A Tale of Two Syndromes
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The journey...

e |llustrate two important
syndromes affecting children
* 1 common
* 1 uncommon
 Surprisingly linked

e Using cases demonstrate
important take-home points




25 cancer.gov/publications/dictionaries/cancer-terms/def/syndrome
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syndrome
qa)) (SIN-drome)

A set of symptoms or conditionsfthat occur together and suggest the presence of a certain

diseaselor an increased chance of developing the disease.



Case 1

* 11-year-old male presented with features of symptomatic anaemia

Date |20/10/22
WCC 7.39
RCC [2.09 L
HB 2.8 L
HCT 10.128 L
MCV |61.3 L
MCH (13.6 L
PLT |33 L




APPROACH TO A MICROCYTIC HYPOCHROMIC
ANAEMIA

1. Iron deficiency 9. Iron deficiency
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HCT [0.128 L | 2 Y _ _
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Fragments

Teardrops

70.0 H umol /L

Paediatric iron intoxication levels: 50.1 - 456.5 umcl/L

Transferrin 2,95 g/L 1.73 - 3.80

Pencil Cells

95 H % 20 - 50
a ug/L

Microcytic hypochromic cells
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Prevalence, years lived with disability, and trends in anaemia burden by
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Anaemia prevalence

Anaemia prevalence

Bl 43to<63% [116-2t0<18.6%
Bl 63to<75% [18.6to<21-0%
B 75t0<92% [ 21.0to<27-8%
[092to<132% M 27-8to<42-8%
[113:2t0<16-2% HM 42-8to 67-0%



Age distribution

Prevalence (%)
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Causes TERTTSARKRASLRRGBRIEGE " §
Lo~ é“,
M P falciparum malaria Il Uterine fibroids Il Haemoglobin sickle cell disease I Peptic ulcer disease Bl Hyperthyroid diseases <<
Bl P vivax malaria Il Menstrual disorders Bl Mild sickle cell disease/B-thalassaemia [l Crohn's disease B Other endocrine
Bl Clinical malaria [ B-thalassaemia major 3 Sickle cell trait B Ulcerative colitis
B Hookworm disease 1 Haemoglobin E/B-thalassaemia ] G6PD deficiency [ Cirrhosis
Il Schistosomiasis 1 Haemoglobin H 1 Hemizygous G6PD deficiency Bl CKD stage 3
[ Other NTD [ B-thalassaemia trait \E Other haemoglobinopathies B CKD stage 4
B Other infectious diseases 1 Haemoglobin E trait Iron deficiency I CKD stage 5 untreated
Bl HIV/AIDS Il Homozygous sickle cell disease  Hl Vitamin A deficiency [ CKD stage 5 on dialysis
B Maternal haemorrhage and severe sickle cell disease [ Gastritis and duodenitis Il Hypothyroid diseases



Manifestations of iron deficiency

Protein
.......... Unusual

lron containing proteins

Function

prusaal [ e Haemoglobin
Myoglobin
Cytochromes
Adrenodoxin
Ferredoxin
Cyt P450 and b5
Ribonucleotide reductase
SYMPTOMS Proline hydroxylase
OFIRON A - Peroxidases
Shortness atalase
DEFICIENCY! Shortness Lipoxygenase
Cyclooxygenase
Aconitase
Succinate dehydrogenase
NADH dehydrogenase
Xanthine oxidase
Aldehyde oxidase
Transferrin
Lactoferrin
Ferritin
Haemosiderin
Hephaestin
Ferroportin
Hepcidin

fingernails

Glossitis
(Smooth
tongue)

Headaches
and
dizziness

Dry and
damaged skin
and hair

Restless Swelling and

legs soreness of
the tongue
and mouth

Oxygen transport
Oxygen transport
Electron transport. Respiration
Electron transport. Oxidation/reduction
Electron transport. Oxidation /reduction.
Drug detoxification
DNA synthesis
Collagen synthesis
Decomposition of hydroperoxides
Decomposition of hydronen peroxide
HPETE and leukotriene synthesis
Prostaglandin and thromboxane synthesis
Tricarboxylic acid cycle
Tricarboxylic acid cycle
Electron transport. Respiration
Conversion of xanthine to uric acid
Metabolism of aldehydes
Iron transport in plasma
Iron binding in milk and other secretions
Iron storage
Iron storage
Protein affecting iron metabolism
Protein affecting iron metabolism
Protein affecting iron metabolism

Adapted from reference [25].



