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HEMATO-ONCOLOGY

NUTRITIONAL ANEMIA - STRATEGY
FOR PREVENTION AND MANAGEMENT

*Elizabeth KE

Abstract: Thisreview elucidatesthe prevalence of anemia
in various age groups in India and existing strategies for
prevention and management of anemia. Theinadequacies
of existing strategies and their solutions are discussed.
Multi-pronged approach incorporating delayed cord
clamping, iron folic acid supplementation, dietary
diversification and food fortification is recommended.
Besides, thereisa need to addressiron refractory anemia,
infections like malaria, worm infestations, Helicobacter
pylori infection and also genetic causes like
hemogl obinopathies.

Keywords: Anemia, Prevalence, Digital testing for
hemoglobin, Anemia mukt bharat, National iron plus
initiative.

Anemia, especially nutritional, isamajor public health
issuein Indiathat cuts across all age groups and all socio-
economic strata. The global prevalence of anemiais aso
high;* 43% among children, 38% among pregnant mothers
and 29% in women in the reproductive age group (WRA)
of 15-49 years of age. As per National Family Health
Survey (NFHS-4) 2015-2016, our country is having
alarmingly high prevalence of anemia - 58% among
6-59 month old children, 50% among pregnant mothers
and 53% among women of reproductive age (WRA).?
Anemia prevalence of more than 40% is considered a
serious and important public health problem. Despite all
the existing public health measures to curb anemia, the
decline in the prevalence over the last decade from
NFHS-3 (2005) to NFHS-4 (2015) is only 10% among
young children, 8% among pregnant and 2% among
WRA 23

Anemia adversely affects oxygen carrying capacity,
physical stamina, learning ability, cognition, brain
development and myelination in growing children and

*  Professor & Head, Department of Pediatrics,
Sree Mookambika Institute of Medical Sciences,
Kulasekharam, Kanyakumari, Tamil Nadu.

email: drelizake@gmail.com

henceincreases morbidity and mortality in pregnant women
besides increasing premature births, low birth weight
(LBW), perinatal morbidity and mortality.

Causative factors for anemia are ineffective
erythropoiesis, hemolysis and blood loss. Common
etiologies of anemia are nutritional deficiencieslikeiron,
folate, vitaminsB12, B6 and E, copper and protein, diseases
related to bone marrow and kidney, chronic infections, and
hemolytic anemias. Recently, the role of vitamin A and D
deficiency in anemia has been highlighted.*®
The pathogenesisisthrough diverse biological mechanisms
like differentiation of erythrocyte progenitor cells and
mobilization of iron stores by vitamin A and reduction of
pro-inflammatory cytokines and direct suppression of
hepcidin mRNA transcription by vitamin D.*°
Approximately half the cases of anemia are due to iron
deficiency.® Hence, management strategies and prevention
are centered around iron and folic acid (IFA)
supplementation. ‘ AnemiaMukt Bharat’ under the‘ Poshan
Abhiyan Programme’ aims at a ‘Life cycle approach’
covering all children beyond 6 months of age, including
adolescents and WRA including pregnant and lactating
women, in the updated version of Nationa Iron Plus
Initiative (NIPI) campaign.”® Effective and universal
strategies for management and prevention of anemia is
expected to reduce morbidity, mortality and disability.

Iron deficiency and treatment

Iron deficiency is very rampant in developing
countries and it has three stages; a stage of iron depletion,
iron deficiency and iron deficiency anemia (IDA).

Table I. Iron requirement in various age groups

Age Male Female |Pregnancy | Lactation
Birth to 0.27 mg - -

6 months

7-12 11 mg - -
months

1-9years 10mg - -
Adolescentsf 8-11mg | 8-15mg - -
Adults 8mg 18 mg 27mg 9mg
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Table II. WHO recommended hemoglobin cut off values (g/dL) among beneficiaries.®

Population No anemia Mild anemia M oder ate anemia Severe anemia
Young Children >11 10-10.9 7-9.9 <7

(6-59 months)

Children (5-11 yrs.) 11.5 or more 11-11.4 8-10.9 <8

Children (12-14 yrs)) 12 or more 11-119 8-10.9 <8

Pregnant woman 11 or more 10-10.9 7-9.9 <7

Femae >15yrs 12 11-11.9 8-10.9 <8
Male>15yrs 13 11-12.9 8-10.9 <8

WRA 12 11-11.9 8-10.9 <8

Table III. Various laboratory tests for iron deficiency (ID) and iron deficiency anemia (IDA)

Par ameter Cutoff Value Remarks

RBC Count - Child 4.0 - 5.2 million cells/microliter Decreasein IDA

Adult Male 4.5 - 5.9 million/microliter

Female 3.8 - 4.8 million cells

Hematocrit / PCV Decreasein IDA

Male 40.7% to 50.3%

Female 36.1% to 44.3%

Red cell Indices

MCV 87 + 7 fl. MCV, MCH, MCHC decreasein IDA

MCH 29 + 2 picogram/cell

MCHC 34+2g/dL.

RDW - Child 13+ 1.5% Increasein ID & IDA

Male 12.2-16.1%

Female 11.8- 14.5%

S. Iron- Male 65-177 pg/dL (11.6-31.7 umol/L) DecreaseinID & IDA

Female 50-170 pg/dL (9.0-30.4 umol/L)

S. Ferritin - Male 20-250 ug/mL Decrease in IDA, Increase with infalmmation

Femae 15-150 ug/Ml

TIBC 250-370 pg/dL (45-66 umol/L) IncreaseinID & IDA

Transferrin Saturation

Male 20-50% Increasein IDA

Female 15-50%

Trasferrin Receptor (TfR) 3fold rise (nmol/L) Increase in 1D, Unaffected by inflammatory
markers

Mentzer Index MCV/RBC Count >13inIDA, < 13 in Thalassemia

Peripheral smear Microcytic Hypochromic Anemia | Abnormal in IDA

Retic count 0.5-1.5% Decreasein IDA

Bone Marrow Stain for Iron | Prussian Blue Stain for Ferric Iron Decreasein ID & IDA
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Iron requirement varies with age and physiological status
(Tablel).

