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Management 

The outcome of thalassaemia with management has improved 

substantially from an invariably fatal disease to the one in which 

the patients can hope to live into adult life, get married and have 

children. The mainstay of treatment is a hypertransfusion 

regimen and regular iron chelation therapy. The management of 

thalassaemia is a team work with multi-disciplinary approach 

involving haematologists, transfusionists, paediatricians, 

endocrinologists, surgeons and psychologists. 

Blood transfusion 

The main objective of blood transfusion in thalassaemia is to raise 

the haemoglobin level with donor erythrocytes having adequate 

half-life in the recipient. Care is also taken to avoid any adverse 

reactions or transmission of infectious agents. 

There is a consensus of opinion that the pre-transfusion 

haemoglobin should be kept above 9.0 g/dL. There are many 

reasons to justify the hypertransfusion regimen and maintaining 

the pre-transfusion haemoglobin above 9.0 g/dL (Table 8.1). 
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This allows a normal growth and physical activity. It also reduces 

marrow hyperplasia and prevents bone changes and 

hypervolemia secondary to marrow hyperplasia. Additional 

benefits of the hypertransfusion regimen include reduction in the 

absorption of iron from intestine and prevention of splenomegaly 

and hypersplenism. The main disadvantage of hypertransfusion 

is the accumulation of excess iron in the body. The extra iron can 

damage many organs including, heart, liver and endocrine 

glands. 

 

Table 8.1. Advantages and disadvantages of the hyper-transfusion 

regimen in β-thalassaemia major. 

Advantages 

Allows normal growth and physical activity 

Reduces marrow hyperplasia and prevents bone changes 

Prevents splenomegaly 

Prevents hypervolemia and worsening of anaemia 

Reduces absorption of iron from intestines 

Disadvantages 

Transfusional haemosiderosis and organ damage 

Transmission of infectious diseases 

Blood transfusion reactions 

 

Effect of under transfusion in thalassaemia 

A patient of thalassaemia major who is never transfused or is 

under-transfused develops increasing erythroid hyperplasia due 

to continuous erythropoietin release. The resulting marrow 

expansion and splenomegaly become a source of red cell pooling 

and set a vicious circle of increasing anaemia. The circle can be 
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broken only by correction of anaemia through regular blood 

transfusions (Figure 8.1). 

 

 

 

Figure 8.1. Anaemia in the untransfused thalassaemia major patients 

leads to a self-perpetuating worsening of anaemia through a vicious 

circle of erythropoietin release, marrow expansion and haemodilution. 

The cycle can be broken by correction of anaemia through blood 

transfusions. 

 

The annual blood consumption in thalassaemia major is 

significantly higher in the children who are under-transfused than 

in the ones on a hyper-transfusion regimen (Figure 8.2). The main 

reason for excessive consumption of blood in the under-transfused 

patients is uncontrolled marrow expansion and hypersplenism as 

explained above. 
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Recommended blood transfusion protocol 

The recommended treatment for thalassaemia major involves 

lifelong regular blood transfusions to maintain the pre-transfusion 

haemoglobin above 9.0-10.0 g/dL. This regimen promotes normal 

growth and physical activities, adequately suppresses bone 

marrow activity, and minimises transfusional iron accumulation 

(Table 8.1). The patients with cardiac disease or those who do 

not achieve adequate suppression of marrow erythropoiesis may 

be maintained at a higher pre-transfusion haemoglobin (11-12 

g/dl). The post transfusion Hb should not be raised above 15.0 

g/dL. 

 

Figure 8.2. A comparison of the annual blood consumption in low 

transfusion (dotted line) and high transfusion (solid line) cohorts of 

patients with thalassaemia major. 

 

When to start blood transfusion? 

The blood transfusions should be started in all newly diagnosed 

patients of thalassaemia major in whom the haemoglobin falls 
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below 7.0 g/dL and it remains there for a week or more. The 

transfusions may also be considered in patients whose 

haemoglobin is over 7.0 g/dL but they develop growth 

impairment, bone changes or enlarging spleen. The patients who 

remain clinically well with Hb more than 7.0 g/dL should not be 

transfused unless they show any of the above signs. 

Type of blood to be given 

Packed red blood cells with minimum possible white cells and 

plasma are the product of choice. The packed cells are prepared 

by removing plasma with a plasma extractor (Chapter 13). The 

separated plasma can be collected in a second bag and it can be 

used elsewhere; or the plasma can be discarded if double bags 

are not available. The packed cells should have a haematocrit of 

at least 75%. It is preferable to use blood that is not older than 

one to two weeks. 

The patients who develop febrile transfusion reactions due to 

anti-leukocyte antibodies require leuko-poor blood. The 

unwanted WBCs are best removed by filtering the blood through 

special bed-side filters. If the filters are not available packed cells 

may be washed in the lab with sterile normal saline (Chapter 13). 

The washing of blood should be done under strict aseptic 

conditions. Since the washing removes additive solution from the 

bag the washed red cells should be transfused within 12-24 

hours. 

How much blood to transfuse? 

