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ABSTRACT

Renal Dysfunction in children with Transfusion Degent Beta-Thalassemia Major-

A One Year Hospital Based Cross Sectional ObsemvaltiStudy.

Dr Nithya Reddy Nelvoy1l, Dr Sujata M Jali2

Objectives
To evaluate for the renal dysfunciiorchildren with transfusion dependent beta-thaasa

major and co-relation between ferritin levels aadal dysfucntion

Methods

This is a hospital based Cross 8ratiObservational Study done between
January 2019 to December 2019 which enrolled 4@drem up to age of 18 years who
were diagnosed with Beta Thalassemia Major andareral iron chelators for more
than and equal to 6 years, registered in our Thatag Day Care. Sociodemographic
and clinical data was collected. Outcome was asdessing lab parameters like
ferritin, urea, creatinine, Beta 2 Microglobulindaalso eGFR was calculated using

Modified Schwartz Formula.

Results

Mean age was 13.20£2.95 years, neaflerhale ratio 1.8:1. Majority of the patients f&d
years duration of thalassemia. All the 40 patievese on deferasirox and 15 were on combination
therapy. Among this 19 patients had renal dysfonctany of them with abnormal urea or creatinine or

beta 2 microglobulin or eGFR). More the ferritindés higher were the chances of renal dysfunction

Mean Z-scores of 42 patients was -1.15 + 1.49 SThe prevalence of low
BMD was seen in 61.9% children. Mean Z-score sigaiitly improved after 6

months of treatment (-2.18 + 0.83 S.D to -1.72 6, 9. value <0.0001). Low BMD



was statistically significant with longer duratiaf disease(r = -0.5843, p value <

0.0001), short stature, low BMI and high ferritaveéls.

Conclusion

Renal dysfunction was seen in 47.5 % of the ptgisvho were diagnosed
with Beta Thalassemia Major and were on iron clatatherapy. More the duration
of the disease and duration iron chelators more twagenal dysfunction. Regular
monitoring of the biochemical parameters to be dand based on the values, the

dose of iron chelators to be adjusted.

Keywords: Beta Thalassemia Major, Renal dysfunction, Irbelators, Beta 2 Microglobulin, eGFR.
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I ntroduction

INTRODUCTION

“Thalassemia is a group of blood disorders, the nwostmon inherited
hemoglobinopathies characterized by partly or elytidecreased synthesis of regular
globin chains and ineffective erythropoiesis (1hey have an autosomal recessive
inheritance and are most typical single gene dessrdlobally, more prevalent in the
Mediterranean, Indian Sub-continent, Southeast Asid Africa (1). Based on the

involvement of globin chains, Thalassemia is clessias alpha and beta-thalassemia.

Thalassemia is a heterogenous disorder with vasteehotypes, ethnicities
accounts for the global public health problem()s lestimated that around 3,00,000-
4,00,000 children are born in the world with soneenbglobin disorder every year,
out of which around 1,00,000 children with thalasgeare contributed by India(3).
Thalassemia is more commonly seen in low and michdieme countries. Worldwide
56,000 conceptions are having thalassemia disomiar,of which 30,000 have
Thalassemia major(4). Northern India is having taglrier rate of about 3-15% when

compared to Southern India which is 1-3%(3).

Thalassemia is more commonly seen in low and reiddtome countries. It
is estimated that the cost for the repeated trfmvehe hospital admission, supportive
care and the medications for the management iragkaimia major cost around

1,00,000 to 2,50,000 lakhs/ year in India (5)

B-thalassemia’s are characterized by partly or cetept beta globin chains
suppression and excessive production of alpha gloin.p-thalassemia’s are more
common thamu-thalassemia’s. Based on the extent of productioglabin chains,

manifestations range from mild anemia to transfusiependance.
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I ntroduction

The age of presentation fathalassemia major will be usually between 6-24
months with Hepato-splenomegaly, mild jaundice aedere microcytic anemia.
Regular bloodtransfusions and chelating agents thee mainstay treatment in
thalassemia major, which will increase the life @ancy of the patient.

The age of presentation in beta thalssemia majbbeiusually between 6-24
months with repeated episodes of fever, Hepatmspiegaly, mild jaundice and
severe microcytic anemia. Regular blood transfissiand the chelating agents was
the main stay of treatment in thalassemia majoichvvill increase the expectancy of
the patient.

In recent years, since the blood transfusionsifadihs increased especially in
patients with transfusion-dependent thalassemisomdje life expectancy of the
patients has increased. However the associated averload leads to significant
complications. The major one being the iron oveatloamultiple organs. The source
of iron is from the GI Tract absorption, iron fraime ineffective erythropoiesis, iron
form the repeated blood transfusions. Out of lal brgans the iron deposition in
kidney and the further effects are least known. ifbe chelators which are used to

prevent the iron overload also are nephrotoxic.

As per Kidney Disease Improving Global Outcomes I&D), “CKD is
defined as abnormalities of kidney structure orction, present for >3 months, with
implications for health.” Even in the patients wéi@ well treated the prevalence of
renal dysfunction is 40-50%. Etiology of renal dysftion is multifactorial i.e both

disease per se and adverse effects of the drugs.

Renal dysfunction can be diagnosed by the Renaitifum tests, excretion

levels of the electrolytes. The measurement is eawy also cost effective. The
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I ntroduction

upcoming investigations likel 2 microglobulin, cystatin C, N-acetyl-beta-d-
Glucosaminidase (NAG). They have higher advantagause of high sensitivity and
specificity of the test. Because of its high cdigtjted availability, and lack of expert

interpretation, it is inconvenient for mass scragniespecially in underdeveloped
countries like India(6). Increased levels of fenriare also known to cause renal
dysfunction, thus levels of ferritin are also imiamt.

Main stay of management of renal dysfiomcts prevention which can
be achieved by the treatment of iron overload wthielating agents, avoid using of
the drugs known to cause renal dysfunction. Des#anine, Deferiprone, and
Deferasirox are the three iron chelators that angeatly in use. To prevent iron
overload complications, it is used as a monothempyn combination. Parenteral
desferoxamine has previously been used successfullpmbination with the oral
iron chelators deferiprone or deferasirox, but ls £xpense of repeated painful
injections and poor compliance.

Combined chelation results in a camspaesence of chelating agent
in the patient's circulation, preventing free LabRlasma Iron (LPI) entry into cells
and thus protecting from reactive oxygen speciasdhe mostly responsible for organ
damage, resulting in better & enhanced chelati@haadecrease in total body iron as
measured by Serum Ferritin (SF) levels at reguli@rvals(9).

There are very few studies regardimg tprevalence of renal
dysfunction in transfusion depenedent thalassemidren in India. Thus this study
aimed to investigate the presence of renal dysiméh children and young adults
with beta thalassemia major, using both common addanced indexes and to

correlate possible findings to iron chelation tipgrand is likely the first of its kind.
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Objectives

OBJECTIVES

The objectives of this study were:

PRIMARY:

To evaluate for the renal dysfunction in children with transfusion dependent beta-

thalassemiamgjor

SECONDARY':

1) To look for the incidence of rena dysfunction in children with transfusion dependent

beta-thal assemia mgor

2) Relation between the levels of serum ferritin and renal dysfunction

Page 4



Review Of Literature

REVIEW OF LITERATURE

Thalassemia is a type of hemolytic anaemia whicmherited disorders of
globin chains. Thalassemia is a heterogeneous gobgingle-gene disorders more
common in parts of the world, like Mediterraneamdidn Sub-continent, Southeast
Asia and Africa(l). This disorder is also known Mediterranean anemia because
thalassemia is even more prevalent in Mediterranegion.

B-Thalassemia:

B thalassemia is a global health problem inheritedhe mendelian fashion
autosomal recessive inheritance. According to tlel\Health Organization it is the
most common inherited genetic disorder. 95 % ofthi@assemia births worldwide
were from Middle Eastern, Asian and Indian regi@hs{Thalassemia is commonly
seen in people of African descent. The highestdamies are reported in Cyprus
(14%), Sardinia (12%) and South-East Asia(3). Ididnthe disease is higher in
Sindhis, Punjabis, Khatris, Gujaratis, Mahars, b It is higher among muslims
and Christian communities.

HISTORICAL

In the 20th century beginning, European physiciangsiced an anaemia
syndrome in Italian children with severe anaemiaeyTlalso noticed enlargement of
spleen in infancy along with poor growth and eadgath. The first clinical
description of thalassemia is given by Detroit paeitians Thomas B.Cooley and
Pearl Lee. Cooley and Lee had described four italkhildren with anaemia,
discolouration of the skin, sclera enlargementpdéean and liver. Red blood cells of
these children have increased resistance to hyjposmiutions and the peripheral
blood smear showed moderate leukocytosis with ateteerythrocytes. They used to

have hemolytic facies with prominent cranial ancidhbones.
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Review Of Literature

Previously chronic childhood anaemias were namateua group called as
Von Jaksch’s anaemia, later it was separated byle@oand Lee and named it
as" Erythroblastic anaemia or Cooleydsaemia.

The term ‘thalassemia’ was coined by Whipple anddBird in 1932, which
was taken from the Greek word ‘Thalassa’ meanirgct sea’, and ‘mia’ meaning
‘blood’. Based on the severity, Valentine and Nelalssified the milder forms of
Cooley’s anaemia as ‘Thalassemia minor’ and theerserere entity as ‘Thalassemia
major’. In 1925, it was described that the diseaas running in the families by Rietti
and told to be familial condition. In 1936, Lehmifidirst proposed that the condition
is also inherited.

Mukerjee reported the first case of beta-thalasadmim India in 1938 from
Calcutta. In 1935, Sheldon described the sevelofmgic sequelae associated with
iron overload.

Wolman in 1964 was the first to suggest that clordadod transfusion may be
able to prevent many of the problems of the disdasgky, et al and Model, et al. in
1974 were able to initiate clinical trials with @&sioxamine, an iron chelator, in an
attempt to promote the excretion of large percentaigtransfusional iron overload.
Deferiprone an oral iron chelator was discoveredl®81. In 1982 Dr E Donald
Thomas performed the first bone marrow transplanain a thalassemic patient. The
first bone marrow transplantation in India was ssstully done by Dr M. Chandy at

Christian Medical College, Vellore.
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Historical landmarksin the field of hemoglobin and thalassemia.

nes

Y ear Landmark Author
1628 Circulation of the blood Harvey
1862 Oxygen binding pigment is named Hoppe — Seyler
‘hemoglobin’
1866 Fetal blood is alkali-resistant Korber
1913 Structure of haem Kuster
1925-1927 | Molecular weight of hemoglobin Adair, 8lerg
1925 Description of ‘thalassemia’ Cooley, Lee
1932 Term ‘thalassemia’ first used Whipple & Braufo
1937-1944 | Inheritance of thalassemia Caminopetem, NValentine,
Silvestroni
1938 First case of thalassemia Dr.Mukherjee
1944-1946 | Sickle-cell thalassemia Silvestroni, B@n
1948 Alkali-resistant hemoglobin in Vecchio
thalassemia
1949 Malaria hypothesis Haldane
1955 HbAZ2 raised in some thalassemia Kunkel & Walie
1957 Ineffective erythropoiesis in thalassemia @taon & Finch
1958 Adult hemoglobin controlled by two | Smith & Torbert
gene Loci
1959 Three — dimensional structure of Perutz
hemoglobin
1959 a ang thalassemia hypothesis Ingram and Stretton
1960-1963 | Structure @f, B, y ands chains Konigsberg et al, Schroeder et al., Jo
et al, Braunitzer et al., Hill et al
1962 Chelation therapy — Desferrioxamine Sepht&mith
1964 High level transfusion for thalassemia| Waldma
1965 Imbalanced globin synthesis anandg | Weatherall, Clegg
Thalassemia
1966 Consequences of globin imbalance Nathan, Gunn
1970 Genetics af thalassemia Na-Nakron and Wasi
1973 Dominantly inheritel thalassemia Weatherall et al
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.

1974 Liver iron level controlled by Barry et al
Desferrioxamine

1979 Restriction — fragment length Kan and Dozy
polymorphism for prenatal diagnosis

1979 Stop — codon mutation ifi globin| Chang and Kan
MRNA

1979 B Thalassemia due to gene deletion Orkin et al

1980-1981 | Globin genes sequenced Lawn et al.tzSqdral., Barralle et al

1981 Mutations inB thalassemia cloned in | Spritz et al., Westaway and Williamsor,

DNA
DEFINITION:

‘B thalassemia is a group of hereditary blood dissrddaracterized by

reduced or abseift globin chain synthesis, resulting in reduced hagoinn in red

blood cells, decreased RBC production and anaenibéy are inherited in the

autosomal recessive pattern.

Annual births with major haemoglobin disorders

b-thalassemia major 22,989
HbE b thalassemia 19,128
HbH disease 9568
Hb Bart’s hydrops (a0/a0) 5183
SS disease 217,331
SC disease 54,736
S b thalassemia 11,074

B thalassemia can be classified into:
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B THALASSEMIA

Thalassemia major

Thalassemia intermedia

Thalassemia minor

B thalassemia with associated Hemoglobin anomalies
HbC/ B thalassemia
HbE/ B thalassemia
HbS/p thalassemia

» Hereditary persistence of fetal hemoglobin rnialassemia

» Autosomal dominanf thalassemia

* B thalassemia associated with other manifestations

o P thalassemia-trichothiodystrophy

o X-linked thrombocytopenia with thalassemia.

The phenotypes of homozygous or genetic heterozygoompound -
thalassemia’s include Thalassemia major and Thedaissintermedia. Patients with
thalassemia major manifest by 2 years of life aedds blood transfusions regularly
for their survival. Thalassemia intermedia mangdastlate ages and does not require
regular blood transfusions. Heterozygdthalassemia manifests in clinically silent
carrier state, except in the rare dominant formbCHp-thalassemia and HbfE/

thalassemia manifests in a wide range of spectnarpaenotypes of severity.

Epidemiology

B-thalassemia is a global health problem and the noonest
hemoglobinopathies. Mutations, base substitutiangngertion of nucleotides if-
globin genes will caus@-thalassemiap-thalassemia is more common in certain

geographical areas/populations because mutatienzktively population specific.
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WORLD WIDE DISTRIBUTION OF THALASSEMIA

kY,

The incidence of symptomatfcthalassemia major individuals throughout the
world is estimated as 1 in 100,000. As per Thalassenternational Federation
(TIF,) throughout the world, only 2,00,00Bthalassemia patients are present and
taking treatment on registration regularly. HbEhalassemia is the most common
combination off thalassemia with abnormal haemoglobin or struttuaamoglobin

variant and has a high prevalence in Southeast W#ia a carrier frequency of 50%.

Due to the migration of people, Thalassemia is pogsent in almost all the
nations of the world and intermarriage betweenedathnic groups. 1.5% of the
global population has a carrier state fothalassemia. Secondary to migration of
population between different regions, marriage leetwdifferent ethnic groups, races,
thalassemia is prevalent in almost every countryndlia, the overall beta-thalassemia
carrier rate is estimated to be 4.05% and incidesfcg-thalassemia homozygotes

births to be 11,316 per year.
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INDIA

Populslion

B-geneMustalion

HGVE nomenclaiure

Severily

Imdian -619del NG 000007.3:g.7T160%_T2Z2 B2
27dela1?
Mediterranean -10 HBB:c-151C-T g~
Black -B8 HBB:c.-13BC>T B*
Mediterranean, -87 HBB:c.-137C-T B
African HBB:c:-137C=6
HEB:c.137C+A
Japanese -3 HBB:c.-B1A=G B
African -29 HBB:c-T94:G B
Southeast Asian | -28 HBEB.c.-784A-5 B
Black -26 HBB:c.-T4A=C B+
Mediterran=san codon § HBB:c.17_18delCT Bv
Mediterranean, codon & HBB:c.20delA B
African-American
Southeast dsian | Codon 17 HBB:c.H2A-T BY
Mediterranean, VS 1-nti HBB:c.92+1G24 B*
Asian, Indian
Mediterranean, IVS1-nt5 HBB:c.9245G=4 BY
Asian, Indian
T Mediterranean WeT-nta HEB:c9Z+ET-C B
Mediterranean WST-nt110 HBB.c,73-21G-A B
Southeast Asian | HbE HBB:c.79G>T B
Mediterranean HbKnossos HBB:c.B2G>T B
Meditzrranean codon 39 HBB:c, 118C-T Bv
SoutheastAsian | codon 41742 HBB. 124 _129delCTTT | B°
Chinese IVSZ-ntabs HBB:c.A16-197C=T B+
Mediterranean IWS2-ntT45 HBB:c. 314-104C-6 B
African-American  AATAAA to AACAAA | HBB:c.*+110T-C B+
Mediterranean | AATAAA to AACGAA | HEB:c *+1114:G B

Table 1. Common types of B thalassaemia, their severity and ethnic distribution

B-thalassemia is the commonest single-gene haemaglmthy in Indian

population. India comprises ten per cent of thaltatorld thalassemia births every

year. Grow K et al. Th@ — thalassemia carrier frequency varies from 3.048% In

India(4).
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Figure 1. Map showing distribution of beta thalassemiain India

In India, as per WHO update @rthalassemia, an overall carrier frequency of
3-4% was seen, which would render the carrier bateveen 35.6 and 47.5 million
nationwide. Prenatal diagnosis and detection afarastatus are required to decrease
the mutant load in the gene pool.

In a non-Mediterranean region, the first case oélassemia was reported
from India. Chouhan DM [1983] reported that betaltlssaemia has been observed in
different castes and communities like Gujaratisyd8is, Marathas, Khojas, Bori
Muslims, Jains, Baniyas and Punjabis.

India is a multilingual country with different rglons, which are further
subdivided into different castes. Consanguineousriagge is commonly seen and

accounts for an estimated 10.4% of world populatas they follow their specific
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caste. Due to more consanguineous marriages anddkef premarital checkup in
India, it leads to many disorders. Thalassemia s of them. In almost every
community, thalassemia will be seen.
Hereditary Transmission

Beta thalassemia show autosomal recessive inheeiaattern. Affected child
parents will be heterozygotes and contain a singf®/ of pathogenic gene mutation
in the beta-globin chain. 25 % chances of childgeftting affected if parents are
heterozygotes, 50% chances of asymptomatic ca&i@5% chances of not getting
affected & carrier.

Thalassemia syndromes are classified based on thed btransfusion
requirement, clinical severity into
A) Transfusion Dependent Thalassemia’s (TDTS)

B) Non-Transfusion Dependent Thalassemia’s (NTDTS)

NTDTs: Non-Tranasfusion Dependent Thalassaemia

SRS S SRR MEEGEl SR

a-thalassaemia trait Mild HhE/B- Deletional HhH  Nan-delectional HhH
B-thalassaemia thalassaemia Moderate HbE/B- B-thalassaemia
minor HbC/B-thalassaemia thalassaemia major
PP UL e
Severe HGE/S
HbC/B-thalassaemia thalassaemia

TDTs: Transfusion Dependent Thalassaemia

Figure 2. Phenotypic classification of thalassaemia syndromes based on clinical severity and
transfusion requirement.

TDT's would be requiring regular blood transfusipimen chelating agents to
avoid iron overload. They will be presenting atearly age with increasing pallor,

abdominal distension and respiratory distress.
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Phenotypic heter ogeneity
B-thalassemia is having three forms
1. Thalassaemia Major also called “Cooley’s Anaemia” “Mediterranean
Anaemia’
2. “B-thalassaemia carrier - Thalassaemia Intermedi&&atsaemia Minor”
3. B-thalassaemia trait / heterozygd@isthalassaemia

PATHOPHYSIOLOGY:

Basic defect present ifi-thalassemia is decreased or lackingpeglobin

chains production with relative excessive synthesischains.

