study Of The Peri-Operative Outcomes 

In A Tertiary Care Hospital In South India 
 

1. What is this study about? 

Patients who undergo surgery may require blood transfusion to compensate for the excess blood loss. The 

blood for transfusion may be obtained either from the blood bank which is collected from voluntary blood 

donors (allogeneic blood) or on fulfilling certain eligibility criteria your own blood (autologous blood) 

may be used. 

In this study we plan to compare the peri-operative outcomes of the patients who receive solely autologous 

blood versus those who receive allogenic blood. 

Once you consent to be a part of this study, you will be randomly allocated to either of the two groups for 

blood transfusion, the details of which are given below. 

We hope to include in this study about 140 patients undergoing surgery and receiving transfusion in this 

hospital. 

 

2. What are the advantages and disadvantages of autologous blood transfusion? 

When your own blood is transfused back to you there is least chances of acquiring transfusion transmitted 

infections (like HIV, Hepatitis B and C, Malaria and Syphilis) and development of allergic reactions. 

Studies have also shown that the post- operative infections and hospital stay is considerably reduced when 

your own blood is used for transfusion. In patients who have rare blood groups or antibodies it becomes 

difficult to find compatible blood units in the blood bank. Autologous blood donation solves that problem. 

The disadvantages are that not all patients will satisfy the eligibility criteria for donation of autologous 

blood. Also, it requires a proper planning well ahead of the surgery and hence cannot be practiced for 

emergency surgeries. Allogeneic blood might be required in addition to your own blood if there is 

unanticipated blood loss. Iron supplementation may be required in some patients to maintain the 

hemoglobin levels. 

 

3. What are the advantages and disadvantages of allogeneic blood transfusion? 

The main advantage of allogeneic blood is that it is readily available in the blood bank to meet even 

emergency requirements. 

Although we take all precautionary measures, there underlies a possibility of the transmission of 

transfusion transmissible infections. Also, allogeneic blood carries a risk of allergic reactions which are 

usually mild but can sometimes be fatal. There is a risk for immunological response to the donor antigens 

(alloimmunization). 
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4. If I take part in this study what will I have to do? 

Once you give consent to take part in this study, you will be randomly allotted into the group receiving 

either autologous blood or allogenic blood. 

If you are allotted into the Autologous transfusion group, blood will be collected from you by either of the 

following three modalities depending on your general health condition and the type of surgery. 

 

i) Donation of your blood units in the blood bank one or two weeks prior to your surgery and 

then utilizing the pre-donated units during or after your surgery, as per the requirement. In this 

case, routine investigations (blood grouping, typing, antibody screening and, HIV, Hep B, Hep 

C, Malaria and Syphilis testing) will be carried out in the blood bank. You will also be given 

Iron tablets to help maintain your haemoglobin levels. 

 

ii) Collection of your blood immediately prior to your surgery, in the Operation Theatre and 

replacing the collected volume with intravenous fluids to maintain your blood volume. The 

collected blood will be transfused when a need for blood arises during or after surgery. 

 

iii) The blood that you lose during surgery would be collected into a cell saver machine which will 

filter and the washed unit will be transfused back to you. 

All these modalities will be carried out under strict medical supervision. 

You should also be aware that you will be given conventional allogeneic blood in case the autologous 

blood collected does not suffice for your requirements. 

 

5. If I do not require my blood, can someone else have it? 

In case you do not need transfusion of your own blood it cannot be given to another patient. 

 

 

6. Can you withdraw from this study after it starts? 

Your participation in this study is entirely voluntary and you are also free to decide to withdraw permission 

to participate in this study. If you do so, this will not affect your usual treatment at this hospital in any 

way. 

 

7. What will happen if you develop any study related injury? 

We do not expect any injury to happen to you but if you do develop any side effects or problems due to 

the study, these will be treated at no cost to you. 

 

8. Will you have to pay if you participate in this study? 

Charges for blood transfusion (allogeneic or autologous) are already in existence in our hospital and you 

will be charged accordingly. 

 

 

9. Will your personal details be kept confidential? 

The results of this study will be published in a medical journal but you will not be identified by name in 

any publication or presentation of results. However, your medical notes may be reviewed by people 

associated with the study, without your additional permission, should you decide to participate in this 

study. 