The transfusion of 2.5 ml/kg body weight of packed red cells 

(100% haematocrit) raises the haemoglobin by 1.0 g/dL. The 

calculation should be corrected for haematocrit of the pack (2.5 

x 100/Haematocrit of the pack). 

Example: If haematocrit of the pack is 75% then 3.3 ml/kg body 

weight of the pack will raise the haemoglobin by 1.0 g/dL. 
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In many patients of thalassaemia, especially in whom the blood 

transfusions are started late, the theoretically predicted 

haemoglobin is not achieved. This is because of pooling of the 

transfused red cells in marrow or splenic sinusoids. With regular 

blood transfusions correlation of the predicted and the achieved 

haemoglobin concentration becomes more linear as the expanded 

marrow cavities and the splenomegaly regress due to correction 

of anaemia. 

Grouping the patient and preparation of blood 

Before starting the regular blood transfusions all patients should 

preferably be typed for the common antigens of ABO, Rh, Kell, 

Duffy and Kidd systems. An antibody screen on the recipient 

should be performed using the panel of 3 red cells. Cross-match 

between the donor cells and the patient’s serum using an indirect 

antiglobulin test (IAT) at 37oC should be carried out. Auto control 

(patient's own cells and serum) should also be included (Chapter 

13). 

Screening for infectious diseases 

The selection of blood donors may significantly reduce the 

chances of collecting blood from a potentially infectious donor. 

This would also minimize the wastage of blood and the cost of 

collection/testing of the bag that becomes unfit for any reason. 

The blood should at least be screened for Hepatitis B, C and HIV 

by a sensitive method like ELISA. Additional testing, if possible, 

may include malaria, dengue and syphilis (Chapter 13). There is 

an increasing tendency to screen the blood donors for infectious 

diseases by rapid diagnostic testing (RDT). This practice is unsafe 

and is not recommended. The RDTs used for HCV is known to give 

up to 10% false negative results. The use of nucleic acid testing 

(NAT) of blood donors can minimize but not completely eliminate 

the risk of transmission of infectious agents. Considering the high 

cost of NAT it is not feasible for use on a large scale in Pakistan 
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unless a low cost Nat is developed locally. To minimize the risk of 

HBV transmission the children who are HBsAg negative should be 

vaccinated. 

Rate of blood transfusion 

When there is no cardiac problem 

With haematocrit of approximately 75% the recommended 

volume of blood per transfusion is 10-15 ml/kg and it should be 

given over 3-4 hours. Larger volumes (20 ml/kg body weight) may 

be transfused at slower rate. In any case the blood transfusion 

should not be prolonged to beyond four hours. 

With cardiac failure or haemoglobin less than 5.0 g/dL 

When the patient has a cardiac problem or the haemoglobin is 

<5.0 g/dL not more than five ml/kg should be transfused at one 

time and the rate of transfusion should not exceed two 

ml/kg/hour. Transfusion of small amounts of blood at an interval 

of one or two weeks is recommended. A diuretic (lasix 1-2 mg/kg) 

can be given parentally. 

Transfusion frequency 

It is usual to give blood transfusions at 2-5 week intervals. Many 

patients of thalassaemia develop progressive shortening of the 

interval between transfusions. The common reasons include: 

1. Inadequate blood transfusions leading to progressive 

expansion of the marrow cavities and hypersplenism due 

to splenomegaly is the commonest cause of increasing 

blood requirement. Maintaining a pre-transfusion 

haemoglobin above 10.0 g/dL can restore the increasing 

transfusion requirement. Since the process is slow a 

sustained effort for several months may be required. 

2. The transfusion requirement is expected to increase with 

age and an increase in the body weight. The amount of 
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blood required should be calculated in accordance with 

body weight of the child. 

3. The development of allo-antibodies with accelerated 

destruction of the donor RBCs may also decrease the 

interval between transfusions. This usually happens 

because of the minor blood group incompatibilities e.g. Rh, 

Kell, Duffy and Kidd etc. The patient usually develops 

jaundice after transfusion and fails to achieve the desired 

haemoglobin after recent blood transfusion. An antibody 

screen with full or at least three red cell panel is required 

to identify the offending antibody. Thereafter the child 

should be given blood negative for the respective antigen. 

4. Parvovirus B19 infection may cause transient red cell 

aplasia in thalassaemia major. The diagnosis can be 

confirmed by IgM anti-Parvovirus B19 antibodies. The 

infection is self-limiting and it can be managed by extra 

blood transfusions. 

Blood transfusion in mismanaged patients 

Blood transfusions in patients of thalassaemia who are chronically 

under-transfused can be frustrating and challenging. Such 

children usually have large spleens and their marrow cavities are 

also expanded to cause enormous red cell pooling. Whatever 

amount of blood is given to them it is mostly pooled in the 

unwanted sites like marrow and spleen. Consequently, the target 

haemoglobin is not achieved as expected. 

As discussed earlier the chronically under-transfused patients of 

thalassaemia major have red cell pooling in the expanded marrow 

or the enlarged spleen. The main objective of the management in 

these patient should be to revert the expanded spaces back to 

normal. This can be achieved by: 
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1. Repeated blood transfusions at short intervals regardless 

of the inability to achieve the target haemoglobin. It could 

take many months before the expanded marrow cavities 

and the enlarged spleen regress and the target 

haemoglobin is achieved as expected. 

