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 ABSTRACT 

BACKGROUND  

Beta-thalassemia major patients require continuous red blood cells transfusion therapy for maintaining their haemoglobin level 

between 10-12 gm/dL and survive. Each unit of red blood cells (About 180 ml) transfusion adds chances of transfusion related 

hazards and adds about 200-250 mg of extra irons to the recipients. Previous studies of neocytes concentrate/pooled neocytes 

transfusion demonstrated decreased numbers of required red blood cells transfusion by extending transfusion intervals, decreased 

incidences of transfusion related hazards and reduction of iron overload in these patients.  

 

AIMS AND OBJECTIVES  

To compare the results of neocytes concentrate/pooled neocytes transfusion over conventional packed red blood cells 

transfusion in a group of beta-thalassemia major patients to maintain normal physiological level of haematocrit (≥ 35%) and 

haemoglobin level (≥11 gm/dL) as per super-transfusion regimen and with previous studies.  

 

MATERIALS AND METHODS 

For the study, we selected twelve (12) transfusion-dependant beta-thalassemia major patients of age group 3-10 years to 
maintain haematocrit (≥ 35%) and haemoglobin level (≥ 11 gm/dL) as per super-transfusion regimen for nine (09) months (172 
days) period from June 11, 2010 to March 8, 2011 at Gauhati Medical College and Hospital, Guwahati. Six (06) beta-thalassemia major 
patients were transfused with conventional packed red blood cells (Control group) and remaining six (06) beta-thalassemia major 
patients were transfused with neocytes concentrate/pooled neocytes (Study group). Product volumes were calculated as per body 
weight of the child (15 millilitre red blood cells per kg body weight), who were under iron chelating therapy before and during the 
study period. Neocytes concentrate were prepared by centrifugation and separation method from fresh whole blood by recovering 
top 50-60 percent volume of packed red blood cells and pooling were done as per calculation.  
 

RESULTS AND OBSERVATIONS  

After the study period, percentage of decreased numbers of required transfusion in the study group was 41.67% than the control 

group. The transfusion interval observed in the study group was 41-48 days (Average 45 days) and in the control group it was 21-

27 days (average 24.5 days). Patient serum iron reduction was observed 41.67% in study group in comparison to control group.  

 

CONCLUSION  

Transfusion of neocytes concentrate/pooled neocytes leads beta-thalassemia major patients a better quality of life expectancy 

than conventional packed red blood cells transfusion correcting anaemia, decreasing  required numbers of red blood cells 

transfusion by extending transfusion intervals, reducing incidences of transfusion related hazards, helping in proper growth and 

bone development by reducing in the rate of ineffective erythropoiesis and reducing iron overload with related complications. 
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INTRODUCTION  

Beta-thalassemia is an autosomal recessive genetic disorder, 

which is widespread throughout the Mediterranean region, 

Africa, the Middle East, the Indian subcontinent and South 

East Asia.[1]  
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Homozygous inheritance of a genetic defect results in the 

inability of the beta-thalassemia major patients to 

manufacture beta-globin chains essential for the production 

of normal adult haemoglobin. Consequently, insufficient 

haemoglobin is produced and severe anaemia occurs in the 

early life of these patients.[2] Beta-thalassemia major, which is 

clinically the most severe form and the affected children are 

dependent on regular red blood cells transfusion for 

survival.[3] 

Patients with beta-thalassemia major require repeated 

red blood cells transfusion therapy in order to maintain their 

haemoglobin level between 10-12 gm/dL and survive.[4] 

Repeated red blood cells transfusion ensures an active life, 

adequate growth, proper bone development and prevents ill 

effects of chronic anaemia. Unless treated, the survival time 
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of beta-thalassemia major patients are short, only few 

years.[5] 

Chronic transfusion therapy increases the lifespan of 

beta-thalassemia major patients considerably correcting the 

anaemia[6] and maintaining the circulating level of 

haemoglobin (Hb) sufficient to suppress endogenous 

ineffective erythropoiesis.[7,8] 

The current management of beta-thalassemia major 

patient is based on regular transfusion of conventional 

packed red blood cells and effective chelating therapy.[9,10] 