 

3 
 

 

If you have any further questions, please contact: 

• Dr. Angel Mary Sam, Junior Resident, Department of Transfusion Medicine, SCTIMST      

(Ph: 9495477504/ 0471-2524636 email: angelmary.sam@sctimst.ac.in) 

• Dr. Debasish Gupta, Professor and Head,Department of Transfusion Medicine, SCTIMST 

(Ph: 0471-2524177, email: dgupta@sctimst.ac.in) 

 

Name of the Principal Investigator: Dr. Angel Mary Sam 

Address and Contact Details: 

Junior Resident, Department of Transfusion Medicine, SCTIMST 

Ph: 9495477504/ 0471-2524636, email: angelmary.sam@sctimst.ac.in 

 

Signature of the PI:  

 

For any clarifications regarding the study’s ethics clearance you may contact the Member Secretary 

of the SCTIMST-IEC. The phone number is: 0471-2524234 and the email id is: 

iec.mem.sec@sctimst.ac.in 

 

 

 

mailto:dgupta@sctimst.ac.in
mailto:iec.mem.sec@sctimst.ac.in


 

{io Nn{X Xncp\mÄ C³Ìnäyq«v t^mÀ saUn¡Â kb³kkv Bâv sSIvt\mfPn 

{Sm³kv^yqj³ saUnkn³ hn`mKw 

ImcyhnhcW]{Xw 

]T\ioÀjIw: kz´w càhpw (Hmt«mtemKkv) A\ycpsS càhpw (AtemP\nIv) cà 

]IÀ¨IÄ X½nÂ: sXt¡ C³Uybnse Hcp sSÀjydn ]cnNcW Bip]{Xnbnse 

ikv{X{Inbbm\´c^e§fpsS XmcXayw   

1. F´ns\¸änbmWv Cu ]T\w? 
ikv{X{Inbbv¡v hnt[bcmhp¶ tcmKnIÄ¡v AanXambp­mIp¶ cà\jvSw 

]cnlcn¡m³ càw ]Itc­nhcpw.  kzbtah càw Zm\w sN¿p¶hcnÂ\n¶v 

cà_m¦nÂ tiJcn¡p¶ A\ycpsScàw (AtemP\nIv càw) AsÃ¦nÂ Nne 

tbmKyXm am\ZWvU§Ä ]qÀ¯nIcn¡p¶ Xm¦fpsS kz´w càtam (Hmt«mtemKkv 

càw) ]IÀ¨bv¡mbn D]tbmKn¡pw. 

Cu ]T\¯nÂ ]qÀ®ambpw kz´w càw kzoIcn¡p¶ tcmKnIsfbpw AtemP\nIv 

càw kzoIcn¡p¶ tcmKnIsfbpw  X½nÂ ikv{X{Inbmkabs¯ ^e§Ä XmcXayw 

sN¿m³ Cu ]T\¯nÂ R§Ä Bkq{XWw sN¿p¶p. 

Xm¦Ä Cu ]T\¯nsâ `mKamIm³ k½Xn¨mÂ, Xm¦sf {Iam\pKXaÃmsX 

cà]IÀ¨bv¡pÅ Xmsg hniZam¡nbn«pÅ c­v kwL§fnsem¶nÂ DÄs¸Sp¯pw. 

Cu Bip]{XnbnÂ ikXvcv{Inbbv¡v hnt[bcmIp¶, cà ]IÀ¨ kzoIcn¡p¶ 140 

tcmKnIsf Cu ]T\¯nepÄs¸Sp¯msa¶v R§Ä {]Xo£n¡p¶p.  

 
2. kz´w càw kzoIcn¡p¶Xnsâ t\«§fpw tIm«§fpw Fs´Ãmw? 

