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6

Abstract7

Regular blood transfusion along with iron chelation therapy is a supportive treatment for8

thalassemia major. Chelation therapy too has its side effects. The most common adverse9

effects associated with administration of deferiprone are agranulocytosis, neutropenia and10

arthralgia, primarily, of the large joints. Objective : The study was undertaken to examine the11

effect of deferiprone on the large bone joints of thalassemia major patients. Material and12

Methods: Thalassemia major patients (62) on hyper-transfusion treatment regime aged13

between 4 19 years were assigned to three groups. Group I included 42 patient taking14

deferiprone, Group II included 10 patients on deferoxamine, and Group III included 1015

patients who were not taking chelation therapy.16

17

Index terms— Thalassemia, iron chelation, deferoxamine, bdeferiprone, musculo-skeleton.18

1 I. Introduction19

-thalassaemia major is the commonest lethal single gene disorder in India with a prevalence of 1-17% in different20
population groups (mean prevalence is 3.3%). This disease has a spectrum of clinical severity which is associated21
with ineffective erythropoeisis, bone marrow expansion and repaid destruction of erythrocytes.22

Anemia demands frequent blood transfusion to maintain life while hemosiderosis and other complications of23
the disease require a continuous and distressing treatment regime that includes iron chelation treatment regular24
medical supervision, request admissions to the hospital and on many occasions Authors ? : MD, PhD, PhD25
(Cantab) Associate Professor, Department of Nephrology. Author ? : MD, Additional Professor Department26
of Radiodiagnosis Sanjay Gandhi Post Graduate Institute of Medical Sciences, Lucknow 260014, India. E-mail27
: anitimmy@sgpgi.ac.in. anemia, caused by abnormality of beta globin synthesis, is fatal in infancy without28
transfusions but is fatal in adolescence even with them.29

The only curative treatment for this disease is bone marrow transplantation (BMT) which is expensive, not30
easily affordable by a common Indian family and with variable success rate of BMT 60-70%.31

Regular blood transfusion followed by iron chelation therapy is just a supportive treatment for this disease32
which is associated with serious complications. The cost of supporting a thalasemic child varies from few thousand33
rupees to Rs.1,00,000 a years depending upon the kind of treatment opted by the family. The excess iron causes34
diffuse organ damage, usually resulting in fatal cardiac toxicity.35

In supportive treatment, because the magnitude of the body iron burden seems to be the principal determinant36
of clinical outcome [2][3][4] the prime goal of iron-chelating therapy in patents with thalassemia major is to37
control iron overload. The optimal body iron should minimize both the risk of adverse effects from the iron-38
chelating agent and the risk of complications from iron overload. With stable transfusion requirements and in39
the absence of other confounding factors, the lower the level of body iron is desired, the higher the dose of iron40
chelator is required., The advent of treatment with subcutaneous deferoxamine has, however, changed the gloomy41
prognosis of the disease. Studies have demonstrated that over 90% of patients who comply with the difficult and42
expensive regimen of deferoxamine treatment survive without heart disease ??.5 and with minimal toxic effects43
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3 III. RESULTS

(deferoxamine induced bony changes are well documented [6][7][8][9][10] ) if dose is tailored to the iron burden44
11 .45

The successes achieved with deferoxamine, as well as the limitations of this treatment, have stimulated the46
design of alternative strategies of iron chelating therapy, including orally active iron chelators. Only a few47
of the many hundreds of potentially useful oral chelators have been found suitable for clinical studies. The48
development of the most promising of these deferiprone (1, 2 dimethy 1-3-hydroxypryridin-4-one or LI) has49
progressed rapidly and data from several trails have provided direct and supportive evidence for its short-term50
efficacy 12 . Deferiprone is able to promote this agent mandates a careful evaluation of the balance between51
risk and benefit of deferiprone in patients with thalassemia in most of whom long-term deferoxamine is safe and52
efficacious therapy. The most common adverse effect associated with administration of deferiprone has been53
arthralgias, primarily, of the large joints ??13,[15][16][17][18] the etiology of which remains elusive bringing into54
question its long term use in humans 19 , neutropenia or agranulocytosis first reported in 1989 20 . This study55
was undertaken to examine the effect of deferiprone on the large bone joints of thalassemia major patients.56