Dietary iron hastwo main forms: heme and non-heme.
Bioavailability of hemeiron is better than non-hemeiron.
Plantsand iron-fortified foods contain non-hemeiron only,
whereas meat, seafood and poultry contain both heme and
nonheme iron. Heme iron, which is formed when iron
combines with protoporphyrin X, contributes
about 10% to 15% of total iron intake. A divalent metal
transporter (DMT1) transports iron across the mucus
membrane into the cell. From the cell, it iseither stored in
ferritin or exported by ferroportin 1 (FP1), located in the
enterocyte. Ferrousiron is oxidized back to ferric form by
ferroxidase, ceruloplasmin and hephaestin and loaded into
transferrin. Hepcidin isakey regulator of the entry of iron
into the circulation. Iron isincorporated into hemoglobin,
myoglobin and various enzymes. 90% of circulating iron
isbound to transferrin and 10% to ferritin. Ferritin reflects
iron stores.

Theclinical manifestationsof iron deficiency and IDA
are varied. WHO recommended cut off values of
hemoglobin are depicted in Table 1.

A variety of tests are available to detect IDA
(Table I11). Among these, increase in RDW, Total Iron
Binding Capacity and Transferrin receptor are early
markers of iron deficiency, before IDA setsin.

Various oral and parenteral iron preparations are
available for treatment (Table 1V). Ferrous salts and
sustained release preparations are more bioavailable.

2020; 22(3):247

A daily dose of 3 mg/kg of ironis currently recommended
for treatment under the Anemia Mukt Bhart programme.°
Ironisadministered 1 hour before or 2 hours after meal for
better absorption. Administering iron preparation to higher
back in the tongue and oral rinsing with water are
recommended to prevent staining of teeth. Revaluation is
recommended after 3-4 weeks and the expected rise in
hemoglobinis>1.5g/dL. Otherwiseironrefractory anemia
should be considered. In those who respond, iron should
be continued for 12-20 weeks after restoration of normal
hemoglobin to restore stores. Hospitalization is
recommended in under five children and pregnant mothers
with hemoglobin <5 g/dL. Packed red cell transfusion and
parenteral iron preparations are advisable in them.?
Dose of iron for parenteral deficit therapy iscalculated as
follows. 4.4 X Body weight (Kg) X Hb deficit (g/dL).
Various other formulae are also available for calculation.
Iron therapy iscontraindicated in primary hemochromatosis
and hemosiderosisin children with hemolytic anemias.

Appraisal of existing management and
preventive strategies

Anemia Mukt Bharat isa 6 X 6 X 6 strategy
with 6 sets of beneficiaries, 6 sets of goals with 6 major
interventions and 6 institutional mechanisms.® Currently,
enteric coated tablets are getting replaced by sugar coated
tablets of iron folic acid (IFA). The aim is a lifecycle
approach of iron supplementation for the target group;
especially females, starting biweekly for 6 months- 5 years,
weekly for 5-10 years, 10-15 years and 15- 49 years old
WRA.. Maesareincluded in the programme from 6 months
till 15 years of age.

Table IV. Various oral and parenteral iron preparations.

Prepar ation Srength | Remarks

Ferrous sulfate - hydrous 200 mg 20% elemental iron

Dried - anhydrous 200 mg 32% elemental iron

Ferrous Gluconate 300 mg 12% elemental iron

Ferrous Fumarate 200 mg 33% elemental iron

Carbonyl Iron 45mg 97.5% for grade S and 99.5% for grade R compounds. Do not lie
down for at least 10 minutes after taking

Colloidal Ferric Hydroxide 25mg/ml | Iron (111) oxide-hydroxide or ferric oxyhydroxide

Iron Hydoxy Polymaltose Absorption not hindered by food, less Gl upset, negligible free
radicals

Iron Dextran IM Iron Sorbitol IM | 50 mg/ml | Maximum dose 2g, Deep IM in buttock using Z Track technique

Iron Sucrose 1V 50 mg/ml | Can be given as slow infusion with NS

Ferric Carboxy Maltose (FCM) Recommended as per Anemia Mukt Bharat Programme. Both oral
and IV
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Six sets of beneficiaries for anemia prophylaxis

1. 6-59 months - Biweekly 20 mg elemental iron and
100 mcg folate as | FA syrup/tablet, starting at 6 months
of age plus biannual deworming starting at one year
of age

2. 5-10 years - Weekly Iron and Folic acid
supplementation (Junior WIFS), pink tablet containing

45 mg elemental iron and 400 mcg folic acid plus
biannual deworming.

3. 10-15 years - Weekly IFA supplementation (WIFS),
blue tablet containing 60 mg elemental iron and
500 mcg folic acid plus biannua deworming.

4. Pregnant mothers - Daily IFA, red tablet containing
60 mg elemental iron and 500 mcg folic acid up to
180 tablets, starting from 14 weeks of gestation till
delivery.

5. Lactating mothers-red tablet containing 60 mg
elemental iron and 500 mcg folic acid postnatally for
six months- 180 tabl ets.

6. WRA- Weekly IFA red tablet containing 60 mg
elemental iron and 500 mcg folic acid.

The six set of goalsfor 2022

Taking 2016 asbaseyear, a3% reduction in prevalence
istargeted every year in each group, totaling 18% reduction
in 6 years, i.e., by year 2022.The goals are as follows.

1. In6-59 monthsold children, reduce anemiaprevaence
from 58% to 40%.

2. In adolescent boys, reduce anemia prevalence from
29% to 11%.

In adolescent girls, reduce from 54% to 36%.

In pregnant mothers, reduce from 50% to 32%.

o M

In lactating mothers, reduce from 58% to 40%.
6. In WRA, reduce from 53% to 35%.

The six interventions

1. Prophylactic IFA supplementation.
2. Deworming.

3. Intensified year-round behavioral change
communication campaign (Solid body, Smart Mind),
ensuring delayed cord clamping.