Currently, we follow several transfusion regimens to 

maintain the required haemoglobin level in the patients for 

treatment of beta-thalassemia major patients. In 

hypertransfusion regimen, the pre-transfusion haemoglobin 

level is maintained as ≥10 gm/dL with mean haemoglobin 

level of about 12 gm/dL, immediate post-transfusion 

haemoglobin level rising to 14 gm/dL and returning to 

baseline after 3–4 weeks. In the super-transfusion regimen, 

the pre-transfusion haemoglobin level is maintained at ≥11 

gm/dL or a haematocrit of ≥35% with a mean haemoglobin 

level of about 14 gm/dL, while in moderate transfusion 

regimen the pre-transfusion haemoglobin level is maintained 

at the values between 9 and 10 gm/dL. Generally, 

conventional packed red blood cells are transfused (10–15 

mL per kg body weight) by hypertransfusion regimen in our 

country. This treatment however increases the incidences of 

transfusion related hazards.[11] 

As in chronic transfusion therapy red blood cells are 

transfused, so there are chances of transfusion reactions such 

as fever, allergy and transfusion related lung injury, etc. To 

reduce the incidences of transfusion reactions in chronic 

transfusion therapy patients, we should perform indirect 

anti-globulin cross matching.[12] Other transfusion products 

that can be used are leuco-depleted red blood cells, leuco-

reduced red blood cells and saline washed red blood cells to 

reduce the transfusion reactions. Though nowadays enzyme-

linked immunosorbent tests are mandatory for screening of 

Hepatitis B virus, Hepatitis C virus, Human immuno-

deficiency virus in donated blood as per National Aids Control 

Society guidelines; till there are chances of transfusion 

transmission of these infections due to window period. To 

reduce this we should transfuse red blood cells of known 

regular voluntary blood donors with no risk behaviours. 

Moreover, as in India we do not screen donated blood for 

other transfusion transmitted infectious agents, so there are 

chances of transfusion transmitted infections such as 

Hepatitis G virus, Cytomegalovirus, Kaposi’s sarcoma and 

human herpes virus-8, Babesiosis, Leishmaniasis, 

Toxoplasmosis, Chagas disease, Cryoglobulinemia and 

bacterial infections. 

Major complications in chronically transfused patients 

are due to iron overload.[13] So this treatment may also 

produce its own characteristic pathology: Siderosis. Each 

millilitre of red blood cells contains about 1 mg of iron. The 

added extra irons to the beta–thalassemia major patients 

from the transfused red blood cells cannot be excreted 

quickly and efficiently. These extra irons may cause iron 

overload (Haemosiderosis) in these patients getting regular 

red blood cells transfusion. Traditional therapy for this 

complication is iron chelating-agents that enhance the 

urinary excretion of irons.[14,15] Later these irons may be 

deposited in different tissues/organs of the patients getting 

red blood cells transfusions, usually more than 100 units of 

conventional packed red blood cells transfusions and 

produce siderosis and its sequel: growth failure, 

hypogonadism, diabetes mellitus, hepatic disease, cardiac 

failure and death. 

Neocytes transfusion may be useful in the treatment of 

young patients with severe chronic anaemia (e.g. beta-

thalassemia major patients) or adult with severe chronic 

anaemia (Chronic kidney disease) who require repeated red 

blood cells transfusion and are expected to have a prolonged 

survival (Propper et al 1980).[16] The main goal of neocytes 

transfusion is reduction of numbers of required transfusion 

by extending the transfusion intervals to prevent incidence of 

transfusion related hazards and iron overload 

(Haemosiderosis) and its sequel: growth failure, 

hypogonadism, diabetes mellitus, hepatic disease, cardiac 

failure and death.[17,18] 

Usually, we prefer conventional packed red blood cells 

transfusion to beta-thalassemia major patients as chronic 

transfusion therapy. But, previous studies show that 

transfusion of concentrated neocytes/pooled neocytes 

demonstrated reduction in numbers of required transfusion, 

extension of transfusion intervals, reduction of the incidences 

of transfusion related hazards and reduction of iron overload 

in patients with beta-thalassemia major.[19,20] The 

programme of super-transfusion of neocytes produces a 

significant decrease in the rate of iron accumulation in 

patients with beta-thalassemia major. The conventional 

packed red blood cells contain both neocytes and gerocytes 

ranging age from 1 day old to 120 days old. The gerocytes are 

old red blood cells having short life span, which live few days 

in the transfusion recipients. The neocytes are young red 

blood cells having long lifespan, which live more days in the 

transfusion recipients. The concept of transfusion of younger 

red blood cells, i.e. neocytes was introduced by Propper in 

1980 in beta-thalassemia major patients. If neocytes with an 

average 90 days lifespan are transfused instead of 

conventional packed red blood cells with an average 60 days 

lifespan (Half-life of neocyte is almost twice that of 

conventional red blood cell) to a beta-thalassemia major 

patient, then the time interval between two transfusions can 

be increased, incidences of transfusion related hazards and 

the chances of inducing haemosiderosis may be reduced by 

decreasing numbers of required red blood cells units 

transfusion as neocytes survive in the circulation longer than 

older cells and may reduce the total red blood cells 

requirement.[21] The inconvenience of pooled neocytes 

transfusion is exposure to a large number of donors. 