2. If there is marked splenomegaly then splenectomy should 

be considered. 

3. In selected patients the blood transfusions may be 

supplemented with hydroxyurea (15mg/kg/day). 

Hydroxyurea, in addition to augmenting Hb-F production, 

is a chemotherapeutic agent and it can reduce the 

expanded erythroid tissue mass through cyto-reduction. 

There are no published reports to support this hypothesis. 

But this is one area where it may be useful to carry out a 

randomized controlled clinical trial. 

Complications of blood transfusion 

Shivering and rigors are the commonest complaints associated 

with blood transfusions. These may develop because of a benign 

cause like giving cold blood too rapidly or a simple allergic 

reaction to plasma proteins. But the symptoms may also be the 

first indication of many life threatening complications like blood 

group incompatibility, anaphylactic reaction to proteins or 

transfusion of infected blood. It is strongly recommended that the 

first few minutes of blood transfusion must be monitored by at 

least a nursing attendant. 

The shivering or rigors due to rapid administration of cold blood 

can be managed by pre-warming the blood bag and slowing the 

rate of administration. Minor allergic reactions in the form of 

itching, urticaria or flushing can be controlled by anti-histamines 

and should not lead to discontinuation of the transfusion. In more 

severe allergic reactions with dyspnoea and bronchospasm 

transfusion should be stopped. It should be managed by parentral 
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anti-histamines and steroids (Solucortef 1 mg/kg). Repeated 

severe allergic reactions may be managed by giving washed red 

cells to minimize the amount of unwanted plasma proteins. 

A major blood group incompatibility is manifested by feeling of 

pain and warmth along the vein, dyspnoea and tightness in chest 

and a drop in blood pressure. The blood transfusion should be 

immediately stopped if any of these symptoms appear. The 

discontinued blood bag along with a post transfusion blood 

sample and a freshly voided urine, if available, should be sent to 

the lab for investigation. 

The development of jaundice after blood transfusion is not 

uncommon. It could be the first indication of delayed haemolytic 

transfusion reaction. It usually develops because of the minor 

blood group incompatibilities like Rh, Kell, Duffy, and Kidd etc. 

The patient develops jaundice and fails to achieve the desired 

haemoglobin after recent blood transfusion. Antibody screen with 

full or at least three red cell panel is required to identify the 

offending antibody. Thereafter the child should be given blood 

negative for the respective antigen. Transfusion of improperly 

stored blood (kept at over or under 4oC) or blood nearing its shelf 

life may have a shorter half-life. A large scale destruction of the 

transfused red cells may result in jaundice and failure to achieve 

the expected rise in haemoglobin. 

Fever is relatively less common after blood transfusion. It may 

develop because of non-specific causes like allergic reactions, 

anaphylaxis or administration of infected blood. A specific cause 

of fever that regularly develops after blood transfusions is the 

development of anti-leukocyte antibodies. These children should 

receive leuko-poor blood either given through specific filters or by 

giving washed red cells. Paracetamol may be used to control the 

fever. 

An improperly or inadequately screened blood can be a potent 
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source of transmission of many significant infectious diseases like 

hepatitis B and C, HIV, malaria, dengue, and syphilis etc. HCV is 

the most common blood infection in the Pakistani patients of 

thalassaemia. Fortunately, HBV is less common while HIV 

transmission is uncommon. Many studies from Pakistan have 

shown that over 50% of the children getting regular blood 

transfusions are HCV positive. Poor screening facilities at many 

treatment centres are the main cause of high HCV prevalence in 

the thalassaemia patients. The patients keep visiting different 

treatment centres in search of blood. Since the screening facilities 

at all centres are not uniform the patients can easily get HCV 

infection by one wrong blood transfusion. The HCV point of care 

testing devices are known to give false negative results due to 

their low sensitivity. These devices are in common use by most 

of the blood banks in Pakistan and are partially responsible for 

the high prevalence of HCV in the multiply transfused patients in 

Pakistan. 

Malaria and dengue may also become significant during the high 

transmission season. Very little is known about the incidence of 

malaria or dengue after blood transfusion because the two 

infections are not included in the regular blood donor screening 

programs. 

The uncommon complications of blood transfusion include 

transfusion related acute lung injury (TRALI) and graft versus 

host diseases (GVHD). TRALI is caused by anti-neutrophil 

antibodies and may present with dyspnoea, tachycardia, fever 

and hypotension within hours of blood transfusion. Post-

transfusion GVHD usually develops when the recipient is immune-

compromised or when blood from a close relative is transfused. 

The symptoms of GVHD include fever, skin rash, and diarrhoea 

that develops in 1-2 weeks the after blood transfusion. Gamma 

irradiation of blood bags can be effective in eliminating the donor 

immune-competent cells and transfusion associated GVHD. 
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Iron chelation 

One unit of blood (420 ml) contains about 200 mg of iron. 