4. Testing of anemiausing digital methodsand treatment.

5. Mandatory provision of iron folic acid fortified foods,
especially in Government funded programmes.

2020; 22(3):248

6. Addressing non-nutritional anemiain endemic pockets
with special focuson malaria, hemoglobinopathiesand
fluorosis.

The six institutional mechanisms

1. Intra-ministeria coordination.
2. National Anemia Mukt Bharat Unit.

3. National Centrefor excellence and advanced research
on anemiacontrol.

4. Convergence with other ministries.
5. Strengthening supply chain and logistics.

6. Anemia Mukt Bharat Dashboard and digital portal -
One stop shop for anemia. This is a very elaborate
guide on anemia prophylaxis and treatment.

Point of Care Testing (POCT) for anemia by WHO
approved methods is not yet in place.™ The cut off values
for normal hemoglobin and mild, moderate and severe
anemia in various age groups are not universally
disseminated.® For operational convenience, double the
dose of prophylaxisisgiven for treatment, with monitoring
after 2-4 weeks. If thereis no improvement in hemoglobin
with IFA supplementation, alternative causes like iron
refractory anemia, infections like malaria, worm
infestationsand H. pylori infection and genetic causeslike
hemoglobinopathies are to be investigated. In severe
anemia, judicioususe of parenteral iron (Iron sucrose, ferric
carboxy maltose) and packed red blood cells transfusion
are recommended.

Behaviora change communication (BCC) also aims
at dietary diversification including ‘3 Gs- grams, grains
and greens’, nuts, dry fruits, along with vitamin C and heme
iron, along with advice for avoiding coffee and tea with
major meals. Delayed cord clamping up to one to three
minutes, exclusive breastfeeding till 6 months of age and
cooking at least one food item in cast iron vessel by long
duration simmering are the other community level
interventions.

Another parallel programme is food fortification,
namely iron fortified rice and other cereals for young
children, iodine and iron double fortified salt and home
fortification using micronutrient powders (MNPS) to supply
at least 12 mg elemental iron.

Setbacks and solutions in the existing
programmes

IFA supplementation isin place for severa decades,
but the impact on anemia reduction is not rewarding
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so far. There are several operational and social reasonsfor
this. The following are some of the issues to be analysed
and apprised on awar footing:

e |FA supply isirregular and not uniform even in the
governmental facilities. The private sector is often not
included in the umbrella of free IFA prophylaxis
programme.

o Private health facilities are not adequately sensitized
or informed about the recommendations of theAnemia
Mukt Bharat programme.

e Compliancetothe IFA programmeisonly about 30%
among those who receive |FA.

¢ WHO (2001) recommendsdaily iron supplementation
among 6-59 months-old children, in countries with
anaemia prevalence >40%, but India is following
biweekly supplementation for logistic reasons.21314

e From 1970 till recently, the elemental iron content in
IFA for adolescents and adults was 100 mg, which is
higher than the reported tolerable upper limit (TUL),
which is estimated to be 60 mg or even less.'516
Currently it isrecommended to givetablets containing
60 mg elemental iron.

o Enteric coated IFA has less bioavailability compared
to sugar coated tablets. Currently sugar-coated tabl ets
are recommended.

e About 90% of oral intake of iron is unabsorbed and
unbound iron can lead to oxidative stressand increased
morbidity from infections.r” Hence iron has to be
withheld during theinitial phase of SAM management
protocol (2 weeks), even inthe presence of significant
anemia.

e Fecal iron has an inverse relationship with fecal
lactobacilli suggesting unhealthy gut microbiome.®
Altered gut microbiota may lead to increased risk of
insulin resistance and obesity.®

e Higher doses of iron supplementation, >60 mg of
elemental iron intake during pregnancy islinked with
gestational diabetes.?

e Ferrous Sulphate is not a gastric friendly drug and
hence, compliance and adherence are low in al age
groups. Development of low dose highly bioavailable
iron formulations in supplementation programmes is
suggested; liposomal iron, sprinkles etc. need to be
piloted.

e Dietary diversity and intake of vitamin C for
absorption of non-heme iron is not often practiced,
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instead intake of coffee and tea that hinder iron
absorptioniswidely in practice. Bioavailability of iron
has been shown to double by adding 100 g guavathan
with amla.’* Amla contains the antioxidant
polyphenols, which is an anti-nutrient to iron.%
Phytate also reduces iron absorption. Recommended
phytatetoironratio is<0.4:1 and that of vitamin C to
iron is>4:1 for better bioavailabilty.?

o Apart from supplementation and dietary diversity, food
fortification is an important strategy to curb anemia.
Eventhough, it isexpensive, it can reach largemgjority
of population. But fortification strategiesliketheiron
and iodinefortified salt, is till in the pilot stage only.

e Use of point of care testing (POCT) in measurement
of hemoglobin is not in place. Invasive methods like
direct cyanmethemoglobin method (gold standard),
hemoglobin color strip (HCS-HLL), digital
hemoglobinometers (TrueHb), hemocue, Hemocue
301with reagent free cuvettes, Dia Spect and non-
invasive devices (TouchHb), Occlusion spectroscopy-
NBM 200, transcutaneous reflection spectroscopy
(HemoSpect), pulse co-oximetry are recommended by
WHO.®

¢ |ron refractory anemia, infectionslike malaria, worm
infestations and H. pylori that hinder iron absorption
in upper gut, prevalence of megal oblastic anemiadue
to B12 deficiency and genetic causes like
hemoglobinopathies are to be addressed in relevant
Cases.

e Comparison of prevalence of anemia estimated by
NFHS, District level health survey (DLHS) and annual
health survey (AHS) and reporting reduction or
increasein prevalence of anemiahasabig fallacy due
to the difference in sampling techniques and method
of estimation of hemoglobin levelsand cut off values.?

