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ABSTRACT

Background: For many years, the recommended course of treatrfue Beta-
Thalassemia major included regular blood transfisiand iron chelation therapy.
Most of these individuals' problems have been ahbyaron excess. According to the
"Iron Hypothesis," iron is thought to be harmfultte cardiovascular system, hence
encouraging onset and progression of atheroscteamsl placing these individuals at

higher risk of experiencing clinical and/or subadad thrombotic events.

Objectives. To ascertain prevalence of early atherosclerolierations and the

contributing variables.

Setting: Pediatric thalassemia ward dfertiary care hospital catering to rural

population

Design: Prospective cross-sectional study.

Subjects: Children diagnosed with Beta — Thalassemia Magiween 5-18 years

Outcome measures. Children with Carotid Intima Media Thickness (CTiMigreater
than 0.07mm was considered as positive finding. @amon CIMT with serum ferritin

levels.

Results: In our study, we included 57 children with a donkd diagnosis of Beta-
Thalassemia Major, aged 5 to 18 years. Age, get@@sfusion regimen, and volume
of blood transfused data have all been recordedl,aadescriptive analysis has been
done. Children undergo carotid doppler testing jpexinent investigations have been
sent in order to evaluate CIMT. 10.5% of people bady atherosclerosis, according
to our study. Significant risk variables includénéss duration (p-value = 0.011),
volume of blood transfused (p-value = 0.001), aevdis ferritin (p-value = 0.001).

viii



Conclusion: Beta-Thalassemia Major has significant changégamostatic processes,
which puts it at high risk for developing thrombdastic events. With this study, we
advocate for careful observation of individuals wdre ageing so that derangements

can be identified early and controlled with apprafar action.

Keywords:

Early atherosclerosi®eta thalassemi&;arotid Intima Media Thickness, serum ferritin
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I ntroduction

INTRODUCTION

Thalassemia is a diverse group of inherited anaethit typically result from
mutations that change the structure of haemogldtiiry impart from one generation
to other generation in an autosomal recessivedashlearly 240 million people in the
world carry genes of beta thalassemia, of whicim3lion are from India irrespective

of the ethnicity, leading to ubiquitous distributiof the disease. (1)

Beta thalassemia is commonly characterised byeogie erythropoiesis and
haemolysis. Symptoms of the disease, typicallyeavidhen a new-born’s normal
physiologic anaemia fails to resolve. Severe bbtdassemia is characteristically
identified between the ages of 6 months and 2 yegpfhie mainstay of management
of severe beta thalassemia remains blood transfusigularly given every 14 to 35
days, to sustain pre-transfusion haemoglobin begdnd. 0.5gm/dl. However, periodic
blood transfusions expedite progressive iron owetloAccording to advocated
transfusion regime (100-200ml/kg/year), when trassfl it gives 116-232 milligram
of iron/kg body weight.(2). In addition to this,etlpathophysiology of imbalance in
globin chains result in extensive premature destnof red cells in bone marrow and
extra medullary site.(2) This phenomenon is reveras “INEFFECTIVE
ERYTHROPOEISIS” which has also been associated intheased iron absorption
mainly in intestine which is caused by deficiencly hepcidin. The above two

contributes to iron overload.(3)

It is envisaged that iron assimilation surpass@slimss when production of red

cell predecessors in bone marrow surmounts fivediof healthy people. (2)
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Absorption upsurges to 3-5 mg/day or more in potdysfused people, bring
about superfluous 1-2 grams of iron load year gkar. When there is an iron overload,
transferrin becomes saturated and there are ireriespin the plasma that are not linked
to transferrin. (NTBI, or non-transferrin-boundnio In a study done by Cihan and his
colleagues in 2017 which showed reactive oxygecisg are formed as a result of this
iron overload state in beta thalassemia major pistjievhich results in oxidative damage
to proteins, lipids, and DNA (4)his oxidative DNA damage when happened in
endothelial cells lead to vascular alterationsertbclerosis and coronary Artery
disease.(5) This results in early and subclinical arterial atiselerosis,
hypercoagulability, and thrombo-embolic consequsnediich are currently the main
causes of morbidity in these individuals. For thafterations in people at risk for

cardiovascular disease, impaired endothelial fonds a crucial biomarké€6)

Chelation therapy, however, is employed in youngste eliminate the body's
surplus iron. Chelation therapy usually startecera? to 3 years of initiation of
transfusion therapy, in order to prevent stagnasidissue bound iron which takes years
to eliminate once it gets accumulated. (2)Effectienagement of this disease require
meticulous monitoring and a balance between iroarload and iron chelation and
adverse effects of both.(7) Serum Ferritin is cdeed as a marker to monitor this

balance of overload and chelation.

Suboptimal iron chelation leads to iron accumulaiio tissues which leads to
hepatic hemosiderosis, endocrinopathies, cardioatygpand cerebrovascular events.
The risk of ischemic stroke in transfusion depemndealassemia varies from 0.25% to
0.46%.(8X9)(10) However, the risk of silent cerebral infarction légh up to
66%.(11)In atherogenesis, the vascular endothelium gragtrattkens over the course

of what is thought to be a lengthy, asymptomatiaylecausing morphological changes
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in the artery wall. Along with more establishedgtiastic techniques like angiography
and stress testing, measuring the intima (IMT) hef &orta, particularly the carotid
artery, allows for the identification and quantfion of early arterial wall alterations.
It is a straightforward, precise, and non-invagivedictor of vascular abnormalities.
Gradual augmentation in the CIMT is contemplated asrker for early atherosclerosis

and a predictor of upcoming cardiovascular evel23.(

Premature atherosclerosis is defined as Atherasitewhich occurs in a person
with certain risk factors like SLE, diabetes, smmgki hypertension,
hypercholesterolemia, Beta-Thalassemia, Sickle arglemia, family history of early
heart disease occurring at an earlier age [agethess55years in males, less than 65

years in females] than that would occur in anopeson without risk factof$13—15)

Measurement of blood velocities in basal cerebriri@s using transcranial
ultrasonography, which has been in use since 1882 reveal the presence of early
atherosclerotic changes. By evaluating Carotidmiatimedial thickening, plaque
presence, and vascular stenosis, this method iseeff in screening for stenosis,
vasospasm, or modification in intracranial hemodyitaassociated to occlusive
carotid disease.(16) The normal CIMT thicknesshihdeen ranged in between 0.03 —

0.06cm in children aged between 6-18years of age.(1

The current study seeks to identify the clinical &aboratory risk variables that
are related with early subclinical atherosclerasimdividuals with beta-Thalassemia

major by calculating their CIMT and finding its asgation with serum ferritin.
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OBJECTIVES

PRIMARY OBJECTIVE:

- To study the prevalence of premature atherosclerosis in transfusion dependent Beta

thalassemia major children.

SECONDARY OBJECTIVE:

- To find out the association between serum ferritin and atherosclerotic changes.
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REVIEW OF LITERATURE

EPIDEMIOLOGY

With 3% of the global population harbouring thatmic genes, thalassemia

is the predominant monogenic iliness.(18)

Beta thalassemia prevalence has historically begimekt in the countries of
Middle East, South Eastern countries of Asia andlikderanean. However, Western
Europe and North America are seeing an upsurdeiillbess. This could be explained
by immigration, the implementation of programmes lfeta thalassemia, and higher

survival rates.(19)

Every year since 2008, according to the WHO, mioa® 40000 children have
been born with beta thalassemia, of which 2500@ hihg condition that necessitates

transfusions.(20)

B African region . [ Eastern Mediterranean region

" B Region of the Americas European region /i;’
B South-East Asia region B wWestern Pacific region .

Figure 1 -World-widBurden of Thalassemi#21)
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BURDEN OF THALASSEMIA IN INDIA

The prevalence of beta-thalassemia in the Indipuiation is typically between
3 and 4 percent, translating to an estimated 3@ tmillion carriers in our 1.21 billion-
strong multi-ethnic, culturally and linguisticalldiverse population, which also

included 8% of tribal people according to the 28&fsus of India.(22)

The frequency of beta thalassemia carriers varieegularly in different
districts of Gujarat (0-9.5%) and Maharashtra (1}686cording to selected geographic
micro mapping. In Maharashtra and Gujarat, thereev@e28 and 0.39 homozygosity

rates per 1,000 live births, respectively.(23)

HbE variant is widespread in Eastern and Northeeasitates of India, with
prevalence >50% in various communities. Howewueis how noticeable in various
locations as a result of people moving there fopleyment as well as a shift in attitudes
toward interstate and interreligious marriages,clwhinas a negative impact on the
number of consanguineous marriages. The highestdreey of HbS is found in the
central Indian state of Madhya Pradesh, where >3@0@borns are anticipated to be
born each year with sickle cell disease. It is jrilg found in scheduled caste and
tribal populations. In the ethnic groups from savaf India's western, eastern, and
southern states as well as its central and westgrans, the prevalence of HbS carriers
has fluctuated from 1 to 35%. These Hb variatisglly result in diseases of varying
severity because they co-inherit with b-thalassemecording to estimates of the
number of new-borns born each year with theses#ias, India is home to at least

100,000 kids who have the beta thalassemia condi?i)
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52 mutations have been accounted for 97.5% ohalbtthalassaemic alleles,
according to a countrywide meta-analysis on 17 ehasgtudies that included 8505
alleles. Between 44.8% in the north and 71.4%erethst, the most prevalent mutation,
IVS 1-5(G>C), was found. The following uncommon atigns were discovered to be
more prevalent in a select group of populationsluiting Prajapatis of Gujarat with
CD5 (-CT), Gaud Saraswat, Brahmins in Goa and Kakaawith IVS 11-837(T>G),
CD 110 (T>C) Agris in Maharashtra, CD 47 (+A) Niewbse in Car Nicobar, Andaman

and Nicobar Islands, and Kachiya Patels with COIG@BA). (25)(26)(27)(28)
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BRIEF EVOLUTION OF THALASSEMIA

The first official description of thalassemia confemm Dr. Thomas Benton
Cooley, an American Paediatrician from Detroit vitn@925 reported “a series of cases

of enlarged spleen in children with peculiar chaig29)

The word thalassemia took its beginning in 193@pmes from the Greek word
‘Thalassa'meaning “of the sea” and was chosen as an ovengrtdrm as the condition
was famous to be transcendent in individuals wheseditary homes encompassed the

Mediterranean Ocean. The term was coined by “Whippld Bradfort”.(30)

In this way a few creators all over the world ird#d different subtle elements
concerning clinical and research perspectives efdisease. While Camino Petros
pointed out conclusively in 1936 that this was mifeal condition acquired in an

autosomal recessive mode.(31)