Xm¦fpsS kz´w càw Xncn¨v kzoIcn¡pt¼mÄ cà¸IÀ¨bneqsS D­mIp¶ 

AWp_m[bv¡pw (F¨vsFhn, sl¸ssäänkv _nbpw knbpw, atednbbpw kn^nenkpw) 

AeÀPn {]XnIcW§fp­mIp¶Xn\pw hfsc Ipdª km²yXsb DÅp. 

cà]IÀ¨bv¡v Xm¦fpsS kz´w càw D]tbmKn¡pt¼mÄ ikv{X{Inbm\´c 

AWp_m[bpw Bip]{Xnhmkhpw Imcyambn Ipdbv¡p¶Xmbn ]T\§Ä 

ImWn¡pIbpw sN¿p¶p. A]qÀÆ cà{Kq¸pItfm Bân t_mUnItfm DÅ 

tcmKnIÄ¡v tNcp¶ càw cà_m¦pIfnÂ\n¶pw e`n¡m³ _p²nap«v IqSnhcp¶p.  

kz´w càw Zm\w sN¿pt¼mÄ B {]iv\w ]cnlcn¡s¸Spw. 

FÃm tcmKnIfpw kz´w càw Zm\w sN¿p¶Xn\v  càZm\¯nsâ am\ZWvU§Ä 

{]Imcw tbmKycmIp¶nÃ F¶XmWv tIm«w. Xs¶bpaÃ, ikv{X{Inbbv¡phfscapt¼ 

IrXyamb Bkq{XWw BhiyamIbmÂ ASnb´nc ikv{X{InbIfnÂ \S¸m¡m\pw 

IgnbnÃ. A{]Xo£nXamb cà\jvSap­mbmÂ Xm¦fpsS càt¯msSm¸w 

AtÃmP\nIv càhpw Bhiyambn ht¶¡mw. Nph¶càmWphnsâ \nehmcw 

\ne\nÀ¯m³ AbWnsâ  t]mcmbva \nIt¯­Xmbpw hcpw. 

 

 



 

3. AtÃmP\nIv càw kzoIcn¡p¶Xnsâ t\«§fpw tIm«§fpw Fs´Ãmw? 

A\ycpsS càw kzoIcn¡p¶Xnse {][m\t\«w ASnb´nc kmlNcy§fnse 

Bhiy§Ä¡p t]mepw AXv cà_m¦pIfnÂ e`yamsW¶pÅXmWv. 

\½Ä FÃm ap³IcpXÂ \S]SnIfpw kzoIcn¡p¶ps­¦nepw ]Icm\nSbpÅ  

AWp_m[IÄ¡pÅ km²yX cà¸IÀ¨bnÂ \ne\nÂ¡p¶p. Xs¶bpaÃ, km[mcW 

eLphmbsX¦nepw Nnet¸mÄ amcIhpamtb¡mhp¶ AeÀPn {]XnIcW§fpsS 

A]mb km²yXbpw A\ycpsS cà¯nÂ D­v. càZm\w sN¿p¶hcpsS 

BânP\pIfpsS C½qtWmfPn¡emb {]XnIcW§fpsS (AtÃmC½yqssWtkj³)  

A]mb km²yXbpap­v. 

 

4. Rm³ Cu ]T\¯nÂ ]s¦Sp¡pIbmsW¦nÂ F´p sN¿Ww? 

Xm¦Ä ]T\¯nÂ ]s¦Sp¡m³ k½Xn¨pIgnªmÂ Xm¦sf {Iam\pKXaÃmsX kz´w 

càw kzoIcn¡p¶hcpsStbm A\ycpsS càw kzoIcn¡p¶hcpsStbm kwL¯nÂ 

DÄs¸Sp¯pw.  

Xm¦sf kz´w cà]IÀ¨ kzoIcn¡p¶hcpsS kwL¯nÂ DÄs¸Sp¯nbmÂ Xm¦fnÂ 

\n¶pw aq¶v coXnIfnÂ H¶phgn  Xm¦fpsS BtcmKys¯ ASnØm\am¡nbpw 

ikv{X{InbbpsS kz`mh¯n\pw A\pkcn¨v càw tiJcn¡pw.  