2 II. Material and Methods57

The study was conducted at Sanjay Gandhi Post Graduate Institute of Medical Sciences, Luckknow between year58
2001 and year 2002 on 62 thalassemia major patients on hyper-transfusion treatment regime aged between 4 and59
19 years registered with department of Medical Genetics. The patients visited hospital every 3 to 4 weeks for60
blood transfusion. Patients were divided into three groups based on which chelation therapy they were taking.61
Group I included 42 patients taking deferiprone (duration 6 months to 6 years), Patients in Group II were on62
deferoxamine infusion and belonged to rich Indian class who could afford good and expensive treatment.63

Group III included 10 patients who were not taking chelation therapy because of financial constraints. Patients64
from Group I and III belonged to low and middle socioeconomic groups who could not afford expensive treatment.65

Clinical history of the patient is given in Table ??. Prior to starting deferiprone or deferoxamine complete66
blood count (CBC), serum ferritin, ,liver function test (serum bilirubin, AST, ALT, serum alkaline phosphate),67
HIV I & II antibodies, and blood sugar fasting and post meal were tested. All the patient were immunized for68
hepatitis B. Growth assessment of the patients was done once in three months.69

Routine Tests : Pre-transfusion hemoglobin was tested on every visit and serum ferritin levels every six70
months. Yearly evaluation of endocrine glands included TSH, T4, serum Cortisol, GTT, Calcium and Phosphorus.71
Deferiprone : Patients were given deferiprone after written consent had been obtained from their parents. The72
parents were given detailed information on efficacy, safety and potential side effects of deferiprone (marketed73
in India as Kelfer, Cipla Ltd.). Dose was prescribed as follows: starting dose 50 mg/kg body weight, which74
was gradually increased ton 60 mg, 75mg and finally to 1000 mg/kg body weight. CBC was checked every75
month. Deferiprone was discontinued if patient developed high fever, prolonged or abnormal bleeding, or if total76
leucocyte count was <4000/I or platelets <1000,0001/1. Deferiprone was stopped in case patient developed77
bone joint related problems. The patient was then managed on non-steroidal antiinflammatory drugs. After the78
symptoms resolved, the drug was restarted.79

Deferoxamine : Starting dose of deferoxamine was 25 mg/kg body weight which was gradually increased up80
to 45 mg/kg body weight. Patients on this drugs were advised to take Vitamin C on the day of infusion.81

Radiograph : To examine bone age, bone density, bone expansion, peri-articular changes (arthritic changes,82
soft tissue swelling, loose bodies and reduction in joint space) antero-posterior and lateral views of wrist, knee83
and ankle joints were taken and analyzed and clinically correlated. Bone age more than 2 years below the84
chronological age was taken as delayed age.85

Deaths : After the completion of the study 5 patients died: 3 from Group II and I each from Groups I and III.86
Statistical analysis was done using SPSS 10.0 for Windows. Frequencies for hemoglobin and serum ferritin87

were calculated. Paired t test and one-way analysis of variance were used for further analysis of data.88

3 III. Results89

Hemoglobin, Serum Ferritin and Other Conditions: Patients in all the three groups had low hemoglobin and90
high serum ferritin level. Only 6 patients had hemoglobin more than 9 but less than 10.0 mg/dL and another91
6 had serum ferritin ? 2500 ng/L. Analysis of variance showed that there were significant differences (P>.001)92
between the hemoglobin and serum ferritin levels of the three groups. There was significant difference in these93
two parameters when group I was compared with group III (paired t test P>0.001) and when group II was94
compared with group III (paired t test P>0.001). There was no significant difference between the hemoglobin95
and serum ferritin levels of group I and II. Decline in serum ferritin was observed within first ;year of starting96
chelation therapy. Compliance to chelation therapy was generally good. Only two girls attained sexual maturity97
(one each from group II and III).98

During study 2 patients were diagnosed to be suffering from hypothyroidism, 4 from cortisol deficiency, 2 from99
epilepsy and another 2 from congestive heart failure. None of the patients were HIV positive. Three patients100
had undergone splenectomy and 11 were sufferening from hypersplenism.101
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4 Radiological Findings102

Bone age, bone density and bone expansion :103
Radiographs showed that the boned age of 4 patients (1 patient from Group II and 3 patients from group104

III) less than it. X-rays of 3 patients (4.9%) from Group I (n=1) and II (n=2) were normal. Rest (96%) of the105
patients had mild to moderate expansion and reduction in bone density. Three patients (4.9%) 2 from Group I106
and 1 from group II had severe expansion and reduction in bone density. Erylmeyer flasking was observed in 5107
(8%) patients: in the knee joints of 4 patients and in all the three joints elbow, knee, and ankle of 1 patient.108