Repeated blood transfusions in thalassaemia are a major cause 

of iron overload. Another less well recognized cause of iron 

overload in thalassaemia is the excessive absorption of iron from 

the intestine. Normal intestinal iron absorption is about 1-2 

mg/day. This increases several folds in the patients of 

thalassaemia major who are not on regular blood transfusions. 

The transfusion regimen that keeps the pre-transfusion 

haemoglobin above 9.0 g/dl increases the iron overload but 

prevents excessive absorption of iron from the intestine. 

Iron toxicity 

The iron absorbed from the intestine is carried by transferrin to 

the tissues. In conditions of iron overload when transferrin is fully 

saturated the non-transferrin bound iron (NTBI) becomes 

available in plasma. The NTBI is preferentially taken up by tissues 

like myocardium, endocrine glands, and liver where it is deposited 

as ferritin and haemosiderin. During transition of iron from ferric 

to ferrous and vice versa free radicals are generated that cause 

cell death and fibrosis by damaging cell membranes and nuclei. 

Objectives of iron chelation 

A child with thalassaemia on regular blood transfusions needs some 

alternate means to eliminate extra iron from the body. The 

objective of iron chelation is to maintain safe levels of body iron 

at all times. A small proportion of the newly entered iron remains 

in a labile pool while the bulk of the excess iron enters storage 

sites and becomes stable. The iron chelators effectively remove 

iron only when it is in the labile pool. Therefore chelation should 

be started early in life to prevent accumulation of iron in the body 

stores. The free iron is very toxic and it is best managed by 

continuous chelation rather than by bolus doses of the chelator. 
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It may take several months of treatment before the extra iron is 

removed to a safe level. 

When to start iron chelation? 

The iron chelation therapy should be started after the first 10-15 

blood transfusions or when the serum ferritin has reached 1000 

µg/L. In the Non Transfusion Dependent Thalassaemia (NTDT), 

iron chelation should be started when the patient has received 20 

or more blood transfusions or when the serum ferritin is >800 

µg/L. 

Desferioxamine 

Desferrioxamine (Desferal) is a time tested iron chelator. When 

given in adequate doses and at regular intervals it has an 

established impact on the complications of iron overload and the 

overall survival of thalassaemia patients. The main limitations of 

desferal include a high cost and the parentral route of 

administration. 

Subcutaneous infusion 

The standard dose of desferal for children is 20-40 mg/kg body 

weight and for adults the dose is up to 50-60 mg/kg body weight. 

It is given by subcutaneous infusions lasting 8-12 hours for 5-6 

nights a week. The daily dose of desferal is usually calculated by 

the serum ferritin level (Table 8.2). Because of the short half-life 

desferal is not effective through intramuscular injections. Vitamin 

C (2-3 mg/kg/day) enhances iron chelation by increasing its labile 

pool. In left ventricular failure secondary to iron overload 

continuous intra-venous infusion of desferal at 50-60 mg/kg is 

beneficial. 

Side effects 

Local allergy to desferal causing redness pain and itching is not 

uncommon. A dose related effect of desferal on hearing and vision 
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has been reported. Desferal may cause some growth retardation 

in children less than 3 years of age. The patients on desferal have 

an increased risk of developing blood transfusion related infection 

with Yersinia enterocolitica. Desferal should be discontinued if the 

infection is suspected. 

 

Table 8.2. The recommended daily dose of desferal at various serum 

ferritin levels. 

Serum ferritin Desferal 

<2000 µg/L 20 mg/kg/day 

2000-3000 µg/L 30 mg/kg/day 

>3000 µg/L 40 mg/kg/day 

 

Deferiprone 

Deferiprone (L1, Feriprox®, Kelfer®) is an orally absorbed iron 

chelator. A pooled data analysis shows statistically significant 

decrease in the serum ferritin at six months in patients receiving 

deferiprone at 75 mg/kg/day in three divided doses. The effect 

on serum ferritin at this dose appears greater at baseline ferritin 

values >2,500 µg/L but not at values <2,500 µg/L. Deferiprone 

has an edge over desferal in chelating iron from heart and thus 

improving its function. Deferiprone is available as 500 mg tablets 

or as suspension for paediatric use. It should be used with caution 

in children less than 5 years of age. 

The side effects of deferiprone include neutropenia, 

agranulocytosis and thrombocytopenia. The onset of 

agranulocytosis is variable, starting from a few months to nine 

years after taking drug. The patients receiving deferiprone should 

be monitored by weekly blood counts. If severe neutropenia or 

agranulocytosis develops, the drug should be stopped. 
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Haematopoietic growth factors like GM-CSF should be considered 

in case of agranulocytosis. 

A loss or gain of appetite and nausea occurs in 3-24% of the 

patients taking deferiprone. Variable fluctuation in liver enzymes 

(ALT) has been reported in about a quarter of the patients. 

Arthropathy may also be seen in some patients. Deferiprone is 

teratogenic in animals and must be avoided in patients 

attempting to conceive. 

Deferiprone can be used as a second line drug in patients who are 

unable to use desferal or when desferal therapy has proven 

ineffective. 