Reduced levels of Absence of
pB-globin chains (B*) ‘L 'l p-globin chains (%)
Excess free
| a-globin chains ;I'
D ODHA0: Precipitation in erythroid
Membrane damage p ,rﬁr- precursors within bone marrow
to peripheral :r‘-‘D .-;an
erythrocytes Pl A Premature death of erythroid
1’ precursors
. ¥
Haemolysis Ineffective erythrapoiesis

L

) v ¥
Erythropoietin increased Iron absorption Blood transfusion
¥ increased !
Bone marrow expansion |
¥ Iron loading
Skeletal changes 'L
Hypermetabolic stage Cardiac death

Figure 3. Figure showing pathogenesis of Thalassemia
Direct significant changes are
« Decrease in haemoglobin synthesis.
+ globin chain synthesis imbalance.
@ Decreased haemoglobin production causing remucof mean cell

haemoglobin and mean cell volume has a minor @irsignificance.
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@ Increased levels of erythropoietin is the firesponse to anaemia and
ineffective erythropoiesis, causing severe erythitoyperplasia, skeletal deformities,
osteoporosis and contributes to splenomegaly.

EVALUATION

Usual age of presentation [pithalassemia major will be between 6-24 months
characterized by
Family history

Beta thalassemia show autosomal recessive inhegigaattern. Affected child
parents will be heterozygotes and contain a singp®y of pathogenic gene mutation
in the beta-globin chain. 25 % chances of childgefting affected if parents are
heterozygotes, 50% chances of asymptomatic ca&i@5% chances of not getting

affected & carrier.

Tha::lsnsaemla Thalassaemia
or Minor

e 1 1 L Parem

IR

25% Normal 50% Thalassaemla 25% Thalassaemia
Children Minor Major
Children Children

Figure 4. Showing pattern of inheritanceif Thalassemia

Thus a detailed family history must be taken whiddtudes
History of consanguinity
Any history of repeated blood transfusions in theify

Any history of deaths in the family due to thalasge
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Any history of splenectomy in the family

Clinical history

General features

Pallor
Fatigue
Dyspnoea on exertion

Poor appetite

Poor growth

Figure 5. showing Pallor

Palpitations

Features of hemolysis

Jaundice

Excessive erythropoiesis (in cases of impropertrreat

or unavailability of transfusion facilities)

Maxillary overgrowth (chipmunk facies) Figure 6. showing Malar prominence

with dental malocclusion

Prominence of malar eminences

Depression of nasal bridge
Exposure of upper central teeth
Frontal bossing

Cortical thinning causing increased porosity

Delayed pneumatisation of sinuses

Figure 7. showing hair on end
Hepatosplenomegaly appear ance of the skull
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INVESTIGATIONS

Complete hemogram

B-Thalassemia major is considered by decreased Hebingparameters (<7
g/dl). RBC indices have microcytic hypochromic aimenMCV between > 50 < 70
Femto litre and MCH between > 12< 20 pg. WBC mayfdisely raised due to the

misinterpretation of nucleated RBC as WBC. Reticytois is present.

Peripheral blood smear

RBC will show moderate to severe anisocytosis,dregr cells, microcytic
hypochromic and nucleated RBC'’s. Degree of low hagobin levels will be
correlated with the number of erythroblasts andl W& more in number post-
splenectomy. Few morphologic changes will be seerRBC’s for carriers than

affected individuals. Erythroblasts are generadly seen.

e

. SR Nucle‘ated RBC

o Hypochromatic Cell
Target Cell

Figure 8. Peripheral Smear of patient with Thalassemia

HPLC/electrophoresis

HPLC electrophoresis is diagnostic, investigatidrclmice and advised both
for the child and parents to look for transmissibithe genes-thalassemia type will
vary depending on the Hb pattern. HbA will be abserff0 thalassemia homozygotes
and HDF institutes 92-95% of total Hb. HbA leveldl e in between 10 - 30% and
HbF in range of 70 - 90% In homozygotes pthalassemia and 3+/ R0 genetic
compounds. HMAZ2 varies in beta-thalassemia homdeggand it is higher in beta-

thalassemia minor.
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Figure 9. showing Hb Electrophoresis
ﬁ DIAGNOSTIC WORK-UP FOR HYPOCHROMIC MICROCYTOSIS
B Full medical history
Eﬁ Family history (screen families in high risk areas
g £ Complete blood cell count with erythrocyte indices (use an automated blood cell counter)
£8 Blood smear/BCB staining
" N -
Low MCV (<80 fI) Consider other causes
Low MCH (<27 pg) of anemia
q §_m : “‘My‘-,rl;r:;:jaia Serum ferritin<12 Consider iron
= « Target cells : ng/ml deficiency anemia
S8 * +/-Inclusion bodies (Hb H) []
s4
o ; . S S
Sz Serum ferritin s 12nglmL Adequate iron supplement for 3 months
No improvement
Hb el phoresis & HPLC
[ I I HbF ;25% l
. HbA; 24% HbAy24% HbA724% Hh:q ,'4% +Other
£ HbF0.1-5% HbF >5-10% HbF <1% +Hb | T Hb variants
28 +Hb CS/PS
- + i /
T | B-thal i B-thal i possible a- Hb E disord
8 e (v Mo TMl thalssesaria HbH disease Hb S disorders
Hb C disorders
1 l l Others
¥

DNA analysis for a and B globin mutations

FULL MEDICAL & Then... CBC use an
—_— b
FAMILY HISTORY automa‘r::ni:l?otl cell

MCH « 27 PG
BASIC MCV « 78 FL Iron studies
HAEMATOLOGY Microcytosis hypochromia S. Ferritin, ZnPP
Anisopoikilocytosis
L1 i
Hb PATTERN Ewml'!oig‘LI‘:"ws = Consider iron

HbA, AZ, F. H

deficiency
Hb variants

MOLECULAR
CONFIRMATION

Fi¢ure 11. showing the approach for patient suspecting Thalassemia
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Diagnosis of thalassemia in parents and antencr@tising

In the parents Hb electrophoresis is done and baseithe levels of HbA1,
HbA2, and HbF they can be diagnosed if they araezarof thalassemia.

In the antenatal clinic the women with early premaand the couples
desiring for pre pregnancy testing undergo nestaofi red cell indices, if positive
then the husband is also tested if he is negatine attenders to be coucelled that
there is no risk of thalassemia major in the cleitdBut if he is positive then HbA2 to
be tested, if it is greater than 3.5% and if taeepts are known carriers and history of
affected children should undergo DNA studies fortations, if not identified then
cordocentesis is done more than 18 weeks for glob&in synthesis in the blood, if
10-12 weeks CVS is done. If the foetus is normalcarrier then pregnancy is

continued. If the child is affected then the prewyais terminated.

Knewn carmicrs Amntenatal elinic Couples desiring
fHto affected child, 1 pre pregnancy testing
HbA2 levols high) Women with carly pregnancy
§ |

I Carrier screening

-~
NESTROFT & RED CELL INDICES ¢«—————————

nE
+ve Test Husband
l - Ve -_— Ve

AR
[ HbA, > 3.5% 1—1 Counsel for no risk of

| Thalassemia major
|
Counselling for prenatal diagnosss,

Risk of procedurs/disease in fetus

DNA STUDIES FOR MUTATIONS
Both pariners and affecied child
(S common & 12 rare mutations)

1
Not identified Identified
1
4 e <
Cord 218 ¥ RFLP — > CVS
Gtoben chain synthesis (Preferable 10-12 weeks)

in‘cord blood

1 s of fetus

1 1
Normal Carrier Affected

Continue Terminate
pregnancy pregnancy

Figure 12. Approach to Suspected Thalassemia in Antenatal checkup
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B-TI HBE/B-Thal HbH
Mild 9-12
Hb levels <Sgfdl ~7-| Moderately, 7 g/ | 28-133g/dL
[Severe 459/ |
Pr’ﬂ:clglgn Red cell hypochromia microcytosis, Target calls
5 Haﬁmﬂlvﬂﬁ Irregularly crenated RBC, increased reticulocytes [5-
: % Nucleated RBC, Basophilic stippling
S special |+Numerous F-+F-cells/acid + DCIP HbH inclusion
@ Features @ celisfacid | elusion staining[HbE]
. elusion
HbFupto |HbF 10-50%  HBE [40-40%)] i
Hemioglobin 1 Itﬂ:l to 100%]  HbF [60-40%] HbAZ¥
study HBAZA | HBAZ >4% | + HbA [with B=-thall| «the presence of

HbAZ A a-varaints ie,
Hb C5, Hb PS ete.

| » Commoan known mulations of both 67 and B*- thal | Gap-PCR developed
mulations in puﬁulatlnn specific set can be done by | for T comman o- thal

PCR based ma detections and RDB for
DNA analysis |+ For rare or unusual mulations, a direct sequencing | nen-deltional mulations
|or For Inknown mulations,
| - array analysis required Southern blotting ar
|® Ellher analysis. for B-Tl included a and B- globin MLPA anatysis and

rearrangements, Xmn | polymorphism and other sequencing reguired

Figure 13: Summary showing diagnostic measures of thalassemia and

hemoglobinopathies

NESTROFT
A screening test for p Thalassemia trait.
Reduced Osmotic Fragility of RBCs.
Normal Osmotic Fragility 0.5 to 0.32%
DW  036% Saline W 0.36% Saline

Tl \-l_

Negative Positive

Figure 14 Nestroft test
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TREATMENT:

Treatment of beta Thalassemia is lifelong. Mainy std therapy includes
regular blood transfusion. If no regular transfasi@nd chelation therapy available,

the majority of children could not survive untietiage of 20- 23 years.
Pillars of Clinical Management @fthalassemia:
1. Blood Transfusion
2. Iron Chelation
3. Multidisciplinary Care - mainly are
a. Heart
b. Liver
c.Osteoporosis
d. Endocrine
e. Infection.
4. Supplements
a. Vitamin B Complex
b. Folic acid

c. Calcium

Haemoglobin levels should be maintained at least 20 g per deciliter with

regular transfusion therapy, which allows improgeowth and development and also

reduces hepatosplenomegaly, skeletal deformities.
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1. Mabdiation of H3EL

i winjection of a
Iherapeutic vector exhibiting
tropism Lo HSCs

In viva gene therapy of hemoglobinopathies

Figurel4.s

Therapy Advaiages

Dtsadvamages

Blood wansfslon @ Suppresses nefMective exythaapolests, this iy dowrstream

pathophyatologleal complications

# Regular transfusion plis Iron chelation therapy s asoclated with

{mproved long-fem survival fn TOT

# ole [n amellorating cetaln morbidities In observational studies with

NIt

Iron chelition # Loig-term we mpioves Iver and myoeandlal fron levelsand fimetion,

and lmproves endoering fimeton a TUE

# Can reduce systemic and bepatie (ron bunden n NTUT
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® Lo cost

Splansetomy  May bmprove growth, Qol., and haamoglobin concentration, this
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H&CT ¥ Potenrialy erative for padents with TUT

# 000 survival ate i patients; dlsesse fres survival rates > §0% 1 TOT

¥ Improves HUGaL of children with severe disense
# Longdem eost-efecriveness

# Lifilong wanshestos moulred avery 2-5 weeks | TOT
# Risks of blood-bome (nfection, allalmmuntzation, and fron overload

# ot ffective for al patients

# Frequent sde efferts that requbre regular monitortng
# Demanding regimen of parenteral fommulation

# oo adherence among somé patlents

¥ High cost

# Lk of robust evidence of benefi

# Rk of sepsls

¥ {ncresslg awarenessof ather sks from NTOT gudles, Incuding venos
thombisls and other vascular manifestatons
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s

¥ Arproptlate anly for a subset of patients

£) Young age

() Compat ble sibling donor

# 510 rld of monallty

() Intensive niyekablative conditionlng sequired, graftwerashid diseate
and gralt fallure

¥ Potential lmpalrment of fertdiy

® Regquires aeeess b technalogy al major trestmient eentie

¥ Substantial one-off ost of procedure

HihoL, healib-relared qualit of Ue; HSCT, haemaropolerle 2em cell transplantation; NTOT, pon-transfistor-dependent thalassaends; TUT, transfuson-dependent thalissaemia; Qol,

quality of Ufe.
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B or y-globin vector Gene ﬂl‘ld
JAEe cell therapy

g—‘@,‘,

Conventional therapies

Jransduction

Iron chelation
Deferoxamine
Deferiprone

Deferasirox Freezing and

"""" Stece..,, release testing

a: Cc‘mdiﬁonning
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: ® Immunosuppressive regimen 3
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{ Hydroxyurea
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TN @

SN
Me Me Me ————| * ‘

@M@@}@@ 0!)) - globln @

Allogenic HSC
transplantation

N
Epigenetic A< Ac Ac ¢l
regulation e i }\\
SCFAD & i
(Butyrate) i 1 ero =
0 / Cord Blood Unit Adult BM or
Mobilized PBMC
Transcription Factor Sk Matched/Unmatched
Inhibitors ? Transcriptional control Related/Unrelated donors

Figure 15. Current treatment options for thalassemi

COMPLICATIONS

silent cerebral ischemia

hypethyroidism
hypoparathyroidism

pulmcnary hypertension

cardiac siderosis right-sided heart failure

left-sided heart failure.
hepatice failure

viral hepatitis
diabetus mellitus

hepatice fibrosis, cirrhosis
and cancer

___splenomegaly
extramedullary hematopoietic

pseudotumors
qgall stones
S |
hypogonadism [ gia
I
I F 5
A |
ostenporosis 17 A osteoporosis
o ~
| a | wvenous thrombesis
L leg ulcers
g 1 \
4 k
(O el

FIGURE SHOWING COMPLICATIONS OF THALASSEMIA
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RENAL DYSFUNCTION IN THALASSEMIA

INTRODUCTION:

Renal dysfunction is a common morbidity associaigl  thalassemia major
patients. As the age of thalassemia patients isesadue to repeated blood
transfusions, iron overload which is leading toaledysfunction which is a major

problem.

DEFINITION:

As per Kidney Disease Improving Global Outcomes [BD), “CKD is
defined as abnormalities of kidney structure orction, present for >3 months, with

implications for health."Bhaduri M, Gama RM, Copeland T, Balagamage A, Patel P,

Warmington E, Sarris |, Nicholaides K, Bramham K. Systematic review of pregnancy and
renal outcomes for women with chronic kidney disease receiving assisted reproductive

therapy. Journal of Nephrology. 2022 Nov 18:1-0.

INCIDENCE:

Incidence of renal dysfunction is increasing nowadabecause of
improvement in treatment modalities, availabilifybtood transfusion facilities along
with chelating agents and management of complicatiat different levels of care.
Based on different studies, the prevalence of rahafunction in well-treated
Thalassemia major patients varies with a frequeaty40-50% in the studied

population.
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PREVALENCE OF RENAL COMPLICATIONSIN DIFFERENT STUDIES:

In a study done by Christos Demosthenous, et ahaReysfunction is the
fourth most common complication in Transfusion dejsnt Thalassemia after
endocrine (44.7%), Cardiovascular (41.3%), and Hep@0.5%) diseases in the
same group of people. It also stated that Arounéo6df patients witl Thalassemia
have reported to develop tubular dysfunction. Guthem the common presentations
are tubulopathy, such as proteinuria (8.6%), hyadenaria (12.9%), hypercalciuria

(12.9%) and32-microglobin (13.5%)

In a study done by Tunc et al mentioned that dudeterasirox related adverse
effects around 87.5% of patients had proteinuna37.5 % of patients there was

increase in serum creatinine.

In a study done by Rheault et al there was elevattetin to creatinine ratio,

urine calcium to creatinine ratio and urip@ microglobulin.

In a study done by Cappellini MD et al. mentionkdttdue to deferasirox and

defiprone serum creatinine has increased in 14#eopatients.

In a study done by Katopodis et al. mentioned tieamal abnormality in
patients withp thalassemia due to chronic anemia there is inergaprostaglandin

which leads to glomerular hyperfiltration and glomesclerosis

Page 25



Review Of Literature

ETIOPATHOGENES S

Renal dysfunction is multifactorial and complex. dan be divided into

damage caused secondary to thalassemia and treatizted

RENAL DYSFUNCTION SECONDARY TO THALASSEMIA

Thalassemia syndromes is group of hemolytic digsrddue defective
synthesis of hemoglobin leading to ineffective krgpoiesis. Transfusions of packed
red blood cells is the main mode of treating thedasa. Depending on level of

hemoglobin in thalassemia, the frequency of trasisfis may vary to maintain health.

A.Iron overload

Iron is reactive when compared to the other substwrand can alternate
between two ionic states that is*Eand Fé&? during this reaction there is production
and loss of electrons along with production of tcogompounds like free radicals.
Free radicals are known to cause damage to theugrcell organelles, lipid
membranes and also the nucleic acids like DNA. Plygically the iron doesn’t
cause damage as it is bound along with transfe@in.the other hand, in iron
overload the capacity to bind with transferrin ic@eded both in cells and in the
plasma compartment. This results in the formatibfree iron both in the cells and
plasma thus leading damage of many tissues. Amotintree iron is directly
proportional to the risk of infections and neopdasi could be fatal if not treated with

chelation therapy.

The reactive oxygen species which have been prodwsrise caspase
activation, DNA damage, organelle damage, lipidogiglation there by causing cell

death. They lead to fibrosis of the tissue by galasynthesis.
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Figure 17. Pathogenesis of iron overload

The following are the methods by which iron is dsifex

1.Packed Red Blood Cells Transfusion

420 mL of PRBC contains around 200 mg of iron, appnately 0.47mg in
each ml of transfused preparation. Irrespectivevioéther the blood used is packed,
semi-packed, if the whole unit is given. The othwsthod of calculating amount of
iron in the transfused preparations id by multiptyiL.16 to the amount of hematocrit
in transfused cell preparations. This can be dohergv organizational systems to
measure the hematocrit of transfused blood produetvailable. Otherwise, rough
estimation is better option. The amount of transiugo be done in thalassemia in a
recommended scheme is equivalent of 100-200 mR&@® per kg body weight in a
year to be transfused this is equivalent to 116-2@8Riron/kg body weight/year, or
0.32-0.64 mg/kg/day. In absence of chelation theowarh of iron accumulated is

mentioned below.
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Table 3. Table showing rate of iron overload related with blood transfusion

PATIENTS WEIGHT 20 kg 35 kg 50 kg 65 kg

Pure red cells vol. ml/year 2,000-4,000 3,500-7,000 5,000-10,000 6,500-13,000
Yearly iron loading (g) 2.3-4.6 4.1-8.2 5.8-11.6 7.5-15.1
Daily Iron loading (mg)  6.3-12.6 11.2-22.5 15.9-31.8 20.5-41.4

2.Gl Tract Absorption

This is minor mode leading to iron overload whempared to iron overload
due to blood transfusion. But it contributes to rbv&d in non-transfusion dependent
anemia. Physiologically around 1-2mg/day is abstfibem the gut. In children with
thalassemia not on regular transfusion the irorogati®n will be increasing several
fold. According to a study it is observed that i@vsorption exceeds the amount iron
lost when the multiplication of the red cell presor in bone marrow is 5 times the
normal individual. For the same reason transfus@gimens are planned in such a
way that the hemoglobin is above 9gm/dl to prewéet precursor expansion. The
patients who are not regularly transfused the ghwor of iron increases to
approximately to 3-5 mg/day or even higher, whittréases an iron overload by one
to two grams in a year.