5 V. Peri-Articular Changes109

Group I (Deferiprone) : Radiographs of 19 (43%) patients showed peri-articular changes in the knee joint which110
were clinically correlated with complaints of joint pain, stiffness, (consequently of limping), swelling, inability to111
squat and climb stirs (Table ??). Out of these 19 patients, 7 patients had involvement of both the knees. Due112
to severe arthritis in the knee joints 2 patients were unable to walk and hence confined to bed. Peri-articular113
changes were present in the wrist joint of 9 (21%) patients, elbow joint of another 9 (21%) and in the ankle of114
4 patients (10%). X-ray of 1 patient showed reduced space in elbow joint which clinically correlated with the115
patient’s inability to flex arms. Soft tissue swelling was observed in one radiograph of the knee.116

In 6 patients (14%), more than one join was affected. Arthritic changes were present in all the four joints of117
2 patients, three joints (wrist, elbow and knee) of 1 patient, two joints (wrist and elbow) of 3 patients and wrist118
and knee of another 1 patient. Deferiprone of one patient was stopped due to severe arthralgia and swelling in119
knee joint (no chelation presently) and of another due to thrombocytopenia.120

Knee joint was the most commonly affected joint and the most frequent symptom was pain and swelling in121
the joint. These symptoms appeared within first two years of starting deferiprone therapy.122

Group II (Deferoxamine) and Group IIII (No Chelation):123
Radiographs of patients in this group did not show any periarticular changes. None of the patients complained124

of joint pains or showed changes in total blood counts.125

6 VI. Discussion126

One of the major concerns with clinical use of L1 is the risk of associated toxicity 19 . Issues regarding safety of127
deferiprone have been discussed by the International Study Group for Oral Iron Chelators (ISGOIC), a group of128
about 40 scientists and clinical investigators with extensive experience in the management of thalassemia patients129
in 1993 in Nicosia 21 . Consensus was that there is an urgent need for further well controlled clinical studies of130
deferiprone in sufficient number of patients in order to enable proper judgment of its suitability for general long131
-term clinical use. The relative effectiveness and safety of and compliance with deferiprone and deferoxamine132
were compared in a prospective randomized trial begun in Canada in 1993.133

The most common adverse effect associated with administration of deferiprone has been arthralgias, primarily,134
of the large joints the etiology of which remains elusive. The most serious adverse effect associated with the135
administration of deferiprone was severe neutropenia or agranulocytosis, first reported in 1980 20 . Till 1997 this136
complication had been reported in 13 patients, of whom 10 were thalassemia major patients 20,22,23 , as early as137
6 weeks and up to 21 months after initiation of deferiprone. In five patients in whom rechallenge with deferiprone138
was attempted after white blood cell counts returned to normal, a second decrease in neutrophil count was139
observed 23 . The mechanism of deferiprone-induced neutropenia is unknown. Although studies in animals and140
early reports in humans suggested that this effect might be related to administration of high doses of deferiprone,141
at least 7 patients have developed agranulocytosis during administration of the standard daily dose of 75 mg/kg142
body weight; this adverse effect appears not to be dosedependent, but idiosyncratic and unpredictable.143

Results of a long term-term deferiprone therapy show that 1 per 100 patients developed agranulocytosis,144
which was reversible. Other significant complications in decreasing order of incidence were: transient liver145
enzyme abnormalities (44%), arthropathy (21%) , zinc deficiency (14%) and nausea 80%)24. Joint symptoms in146
association with deferiprone therapy are known25. Joint symptoms occurred in up to 33% of patient in Indian147
trial15. In another study26, arthropathy caused discontinuation of deferiprone during second or third years of148
therapy. Joint symptoms were present for several weeks and did not improve with lowering the dose of deferiprone149
(to 50 mg/kg/d). The knee joints were mainly affected and the clinical symptoms were stiffness, crepitus, and150
effusion. However, despite conducting several tests pathophysiology of arthropathy could not be known 26 .151
Some degree of joint or muscle stiffness and pain affecting shoulder, back ankle, knee joint and osteoarthritis of152
the knees was reported in patients on deferiprone 25 . The explanation for joint symptoms was unclear.153