Deferasirox 

Deferasirox (Exjade®, Asunra®, Oderox®) is an orally active iron 

chelator. Due to a long half-life deferasirox is taken once daily as 

suspension in water preferably before meal. A starting dose of 20 

mg/kg is recommended for thalassaemia major patients who 

have received 10-20 transfusions. In patients with high levels of 

iron loading 30 mg/kg/day is recommended. 

The criteria for starting treatment (ferritin level, age, number of 

transfusions) are the same as for desferal. The side effects like 

agranulocytosis, arthropathy, or growth failure are not reported 

with deferasirox. Neurosensory deafness or hypoacusis have been 

reported in similar number of patients as with desferal. Defrasirox 

is contra-indicated in patients having impaired renal function. It 

should be used with caution in patients with liver disease. 

The recommended initial daily dose of deferasirox is 20 mg/kg 

body weight. An initial daily dose of 30 mg/kg may be considered 

for patients receiving more than 14 ml/kg/month of packed red 

blood cells (>4 units/month for adult). An initial dose of 10 mg/kg 

may be considered for patients receiving less than 7 ml/kg/month 

of packed red blood cells (<2 units/month for adult). 
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The patients who are well managed on desferal, deferasirox at 

half the dose of desferal may be considered (e.g. patient receiving 

40 mg/kg/day of desferal for 5 days a week may be given 

20/mg/kg/day of deferasirox. 

Combination therapy for iron chelation 

A combination of different iron chelators is used when mono-

therapy alone is unable to control the iron overload. In the 

combination therapy the two drugs are mostly given sequentially 

(alternating). For example desferal may be given at night and 

deferiprone during the day time. Serum ferritin can be controlled 

with desferal given twice or thrice a week combined with 

deferiprone at the standard doses of 75 mg/kg/day. The safety 

data on the combined therapy of iron chelators is limited. 

Monitoring of iron status 

Serum ferritin 

Serum ferritin is the most commonly used parameter for 

assessing body iron stores. The test is widely available and its 

results generally correlate well with the body iron stores in 

thalassaemia major. However, the results of ferritin become less 

reliable at very high iron overload (ferritin >3000 µg/L). Ferritin 

is an acute phase protein that is synthesized in liver. Therefore, 

any inflammatory condition or liver disease may cause false high 

levels of ferritin. In vitamin C deficiency ferritin may appear lower 

than the actual. In patients showing sudden increase in ferritin a 

possibility of hepatitis or other inflammatory diseases should be 

considered. Ferritin is also reported to underestimate the degree 

of iron overload in thalassaemia intermedia. 

In a patient of thalassaemia major it is recommended to keep the 

serum ferritin level below 1000 µg/L. In the poorly managed 

patients of thalassaemia major ferritin often rises to >3000 µg/L. 

At such high levels there is poor correlation between the ferritin 
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and the actual body iron content. The measurement of ferritin at 

very high levels is technically difficult and such samples should 

be adequately diluted to get an accurate result. Therefore, the lab 

requests for ferritin in patients of thalassaemia major should 

include a note to dilute the sample before estimation. 

Liver iron concentration (LIC) 

Liver iron concentration (LIC) is a reference method for assessing 

body iron stores. The liver iron can be measured by chemical 

methods as dry iron weight in a liver biopsy. The non-invasive 

methods for LIC include magnetic biosusceptometry (SQUID) and 

magnetic resonance imaging (MRI). Total body iron stores can be 

calculated from the LIC (LIC X 10.6). The normal LIC measures 

up to 1.8 mg/g dry weight. Several studies have shown that LIC 

above 15-20 mg/g dry weight is associated with a worsening 

prognosis in thalassaemia major. 

There may be unequal chelation in various organs like liver and 

heart under the effect of different iron chelators. Some agents 

chelate iron well from heart while the others may not be as 

efficient. The patients with increased liver iron may have normal 

cardiac iron stores while patients with normal or near normal liver 

iron may have increased cardiac iron. 

Assessment of cardiac iron 

Iron deposition in heart is one of the major causes of death in 

children with thalassemia. The cardiac iron may be assessed 

indirectly by cardiac function tests like MRI, MUGA scan or 

echocardiography. The myocardial iron estimation using MRI (T2* 

or other measures) is the best available method. The T2* value 

in tissues shortens as the iron concentration increases. A 

shortening of myocardial T2* to <20 ms (implying increased 

myocardial iron) is associated with decreased left ventricular 

function. 
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Vitamin C 

Vitamin C should only be given if the patient is on regular desferal 

therapy. It is usually given after the first month of desferal 

therapy. The dose for children less than 10 years is 50 mg/day 

and for those who are older than 10 years it is 100 mg/day. 

Folic Acid 

Folic acid at 5 mg/day should be given to all patients who are 

under transfused. 