The abnormal haemoglobin structure was shown tdhbecause in 1946.
Anaemia results from the body's reaction of elimimgared blood cells. The body tries
to produce red blood cells more quickly to makéarghe loss, which results in various

thalassemia problems such bone abnormalities dedisgnlargement.(32)

J. B. S Haldane, in 1948 inferred that populatiath Wweta-Thalassemia have an
advantage of heterozygosity with respect to mdlangection; this was similarly
conferred to that of sickle cell anaemia. Thereforareas of high malarial prevalence,
such mutations would be selected and propagatsdltirey in microcytic erythrocytes

that are less vulnerable.(33)

In the 1970’s, the preference of beta-thalassemiaftuence Mediterranean

population was recognised. Hence, pilot programimegrevention were built to raise
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awareness. Concurrently, red blood transfusions wilee treatment of choice and

complicated by blood borne diseases.(34)

Iron over-burden has been a prominent problem &iathalassemia major
since blood transfusions were introduced. As altrethe use of Deferoxamine, a
hexadentate Iron chelator, when it was approvedntoavenous use in 1968, marked
the introduction of Iron chelation therapy in Bdtaalassemia Major. Deferoxamine
has dramatically increased patients with iron @aatls life expectancy and quality of
life. Previously, these individuals did not makehtough their adolescent years. In

addition, it had been the "Gold Standard in Irorel@tion Therapy".(34(35)

Over the past 20 years, oral iron chelators witthér compliance have been
suggested and examined. Deferasirox received aglpfoam the Food and Drug
Administration in 2005 to be used as the first @@h chelator in children older than 2
years. Deferiprone, a second oral iron chelatos a@gproved for use in humans on

October 14, 2011, in the US.(35)

In 2008, Carelli and Gaziev proposed that trangpteon with Haemopoietic

stem cell from matched contributors has an 80-8ifé.(36)

In 2019, The clinical information of a review by tdaon prompted the
restrictive endorsement of Lentiglobin BB305 qualiteatment vector by European

commission for gene therapy in beta-thalassemiam{ay)
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TYPES OF THALASSEMIA

Haemoglobin in human RBC consists of a heme gamgb 4 globin chains,
which consisted of 2 alpha globin and 2 beta glabiains. There are mainly 2 types of
thalassemia, alpha and beta thalassemia and etfisetdmmon types like gamma, delta.
The deletion of a number of genes results in vasedkrity of thalassemia like trait,
minor and major forms.(38)They are usually inherife an autosomal recessive

fashion.(1)38)(39)

GENETICS OF THE DISEASE:

The synthesis of haemoglobin is directed by 2 gdunsters

a — locus -consisted of Embryonic gene + 2 adgenes , located on chromosome 16

B — locus -consisted of Embryonic, Fetal Go and Adult s and3 genes, located on

chromosomell
Chr 16 o gene cluster Chr 11 f gene cluster
—E—E—E- T —BE—EE— B
Globin genes with two intrens [ Iniren |
1
mRMNA in cytoplasm -F'.E'-m..:?
1
—— e @ P ® T @ @
1
o @ € T oy 8 B

% % R % % ®
—
a8z Ga"72 Ca™12 Ty EER £ W2ty Lo oy,

Gower | Portiand Paortland Gower Il Hb F Hb F Hb A, Hb A

Figure 2. Genes involved in the synthesis of normakemoglobin40)

Page 10



Review of Literature

The hall mark of thalassemia is decreased syntlésisand globin chains.
Heterogeneity arises because, the syndrome in amn gndividual represents the
combination of 2 out of 30 or more mutations. #aaincludes syndromes of varying

severity.

a-Thalassemia;

Alpha thalassemia arise due to deletion of alpheegeDeletions can be either

single or double. Double deletions can be eitherdriorms or trans forms(3839)(41)

-Silent carrier ¢ or B)-Haematologically normal

-Thalassaemic traity(or )-Mild Anaemia with microcytosis and hypochromia.

-HbH disease o-thalassemia)-Moderately severe haemolytic anaemtarus and

splenomegaly

-Hydrops Fetalisd-thalassemia)-Death in utero caused by severe aaaem

F5  Gene deletions in alpha thalassemia. Deletions may be single (o heterozygous) or may be
double deletions in frans {c homozygous i or in cis {of heterozygous). Further combinations
can lead to triple alpha globin gere or 4 gene deletions resuiting in Hemoglobin H disease or Bart's
hydrops fetalis, respectively.

a1 - 1R
[ o2 (=) 14 o ol
= ] == [l |
5 =+ el T -] el
o*-Heterozygote or-Homogygote
Clinicaly Silent Thalassemia minor or trait
| E—.—
' = o1
= Es—E. 3
g ] o

or-Heterozygote
Thalassemia minortrait

| &/ -
4 o al g aZ e
== I &= 1
g =] ol £ o2 ol
cetfeel-Compound heterozvgote o-Homozygote
HbH Diseass Hb Bart's Rydmops felalis

Figure 3. Types of Alpha Thalassemi@?2)
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B — Thalassemia:

Beta thalassemia arise due to point mutationsliailsg point, Promotor region

and stop codon or rarely by deletions in beta globpene in chromosome 11.

(1)(38)(43)(44)

+  Molecular Pathogenesis : The B-globin gene and some sites at which
peint mutations giving rise to p-thalassemia have been localized.

b LR

+ 3 +

o
-+

o

Promoter
e

P

!

TEwon-1

BT hen
T Elmwer unar et

@i Robbins Basic Pathalogy Se

Mutations in
promoter region
lead to reduced
globingene
transcription.
Because some
f-globinis
synthesized, such
alleles ars
designated 5+,

Mutations in the coding
S2qUENces ars associated
with serious consegquences.

Eg! A single-nuclectida

changein one of the exons

lzads to the formation of a

termination, or"stop’ codon,
whichinterrupts transilation

of B-glokbin mRMNA S
completely prevents the
synthesis of B-globin. Such
alleles are designated B0

[ Tt T

o, ST TG Gy

are the most common cause of B-thalassemia.

| Mutations thatlead to absrrantmRNA processing

=If the mutaticn alters the
normal splice junctions
ssplicing does notoccur
and all of the mRBA
formed is abnormal
sLinspliced mRMNA S
degraded within the
nucleus

noe B-globin is made:

- B0

‘mutations at locations
away from the ormoat infron

rernairy intact ath nermal
and abneormal splicing
oocur, and norrnal B-giokin

mRMNATs decreased bulnot
absent
-G+ globin

Figure 4-Typ®f Beta Thalassemigi2)

-Severe Beta Thalassemia (Cooley’s Anaemia)-SeAeaemia, Growth Retardation,

Hepatosplenomegaly, Bone marrow expansion, Bonyroeties

-Beta thalassemia Major-Transfusion dependant

-Beta thalassemia Intermedia- No regular transfudependant
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Non-transfusion-dependent  Transfusion-dependent
thalassemias: NDT thalassemias: NDT

| |
| |

Transfusions Occasional Intermitlent Regular, lifelong

seldom J';‘qru'r{'cf !i‘fim{{u.\'ir}rt.ﬂ required fransfusions required Im”_\flf'”_\.,-(,”_\- required

Thalassemia Thalassemia Intermedia (T1) Thalassemia Major (TM)
minor
a-thalassemia trait = ssemia infermedi
B-thalagsemia trait .II {?:’if;(!{{\};:‘:.'r:it::f::im Y oo 8 g
jlfunm.';\'-.g::n.\'IW:"'(.' — i il Survived Hb Barts hydrops
”H_’ ;". i Mild HBE/f-thalassemia .Dr'alg‘ﬁ!'-HH‘I' .’IH?H J thalassemia major
Hb H with £ thal trait Nondeletional HbH Severe HBE/S-thalassenia

.Hrh fi'?'rrfg' ”h“f\ leullr}_\dt‘fh'fn'
EF Bart’s disease

AL Bart's disease

Figure 5-Clinical classification of thalassemié45)
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BETA-THALASSEMIA MAJOR

B - Thalassemia occurs when the quantity of noragliobin chains decreases. They
develop as a result of extremely diverse mutatibasimpact thg globin loci. AlImost
every conceivable abnormality influencing gene egpion occur at transcriptional,
post-transcriptional level and translational ley@sThis results in a varied decrease in
synthesis of globin, ranging from a little shortfall as in mid¢ thalassemia alleles, to
total absence seen 1 thalassemia. Iiff thalassemia, the unaffectedylobin genes
continue to produce regularglobin chains as usual, which causes an overalmeeda
of mismatched. globin to build up in the erythroid precursorse&a globin chains are
unable to form functional tetramers; instead, thecipitate in the bone marrow's red
cell precursors, leading to the development ofusicn bodies. By using optical and
electron microscopy, it is possible to see theshain inclusions in the peripheral red
cells after splenectomy as well as in the erythps&tursors in the bone marrow. They
are to blame for all thalassemia’ poor erythropsjeshich is caused by the severe

intramedullary destruction of the erythroid precuss

Therefore, peripheral haemolysis, inefficient erggoiesis, and a general
decrease in haemoglobin synthesis all contribumaemia irff thalassemia patients.
Therefore, the phenotype will be influenced by ahles that lessen the severity of
chain imbalance and the quantity of chain excetfseimed cell progenitors. This results

in pallor, hepatosplenomegaly, and an enlargenfeéhedone marrow.(6)(28)(37)
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p-globin gene == B-globin protein
>—|-) HbA

a-globin gene ==Jp» o-globin protein

- .('l - i _) Sequestration
AHSP 1  Free a-globin of HSPT0

(*)

Free Iron

Clustering of Band 3
eading to immune removal

Degradation of GATA1

Oxidation of proteins Activation of
Oxidation of membrane lipids apoptotic pathways
Defective assembly of membrane proteins

Maturation arrest

Hemolysis Ineffective erythropoiesis

Figure 6 -Pathophysiology of Beta Thalassem(d6)

Clinical Features;
With failure to thrive, poor weight gain, skeleddnormalities, and growth with
developmental delay, severe beta thalassemianfiastifests in the first year of life.

Death from beta-thalassemia major, generally fr@arhfailure, occurs eventually if

untreated.