Thalassemia, iron overload and the chelating dawgsknown to affect many
organ systems, such as the heart, lungs, livereaddcrine glands.

B.Chronic anemia/hypoxia

The duration of the disease, the frequency of bltradsfusion is directly
proportional to the renal dysfunction and complmad. Anaemia along with chronic
hypoxia causes oxidative stress and lipid perodatvhich may lead to tubular

dysfucntion Hypoxia itself causes differentiatiohtobular cells to myofibroblasts,
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along with activation of fibroblasts that causeteraltion of extracellular matrix
metabolism of tubular and glomerular cells andIfnkading to the obliteration of

peritubular capillaries [5-7].

RENAL DYSFUNCTION DUE TO TREATMENT

A.lron chelators

An increase in serum creatink8)% on at least two consecutive readings
was observed in 38% of patients receiving DFX, niesjuently at doses of 20 mg/
kg and 30 mg/kg (Cappellini et al., 2006). Thesgeases were sometimes transient.

Causes of increasing creatinine should also beaenrsl in patients on DFX therapy.

Elevation of urine calcium and cystatin C are asen in patients on DFX or DFP
and DFO, whereas elevation 82 microglobulin was seen in patients on DFX only
(Economou et al., 2010). Case reports of renallambacidosis (Fanconi syndrome)
with electrolyte imbalance, and metabolic acidabie to tubular dysfunction have
been rarely reported in adults and children takdiX (Rheault et al., 2011; Grangé

et al., 2010)

Tubular dysfunction children with beta thalasseimés been related to iron
overload, anaemia, hypoxia and also iron chelatacity [8-11]. Iron chelation itself
is nephrotoxic. It is also known to cause relatingn depletion causing abnormal
mitochondrial function and abnormal arachidonicdacascade. Tubuloglomerular

feedback and vasoconstriction of afferent arteraddeg with decrease in GFR
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Figure 18: Etiopathogenesis of Renal Dysfunction in Thalassemia

B.NSAID’s, COX-2 Inhibitors which are used for pawlief and antipyretic treatment

causes vasoconstriction of afferent arterioles

C.Vitamin D, Calcium supplementation leads to Hgaégiuria, Calcium stones

D.In addition to the above, splenectomy itselfridependent risk factor for tubular
abnormalities. Marked elevation of serum ferritinsaseen in splenectomised when

compared to other non splenectomised patients[12].
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CLINICAL FEATURES OF RENAL DYSFUNCTION

 Anorexia

e Failuretothrive

» Fatigue

* Growth impairment

Growth impairment is the most common visib@amplication in children with
renal dysfunction [13—-15]. As the GFR decreasesatheunt of growth impairment
increases [13, 14]. North American Pediatric TraarsipCooperative Study conducted
a study in 2006 in 5000 children which showed B&f# of children with CKD are
stunted and their height is less thdf [ercentile. There was a correlation between
GFR and height for standard deviation score (HtSi2Spectively, -3.2, -1.9, -1.5
and —-0.9 for GFR 50 mL/min/1.73 m2 [15, 16]. Alsiher factors like malnutrition,
metabolic acidosis, mineral and bone disorders,m@me fluid and electrolyte
abnormalities cause even more retardation [17-+4&3ddition to alteration in growth
hormone metabolism and also mediator of growth baemn insulin-like growth
factor-1 (IGF-1) also cause growth retardation [2@]. Nutrition also effects the GH-
IGF-1 axis. Thus improper nutrition because of @&x@ or vomiting is another
important factor contributing to growth impairmexttthat age.

Mineral and bone disorder

Mineral and bone disorder is a disorder of metaboliof mineral and bone
because of underlying renal dysfunction that caidbatified by the presence of one
or more findings like: abnormalities in calcium {C@hosphorus(P), parathyroid

hormone (PTH) or metabolism of vitamin D; abnormiedi in bone histology and
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pathology along with growth and strength, [22]. Rlewsteodystrophy is bone
pathology seen in renal dysfunction. Chronic meiabacidosis which in renal
dysfunction also causes increased bone resorption.
* Hypertension

Hypertension is one of the earliest presentation, the rate of hypertension
increases as the GFR decreases[23, 24]. A recedy sevealed that 54% of the
patients showed renal dysfunction and 48% wer¢ tsgppertensive even when on
antihypertensive medication. Hypertension is an argmt precursor for
cardiovascular abnormality [25]. 38% of patienthwihasked hypertension in renal
the CKiD cohort study had masked hypertension ithabrmal office blood pressure
but elevated ambulatory blood pressure, which @ther known risk factor for LVH
[24, 25].
e Cardiovascular complications

Many studies have shown that cardiovascular anes&egin at early stages
of renal failure [26, 27]. Most common cause ofdi@vascular death in children is
due to arrhythmias followed by valve diseases, ioargopathy and cardiac arrest
[28, 29].
» Electrolytedisorders

Metabolic acidosis and hyperkalemia are importétttemlye imbalances. The
earliest one being the metabolic acidosis (it is thulow acid excretion and reduced
reabsorption of bicarbonate). Hyperkalemia is dueetistance of the distal tubule to

aldosterone.
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INVESTIGATIONS FOR RENAL DYSFUCNTION

CBC: Kidney is involved in the production of erythroptin, which inturn causes the
production of haemoglobin. Thus in renal dysfunctihe haemoglobin levels are
invariably low

Renal function test: it includes both urea and creatinine. Creatin&levated in

cases of glomerular dysfunction. Serum creatiniae & specificity of 99.9% and
sensitivity of 12.6 %.
Electrolytes: In renal dysfunction due to the abnormal excretwbrihe electrolytes
there is variation in sodium and potassium.

As kidney is involved in the absorption and metaino of calcium in renal
dysfunction calcium levels are low

Urinary proten

Proteinuria may be present in aboguarter of thalassaemia major patients,
irrespective of the underlying chelation therapithvaverage values about three times
that of healthy controls (Economou et al., 2010pnihly urine testing for protein,
which is helpful in establishing trends in proteiau

Monitoring Of Iron Overload

Serum levels of ferritin is an indirect measuraroh stores in the body. It is
esay to measure and can also be done repeatedlysasexpensive. Serum ferritin

measurement has both advantages and disadvantagéemad below.

ADVANTAGES DISADVANTAGES
Easy to assess repeatedly Indirect estimate of iron burden
Inexpensive Increased by inflammation

Trend identification possible with repeat samples Cannot determine iron balance directly
Long term control linked to outcome Non-linear response to iron load at high levels

Useful for dose adjustment as iron levels fall Absence of decrease doesn’t exclude response
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Decreasing trend of serum ferritin indirectly iraties that the iron overload is
decreasing. But on the other hand the ferritin Ieweight also increase in cases of
inflammation thus increasing trend doesn’t defigiténdicate increase in iron
overload. So clinical assessment also plays an rtaporole. Various studies have
shown a direct link between serum ferritin levelsl @rognosis of the patient.

Urinary beta 2 microglobulin: -2 microglobulin is a low molecular-weight protein

that is freely filtered by glomeruli, reabsorbedgrpximal convulted renal tubule and
destroyed. So serufit2 microglobulin is very low in the healthy individls, but its
level increases in case of inflammatory, immunaiagmnd neoplastic events, tubular
dysfunction. This test is 49% sensitive and 52%cifioéy.

Urinary cystatin : Cystatin-C is low-molecular-weight non-glycosylateatein that

can inhibit cysteine protease, synthesized andetstiby all human nucleated cells.
Cystatin-C is a sensitive biomarker for glomerufdration rate (GFR) and not
secreted by the renal tubules or reabsorbed baoktire serum. It is better than
creatinine clearance in the diagnosis of renalttonampairment, as it is not affected
by height, sex, diet, and muscle mass. It has tatsiof 84.6% and specificity of
86.7%.

Abdominal USG and pelvis: to look for the corticomedullary differentiation

TREATMENT OF RENAL DYSFUNCTION

Diron overload

Need for iron chelators

Iron overload is due to increase in iron uptaker @a/sustained period of time,
either due to repeated PRBC transfusion or high-aétsorption of iron through the
gut. Both these mechanisms are seen in thalassaeuatiaf these repeated PRBC

transfusion is the leading cause in transfusioreddent anaemia, on the other hand
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increased absorption from gut is in non-transfusi@pendent anaemia. The main
mode of treatment in thalassemia major is PRBCsftesion. Thus the iron overload
here is inevitable.

Not all the iron in the body is available for cht@a, only a small amount of
body iron is available for chelation at a particuiane. Iron chelators react with iron
of low molecular weight (labile iron) in a betteayvwhen compared to iron stored in
form of ferritin or hemosiderin. This low moleculaeight iron is available at all the
times, thus chelation would be better if it is gmsat all times that is it should be
there 24 hours a day. Labile iron is mainly derived two ways 1. From the
breakdown of red cells in macrophages, physioldgida is around 20mg/day 2.
From the catabolism of ferritin stored in cells. $flg the iron is stored in the
hepatocytes, the iron chelated in hepatocytesdseted into the biliary system from
there into the plasma and finally excreted in theeu The amount of chelated iron
which is eliminated in faeces or urine varies watich chelator. Chelated iron with
Deferoxamine around half through faeces and remgirthrough urine, with
deferasirox mostly excreted through urine and vd#feriprone excreted through
faeces. The iron which is chelated by deferoxamsenainly derived from the
catabolism of red cells by macrophages, the ircglatbd by deferiprone is derived
from hepatocytes and macrophages. The endocrintharghrdiovascular system lack
the mechanism of iron storage and and release vith&liver has (liver always has
cellular iron available for chelation at any poirfitime). Therefore it takes more time
to remove iron from endocrine and heart when coet&o liver.

The main aim of using iron chelators is to decretse amount of iron
accumulation due to blood transfusion by increasivgexcretion in both urine and

faeces. Iron is also required for the physiologimaéds. So, the use of iron chelation
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should balance both the benefits and unwantedtsfféfcthe excessive chelation, by
careful monitoring of its dose. The next major &drae in chelation therapy is to
achieve compliance of patients to the regimens avikemg period that is life long,

discontinuation for a small period of time can @adamaging effects.

Dosing of iron chelators

Deferoxamine is to be started after two-three ya#tes starting transfusion, is
given regularly in adequate doses 5 times in a wiek thalassemia it is started
before tissue damage is caused by the depositediire to repeated transfusions. No
study has been done regarding the time to stagrabedimine but clinically it is started
after 10-20 transfusions or if the serum level @fifin is above 1000 pg/l. If it is
started before 3 years of age then careful moniooif growth and development and
also dose should be reduced. It is administeredlynsabcutaneously by infusion
pump method slowly over 8-12 hrs solution over §sdper week. In places where
pre-filled balloon infusers are present it will éasy to maintain the drug compliance.
Till the age of growth has reached the maximum dbsrild not reach 40mg/kg. The
recommended dose is 20-40mg/kg in children and®@0egkg in adults.

Regarding deferiprone multiple studies showed #ta dose of 75mg/kg/day
in three doses. In a study which mentioned thas ieffective in reducing serum
ferritin if it is 2500 pg/dl and not with valueslber 2500 pg/dl.

However, the first line of management for iron etiein remains deferasirox. it
is taken orally mixed with water once daily befaneals. A minimum dose of 20

mg/kg is given to thalassemia major patients whothken 10-20 blood transfusion.
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DFP {DEFERIPROME) DFX (DEFERAS

{DEFERCXANMINE)
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DFP (DEFERIPROMNE) | DFX [DEFERASIROX)
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ADVERSE EFFECTSOF IRON CHELATORS

Hearing problems like sensory neural hearing loss, deafness mauitly high doses
of deferoxamine. If the sensory neural loss is mthen it is reversible but if sensory
neural deficit is major it is irreversible. Tinngus also not uncommon. Yearly
audiometry is to be advised to patients on deferone.

Visual disturbances like cataracts, retinal effects, night blindnesspaired colour
vision can be seen but with deferoxamine but varg.rThey are seen in cases where
high doses are used that is >100mg/kg/day. Treatragamporarily withheld during
such cases and restarted at lower after complicagisolve

Growth retardation can occur if deferoxamine is administered at é&nhdgse and
specially if it is started at a age less than ¥gel doesn’t respond even to growth
harmone supplementation

Skeletal changes like bone changes similar to rickets, genu valgtimese changes

are permanent and thus should be monitored closely.

Skin reactions like itching, erythema can be seen if deferoxanmmeot diluted
properly, extravasation of deferoxamine can calrseration.

Hyper sensitivity is very rare, but in such case alternate chetatbe used.
Neutropenia, agranulocytosis and thrombocytopenia: Deferiprone can cause these
complications which can in-turn cause infectiorepsis and even death of the patient.
Deferiprone can cause bone marrow hypoplasia antlapenia

Gastrointestinal symptoms Nausea, vomiting, either increase or decreaseetit@p
Hepatic effects: Altered levels of AST and ALT is seen with the udeDeferiprone
and deferoxamine. Variation of the enzymes twice tipper limit should be

investigated.
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2)Growth impairment

Increasing caloric intake by at minimum 80% of riegments has effectively
improved growth in children who developed CKD [&1]. For children above 2
years treatment with recombinant human growth hoeritas been effective without
any major adverse effects [32—35].
3)Mineral and bone disorder

Management of mineral and bone disorder is veryomamt in renal
dysfunction as altered levels of calcium and phosph metabolism causes
disturbance in the bone remodeling. Dietary resbnc is advisable for dietary
restriction. Phosphate binders may be necessary some patients [36].
Supplementation of calcium (calcium based phospHhaiteders like calcium
carbonate) and vitamin D
4)Hypertension:

Various studies done showed that effective contfohypertension reduces
cardiovascular morbidity and mortality [37-39]. Timprove the diagnosis of
hypertension in paediatric renal dysfunction pasema 24-h ambulatory blood
pressure monitoring should be performed wheneveasipte. The use of RAAS-I
should be part of an effective antihypertensive icetbn management. It is used
when the blood pressure is consistently above @iie ercentile for the age, sex and
height. The goal of the therapy is to maintain theod pressure in 50th — 75th
percentile.  Others are Angiotensin convertingyemz inhibitor or angiotensin
receptor blocker. These two are both renoproteetibantiproteinuric effect.

5)Electrolyte imbalance
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Metabolic acidosis is managed by bicarbonate infusind the level is maintained at
22 mEg/L. Management of hyperkalemia is by dietastriction and use of sodium

polystyrene sulfonate (orally, rectally or mixedhvimeals)

6)Cardiovascular:

An effective control of hyperphosphataemia, hypeatigyroidism, anaemia and

hypertension could improve the survival and theriglobal health of these patients.
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Figure showing complications of renal dysfunction
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Figure showing long term effects of renal dysfunction
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MATERIAL AND METHODS

This study was done from January 2021 to Deceml®l 2under the
Paediatrics Department, KLES Dr.Prabhakhar Korepials & Medical Research

Center, Belagavi.

Study Design:

Cross Sectional Observational Study

Study duration:

One year i.e. from January 2021 to December 2021

Place of study:

KLE’'S Dr. Prabhakar Kore Hospital and Medical ReskaCentre, Belagavi

Sour ce of Data:

Registered patients of Transfusion-dependent Ilnetiadsemia on iron chelators for
more than and equal to 6 years at KLE'S Dr. PraAh#ore Hospital and Medical

Research Centre, Belgaum.

Sdlection criteria

Inclusion Criteria:

1. Transfusion dependerfi-Thalassemia Major Patients receiving on oral iron

chelator for more than or equal to 6 years
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Exclusion Criteria:

1. Non transfusion dependent anemia
2. Other haemoglobinopathies like sickle cell dsgea
3. History of renal disorders in the past

4. History of Hypertension and Diabetes

Sample size:

1. Formula used for sample size calculation is

(100-plz®
n———=
EZ

n- is the sample size required,

p- is the percentage occurrence of a state or ttondproportion or

prevalence),
E- is the percentage maximum error required,
Z- is the value corresponding to level of confidenequired.
2. Incidence of renal failure is 11% [1]

With percentage of maximum error as 1@%6&6 confidence level sample size

is given by

11 x 89 x (1.96)"
n= 5
10

n = 37.60= 38

Minimum sample size required is 38.
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Informed Consent:

The parents of children who fulfil the eligibiligriteria will be briefed about
the nature of the study and written informed congeth be taken for enrolment in the

study.(Annexure 1).

M ethodology:

Children receiving oral iron chelator for more than equal to 6 years who are
registered in thalassemia day-care centre of KLEPEtbhakar Kore Charitable Hospital &
Medical Research Centre affiliated to KLE Academy@her Education and Research’s JN
Medical College, BELAGAVI and who fulfil inclusionriteria will be chosen. After detailed
history, informed consent will be obtained from gagents after explaining the purpose of the
study. The participant’s data will be recorded istraictured pro forméAnnexurell).All the
children receiving oral iron chelation therapy éperiod of more than or equal to 6 years are
taken. Out of those using random sampling methddlghdlassemia children are taken.
Biochemical and metabolic tests including CBC, 8erferritin, Serum urea, serum
creatinine, serum sodium, serum potassium. A 24-bdae specimen was collected for the
determination of creatinine, sodium, potassiumgioal, and albumin. From these levels of
Fractional excretion of sodium, Fractional excret@f potassium are calculated. Creatinine
clearance was evaluated in all the children udigfollowing formula creatinine clearance
(in milli litres per minute per 1.73m2) = [(urineolame * urine creatinine) / [(serum
creatinine*1440)] *(1.73m2body surface) In addittonthe conventional renal biochemistries
urinary 2-microglobulin in a fresh, first morning urine salewere measured. It is measured

by chemiluminescence method.
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I nvestigations:

1. Complete blood count

2. Serum ferritin levels

3. Renal function tests

4. Serum electrolytes

5. 24hr urine specimen creatinine
6.24hr urine specimen sodium
7.24hr urine specimen potassium
8.24hr urine specimen calcium
9.24hr urine specimen albumin
10.B2microglobulin

Complete blood count estimation was done at the thadmission to assess pre-

transfusion Hemoglobias a part of the guidelines.

Renal function tests were done at the time of emeok to look for any renal

dysfunction.

Serum ferritin levels to correlate between ironrdead and renal dysfunction.

A 24-hour urine specimen was collected for the mieiteation of creatinine, sodium,
potassium, calcium, and albumin. From these leweéld-ractional excretion of sodium,

Fractional excretion of potassium are calculatekhimwn the glomerular dysfunction.

Urinary p2-microglobulin in a fresh, first morning urine sale were measured to know the

tubular dysfunction
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SAMPLE COLLECTION: Blood will be collected from the venous route whil
securing an IV line. One EDTA bulb containing 1 litiite will be sent for CBC.
Another plain bulb containing 4ml will be sent fisting urea, creatinine, sodium,
potassium and serum ferritim a sterile container 10ml of 24-hour urine spesim
was collected for the determination of creatins@dium, potassium, calcium for the
levels of Fractional excretion of sodium, Fractiomcretion of potassium are
calculated. In a sterile container 10ml of 24-hotne specimen was collected for the
determination of urine albumin. In another stedtmtainer 10 ml of early morning

urine sample is collected for uringsg-microglobulin is measured.