THERAPY OPTIONS v ronN

* Rapidly replaces iron

BLOOD ORALIRON stores and provides
e Only treats anaemia in o Cheapestiproduct the bone marrow
the short-term which is\wiidely substrate needed to
e Does not address the availalblle: address the
underlying iron < Slowly replacesfilkon anaemia.
deficiency until much S{ES * Newer preparations
later (recycling of red * lffabserptioniissue, have a good safety
cells). ineffective. profile.
e High Cost R2 200 to e Side effectstand * Lower cost of
R3 100 compliance cantberan therapy. “R120 —
* RISKS of transfusion. Issue R510 per dose of

iIron sucrose




Ganzoni Equation for Iron Deficiency

Intravenous lron

Anemia
S u C r-o S e T h e ra py Calculates iron deficit for dosing iron
When to Use ~
* Widely available
Weight
* Generally safe (low g 1 iy
rates of anaphylaxis) - ———
no test dose required ‘ Vorm: 1217 oL &5
° Can be used tO get tO Actual hemoglobin Jil &
target haemoglobin or h
just start replacement .
* Dosing (alternate Boiligir3sks
days) of

* 100mg in children
e 200mg adolescents

Deficit = wt X (target Hb — actual Hb) X 2.4 + iron stores



CASE 1: What did we do?

Date |20/10/22|24/10/22|26/10/22|22/05/23(31/07/23|06/11/23
WCC 7.39138.97 H (22.74 H |7.58 5.95 4.55

RCC 12.09 L 2.76 L 3.23 L 5.63 H 4.96 5.01

HB 2.8 L 3.9 L 4.7 L 12.3 10.5 10.6

HCT (0.128 L. |0.164 L |0.218 L (0.425 0.353 0.368
MCV [61.3 L 59.4 L 67.5 L 75.4 L 71.2 L 73.4 L
MCH (13.6 L 14.1 L 14.6 L 21.9 L 21.2 L 21.1 L
PLT |33 L 68 L 155 L 348 533 H 445 H




Why call iron
deficiency a
syndrome?

* You need to
think of a cause

Causes of Iron Deficiency

Anemia

Physiological* Inadequate intake
Infancy Poor nutrition

Adolescence Wegans

Pregnancy™ Vegetarians

*Increased iron demands

**Total iron loss about 1000 mg

Abbreviations: G/, gostrointestinal; GU, genitourinary; IV,
introvascular, IRIDA, iron-refractory iron deficiency anemio

Decreased absorption

Celiac diagease
Bariatric surgery
Atrophic gastritis

Gaztrectomy

Medications***

H. pylori

Genetic IRIDA

**% g g, proton pump inhibitors

4
‘6

Menstrual
Gl tract
GU system

IV hamolysis

Frequeni blood
donation

Excessive blood
draws

**** |ron loss about 1 mg/day



HAEMATOLOGY: GENERAL APPROACH

QUANTITY ISSUE

QUALITY ISSUE

PERIPHERAL /

+ + + -=-
: Destruction /
Production
== 1
PRODUCTION
HIGH / INCREASED LOW / DECREASED
CENTRAL
== I
Removal




How does iron deficiency develop?

QUANTITY ISSUE

INTAKE ,
. - Destruction /
* Dietary deficiency |
* Absorption problem Remova
* Gut
* Hepcidin LOW / DECREASED
* Lack of acid, vitamin C,
etc. _
* Inhibition (phytens = Production

brans etc, tannins = teas)

LOSS

 Growth
* Bleeding (G,

Genitourinary,
Mucocutaneous, Lungs)
* |ntestinal worms

 Haemolysis



IRON STORES IN A CHILD WITH NO EVIDENCE OF IRON DEFICIENCY




IRON

B}ALA[N]@

STORES
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Why call iron deficiency a
syndrome?