Osteoarthropathy is well recognized in thalassemia major, usually in the second or third decade and is154
attributed to underlying bone changes 27 and lower limb pains are particularly frequent in thalassemia ??8155
. Other adverse effects reported with deferiprone administration include dermatologic changes associated with156
decreases in serum zinc concentration which resolve with oral zinc supplementation 29 , 30 , nausea, and transient157
or sustained liver enzyme abnormalities 24 .158

Author has also159
In the present study, although chelation therapy had brought down serum ferritin levels but they were still160

very high 31 . Only 6 patients were well chelated as they had serum ferritin ? 2500ng/dL. Results of this study161

3



7 VII. ACKNOWLEDGEMENT

show expected bone changes (reduced bone density and bone expansion) in almost all the patients which can be162
attributed to persistently low hemoglobin levels. Involvement of knee joint (peri-articular) which supports the163
findings of previous studies 25,26 was the main finding of the study although these changes were observed in164
patients from group I only, that is, those patients who were on deferiprone and they were be clinically correlated165
(complains of pain, stiffness, swelling etc.). Knee joint involvement in this study is the highest reported so far166
15,24 . Three patients suffered from join problems the most. In the first two cases, arthritic changes in the knee167
joints of two patients were so severe that they were unable to walk and were disabled. One of these patients died168
due to multiple organ involvement. In the third case, due to reduced joint space in the elbows the patients was169
unable to flex the arms. In a lesser degree of disablement, three more patients who had changes suggestive of170
arthritis in the knees, were unable to squat due to pain in the knees. Other serious adverse effect of deferiprone171
were repeated thrombocytopenia in 2 patients, leucopenia in 2 patients and bone marrow suppression in one. The172
patient developed hypersplenism, followed by thrombocytopenia (while still on deferiprone therapy) and finally173
bone marrow suppression. This patient switched over to deferoxamine therapy approximate 11 months prior to174
his death. However, after the study was completed, 7 patients switched over from deferiprone to deferoxamine175
therapy firstly due to join pains (3 males) and secondly in order to avoid any other associated complications (3176
males and 1 female).177

Deferiprone has a much lower therapeutic ratio than deferoxamine, for two reasons. First, deferiprone is178
considerably more toxic and regularly depresses the granulocyte count in both normal and iron-overloaded179
animals 32 , deferoxamine in contrast does not depress the marrow. In clinical studies deferiprone has caused180
both agranulocytosis and arthralgia or arthritis ??3 . Second, Oliveri and her collegues clearly demonstrated181
that deferiprone can reduce iron stores to lower, if still elevated, levels in patients with severe iron overload,182
the drug has a concentration-dependent affinity for iron ??4 . Three molecules of deferiprone are required to183
bind one molecule of iron, whereas deferoxamine binds iron tightly in a 1:1 ratio. For this reason, deferprone184
must be present at very high concentrations (close to toxic levels) to be effective. It dissociates from iron when185
the concentration of iron in body fluids falls to the level achieved just few hours after oral adminstration ??4186
. Hence as demonstrated by Olivieri and her colleagues, deferiprone does not readily reduce excessive body187
iron stores below a certain level. It is, therefore, not clear if the drug will provide long term protection from188
disease. Deferiprone is now well known to cause adverse effects on musculo-skeleton 4 ., though in some studies189
the symptoms have resolved on discontinuation of the drug.190

Our study emphasizes the fact that patients who were on deferoxamine and those who were not on iron chelation191
did not suffer from arthritic problems. Since a lost of studies have reported similar musculoskeletal pains and192
osteoarthritis in patients on deferiprone therapy, it suggests that these symptoms are related to deferiprone193
therapy. An immunological mechanism could be responsible for these symptoms 25 . It is also possible that194
soluble LI-iron complexes of metabolites formed in the joints or transported there from plasma or LI itself may195
be implicated 25 . It is important that for future clinical studies, patients with preexisting clinical complications196
are included so that possible adverse effects of the drug can be easily distinguished from the progression of the197
underlying disease 25 .198