- Estimation of Hemoglobin was done by Cyanometlagabin method on Mindray
CAL 80 analyser, before the commencement of thaystu

- Estimation of ferritin levels was done by electtemiluminescence immunoassay
(ECLIA) on Cobas analyser (COBAS E 601) beforedmencement of the study.
-Estimation of urinary beta 2 microgobulin is measuby chemiluminescence on

atellica analyser (ATELLICA CH 930)

* Urea — urease UV method

* Creatinine — enzymatic method(IFCC-IDMS)
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BECKMAN Machine to measure creatinine
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Msldz400 clinical centrifuge for serum urea

MSLEA 02 machine to calculate electrolytes

Page 49



Material And Methods

COBAS analyser used for estimation of serum ferriti

ATELLICA analyser for measurement of urinary betani2zroglobulin
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FOLLOW UP: The children were treated and followed up to 6thsrof treatment

to evaluate the efficacy and compliance of deferiprin intervention group.

Data analysis was done using SPSS version 20.00.tH& continuous
guantitative variables mean and standard deviattirbe calculated. The inter group
continuous variables will be compared using suéabbls of statistics like unpaired
student’s t test. Two quantitative variables, witlai group, will be compared using

student’s paired t test.

The categorical data will be expressed in termsrates, ratios and
percentages. The association between the outcofitecat and demographic
characteristics will be tested using Chi-squarede§isher’s exact test.

Discrete variables will be represented by median.
Nonparametric tests will be used for comparing rditecvariables.
Suitable graphs will be used to depict the comparis

For all the tests the value of p less than 5% (0B be considered significant
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Reference values for renal dysfunction

S. Creatinine 0.5-0.95mg/dl
S. Urea 17-49mg/dI
U. Creatinine 980-2200mgs/day
U. Sodium 40-220mEqg/day
U. Potassium 40-80mEg/day
U. Albumin <0.5¢g/L
U. Beta 2 Microglobulin <300mcg/L
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RESULTS

METHOD:

Data is analyzed using statistical softwdReversion 4.1.2. Categorical
variables were represented using counts and pagenivhereas continuous variables
were summarized using mean, SD, minimum and maxinmBoth categorical and
continuous variables represent with suitable grephi
SUMMARY::

The summary and graphs of particular variablesegeesented below

AgeGroup (Years) Counts Per centage
8-10 7 17.50%
10-12 3 7.50%
12-14 11 27.50%
14-16 10 25.00%
16-18 10 25.00%
Total 40 100.00%

Tablel : Distribution of age

Mean age is 13.20+2.95 years, with minimum age pé&s and maximum age of 18

years.

12 Age distribution (Years)
10
8
S 6
(@]
(@]
4
2 B I
0
08-10 10-12 12-14 14-16 16-18 18-20
AGE

Graph 1: Distribution of age
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Table 2: Distribution of Gender

Gender Counts Percentage

Females 14 35.00%
Males 26 65.00%
Total 40 100%

Graph 2 : Distribution of gender

Gender Distibution

Females
35%

/

Males
65%

In the present study most of the patients were r(@866) and 35% of the patients
were female.
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Table 3: Distribution of Area

Area Counts Per centage
RURAL 29 72.50%
URBAN 11 27.50%

Total 40 100.00%

Graph 3: Distribution of Area

Place of Residence

RURAL
72.50%

= RURAL = URBAN

Most of the patients in the present study were fRumal area(72.50%) remaining

were from Urban area (27.50%).
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Table 4: Distribution of socioeconomic status

Socioeconomic status Counts Percentage
UPPER MIDDLE CLASS 4 10.00%
MIDDLE CLASS 12 30.00%
LOWER MIDDLE CLASS 19 47.50%
LOWER CLASS 5 12.50%
Total 40 100.00%

Graph 4: Distribution of socioeconomic status

Socioeconomic status
UPPER MIDDLE

CLASS
10.00%

LOWER CLASS
12.50%

N

MIDDLE CLASS
30.00%
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Most of the patients were from Lower Middle clad¥.60%), middle class patients

were about 30% , Lower class patients were 12.5086Upper middle class patients

were 10%.
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Results

Table5a: Distribution of age of onset of Thalassemia

Age of onset Counts Percentage

3 MONTHS 9 22.50%

5 MONTHS 6 15.00%

6 MONTHS 7 17.50%

7 MONTHS 5 12.50%

1 YEAR 7 17.50%

1 YEAR 6 MONTHS 6 15.00%
Total 40 100.00%

Graph 5a: Bar graph showing Age of onset of Thalassemia

Distribution of age of onset of Thalassemia
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Among the 40 patients 9 patients have age of as8tmonths, 7 patients have age

of onset as 6 months, 7 patients have age of assktyear. These three age of onset

are the highest recorded among the 40 patients.
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Results

Table5b: Table of Duration of Thalassemia

Duration of the disease Count Per centage
8 years 8 20%
10 years 3 7.5%
11 years 5 12.5%
12 years 5 12.5%
13 years 4 10%
14 years 4 10%
15 years 6 15%
17 years 5 12.5%
Total 40 100%

Graph 5b : Bar graph showing duration of thalassemia

Graph of Duration of Thalassemia
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Among the 40 patients 8 patients have durationsdase for 8 years, 6 patients have

duration of disease for 15 years.
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Results

Table6: Distribution of present complaints

PRESENT COMPLAINTS Counts | Percentage
BREATHLESSNESS,DECREASED FREQUENCY OF MICTURITION 1 2.50%
JOINT PAINS,BREATHLESSNESS,DECREASED FREQUENCY OFR 1 2 50%
MICTURITION
JOINT PAINS 2 5.00%
GENERALISED WEAKNESS,DECREASED FREQUENCY 1 2 50%
MICTURITION
GENERALISED WEAKNESS 3 7.50%
EASY FATIGUABILITY,GENERALISED WEAKNESS 7 17.50%
EASY FATIGUABILITY 7 17.50%
BONY PAINS,GENERALISED WEAKNESS 2 5.00%
BONY PAINS 2 5.00%
HEART BURN 3 7.50%
NIL 11 27.50%
Total 40 100.00%

Graph 6 : Bar graph showing present complaints
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M Present Complaints

Among the 40 patients, 11 patients do not have @egent complaints (27.50%).

Easy fatiguability was observed in 7 patients (0%} Easy fatiguability,generalised

weaknesswere observed in 7 patients (17.50%). Hatiguability,generalised

weakness were the highest observed present congpilaithe present study.
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Results

Table 7: Distribution of blood transfusion history after diagnosis

Blood transfusion history Counts Per centage
1-2 MONTHS OF DIAGNOSIS 34 85.00%
2-6 MONTHS OF DIAGNOSIS 3 7.50%
>6 MONTHS OF DIAGNOSIS 3 7.50%

Total 40 100.00%

Graph 7 Pie-chart showing Distribution of Blood transfusion history after
diagnosis
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Most of the patients in the present study have dltansfusion history of 1-2
MONTH OF DIAGNOSIS (85%). Blood transfusion histoof >6 MONTHS OF
DIAGNOSIS was 8% and 2-6 MONTHS OF DIAGNOSIS was0?s.
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Results

Table 8: Distribution of frequency of blood transfusion

Frequency
of blood transfusion Counts Per centage

INCREASED 39 97.50%
DECREASED 1 2.50%
Total 40 100.00%

Graph 8: Pie-chart showing Frequency of blood transfusion

DECREASED
2.50%

—

INCREASED
97%

* INCREASED = DECREASED

In the present study, its found that 39 people Hauad Increased blood transfusion
(97.50%), and only 1 patients have decreased hilaodfusion (2.50%).
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Results

Table 9a: Number of patientswith transfusion related reactions

NO: OF
REACTIONS Counts Per centage
1 5 12.50%
2 2 5.00%
NIL 33 82.50%
Total 40 100.00%

Graph 9a: Pie-chart showing number of patientswith transfusion related
reactions
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In the present study, its found that 33 people haveeaction to blood transfusion
(82.50%), five(12.50%) people have only one reactmblood transfusion, two (5%)

people have two reaction to blood transfusion.
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Results

Table 9b: Distribution of type of reaction related to blood transfusion

Reaction in blood transfusion Counts Percentage
CHILLS 1 2.50%
FEVER 4 10.00%
FEVER WITH CHILLS 1 2.50%
RASHES 1 2.50%
Nil 33 82.50%
Total 40 100.00%

Graph 9b: Pie-chart showing type of reaction related to blood transfusion

%

= CHILLS = FEVER FEVER WITH CHILLS RASHES = Nil

Fever is the most got reaction due to blood trasisfu (10%), 33 people have no

reaction to blood transfusion (82.50%).
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Results

Table 10: Non Blood Transfusion related reactionsin Thalassemia patients

Other infection Counts Per centage
ACUTE GE 4 10.00
FREQUENT LRTIS 1 2.50
NIL 31 77.50
RECURRENT LRTIS 2 5.00
RECURRENT URTI 1 2.50
RECURRENT URTIS 1 2.50
Total 40 100.00

Graph 10: Non Blood Transfusion related reactionsin Thalassemia patients

5.00% 2.50% 2.50% 10.00%
y 2.50%

—

77.50%

= ACUTE GE = FREQUENT LRTIS = NIL
RECURRENT LRTIS = RECURRENT URTI = RECURRENT URTIS

In the present study, four people have ACUTE GEdtibn (10%), two people have
RECURRENT LRTIS (2%), other reactions occurredne®in one person each.
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Results

Table 11: Thalassemia patientswho areon iron chelators

IRON CHELATORS Counts Percentage
Deferasirox and
_ 15 37.5%
Deferiprone
Deferasirox 40 100%

Graph 11: Thalassemia patientswho areon iron chelators
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In the present study 15 patients (37.50%) are dh deferiprone and deferasirox, all

the patients are on deferasirox
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Results

Table 12a: Deferasirox dosesin Thalassemia patients

DEFERASIROX: DOSE Counts Percentage
1000MG/DAY 13 32.50
1250MG/DAY 5 12.50
1500MG/DAY 7 17.50
1750MG/DAY 2 5.00
2250MG/DAY 1 2.50

500MG/DAY 5 12.50
750MG/DAY 7 17.50
Total 40 100.00

Above table and graph gives the summary of deferasiose and we can observe
that 13 (32.50%) patients were provided with 1000Mi&y dose. Below graphs

represent the Distribution of patients on defecasdose

Graph 12a: Deferasirox dosesin Thalassemia patients

>
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= 1000MG/DAY = 1250MG/DAY = 1500MG/DAY = 1750MG/DAY

= 2250MG/DAY = 500MG/DAY = 750MG/DAY
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Results

Table 12b: Deferasirox duration in Thalassemia patients

DEFERASIROX: DURATION Counts Per centage
10 YEARS 11 27.50
11 YEARS 1 2.50
12 YEARS 1 2.50
13 YEARS 2 5.00
14 YEARS 1 2.50
20 YEARS 1 2.50
6 YEARS 4 10.00
7 YEARS 9 22.50
8 YEARS 6 15.00
9 YEARS 4 10.00

Total 40 100.00

Graph 12b: Deferasirox duration in Thalassemia patients
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= 10 YEARS = 11 YEARS = 12 YEARS = 13 YEARS = 14 YEARS

= 20 YEARS = 6 YEARS = 7 YEARS = 8 YEARS = 9 YEARS

Above table gives the summary of deferasirox daraind we can observe that 11
(27.50%) patients were reported a duration of 1&r¥eBelow graphs represent the

Distribution of patients on deferasirox duration.
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Results

Table 13a: Deferiprone dosesin Thalassemia patients

DEFERIPRONE: DOSE Counts Per centage
1000MG/DAY 4 10
1500MG/DAY 3 7.5
2000MG/DAY 1 25
2500MG/DAY 2 5
3000MG/DAY 1 25
4000MG/DAY 1 25

500MG/DAY 3 7.5
NIL 25 62.5
Total 40 100

Graph 13a: Deferiprone dosesin Thalassemia patients

= 1000MG/DAY = 1500MG/DAY = 2000MG/DAY = 2500MG/DAY
= 3000MG/DAY = 4000MG/DAY = 500MG/DAY = NIL

Deferiprone dose of 1000MG/Day was taken by 4 ptiel500MG/Day was taken
by 3 patients, 500MG/Day was taken by 3 patienE)ORG/Day was taken by 2

patients, remaining doses were taken by one peacim
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Results

Table 13b: Duration of deferipronetaken in patients

DEFERIPRONE: DURATION Counts Percentage
1 YEAR 2 5.00
3 MONTHS 1 2.50
3 YEARS 3 7.50
5 MONTHS 1 2.50
5 YEARS 1 2.50
6 MONTHS 2 5.00
6 YEARS 2 5.00
7 MONTHS 3 7.50
NA 25 62.50
Total 40 100.00

Deferiprone duration of 7 MONTHS were found in #rpatients, also 3 YEARS
were found in three patients. 6 MONTHS were foumdwo patients and 6 YEARS
were found in two patients, 3 MONTHS, 5 MONTHS, EARS were found in 1
patient each.

Graph 13b: Duration of deferipronetaken in patients

5.00% 2.50% 7.50%

= 1YEAR 3 MONTHS = 3 YEARS 5 MONTHS = 5 YEARS
= 6 MONTHS = 6 YEARS = 7 MONTHS = NA
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Results

Table 14: Ditribution of treatment history in past

TREATMENT Counts Per cent
HISTORY IN PAST
NIL 34 85.00
SPLENECTOMY DONE 5 12.50
TRIVIAL MR, TR,AR 1 2.50
Total 40 100.00

Above table gives the summary of treatment histonyast of the patients and we can
observe that 05 (12.50%) patients were reportedEBBICTOMY as a past treatment

history. Below graphs represent the Distributionpafients on treatment history in
past.

Graph 14: Distribution of treatment history in past
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= SPLENECTOMY DONE = TRIVIAL MR, TR,AR
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Results

Table 15: Distribution of consanguineous/ nonconsanguineos

Consanguineous/non Counts Per centage
consanguineous
CM 15 37.50
NCM 25 62.50
Total 40 100.00

Above table gives the summary of consanguineousznosanguineous among the
patients and we can observe that 25 (62.50%) piatvegre reported NCM. Below

graphs represent the Distribution of consanguin@oumsconsanguineous.

Graph 15: Distribution of CONSANGUIEOUS/NON CONSANGUINEOS

S

=CM =NCM
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Results

Table 16: Distribution of Sibling status

SIBLING
STATUS Counts Percentage
NO 35 87.50
YES 5 12.50
Total 40 100.00

Above table gives the summary of humber of patiaititings affected and we can
observe that 35 (87.50%) patients were reported.®opatients siblings were not

affected. Below graphs represent the Distributib8ibling status.

Graph 16: Distribution of sibling status

—

= NO = YES
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Results

Table 17: Number of Sibling deaths

Siblings death Counts Per centage
Yes 3 7.50
No 37 92.50
Total 40 100.00

Above table gives the summary of number of patiesiiidings deaths and we can
observe that 37 (92.50%) patients were reportedeN@atients siblings were not died.

Below graphs represent the Distribution of Sibldegth.

Graph 17: Number of Sibling deaths

—

= YES = NO
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Results

Table 18: Distribution of signsin faces

Signsin faces Counts Percentage
NORMAL 7 17.50%
FRONTAL BOSSING 2 5.00%
HYPERTELORISM,PROTRUDED JAW 1 2.50%
THALASSEMIC FACIES 9 22.50%
DEPRESSED NASAL BRIDGE,WIDE EYES 1 2.50%
DEPRESSED NASAL BRIDGE,HYPERTELORISM 1 2.50%
DEPRESSED NASAL BRIDGE, THALASSEMIC 5 5 00%
FACIES,FRONTAL BOSSINC SE70
DEPRESSED NASAL BRIDGE, THALASSEMIC
1 2.50%
FACIES
DEPRESSED NASAL BRIDGE 16 40.00%
Total 40 100.00%

Above table gives the summary sings in faces andladg observed that 16 (40%)
patients were having reported DEPRESSED NASAL BREDfaces sign. Below

graphs represent the Distribution of signs in faces

Graph 18: Digtribution of signsin faces
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Results

Table 19: Distribution of signsin eyes

EYES Counts Per centage
NORMAL 9 22.50%

ICTERUS, HYPERTELORISM 1 2.50%
ICTERUS 1 2.50%

PALLOR, HYPERTELORISM 1 2.50%
PALLOR 28 70.00%

Total 40 100.00%

Above table gives the summary sings in eyes andag observed that 28 (70%)
patients were having reported PALLOR signs in eysow graphs represent the

Distribution of signs in eyes.

Graph 19: Distribution of signsin eyes
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Results

Table 20: Distribution of signsin oral cavity

ORAL
Counts | Percentage
CAVITY
HYPERPLASIA OF MAXILLARY BONE 18 45.00%
HYPERPLASIA OF MAXILLARY BONE, DENTAL
1 2.50%
MALOOCLUSION
PROTRUDED TEETH 1 2.50%
DENTAL MALALIGNMENT 6 15.00%
DENTAL MALOOCLUSION 7 17.50%
NORMAL 7 17.50%
Total 40 100.00%

Above table gives the summary sings in oral caaitgl it was observed that 18 (45%)
patients were having reported HYPERPLASIA OF MAXIARY BONE signs in

oral cavity. Below graphs represent the Distribwitid signs in oral cavity.

Normal

Dental malocclusion
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Protuded Teeth

Hyperplasia of Maxillary Bone, Denta
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Hyperplasia of Maxillary Bone
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Results

Table 21: Distribution of presence of ODEMA

ODEMA Counts Per centage
NO 37 92.50
YES 3 7.50
Total 40 100.00

Above table gives the summary of presence of ODEMA only 3 (7.50%) patients
reported the presence of ODEMA. Below graphs reprieshe Distribution of
presence of ODEMA.

Distribution of presence of ODEMA

—

= NO = YES
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Results

Table 22: Distribution of hepatomegaly patients

SFI; AI\\|<IE1§T Counts Per centage
10CM 6 15.00
11CM 1 2.50
12CM 6 15.00
13CM 12 30.00
14CM 9 22.50
7CM 2 5.00
8CM 3 7.50
9CM 1 2.50
Total 40 100.0(

Above table gives the summary of hepatomegaly p&tieand 12 (30%) patients
observed the LIVER SPAN of 13CM. Below graphs repre the Distribution of
hepatomegaly patients.

Distribution of hepatomegaly patients

2.50%

5.00%
2.50%
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Results

Table 23: Distribution of splenomegaly patients

S%’Z\LNE: EST Counts Percentage
1CM BELOWLCM 3 7.50
2CM BELOW LCM 7 17.50
3CM BELOW LCM 5 12.50
4CM BELOW LCM 3 7.50
5CM BELOW LCM 2 5.00
6CM BELOW LCM 1 2.50

NIL 17 42.50
NOT PALPABLE 2 5.00
Total 40 100.00

Above table gives the summary of splenomegaly ptiand 07 (17.50%) patients
observed the SPLEEN SPAN of 2CM BELOW LCM. Belowagjns represent the

Distribution of splenomegaly patients.

Distribution of splenomegaly patients

5.00%

= 1CM BELOWLCM
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Results

Table 24: Distribution of Albumin

24HR:ALBUMIN Counts Per centage
<0.1 8 20.00
<0.3 1 2.50
<0.5 31 77.50
Total 40 100.00

Above table gives the summary of Albumin and 31.50%) patients observed the

Albumin of <0.5. Below graphs represent the Disttibn of Albumin of patients.