Ineffective erythropoiesis can also result in congagory bone marrow growth,

which can ultimately cause skeletal changes/det@sibone pain, and craniofacial

anomalies.
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The main clinical signs are right upper quadraim paought on by gall stones,
splenic infarction, and abdominal discomfort braugh by hypersplenism. Parents

may have noticed the infant becoming progressigalg with protruding abdomen.
On clinical examination, child presents with
-Pallor, Poor growth, Inadequate food intake, leter Palpable Splenomegaly

,Maxillary Hyperplasia, Dental Malocclusion, Chatleiasis, Systolic Ejection Murmur

in Severe anaemia

- characteristic chipmunk facies that arises dueBtme marrow expansion-
characterised by bossing of skull, Prominent matainences, depressed nasal bridge.
Due to the maxillary enlargement, the eyes havemagoloid slant and the upper teeth

are visible.
Haematologic diagnosis:
Based on symptoms investigations required for comaiion include

-Complete blood count-Beta thalassemia major isadtarised by decreased Hb, Low
Mean Corpuscular Volume of less than or equal tf, 8w Mean corpuscular

Haemoglobin with less than 27pgs Increased reddeslibution width.(47)

Peripheral smear showing microcytosis, Hypochraanid Target cells.
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RBC Indices + HPLC

l

MCV<80fl Hb
MCH<27 pg Variants
RBC count- N/¢

rRow-]

HbS, HbE,
HbD,
Others

l

Hb A, <3.5%,
HbF - N

MCV > 80fl MCV<80 MCV<80 i
MCH >27pg MCH <27 pg MCH<27 pg
RBC count =N RBCcount 1 RBC count /
RDW-N ROW-N RDW- N
Hb A, >3.5% Hb A,<3.5%,
HbF-N bF-N
v -
Silent
Normal ] a thal,
B thal trait p thal Sthal

?Iron

Spthal and HPFH carriers have normal HbA2 (<3.5%) and high
HbF (10 -25%)with variable RBC indices

deficiency
anemia

Figure 7 — Algorithm of diagnosis of thalassemia ksed on laboratory

parameterg48)

-Haemoglobin ElectrophoresiBeta-thalassemia patients should have higher le¥els

haemoglobin A2 and slightly higher levels of haetoba F in their haemoglobin

electrophoresis results. Beta Thalassemia conforpatesting include haemoglobin

electrophoresis or high-performance liquid chrorgedphy.

Total iron binding capacity -Serum ferritin -Serutransferrin -Serum ferritin-

DNA Analysis: testing is not routinely recommendbedt it helps in the diagnosis of

thalassemia and determine carrier status.
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TREATMENT FOR THALASSEMIA

Possible therapeutic options available for thalassencludes

-Conventional therapiike regular blood transfusionsto treat anaemia and treating
iron overloads with iron chelating agents such adfemxamine, deferiprone,

deferasirox.(49)(50)

-Pharmacological induction of y- genewith agents like Hydroxy urea, Butyrates
which helps in promoting effective erythropoiesig taising level of HbF in the

body.(51)52)

-A life time therapy withHaemopoietic stem cell transplantation where normal
haemoglobin is produced by destroying the defedigen cells. A recent advancement

in this arena included Autologous HSCT.(53)

- Splenectomy carried out traditionally or as a supptment to transfusion

treatment. (54)

-Gene therapy - Using lentiviral vectors, exogenous beta or gamreaeg are
incorporated into the genome of autologous stens.c€his therapy is in PHASE 3

trials(55)

-Gene editing - the endogenous DNA of stem cells is altered usiegigher

endonucleases.

-Agents such as RUXOLITINIB [JAK2 inhibitor], SOTAARCEPT [Activin 2A
receptor fusion protein], LUSPATERCEPT [Activin 28ceptor fusion protein] are in
PHASE 2A trials.(56§57)

-Agents that improve iron dysregulation such asiMapcidins, TMPRSS6 inhibitors

are in preclinical trials.(58)(59)
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Hydroxyurea

Globin chain imbalance

Gene Therapy

Gene editing

Ruxolitinib

Ineffective erythropoiesis

) Sotatercept
[

Luspatercept

IRON CHELATION

Aneamia/Haemolysis Iron dysregulation [

and overload Mini hepcidins
[

TMPRSS6 inhibitors

Blood transfusion

Splenomegaly Endocrinopathies

Skeletal deformities Liver diseases

Pulmonary hypertension Heart diseases

Osteopenia
Thrombosis

Leg ulcers

atherosclerosis

Figure 8- Recent advances in treatment of thalassea(60)

Page 19



Review of Literature

Despite availability of many treatment modalitiesgular blood transfusion

therapy and iron chelation has been the standeatntent option in many centres in

India.

However, this therapy leads to many complicatioms @ iron overload, such as

IRON MEDIATED NON IRON MEDIATED

Myocyte Failure

ENDOTHELIAL DYSFUNCTION

Arrhythmia

Pulmonary Hypertension

Vascular Stiffness

Thrombosis

Myocyte Scarring

Figure-9 — Complications of ém Overload(2)
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IRON OVERLOAD AND ITS EFFECTS ON VASCULAR SYSTEM

Definition-

Premature atherosclerosis is defined as the ocwmer®f atherosclerotic
changes in a child with risk factors like SLE, Deéds mellitus, Hypertension etc., at

an earlier age i.e. , age less than 55 years ia ara 65 years in females compared to

those without risk factors.(13-15)
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PATHOPHYSIOLOGY OF IRON OVERLOAD IN BETA-
THALASSEMIA MAJOR

Iron homeostasis is an intricate process, that taiais absorption at around 2
mg per day. Multiple molecules work together toedalty control this. Since humans
lack a natural system for actively excreting irergess iron from blood transfusions is
retained in bodily tissues and causes organ da@x{&8)y(44) Phagocytoses of
transfused red blood cells in the reticuloendoéhelystem leads to production of labile
cellular iron (LCI), which attaches to plasma tfansn, consisting of two Fe3+
molecules. When the capacity of transferrin to birah exceeds 60-80%, non-
transferrin-bound iron (NTBI) is produced in thegia, accumulates in pancreatic,
hepatic, pituitary, and cardiac cells. (44) Howe\abile plasma iron (LPI), a highly
reactive Fe2+ variant of NTBI, can enter cells tigio calcium channels that are not
affected by the amount of intracellular iron prdsefhe myocardial, liver, and
endocrine glands are some examples of target onghase reactive oxygen species
(ROS) generated by NTBI, labile plasma and cellutar leads to cellular dysfunction,
oxidative damage, fibrosis, apoptosis and necrdsis.varied loading rates of iron is
organ specific which is seen by MRI. (&fjnilar to this, the liver releases iron at a rate

that is substantially higher than that of the haad endocrine organs.

The iron content in each unit of packed RBCs fansfusion is 200-250 mg.
Therefore, for a patient with Transfusion dependBmalassemia [TDT], a typical
transfusion regimen of 2-4 PRBCs / month introduk8g0 12 gm / year of iron, which
is higher than the iron consumed from diet i.e4,t06.0.7 gm. The cardinal mechanism
of IOL in TDT is due to multiple transfusions. Isa occurs in the absence of routine

RBC transfusions in NTDT, which occurs with increas age; they also have lower
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levels of serum ferritin due to selective accurtiataof iron hepatocytes and portal

system, secondary hepcidin suppression and inaéaisstinal absorption.

IRON
CHELATION BELOGD

o LABILEIRON PP il

HIGH IRON
* ¥ LBSORPTION
NEOPLASIA . NF-KB <@ - -
P -
2 Lipid peroxidation
Capsase  DNA damage ~a
activation ¢ Organelle TGF-B1

damage g, Lysosomal fragility

Geometric
Instability

——# Collagen synthesis

\ / Enzyme leakage *

SR FIBROSIS

Figure 10- Pathophysiology of Iron in Beta Thalassuia(2)

Reactive oxygen species are formed as a resulbfaoverload brought on by
repeated blood transfusions and increased intéstasarption, which causes oxidative
stress, organ malfunction, and tissue damage.(&)riost common cause of death
from these cardiovascular problems, including hgpagulability, thromboembolic
complications, and early and subclinical atherastie alterations.(61) A indicator of
vascular health in persons at risk for cardiovamcdisease is impaired endothelial

function. Evaluation of endothelial function is tha helpful prognostic tool.
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“USME MigFation
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- Hemopexin (Hx) Reactive Oxygen
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Figure 11- Formation of atherosclerotic plaqué62)
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INVESTIGATIONS TO DECTECT THIS PREMATURE
ATHEROSCLEROTIC CHANGES

The onset of vascular problems in thalassaemiwithgialls may be aided by

effective methods to recognise early vasomotorudydfon and concealed subclinical

atherosclerosis as well as their risk factors. €ktension of thalassemia patients'

morbidity-free lifespan is facilitated by early detion of these problems. These

complications can be identified by measuring

Carotid intimal-medial thickness - The procedureasuges the distance between
the intima and media, the two innermost layersefdarotid artery.(12,63)

The formula for calculating stiffness index is aidws: SBP and DBP stand for
systolic and diastolic blood pressure, respectival{SBP/DBP)/D/D), wheresD

is the difference between systolic and diastoliantkters, and D is the mean
diameter(61)

Young’s Modulus(61)Any material's Young's Modulus is its capacity tithstand
changes brought on by forces operating longituina¥oung's modulus is
frequently referred to as the elastic modulus.

"Augmentation indexThe Augmentation index, which measures arterifiinstss
based on blood pulse-wave reflection and servesra& factor for cardiovascular
disease, is widely used.(61)

-Flow mediated vasodilatatio®y comparing the brachial artery diameter at rest
and during reactive hyperaemia, flow-mediated emelatm-dependent
vasodilation was evaluated.-Arterial elastic proipsr(61)

Ultrasound imaging of both common carotid artergsto their bifurcation, the

carotid bulb, as well as the proximal 10 mm of itnernal carotid artery on both
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sides is used to quantify the carotid intimal meth&ckness. Between the intima
and media limits, a measurement is made. To cakti@ CIMT for a given side,
the mean values of CIMT from three locations aredu$3)

It is necessary to seek for intimal plaques. A fdoamation that encroaches into
the artery lumen by at least 0.5 millimetres or 5if%he CIMT around it is referred

to as a plaque.
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BLOOD VESSELS AFFECTED IN BETA THALASSEMIA MAJOR

It has been demonstrated that iron excess resutisdothelial dysfunction due
to oxidative damage, which hastens and causes presma
atherosclerosis(64$5)(66)(67). Patients with high iron are known to expecin
thrombotic occlusions in coronary, cerebral, rdtarad portal systems; (67) however,

the mechanism behind such occurrences is curreotiyly understood because to a

lack of Indian research.
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PREVENTION OF THESE PREMATURE ATHEROSCELEROTIC

CHANGES

Iron overload, an unavoidable side effect of tras&n therapy, presents as
difficulties with the heart, the endocrine systetime liver, and other organs. For
example, cardiac iron overload leads to significamdrtality and T2* magnetic
resonance imaging can be used to detect it. (6@) éfffects iron poisoning on the

cardiovascular system remains a mystery.(55)

These complications can be prevented by strict ghelation, addition of
antioxidants that prevent the evolution of prematatherosclerotic changes and strict

monitoring of lipid profile in these children andrdrolling the LDL levels.
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MATERIALSAND METHODS

STUDY DESIGN: Cross sectional study

STUDY PERIOD: 1YEAR,

o JANUARY 2021-DECEMBER 2021

PLACE OF STUDY: PAEDIATRIC WARD, KLE'S DR. PRABHAKR

KORE HOSPITAL AND MEDICAL RESEARCH CENTRE

INCLUSION CRITERIA:
Children between 5-18years of age with confirmedgdosis of Beta —

Thalassemia Major.