i. Xm¦fpsS i{X{Inbbv¡v Ht¶m ct­m BgvNIÄ¡p ap¼v Xm¦fpsS càw 

cà_m¦n\v kw`mh\ sN¿pIbpw AXv Xm¦fpsS ikv{X{Inbbvt¡m tijtam 

Ahiym\pkcWw D]tbmKn¡pIbpw sN¿pw. Cu Imcy¯nÂ cà_m¦nÂ ]Xnhv 

]cntim[\IÄ (cà{Kq¸v \nÀ®bw, XcwXncn¡Â, Bân t_mUn ]cntim[\, 

F¨sFhn, sl¸ssäänkv _n, sl¸ssäänkv kn, atednbbpw kn^nenkpw) F¶nh 

\S¯pw. Xm¦Ä¡v Nph¶càmWphnsâ \nehmcw \e\nÀ¯m³ Ab¬ 

KpfnIIfpw \ÂIpw. 

ii. Xm¦fpsS ikv{X{Inbbv¡p sXm«pap¼v ikv{X{InbmapdnbnÂ h¨v Xm¦epsS càw 

tiJcn¡pIbpw Xm¦fnÂ\n¶pw tiJcn¨ cà¯n\p]Icw cà¯nsâ Afhv 

\ne\nÀ¯m³ {ZmhIw Ip¯nhbv¡pIbpw sN¿pw. tiJcn¨ càw 

ikv{X{Inbmkabt¯m tijtam Bhiyw hcpt¼mÄ ]IcpIbpw sN¿pw. 

iii. ikv{X{Inbmkab¯v Xm¦Ä¡v \jvSamIp¶ càw Hcp skÂtkhÀ b{´¯nÂ 

tiJcn¨v AXv Acn¡pIbpw IgpIpIbpw sNbvXv Xm¦fntebv¡v Xncn¨v ]Icpw. 

Cu ap¶v coXnIfpw \S¸m¡p¶Xv IÀi\amb sshZy taÂt\m«¯nembncn¡pw. 

Xm¦fpsS kz´w càw XnIbmsX h¶mÂ km{¼ZmbnIambn A\ycpsS càhpw 

\ÂIpsa¶Xpw Xm¦Ä Andªncn¡Ww. 

 

5. F\n¡v Fsâ càw Bhiyw h¶nsÃ¦nÂ aämÀs¡¦nepw AXv \ÂIm\mIptam? 
Xm¦fpsS càw Xm¦Ä¡v ]Itc­n h¶nÃ F¦nepw AXv asämcp tcmKn¡v 

\ÂIm\mhnÃ. 



 

6. ]T\amcw`n¨ tijw Xm¦Ä¡v ]n³amdm\mIptam? 

Xm¦fpsS ]T\¯nse ]¦mfn¯w XnI¨pw kzta[bmbpÅXpw k½Xw ]n³hen¡m³ 

GXp kab¯pw Xm¦Ä¡v kzmX´yapÅXpamWv. Xm¦f§s\ sNbvXmepw Cu 

Bip]{Xnbnse Xm¦fpsS ]Xnhv NnInÕsb HcpXc¯nepw _m[n¡nÃ.  

 
7. ]T\ kw_Ônbmbn Fs´¦nepw ]cn¡v Xm¦Ä¡p­mbmse v́ kw`hn¡pw? 

Cu ]T\¯nÂ Xm¦Ä¡v ]cns¡m¶pw R§Ä {]Xo£n¡p¶nÃ, ]t£ 

Xm¦Äs¡s´¦nepw ]mÀiz^e§tfm {]iv\§tfm D­mbmÂ Xm¦Â¡v Hcp 

Nnehpap­mImsX NnInÕn¡pw.. 

 

8. ]T\¯n\mbn Xm¦Ä ]WwapS¡tWm? 

cà¸IÀ¨bv¡v ( kz´càtam A\ycpsS càtam) \½psS Bip]{XnbnÂ ]Ww 

CuSm¡p¶p­v, Xm¦Ä AXn\\pkcWambn  ]Ww \ÂtI­nhcpw 

 

9. Xm¦fpsS hyàn]camb hnhc§Ä clkyambncn¡ptam? 

Cu ]T\¯nsâ ^e§Ä Hcp sshZyimkv{X tPÀWenÂ {]kn²oIcnt¨¡mw ]t£ 

Xm¦sf  t]cpsIm­v {]kn²oIcW¯ntem {]ZÀi\¯ntem Xncn¨dnbm\mInÃ. 