Conclusion

Indiahasahigh prevalence of anemia (>40%), which
cuts across all age groups and socio-economic status.
Anemia Mukt Bharat under the Poshan Abhiyan
Programme which is the updated version of National Iron
Plus Initiative (NIPI) campaign, isa‘Lifecycle approach’
covering all vulnerable age groups with a set of
interventionsand different institutional mechanismsaiming
at time bound targets. Multi-pronged approach of delayed
cord clamping, iron folic acid supplementation, dietary
diversification, cooking in cast-iron vessels and food
fortification is recommended. Other issues that need to be
addressed are, iron refractory anemia, infections like
malaria, worm infestationsand H. pylori and genetic causes
like hemoglobinopathies.



Indian Journal of Practical Pediatrics

Points to Remember

Thereis high prevalenceof anemiain all agegroups
including women of reproductive age, in our country
which is a serious public health problem.

Anemia Mukt Bharat is an updated version of
National Iron Plus Initiative (NIPI) campaign.

For operational convenience, doublethedose of | FA
recommended for prophylaxisisgiven for treatment
of iron deficiency anemia, followed by monitoring
after 2-4 weeks.

Currently thetolerable upper limit of elemental iron
is estimated as 60 mg.

If thereisno improvement in hemoglobin, alternate
causes should be considered.

Multi-pronged approach like delayed cord clamping,
iron folic acid supplementation, dietary diversification
and food fortification is recommended.

Behavioral Change Communication aims at dietary
diversification.

Iron fortified rice and other cereals, doublefortified
salt and home fortifications are recommended.

WHO 2001 recommends that children between
6 - 59 months must be prescribed daily iron if the
prevalence exceeds 40%.

Dietary diversity and ideal phytate to iron ratio
(< 0.4 :1) and vit C to iron ratio (4:1) are
recommended for better absorption.
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CLIPPINGS

COVID-19 anticoagulation recommendationsin children.

COVID-19 caused by SARS-CoV-2infection is often associated with hypercoagulability and disseminated
intravascular coagulation manifesting as progressive lung and kidney disease, pulmonary emboli, venous
thrombotic events, recurrent line obstruction, and stroke in adults. Maor hematology organizations like the
American Society of Hematology, International Society of Thrombosis Haemostasis etc. have published
recommendations for anticoagulation of hospitalized symptomatic adults with COVID-19. However similar
guidelinesfor childrenwith COVID-19 arelacking. Theauthorsfrom Children’sHospital Colorado and University
of Colorado, after reviewing published literature on adults with COVID-19 and thrombosis in childhood,
developed preliminary recommendationsfor the hemostatic eval uation, imaging, risk assessment for thrombosis,
and anticoagulation for children hospitalized with COVID-19 at their institution.

They recommend that all pediatric patients admitted for management of SARS-CoV-2 infection be evaluated
upon admission, and daily thereafter for thrombotic risk and that all patients at risk for thrombosis be initiated
on mechanical and/or pharmacologic prophylaxis, if appropriate. A complete blood count with platelet count,
fibrinogen, prothrombintime, D dimer are obtained on admission and serially for monitoring. LMWH issuggested
for prophylaxis because of extensive pediatric experience. Worsening trend in the ‘ DIC score’ and D-dimer may
dictate evaluation of new onset thrombosis and stepping up antithrombotic treatment but it isnot known whether
such changes have the same level of prognostication in children asin adults.

They aver that as pediatric experience with COVID-19 increases, recommendations may need modification.
They suggest looking at consensus recommendations by hematology societies when applying these guidelines.

Loi M, Branchford B, Kim J, Self C, Nuss R.COVID-19 anticoagulation recommendations in children.
Pediatr blood cancer 2020; 67(9):e28485.

Coping with corona: A developing country perspective on managing children with cancer during
COVID-19 pandemic.

As the COVID-19 pandemic escalates and developed countries struggle to contain the virus and keep routine
health-care delivery afloat, the situation in countries with already constrained health-care systems might turn
into a massive tragedy. Therefore, proper planning in anticipation of the worst and making contingency plans
for smooth and pragmatic delivery of careto non-COVID related illnesses, which are likely to take a backstage
duringthiscrisis, isthe need of the hour to avert greater collateral damage. With the progression of the pandemic,
we expect to have more data on children with cancer, and the question on how the above interventions and
treatment modifications would pan out, in the end, is for the future to answer.

Saroha M, Moulik NR. Coping with corona: A developing country perspective on managing children with
cancer during COVID-19 pandemic. Cancer Res Stat Treat 2020; 3, Suppl S1:97-101.
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HEMATO-ONCOLOGY

MEGALOBLASTIC ANEMIA - AN UPDATE

*Sunil Gomber
**Mukesh Yadav

Abstract: Megaloblastic anemiaisa multisystemdisorder,
which can easily be diagnosed with high index of suspicion.
A complete blood count and review of blood and bone
marrow films reflect the typical pathognomonic cytologic
appearance of megaloblastic anemia. Assessment of
metabolites like serum homocysteine and methylmalonic
acid in the serumor in the urineis considered to be more
sensitive and specific whereas serum cobalamin and folate
levelsare of limited value. It ishighly amenableto therapy
once the primary cause is established.
Appropriate replacement therapy of deficient nutrient,
cobalamin or folate or both, easily corrects the anemia.

Keywords: Anemia, Megaloblast, Replacement therapy,
Children.