EXCLUSION CRITERIA:

1. Children with Renal diseases.

2. Children with hepatic diseases.

3. Children with Diabetes Mellitus

4. Children with Obesity

5. Children with hypertension.

6. Children with Hypercholesterolemia
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SAMPLE SIZE- The formula for calculating sampleesig

n = p(100-p)Z
_(B)

The required sample size is n, the percentdgeaurrence of a condition or
state is p, the percentage of maximum error isnH,the value corresponding to the
level of confidence is Z. 19% of people have eatlyerosclerosis. sample size is

provided by with a percentage maximum error of 141% 95% confidence range.

n=19x81x (1.96)
(¥0)
n=>57

» Ethical Clearance-Prior to starting, the study received institutionathics

committee approval from JNMC, Belagavi.

» Sampling Method: Stratified Random Sampling (sfiedias per age group).
Group 1:5-10years age group including 19 partidipan
Group 2:11-14years age group including 19partidipan

Group 3:15-18years age group including 19partidipan
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METHODOLOGY

Total list of patients diagnosed with Beta ThalasseMajor and are enrolled
in thalassemia ward is taken and all the childréo wet the inclusion and exclusion
criteria are stratified into 3 groups based onrtage and every®8patient from the list
is enrolled into the study, with each group comsgsbf 19 participants. Parents of
children who fulfilled the eligibility criteria arbriefed about the nature of study. Also

prior to enrolment informed consent taken.

1.A thorough history is taken, with particular atien paid to age, sex, the
duration of the disease, the time and age at wihgetsfusions began, the frequency of
transfusions (such as the hypo/hyper/super reginaam the frequency of chelation
therapy. Patients are then classified as being uadely chelated, inadequately
chelated, or not chelated at all based on serurtifielevels and the frequency of

chelation therapy.

2.To rule out obesity, evidence of heart failurepdtic failure, and renal failure,
anthropometric measurements were taken and record&HO growth charts. To rule
out the aforementioned systemic ailments, a genaral systemic examination are

conducted.

3.At the time of the study, lipid profiles, bloodugose levels, serum ferritin

levels, and haemoglobin status were all measur#ukifaboratory.

4.In order to check for Carotid intima medial tmelss, the presence of luminal
plaques, and vessel stenosis, children are subjext®-mode and color-coded duplex
carotid doppler ultrasonography of the common édrad internal carotid arteries by
a single experienced radiologist using a GE VoulS&USG machine with high

frequency probe 7.5Hz to 12Hz. The common carateha (CCA) is identified in the
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transverse plane of the lower neck. It was thecettgoroximally until the clavicle
blocked the transducer, and if possible, caudallatigns were made in an effort to
assess the common carotid's origin. The CCA coetrupward until it widens into the
carotid bulb, at which point it split into externahd internal carotid arteries. The
transducer is then turned 90 degrees so thatpiariallel to the CCA, the bifurcation,
and the internal carotid artery [ICA]. The ICA et followed distally until it is ideally
lost behind the jaw. The veins were carefully exsedi for sub intimal lucency ,
atherosclerotic plaques that protruded into theelwnand distance between vascular
media and intima. The measurements of the canatiith@l medial thickness were then

compared to age-specific reference values.
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STATISTICAL ANALYSIS

For quantitative variables, the mean and standawiktion were used in the
descriptive analysis, while frequency and propaortivere used for categorical
variables.

By visually inspecting histograms and normality Qp@ts, all quantitative
variables were examined for normal distributionhiviteach category of explanatory
variable. Additionally, the Shapiro-Wilk test wassed to evaluate the normal
distribution. A p value of >0.05 for the Shapiro{West indicated that the distribution
was normal.

Using the Chi square test and Fisher's Exact tedggorical results were
compared between research groups.

Using an independent sample t-test with two grdopsegularly distributed
guantitative parameters, mean values were complaetdeen study groups. For
normally distributed quantitative parameters, mgalues were compared using an
ANOVA with more than two groups.

A suitable post-hoc test (LSD/Bonferroni) was sglil to determine the
statistical significance of pairwise comparisons étatistically significant difference
was discovered in the ANOVA.

For normally distributed Quantitative parameterssd@ation between
quantitative explanatory and outcome variables assessed by calculating Pearson
correlation

Statistical significance was defined as a P val08.0T he statistical evaluation
was performed using IBM SPSS version 22. (1)

IBM Corp. published in 2013. Version 22.0 of IBM S® Statistics for

Windows. IBM Corp., Armonk, New York
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RESULTS
57 children with beta-thalassemia major particigateour study, with a mean age of

12 years and 32 females and 25 males.

Table 1: Descriptive analysis of parameters in stugdpopulation (N=57)

Parameter Summary
Age In Yrs. [Mean = SD, (Range)] 12.12 + 3.9 (5-18)
BMI kg/m?[Mean * SD, (Range)] 17.18 + 3.27 (11.9-26)

Table 2: gender-specific descriptive analysis of thsample population (N=57)

Number and Percentage in study
0,
Gender [n (%)] population
Male 32 (56.14%)
Female 25 (43.86%)

Figure 12: Gender distribution in the study populaion is shown in the pie chart.
(N=57)

Gender

43.9%

56.1% m Male m Female

The average amount of blood transfused per chis##&18 ml, and their transfusion
indices are 174 ml/kg/year .51 children on a hypogfusion regimen and 6 children

on a hyper transfusion regimen. Mean duration aflation in study population is
112.79 months.
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Table 3: Transfusion protocol in the study populatbn - a descriptive

analysis(N=57)

Transfusion Regimen [n (%)]
Hypo transfusion 51 (89.47%)
Hyper transfusion 6 (10.53%)

Volume Transfused [Mean + SD, (Rangg 54918.16 + 41532.53 (8537-216734)

Transfusion Index [Mean + SD, (Range 174.44 + 45.89 (102-302)
Duration of Chelation in Months [Mean 4
SD, (Range. 112.79 £ 48.17 (22-214)

Figure 13: Pie chart of Transfusion Regimen in thetudy population (N=57)

10.5% Transfusion Regimen

®m Hypo m Hyper

89.5%

Study population consisted 88.6% without splenomegaly, 1.75% with grade
1 splenomegaly, 33.33% with grade 2 splenomegaB.8120 with grade 3

splenomegaly and 3.51% with grade 4 splenomegaly.
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Table 4: Splenomegaly in study population — a desigtive analysis (N=57)

Splenomegaly [n (%)]
Grade 1 1(1.75%)
Grade 2 19 (33.33%)
Grade 3 13 (22.81%)
Grade 4 2 (3.51%)

No 22 (38.6%)

Figure 14: Bar chart of splenomegaly in the study gpulation (N=57)

Percentages

45.0%
40.0%
35.0%
30.0%
25.0%
20.0%
15.0%
10.0%

5.0%
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1.8%
[

Grade 1

33.3%
22.8%
3.5%
Grade 2 Grade 3 Grade 4
Splenomegaly

38.6%

No
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Mean pre-transfusion haemoglobin in study poputeisd.43gm/dl with minimum of
4.9gm/dl and maximum of 11.1gm/dl. Mean serum fierfevel of 2975ng/dl with
minimum value of 635ng/dl and maximum value of 84&/tl. Minimum value of total
bilirubin is 0.5mg/dl, Maximum value being 4.6mgidhich is raised due to ongoing

haemolysis. However, we noticed average parametetsidy population was normal.

Table 5: laboratory parameters in study population- a descriptive analysis (N=57)

Hb [Mean = SD, (Range)] 8.43+1.27 (4.9-11.1)
Ferritin [Mean = SD, (Range)] 2975.6 £ 1827.01 (635-8451)
TB [Mean = SD, (Range)] 1.75 £ 0.94 (0.5-4.6)

DB [Mean + SD, (Range)] 0.49 £ 0.18 (0.03-1.2)

SGOT [Mean £ SD, (Range)] 38.23 +21.27 (0.3-111)
SGPT [Mean = SD, (Range)] 37.49 + 28.03 (8-119)

ALP [Mean + SD, (Range)] 234.98 + 128.66 (28-617)
Urea [Mean £ SD, (Range)] 22.6 £ 7.86 (10-54)
Creatinine [Mean + SD, (Range)] 0.49 £ 0.18 (0.2-1)
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The average value of serum total cholesterol is6BI8g/dl with minimum value of
72mg/dl and maximum value of 196mg/dl with 1 (1.75%ild above the normal value
and 56 (98.25%) children having normal cholestepobfile. Whereas average
triglycerides being 102.49 (46-192) with 54 (94.7%4B&ving normal values and 3
(5.26%) children having higher values.

Mean LDL of study population 4.19mg/dl with minimum of 34mg/dl and maximum
of 128mg/dl. With 56 (98.25%) children in normahge and 1 child above the normal.

Mean HDL of study population 41.75 + 11.49 (22+@8)dl with 27 (47.37%) with

low values of HDL and 30 (52.63%) having higheresl.

Table 6 : Lipid parameters in study population — adescriptive analysis (N=57)

Total Cholesterol [Mean £ SD, (Range)]

113.63 + 21.42 (72-196)

<170

56 (98.25%)

> 170

1 (1.75%)

Total Triglycerides [Mean £ SD, (Range)]

102.49 + 32.13 (46-192)

<150

54 (94.74%)

> 150

3 (5.26%)

LDL [Mean = SD, (Range)]

64.19 + 20.37 (34-128)

<110

56 (98.25%)

>110

1 (1.75%)

HDL [Mean + SD, (Range)]

41.75 + 11.49 (22-79)

<40

27 (47.37%)

> 40

30 (52.63%)
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As demonstrated in table -7 and figure- 15 ourstgicbup consisted of 25 children
with serum ferritin level ranging between 0 to 200@ll,17 children with ferritin level
ranging from 2000-4000ng/dl,12 children with farritevel of 4000 to 6000ng/dl and

3 children with ferritin level more than 6000ng/dI

Table 7-Descriptive analysis of ferritin level in the studypopulation (N=57)

Ferritin Level Frequency Percentages
0-2000 25 43.86%
2000-4000 17 29.82%
4000-6000 12 21.05%
>6000 3 5.26%

Figure 15 -Pie -Diagram depicting descriptive analsis of serum ferritin levels in

the study population

5.3% Ferritin Level

43.9% ™ 0-2000 = 2000-4000

= 4000-6000 >6000

29.8%
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All the children in study group are on chelatiothwbDeferasirox at 20mg/kg/day, 3 are

on dual chelation therapy with deferiprone and Defox, 4 on dual therapy with

desferoxamine and Deferasirox [Table 8]

Table 8: Drug of chelation in the study population- a descriptive analysis (N=57)

Drug of Chelation Frequency| Percentages
Deferiprone3500mg, Desferoxamine1500mg+Deferagirox 2 3.5%
Deferiprone +Deferasirox 3 5.26%
Desferoxamine + Deferasirox 4 7.01%
Deferasirox 48 84.21%

Our study found that prevalence of premature adwbecosis being 10.53% as depicted
in table 9 and figure 16.