Splenectomy 

Splenic enlargement is an almost invariable feature of children 

with thalassaemia who are not on regular blood transfusion 

program. The spleen size in thalassaemia generally corresponds 

to the marrow dyserythropoiesis. An enlarged spleen causes 

pooling of blood in its substance which results in increasing 

transfusion requirements. The development of splenomegaly can 

be controlled by putting the patients on a regular 

hypertransfusion program. However, those who have large 

spleens and require frequent blood transfusions may be 

considered for splenectomy. The patients of thalassaemia who 

have enlarged spleens due to poor transfusion regimen may show 

splenic regression when they are put on regular blood 

transfusions. The splenectomy should be delayed until the patient 

is five years of age. 

The indications for splenectomy in thalassaemia major are: 

1. Annual blood requirement exceeding 200-220 ml/kg. 

2. Massively enlarged spleen that is a source of abdominal 

discomfort. 

3. Significant leukopenia or thrombocytopenia. 

The patients undergoing splenectomy should be immunized against 
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Pneumococcal infections at least two weeks before the operation. 

Prophylactic antibiotics (oral penicillin 250 mg bd) should be 

continued for at least 2 years. Prophylaxis against malaria should 

be done with weekly chloroquine (5 mg/kg/week). If the platelet 

count remains persistently high, prophylaxis against thrombosis by 

low dose aspirin should be given. 

Hydroxyurea in thalassaemia major 

Hydroxyurea has been effectively used in thalassaemia 

intermedia. Studies from Iran, Pakistan and India have shown 

hydroxyurea to be effective in reducing the frequency of blood 

transfusions, at least in the short term, in 30-40% of the patients 

with β-thalassaemia major. Less is known about the long-term 

benefit and the complications of hydroxyurea treatment in 

thalassaemia major. 

Hydroxyurea is also effective in reducing the serum ferritin in 

these patients. The latter could be because of the reduced 

transfusion frequency or reduced absorption of iron from the 

intestine. 

No clear explanation is available on how hydroxyurea reduces the 

transfusion requirements in thalassaemia major. If it was only the 

augmentation of Hb-F production, hydroxyurea should have been 

effective in all patients of thalassaemia major. The beneficial 

effect of hydroxyurea in thalassaemia could also be due to its 

cytotoxic effect. Rapidly dividing ineffective erythroid cells are the 

main cause of cortical erosion and expansion of the marrow 

cavities in thalassaemia. The cytotoxic effect of hydroxyurea on 

erythroid precursors could significantly reduce the marrow 

expansion and consequently improve the anaemia due to red cell 

pooling. The net result would be a reduction in the frequency of 

blood transfusions. This effect should last as long as the 

expansion of the marrow cavities remains controlled. 
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Hydroxyurea is usually started at a dose of 5-10 mg/kg body 

weight/day and it may be gradually increased to a maximum dose 

of 20 mg/kg/day. The blood counts should be monitored regularly 

during the hydroxyurea treatment. 

Genetic testing before hydroxyurea treatment 

A patient with homozygous βo-thalassaemia mutation is 

completely unable to form Hb-A. Similarly most of the β+-

thalassaemia mutations in Pakistan are also severe enough to 

exclude the possibility of any significant β-globin synthesis under 

the influence of hydroxyurea or any other compound like that. 

There is “no sense” in testing for β-thalassaemia mutations to 

predict the responsiveness to hydroxyurea. Almost 97% of the 

patients of β-thalassaemia major in Pakistan are not capable of 

forming >5% Hb-A. They only have the capability to form Hb-F. 

Consequently whatever success hydroxyurea can achieve would 

be either through enhancing Hb-F production or by reducing the 

expanded marrow cavities due to its cyto-toxic effects. The C–T 

SNP at position -158 to the Gγ-globin gene (Xmn-I 

polymorphism) and the BCL11A gene correlate well with an 

enhanced capacity to produce Hb-F. The two SNPs can be used to 

ascertain the phenotype in β-thalassaemia. But the same can also 

be inferred from the overall clinical behaviour of the patient. 

In a country like Pakistan with resource constraints it would be a 

luxury to use expensive molecular genetic tests for predicting the 

response to hydroxyurea. The best approach should be: 

1. Selection of patients on clinical performance. 

2. Give hydroxyurea at the recommended dose for at least 

three months. 

3. Continue the drug if the patient fulfils the response criteria 

otherwise the drug should be discontinued. 
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Psycho-social aspects of thalassaemia 

A comprehensive management plan for thalassaemia should also 

include the management of psycho-social aspects of the disease. 

The lack of awareness about thalassaemia and its diagnosis 

usually result in referral of the children from one place to another. 

Once diagnosed the recurrent problem of getting blood 

transfusions starts. The high cost of treatment and physical stress 

of the disease become an increasing burden for the whole family. 

Consequently most of the affected couples become isolated. The 

affected children are also miserable. Under these circumstances 

the affected families often need the help of a psychologist. The 

following may help: 

1. Finding ways to minimize the stress of diseases and its 

complications. 

2. Helping the patients in finding activities during blood 

transfusions. 

3. Engaging the patients at improving self-esteem. 

4. Encouraging the patients to meet other individuals with 

similar illness. 

Rehabilitation of adult thalassaemics 

With improvement in the treatment facilities an increasing 

number of thalassaemics are reaching adult age. Many have 

joined or even completed university level education and they can 

become a useful member of the society. 