Megal oblastic anemiais one of the important causes
of anemia in children. It is a distinct type of anemia
characterized by macrocytic RBCs and typical
morphological changes in RBC precursors known as
megal oblastosis. M egal oblastosisdescribes adiverse group
of disorderswith acommon morphology of large cellswith
an arrest in nuclear maturation. Nuclear maturation is
immature relative to cytoplasmic maturity, which isdueto
defective DNA synthesis and to alesser extent, RNA and
protein synthesis. Thiscondition has protean manifestations
in childhood, sometimes mimicking a hematological
malignancy like leukemia. In developing countries, most
cases of megaloblastic anemia result from nutritional
deficiency of the micronutrients folic acid and B12.
Folic acid and cobalamin are B-group vitamins that play
an essential role in many cellular processes.
Due to deficiency of one or both of these vitamins,
megaloblastosis occurs due to asynchronous maturation
between the nucleus and cytoplasm due to inhibition of
DNA synthesis.’® Other than megaloblastic anemia,
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deficiency of these hematopoietic micronutrients in
children has been incriminated to cause
neuro-devel opmental dysfunction, involuntary movements
and failure to thrive. Diagnosing megaloblastic anemia
assumes great clinical importance since it responds
exceedingly well to treatment. The varied presentations of
megal oblastic anemia with pancytopenia, vasculotoxic
effectsof hyperhomocysteinemia(resulting fromfolateand
/ or B12 deficiency) and the possiblerole of their deficiency
in causing bone loss leading to osteopenia, osteoporosis
and pathological fractures has brought B12 and folate
deficiency and megal oblastic anemia back in focus.*5¢

Background

Dr.George Whipple, a pathologist firmly established
that food properties affects blood formation.” Hodgkin
identified the structure of vitamin B12, for which she
received the Nobel prize in 1964.% Jadhav, et a reported
megaloblastic anemiain six South Indian infants for the
first time in 1962.° Megal oblastic anemia resulting from
deficiency of folate and B12 appearsto beincreasing over
the last two decades. Because of variability in diagnostic
criteriain different studies, anemia caused by folic acid or
B12 deficiency isdifficult to establish. Thereisno definite
laboratory cut off values to define megal oblastic anemia
especialy serum B12 levels. Some studieshave considered
macrocytosis of red cells, while others have defined
megaloblastic anemia by presence of megaloblastic
changes in the bone marrow and few others have used
subnormal micronutrient levels to define megaloblastic
anemia. Gera, et a showed an amost four fold rise in
proportion of macrocytic anemia in a study done in the
past.’® B12 deficiency is five times more common than
that of folate.'* Megaloblastic anemia accounts for a
large number of cases of pancytopenia in many Indian
%ries_12—15

Definition

Megaloblastic anemia is a general term used to
describe a group of disorders caused by impaired DNA
synthesis which leads to abnormal findings in periphera
blood smear (macro-ovalocytes) and in bone marrow
samples (megaloblastic hyperplasia). Megaloblasts, the
hallmark of this anemia, are formed as a result of
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asynchronous maturation between the nucleus and the
cytoplasm due to DNA synthesisimpairment.?

Epidemiology

The frequency of megaloblastic anemiais highest in
countries in which malnutrition rate is high and routine
vitamin supplementation for elderly individuals and
pregnant woman is not available. Faulty cooking practices
result in loss of folate which can lead to megaloblastic
anemia. The prevalence of anemia as per National family
health survey-4 (NFHS-4) data has been as high as 60%;
however the data does not indicate the proportion of
megal oblastic anemia among these anemic subjects.

Relative prevalence of B12 /
Folate deficiency

A study by Gomber, et al reported that in early
preschoolers aged 3 monthsto 3years from Indian slums,
pure iron deficiency anemia was the commonest noticed
in 41.1% children followed by iron and B12 deficiency
(22.2%), vitamin B 12 deficiency alone in (14.4%) of
children. The folate deficiency was noticed in aslow as
2.2% of cases.’® Another study from a hospital in Delhi
on children with nutritional anemiashowed B12 deficiency
in 19% cases and folate deficiency in 12%. In addition,
nearly 35% cases had levels of B12 which could be
classified as low.'” Studies from Pakistan and Zimbabwe
revealed B12 deficiency in over 50% cases while folate
deficiency was seen in only 8% and 17% cases,
respectively.’¥® These studies done in adults may have a
direct relevanceto pediatric popul ation asthe most common
cause of B12 deficiency in young children isthe maternal
deficiency leading to decreased stores at birth and its
consequences. Stabler and Allen, in a review have
highlighted B12 deficiency as a worldwide problem with
breast-fed infants of B12 deficient mothersbeing at highest
risk.? Most of the studies carried out in the last decade
highlight that B12 deficiency appears to be a commoner
cause than folate deficiency in children suffering from
megal oblastic anemia.??2

Metabolism of folate and cobalamin

The chemical name of folic acid is pteroylglutamic
acid. Folates are essential in many biochemical reactions
like synthesis of purines, thymine and deoxyribonucleic
acid (DNA). The adenosylcobalamin and methylcobalamin
are the biologically active forms of vit B12.
Adenosylcobalaministhetissueform of vitamin B12 while
methylcobalamin circulates in blood. Hydroxocobalamin
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Table I. Nutritional aspects of B12 and
folate

Vitamin B12 Folate
Content infoods | Vegetables-poor | Vegetable-rich
Meat-rich M eat-moderate
Effect of cooking | 10-30% loss 60-90 % loss
RDA* 0.2-1 mcg 25-200 mcg
Site of absorption | lleum Duodenum and
jgunum
Body stores 2-5mg 5-20mg

* ICMR —2010 RDA

is the precursor of the above two forms. Nultritional factors
of B12 and folate are compared in Table .

Etiology and pathogenesis

The principal causes of megaloblastic anemia in
clinical practice are cobalamin and folate deficiency either
directly dueto deficiency orindirectly dueto druginduced
suppression of DNA synthesis or inborn errors of
metabolism. Various causes of megaloblastic anemia are
shown in Box 1.

Major causes of cobalamin deficiency (Box 1)

Dietary: Strict vegetarians who avoid taking meat, eggs,
and dairy products are more prone. Problems with
cobalamin absorption include atrophic gastritis,
achlorhydria and also autoimmune destruction of gastric
parietal cells leading to failure of intrinsic factor
production. This latter condition is called pernicious
anemia. Rarely inborn errors of metabolism can lead to
Vit B12 deficiency.

Major causes of folate deficiency (Box 1)

The main cause of loss of folate from food is poor
food preparation due to dilution of food in water or by
excessive heating and inactivation of folate.
Folate deficiency occurs in situations where there is
increased physiologic demand for folate as in chronic
hemolytic states like sickle cell anemia, hereditary
spherocytosis, elliptocytosis and in pregnancy.