* You need to think of a cause

IN CHILDREN:

* Tend towards low iron levels

* Growing

* Small dietary deficit will allow development
* Intestinal parasites

* Malabsorption

* Bleeding —rarer




Finding/addressing the cause

* Detailed history

* Ensure adequate intake

* Consider deworming

* Consider absorption problem

* Then start thinking blood loss
 Haemolysis
* GIT
* Genitourinary
* Pulmonary

IF YOU DO NOT FIND AND ADDRESS THE CAUSE, YOU DO NOT SOLVE THE PROBLEM
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Case 2

e 9-year-old female

* Presented with swelling of the right arm
e Spontaneously following bumping of it

* On examination she was found to be:
e Cyanosis |
* Plethora - Undiagnosed Tetralogy of Fallot
* Clubbing

Secondary Polycythaemia

Upper limb DVT




Results

Reference Unit FBC

3.9 - 10 (x1079/L |WCC 5.29

3.8 - 54 (x10712/L|RCC ? Fe studies

10 - 16 |g/dL HB 20.6 Serum Fe 6.4
0.3 - 0.5 |L/L HCT 0.694 TF 5 23
77 - 92 |fL MCV 82.1 % Sat 11
26 - 32 |pg MCH ? —

33 - 35 |g/dL MCHC ? Ferritin 17
12 - 15 (% RDW ?
180 - 440 |x 1079/L |PLT 80




Management

* Partial exchange transfusion

* Venesection with replacement of
fluid volume given cardiac
condition

* Iron replacement

e Anticoagulation
* Clexane in hospital

e Converted to Rivaroxaban for
discharge




ASH PUBLICATIONS

Cause of thrombosis: € blood

102.|RON HOMEOSTASIS AND BIOLOGY | NOVEMBER 2, 2023

Association between Iron Deficiency Anemia and Thrombosis, a Population Based
Study

Eric Nathan Laber, Damian A Laber

"} Check for updates

Blood (2023) 142 (Supplement 1): 5232.

https://doi.org/101182/blood-2023-190934

E} Split-Sereen 058 Share v e-g Tools PDF

Conclusions: In this population based study, thelincidence of thrombosis was 6-10 times greater in patients with IDA

compared to no-IDA. Our data suggests that IDA is a risk factor for thrombosis in all patients. Prospective studies might be

needed to confirm our findings. Finally, our data suggests that{treatment of IDA might decrease the risk of thrombosis.




SYNDROME 1 SYNDROME 2

IRON
DEFICIENCY CASE 2 THROMBOSIS




Primary:
(Platelets
and Vessels)

EEIM N ENE

Tertiary:

Fibrinolysis

Secondary:

Coagulation
Factors




Thrombosis: Causes

Immune
Stasis dysregulation

TETRAD OF
THROMBOSIS

CLASSICAL
VIRCHOWS
TRIAD

Hypercoagulability Endothelial
dysfunction




Home > Cell and Tissue Research > Article

Endothelial cells and coagulation

Review | Open access | Published: 20 May 2021

Katharina Neubauer & Barbara Zieger

Volume 387, pages 391-398,(2022) Cite this article

Inhibitory properties of endothelial cells
Endothelial ceII\

Paediatric Thrombosis
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LABORATORY BASED COAGULATION CASCADE

EXTRINSIC PATHWAY INTRINSIC PATHWAY

i
e
N
X > Xa V- Va
v
PTT

‘ MIXING STUDIES
Fibrinogen - Fibrin o
CORRECTION = factor deficiency

50% patient sample with 50% normal pool
INR CLOT NO CORRECTION = inhibitor




ANTICOAGULANT DRUGS

EXTRINSIC PATHWAY INTRINSIC PATHWAY

Anti-Xa

Prothrombin - Thrombin Xa inhib
lla inhib

.
e
TF > IX=> IXa RIIERA1IE LMWH /
\ / Fondaparinux

Fibrinogen - Fibrin

INR




Anti-Xa inhibitors

* Drugs:
* LMWH (e.g. Enoxaparin) — subcutaneous injection
* Fondaparinux — subcutaneous injection
* Rivaroxaban — oral tablet
* Apixaban — oral tablet

e Used in the treatment of venous thromboembolism and stroke
prevention in non-valvular atrial fibrillation

e Used for prophylaxis for venous thromboembolism (i.e. prolonged
hospital admission)

* Effects measured using anti-Xa levels — SPECIFIC for each drug

* Settings where VKA is still the drug of choice:
* Anti-phospholipid syndrome
 Valvular Atrial Fibrillation