The results of our study show that long-term iron chelation therapy is feasible using deferiprone but it is199
associated with serious side effects. Our study confirms the findings of previous studies in which different side200
effects of deferiprone have been reported 13,15,29. Keeping in mind financial constraints of low and middle socio-201
economic Indian families deferoxamine therapy has two main limitations: firstly, it is an expensive drug (both202
oral as well as infusion) not easily affordable by Indian families and secondly it calls for 10-12 hours of continuous203
subcutaneous infusion causing discomfort to the patient ??5, ??6 and hence poor compliance. On an average204
the annual expenditure of a patient on deferoxamine is Rs.1,00,000/-and that of a patient on deferiprone is205
Rs.12,000/-. From this is evident that deferiprone is relatively inexpensive compared to deferoxamine and hence,206
deferiprone is the only option for thalassemia major patient from low and middle socio-economic strata (since207
there is no national health policy supported by Indian Government) since this drug decreases the iron overload208
to a measurable extent. However, toxicity of deferiprone mandates a careful evaluation of the balance between209
risk and benefit to the patients with thalassemia who require life long iron chelation bringing into question its210
long term use in humans.211

7 VII. Acknowledgement212
1 2 3213

1© 2012 Global Journals Inc. (US)
2© 2012 Global Journals Inc. (US) © 2012 Global Journals Inc. (US)
3© 2012 Global Journals Inc. (US) © 2012 Global Journals Inc. (US) Effect of Oral Iron Chelator Deferiprone

on Skeletal Radiography of Thalassemia Major Patients

4



Figure 1: ?

5



7 VII. ACKNOWLEDGEMENT

:

28. Finsterbrush A, Feber I, Mogle P 1995. Lower limb pain in thalassemia. Annals of int. Med. 88: 494-Leucopenia 2 - 32. Porter JB Hoyes KP, Abeysinghe RD, Brooks PN, Huchns ER, Hider RC 1991. Comparison of the —-
501. 29. Al-Rafaie, FN, Wonke B, Wickens DG, Aydinok Y, Fielding A, Hoffbrand AV 1994. Zinc concentrations Suppression Bone Marrow 1 - - subacute toxicity and efficacy of 3-hydroxypyridine-4-one iron chelator in overloaded nonoverloaded mice. Blood 78: 2727-34. and —
in patients with iron overload receiving oral iron chelator 1,2-dimethy1-3-hydroxypid-4-one or Hypothroidism 1 - 33. Nathan DG 1995. An orally iron chelator Editorials New England Journal of Medicine Vol 332 (14) 953-1 —
deferoxamine. J Clin Path 47: 657. 30. Al-Rafaie FN, Wonke B, Hoffbrand AV 1994. Cortisol Deficiency 1 - 34. Motekaitis RJ and Martell AE 1991. Stabilities of 955. 3 —
Deferiprone associated myelotoxicity. Diabetes Mellitus - - Eur

J
1 iron (III) chelates of 1,2 -dimethy1-3 hydroxy—-

Hematol. 53 298. 4pyridinone and related ligands. Inorg ChimActa
31. Saxena A, Shubha RP, Agarwal SS 2000. CHF* 1 - 1 193: 71-80. - 1 -
Suboptimal iron chelation and low pretransufsion hemoglobin causes body disproportion in young thalassemic patients. International Journal of Epilepsy 1 -Heamatology. (Suppl) Abstracts from ISH 2000 Sexual Maturation – 35. Hoffbrand AV and Wonke B 1989. Results of long-term subcutaneous desferrioxamine therapy. Bailliers Clinical Hematology. 2: 345-362. -1 –36. Cohen AR 1987. Management of iron overload in -1 -1 ear

2012
Y

2
6

28th World Congress of the International society of pediatric patient in Hematol Oncol Clin North Am

Hematology TorontoCanada August 26-30, 2000. 521.
page 121.
Clinical Details Sample Mean
Age (years) Delayed bone age
Hemoglobin X ±SD Minimum
Maximum

Group I (42) Boys 29 9.57 -7.6 ±.88 5.4 9.0 Girls
13
8.69
-
8.1
±.95
6.3
9.7

Gourp II (N=10) Boys Girls 6 4 15.5 13.2 1 -8.3 ±.59 7.3 8.5 ±.88 7.3 9.1 9.3 Group
III
(N=10)
Boys
Girls
5 5
8.25
11.0
-3
6.2
±1.0
5.0
6.9
±.97
6.0
7.8
8.4

Medical
Re-
search
Vol-
ume
XII
Is-
sue
IX
Ver-
sion
I

Serum Ferritin X ±SD Minimum
Maximum

5322.5
±2657.7
2,000
10,073

3744.5
±1838.2
1326.
6803.00

5145.1 ±2533.3 2859 8,730 3893.7
±2866.5
1398
8,000

8800
±2683.2
4,000
10,000

7552.6
±2121.8
4210.00
9,625

Global
Jour-
nal
of

HIV - - - - - -
HCV Positive 5 1 1 1 - 1
Hypersplenism 11 1 1 1 3
Splenectomy - 2 1 - - -

27. Gratwick GM, Bullough PG, Bohne WHO,
Thrombocytopenia 2 - - Mashensen AL, Peterson CM, 1978. Thalassemia —

osteoarthropathy. Annals of Internal Medicine 88:
494-501.