Various techniques have been developed to collect 

neocytes. One approach is in the form of aphaeresis termed as 

neocytaphaeresis.[22] We can prepare concentrated neocytes 

by centrifugation and separation technique using refrigerated 

centrifuge by the principle of density. This method involves 

the selective removal of top 50-60% volume of packed red 

blood cells of voluntary donor’s fresh blood (within 6 hours 

of collection) taking into account that younger cells are larger 

and more buoyant than the smaller and more dense older 

cells. In USA Pat. 4416:778 to Rogers, a modified system of 

connected blood container is used for neocytes preparation. 

IIere filter is used to prevent white blood cells contamination. 

EPO application no. 0,191,360 is an elongated double bag 
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system with a funnel shaped exit to separate neocytes in a 

satellite bag of length and width ratio 2.5:1. 

 

AIMS AND OBJECTIVES 

To compare the results of neocytes concentrate/pooled 

neocytes transfusion over conventional packed red blood 

cells transfusion in a group of beta-thalassemia major 

patients to maintain normal physiological level of 

haematocrit (≥ 35%) and haemoglobin level (≥11 gm/dL) as 

per super-transfusion regimen and with previous studies. 

 

MATERIALS AND METHODS 

Twelve (12) cases of transfusion dependant beta-thalassemia 

major were selected for the study between age group of 3-10 

years in Gauhati Medical College and Hospital, Guwahati, to 

maintain normal physiological level of haematocrit (≥ 35%) 

and haemoglobin level (≥11 gm/dL) as per super-transfusion 

regimen. The beta-thalassemia major patients were asked to 

come for red blood cells transfusion  when they feel 

weakness. The transfusion intervals were determined on the 

level of haematocrit and haemoglobin level of the patients as 

stated above. Tests done on the patients’ blood were 

haemoglobin estimation, haematocrit estimation, complete 

blood count, RBC indices by automatic electronic cell counter 

collecting blood in EDTA vials and peripheral smear study 

and reticulocyte count by conventional methods before red 

blood cells transfusion. On the tests, if we found the 

haematocrit value is lesser than 35% or the haemoglobin 

level is lesser than 11 gm/dL  of the cases, they were put for 

red blood cells transfusion. 

Volume of single transfusion was in between 120 to 300 

millilitre of red blood cells using a calculation of 15 millilitre 

red blood cells per kg body weight of the child. All the patients 

were under iron chelating therapy (Deferoxamine 50-75 mg 

per kg body weight per day) before and during the study 

period. Six (06) patients were transfused with conventional 

packed red blood cells (Control group) and remaining six (06) 

patients were transfused with neocytes 

concentration/pooled neocytes (Study group) for nine (09) 

months (172 days) from June 11, 2010 to March 8, 2011. 

All the units for transfusion whether neocytes 

concentrate or conventional packed red blood cells were 

prepared from fresh whole blood collected (within 6 hours of 

collection) from criteria fulfilled known repeated voluntary 

blood donors with no risk behaviour for safe blood 

transfusion and to reduce the risk of transmission of 

transfusion Human Immunodeficiency Virus, Hepatitis B 

Virus and Hepatitis C Virus during window period.[23] 

Neocytes concentrations were prepared by centrifugation 

and separation technique with a refrigerated centrifuge 

named Cryofuge 6000-i maintaining requisite quality control. 

The machine was calibrated well regularly by service 

engineer. Pooling of neocytes concentrate was done as per 

volume requirement for transfusion to the patient, as per 

calculation in the state of the art model blood bank, Gauhati 

Medical College and Hospital, Guwahati. We used closed 

system using quadra and triple free blood bags, where bags 

were attached to each other by tubing and valving. The donor 

bag contained 49 mL of anti-coagulant Citrate Phosphate 

Dextrose Adenine (CPDA) and satellite bags were free; 350 

mL of whole blood was collected from known repeated 

voluntary blood donors after proper screening and medical 

examination. After balancing the collected anti-coagulant  

mixed fresh whole blood, the entire triple system was put in 

a centrifuge cup and centrifuged according to required 

centrifugal force, temperature and time to form the upper 

lighter plasma portion and lower heavy concentrated red 

blood cells portion.  