Table 9: Prevalence of atherosclerotic changes ihe study population (N=57)

Mean CIMT Thickness [Mean £ SD, 0.05 + 0.01 (0.03-0.07)
(Range)]
>0.07 CMS 6 (10.53%)
<0.07 CMS 51 (89.47%)

Figure 16: Pie chart of Mean CIMT Thickness in thestudy population (N=57)

10.5%

Mean Cimt Thickness

m>(0.07Cms = <0.07Cms
89.5%
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In children between the ages of 5 and 10 yeargo114 years, and 5 to 18 years,
respectively, our study  showed mean transfusion icésd of
172.53+47.09ml/kg/year,161.21+ 42.79ml/kg/year, 488.58+ 45.53ml/kg/year. As
shown in table 10, the study group had mean seremtifi levels of 3104.74
+1483.25,3638.63+ 2422.6 in the ages of 11 to Idi Emto 18 years, respectively.
There is no statistically significant difference mmean Transfusion Index & mean
Ferritin between groups (P-value >0.05)

But there is statistically significant difference mean of Mean CIMT Thickness
between groups (at least one pair of groups) (BevaD.05) which was represented in
table 10 indicating the Age-related increases mrseferritin levels and mean CIMT
thickness, clearly noticed in group 2 and grouph®me with equal average of serum

ferritin levels there is an increase in CIMT in gpo3

Table 10-Comparison of mean Transfusion Index, Fertin & CIMT thickness

across group (N=57)

ANOVA P

Groups F value | Value

Parameter Group 1 Group 2 Group 3

[5-10Years] [11-14 Years] [15-18 Years]

Transtusion ;25 534 47.04 161.21+42.79| 1895844553  1.89  0.160

Index
. 2183.43 + 3104.74 +
Ferritin 1082 44 1483.25 3638.63 +2422.6 3.34 0.043
Mean
CIMT 0.05+0.01 0.05+0.01 0.06 +0.01 4.07 0.023
Thicknes:
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Results

On a Pair-wise comparison-In comparisonredinsfusion Index between individual
groups, the mean difference ®fansfusion Index between Group 1 Vs Group 2
(11.31), Group 1 Vs Group 3 (17.05) & Group 2 Vo 3 (28. 37) are statistically

not significant with (P-value >0.05) as shown ibléall and figure 17

Figure 17 — Line diagram of distribution of valuesof transfusion indices between

groups
Transfusion Index
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§ e O M
S 160

140
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In Ferritin , The mean diffranc&erritin between Group 1 Vs Group 2 (921.30) &
Group 2 Vs Group 3 (533.8) are statistically ngnhgicant with (P-value >0.05), The

mean diffranceFerritin  between Group 1 Vs Group 3 (1455.20) is statiyica

significant with (P-value <0.05) represented ingdakl and figure 18

Figure 18 — Line diagram of distribution of valuesof serum ferritin indices

between groups
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In Mean CIMT Thickness, The mean differenc®ean CIMT Thickness between

Group 1 Vs Group 2 (0.0035), Group 1 Vs Group 8(@87) & Group 2 Vs Group 3

(0.0053) are statistically significant with (P-valg0.05) depicting age related increase

in CIMT. (figure 19)

Figure 19 — Line diagram of distribution of valuesof mean CIMT between groups
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Table 11 — Pair wise comparison of transfusion inde Serum ferritin and Mean
CIMT

Pairs Mean Difference LSD (P-value)

Transfusion Index

Group 1 Vs Group 2 11.31 0.443

Group 1 Vs Group 3 17.05 0.250

Group 2 Vs Group 3 28.37 0.058
Ferritin

Group 1 Vs Group 2 921.30 0.111

Group 1 Vs Group 3 1455.20 0.013

Group 2 Vs Group 3 533.8 0.353
Mean CIMT Thickness

Group 1 Vs Group 2 0.0035 0.264

Group 1 Vs Group 3 0.0087 0.006

Group 2 Vs Group 3 0.0053 0.094

With 5 children having intimal medial thickness aper than 0.07 cm, a prevalence of
26.32 percent, which is statistically significaRt< 0.02) for premature atherosclerosis

in the age group of 15 to 18 years, Table 12 agdrEi1l9 demonstrate this.
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Table 12-Comparison of mean CIMT thickness acrossrgup (N=57)

Group
Mean CIMT Group 1 Group 2 Group 3 Chi- P-
Thickness (N=19) (N=19) (N=19) Square | value
) [11-14 [15-18
[>-10Years] Years] Years]
>0.07 CMS 0 (0%) 1(5.26%)| 5 (26.32%
7.82 0.020
<0.07 CMS 19 (100%) | 18 (94.74%) 14 (73.68%)

Figure 20: Cluster bar chart of comparison of mearCIMT thickness across group

(N=57)
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As shown in Table 13 and Figure 20, 6 children dry@o transfusion regimen had a
carotid intima-medial thickness larger than 0.07 @ims, however, lacked statistical

significance.
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Table 13: Comparison of Parameter between mean CIMThickness (N=57)

Mean CIMT Thickness
Chi-
Parameter P-value
>0.07 Cms (N=6) | < 0.07 Cms (N=51)| Square
Transfusion
Regimen
Hypo 6 (100% 45 (88.24%
yP ( ) ( ) 0.79 0.374
Hyper 0 (0%) 6 (11.76%)
Splenomegaly
Grade 1 0 (0%) 1 (1.96%)
Grade 2 3 (50%) 16 (31.37%)
Grade 3 2 (33.33%) 11 (21.57%) 4.00 0.141
Grade 4 1 (16.67%) 1 (1.96%)
No 0 (0%) 22 (43.14%)

Figure 21: Cluster bar chart of comparison of trangusion regimen between mean

CIMT thickness (N=57)
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Table 13 demonstrates the key contributors to thetberosclerotic alterations,

including serum ferritin levels greater than 60Q@hgvolume transfused, duration of

chelation, and direct bilirubin.
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Table 13 Comparison of parameters between mean CIMihickness(N=57)

Mean CIMT Thickness (Mean+ SD)
Parameter P value
>0.07 Cms (N=6) | < 0.07 Cms (N=51)
Dits)g;iic[’i’:] ‘r’;;z‘fhsl 181.67 + 13.26 132.82£4508|  0.011
Age AL Which Transtusion 7,67+ 6.06 7.24 % 4.63 0.835
Volume Transfused In 1(1)%58%?3((3)%52 + 43??3;12;; 0.001
Transfusion Index 182.33 +£43 173.51 + 46.54 0.660
D“ra“‘z,r\‘/lgr:tﬁge'aﬂon 156.83 + 19.13 107.61+47.99|  0.01y
HB 8.27 +1.33 845+1.28 0.743
Ferritin 6151 + 1624.56 2602.02 £+ 1456.8 <0.001
B 1.07+£0.43 1.83+0.96 0.059
SGOT 42.5 +20.08 37.73+21.54 0.608
SGPT 39 +22.59 37.31 £28.78 0.891
ALP 172 + 73.98 242.39 £ 132.14 0.208
Urea 19.83+5.15 22.92 £ 8.09 0.36Y
Creatinine 0.6+0.14 0.48 +0.18 0.109
Total Cholesterol 109.67 + 14.22 114.1 £ 22.17 6.68
Total Triglycerides 97 +£27.94 103.14 + 32.771 0.6462
LDL 63.67 + 23.13 64.25 + 20.27 0.947
HDL 46 +16.2 41.25+10.92 0.343

On a multivariate regression analysis of factorgtvivere found significant are Serum

ferritin levels as depicted in table 14.
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Table 14: Multi variate logistic regression analyss of factors associated with
Mean CIMT (Baseline = <0.07 Cms)

Parameter AdJUSte.d odds 95% C.I. P-value
ratio
Duration of the Disease Months 1.05 0.96-1.16 0311
Volume Transfused in ml 1.00 1.00-1.00 0.498
Duration Of Chelation (Months) 1.01 0.96-1.07 0.672
Ferritin 1.00 1.00 - 1.00 0.035

Our study found that highest prevalence of preneastinerosclerosis changes in Left
Common carotid artery followed by left Internal atid artery as showed in Table 15
and also that there is a linear relationship of TWvith serum ferritin levels especially
serum ferritin levels above 4000ng/dl.

Table 15 - Comparison of mean of CCA CIMT & ICA CIMT between Ferritin
Level (N=57)

Ferritin Level (Meanz SD)

Parameter 02000 2000- 4000- 6000 F value| P Value
4000 6000
CCA
0.05 + 0.05+ 0.06 + 0.06 +
CI_MT 0.01 0.01 0.01 0.01 10.48 <0.001
[Right]
CCA
0.04 + 0.05+ 0.06 + 0.07
[CL'Q"% 0.01 0.01 0.01 001 | 1899 | <0.001

ICA CIMT 0.04 + 0.05 + 0.06 + 0.07 +

[Right] 0.01 0.01 0.01 001 | %24 | <0001

ICA CIMT 0.04 + 0.05 + 0.06 + 0.07 +

[Left] 0.01 0.01 0.01 0.01 12.80 | <0.001
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A splenectomy was performed on 8 of the researatygs children. Comparing
splenectomy patients to non-splenectomised chijdtevas found that the transfusion
index was lower in the former group, and the averagrum ferritin levels in
splenectomised children ranged from 3658ng/ml 268/ml. Additionally, the table
demonstrated that mean CIMT is higher in Right C&2W Left ICA with a statistically

significant value of 0.088 and 0.060, respectively.