Figure 2: Table : 1

6



Changes

ear 2012
Y
7

Bone
Density
Norm -1
-2

Bone Ex-
pansion -3
Norm +1
+2

PARTICULR
CHANGES
Arthritic Changes
+3 Norm Present

Reduced
Joint Space
Norm
Present

STSMedical Research Volume
XII Issue IX Version I

Global Journal of

[Note: © 2012 Global Journals Inc. (US)]

Figure 3: Table Changes In

7



7 VII. ACKNOWLEDGEMENT

8



.1 Effect of Oral Iron Chelator Deferiprone on Skeletal Radiography of
Thalassemia Major Patients

.1 Effect of Oral Iron Chelator Deferiprone on Skeletal Radiography of214

Thalassemia Major Patients215

Medical Genetics, for their unstinted help and support for completion of this project. I thank parents of216
thalassemic patients who took part in the study for their co-operation.217

[Mehta et al. ()] , J B Mehta , S Singhal , B C Mehta . Indian J Hematol Blood Transf 1993. 11 p. .218

[Hoffbrand et al. ()] ‘Agranulocytosis and thrombocytopenia in a patient with BlackfanDiamond anaemia during219
oral chelationtrial’. A V Hoffbrand , A N Bartlett , P A Veys , Ntj O’ Connor , G J Kontoghiorghes . Lancet220
I 1989. 547.221

[Berkovitch et al. ()] ‘Arthropathy in thalassemia patients receiving deferiprone’. M Berkovitch , R M Laxter ,222
R Inman , Etal . Lancet 1994. 343 p. .223

[Collaborative study on Thalassemia: An India Council of Medical Research Task Force Study ()]224
Collaborative study on Thalassemia: An India Council of Medical Research Task Force Study, 1993.225
New Delhi. Indian Council of Medical Research226

[Chan et al. ()] ‘Deferoxamine induced dysplasia in the distal femur and patella of pediatric patients and young227
adults: MR imaging appearance’. Y Chan , C Li , W C Chu , L Pang , J C Cheng , K W Chik . Am J228
Roentgenol 2000. 175 (6) p. .229

[Levin et al. ()] ‘Deferoxamine inducedplatyspondyly in hypertransfused thalassemic patients’. T L Levin , S230
Sheth , W E Berdon , C Ruzal-Shapiro , S Piomelli . Pediatr Radiol 1995. 25 p. .231

[Hershoka ()] Development of oral iron chelator LI lancet, C Hershoka . 1993. 341 p. .232

[Al-Rafaie et al. ()] Efficacy and possible adverse effects of oral iron chelator 1,2-dimethy1-3hydroxypyrid-4-one233
(LI) in thalassemia major Blood, F N Al-Rafaie , B Wonke , A V Hoffbhrand , D G Wickens , P Kontoghiorghes234
, GJ . 1992. 3 p. 593.235

[Brittenham et al. ()] ‘Efficacy of deferoxamine in preventing complications in iron overload in patients with236
thalassemia major’. G M Brittenham , P M Griffith , A W Nienhuis , C E Mclaren , N S Young , E E Tucker237
, C J Allen , D E Farrell , J W Harris . New England journal of Medicine 1994. 331 p. 567.238

[Sanctis et al. ()] ‘Growth and development of thalassemia major patients with severe bone lesions due to239
desferrioxamine’. De Sanctis , V Pinamonti , A , Di Palma , A Sprocati , M Atti , G Gamberini , M R240
Vullo , C . Eur. J Peadiatr 1996. 155 (5) p. .241

[Olivieri and Brittenham ()] ‘Iron-chelating therapy and the treatment of thalasemia’. N F Olivieri , G M242
Brittenham . Blood 1997. 89 (3) p. .243