Infectionslike human immunodeficiency virus (HIV)
infection and myelodysplastic disorders cause
megaloblastic anemia due to direct effect on DNA in
hemopoietic and other rapidly dividing cells.
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Box 1. Various causes of megaloblastic anemia

B12 processing.

demands as in chronic hemolytic states.

3. Miscellaneous:

dyserythropoietic anemia, Lesch-Nyhan syndrome.

sideroblastic anemia, aplastic anemia.
¢) Druginduced megaloblastosis: a) Purine analogues (6

5 hydoxy urea) d) Folate antagonists (aminoptel
triamterene).

1. Cobalamine deficiency: Dietary deficiency, deficiency of intrinsic factor (Pernicious anemia) or gastrectomy,
malabsorption, ileal resection, hypothyroidism, methyl malonic acidemia due to defectsin early steps of vitamin

2. Folic acid deficiency: Dietary deficiency, defective food processing due to dilution or excessive heating,
mal absorption, sprue, extensive bowel resection, anticonvulsants or oral contraceptives, increased physiologic

a) Congenital disordersof DNA synthesis: Orotic aciduria, thiamine responsive megal obl astic anemia, congenital

b) Acquired defects in DNA synthesis: Liver disorders, leukemia particularly acute myeloblastic anemia,

analogues (5 flurouracil, 6 azauridine) c) inhibitors of ribonucleotide reductase (cytosine arabinoside,

M ercaptopurine, azathioprine, thioguanine) b) Pyrimidine

rin, methotrexate, pyrimethamine, trimethoprim and

Clinical features

Children with megaloblastic anemia are commonly
malnourished. Clinical features include pallor, anorexia,
irritability and easy fatiguability like in other anemias.
Clinical features peculiar to megal oblastic anemiainclude
hyperpigmentation of knuckles and termina phalanges,?
hepatosplenomegaly (seen in upto 30-40% cases) and
sometimes icterus. Petechial and other hemorrhagic
manifestations like intracranial haemorrhage and gut
bleeding presenting as hematological emergencies have
also been reported.?* Presence of bleeding with severe
anemia makes them clinically indistinguishable from
aplastic anemia. Children with megal oblastic anemiamay
also mimic acute leukemia due to the presence of
hepatosplenomegaly.?*?5% Fever is one of the clinical
manifestations, but often unrecognized and wasnoticedin
65% of the casesin one study from India.?*

Neurologic symptoms like tremors, paresthesias,
hypotonia, seizures, delayed development and
developmental regression in association with severeanemia
can someti mes be the presenting manifestation. These cases
may show diffuse cortical atrophy in MRI of brain.?"
Impairment of cognitive function and persistence of
neurological consequences even after treatment are major
areas of concern.

Laboratory features

The laboratory features of megaloblastic anemia
compriseof changesin peripheral blood and bone marrow
picture, serum concentrations of methylmalonic acid
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(MMA) and homocysteine and serum levelsof vitamin B12
and folate.

The megal oblastic macrocytic anemia in most cases
resultsfrom deficiency of vitamin B12 or folate. Thismeans
peripheral smear and red cell indiceswill show macrocytes
and bone marrow examination will reveal megaloblasts.
The normoblastic macrocytic anemiaoccursin association
with alarge number of various disorders. Macrocytosisis
commonly seen in hemolytic anemiaand post hemorrhagic
anemia. Macrocytosis is occasional in alcoholism,
leukemia, liver disease, aplastic anemia, sideroblastic
anemia, myel odysplastic syndromes, anemiadueto marrow
infiltration, cytotoxic drug therapy, hypothyroidism,
chronic obstructive lung disease, scurvy, etc. Here bone
marrow examination will not show megal oblasts.

CBC and peripheral smear

All the blood cells are affected. Erythrocytes vary
markedly in size and shape, somearelargeand oval (macro-
ovalocytes). The morphologic changes are directly
proportional to the severity of anemia. Circulating
megaloblasts (i.e., nucleated red cellsthat failed to mature
appropriately) arevisiblein circulation if hematocritisless
than 20%. Anemia is typically macrocytic with a mean
corpuscular volume (MCV) of 100-110fL or more.
Reticulocytopenia (a reticulocyte count of <1%) is a
frequent finding. This occurs because of inordinate
impairment of erythropoiesisculminating inintramedullary
destruction of megal oblastsand resultant reticul ocytopenia.
There is also a progressive reduction in white blood
cell count, but it rarely falls below 2000 cells/uL.
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Neutrophil hypersegmentation (more than five lobes) in
at least 5% of the neutrophil or even single cell showing
6 or more lobes is a cardinal feature of megaloblastic
anemia. It is noteworthy that in nutritional megal oblastic
anemias, hypersegmented neutrophils are an early sign of
megal oblastosis. The complete blood count (CBC) often
revealsanemia, leukopeniaand at timesthrombocytopenia.
Pancytopenia is also a common finding in these cases.
Rarely amicroangiopathic haemolytic anemialike picture
with burr cells and fragmented RBCs is seen in severe
B12 deficiency. This is referred as pseudothrombotic
microangiopathy.?

Serum vitamin B12 and folate

These tests have limited value because of their low
sensitivity and specificity. There is wide variation of cut
off values especially to diagnose vitamin B12 deficiency.

Previous studies showed that vitamin B12 levelswere
either normal or elevated in antecedent administration of
vitamin B12, myeloproliferative disorders, liver disease
and intestinal bacterial overgrowth. Although tissue stores
may be normal, serum folate levels can decrease within a
few days of dietary folate restriction. However cobalamin
less than 200 pg/ml and folate less than 2 ng/mL are
consistent with deficiency of these vitaminsin most of the
guoted studies in the literature.

Red blood cell (RBC) folate

RBC folatelevel isregarded asamorereliable source
of determining tissue stores of folate. Unlike serum folate
which is affected by dietary intake, RBC folate levels
remain constant throughout the lifespan of the cell.
However, assaysfor measuring RBC folate levelshave a so
been fraught with unreliability.