Distribution of Albumin

—

#<0.1 =<0.3 =<0.5
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Results

Table 25: Summary of continuous variables

Variable N Mean SD Minimum | Maximum
AGE 40 13.20 2.95 8.00 18.00
Hb(mg/dl) 40 8.66 1.07 5.90 10.90
UREA 40 30.13 20.53 12.00 98.00
CREATININE 40 0.68 0.19 0.3 1.2
FERRITIN 40 3540.63| 2261.16| 670.00 10173.00
24HR:CREATININE 40 601.17 | 564.30 48.20 2805.00
24HR:SODIUM 40 527.20 | 838.57 41.80 3705.00
24HR:POTASSIUM 40 91.43 135.82 5.05 631.50
24HR:CALCIUM 40 121.61 | 113.58 11.20 497.60
U.BETA 2 MG 40 667.32 | 951.28 10.80 7713.00
FE Na 40 0.75 141 0.02 7.00
FE K 40 2.19 3.15 0.16 16.00
CREATININE CL 40 119.79 | 55.11 36.70 304.50
eGFR 40 112.21 | 52.59 38.8 278.8

The above table summarizes the continuous variabjedMean, SD, Minimum,
Maximum. For each continuous variable is representng a box plot below. The
red circle indicates the mean of each variable. Wigte circle represent the

observation which are not in the normal range.
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Results

Table 26: Comparison of age and levels of Beta 2 Microglobulin (N=40)

Beta 2 Microglobulin

Age Abnormal Chi square | P value
(N=16) Normal (N=24)

8-13 Years 1 (6.25%) 16 (66.67%)

14339 | <0.001
13-18 Years 15 (93.75% 8 (33.33%)

The levels of Beta 2 Microglobulin and the Age agirid to be significant with a P-
value of <0.001, with majority of 15 (93.75%) paipiants within 13-18 Years Of
Age.

Figure 25. Cluster bar chart of comparison of age and levels of Beta 2
Microglobulin (N=40)
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Results

Table 27: Comparison of age and levels of urea (N=40)

Urea
Age Chi square | P value
’ Abnormal | o may (n=ge) |
(N=4)
8-13 Years 0 (0%) 17 (47.22%)
3.67 0.040
13-18 Years 4 (100%) 19 (52.78%)

The levels of Urea and the Age is found to be S§icamit with a P- value of 0.040,

with majority of 4 (100%) participants within 13-¥&ars of Age.

Figure 26: Cluster bar chart of comparison of age and levels urea (N=40)
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Results

Table 28: Comparison of age and levels of Creatinine (N=40)

Creatinine Chi square | Pvalue
Age
Abnormal
Normal (N=33
(N=7) (N=33)
8-13 Years 0 (0%) 17 (51.52%)
6.27 0.012
13-18 Years 7 (100%) 16 (48.48%)

The difference in levels of Creatinine and the Agyfound to be significant with a P-
value of 0.012, with majority of 7 (100%) particiga within 13-18 Years of Age.

Figure 27: Cluster bar chart of comparison of age and Creatinine levels (N=40)
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Results

Table 29: Comparison of age and EGFR value (N=40)

EGFR
Age Normal Abnormal Chi square | Pvalue
(N=25) (N=15)
8-13 Years 13 (52%) 4 (26.67%)
2.462 0.117
13-18 Years 12 (48%) 11 (73.33%

The difference in EGFR value and the Age is founbd insignificant with a P- value

of 0.117, with majority of 11 (73.33%) participamtgthin 13-18 Years Of Age.

Figure 28: Cluster bar chart of comparison of age and EGFR value (N=40)
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Results

Table 30: Comparison of duration of thalassemia and beta-2 microglobulin levels
(N=40)

Beta 2 Microglobulin

Duration Of Chi P value
Thalassemia (Years) Abngrmal Normal (N=24) | Sduare
(N=16)
8-12 Years 1 (6.25%) 20 (83.33%)

22.874 | <0.001
12-17 Years 15 (93.75%) 4 (16.67%)

The difference in Beta 2 Microglobulin levels arfie tDuration of Thalassemia
(Years) is found to be significant with a P- valoie<0.001, with majority of 15
(93.75%) participants within 12-17 Years of Duratmf Thalassemia (Years).

Figure 29: Cluster bar chart of comparison of duration of thalassemia and beta-

2 microglobulin levels (N=40)
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Results

Table 31: Comparison of duration of thalassemia and urea levels (N=40)

Urea
. . . P
Duration Of Thalassemia (Years) | Apnormal Normal Chi square value
(N=4) (N=36)
8-12 Years 0 (0%) 21 (58.33%)
491 0.027
12-17 Years 4 (100%) 15 (41.67%)

The difference in Urea levels and the Duration b&lassemia (Years) is found to be

significant with a P- value of 0.027, with majority 4 (100%) participants within 12-

17 Years of Duration of Thalassemia (Years).

Figure 30 Cluster bar chart of comparison of duration of thalassemia and Urea

levels (N=40)
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Results

Table 32: Comparison of duration of thalassemia and creatinine levels (N=40)

Creatinine
Duration Of Thalassemia Chi
(Years) Atzmgal Normal (N=33) | square | © v&lue
8-12 Years 0 (0%) 21 (63.64%)
9.09 0.002
12-17 Years 7 (100%) 12 (36.36%

The difference in Creatinine levels and the Duratid Thalassemia (Years) is found

to be significant with a P- value of 0.002, with jordty of 7 (100%) participants

within 12-17 Years of Duration of Thalassemia (&ar

Figure 31. Cluster bar chart of comparison of duration of thalassemia and

Creatinine levels (N=40)

120.0%
100.0%
80.0%

60.0%

Percentage

40.0%

20.0%

0.0%

100.0%

63.6%
0.0%

Normal

Abnormal

Creatinine

m8-12 Years m12-17 Years

36.4%

Page 88




Results

Table 33: Comparison of duration of thalassemia and EGFR value (N=40)

EGFR
Duratipn Of Chi P value
Thalassemia (Years) Abnc_)rmal Normal (N=24) square
(N=16)
8-12 Years 1 (6.25%) 20 (83.33%)
22.874 <0.001
12-17 Years 15 (93.75%) 4 (16.67%)

The difference in EGFR value and the Duration ofliksemia (Years) is found to be
significant with a P- value of <0.001, with majgriof 15 (93.75%) participants

within 12-17 Years of Duration of Thalassemia (&ar

Figure 32: Cluster bar chart of comparison of duration of thalassemia and
EGFR value (N=40)
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Results

Table 34: Comparison of Duration of Deferasirox and beta-2 microglobulin
levels (N=40)

Beta 2 Microglobulin

Duration Of Deferasirox _ Fisher exact
Abnormal Normal | Chi square
(Years) P value
(N=16) (N=24)

6-10 Years 13 (81.25%)21 (87.5%)
3.50 0.034

11-14 Years 3 (18.75%) 3 (12.5%)

The difference in Beta 2 Microglobulin levels aha Duration of Deferasirox (Years)
is found to be significant with a P- value of 0.034th majority of 13 (81.25%)

participants within 6-10 Years of Duration of Defsirox (Years).

Figure 33: Cluster bar chart of comparison of duration of Deferasirox and beta-2

microglobulin levels (N=40)
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Results

Table 35: Comparison of duration of deferasirox and Urea levels (N=40)

Urea
Duration Of Chi
Deferasirox (Years) Atzr,:lclrgal Normal (N=36) square Pvalue
6-10 Years 4 (100%) 30 (83.33%)
0.784 0.376
11-14 Years 0 (0%) 6 (16.67%)

The difference in Urea levels and Duration Of Dasimox (Years) is found to be

insignificant with a P- value of 0.376, with matgrof 4 (100%) participants within

6-10 Years of Duration Of Deferasirox (Years).

Figure 34: Cluster bar chart of comparison of duration of deferasirox and urea

levels (N=40)
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Table 36: Comparison of duration of deferasirox and creatinine levels (N=40)

Creatinine Fisher
Duration Of Deferasir ox ] exact
Abnormal Normal Chi square
(Years) P
(N=7) (N=33)
value
6-10 Years 6 (85.71%) 28 (84.85%)
4.50 0.003
11-14 Years 1(14.29%) 5 (15.15%)

The difference in Creatinine levels and the Duraid Deferasirox (Years) is found

to be significant with a P- value of 0.003, withjordy of 13 6 (85.71%) participants

within 6-10 Years of Duration of Deferasirox (Years

Figure 35: Cluster bar chart of comparison of duration of deferasirox and

creatinine levels (N=40)
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Table 37: Comparison of duration of deferasirox and EGFR (N=40)

. Fisher exact
EGFR Chi square P value
Duration Of Deferasir ox
(Years) Abnormal Normal
(N=16) (N=24)
6-10 Years 12 (75%)| 22 (91.67%)
2.99 0.043
11-14 Years 4 (25%) 2 (8.33%

The difference in EGFR values and Duration Of Dasaox (Years) is found to be

significant with a Fisher exad®- value of 0.043, with majority of 22 (91.67%)

participants within 6-10 Years of Duration Of Defsirox (Years).

Figure 36: Cluster bar chart of comparison of duration of deferariox between

EGFR (N=40)
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Table 38: Correation of ferritin levelswith beta-2 microglobulin levels (N=40)

Beta 2 Microglobulin

. Chi
Leve Of Ferritin P value
Abnormal _ square
(N=16) Normal (N=24)
<=2500 3 (18.75%) 14 (58.33%)
6.155 0.013
>2500 13 (81.25%) 10 (41.67%)

The correlation of Levels of Ferritin with Beta 2idvbglobulin is found to be
significant with a P- value of 0.013, with majorid§ 13 (81.25%) participants within
>2500 of Level of Ferritin.

Figure 37: Cluster bar chart Correlation of Ferritin levels with beta-2
microglobulin (N=40)
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Table 39: Correlation of ferritin levelswith Urea levels (N=40)

Urea
Level Of Ferritin Chi square | P value
Abnormal _
(N=4) Normal (N=36)
<=2500 0 (0%) 17 (47.22%)
3.34 0.046
>2500 4 (100%) 19 (52.78%)

The correlation of Levels of Ferritin with Urea #ds is found to be significant with a
P- value of 0.046, with majority of 4 (100%) paip@nts within >2500 of Level Of

Ferritin.

Figure 38: Cluster bar chart of Correlation of ferritin levels with Urea levels
(N=40)
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Table 40: Comparison of levels of ferritin between Creatinine (N=40)

Creatinine
Leve Of Ferritin Chi square | P value
Abnormal _
(N=7) Normal (N=33)
<=2500 0 (0%) 17 (51.52%)
6.27 0.012
>2500 7 (100%) 16 (48.48%)

The difference in Creatinine between the Level @ifriEin is found to be significant
with a P- value of 0.012 , with majority of 4 7 (B®) participants within >2500 of

Level Of Ferritin

Figure 39: Cluster bar chart of comparison of levels of ferritin between

Creatinine (N=40)
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Table41: Comparison of levels of ferritin between EGFR (N=40)

EGFR
Leve Of Ferritin Chi square | P value
Abnormal _
(N=16) Normal (N=24)
<=2500 1 (6.25%) 16 (66.67%)
14.339 <0.001
>2500 15 (93.75% 8 (33.33%)

The difference in EGFR between the Level Of Ferrigi found to be significant with
a P- value of <0.001, with majority of 15 (93.75p@xticipants within >2500 of Level
Of Ferritin.

Figure40: Cluster bar chart of comparison of levels of ferritin EGFR (N=40)
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Table 42: Comparison of urea between beta-2 microglobulin (N=40)

Beta 2 Microglobulin
Fisher
Urea Chi square | exact P
Abnormal _ value
(N=16) Normal (N=24)
Abnormal 3 (18.75%) 1(4.17%)
3.269 0.039
Normal 13 (81.25%) 23 (95.83%)

The difference in Beta 2 Microglobulin between theea is found to be significant
with a P- value of 0.039, with majority of 23 (98%) participants within Normal Of

Urea.

Figure 41: Cluster bar chart of comparison of urea between beta-2

microglobulin (N=40)
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Table 43: Predictive validity of Ureain predicting Beta-2 Microglobulin (N=40)

95% ClI
Parameter Value
L ower Upper
Sensitivity 18.75% 4.05% 45.65%
Specificity 95.83% 78.88% 99.89%
False positive rate 4.17% 0.11% 21.12%
False negative rate 81.25% 54.35% 95.95%
Positive predictive value 75.00% 19.41% 99.37%
Negative predictive value 63.89% 46.22% 79.18%
Diagnostic accuracy 65.00% 48.32% 79.37%

The Urea had sensitivity of 18.75% (95% CI 4.05% t06%86) in predicting ‘Beta-2

Microglobulin Specificity was 95.83% (95% CI 78%880 99.89%), false positive

rate was 4.17% (95% CI1 0.11% to 21.12%)), false timgyaate was 81.25% (95% CI

54.35% to 95.95%), positive predictive value was0@% (95% CIl 19.41% to

99.37%), negative predictive value was 63.89% (951946.22% to 79.18%), and the

total diagnostic accuracy was 65.00% (95% CI 48.82%9.37%).
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Table 44: Comparison of creatinine between beta-2 microglobulin (N=40)

Beta 2 Microglobulin

Creatinine Abnormal Normal (N=24 Chi square | P value
(N=16) -
Abnormal 7 (43.75%) 0 (0%)
12.73 <0.001
Normal 9 (56.25%) 24 (100%)

The difference in Beta 2 Microglobulin between tBeeatinine is found to be

significant with a P- value of <0.001 , with majgrof 24 (100%) participants within

Normal of Creatinine.

Figure 42: Cluster bar chart of comparison of creatinine between beta-2

microglobulin (N=40)
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Table 45. Predictive validity of CREATININE in predicting Beta-2
Microglobulin (N=40)

95% ClI
Parameter Value
L ower Upper
Sensitivity 43.75% 19.75% 70.12%
Specificity 100.00% 85.75% 100.00%
False positive rate 0.00% 0.00% 14.25%
False negative rate 56.25% 29.88% 80.25%
Positive predictive value 100.00% 59.04% 100.00%
Negative predictive value 72.73% 54.48% 86.70%
Diagnostic accuracy 77.50% 61.55% 89.16%

The Creatinine had sensitivity of 43.75% (95% CI 19.7&94/0.12%) in predicting

‘Beta-2 Microglobulin Specificity was 100.00% (9524 85.75% to 100.00%), false
positive rate was 0.00% (95% CI 0.00% to 14.25%isef negative rate was 56.25%
(95% CI 29.88% to 80.25%), positive predictive ealwas 100.00% (95% CI 59.04%
to 100.00%), negative predictive value was 72.79%4 Cl 54.48% to 86.70%), and

the total diagnostic accuracy was 77.50% (95% C3%% to 89.16%).
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Table 46: Comparison of urea along with creatinine between beta-2
microglobulin (N=40)

Beta 2 Microglobulin
Urea Along with

Chi square | Pvalue

Creatinine Abnormal Normal

(N=16) (N=24)

Abnormal 2 (12.5%) 0 (0%)
3.16 0.076
Normal 14 (87.5%) 24 (100%)

The difference in Beta 2 Microglobulin between theea Along with Creatinine is
found to be significant with a P- value of 0.076ithwmajority of 24 (100%)

participants within Urea Along with Creatinine.

Figure 43: Cluster bar chart of comparison of urea along with creatinine
between beta-2 microglobulin (N=40)
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Table 47: Predictive validity of Urea along with creatininein predicting Beta-2
Microglobulin (N=40)

95% ClI
Parameter Value
L ower Upper
Sensitivity 12.50% 1.55% 38.35%
Specificity 100.00% 85.75% 100.00%
False positive rate 0.00% 0.00% 14.25%
False negative rate 87.50% 61.65% 98.45%
Positive predictive value 100.00% 15.81% 100.00%
Negative predictive value 63.16% 45.99% 78.19%
Diagnostic accuracy 65.00% 48.32% 79.37%

The Urea along with creatininkad sensitivity of 12.50% (95% CI 1.55% to 38.35%)
in predicting ‘Beta-2 Microglobulin Specificity was00.00% (95% CIl 85.75% to
100.00%), false positive rate was 0.00% (95% CO®%hGo 14.25%), false negative
rate was 87.50% (95% CI 61.65% to 98.45%), positreglictive value was 100.00%
(95% CI 15.81% to 100.00%), negative predictiveuealwas 63.16% (95% CI
45.99% to 78.19%), and the total diagnostic acguwaas 65.00% (95% CI 48.32% to

79.37%).
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Table 48: Comparison of beta-2 microglobulin between EGFR (N=40)

Beta 2 Microglobulin
EGFR Chi square | P value
Abnormal Normal
(N=16) (N=24)
Abnormal 13 (81.25% 3 (12.5%)
18.906 <0.001
Normal 3 (18.75%) 21 (87.5%)

The difference in Beta 2 Microglobulin between #@8FR is found to be significant
with a P- value of <0.001, with majority of 21 (B%) participants within Normal Of
EGFR.

Figure 44: Cluster bar chart of comparison of beta-2 microglobulin between
EGFR (N=40)
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Table 49: Predictive validity of EGFR in predicting Beta-2 Microglobulin (N=40)

95% ClI
Parameter Value
L ower Upper
Sensitivity 81.25% 54.35% 95.95%
Specificity 87.50% 67.64% 97.34%
False positive rate 12.50% 2.66% 32.36%
False negative rate 18.75% 4.05% 45.65%
Positive predictive value 81.25% 54.35% 95.95%
Negative predictive value 87.50% 67.64% 97.34%
Diagnostic accuracy 85.00% 70.16% 94.29%

The EGFRhad sensitivity of 81.25% (95% CI 54.35% to 95.9%&@redicting ‘Beta-

2 Microglobulin Specificity was 87.50% (95% CI 64% to 97.34%), false positive

rate was 12.50% (95% CI 2.66% to 32.36%), falseatieg rate was 18.75% (95% ClI

4.05% to 45.65%), positive predictive value wa28% (95% CI 54.35% to 95.95%),

negative predictive value was 87.50% (95% CI 67.64997.34%), and the total

diagnostic accuracy was 85.00% (85% CI 70.16% t294).
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DISCUSSION

Beta thalassemia is a common genetic disorder itedetby autosomal
recessive pattern of inheritance. It is a commopartant health condition requiring
repeated blood transfusions. Due to the chroniodltansfusions, there is iron
deposition in multiple organs such as pituitaryndk leading to various endocrine

abnormalities, endocrine organs, heart, kidneyskedetal.

Overload of iron in kidney due to the multiple bibtvansfusions received in
these children is known to be a leading cause mdlrdysfunction among children
with transfusion-dependefitthalassemia major. It is one of the common motieisli
seen in transfusion-dependent thalassemia patieniacidence is increasing because

of the increased survival rates with the advancedaf thalassemia treatment.

Renal Dysfunction in beta-thalassemia is due ttiipte factors like repeated
transfusions leading to iron overload, as an adveffect of the iron chelators, due to
hypoxia secondary to anaemia. It is very importandentify the renal dysfunction as
early as possible to avoid chronic complicatiorige limetabolic osteodystrophy,
dyslipidemia, coronary artery disease, left ventac hypertrophy. As a conventional
method renal function tests have been used fodidgnosis of renal dysfunction. The
newer methods like measurement of urinary betac2agiobulin for the same can be

used.