Table 16: Comparison of mean of Parameter between nderwent

splenectomy(N=57)

UNDERWENT
Parameter SPLENECTOMY (Mean: SD) P value
Yes (N=8) No (N=49)
Transfusion Index in kg/year 148.5+40.25 178.615%2 0.085
CCA CIMTIRT] 0.06 £ 0.01 0.05+0.01 0.088
CCA CIMT [LT] 0.05+0.01 0.05+0.01 0.168
ICA CIMT [RT] 0.06 £ 0.01 0.05+0.01 0.127
ICA CIMT [LT] 0.06 £ 0.01 0.05+0.01 0.060
s | A oo
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However, our study did not find any statisticalligrsficant relationship of lipid

parameters with premature atherosclerotic changegicted in table 17

Table 17 -Correlation of CCA CIMT & ICA CIMT with | ipid parameters (N=57)

;

Pearson’s Correlation Value
Characteristics lipide parameters P-value
(rs)
Total Cholesterol 0.024 0.85¢
Total Triglycerides -0.062 0.644
CCA CIMT [Right]
LDL -0.026 0.149
HDL 0.063 0.644
Total Cholesterol 0.064 0.634
Total Triglycerides -0.043 0.754
CCA CIMT [Left]
LDL 0.051 0.706
HDL 0.146 0.278
Total Cholesterol 0.094 0.485
Total Triglycerides -0.086 0.525
ICA CIMT [Right]
LDL -0.007 0.961
HDL 0.121 0.370
Total Cholesterol 0.124 0.35¢
Total Triglycerides -0.035 0.7989
ICA CIMT [Left]
LDL 0.056 0.680
HDL 0.134 0.320
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Discussion

DISCUSSION

Beta-Thalassemia Major is the most prevalent hagimochnaemia in South
India, with an incidence of 5-15%, according teesh conducted in 2016 by Suresh
Babu T V and Manjula Shantaram. This is due tdiilgh in-breed frequend§g8) Due

to repeated blood transfusions, children with BEtalassemia Major are inclined to the
development of subclinical atherosclerosis, whidtribauited to one of the major causes

of morbidity in these children.

The main cause of death and one of the main cafse®rbidity in children
beta-thalassemia are cardiac problems caused by gtbeth of accelerated
atherosclerosis .This aspect of cardiovascularessn beta-thalassemia major have
been rarely addressed so far. This could be attibto epigenetic factors such as
hyperlipidaemia , hypertension , age, family higt@iabetes mellitus and obesity and
also to the gene-environment interactions as meedion their study by Nafady et al.,

in 2017.(69)

Patients with Beta-Thalassemia Major have beenddarhave elevated levels
of iron in the body, longstanding deposition ohimauses alteration of endothelium of
the vascular structures which eventually changestheture of arterial wall as quoted
by Farmakis,2017 (70)such as increase in intimaianickness, elastic properties of
the arterial wall, formation of plagues in the lumédtimately leading to stenosis of the

vessel.(62,64,65)

Carotid doppler ultrasonography, which is non- Biva modality which has
been in use world-wide helps in detecting thesengbs at the earliest.(71) Regular

monitoring of carotid intima medial thickness intBehalassemia major showed a
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progressive increase, which could be considerettheastructural alarm in detecting

premature atherosclerosis.

Although 57% of the male participants in thedstconducted in Egypt by
Sherief et al(5)(2017) had thalassemia, there were no discernifierehces between
the two genders (P=0.306) (Sherief et al., 2(8)7)Another research by Gursel et al.
(2012)(72)in Turkey, which revealed that 58% of the maleipgréants had thalassemia
with a P value of 0.37, also validated this find{@ursel et al., 201Zy2). In line with
the research done by Triana et al in 2021, w(e4e3%) were male and (45.7%) were
female(73).Similar finding was noticed in study ddoy Akhlagpoor S and Hoseini
M.(74) Likewise,More than half of the participants in our reseawtio had thalassemia

(56.14%) were male. Gender did not, however, dgfgnificantly.

The average age of Sherief et al (2@&y yesearch study was 9.5 (SD 3.7) years
old. The study by Gursel et al. (20(23) found that the average age was 10.84 (SD
4.38) years, similar finding was noted in a studyne in 2014 by seham and his
colleaguegrs) . Triana et al in 2021 where mean age being 9syedrich was almost
exactly the same as this find{ii@). The average age of the thalassemia study
participants is 12 (SD 3.9) years old. These figdirsuggested that premature
atherosclerosis start as early as first decadéimithese children requiring a need for

regular CIMT monitoring.

In terms of nutritional status, the average BMlour research, which was
17.18(SD 3.27) kg/m2, is consistent with a study Styerief et al. (2017)that
discovered individuals with low nutritional statusd an average BMI of 18.1(SD 2.2)
kg/m2. There was absolutely no correlation in teofrstatistics (P=0.191.6). Similarly,

Gursel et al. (201272) reported an average BMI of 17.34 (SD 3.03) kg/ent] they

Page 52



Discussion

observed no association between nutritional sttdsthalassemia (P=0.24).Our study
contradicts the finding of correlation of bad ntidmal status with organomegaly done

by Triana et &I73)

Our study found that those with severe -thalassémaiba 10.53% risk of early
atherosclerosis. This result was essentially lleas that of the Egyptian research by
Abaza et al., (201771), Triana et al73)where premature atherosclerosis incidence
was reported to be at 19% and 17% and the averi\d€ @Was 0.8 (SD 0.16) mm and
1.03mm respectively. According to Gursel et al @qZ2)s study in Turkey, the CIMT
level of the study group was substantially higheant that of the control group,
measuring 0.56 (SD 0.06) mm as opposed to 0.48(8%) mm, P=0.001. The average
CIMT in thalassemia patients in our study was 8, according to research by
Tantawy et al. (200976), which was higher than the average in the corgrolp at

0.63 mm.

Our study finding of incidence of 26.32%in age grad 15 to 18 years infers
that CIMT increases with increase in age so as plevalence of premature
atherosclerosis which concurs with a case — corstitodly done byAhmed Abdul-
Mohsin Alshammary, Sabih Salih Al-Fetlawi , Zenadatameer Aljanabi in Iraq in
2018 (63)and a study done by Soltani et%I.This could be attributed to duration of
the disease , increase in total volume of bloodsfssed which lead to long term
deposition of cellular irorAccording to the study, the CIMT grows linearly wiége.
This finding is consistent with that of Su et &7 who also found that [IMT in

millimetres = (0.009 age in years) + 0.35].
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Our study is comparable with Doyon e{&rF) and Abaza et @11), where there
is no effect of gender on CIMT measurement, andigoificant variations between

males and females.

Among our study population CIMT thickness of Lef€& is higher that Left
ICA followed by Right which contradicts the findimd higher thickness in Right CCA

CIMT in study done by Abazg1)

Our study showed that CIMT was signifi¢ehigh with increasing duration from
the first blood transfusion (P =0.011).similardiings were observed in study done by
Soltani et al.(78) and Ahmed Abdul-Mohsin Alshamy&Babih Salih Al-Fetlawi ,

Zena Abdalameer Aljanabi in Irag in 2018 (63)

Our study also found that CIMT thickness is notelating with bilirubin which
is an indicator of haemolysis. This opposes thdifig in study of abaza et(dll) and
goes in tune with study done by Tantawy and hiseagues(76) Dogan(79) and

Gullu.(80)

The average LDL levels in this research were 64 2BC87) mg/dl .This is
similar to the study done by Maioli et al., (1984)d Sherief et al., (201(B) in Italy
and Egypt respectively, where they stated the dserén LDL level in thalassemia
patients. The average HDL levels of half of thddrein in this study were also low,
which was a prognostic factor in the risk of hasetects (Mansi and Aburjal, 2008)
.(81). This is aligned with the study done by Asharlgf(a015) in Pakistan, which was
the first research to observe lipid levelpithalassemia major patients. The results of
our investigation, however, are at odds with thggn researchers Abdelgawad et
al(2019) .'s association of serum triglycerides lwgdensity lipoprotein (LDL) with

CIMT findings(82)
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In this study, the average serum ferritin concéiaina was 2975.6(SD
1827.01)ng/ml. In contrast to a study done by Cgge@mhow, and Chan (20Q6)/) that
claimed ferritin level was not correlated to thgid® of artery thickness and endothelial
dysfunctions in thalassemia cases, the P valuénglotavas 0.001 (P0.05), indicating a
significant relationship between serum ferritin aptemature atherosclerosis in
children with beta-thalassemia major. In individuadceiving iron chelation treatment,
there was little association between ferritin lesedl liver iron accumulation (Cheung,
Chow, and Chan, 200@&)7). In both the study and control groups, Gursell(@042)

(72)'s study found no association between serum fetatiels and CIMT.

Our study also found that Transfusion index in lileéassemia major children
who underwent splenectomy was low compared to péensctomised children.
Whereas, Splenectomised children showed higher Cdd serum ferritin values

compared to latter ones. This contradicts the figdif study done by Abaza e{#l)
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CONCLUSION

According to the findings of our study, thereisasignificant correlation between
serum ferritin levels and carotid media thickness, and there is a high prevaence of
premature atherosclerosis changes that show that thromboembolic events are more
likely to occur in people with beta-thalassemia major due to severe changes in
haemostatic mechanisms. This study also showed that thalassemia children had
subclinical carotid atherosclerosis even though their relative anti-atherogenic lipid
profiles were more common. Age-related increases in carotid intimal medial thickness
suggest the need for routine testing of beta- thalassemia children for early
atherosclerosis alterations. This aids in the early identification of thrombosis-related
problems in these children and the implementation of appropriate measures. With this
study, we advocate for close monitoring of beta-thalassemia children so that these
changes can be identified early and properly addressed. Additionally, to increase

knowledge about cardiovascular diseases.
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Summary

SUMMARY

One year cross sectional study was conducted fesmaly 2021 to December

2021 in the Department of Pediatrics, KLE'S Dr.litvakar Kore Hospital and Medical

Research Centre, Belgavi. A total of 57 childrenhwionfirmed diagnosis of Beta-

Thalassemia Major were included in the study. Thkest findings of study are

summarised as follows.

During the study 57 children aged 5 to 18 yearth) wonfirmed diagnosis of Beta-
Thalassemia Major were enrolled and stratified i@e groups based on their
age.

Mean age of study participants was 12 years.

Study population consisted of 32 females and 2®&mal

51 children were on hypo transfusion regimen anchiidren were on hyper
transfusion regimen.

Average volume of blood transfused in study popatatwvas 54918ml with
average transfusion index of 174ml/kg/year

Average duration of chelation was 112months.

Mean Haemoglobin of study population was 8.43gm/dlI

Mean serum ferritin values were 2975ng/ml

Atherogenic profiles of study population were noramper age, However half of
the population has higher HDL values.

Prevalence of premature atherosclerotic changesuinstudy population was
10.53%, However none of our patients had stenosigessel or presence of

plaques.
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Summary

Our study highlights that with CIMT thickness inased with increase in age,
whereas this relation is clearly noticed from 1Xgda 18years of age, with same
average levels of serum ferritin in both the groups

We have found that these atherosclerotic changes well seen in left common
carotid artery and left internal carotid artery.