F¶mepw ]T\¯nÂ ]s¦Sp¡m³ k½Xn¨mÂ Xm¦fpsS NnInÕmtcJIÄ 

]T\hpambn _Ôs¸«bmfpIÄ Xm¦fpsS A[nIamb k½XanÃmsX AhtemI\w 

sNbvtX¡mw.  

 

Xm¦Ä¡v IqSpXÂ tNmZy§fps­¦nÂ Zbhmbn _Ôs¸SpI 

• tUm. GbvRvPÂ tacn kmw, Pq\nbÀ dknUâv, Un¸mÀ«saâv Hm^v {Sm³kv^yqj³ 

saUnknÂ, SCTIMST (t^m¬: 9495477504/ 0471-2524636 4177) CsabnÂ 

angelmary.sam@sctimst.ac.in  

• tUm. tZ_iojv Kp]vX, slUv Hm^v Z Un¸mÀ«saâv Hm^v {Sm³kv^yqj³ saUnknÂ, 

SCTIMST (t^m¬ 0471-2524177) CsabnÂ dgupta@sctimst.ac.in  
{][m\ KthjIbpsS t]cv tUm. FbvRvPÂ tacn kmw 

taÂhnemkhpw _Ôs¸Sm\pÅ hniZmwi§fpw 

tUm. GbvRvPÂ tacn kmw,  

Pq\nbÀ dknUâv,  

Un¸mÀ«saâv Hm^v {Sm³kv^yqj³ saUnknÂ SCTIMST 

(t^m¬: 9495477504/ 0471-2524636 4177) CsabnÂ angelmary.sam@sctimst.ac.in  
{][m\ KthjIbpsS H¸v 

]T\¯nsâ ss\XnI A\hmZhpambn _Ôs¸« kwib§Ä¡v SCTIMST-IEC 

sa¼Àsk{I«dn, ame cma\mY³ (t^m¬. 0471-2524263) CsabnÂ 
iec.mem.sec@sctimst.ac.in 



 Sree Chitra Tirunal Institute For Medical Sciences And Technology, Trivandrum. 

                            Department Of Transfusion Medicine 

                                         INFORMED CONSENT FORM 

 

Name of the patient:       Hospital No.:  

Date of Birth/ Age (in years): 

Contact Number: 

I__________________________________________________________Age: ___________, son/daughter of 

___________________________________ hereby declare that I have read the information sheet provided to 

me regarding the study: Autologous Versus Allogeneic Blood Transfusion: A Comparative Study Of The 

Peri-Operative Outcomes In A Tertiary Care Hospital In South India and have clarified any doubts that I 

had. [   ]  

• I also understand that my participation in this study is entirely voluntary and that I am free to withdraw 

permission to continue to participate at any time without affecting my usual treatment or my legal rights. [   ] 

• I also understand that neither I, nor my doctors, will have any choice for allocating me into the autologous 

transfusion group or the allogenic transfusion group.  [   ] 

• I also understand the benefits and potential risks of blood transfusion. [   ] 

• I understand that the study staff and institutional ethics committee members will not need my permission to 

look at my health records even if I withdraw from the study. I agree to this access.  [   ] 

• I understand that my identity will not be revealed in any information released to third parties or published.                                                                                                                             

[   ] 

• I voluntarily agree to take part in this study.  [   ] 

• I received a copy of this signed consent form.  [   ] 

 

Name:        Name of witness: 

Signature:       Relation to participant: 

Date:        Date: 

Signature: 

 

 

I attest that the requirements for informed consent for the medical research project described in this form have been 

satisfied. I have discussed the research project with the participant and explained to him or her in nontechnical terms all 

of the information contained in this informed consent form, including any risks and adverse reactions that may 

reasonably be expected to occur. I further certify that I encouraged the participant to ask questions and that all questions 

asked were answered. 

________________________________ ___________________ 

Name and Signature of Person Obtaining Consent (For Principal Investigator) 

Witness: 



 

{io Nn{X Xncp\mÄ C³Ìnäyq«v t^mÀ saUn¡Â kb³kkv Bâv sSIvt\mfPn 

{Sm³kv^yqj³ saUnkn³ hn`mKw 

k½X]{Xw 

]T\¯nÂ ]s¦Sp¡p¶bmfpsS t]cv  ……………………… Bip]{Xn \¼À …….  