[Olivieri et al. ()] ‘Iron-chelation therapy with oral deferiprone in patients with thalassemia major’. Olivieri , G244
M Brittenham , D Matsui , M Berkovitch , L M Blendis , R G Cameron , R A Mcclelland , P P Liu , D M245
Templeton , G Koren . New England J Medicine 1995. 332 p. .246

[Tondury et al. ()] ‘LI (1,2-dimethy1-3 hydroxypyrid-4 one) for oral iron chelation in patients with betatha-247
lassemia major’. P Tondury , G J Kontoghiorghes , A Ridolfi-Luthy , A Hirt , A V Hoffbrand , A M248
Lottenbach , T Sondergger , H P Wagner . Br J hematol 1990. 76 p. .249

[Mehta et al. ()] ‘LI induced systemic lupus erythematosus’. J Mehta , S Singhal , A Chablani , Revankarr , A250
Walvalkar . Indian J Hemato Blood Transf 1991. 9 p. 33.251

[Goudsmit and Kersten ()] ‘Long term treatment of transfusion hemosiderosis with the oral chelator L1’. R252
Goudsmit , M J Kersten . Drugs of Today 1992. 28 p. 133.253

[Hoffbrand et al. ()] ‘Long term trial of deferiprone in 51 transfusion -dependent iron overloaded patients’. A V254
Hoffbrand , F Al-Rafaie , B Davis , N Siritanakatkul , Bfa Jackson , J Cochrance , E Prescott , B Wonke .255
Blood 1998. 91 (1) p. .256

[Barlett et al. ()] ‘Long term trial with the oral iron chelator 1-2dimethy1-3 hydroxypyrid-4-one (LI): Clinical257
observations’. A N Barlett , A V Hoffbrand , G J Kontoghioghes . Br. J Hematol 1990. 76 p. 301.258

[Agarwal et al. ()] ‘Long-term assessment of efficacy and safety of LI, an oral iron chelator in transfusion259
thalassemia’. M B Agarwal , S S Gupta , C Vismanathan , D Vasandani , J Ramanathan , Desai , R R260
Puniyani , T Chhablani . Indian Trial Br J Hematol 1992. 82 p. 460.261

[Miller et al. ()] ‘MR imaging of deferoxamine induced bone dysplasia in an 8 years old female, with thalassemia262
major’. T T Miller , G Caldwell , J J Kaye , S Arkin , S Burke , P W Brill . Pediatr Radiol 1993. 23 (7) p. .263

[Al-Rafaie and Hoffbrand ()] ‘Oral iron chelation therapy’. F N Al-Rafaie , A V Hoffbrand . Recent Adv. Hematol264
1993. 7 p. 185.265

[Hoffbrand ()] ‘Oral iron chelators’. A V Hoffbrand . Semin Hematol 1996. 33.266

[A1-Rafaie et al. ()] ‘Results of long term deferiprone (LI) therapy. A report by the International Study Group267
on Oral Iron Chelators’. A1-Rafaie , C Hershko , A V Hoffbrand , M Kosaryan , N F Olivieri , P Tondury ,268
B Wonke . Br J Hematol 1995. 91 p. 224.269

9



7 VII. ACKNOWLEDGEMENT

[Olivieri et al. ()] ‘Survial in medically treted patients with homozygous B thalassemia’. Olivieri , D G Nathan ,270
J H Macmillan , A D Wayne , M Martin , A Mcgee , G Koren , P P Liu , A R Cohen . New England Journal271
of Medicine 1994. 331 p. .272

[Berdoukas et al. ()] ‘Toxicity of oral iron chelator LI (letter)’. V A Berdoukas , P Bentley , H Forst , H P273
Schnebli . Lancet 1993. 341 p. 1088.274

[Fosburg et al. ()] Treatment of Cooley’s anemia, M T Fosburg , Nathan , Blood . 1990. 76 p. .275

[Mangiagli et al. ()] ‘Treatment with deferiprone (LI) in a thalassemic patient with bone lesions due to276
desferrioxamine’. A Mangiagli , De Sanctis , V Campisi , S , Di Silvestro , G Urso , L . J Pediatr Endocrinol277
Metab 2000. 13 (6) p. .278

10


	1 I. Introduction
	2 II. Material and Methods
	3 III. Results
	4 Radiological Findings
	5 V. Peri-Articular Changes
	6 VI. Discussion
	7 VII. Acknowledgement
	.1 Effect of Oral Iron Chelator Deferiprone on Skeletal Radiography of Thalassemia Major Patients