The concentrated red blood cells portion was 

conventional packed red blood cells, which contains both 

neocytes and gerocytes were transfused to the control group 

patients. After opening a valve in the system, we expressed 

the upper plasma portion into one free satellite bag. We used 

the plasma to prepare Platelet Rich Plasma (PRP), Platelet 

Concentration, Cryo-precipitate, Fresh Frozen Plasma (FFP), 

Factor VIII Concentrate, etc. From the separated concentrated 

red blood cells, we recovered the top 50-60% volume, which 

was concentrated neocytes. The remaining bottom portion 

was concentrated gerocytes. Pooling of neocytes concentrate 

was done by sterile tube connecting system device according 

to requirement of the patient and stored at 04 degree 

centigrade and transfused later accordingly. 

After proper testing both neocytes concentrate and 

conventional packed red blood cells were cross matched with 

the recipients by indirect anti-globulin cross matching 

technique at the blood bank of Gauhati Medical College and 

Hospital, Guwahati, to reduce the risk of transfusion 

reactions.[24] ABO and Rh-D group specific products were 

transfused to both study and control group in thalassemia 

unit of Gauhati Medical College and Hospital, Guwahati under 

medical supervision. Appropriate quality control was 

maintained in the blood bank. Care was taken during pre-, 

intra- and post-transfusion of the products to the patients. All 

aspect of the study and entries of records were double 

checked by the author. 

 

RESULTS AND OBSERVATIONS 
During the study period of 09 months (172 days) from June 
11, 2010 to March 8, 2011 at Gauhati Medical College and 
Hospital, Guwahati, the numbers of required transfusion for 
both study group and control group, differences in numbers 
of transfusion between two groups, time intervals in days 
between two transfusions with average were recorded for 
both study group and control group. 
 

Numbers of 
Neocytes 

Concentrate/ 
Pooled Neocytes 

Required in Study 
Group 

Numbers of 
Conve- 
ntional 
Packed 

RBCs 
Required in 

Control 
Group 

Difference of 
Numbers of 

Units Required 
in Control and 
Study Group 

07 12 05 
Table 1: Numbers of Product Required and Difference 

in Study Group and Control Group 
 

Table 1 shows that the study group patient required 
seven (07) units of neocytes concentrate/pooled neocytes 
transfusion, whereas the control group patient required 
twelve (12) units of conventional packed red blood cells. 
Hence, we see that five (05) numbers of lesser units were 
required for the study group than control group for 
transfusion in the study period. The percentage of decreased 
required numbers of transfusion in the study group is (5/12 
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X 100) 41.67% than the required numbers of transfusion in 
the control group. 

 
 

Fig. 1: Numbers of Product Required and Difference in 

Study Group and Control Group 
 

 
 

Fig. 2: Average Transfusion Intervals in Days in 

Transfusion of NCTT and CRTT 

 

Patient I.D. No. 1st & 2nd 2nd & 3rd 3rd & 4th 4th & 5th 5th & 6th 6th & 7th Average 
NCTT-1 42 44 46 41 48 43 44 
NCTT-2 47 45 47 46 45 46 46 
NCTT-3 45 48 47 48 46 48 47 
NCTT-4 43 45 46 42 43 45 44 
NCTT-5 47 44 47 46 47 45 46 
NCTT-6 45 42 44 42 43 42 43 
Average 44.83 44.67 46.17 44.17 45.33 44.83 45 

Table 2: Transfusion Intervals in Days in NCTT. (NCTT - Neocytes Concentrate Transfusion Therapy) 
 

Patient 
I.D. No 

1st & 
2nd 

2nd & 
3rd 

3rd & 
4th 

4th & 

5th 

5th & 
6th 

6th & 
7th 

7th & 
8th 

8th & 
9th 

9th & 
10th 

10th& 
11th 

11th& 
12th 

Average 

CRTT-1 25 26 21 24 22 27 26 23 27 24 25 24.55 
CRTT-2 27 27 21 24 23 25 27 22 26 21 26 24.45 
CRTT-3 25 23 27 26 25 25 23 27 24 24 23 24.73 
CRTT-4 21 23 27 26 24 25 23 24 26 24 22 24.09 
CRTT-5 24 25 27 26 25 22 23 25 24 25 24 24.55 
CRTT-6 22 24 26 27 26 25 26 25 23 24 23 24.64 
Average 24.00 24.67 24.83 25.50 24.17 24.83 24.67 24.33 25.00 23.67 23.83 24.50 

Table 3: Transfusion Intervals in Days in CRTT. (CRTT - Conventional Packed RBCs Transfusion Therapy) 
 

Table 2 shows the transfusion intervals of 41-48 days 

(Average 45 days) in the study group and Table 3 shows the 

transfusion intervals of 21-27 days (Average 24.5 days) in the 

control group. Moreover during the study period, it was 

observed that there were decreases of transfusion reactions in 

the study group. Figure 2 shows average transfusion intervals 

in days in transfusion of study group and control group. 