HOW | TREAT | FEBRUARY 1, 2024

How | treat pediatric venous thromboembolism in the DOAC era

Q5 Clinical Trials & Observations
Rukhmi V. Bhat, Guy Young, Anjali A. Sharathkumar

") Check for updates

,.+"'_" "’f,l_ )
Biood {2024) 143 (5): 389-403. ‘gl blO Od
Ty

https://doi.org/101182/blood. 2022018966

i Licenced overseas.
e Rivaroxaban
e Dabigatran

VTE Diagnosis
(DVT, PE, CSVT)
N
Indication for
¥
Yes No
. |
] Y
Hospitalized Patient Ambulatory Clinical
v Patient Observation
thodynllnitmty l
¥ v
No Yes Yes
v v
Low bleading risk Thrombophilia R
No upcoming major surgery evaluation needed .
v v ¥
Consider SOC
Yeos No until testing
' ' =
A Tolerating PO/NG for 48 hours l
Consider SOC Normal Renal Function - T
until patient  — e Funetion Diagnosis
s stable No Severe Comorbidities
No Medication Interactions
No Recent Surgery/Trauma
Appropriate Formulation Available
v
Yes Yes
Consider DOAC Treat with SOC



XARELTO® (rivaroxaban)  https://www.janssenscience.com/product
s/xarelto/medical-content/xarelto-dosing-
and-administration-in-pediatric-patients

Medical Information

Recommended Dosage in Pediatric Patients Birth to Less than 18 Years for Treatment of and Reduction in Risk of Recurrent VTE"2P

1mg XARELTO =1 mL Suspension

Dosage Form Body Weight Dosage
d - d - d
Once a Day 2Times a Day 3 Times a Day
26kgto29kg - - 0.8mg 24mg
3kato3%kg - - 09 mg 27mg
4kgtodTkg - - 14 mg 42mg
Skato 69 kg - - 1.6 mg 48mg
Oral suspension only 7kgto79kg = - 1.8 mg 54 mg
B8kgto89kg - - 24 mg 72 mg
9kgto 99 kg - - 2.8mg s4mg
10 kgto N9 kg - - 3mg 9mg
12kgto 299 kg - Smg - 10mg
30 kg to 499 kg 15 mg - - 15mag
Oral suspension or tablets
250 kg 20 mg - - 20 mg

®Initiate XARELTO treatment following at least 5 days of initial parenteral anticoagulation therapy. “Patients <6 months of age should mest the following criteria: at birth were at least 37 weeks of gestation, have had at
least 10 days of oral feeding, and weigh 22.6 kg at the time of dosing “All doses should be taken with feeding or with food since exposures match that of 20 mg daily dose in adults “Once a day: approximately 24 hours
apart; 2 times a day: approximately 12 hours apart; 3 times a day: approximately 8 hours apart.



JOURNAL ARTICLE

2021 European Heart Rhythm Association Practical

' " Guide on the Use of Non-Vitamin K Antagonist Oral
IVI O n I to r I n g Of D OACS ? Anticoagulants in Patients with Atrial Fibrillation

¢ B ig se I I i N g p (@) i nt i S t h e Table 11 Plasma levels and coagulation assays in patients treated with NOACs for stroke prevention in AF

n e e d fo r Dabigatran® %54 Apixaban®" Edoxaban®®'%® Rivaroxaban

519,520,551

Expected plasma levels of NOACs in patients treated for AF*
Peak levels 52-383 62321 101288 178343

() H Oweve r’ Trough levels 28-215 34-230 1243 12137
Expected impact of NOACs on routine coagulation tests'*%-150.158.54%.552-554
FT peak at peak | at therapeutic levels | at therapeuic levels
. . (1) if supratherapeutic'* {if sensitive assay is used) (if sensitive assay is used)
m O n Ito rl n g S u C h a S Mormal values do not Mormal values do not
exclude trough levels exclude trough levels

paediatrics aPTT '|Ifi1 at peak at peak at peak

MNormal values exclude supratherapeutic-
but not therapeutic levels
ACT Iih
Consistent with effect on aPTT

* 6-monthly - e _ _ .
Mormal values exclude presence of Dabigatran
* Growth P -

* Clinical change

ACT, activated clotting time; AF, atrial fibrillation; aFTT, activated prothrombin time; NOAC, non-vitamin K antagonist oral anticoagulant; PT, prothrombin time.
*[ng/ml] 5-95% percentiles for FXa inhibitors and 10-90% percentiles {ng/ml) for Dabigatran).