Investigations for inborn errors of
metabolism

When other common causes are excluded, urine for
orotic acid and tandem mass spectrometry for other
metabolic disorders should be done.

Bone marrow examination

The aspirated marrow is often hypercellular with
striking imbalancein nuclearcytoplasmic maturation often
referred to as nuclear cytoplasmic asynchrony. In view of
erythroid hyperplasia, the ratio of myeloid to erythroid
precursors (M/E ratio) is reversed and may fall to 1:1 or
even lower. Megal oblastic anemiawill usually show hyper
segmented neutrophils in the blood and giant
metamyel ocytes and bands in the marrow.
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It is noteworthy that a megal oblastic anemia may be
misdiagnosed as acute leukemia when megal oblastic
anemiaisvery severe. Inthiscase, thetypical megaloblasts
are obviously absent and rather most cells available are
bizarre megaloblastic pronormoblasts that dominate the
marrow because of lack of maturation of the erythroid series
and hence raising the possibility of erythroleukemia.

Serum concentrations of methylmalonic
acid (MMA) and homocysteine

Overall, measuring serum MMA and homocysteine
levels are well established ways of differentiating
cobalamin deficiency from folate deficiency. In folate
deficiency thereismarked elevation of homocysteinelevels
while serum levels of MMA are not elevated whereas in
cobalamin deficiency, there is marked elevation of both
the metabolites.

LDH - Elevated LDH, a marker of ineffective
erythropoiesis is often seen in megal oblastic anemia due
to both B12 and folate deficiency.

Urine - Excessive elevation of methylmalonic acid in the
urine (normal:0-3.5 mg/24hr) is a reliable and sensitive
index of Vit B12 deficiency.

Treatment of megaloblastic anemia
Cobalamin deficiency

To treat a case of megaloblastic anemia, all efforts
should be made to detect underlying cause. The duration
of treatment is not as standardized as in case of iron
deficiency anemia. Duration depends upon the underlying
etiology. Lifelong therapy may be needed in children with
inborn errors of metabolism. Children with neurologic
manifestations need more aggressive therapy and may need
B12 supplementation for a longer duration. The route of
administration has to be parenteral in children with
mal absorption and intrinsic factor deficiency. Drug related
causes, myelodysplastic syndrome and others should be
excluded. Megaloblastic anemia with established
cobalamin deficiency should be given intramuscular/
intravenous administration of cobalamin of 1000 ug daily
for 2 weeks or alternatively thrice weekly for 2 weeks
(six doses) and then weekly for another six doses until
hematocrit returns to normal. Intravenous route should be
preferred over intramuscular injections in children
presenting with thrombocytopenia to prevent local
bleeding.

Other regimen for vitamin B12 is oral administration
of vitamin B12 (1000 ug/day) for 8 weeks. Initially vitamin
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B12 is given daily for 2 weeks followed by once a week
for 6 weeks.®

Recently lot of stress has been given on oral
administration of cobalamin due to ease of administration
leading to better compliance. Recent studies show that
response to oral methylcobalamin therapy is prompt and
adequate.®-* |t isadministered at 1000-2000 ug but awide
range of doses and schedules have been recommended.
Intramuscul ar/intravenous cobalamin is often preferable,
since it has the potential to bypass all abnormalities of
cobalamin absorption. However, oral cobalamin is less
expensive, better tolerated by patients and preferable in
patients with bleeding disorders like hemophilia patients
in whom intramuscular injection should be avoided.
To date the oral vitamin B12 treatment regimen is not yet
formally approved. Further studies should include testing
the efficacy of different molecules (cyano-, hydroxo-,
methyl-cobalamin) and dosages.

Recent developments in conjunction with nano
medicine for the co-administration of drugs with lipid
compounds have been reported to enhance lymphatic
transport. These technologies have been recently used to
administer vitamin B12 sublingually or intranasally.3*%
These methods have been found to be promising routes of
administration.

Folate therapy

Pharmacologic doses of folate at 1 to 5 mg daily is
required to achieve full hematologic response.” It is
however noteworthy that administration of folate to
individuals with cobalamin deficiency increases the risk
and frequency of cobalamin deficiency induced
neurological and neuropsychiatry disorders. Therefore,
folate should not beinstituted in patientswith megal oblastic
anemia unless cobalamin deficiency has been ruled out.

Hypokalemia, can occur during treatment of severe
megal obl astic anemiabecause of ongoing rapid restoration
of erythropoiesisin the bone marrow.® It isvery important
to closely monitor the serum potassium which falls with
treatment and may result in death. Oral potassium
supplementation should be given in case of hypokalemia.
Iron deficiency can occur because of escalated
erythropoiesis and this may impede the rate of response.
Iron therapy is equally necessary.

Conclusion

The prevalence of anemia as per NFHS-4 data has
been as high as60 %, however the data does not indicate
the magnitude of megaloblastic anemia among these
anemic subjects. A strong suspicion of megaloblastic
anemia should be entertained in any anemic child.
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The causes for increased incidence of cobalamin / folate
deficiency needs further research in general population.
Government of Indiashould have amultipronged approach
in the policy on control of nutritional anemia keeping in
mind the wide spread prevalence of cobalamin deficiency
either aone or in combination with iron and folate.

Points to Remember

e Vitamin B12 and folic acid deficiencies are the
leading causes of megaloblastic anemia.

Vitamin B12 deficiency may present with
pancytopenia, hemorrhagic manifestationsand fever,
thus mimicking diseases like aplastic anemia or
acute leukemia.

e Homocysteineisincreasedin both folateand vitamin
B12 deficiency but serum MMA is increased in
vitamin B12 deficiency only.

e Apart from an anemic syndrome, patients with
vitamin B12 deficiency may also present with
neurologic symptoms.

e Treatment of folate deficiency with folic acid
supplements should be initiated after ruling out
concomitant vitamin B12 deficiency as it increases
therisk neurological and neuropsychiatric disorders.