Prevention of Renal dysfunction in beta thalassesby regular monitoring
of ferritin levels, regular transfusions and alstjuating doses of iron chelators

accordingly. The present study was an attempt &uete for the renal dysfunction by
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using the conventional methods along with neweestigations like urinary beta 2

microglobulin

This hospital-based longitudinal study was donemfrdanuary 2021 to

December 2021.

The minimum effective sample size to estimate #mal dysfunction was 40.
There are 237 registered cases of thalassemiali@semia day care unit, under the
Department of Paediatrics, KLES Dr Prabhakar Koospital and Medical Research
Centre, Belagavi. Out of 237 cases, 58 cases amsftrsion-dependent thalassemia
major aged between 8 to 18 years who fulfilleditfidusion criteria. However, based
on computerized randomization, 40 children wereksd. All these 40 children were
admitted in the thalassemia day care ward andddsteregular investigations like
complete blood picture, serum creatinine, seruna.uFgom the creatinine and the
height of the patients eGFR is calculated by uSlogwartz equation. Along with this
serum ferritin is monitored to look for the amowohiron overload. With these routine
investigations urinary Beta 2 Microglobulin is cked from the early morning urine
sample. The patients are provided with a 500mldadt collect 24 hour urine sample
from which 24 hour urinary sodium, 24 hour uringrgtassium, 24 hour urinary

calcium, 24 hour urinary creatinine were calculated

In the present study, most of the children wereskigfy (65%) and 14(3%) of
the children were girls and the boy to girl ratio was8:1 suggesting male

preponderance. The male predominance observeceiprésent study was in study
done by for Frequency of Glomerular DysfunctiorCinildren with Beta Thalassaemia

Major Basma A Ali and et al where out of tofi@lO children with beta thalassemia

major 28 girls (28%) and 72 boys (72%)[40]. Study done by Ali Ahmadzadeh et.al did
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study on renal dysfunction in paediatric populatwith beta thalassemia out of the
140 patients 72 (51.4%) were males and 68 (48.6@6¥ iemalesalso shown male

predominance agreement to our present studyfdéally, B-thalassemia major which

is having an autosomal recessive inheritance, desn@d females should be in equal
proportion but the higher proportion was seen ifdesian the present study. The
disparity in the present study could be explained tb the gender inequality in our
population, where male children are cared bettehdalth-seeking and brought to

hospital regularly as it is a chronic illness.

In this study, age ranged from 8 to 18 years. Tkkammage was 13.20 + 2.95
years and the median age was 12 years. In therpratsely, more number of patients
are of the age 12-14 i.e 27.50%, followed by 10epés (25%) each between 14-16
years and 16-18 years. The age group is in agrdetoea similar study done by
Asmaa A Mahmoud et al assessment of subclinical renal glomerutat ®bular

dysfunction in children with beta thalassemia m§at.

Concerning demographic characteristics, in thegmestudy, the majority of
the children 29 (72.5%) belong to the rural areastwf the patients were from lower

middle class 19 (47.50%).

Concerning history, in this study 7 (17.5%) childriead a history of easy
fatiguability or generalized weakness, followed Hmart burn in 3 (7.5%) children.
Gastrointestinal disturbances, including nauseaitiog, and abdominal pain, are

common[43].

The most common age of onset of Thalassemia isnarghs of age that is 9

(22.50%). All the subjects included in the presstitdy were having duration of
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Thalassemia more than and equal to 8 years, wijbrityeof the patients with disease
since 8 years that is around 8 patients (20%)ovad by 11, 12 and 17 years with 5
patients (12.50%) in each group. Most of the p&diemthe present study have blood
transfusion history of 1-2 month of diagnosis (85®Ipod transfusion history of >6
months of diagnosis was 8% and 2-6 months of disignwas 7.50%. In the present
study, it is found that 39 people have found inseebblood transfusion (97.50%), and
only 1 patients have decreased blood transfusid@0%®). In the present study, it is
found that 33 people have no reaction to bloodsfteion (82.50%), five (12.50%)
people have only one reaction to blood transfusiwg (5%) people have two
reaction to blood transfusion. Fever is the mosnmon reaction due to blood

transfusion (10%), 33 people have no reactionaodkransfusion (82.50%).

In the present study 15 patients (37.50%) are oth ldeferiprone and
deferasirox. All the children (100%) were under latien therapy (deferasirox),
multivitamins and folic acid. History of splenectprmvas noted in 12.50% of the

children.

In the present study we can observe that majofityie patient 13 (32.50%)
patients were provided with 1000MG/Day of defemasidose and 11 (27.50%)

patients were reported a duration of 10 Years tdrdsirox.

Furthermore, the history of consanguineous magriags reported by 15
(37.50 %) of the children parents. Thalassemiaistat the siblings in the family was
positive in 5 children (12.50%) and the death & #ibling was seen in 3 families
(7.50%). Study done by Padma et.al in thalasseasashown that out of a total 180
children, 39 (21.6%) children were born to consamgous parents and remaining

141 (78.3%) to non-consanguineous parents.
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PREVALENCE OF RENAL DYSFUNCTION :

Out of 40 children, 19 (47.5%) are having abnormealal parameters and 11
(52.5%) have normal renal parameters. Study coeduby Economou and et al.
showed abnormal renal parameters in 36% of themati This study was done in 42
patients aged between 4-23 yearsnomou M, Printza N, Teli A, Tzimouli V, Tsatra |,

Papachristou F, Athanassiou-Metaxa M. Renal dysfunction in patients with beta-thalassemia

major receiving iron chelation therapy either with deferoxamine and deferiprone or with

deferasirox. Acta haematologica. 2010;123(3):148-52..

Relation between gender and renal dysfunction:

In the present study, most of the children weresh®§ (65%) and 14(35 %)
out of which 15 males had renal dysfunction andmdles had renal dysfunction with
a p-valueof 0.079 showing that there is no association between gender and renal

dysfucntion

Relation between the duration of thalassemia and renal dysfunction:

In the present study, a significant correlation i@asnd between years of
onset of thalassemia and renal dysfunction. Thataur of thalassemia in children
was divided into 2 groups that is between 8-12 yyeaad 13-17 years. The levels of
beta 2 microglobulin, urea, creatinine and eGFR kgher in the patients with
thalassemia for the higher duration with a p-vailti€0.001, 0.027, 0.002 and <0.001

respectively.
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Correlation between iron chelators and renal dysfunction:

Out of 40 children, all the 40 patients are on oefieox and 15 patients were
on both deferasirox and deferiprone. In the presardy the duration of deferasirox
were divided into two groups that is 6-10 years addl4 years with majority of
patients between 6-10 years. The levels of betacgglobulin, creatinine and eGFR
are higher in the patients using deferasirox fer hiigher duration with a p-value of
0.034, 0.003 and 0.043 respectively. There wasignifeant relation between the
levels of urea and duration of disease, with p-wabfi 0.376. In a study done by
Cathleen Michelle A Dee and et al Eighteen patigrgee on iron chelators included.
Nine (50%) patients were on deferasirox, three 7%#. on deferoxamine, two
(11.1%) on deferiprone and four (22.2%) were on lwoation deferiprone and
deferoxamine. Twelve (66.7%) patients had renallubdysfunction, including all

nine patients (50%) on deferasirox [44].

Correlation between ferritin levelsand renal dysfunction

In the present study, out of 40 children, 17 cleldhad ferritin levels below
2500 and 23 had ferritin levels above 2500. Theas positive correlation with the
renal dysfunction with levels of ferritin. The ldgeof beta 2 microglobulin, urea,
creatinine, eGFR are higher in the patients witlelke of ferritin more than 2500 with

a p-value of 0.013, 0.046, 0.012, <0.001 respeigtive
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Comparison between Urea and Beta 2 Microglobulin

The Urea had sensitivity of 18.75% (95% CIl 4.05% to6%%6) in predicting
renal dysfunction ‘Beta-2 Microglobulin Specificityas 95.83% (95% CIl 78.88% to
99.89%), false positive rate was 4.17% (95% Cl %14 21.12%), false negative rate
was 81.25% (95% CI 54.35% to 95.95%), positive jotac value was 75.00% (95%
Cl 19.41% to 99.37%), negative predictive value W889% (95% CI 46.22% to

79.18%), and the total diagnostic accuracy was@5.(005% CIl 48.32% to 79.37%)

Comparison between Creatinine and Beta 2 Microglobulin

The Creatinine had sensitivity of 43.75% (95% CI 19.7568670.12%) in
predicting renal dysfunction ‘Beta-2 MicroglobulBpecificity was 100.00% (95%
Cl 85.75% to 100.00%), false positive rate was @&Q95% CI 0.00% to 14.25%),
false negative rate was 56.25% (95% CI 29.88% t25@), positive predictive value
was 100.00% (95% CI 59.04% to 100.00%), negatiwsliptive value was 72.73%
(95% CI 54.48% to 86.70%), and the total diagnaaticuracy was 77.50% (95% CI

61.55% to 89.16%).

Comparison between Urea and Creatinine and Beta 2 Microglobulin

The Urea along with creatininead sensitivity of 12.50% (95% CI 1.55% to
38.35%) in predicting renal dysfunction ‘Beta-2 Kiglobulin Specificity was
100.00% (95% CI 85.75% to 100.00%), false positate was 0.00% (95% CI 0.00%
to 14.25%), false negative rate was 87.50% (95%61L65% to 98.45%), positive
predictive value was 100.00% (95% CI 15.81% to Q0%), negative predictive
value was 63.16% (95% CI 45.99% to 78.19%), anddts diagnostic accuracy was

65.00% (95% CI 48.32% to 79.37%).
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Comparison between eGFR and Beta 2 Microglobulin

The EGFR had sensitivity of 81.25% (95% CIl 54.35% to 95.95%)
predicting renal dysfunction ‘Beta-2 Microglobul8pecificity was 87.50% (95% CI
67.64% to 97.34%), false positive rate was 12.59886 Cl 2.66% to 32.36%), false
negative rate was 18.75% (95% CI 4.05% to 45.6%#18itive predictive value was
81.25% (95% CI 54.35% to 95.95%), negative predictialue was 87.50% (95% ClI
67.64% to 97.34%), and the total diagnostic acguveas 85.00% (85% CI 70.16% to

94.29%).
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CONCLUSION

Overall the finding of the present study was that transfusion dependent Beta
Thalassemia patients who were on iron chelators had rena dysfunction. Prevalence of
renal dysfunction in the present study is 47.5%. Renal dysfunction is more with the
increasing age and there is no gender predisposition. Apart from this the incidence of
renal dysfunction isincreasing with the increase in the duration of iron chelators, with
no relation to the number of iron chelators. So annual check-up of renal parameters
assessment will be helpful. While the findings of the present study need further
validation as it was viz. single centre study, relatively smaller sample size. Hence
further multi-centric studies involving large sample size with long term follow up
covering more patients may focus on the precise role of renal parameters in the

prevention of renal dysfucntion in patients with transfusion-dependent thal assemia.
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SUMMARY

Renal Dysfunction is one of commonest complication in children suffering
from transfusion dependent Beta Thalassemia. However, there are very few studies
about the evaluation of rena dysfunction in transfusion-dependent thalassemia
children in India. This study was aimed to know the prevalence of Renal Dysfunction
in transfusion dependent Beta Thalassemia Mgjor and to correlate it with levels of

ferritin.

This hospital-based longitudinal study was done from January 2021 to
December 2021. The minimum effective sample size to estimate the renal dysfunction
was 38. There are 237 registered cases of thalassemia in thalassemia day care unit,
under the Department of Pediatrics, KLES Dr Prabhakar Kore Hospital and Medical
Research Centre, Belagavi. Out of 237 cases, 58 cases are transfusion-dependent
thalassemia major aged between 8 to 18 years which fulfilled the inclusion criteria

However, based on computerized randomization, 40 children were enrolled.

These patients were all on regular treatment with blood transfusions, chelating
agents, multivitamins & folic acid. These children were tested for renal dysfunction
by doing the routine investigations, along with other urine investigations like beta 2
microglobulin, eGFR was calculated. 47% showed renal dysfunction, follow up with
routine investigations and also the advanced methods are recommended for the

prevention and early identification of rena dysfunction.
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Annexures

ANNEXURE | — CONSENT FORM

Principal Investigator: REG NO. BM0120012

Guide: Dr.

You are hereby requested to involve yourself andrychild in the above said
research to beconducted at KLE'S Dr. Prabhakae Ktospital and Medical Research
Centre, Belgaum from July 2020 to May 2021 by me.

Introduction

Participation of your child will help us to knowetearly identification of any renal
dysfunction in transfusion dependent thalassemiamaého are on oral iron chelators
for a long period. You are free to discontinue plagticipation in the study any time
for any reasonand u will not be paid any reimbunesat for participation in research.

Hence involving yourchild in study is your voluntalecision.

Voluntary participation

You and your child’s participation in this studyyisur voluntary decision. Whether to
participate or not to participate will not affeciwyr current or future relationship with
the KLES Dr. Prabhakar Kore Hospital and Medicasésch Centre, Belgaum. You
are free to discontinue the participation in thedgtat any time for any reasons and

you will not be paidany reimbursement for partatipn in the research.

Risk: There are no risks involved

Benefit: Identification of renal dysfunction at an early aigeny present.
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Annexures

Use of photography/ldentifying details: Any photography or identification details

will bedisclosed only with your permission.

Storage of sample:The samples collected will be sent to the laboyafor further

processing.

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 provibedgou, during research will be
disclosed to others without your written consenheéWthe results of the research are
published or discussed in the conferences, norrdtion will be disclosed that would
revealyour identity. Any information obtained iormections with this study and that
can be identified with you remain confidential amnill be disclosed only with your

permission.

Financial incentive for participation

You or your child will not receive any financial ssstance for participating in this

study.
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Queries

If you have any queries you may contact

REG NO. BM0120012 Post Graduate StudentDepartment of Pediatrics

JNMC, Belagavi-590010

Dr.

MBBS, MD (Pediatrics)

Professor, Department of PediatricsINMC, Belag@@d010

If you have any questions about your rights oraese participation you may contact

DR HAESHA HEGDECHAIRPERSON

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

IEC AND SCIENTIST D, ICMRBELAGAVI- 590010,

9480422500

ou will be given a copy of this form for your infoation and to keep for your records.
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Annexures

STATEMENT OF CONSENT

| hereby voluntarily agree for me and my child’srtjgpation in this study. |

understand thateven if | choose to allow my cloldake part in this study | have the
liberty to withdraw at any time. My signature belawdicates that | have read or have
been told about this entire consent form includimg risks and benefits and have had

all my questions answered. | willbe given a copshes consent form.

Signature of the patient (If the child is aboveygars).

Date:

Name:

Signature of the authorized representative/ parent:

Date:

Name:

Relation to the Subject:

Signature of the witness: Date:
Name:
Signature of investigator: Date:
Name:
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ANNEXURES Il - PROFORMA

Annexures

ANNEXURE-II (PROFORMA) (GROUP /1)
INFORMATION OF CHILD:
Name/ID No.:
Age
Sex:
Address:
Socioeconomic status: class I 1L v
SES CLASS REVISED INCOME
CATEGORIES FOR ALL INDIA
2014
1. Upper class > 5357
2. Upper middle class 2652-5356
3. Middle class 1570-2651
4. Lower middle class 812-1569
5. Lower class <8l1

Parent’s educational status:

Mother - High school / PUC / degree / University
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Father - High school / PUC / degree / Umversity

Phone no —

Std:

DETAILS OF THALASSEMIA HISTORY:

o Age of onset of thalassemia:

o Management history:

e Drugs: chelating agents:

Deferiprone-

Dose:

Duration

Deferasirox-

Dose:

Duration:

Any other:  Pantoprazole/ Ca /FA / Zinc / BC

Annexures

(YES/NO)
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BLOOD TRANSFUSION HISTORY:

Annexures

Onsetof transfusion | 1-2months of
diagnosis

2-6months of
diagnosis

>6months of
diagnosis

Frequency of blood transfusions-

months/year

If frequency of blood transfusions has increased/decreased

No of reactions: 1/2/3/4

Type - fever / chills / others

e H/o infections in the past — HIV/ HBsAg

e Others

History of Present Illness:

Heart burn

¢  Vomiting
e Abdominal pain
e Joint pains

e Fever

Treatment History in past:

IMMUNISATION HISTORY:
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Annexures

VACCINES

PRIMARY

BOOSTER

BCG

DPT

OPV

HEPATITIS

MEASLES

MMR

TYPHOID

FAMILY HISTORY:
INFORMATION OF PARENTS-

Consanguineous / non consanguineous:

[ ]

Siblings of the child & their thalassemia status:

Deaths of the siblings:

EXAMINATION:

Yes /No
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General Physical Examination-
Vitals:

HR-

RR-

CFT-

Temperature-

BP-

ANTHROPOMETRY:

Measured Expected

Percentile

Weight

Height

BMI

Inference -
Head to Toe-
Face-
Eyes-
Ears-
Oral cavity-
Neck-

Chest-

Annexures
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Abdomen-
Extremities-
Congenital markers-
Skin-
Other Systems:

CVS:

RS:

PA:

Liver span

Spleen span

Other-

CNS:

Investigations:

BLOOD INVESTIGATIONS

Hb

PCV

Annexures
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PLT

RBC

WBC

DLC

S.Ferritin

S.Urea

S.Creatinine

S.Sodium

S.Potassium

Bicarbonate

URINARY TESTS (24hr sample)

U.Creatinine

U.Sodium

U.Potassium

U.Calcium

U.Albumin

U.p2-Microglobulin
(early morning

sample)

Fractional excretion

of Sodium

Fractional Excretion

of potassium

Creatinine Clearance

Annexures
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ANNEXURE -lll - KEY TO MASTERCHART

RURAL-1

URBAN-2

SOCIOECONOMIC STATUS

UPPER CLASS-1

UPPER MIDDLE CLASS-2

MIDDLE CLASS-3

LOWER MIDDLE CLASS-4

LOWER CLASS-5

PARENT'S EDUCATIONAL STATUS

NIL-1

HIGH SCHOOL-2

PUC-3

DEGREE-4

UNIVERSITY-5

ANY PRESENT COMPLAINTS

NIL-1

BONY PAINS -2

EASY FATIGUABILITY-3

GENERALISED WEAKNESS-4

JOINT PAINS-5
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Annexures

FEVER-6

BREATHLESSNESS-7

FREQUENT GE INFECTIONS -8

ABDOMINAL PAIN-9

HEART BURN-10

DECREASED FREQUENCY OF MICTURITION-11
ODEMA-12

H/O UTI-13

BURNING MICTURITION-14

HEMATURIA-15

BLOOD TRANSFUSION HISTORY
1-2 MONTHS OF DIAGNOSIS -1
2-6 MONTHS OF DIAGNOSIS -2

>6 MONTHS OF DIAGNOSIS -3

FREQUENCY OF BLOOD TRANSFUSION
INCREASED -1

DECREASED-2

H/O TRANMISSION RELATED INFECTIONS IN PAST

NIL-1

HIV-2

HBSAG-2
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Annexures

STD-3

MALARIA-4

ANY OTHER DRUGS
PANTOPRAZOLE-1
CA-2

FA-3

ZINC-4

B COMPLEX-5

CONSANGUINOUS/NON CONSANGUINOUS MARRIAGE
CM-1

NCM-2

DEATH OF SIBLING
YES-1

NO-2

ANTENATAL TESTING

YES-1

NO-2

IMMUNISATION HISTORY
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FULLY IMMUNISED-1