 

DISCUSSION 

We have seen in the study that there is 41.67% decrease of 

numbers of transfusion requirement in the study group than 

control group. At the same time, there is increase of 

transfusion intervals in the study group than control group. 

This is because neocytes concentrate units having half-life 

approximately twice than that of a conventional packed red 

blood cells units. As the transfusion intervals increased and 

numbers of transfusion (7 versus 12) decreased in study group 

than control group, so the observation is in accordance with 

previous study like Bertholey F et al 1990[17], Montoya AF et al 

1993[18], Spanos T et al 1996[19] and Collin A F et al 1994.[21] 

Extension of transfusion intervals observed in our study group 

patients was significant i.e. 41-48 days (average 45 days) over 

control group patients, in which it was 21-27 days (average 

24.5 days). It is nearly the same as observed by Propper et al 

1980[16] and Collin A F et al 1994[21], 43 +/- 4.5 days and 35–

44.5 days respectively in their studies of neocytes transfusion. 

Due to less exposure of red blood cells transfusion, there 

will be decreased chances of transfusion related hazards like 

transfusion reactions and transfusion transmitted 

infections.[23] Leuco-reduction helps in preventing most of the 

febrile reactions. Leuco-reduction of the units should be done 

in chronically transfused patients. We were unable to use 

leuco-depleted red blood cells (Irradiated RBCs) due to limited 

facilities in our centre. 

Most of the pathological changes in beta-thalassemia 

major patients are thought to be secondary to both iron 

overload and chronic anaemia.[13,14] The prime source of iron 

deposition in the beta-thalassemia major patient is the 

transfused red blood cells. We know that each unit of 

conventional packed red blood cells transfusion adds about 

200-250 mg of iron extra to the recipients.[1,2,4] As in the study, 

numbers of neocytes concentrates/pooled neocytes 

transfused to the study group patients are quite lesser than the 

numbers of conventional packed red blood cells transfused to 

the control group patients, so serum iron reduction observed 

in the neocytes concentrate/pooled neocytes transfusion 
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cases than conventional packed red blood cells transfused 

cases. The serum iron reduction was observed 5/12 X 100% 

=41.67% in study group in comparison to control group. Study 

done by Collin AF et al 1994[21] have observed reduction of 

serum ferritin level by 19.05%. Prolongation of the life span of 

transfused young red blood cells, i.e. neocytes will result in 

decreased iron deposition per unit time. Hence, in the study 

group there will be prevention of iron overload and its sequel: 

growth failure, hypogonadism, diabetes mellitus, hepatic 

disease, cardiac failure and death. Serum iron reduction 

reduces iron overload on the study cases as iron overload is 

directly proportional to serum ferritin level. 

In our study, we used super-transfusion regimen to 

maintain normal physiological level of 

haematocrit/haemoglobin in transfusion dependent beta-

thalassemia major patients, which leads to better tissue 

oxygenation, reduction of blood volume, reduced intestinal 

absorption of iron by reducing plasma iron turnover[25] and 

benefit on bone development by reducing in the rate of 

ineffective erythropoiesis.[26] 

Neocytes aphaeresis from a single donor reduces chances 

of exposure to multiple donors for haematological patients 

dependent on red blood cells transfusion. Though it is better 

than pooled neocytes concentrate preparation by 

centrifugation and separation method as it requires multiple 

donors still is also effective. 

 

CONCLUSION 

Transfusion of neocytes concentrate/pooled neocytes to 

maintain haematocrit ≥ 35% and haemoglobin level ≥ 11 

gm/dL by super-transfusion regimen along with effective 

chelating therapy leads beta-thalassemia major patients better 

quality of life expectancy than conventional packed red blood 

cells transfusion correcting anaemia, extending transfusion 

intervals, reducing required numbers of red blood cells 

transfusion, increasing survival of transfused neocytes in vivo, 

helping in normal growth and bone development by 

suppressing ineffective erythropoiesis, decreasing chances of 

transfusion related hazards, reducing plasma iron turnover, 

protect vital organs and related complications reducing iron 

overload. At the end of the study the author opines that we 

should prefer transfusion of neocytes concentrate/pooled 

neocytes in beta-thalassemia major patients instead of 

conventional packed red blood cells transfusion. Moreover, 

where neocytes-aphaeresis facility is not available, there 

centrifugation and separation method for preparing neocytes 

is effective. 
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