Our study found that factors like Duration of disedp=0.011] , Total volume of
blood transfused [p=0.001] ,duration of chelaticOL7] ,Serum Ferritin
[p<0.001] as significant factors contributing t@$le changes.

Our study highlights the importance of cardiovagcalssessment in children with

beta-thalassemia which were rarely addressed iliténature.
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Annexure 1l

CONSENT FOR PARTICIPATION IN RESEARCH

“THE PREVALENCE OF PREMATURE ATHEROSCLEROSIS IN CHDREN
WITH BETA-THALASSEMIA MAJOR USING CAROTID DOPPLER
ULTRASONOGRAPHY

Investigator: REG NO: BM0120016

Guide: DR.

PROFESSOR

DEPARTMENT OF PEDIATRICS,

KLE ACADEMY OF HIGHER EDUCATION & RESARCH,
JAWAHARLAL NEHRU MEDICAL COLLEGE,

BELGAUM -590010.

You are hereby requested to involve your child he Bbove said research to be
conducted at KLE'S Dr. Prabhakar Kore Hospital afiddical Research Centre,
Belgaum from January 2021 to December 2021 by me.

Introduction

PURPOSE OF THE STUDY

The study aims to know the prevalence of premadtherosclerosis in children with
beta-thalassemia major using carotid doppler wtragraphy.

Procedures involved:Blood sampling and carotid doppler ultrasonography
Voluntary participation

Your child’s participation in this study is your luatary decision. Whether to
participate or not to participate will not affeaiwr current or future relationship with

the
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KLES Dr.Prabhakar Kore Hospital and Medical Rede&entre, Belgaum. You are
free to discontinue the participation in the stadyany time for any reasons and you
will not be paid any reimbursement for participatia the research.

Financial incentives for participation: Nil

Risk and benefits

There are no major risks involved, other than disioot and pain caused during

collection of biological sample.

Compensation:

Taking part in this study will not affect the cadtthe treatment i.e, it will be similar to
cost of standard procedure. In the event that yamoime injured as a result of taking
part of the study, treatment will be offered to ywwyou will be given information about
where to receive the medical care. But you/yourriasce company will be responsible
for the costs. However, no reimbursement, compemwsat free medical care will be

given.

Privacy and Confidentiality

The only people who will know that you are a reskgparticipant are member of the
research team. No information about you or providgdou, during research will be
disclosed to others without your written consenhéW the results of the research are
published or discussed in the conferences, nonrdton will be disclosed that would
reveal your identity. Any information obtained iarmections with this study and that
can be identified with you remain confidential amnill be disclosed only with your

permission.
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Queries

If you have any queries you may contact
REG NO: BM0120016

Post Graduate Student

Department of Pediatrics

JNMC, Belagavi-590010

DR.

PROFESSOR

DEPARTMENT OF PEDIATRICS,

KLE ACADEMY OF HIGHER EDUCATION & RESEARCH,
JAWAHARLAL NEHRU MEDICAL COLLEGE,

BELGAUM -590010.

If you have any questions about your rights oraedeparticipation you may contact
Chairman ethical committee:

DR. HARSHA HEGDE

CHAIRPERSON, JNMC,

IEC & SCIENTIST D, ICMR,

NATIONAL INSTITUTE OF TRADITIONAL MEDICINE,

BELAGAVI-590010
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STATEMENT OF CONSENT

| hereby voluntarily agree for my child participatiin this study. | understand that even
if | choose to allow my baby to take part in thigdy. | have the liberty to withdraw at

any time. My signature below indicates that | head or have been told about this
entire consent form including the risks and besedihd have had all my questions

answered. | will be given a copy of this consemirfo

Signature of the Participant/LTI:

Date:

Name:

Signature of the authorized representative/ pafegplicable)/LTI:

Date:

Name:

Relation to the Subject:

Signature of the witness:

Name:

Date:

Signature of investigator:

Name:

Date:

Place:
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PROFORMA

SL NO-

DATE-

1) Name-

2) Age-

3) Gender-

4) Diagnosis:

5) Date of diagnosis:

6) Duration of disease:

TRANSFUSION DETAILS

1) Age at which transfusion started :

2) Frequency of transfusion :

3) Volume of transfusion :

4) Number of transfusions per year :

5) Transfusion index :

CHELATION THERAPY DETAILS

1) Drug of chelation :

2) Dosage of chelation :

3) Date of initiation of chelation therapy:

Has the child undergone Splenectomy
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If Yes, Date of splenectomy:

GENERAL EXAMINATION

Anthropometry:

1) Height
2) Weight
3) BMI

Presence of 1) Icterus : YeD ID
2) Oedema : Yei:I ID
If Yes describe,

3)Peri Orbital puffiness :

Vitals : BP- PR- RR - SpO2:

Systemic Examination:

i CVS:

ii. CNS:

iv. Per abdomen:
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INVESTIGATIONS

1. Heamoglobin :

2. Serum Ferritin :

3. Liver Function test —

a.

Total Bilirubin :
Direct Bilirubin :
S.G.O.T:
S.G.P.T:

®aeoo

ALP:

Renal Function test-
a. Serum Urea':
b. Serum Creatinine :

Random blood sugar :

Total Cholesterol :

Total triglycerides :