P\\XobXn/hbÊv … …………………. amk§fnÂ/hÀj¯nÂ)  

_Ôs¸Sm\pÅ \¼À………………. 
 

({]kàamb tImf§fnÂ icnbSbmfanSpI) 

 

kz´w càhpw (Hmt«mtemKkv) A\ycpsS càhpw (AtemP\nIv) cà ]IÀ¨IÄ X½nÂ: 

sXt¡ C³Uybnse Hcp sSÀjydn ]cnNcW Bip]{Xnbnse ikv{X{Inbm\´c^e§Ä 

XmcXayw   F¶ ]T\kw_Ôambn F\n¡p X¶ ImcyhnhcW]{Xw hmbn¡pIbpw 

a\Ênem¡pIbpw Fsâ kwib§Ä ]cnlcn¡pIbpw sNbvXp. [ ] 

• Fsâ ]¦mfn¯w kzta[bmbmsW¶pw, Fsâ ]Xnhv NnInÕsbtbm \nba]camb 

AhImi§tfmtbm _m[n¡msX GXp kab¯pw ]s¦Sp¡p\\Xn\pÅ Fsâ 

A\phmZw ]n³hen¡msa¶pw Rm³ a\Ênem¡p¶p. [ ] 

• F\nt¡m Fsâ tUmIvSÀt¡m kz´w càw kzoIcn¡p¶hcpsS {Kqt¸ntebvt¡m 

A\ycpsS càw kzoIcn¡p¶hcpsS {Kq¸ntebvt¡m Fs¶ \nÝbn¡m³ IgnbnsÃ¶pw 

Rm³ a\Ênem¡p¶p[ ] 

• cà{]IÀ¨bpsS t\«km²yXIfpw A]mb§fpw Rm³ a\Ênem¡p¶p [ ] 

• ]T\ kwLmwK§Ä¡pw F¯nIvkv I½nän AwK§Ä¡pw ]T\¯nÂ\n¶pw Rm³ 

]n³amdnbmepw Cu ]T\hpambn _Ôs¸« BtcmKytcJIÄ Fsâ A\phmZw IqSmsX 

]cntim[n¡msa¶v Rm³ a\Ênem¡p¶p. AXn\v Rm³ k½Xn¡p¶p.  

• Fsâ hyàn]camb hnhc§Ä ap¶mw I£nIÄt¡m {]kn²nIcW¯nt\m 

\ÂInsÃ¶v Rm³ a\Ênem¡p¶p. [ ] 

• Rm³ kzta[bm Cu ]T\¯nÂ ]s¦Sp¡m³ k½Xn¡p¶p. [ ] 

• k½X]{X¯nsâ H¸n« Hcp {]Xn F\n¡v e`n¨p. [ ] 

 

t]cv 

H¸v  

XobXn 

km£nbpsS t]cv 

tcmKnbpambpÅ _Ôw  

H¸v 



 

  

k½X]{Xw hm§p¶ BÄ 

saUn¡Â dnkÀ¨vt{]mPIvSn\mhiyamb k½X]{X¯n\p th­p¶ FÃm LSI§fpw 

Xr]vXnIcambn \nÀhln¨ncn¡p¶psh¶v Rm³ t_m[ys¸Sp¯p¶p. ]T\]¦mfnbpambn 

KthjW ]²Xnsb¸än kmt¦XntIXc ]Z§fp]tbmKn¨v FÃm hnhc§sf¸änbpw  NÀ¨ 

\S¯pIbpw {]Xo£n¡mhp¶ A]ISkm[yXIfpw ]mÀiz^e§fpw hniZoIcn¡pIbpw 

sNbvXp. ]¦mfnsb tNmZy§Ä tNmZn¡m³ t{]cn¸n¡pIbpw FÃm tNmZy§Ä¡pw D¯cw 

\ÂIpIbpw sNbvXp F¶pw Rm³ km£ys¸Sp¯p¶p.  

 

k½X]{Xwhm§p¶ BfpsS t]cv 

H¸v          XobXn 

 

{][m\ KthjI³ 

km£n 

 

 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 