The United Nations Convention on the rights of persons with 

disabilities stresses on the need to recognize the rights of persons 

with disabilities and to work on an equal basis. In view of this the 

thalassaemia care givers need to advocate their patients, educate 

the public, and the potential employers for creating employment 

opportunities for thalassaemics. 



Management 

85 

Haematopoietic stem cell transplant (HSCT) 

Haematopoietic Stem Cell Transplant (HSCT) is the only curative 

treatment of thalassaemia available at present. There has been a 

remarkable improvement in the outcome of HSCT. In a selected 

group of patients a success rate of over 90% has been achieved. 

The outcome of HSCT is dependent on the following three adverse 

risk factors: 

1. Lifetime adequacy of iron chelation (regular versus non-

regular). 

2. Liver fibrosis on biopsy. 

3. Hepatomegaly >2 cm below the costal margin. 

Based on the above three risk factors three classes of patients 

are recognized: 

Class I: Have none of the adverse risk factors. 

Class II: Have one or two of the adverse risk factors. 

Class III:  Have all three of the adverse risk factors. 

Pre-transplant assessment 

1. The recipient should be at least one years of age. 

2. The diagnosis of thalassaemia should be confirmed. 

3. There is no bar on the donor having thalassaemia trait. 

4. The donor should not be less than 10 kg in weight. 

5. The patient and the donor should have complete clinical 

examination. 

6. Pre-transplant assessment tests should be done: 

a. HLA typing 

b. Complete blood counts 

c. Coagulation screening 
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d. Blood grouping 

e. Routine blood chemistry 

f. PCR for HCV and HBV if they have a positive 

serology. If the donor or the recipient is HCV or HBV 

positive the infection should be treated. An HCV 

positive recipient may undergo transplant and the 

infection can be treated post-transplant. 

g. Radiological assessment 

h. Liver biopsy in patients more than three years of 

age. 

The best results of HSCT are achieved between HLA matched 

siblings. HLA matched parents or first cousins also show good 

results. The chances of rejection increase with the degree of HLA 

mismatch. High resolution HLA matched unrelated donors may 

also show 60-70% thalassaemia free survival. 

Conditioning 

Pre-transplant conditioning of the recipient is a process by which 

the patient’s own marrow is ablated. It provides adequate 

immunosuppression to prevent graft rejection. The type of pre-

HSCT conditioning is decided according to the risk classification. 

In the class I & II patients busulphan 14 mg/kg and 

cyclophosphamide 200 mg/kg is used. In the class-III patients 

hydroxyurea, azathioprine, and fludrabine are also given in 

addition to busulphan/cyclophosphamide. 

The conditioning should have manageable regimen-related 

toxicities. Most conditioning agents cause mucositis, 

pancytopenia, sterility, and alopecia. Mucositis may involve the 

entire gastrointestinal tract and result in nausea, vomiting, 

diarrhoea, stomatitis, and esophagitis. The other side effects of 

conditioning include neutropenic fever, sinusoidal obstructive 

syndrome, respiratory distress syndrome, haemorrhagic cystitis 
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and reactivation of infections like CMV etc. 

Harvesting 

Collection of stem cells from the donor is called harvesting. The 

stem cells can be harvested from bone marrow or peripheral 

blood. In the bone marrow harvesting 300-1000 ml of donor 

marrow is aspirated under general anaesthesia. In the peripheral 

blood harvesting stem cells are first mobilized with 

haematopoietic growth factors (G-CSF) and then these are 

collected through a cell separator. 

Infusion of stem cells 

The harvested stem cells are counted by flow-cytometry using 

CD34 antibody. The stem cells are infused according to the body 

weight of the recipient. If there is a major blood group mismatch 

between the donor and the recipient then it is tried to remove as 

many donor red cells as is possible. 

Complications 

Common complications of HSCT include infections, 

haemorrhages, GVHD, and graft rejection or failure. The post-

transplant infections may be bacterial, fungal or viral. These can 

be avoided by using HEPA filters, laminar air flow, bacteria 

reduced diet, barrier nursing, strict personal hygiene and 

antimicrobial prophylaxis. Haemorrhagic complications may arise 

because of the drugs, thrombocytopenia, or coagulopathy. The 

graft related complications include failure of engraftment or graft 

rejection. 

Graft versus host disease (GVHD) is a condition in which the 

immune-competent cells of the donor origin initiate an immune 

response against the defenceless host tissues. GVHD may present 

in acute or chronic form. Acute GVHD manifests with dermatitis 

(rash), hepatitis (jaundice) and gastroenteritis (diarrhoea, 

abdominal pain). Chronic GVHD shows changes in skin, eye, liver, 
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GIT, lung and autoimmune manifestations. GVHD prophylaxis 

should include the use of irradiated/filtered blood products, 

methotrexate and cyclosporine. GVHD prophylaxis is continued 

for up to one year post transplant. 

Engraftment and follow-up 

Neutrophil engraftment is usually achieved after two weeks of 

stem cell infusion. The patients are discharged from hospital after 

the neutrophil engraftment if they are clinically well, feeding 

orally, taking oral medicines, and are free from any infection or 

other complication. After discharge the patients are followed up 

in OPD on twice weekly basis till two months post-transplant and 

then on weekly basis. The GVHD prophylaxis is continued for 

about nine months and then it is gradually tapered off over the 

next three months. 