Carotid Doppler findings-

Common carotid
Artery

Left Right

Internal Carotid
Artery

Left Right

Normal range

A. Carotid intima
media thickness

B. Presence of
plagues in the
lumen

C. Stenosis of the
blood vessel
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KEY TO MASTER CHART

CIMT

gm/dl

ml/kglyear

SLE

Cm

%

mg

agm

Hb

HbE

HbS

LDL

HDL

CCA

ICA

Carotid Intima Media Thickness

Gram per decilitre

Millilitre per kilogram per year

Systemic Lupus Erythematosus

Centimeter

Percentage

Milligram

gram

Heamoglobin

Heamoglobin E

Heamoglobin S

Low density lipoprotein

High density lipoprotein

Common carotid Artery

Internal Carotid Artery
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TRANSFUSION  VOLUME  TRANSFUSION Additional  DATE OF o1
s, TEOF  DURATIONOFTHE  Transfusion STARTEDIn  TRANSFUSED  INDEXin rugof | INITIATION OF UNDERWENT HEIGHT WEIGHT TOTAL  TRIGLYCE ccaamr
O AGEinyrs GENDER DIAGNOSIS DISEASE Regimen months in ml Ixglyr DRUG OF CHELATION  chelation CHELATION  SPLENECTOMY in mts in kgs BmI SPLENOMEGALY  HB FERRITIN TB DB SGOT SGPT ALP UREA CREATININE CHOLESTEROL  RIDES oL HDL  CCA MT[RT] I ICA CIMT [RT] ICA OMT [LT]
GROUP 1
1 9years F 12112013  102Months Hypo 15months 54933 302 Defrijet750mg  no  13-062018  No 104 214 1979 grade3 8 3905 11 04 71 94 212 14 0.2 100 138 48 24 0.05 0.04 0.04 0.04
2 Syears M 23032016  48months Hypo 12months 13,328 196  Defrijet750mg  no  24-07-2020  No 108 17 1457 grade2 7.5 1657 11 05 30 22 150 16 0.4 93 8 41 35 005 0.04 0.05 0.04
3 Syears M 16112016  S4months Hypo 6Months 8537 116  Defrijet500mg  no  06-04-2020  No 116 16 11.89 garde2 9.5 4256 14 0.6 34 40 324 23 04 156 132 62 76 0056  0.06 0.064  0.062
4 8years F  07-09-2013  92months Hypo 4months 21242 212 Defrijet 1000mg no  07-07-2013  No 124 25 1626 grade2 82 1186 2 06 23 18 419 23 03 82 48 37 35 005 0.04 0.04 0.04
5 Syears M  1509-2016  Sémonths Hypo 4months 14400 180  Defrijet500mg no  16-08-2018  No 105 20 1814 grade3 9 2603 07 03 35 22 231 10 04 104 72 58 32 0042 0046  0.042  0.04
6 7years F 06062014  80months Hypo 6months 41040 180  Defrijet500mg  no  06-08-2015  No 14 38 1939 grade2 7.7 1889 11 05 31 14 136 15 0.7 92 112 50 36 004 0046 0042  0.04
7 7years F 26092014  76months Hypo 8months 22937 112 Defrijet 1000mg no  28-10-2018  No 128 32 1953 grade3 7.1 3251 16 05 37 30 219 21 03 92 78 52 32 0052 0048  0.04 0.04
8 6years M 24062015  67months Hypo Smonths 21705 114 Defrijet500mg  no  06-04-2018  No 122 34 2284 grade2 88 2715 18 07 111 119 251 18 0.5 72 58 48 36 004 0042  0.046  0.042
9 6years F 21052016  69months Hypo 4months 22120 158  Defrijet500mg no  22-04-2018  No 115 25 189 No 84 1763 22 07 39 117 197 19 02 98 78 46 52 0.04 0.04 0.04  0.042
10 10years F 21082011  112months Hypo 8months 49952 158  Defrijet1000mg no  12-10-2015  No 122 34 2284 grade2 9.9 9522 3 0.6 36 39 360 38 0.4 100 91 66 44 004 0042  0.04 0.04
11 9years M  09-10-2013  100months Hypo Smonths 25132 136  Defrijet500mg no  12-09-2016  No 122 22 1478 No 85 1389 15 07 33 12 551 23 05 102 192 44 30 0046 004 0048  0.04
12 9years F  06-04-2013  102months Hypo 6months 24324 206  Defrijet500mg no  04-04-2016  No 135 25 1372 No 97 3642 09 03 29 28 221 22 04 108 78 62 46 0042 0046 0048  0.046
13 10years M 22062011  112months Hypo 8months 36432 198  Defrijet 1000mg no  30-05-2013  No 106 20 17.8 No 85 1492 0.8 03 45 31 240 27 04 106 65 58 35 0047  0.04 0056 0.5
14 10years F  04-02-2011  114months Hypo 6months 22521 144 Defrijet500mg no  04-03-2013  No 107 17 14585 No 97 1382 11 05 26 11 617 17 0.7 154 99 8 49 007 0.06 0.07 0.06
15 6years M  30-10-2015  65months Hypo 7months 15769 186  Defrijet500mg no  30-11-2016  No 118 19  13.65 No 84 1492 0.8 03 45 31 240 27 04 106 65 58 35 004 0.04 0042  0.045
16 6years M  06-10-2015  65months Hypo 7months 18446 122 Defrijet500mg no  22-04-2017  Yes 122 28 18.81 No 82 1674 0.84 084 03 44 36 27 0.2 112 68 56 36  0.06 0.06 0.06 0.07
17 8years M  06-06-2013  92months Hyper 4months 36115 216 Defrijets00mg  no 02062016  No 122 22 1478 grade3 107 3750 05 02 46 45 206 22 0.4 98 76 48 32 005 0.058  0.056  0.05
18 9years  F 03122013  100months Hypo Smonths 33600 200  Defrijet500mg no  15-092015  No 119 20 1412 grade3 8 1658 1 04 23 15 221 25 0.4 108 112 64 44 0046  0.048  0.044  0.046
19 7years  F  09-04-2015  85months Hypo 3months 12602 142 Defrijet500mg no  16-03-2017  No 101 125 1225 grade3 87 829 19 07 29 31 482 31 04 116 102 62 56 003 0032 0034 0036
GROUP 2
1 13years M  15-01-2009  159months Hypo 1 month 70200 216  Defrijetl000mg no  05-07-2011  No 13 25 1479 grade2 9.2 2922 15 04 22 15 120 25 06 106 112 56 50 0042  0.04 0.04 0.04
2 1lyears F  06-10-2011  126months Hypo 6months 47318 124 Defrijets00mg  no  08-08-2012  No 124 36 2341 No 77 1099 22 06 24 8 373 13 03 126 120 78 48 004 0046  0.04  0.042
3 ldyears M  1504-2008  159months Hypo 8months 17500 112 Defrijet 1500mgsferoxam 16-08-2011  No 163 41 1543 grade2 85 1376 1 04 20 20 190 36 0.6 139 98 103 35 0042 0044 0041  0.042
4 1lyears F  16-01-2012  123months Hyper 12months 20400 102 Defrijet750mg  no  06-04-2013  No 129 20 1202 grade2 103 3221 19 05 56 57 406 15 0.7 114 8 8 28 0042 0046 0042  0.04
5 13years M  24-04-2009  153months Hyper Smonths 56347 156  Defrijet750mg  no  24-092010  No 136 28 1514 grade3 104 3466 3.2 0.6 45 32 191 28 0.8 116 98 72 44 004 0042 0041  0.043
6 12years F  12-12-2009  147months Hypo 4months 88200 210  Defrijet 1500mg no  24-07-2011  No 145 35 1665 grade2 87 1836 24 04 23 14 222 19 04 122 114 62 60  0.04 0.04 0.04 0.04
7 12years F  16-10-2008  144months Hypo 4months 71688 206  Defrijetl000mg no  17-01-2012  Yes 125 29 1856 No 7.7 3696 1.8 0.6 46 44 446 29 0.6 120 118 58 38 0056  0.05 0.056  0.053
8 1ldyears F  06-06-2008  165months Hypo 3months 48038 108  Defrijet500mg no  11-10-2011  Yes 148 32  14.61 No 7.8 3762 1.8 0.6 48 46 441 28 0.6 120 116 56 36 0058  0.05 0.056  0.054
9 1ldyears M  04-03-2009  156months Hypo 12months 28080 150  Defrijet500mg no  04-11-2012  No 15 35 1556 No 8 3652 14 06 33 36 66 31 1 106 66 54 34 0062 0064 0062  0.06
10 1lyears M  28-06-2010  128months Hypo 4months 76032 220  Defrijet500mg  no  24-102013  No 138 32 168 grade2 7.4 1394 3 05 39 24 104 26 05 120 118 56 40  0.056  0.05 0.056  0.053
11 12years M  24-10-2008  139months Hypo Smonths 53539 208 Defrijet 1000mg no 21082010  No 122 22 1478 grade3 81 4814 25 07 54 50 93 19 04 9% 112 42 54 0058  0.06 0.056  0.062
12 ldyears F  14-10-2009  149months Hypo 19months 60450 186  Defrijet 1000mgsferoxam 26-10-2015  No 148 26 11.87 grade3 55 3241 38 05 15 19 90 12 04 106 142 64 42 0052 0053  0.05 0.052
13 ldyears M  01-06-2008  165months Hypo 2months 44341 110  Defrijet1000mg no  06-09-2011  No 131 29 169 grade4 63 4618 16 0.4 48 32 188 29 0.6 112 116 62 50 0068  0.071  0.069  0.071
14 ldyears M  20-04-2007  164months Hypo 3months 67167 144 Defrijet500mg no  20-04-2015  Yes 146 33 15.48 No 93 6176 3.6 12 54 63 397 54 05 120 93 60 41 0058 0062  0.064 0.7
15 1l4years F 14-01-2008 171months Hyper 1month 28750 148 Defrijet1500mgzripronez 14-01-2010 No 15 39 17.33 grade 2 10.5 1710 1.9 0.7 22 11 270 16 0.4 113 126 54 52 0.042 0.044 0.042 0.042
16 13years M  15-09-2009  150months Hypo 9months 36600 122 Defrijet750mg  no  12-11-2016  No 134 25 1392 grade2 82 1989 31 05 17 10 314 24 04 98 102 46 46 004 0042 0044  0.04
17 12years M 11102010  135months Hypo 9months 43120 140  Defrijet1000mgzriproneZ 12-02-2013  Yes 135 28 1536 No 83 4296 09 04 8 61 19 35 0.6 122 118 76 46  0.052  0.054  0.054  0.052
18 1lyears F 22042010  126months Hypo 4months 61056 180  Defrijet500mg  no  23-12-2013  No 128 32 1953 grade3 7.5 937 37 07 30 11 451 15 0.4 104 68 58 46 0052 0056  0.054  0.052
19 1lyears F  01-04-2012  125months Hypo 7months 20000 221 Defrijet 750mg  no  21-01-2015  No 115 19 1437 grade3 85 4785 17 05 22 38 217 20 0.2 106 112 62 42 0042 0044 0042  0.042
GROUP 3
1 16years M  01-02-2005  188months Hypo 4months 120000 160  Defrijet 1500mg no  06-04-2007  Yes 165 50 18.37 No 7 5901 1 04 91 109 187 22 08 110 76 60 35 0068 0064 0064  0.062
Deferipr
one
3000mg
Desferal
inj
2 17years F  12-10-2006  185months Hypo 19months 116640 216  Defrijet 1250mg 500mg 16-08-2008  No 146 36 1689 grade3 7.1 5734 14 05 29 30 63 14 07 112 92 8 30 0072 0069 0068  0.068
3 16years M  06-05-2007  185months Hypo 7months 113760 158  Defrijet 1500mgiprone 3¢ 12-04-2010  No 136 48 2595 grade2 83 5122 05 02 32 18 239 18 08 110 116 34 76  0.07 0072 0.07 0.07
4 15years M  22-06-2006  174months Hypo 7months 103192 186  Defrijet 1500mg no  06-06-2009  No 142 38 1885 grade2 88 5060 0.7 03 22 21 264 18 0.6 112 120 78 44 0068 0071  0.068  0.07
5 1Syears F  02:08-2006  177months Hypo 3months 93452 196  Defrijet 1250mg no  06-04-2009  No 152 32 1385 grade3 94 8451 13 04 78 75 132 18 04 84 46 38 36 0068 0066 0072  0.076
6 18years M  01-05-2003  204months Hypo 8months 162792 228 Defrijet 1500mg no  02-122006  No 14 42 2143 grade2 9.7 7921 09 003 46 58 146 22 05 128 92 88 40 0068  0.07 0072  0.07
7 16years M  19-01-2006  180months Hypo 12months 90720 216  Defrijet 1500mg no  06-05-2008  No 134 28 1559 No 82 727 2 05 33 30 262 19 05 142 190 106 36  0.05 0.052  0.048  0.056
8 1syears F  03-05-2006  130months Hypo 24months 88374 206  Defrijetl2s0mg no  06-10-2016  Yes 15 33 14.67 No 49 2657 16 05 8 113 193 26 04 146 78 98 40 005 0.052 0052  0.056
9 1Syears F  06-08-2006  170months Hyper 9months 101388 210  Defrijet 1250mg no  06-10-2008  No 138 34 1785 No 111 3664 11 04 68 66 121 10 04 102 112 76 26 0062  0.058  0.066  0.067
10 18years M  06-02-2003  207months Hypo 10months 216734 216  Defrijet 1500mg no  16-08-2004  No 172 58 1961 No 88 4260 25 04 15 10 211 33 06 94 57 38 79 0056 0052 0052  0.052
11 16years M  16-02-2006  184months Hypo 8months 120960 192 Defrijet1250mg no  02-07-2008  No 146 42 197 grade2 9.1 4594 1 03 59 61 271 27 04 122 84 8 40 0048 0042  0.048  0.042
12 18years M  07-07-2004  207months Hypo 9months 34675 112 Defrijet1500mg no  18-06-2006  No 155 48 19.98 No 7.9 1058 23 07 24 18 113 11 05 150 120 8 36 0044 004 0042  0.04
13 16years F  05-01-2005  187months Hypo 7months 10040 180  Defrijet 1250mg no  06-03-2008  No 128 36 21.97 No 75 635 0.6 02 21 34 154 22 04 196 132 98 36  0.04 0042  0.046  0.048
14 15years M  18-01-2006  163months Hypo Smonths 69630 102 Defrijet 1250mg yes  04-08-2008  Yes 142 50  24.8 No 7 1103 17 06 14 23 28 30 04 150 148 128 22 0.048  0.046  0.042  0.042
15 15years M  11-08-2006  176months Hypo 3months 63936 120  Defrijet 1250mg no  17-06-2010  No 155 36 1498 grade2 88 2158 3.7 03 28 23 219 17 05 90 76 36 36 0046 0044 004  0.042
16 17years M  01-06-2004  184months Hypo 20months 104781 162 Defrijet1s00mg no  02-02-2006  No 15 42 1867 grade2 58 4758 16 0.5 25 12 266 18 0.6 124 130 79 45 0052  0.052  0.054  0.052
Deferipr
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17 18years M  01-06-2004  207months Hypo 7months 40000 247 Defrijet1000mg 1500mg 02-01-2014  No 149 43 1937 No 9.6 1239 11 04 20 22 92 24 04 9 104 44 48 0044 004 0042  0.04
18 17years F  01-01-2003  193months Hyper 2months 16800 277 Defrijet2000mg no  04-07-2017  No 157 50 2028 grade4 109 3328 46 0.4 32 30 83 28 1 102 9% 52 42 005 0.052  0.048  0.056
19 16years M  06-10-2006  188months Hypo 10months 28500 218 Defrijet1500mg)xyureal: 06-10-2006  No 152 35 1515 gradel 82 764 2 05 33 30 262 19 05 142 190 106 36  0.05 0.052  0.048  0.056
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