NOT FULLY IMMUNISED-2

HEPATITIS B VACCINE TAKEN -3

HEPATITIS B VACCINE NOT TAKEN -4

O/E

FACE-

DEPRESSED NASAL BRIDGE-1
THALASSEMIC FACIES-2
HYPERTELORISM-3

FRONTAL BOSSING-4

WIDE EYES-5

NORMAL -6

PROTRUDED JAW-7

EYES

PALLOR-1

ICTERUS-2
HYPERTELORISM-3

LEFT EYE MILD PTOSIS-4

NORMAL-5

ORAL CAVITY
HYPERPLASIA OF MAXILLARY BONE-1
PROTRUDED TEETH-2

DENTAL MALALIGNMENT-3
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DENTAL MALOOCLUSION-4

NORMAL-5

NECK

NORMAL-1

EXCORIATION MARKS-2

LYMPH NODES PALPABLE -3

ABDOMEN

EVERTED UMBILICUS-1

MILD DISTENSION-2

NORMAL-3

SPLENECTOMY SCAR-4

EXTREMITIES

NORMAL-1

DRY SKIN-2

EXCORIATION MARKS -3

CLUBBING-4

PALLOR -5

SKIN

NORMAL-1

HYPERPIGMENTATION-2

ICTERUS-3

PALLOR-4

EXCORIATION MARKS -5
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24 HR URINARY TESTS

POTASSIUM

FE Na
FE K

U.BETA 2 MG

CREATININE CL

B SL NO AGE SEX DOB ADDRESS RURAL/URBAN PH NO
SOCIOECONOMIC STATUS MOTHER'S EDUCATIONAL
STATUS FATHER'S EDUCATIONAL STATUS STANDARD
AGE OF ONSET DURATION OF DISEASE PRESENT
COMPLAINTS BLOOD TRANSFUSION HISTORY IF
FREQUENCY OF BT NO: OF REACTIONS IF
REACTIONS+ TYPE H/O INFECTIONS IN PAST OTHERS
DOSE,DURATION DOSE DURATION DOSE DURATION
ANY OTHER TREATMENT HISTORY IN PAST
IMMUNISATION HISTORY CONSANGUIEOUS/NON
CONSANGUINEOS SIBLING STATUS DEATH OF
SIBLING HR RR CFT TEMP BP MEASURED EXPECTED
PERCENTILE MEASUR

m112 M 06-10-2009 CHIKKODI 1 9108929958 43 3 6
7 MONTHS 11 YEARS 2,4 1 1 NIL 1 NIL NIL NIL
1000MG/DAY 10 YEARS 1,2,3,4 NIL2 1 NO 2 74/MIN
22/MIN < 3SEC 98F 98/66MMHG 26KG 34KG BTW
10TH AND 50TH 134CM 149CM BTW 10TH AND
50TH
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RURAL/URB SOCIOECONOMIC| MOTHER'S EDUCATIONAL | FATHER'S EDUCATIONAL
SLNO| AGE SEX DOB ADDRESS AN PH NO STATUS STATUS STATUS STANDARD

1 12 M 06-10-2009 CHIKKODI 1 9108929958 4 3 3 6

2 16 M 25-01-2005 ATHANI 1 6363230031 4 2 3 9

3 14 F 20-07-2006 CHIKKODI 1 636660104 4 2 2 7

4 16 M 24-08-2004 RAMDURG 1 7349627457 4 2 3 10

5 12 F 11-08-2009 ATHANI 1 968615729pb 4 2 3 7

6 13 F 30-11-2007 HUKKERI 1 8970705580 4 2 2 8

7 12 M 05-12-2007 YAMAKANMANDI 1 9980013997 4 1 4 7

8 14 M 30-06-2006 BAGALKOT 2 9008328629 4 3 4 8

9 17 M 22-08-2004 HULLKANI 1 7649356676 5 2 2 10

10 16 F 08-03-2005 KADOLLI 1 805045157p 4 2 2 10
11 14 M 27-01-2007 RAMDURG 1 9686518695 4 2 1 8
12 15 M 27-06-2006 KHANAPUR 1 9770887432 3 3 4 9

13 14 M 19-01-2005 HUKKERI 1 9113262983 5 1 2 8

14 14 M 15-05-2007 BELGAUM 2 9877669008 2 2 2 8

15 12 M 01-02-2009 HUKKERI 1 636263042P 4 2 2 5

16 11 M 22-11-2009 BELGAUM 2 9341101414 4 2 2 5

17 18 F 27-02-2004 CHIKKODI 1 9483213957 4 2 2 PUC 2
18 13 F 16-04-2006 RAIBAG 1 9902485069 4 1 2 6
19 13 F 16-12-2007 HOSSUR 1 888400982 5 2 2 7
20 9 F 02-06-2012 HALIYAL 1 9986921259 3 2 2 2

21 12 F 18-03-2010 CHIKKODI 1 9844331515 3 3 4 6
22 16 M 22-07-2005 GOKAK 1 961137543[L 5 2 2 PUC 2
23 12 M 21-11-2007 DHARWAD 2 944906274[1 3 2 2 9

24 9 M 01-04-2012 BELGAUM 2 808815280y 3 1 3 4

25 17 M 01-01-2004 RAMDURG 1 9663108731 4 2 2 DEGRER
26 8 F 11-11-2013 ANAGOL 1 7411645844 4 2 2 3
27 18 M 25-01-2003 BELGAUM 2 829629005 4 3 3 DEGREH
28 9 M 18-05-2012 HUKKERI 1 983742684 3 2 3 4

29 13 M 16-04-2008 GOKAK 1 9111444391 4 2 2 7

30 11 F 15-03-2011 RAMDURG 1 9481230482 2 1 2 5
31 9 F 23-07-2012 HUBALLI 2 903652579% 2 3 3 4

32 10 M 15-09-2011 ANBUL 1 959562617p 3 2 1 5
33 8 M 26-06-2014 HALIYAL 1 872252472( 5 2 2 2
34 15 M 05-09-2005 KOLHAPUR 2 703873121{0 2 2 3 9
35 9 M 17-04-2014 KHANAPUR 2 988071839]L 3 1 1 2
36 15 M 15-12-2005 CHIKKODI 1 9494943468 4 2 2 10
37 18 M 25-02-2005 BAGALKOT 2 941414311P 3 2 2 DEGREE
38 12 F 01-01-2009 HUKKERI 1 9003033594 3 2 2 6
39 14 F 06-07-2007 HALIYAL 1 9894661256 3 2 2 8
40 18 M 18-07-2003 BELGAUM 2 9877660090 3 2 2 DEGREH




DURATION

PRESENT

BLOOD TRANSFUSION

IF FREQUENCY OH

NO: OF

IF REACTIONS+

H/O INFECTIONS IN

AGE OF ONSET OF DISEASE COMPLAINTS HISTORY BT REACTIONS TYPE PAST OTHERS
7 MONTHS 11 YEARS 2,4 1 1 NIL 1 NIL
1 YEAR 6 MONTHS 15 YEARS 3,4 2 1 NIL 1 ACUTE GE
1 YEAR 15 YEARS 2 2 1 NIL 1 RECURRENT LRTIS
1 YEAR 6 MONTHS 15 YEARS 3,4 3 2 NIL 1 RECURRENT URTI
6 MONTHS 11 YEARS 3 1 1 NIL 1 NIL
1 YEAR 6 MONTHS 11 YEARS 7,11 1 1 NIL 1 RECURRENT LRTIS
3 MONTH 12 YEARS 3,4 1 1 NIL 1 NIL
1 YEAR 13 YEARS 1 3 1 NIL 1 ACUTE GE
1 YEARS 6 MONTHS 15 YEARS 4 3 1 NIL 1 ACUTE GE
1 YEAR 6 MONTHS 15 YEARS 2,4 1 1 NIL 1 RECURRENT URTIS
5 MONTHS 13 YEARS 2 2 1 NIL 1 ACUTE GE
7 MONTHS 14 YEARS 4 1 1 NIL 1 FREQUENT LRTIS
6 MONTHS 13 YEARS 3 1 1 NIL 1 NIL
3MONTHS 14 YEARS 3,4 1 1 NIL 1 NIL
1 YEAR 11 YEARS 1 1 1 NIL 1 NIL
6 MONTHS 10 YEARS 5 1 1 NIL 1 NIL
1 YEAR 17 YEARS 3 1 1 NIL 1 NIL
5 MONTHS 12 YEARS 3 1 1 NIL 1 NIL
1 YEAR 12 YEARS 1 1 1 NIL 1 NIL
7 MONTHS 8 YEARS 3,4 1 1 NIL 1 NIL
3 MONTHS 12 YEARS 1 1 1 2 FEVER 1 NIL
5 MONTHS 15 YEARS 1 1 1 1 FEVER 1 NIL
1 YEAR 6 MONTHS 10 YEARS 10 1 1 NIL 3 NIL
3 MONTHS 8 YEARS 1 1 1 NIL 1 NIL
3 MONTHS 17 YEARS 10 1 1 1 CHILLS 1 NIL
3 MONTHS 8 YEARS 3,4 1 1 1 EVER WITH CHILL 1 NIL
6 MONTHS 17 YEARS 3 1 1 1 RASHES 1 NIL
4 MONTHS 8 YEARS 4,11 1 1 NIL 1 NIL
3 MONTHS 12 YEARS 1 1 1 NIL 1 NIL
1 YEAR 10 YEARS 3 1 1 1 FEVER 1 NIL
1 YEAR 8 YEARS 3 1 1 NIL 1 NIL
6 MONTHS 8 YEARS 1 1 1 2 FEVER 1 NIL
7 MONTHS 8 YEARS 10 1 1 NIL 1 NIL
6 MONTHS 14 YEARS 1 1 1 NIL 1 NIL
3 MONTHS 8 YEARS 1 1 1 NIL 1 NIL
5 MONTHS 14 YEARS 3,4 1 1 NIL 1 NIL
7 MONTHS 17 YEARS 4 1 1 NIL 1 NIL
6 MONTHS 11 YEARS S 1 1 NIL 1 NIL
5 MONTHS 13 YEARS 5,7,11 1 1 NIL 1 NIL
3 MONTHS 17 YEARS 1 1 1 NIL 1 NIL




CUONSANGUIECL

ANY TREATMENT HISTORY IN IMMUNISATION US/NON SIBLING
DESFEROXAMINE DEFERIPRONE DEFERASIROX OTHER PAST HISTORY CONSANGUINE STATUS
n<
DOSE,DURATION DOSE DURATION DOSE DURATION
NIL NIL 1000MG/DAY 10 YEARS 1,2,3,4 NIL 2 1 NO
NIL NIL 1750MG/DAY 14 YEARS 1,2,3,4,5 SPLENECTOMY DONE 1 1 NO
NIL 1500MG/DAY 3 MONTHS 1750MG/DAY 9 YEARS 1,2,3,5 NIL 1 1 NO
NIL 1500MG/DAY 7 MONTHS 1250MG/DAY 6 YEARS 1,2,3,5 TRIVIAL MR, TR,AR 1 1 NO
NIL NIL 1000MG/DAY 10 YEARS 1,2,3,5 NIL 2 1 NO
NIL NIL 1500MG/DAY 12 YEARS 2,3,4,5 NIL 2 2 YES
NIL NIL 1000MG/DAY 10 YEARS 2,3,4,5 NIL 1 2 YES
NIL NIL 1250MG/DAY 8 YEARS 1,2,3,5 NIL 2 1 NO
NIL NIL 500MG/DAY 6 YEARS 2,3,5 NIL 1 2 NO
NIL 4000MG/DAY 7 MONTHS 1000MG/DAY 13 YEARS 2,3,4,5 NIL 1 2 NO
NIL 500MG/DAY 5 MONTHS 1250MG/DAY 9 YEARS 1,2,3,5 SPLENECTOMY DONE 2 2 NO
NIL NIL 1500MG/DAY 11 YEARS 1,2,3,5 NIL 2 2 NO
NIL NIL 1500MG/DAY 10 YEARS 2,3,4,5 NIL 1 2 NO
NIL 2000MG/DAY 1 YEAR 1000MG/DAY 10 YEARS 2,3,5 NIL 1 2 NO
NIL NIL 1000MG/DAY 8 YEARS 2,3,5 SPLENECTOMY DONE 1 2 NO
NIL NIL 750MG/DAY 10 YEARS 2,3,4,5,6 NIL 1 1 NO
NIL 3000MG/DAY 6 MONTHS 1000MG/DAY 10 YEARS 2,3,5 SPLENECTOMY DONE 1 1 NO
NIL 1500MG/DAY 7 MONTHS 1000MG/DAY 7 YEARS 2,3,4,5 NIL 1 1 NO
NIL 2500MG/DAY 1 YEAR 1250MG/DAY 7 YEARS 2,3,5 NIL 1 2 YES
NIL NIL 750MG/DAY 7 YEARS 2,3,4,5 NIL 1 2 YES
NIL NIL 1000MG/DAY 10 YEARS 2,3,5 NIL 1 2 NO
NIL 1000MG/DAY 3 YEARS 1500MG/DAY 15 YEARS 2,3,4,5,6 NIL 1 2 NO
NIL 1000MG/DAY 6 MONTHS 1000MG/DAY 6 YEARS 1,2,3,4,5 NIL 1 2 NO
NIL NIL 500MG/DAY 7 YEARS 2,3,5 NIL 1 2 NO
NIL 2500MG/DAY 3 YEARS 1500MG/DAY 10 YEARS 2,3,5 NIL 1 1 NO
NIL NIL 750MG/DAY 8 YEARS 2,3,4,5 NIL 1 2 NO
NIL NIL 1500MG/DAY 7 YEARS 2,3,4,5 SPLENECTOMY DONE 1 2 NO
NIL NIL 1000MG/DAY 8 YEARS 2,3,4,5 NIL 1 2 NO
NIL NIL 750MG/DAY 7 YEARS 2,3,4,5 NIL 1 1 NO
NIL 500MG/DAY 6 YEARS 500MG/DAY 7 YEARS 2,3,4,5 NIL 1 2 YES
NIL NIL 750MG/DAY 7 YEARS 2,3,4,5 NIL 1 2 NO
NIL NIL 750MG/DAY 9 YEARS 2,3,5 NIL 1 2 NO
NIL NIL 500MG/DAY 6 YEARS 2,3,5 NIL 2 2 NO
NIL 500MG/DAY 5 YEARS 1500MG/DAY 8 YEARS 2,3,5 NIL 1 1 NO
NIL NIL 500MG/DAY 7 YEARS 2,3,4,5 NIL 1 2 NO
NIL NIL 1250MG/DAY 13 YEARS 2,45 NIL 1 1 NO
NIL 1000MG/DAY 6 YEARS 2250MG/DAY 10 YEARS 1,2,3,4 NIL 2 1 NO
NIL NIL 750MG/DAY 9 YEARS 2,3,5 NIL 1 1 NO
NIL NIL 1000MG/DAY 8 YEARS 2,3,4,5 NIL 1 2 NO
NIL 1000MG/DAY 3 YEARS 1000MG/DAY 10 YEARS 2,3,4,5 NIL 1 2 NO




DEATH OF

SIBLING VITALS WEIGHT HEIGHT

HR RR CFT TEMP BP MEASURED | EXPECTED PERCENTILE MEASURED)  EXPEED PERCENTILE MEASURED
2 74/MIN | 22/MIN | < 3SEC 98F 98/66MMHG 26KG 34KG BTW 10TH AND 50TH 134CM 149CM BTW 10TH AND 50TH 15.29
2 68/MIN | 24/MIN | <3SEC| 96.8F 120/70MMHG 40KG 56.8KG BTW 3RD AND 10TH 150CM 166.5CM 3RD 17.7
2 88/MIN | 24/MIN | <3SEC| 98.6F 94/68MMHG 42KG 46.5KG BTW 10TH AND 50TH 142 CM 155CM BTW 3RD AND 10TH 17.7
1 72/MIN | 24/MIN | < 3SEC 98F 96/7AMMHG 31.7KG 59.5KGS < 3RD 143CM 180CM <3RD 15.5
2 68/MIN | 22/MIN | < 3SEC 98F 102/6BMMHG 32.7KG 35.4KG BTW 10TH AND 50TH 139CM 143.3CM BTW 10TH AND 50TH 16.36
2 90/MIN | 20/MIN | <3SEC 99F 96/68BMMHG 37KG 43KG BTW 10TH AND 50TH 149CM 153CM BTW 10TH AND 50TH 16.6
2 96/MIN [ 20/MIN | < 3SEC 98F 100/60MMHG 22KG 39KG <3RD 127CM 149CM <3RD 13.7
2 76/MIN | 24/MIN | < 3SEC 98F 94/66MMHG 39KG 46KG BTW 10TH AND 50TH 157CM 163CM BTW 10TH AND 50TH 14.4
2 68/MIN | 24/MIN | < 3SEC 98F 98/64 MMHG 39KGS 59.5KGS 3RD 139CM 173CM <3RD 14
2 80/MIN | 20/MIN | <3SEC 98F 100/70MMHG 35KG 49.7KG BTW 3RD AND 10TH 144CM 156.9CM BTW 3RD AND 10TH 17.8
2 78/MIN | 24/MIN | <3SEC| 98.8F 100/66MMHG 33KG 48.2KGY BTW 3RD AND 10TH 143CM 159.9GM 3RD 16.3
2 82/MIN | 22/MIN | <3 SE( 99F 102/76MMHG 40KG 48.2KGS BTW 10TH AND 50TH 156CM 159.9CM BTW 10TH AND 50TH 16.6
2 88/MIN [ 22/MIN | <3 SEC 98F 100/60MMHG 27KG 48KG < 3RD 134CM 159CM < 3RD 15.29
2 97/MIN | 20/MIN | <3 SEC| 98.7F 120/70MMHG 30KG 48KG 3RD PERCENTILE 133CM 160CM <3RD PERCERNTIL 16.95
2 78/MIN | 22/MIN | <3 SEC| 98.4F 110/70MMHG 26KG 39KG BTW 10 AND 50 135CM 148CM BTW 3RD AND 10TH 14.24
2 89/MIN | 26/MIN | <3 SEC| 98.7F 90/60MMHG 23KG 35KG BTW 3RD AND 10THi 127CM 142CWM <3RD 14.26
2 94/MIN | 22/MIN | <3 SEC] 97.2F 110/70MMHG 48KGS 52KG BTW 10TH AND 50TH 153CM 157CM BTW 10TH AND 50T|H 21
2 96/MIN | 22/MIN | <3 SEC] 98.2F 100/70MMHG 29.9KG 43.6KG BTW 3RD AND 10TH 130CM 152CM < 3RD 17.69
1 94/MIN | 25/MIN | <3 SEC] 98.6F 110/60MMHG 36KGS 43.6KGS BTW 10TH AND 50TH 134CNM 152.2GM <3 RD 20.0p
2 78/MIN | 24/MIN | <3 SEC| 98.7F 100/60MMHG 21KGS 27.2KG$ BTW 10TH AND 50TH 120CM 131.4GM BTW 3RD AND 10TH 14.45
2 94/MIN | 22/MIN | < 3 SEC 98F 100/60MMHG 30KGS 39.8KGS 10TH 136CM 148.4CM BTW 3RD AND 10TH 16.29
2 97/MIN | 16/MIN | <3 SEC 98F 100/60MMHG 42KGS 62KGS BTW 3RD AND 10TH 122CM 173CM < 3RD 18
2 94/MIN | 24/MIN | <3 SEC] 98.6F 110/70MMHG 40KGS 48.2KGS BTW 10TH AND 50TH 140CM 159.9GM <3 RD 17.8p
2 84/MIN | 16/MIN | <3 SEC| 97.8F 120/70MMHG 25KGS 27.9KG$S BTW 10TH AND 50TH 129CM 131.8GM BTW 10TH AND 50TH 15.02
2 94/MIN | 19/MIN | < 3 SEC 98F 110/70MMHG 40.8KGS 61KGS <3RD 160CM 173CM <3RD 15.62
2 89/MIN | 18/MIN | <3 SEC| 98.2F 110/70MMHG 23KGS 24KGS 50TH 122CM 125CM 50TH 15.49
2 94/MIN | 26/MIN | <3 SEC 98F 120/80MMHG 38KGS 61.6KG <3 RD 144CM 158CM <3 RD 18.32
2 68/MIN | 22/MIN | <3 SEC| 98.5F 110/70MMHG 22KGS 27.9KG$ BTW 10TH AND 50TH 122CM 131.8GM BTW 10TH AND 50TH 14.78
2 76/MIN | 24/MIN | <3 SEC| 98.8F 100/64MMHG 28KGS 43KG 3RD 140CM 152.2CM BTW 3RD AND 10TH 14.28
1 94/MIN | 16/MIN | <3 SEC] 98.5F 110/70MMHG 21KGS 34.7KGS$ < 3RD 117CM 142.7GM <3RD 15.34
2 98/MIN | 16/MIN | <3 SEC] 97.8F 110/70MMHG 20KGS 27.2KG$ BTW 10TH AND 50TH 119CM 131.4GM BTW 3RD AND 10TH 14.12
2 84/MIN | 26/MIN | <3 SEC| 98.6F 100/60MMHG 24KGS 31.1KG$ BTW 10TH AND 50TH 124CM 137.2GM BTW 3RD AND 10TH 15.93
2 88/MIN | 16/MIN | <3 SEC] 97.9F 100/70MMHG 14.5KGS 24 4KGS <3 RD 98CM 126.4G0M <3RD 14.9
2 94/MIN | 16/MIN | <3 SE( 98F 110/70MMHG 40KGS 61KGS <3RD 148CM 173CM <3RD 18.264
2 94/MIN | 26/MIN | <3 SEC] 98.8F 110/60MMHG 20KGS 27.2KG$ BTW 10TH AND 50TH 130CM 131CM 50TH 11.88
2 74/MIN | 22/MIN | <3 SEC| 98.7F 120/70MMHG 44KGS 53.1KG$ BTW 10TH AND 50TH 149CM 164.5GM BTW 3RD AND 10TH 19.8
2 78/MIN | 26/MIN | <3 SEC| 98.6F 112/80MMHG 45KGS 61.6KG$ BTW 3RD AND 10TH 164CM 173.6GM BTW 10TH AND 50TH 17.57
2 88/MIN | 18/MIN | <3 SEC| 98.4F 110/70MMHG 34KGS 39.8KG$ BTW 10TH AND 50TH 133CM 148.4GM BTW 3RD AND 10TH 19.22
2 98/MIN | 26/MIN | <3 SEC| 97.9F 100/60MMHG 27TKGS 43.6KGS 3RD 135 150.5GM <3RD 15.1%
2 67/MIN | 19/MIN | <3 SE( 98F 110/60MMHG 46KGS 61.6KG$ BTW 3RD AND 10TH 170CM 173.60M BTW 3RD AND 10TH 15.911