CrCl Dabigatran Rivaroxaban Edoxaban Apixaban

DOACs
and renal
dys-
function

A0 milfrmin

20 mg

A 1s0mgBw( ¥ ¥ W _..3mgBID/

50 mlfrin
110mg BID* 2.5 mg BID®

40 milfmin

...............................................................................................

30 milfmin

15 mi‘min

JOURNAL ARTICLE

2021 European Heart Rhythm Association Practical Dialysis
Guide on the Use of Non-Vitamin K Antagonist Oral
Anticoagulants in Patients with Atrial Fibrillation

Figure 7 Use of NOACs according to renal function. *110 mg BID in patients at high risk of bleeding (per SmPc). "Other dose reduction criteria
may apply (weight < 60 kg, concomitant potent P-Gp inhibitor therapy). According to EMA, SmPc edoxaban should be used in ‘high CrCl only after a
careful evaluation of the individual thromboembolic and bleeding risk'.*" See text for details. 2 x 2.5 mg only if at least two out of three fulfilled: age
>B0 years, body weight <60 kg, creatinine >1.5 mg/dL (133 pmol/L). Orange arrows indicate cautionary use; see text for details. BID, twice daily;
CrCl creatinine clearance; EMA, European Medicines Agency; NOAC, non-vitamin K antagonist oral anticoagulant; RCT, randomized clinical trial;
VKA, vitamin K antagonist



NovoSeven®RT )

Bleeding with DOACs Coaqulation Factor Vila
(Recombinant)

* There is no available product
to directly treat in South Africa

 Andexanet alpfa
(R Hundereds of thousand a dose)
 Recombinant Xa product

* Best option available — Novoseven
* Recombinant Vlla

* Prothrombin complex
* Haemosolvex

Cooguiaion ok
eev | FECombinont] i
200 mg/via

0
fowdied

.f‘_!
Ry ony



Case 3

e 10-year-old girl

* Presented with end-stage renal
disease

* Initially started on haemodialysis
(femoral Quinton line)

* Then converted to peritoneal
dialysis (line removed)

* 3-months later — represented with
DVT of the leg

Peritoneal
fining

Peritoneal
cavity

PERITONEAL
DIALYSIS

\ | solution

Inflow

Qutflow

5]

Y,




journal of
J thrombosis and haemostasis®

ORIGINAL ARTICLE | VOLUME 21, ISSUE 6, P1601-1609, JUNE 2023 JSABIGIGERRSINEIE

Real-world use of apixaban for the treatment and prevention of

thrombosis in children with cardiac disease

Christina VanderPluym 2 [ = Paul Esteso = Ashish Ankola = ... Maria A. Cetatoiu = Kimberlee Gauvreau =

Jesse J. Esch « Show all authors

Published: March 13, 2023 = DOI: https://doi.org/10.1016/j.jtha.2023.03.005

* Weight 4 to 9 kg: 0.625 mg twice daily

» Weight >9 to 18 kg: 1.25 mg twice daily
* Weight >18 to 29 kg: 2.5 mg twice daily
» Weight >29 to 35 kg: 3.75 mg twice daily

* Weight >35 kg: 5 mg twice daily, except in the following circumstances:
o Treatment of acute pulmonary embolism (PE): 10 mg twice daily x 7 days, then 5 mg twice daily

o Weight >100 kg and high-risk thrombosis indication: consider 7.5 mg twice daily starting dose



Progress

» Started on Clexane at 1Img/kg/BD

* Struggled with dosing

* Decreased to 0.5mg/kg/daily

* Trough levels were in therapeutic range
 DOAC?

* Cannot use Rivaroxaban due to renal
clearance

* Managed to get Apixaban sponsored

* Treated for 3 months with Apixaban —
good response




summary

* [ron deficiency and thrombosis should be thought of as syndromes —
* SEARCH for a cause

* [ron deficiency is COMMON

* Consider IV iron for certain cases, particularly severe cases
* Iron deficiency has complications

* DOACs are good drugs to consider for treating thrombosis