Donor chimerism 

In a successful HSCT the proportion of donor haematopoietic 

tissue should comprise 100% of the cells. This is called complete 

donor chimerism. Many patients of thalassaemia after HSCT show 

reappearance of their own haematopoietic tissue. Simultaneous 

presence of the donor and the recipient haematopoietic tissues is 

called mixed chimerism (MC). Nearly one third of the ex-

thalassaemics may show mixed chimerism. Mixed chimerism may 

be the first sign of graft failure or rejection. Approximately 10% 

of the patients achieve a stable mixed chimerism and they 

continue to remain transfusion independent for extended periods 

of time. 

Donor chimerism can be detected by blood group antigens, 

cytogenetics, fluorescent in situ hybridization (FISH), or DNA 

analysis. The DNA based donor chimerism analysis is mostly done 

by Short Tandem Repeat (STR) analysis followed by 

electrophoresis on gel or a genetic analyzer. 
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Results of HSCT for thalassaemia 

The worldwide experience of HSCT in thalassaemia shows that 

the patients in Class-I have the best overall survival and disease 

free survival. The survival decreases with an advancing class of 

the patients (Table 8.3). 

 

Table 8.3. Survival after HSCT in thalassaemia. 

Class Overall Survival Disease Free Survival 

Class I 95% 90% 

Class II 85% 80% 

Class III 75-80% 65-70% 

Adults 70-75% 75% 

 

HSCT is being done at several centres in Pakistan. Between 2001 

and 2014, 186 transplants for β-thalassemia from HLA matched 

related donors were done at the Armed Forces Bone Marrow 

Transplant Centre Rawalpindi (Parvez Ahmad, personal 

communication). Two conditioning protocol were used. A long 

protocol (hydroxyurea 30 mg/kg/day, azathioprine 3 mg/kg, 

fludrabine 150 mg/m2, busulphan 14 mg/kg and 

cyclophosphamide 160 mg/kg) and a short protocol (busulphan 

14 mg/kg and cyclophosphamide 200 mg/kg with or without 

thiotepa). 

The patients included 124 males and 62 females. Their median 

age was 50 months (range 20 months to 13 years). The patients 

were stratified as class I (49), class-II (62), and class-III (75). 

Ninety-three patients received conditioning with the long protocol 

and the same number of patients received Bu14/Cy200 

conditioning regimen. Thiotepa was given to 38 patients (33 on 

long protocol and 5 on Bu14/Cy200). At median follow up of 1683 
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days the overall survival (OS) and disease free survival (DFS) was 

80.6% and 69.4% respectively. In the patients receiving long 

protocol OS, DFS and rejections were 85%, 72% and 15% 

respectively. In the short protocol (Bu14/Cy200) group OS, DFS 

and rejections were 76%, 66.7% and 11.8% respectively. 

Patients receiving thiotepa during conditioning had lesser 

rejections (1/38) compared to those receiving conditioning 

without thiotepa (24/124). Eighty-five (45.7%) patients 

developed acute GVHD and 7 (3.8%) patients developed chronic 

GVHD. 

The long conditioning protocol was associated with better survival 

in beta thalassaemia patients undergoing HSCT. The addition of 

thiotepa to conditioning regimen significantly reduced the 

incidence of graft rejection. 

Gene therapy 

The current research on gene therapy for thalassaemia involves 

transfer of lentiviral vector (LV) containing the locus control 

region (LCR) of the β-globin gene into the haematopoietic stem 

cells (HSC) of the patients with thalassaemia major. The HSC are 

harvested from the patient and these are subjected to ex-vivo 

transfection by LV vector containing the LCR-β-globin gene. The 

patient receives conditioning like stem cell transplant to knock 

out its own erythropoiesis. The gene transfer has a potential to 

correct the globin chain imbalance in the resulting RBCs. At 

present there is significant variability in the expression of the 

transfected LCR-β-globin gene. The chances of success of the 

gene therapy in the immediate future are slim. Another potential 

side effect could be the disruption of the host cell gene function 

causing, in the extreme situation, a leukaemia-type condition. 
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Periodical follow up in thalassaemia major 

A summary of the periodical follow-up in patients of Thalassaemia 

major is given in Table 8.4. 

 

Table 8.4. Periodic follow-up in thalassaemia major. 

Every month (at each transfusion) 

General physical examination including ankle oedema, chest, spleen, and liver 

Pre-transfusion Hb 

Post-transfusion Hb (30-60 minutes after transfusion) 

Blood Counts 

Every three months 

Clinical examination including height and weight 

Serum ferritin 

Liver function test 

Fasting blood glucose 

Creatinine 

Ionized calcium 

Every six months 

Growth velocity 

Volume of packed red cells transfused 

Every year 

Volume of packed red cells used per year 

Hepatitis B & C serology 

T3, T4, TSH, PTH 

Mean pre-transfusion Hb for the year 
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