BMI HEAD TO TOE
EXTREMI CONGENITAL
EXPECTED PERCENTILE FACE EYES EARS ORAL CAVITY NECK CHEST BOOMEN TIES ODEMA MARKERS SKIN
17.5 BTW 10TH AND 50TH 1 1 NORMAL 1 1 NORMAL 1 1 NO NIL 2,4
18.7 BTW 10TH AND 50TH 1 1,3 NORMAL 2 1 NORMAL 4 2 NO NIL 2
19.4 BTW 10TH AND 50TH 1 1 NORMAL 5 1 NORMAL 3 1 NO NIL 1
20.5 BTW 3RD AND 10TH 1 1 NORMAL 3 1 NORMAL 3 1 NO NIL 2,4
18 BTW 10TH AND 50TH 1,5 5 NORMAL 1 2 NORMAL 3 1 NO NIL 5
18.8 BTW 10TH AND 50TH 6 5 NORMAL 3 1 NORMAL 3 1 NO NIL 1
17.5 BTW 3RD AND 10TH 3,7 1 NORMAL S 1 NORMAL 3 1 NO NIL 2,4
19 BTW 3RS AND 10TH 1 1 NORMAL 3 1 NORMAL 3 1 NO NIL 2
20.5 <3RD 1 2 NORMAL 3 1 NORMAL 3 1 YES NIL 2
20.3 BTW 10TH AND 50TH 1 1 NORMAL 3 1 NORMAL 3 1 NO NIL 2,4
18.7 BTW 10TH AND 50TH 1,2 2,3 NORMAL 1 1 NORMAL| 4 1 NO NIL 2
19.3 BTW 10TH AND 50TH 1,3 1 NORMAL 1 1 NORMAL 3 1 NO NIL 2
18.7 BTW 10TH AND 50TH 2 1 NORMAL 1 1 NORMAL 3 1 NO NIL 2
18.7 BTW 10TH AND 50TH 2 1 NORMAL 1 1 NORMAL 3 1 NO NIL 2
17.7 BTW 5TH AND 10TH 2 1 NORMAL 4 1 NORMAL 4 1 NO NIL 2
17 BTW 10TH AND 50TH 1 1 NORMAL 1 1 NORMAL 3 1 NO NIL 2
21 50TH 6 1 NORMAL 1 1 NORMAL 4 1 NO NIL 1
18.8 BTW 10TH AND 50TH 1 S NORMAL S 1 NORMAL 4 1 NO NIL 2
18.8 BTW 50TH AND 90TH 1 1 NORMAL 1 1 NORMAL 3 S NO NIL 2
15.8 BTW 10TH AND 50TH 2 1 NORMAL 4 1 NORMAL 3 1 NO NIL 2,4
18 BTW 10TH AND 50TH 2 1 NORMAL 1 1 NORMAL 3 5 NO NIL 2,4
18 50TH 6 1 NORMAL 3 1 NORMAL 3 1 NO NIL 1
18.7 BTW 10TH AND 50TH 6 1 NORMAL 1 1 NORMAL 3 1 NO NIL 1
15.9 50TH 6 1 NORMAL 4 1 NORMAL 3 1 NO NIL 1
21.1 3RD 2 1 NORMAL 5 1 NORMAL 3 5 NO NIL 2
15.3 50TH 1 5 NORMAL 1 1 NORMAL 3 1 NO NIL 1
21.1 BTW 10TH AND 50TH 2 5 NORMAL 4 1 NORMAL 4 1 NO NIL 2
15.9 BTW 10TH AND 50TH 1 S NORMAL 1 1 NORMAL 3 1 YES NIL 2
18.8 BTW 3RD AND 10TH 6 1 NORMAL 4 1 NORMAL 3 1 NO NIL 2
17 BTW 10TH AND 50TH 4 1 NORMAL 4 1 NORMAL 2 1 NO NIL 1
15.8 BTW 10TH AND 50TH 1,2,4 1 NORMAL 4 1 NORMAL| 3 5 NO NIL 1
16.4 BTW 10TH AND 50TH 4 1 NORMAL S 3 NORMAL 3 1 NO NIL 4
15.5 BTW 10TH AND 50TH 1 1 NORMAL 1 1 NORMAL 3 1 NO NIL 4
21.1 BTW 10TH AND 50TH 2 1 NORMAL 1,4 1 NORMAL 3 1 NO NIL 1
15.9 < 3RD 2 5 NORMAL 1 1 NORMAL 2 1 YES NIL 4
19.8 50TH 6 1 NORMAL 1 1 NORMAL 3 1 NO NIL 4
21.1 BTW 10TH AND 50TH 1 1 NORMAL 5 1 NORMAL 3 1 NO NIL 1
19 50TH 1,2,4 1 NORMAL 1 1 NORMAL 3 1 NO NIL 1
18.4 BTW 10TH AND 50TH 1 5 NORMAL 1 3 NORMAL 3 1 NO NIL 1
21.1 BTW 3RD AND 10TH 1 S NORMAL S 1 NORMAL 3 5 NO NIL 2




TANNERS

CVS RS P/A LIVER SPAN SPLEEN SPAN CNS STAGING Hb(mg/dl) PCV
1ST 1ST
S1,52+,SHORT SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,MILD DISTENS\O 13CM NOT PALPABLE NAD 1 8.4 24.1
S1,52+,SOFT SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NONTENDER,SPLUEBITOMY SCAR 12CM NIL NAD 3 7.1 22
S1,S52+,NO MURMUR AIR ENTRY B/L+ SOFT,NONTENDER 12 CM 1CM BELOWLCM NAD 1 9.6 27.9
S1,S2+,NO MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 10CM NOT PALPABLHE DA 2 6 18.6
S1,S52+,NO MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 12CM 2CM BELOW LCN DA 1 8.7 25.8
S1,S2+,NO MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 13CM 2CM BELOW LCWM NAD 3 9.9 30.5
S1,S52+,NO MURMUR AIR ENTRY B/L+ SOFT ,NON TENDER 14CM 2CM BELOW LCM NAD 1 9.2 25.4
S1,S2+,NO MURMUR AIR ENTRY B/L+ SOFT,NONTENDER 13CM 3CM BELOW LCW NAD 3 10.1 28.3
S1,S52+,NO MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 13CM 1CM BELOWLCM NAD 3 9 27
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT ,NON TENDER 14CM 2CM BEWOLCM NAD 3 9.4 28.6
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER ,SPELNECOWI® SCAR+ 14CM NIL NAD 2 9.6 28
S1,52+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER ,BS+ 12CM 2CMIBBW LCM NAD 3 10.2 30.8
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT ,NON TENDER 13CM 3CM BELOWZM NAD 3 7.7 22.3
S1,52+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,MILD DISTENSION 10CM 1CBELOWLCM NAD 3 8.1 23
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 10CM NIL NAD 3 8.7 25.2
S1,S2+,NO MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 10CM NIL NAD 2 9.9 28.3
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT, NON TENDER 13CM NIL NAD 4 8.2 23.2
S1,S2+,NO MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 12CM 3 CM BELOW LCM DA 3 8.1 24.8
S1,52+,NO MURMUR AIR ENTRY B/L+ SOFT, NON TENDER 13CM 4CM BELOW LCWY NAD 3 8.9 26.4
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 14CM 5 CM BELOMZM NAD 2 8.4 24.7
S1,S52+,NO MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 14CM NIL NAD 1 8.3 23.4
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 14CM 6CM BELOMZM NAD 4 8.8 25.2
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT ,NON TENDER 13CM NIL NAD 3 8.9 26.1
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT, NON TENDER 8CM NIL NAD 1 10.9 32.9
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 13CM 4CM BELOMZM NAD 4 9.3 28.8
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 12CM NIL NAD 2 8.6 24.7
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 13CM NIL NAD 3 7.6 20.4
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 14CM NIL NAD 2 9 26.6
S1,52+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 13CM 3CM BELOMZM NAD 2 9 25.3
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 8CM NIL NAD 1 8.4 24.1
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 8CM 5CM BELOMCZM NAD 1 8.2 22.9
S1,S2+,NO MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 11CM 2CM BELOW LCMW NAD 2 8.2 23.9
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER /CM NIL NAD 1 8.4 23.8
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 14CM NIL NAD 3 9.9 29.1
S1,S52+,NO MURMUR AIR ENTRY B/L+ SOFT,NON TENDER /CM NIL NAD 2 8.2 24.6
S1,52+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 13CM 3CM BELOMZM NAD 2 6.9 21.2
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 9CM 4CM BELOMCM NAD 3 5.9 16.1
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 10CM NIL NAD 1 10.2 29.6
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 14CM 2CM BELOMZM NAD 2 7.9 21.4
S1,S2+,SYSTOLIC MURMUR AIR ENTRY B/L+ SOFT,NON TENDER 10CM NIL NAD 2 8.7 24.9




RBC WBC DLC PLT UREA CREATININ SODIUM POTASSIY FERRITI 24 HR URINARY TESTS UBETAZ2 FE Na FEK CREATININ eGFR

E M N MG ECL

CREATININE | SODIUM POTICISSIU CALCIUM |ALBUMIN

3.06 5120 60/35/1/4 3.22 22 0.4 134 3.8 2366 846 423 31.1 141.1 0.5 116 D.14 0.38 116.5 138.3
2.71 22340 20/53/4/3 11.32 22 0.9 135 4.1 3230 273 107 1%.3 1.2 0.1 399.1 D.14 0.65 137.8 77.43
3.18 10,600 59/37/1/3 2.53 78 1.2 139 4.3 10,173 280% 91.8 132.9 47.6 0.1 1110 0.94 0.5 154.9 48.87
2.46 5390 51/38/9/2 2.41 13 0.5 140 4.2 2300 481 214 33{75 67.5 <40.5 848.7 0.2 0.8 112.8 118.11
2.78 11,630 60/35/2/3 5.56 26 0.3 135 4.8 2248 565 94.4 8.2 358 <40.1 60.8 3.7 0.9 167.5 191.35
3.77 12,450 57/33/3/5 5.01 32 0.5 139 4.6 2248 454 123 12,58 123 40.5 173.3 0.1 0.4 79 123.07
2.89 8400 51/44/1/4 2.38 23 0.7 140 4.2 4778 441 111 15{82 186 40.5 86.7 D.07 0.9 103 131.12
3.23 11,600 38/50/5/7 4.31 27 0.7 137 4.2 1948 2673 29p.5 30.32 382.5 0.5 328 D.048 0.16 B1.7 108.06
3.54 5,768 63/32/2/2 4.98 29 0.9 136 4.6 3998 298 889 33.4 7.9 0.1 989 D.08 0.94 1p6.6 63.78
3.8 6,840 36/60/0/4 2.07 16 0.7 138 4.3 489b 308 111 12{24 3.3 40.5 643.6 D.15 0.55 §5.4 84.96
2.47 12600 62/32/2/4 6.2 98 0.7 136 5.1 6424 527 242.5 22.6 102.5 40.5 644.3 0.06 0.16 304.5 42.18
3.6 9,230 50/46/1/3 4.67 14 0.7 136 4.6 3199 281 608 8b 12.8 <P.5 49.4 D.6 .66 1§73 161.07
2.84 5470 60/35/3/2 2.28 17 0.7 137 4 3618 377 228 27[95 106.5 40.5 24.8 D.35 1.48 60 p9.177
2.61 6910 53/39/5/3 2.18 26 1 130 3.5 396P 350 136.5 12{57 24 <0.5 47 (.09 0.3 175 $4.428
2.62 15150 49/25/2/4 9.06 12 0.7 134 4.2 2306 1213 37P5 631.5 L8 0.3 Sf.7 1.1. 2.4 231.1 278.77
3.24 5660 41/53/2/4 2.08 19 0.7 142 4.7 1553 219 4118 5.p5 1P0 <0.5 714 (.05 D.23 103 131.12
2.54 11410 50/46/1/3 6.67 14 0.9 137 4.2 5237 701 111.6 30.85 38.6 0.1 471 .09 0.8 85 70.21
3.33 10140 51/42/215 6.32 18 0.7 138 4.1 17590 120§ 231 8417 69 40.5 28.1 D.02 0.33 2p4.1 268.4
2.87 5770 60/35/2/3 3.01 27 0.4 134 4.4 2216 611.3 115 50.1 44.4 <0.1 166 D.08 1.11 00 138.355
2.83 7960 45/48/2/5 3.72 15 0.7 135 4.2 2588 335 146 44.6 20.4 <0.5 40.3 D.09 3.11 110.8 165.2
3.36 7000 52/40/3/5 3.36 20 0.7 137 4.3 993 720.29 324.7 51.58 307.7 0.5 472 0.1 0.8 90.7 112.3
3.29 5750 70/26/1/3 1.51 13 0.7 135 3.9 5288 348 640 92{32 49.6 <40.5 10.8 0.5 2.7 169 71.98
2.91 6310 46/50/1/3 2.74 25 0.7 135 3.6 670 48.2 192 2B 13.4 <P.5 214 7 5 175 144.55
4.75 9110 44/46/5/5 4.75 18 0.7 130 4.8 2794 993 3947 39{56 211.5 40.5 6.5 0.1 0.69 D1 106.55
3.83 6070 59/40/0/1 2.04 87 0.7 138 4 865p 323 120 14166 1B2 <0.5 59.2 0.2 1.1 638 56.08
3.07 12030 38/59/1/2 3.31 25 0.7 139 4.2 3845 667 296 28|82 184 <40.5 72.4 D.11 0.41 §9.6 125.96
2.25 31290 36/60/2/2 7.24 38 0.7 132 4.6 2538 67.56 1%6 43 21.9 0.5 816.2 D.88 3 126.7 118.944
2.95 10530 51/44/2/3 5.81 45 0.7 139 4.3 2278 702.4 21]76 2B4 8[L.6 0.5 3969 0.66 2.82 L73 38.75
2.69 12020 50/46/1/3 2.68 34 0.7 138 5 1898 289 6715 76 28.5 <P.5 132 0.06 2.1 105 144.55
3.26 7480 55/37/4/4 3.26 12 0.7 136 4.8 1067 443.52 163.2 10.501 4976 <0(5 111 0.13 23 64 96.64
2.64 5970 40/55/1/4 2.11 18 0.4 136 4.3 3532 425.3 23pb8 240 150.4 0.5 119 2.4 7.87 31.6 122.86
2.83 6520 45/47/3/5 3.54 28 0.5 147 4.2 2888 419.9 23|76 403.9 b4 40.5 3¥7.9 2.7 16 g1.9 102.424
2.75 12030 65/30/2/3 1.93 39 0.3 142 4.2 1213 638.4 1547 380 238 40.5 2|79 1.1 8.6 36.7 134.91
3.52 4890 54/38/2/0 2.09 17 0.7 140 4.3 3621 803 1797 31{38 243.2 40.5 3156 0.1 0.63 95.2 87.32
2.83 5520 37/44/6/12 3.81 25 0.4 141 3.7 1315 272.9 54.8 18.3 20.8 40.5 2013 D.09 1.24 52 134.22
2.54 6092 64/32/1/3 3.97 34 0.7 135 4.2 3340 298 2097 209 211.9 40.5 784.9 4.17 1.3 95.5 76.92
1.96 5908 52/40/3/5 2.98 76 1 139 3 8309 120 29D 32\9 209 <P.1 928.6 1.04 5.4 126 67.732
3.2 6502 44/46/5/5 3.98 45 0.7 135 5.4 2404 291 197 2D 23.5 <p.5 70.9 D.4 0.5 148.4 137.32
1.98 6730 40/55/1/4 2.86 34 0.7 139 4.9 8789 593 8718 29.6 3.6 0.1 3849.8 D.03 0.3 1B83.9 46.46
2.48 4560 51/44/2/3 7.86 24 0.9 136 4.2 4987 617 128 396 1b6 <0.5 824.8 D.12 8.24 96.6 78.11