¢ Hypokalemia and iron deficiency can occur during
treatment of severe megaloblastic anemia.
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HEMATO-ONCOLOGY

AUTOIMMUNE HEMOLYTIC ANEMIA

* Pandiarajan Vignesh
** Sanjib Mondal

Abstract: Autoimmune hemolytic anemia (AIHA) is caused
by autoantibodiesto red blood cellsresulting in excessive
destruction of erythrocytes. AIHA is either idiopathic or
associated with infections, malignancies and autoimmune
diseases. AIHA is classified into warm, cold and mixed
types.Warm AIHA is marked by anemia, jaundice and
spherocytes, due to extravascular hemolysis.
Cold agglutinin disease results after infections and causes
red cell agglutination at colder temperatures. Positive
direct antiglobulin test (DAT) in the setting of hemolytic
anemia is diagnostic of AIHA. Immunosuppression is the
main basis of management.

Keywords: Auto antibody, Extravascular hemolysis,
Intravascular hemolysis, Hemoglobinuria, Direct Coomb’s
test, Immunosuppression.

Autoimmune hemolytic anemia(AIHA) wasinitialy
reported by Issit in 1985. AIHA is an uncommon disease
caused by autoantibodies to the erythrocytes that result in
excessive destruction of erythrocytes. Incidence of
AIHA in children is estimated to be 0.8-1.25 cases per
100,000 children.* Boysare more commonly affected than
girls. AIHA is either idiopathic or associated with
infections, hematological malignancies, autoimmune
disease and lymphoproliferative syndrome.
The presentation of AIHA isacutein 70-80% of cases and
the episode generally lasts for 3-6 months.?2 The mortality
rate is lower in pediatric AIHA (4%)3, however it may
increaseto 10%, when it occursin association with immune
thrombocytopenia (Evans syndrome).*

Classification and etiology

AlIHA isclassified into three categories - warm, cold
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(cold agglutinin disease and paroxysmal cold
haemoglobinuria) and mixed (Table 1), based on the
temperature at which the auto antibody is active. Warm
AIHA iscommonly seenin children (60-90% of childhood
AIHA) and is characterized by the presence of 1gG
autoantibodies that result in extravascular haemolysis.
Theclinical pictureis predominantly characterized by the
presence of anemia, jaundice and spherocytes in the
peripheral blood smear.

Cold agglutinin disease usually results after infection
with Mycoplasmapneumoniae or Epstein-Barr virus (EBV)
(around 10% of AIHA). It ischaracterized by the presence
of IgM autoantibodiesat cold temperaturesthat are directed
towards I/i antigen of erythrocytes and results in red cell
agglutination seen in the peripheral blood smear.
Paroxysmal cold hemoglobinuria(PCH) israrein children
andischaracterized by the presence of 1gG antibody against
the P antigen of the erythrocytes that binds to red cells at
lower temperature and results in complement-mediated
intravascular hemolysis at 37°C.

AIHA can also be classified as primary or secondary
depending upon the underlying agtiology; secondary AIHA
iscommon in children. Primary AIHA isidiopathic and no
evidence of underlying systemic illness is found. In the
pediatric population, AIHA is primary in 37% cases,
53% are secondary to immune disorders and 10% are
post-infectious.® Primary AIHA is usually of warm
antibody type. Secondary AIHA a so belongsto warmtype,
except in secondary causeslikeinfection with Mycoplasma
pneumoniae which resultsin cold agglutination. However,
Mycoplasma infection has aso been described on rare
occasions of warm type AIHA.®

Immunodeficiency disorders, lymphoreticular
malignancy, systemic lupus erythematosus (SLE) are
common causes for secondary AIHA in children.”8
Other autoimmune disordersthat are associated withAIHA
include Sjogren syndrome, juvenile idiopathic arthritis,
dermatomyositis, vitiligo, autoimmune thyroiditis and
type 1 diabetes mellitus.®

Primary immunodeficiency diseases associated with
AIHA include common variable immune deficiency,
autoimmune lymphoproliferative syndrome (ALPS),
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Table I. Classification of autoimmune hemolytic anemia
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3. Post-HSCT

4. Infections (HIV, CMV, EBV)
5. Hematological malignancy
6. Drugs

7. Evans syndrome

Characteristics| Warm AIHA Cold agglutinin disease Paroxysmal cold
hemoglobinuria
Acetiology A. Primary A. Primary A. Primary
B. Secondary B. Secondary B. Secondary-post-infectious
1. Autoimmune diseases (lupus) | 1. Infections
2. Primary Immunodeficiency | (EBV, mycoplasma)
diseases 2. Malignancy

Second line: 1VIg, rituximab,
sirolimus, splenectomy

Autoantibody |1gG IgM antibodies against IgG antibodies against P antigen
I/i antigen

Coombs test 37°C- 1gG + C3 positivity 37°C- 1gG negative, C3 positive| 37°C- 1gG negative, C3 positive
4°C- 1gG negative, C3 positive | 4°C- 1gG and C3 positive

Therapy First line: Corticosteroids First line: Avoidance of cold First line: Avoidance of cold

temperature
Second line: rituximab,

temperature
Second line: Corticosteroids

plasmapheresis

HIV- Human immunodeficiency virus, CMV- Cytomegalovirus;
EBV- Epstein-Barr virus; IVIg- Intravenous immunoglobulin; HSCT - Hematopoietic stem cell transplant

agammaglobulinemia and Wiskott Aldrich syndrome.
The combination of AIHA and immune thrombocytopenia
referred to as Evans syndrome is seen in 15-30% of
childhood AIHA. ALPS and ALPS-like disorders are seen
in around 50% of cases of childhood Evans syndrome.
Itisimperativethat al children with Evans syndrome must
be screened for ALPS. Lymphoreticular malignancieslike
leukemiaand lymphoma can also be associated with warm
AlHA.

Cold agglutinin disease in children is usually
secondary to infections with M. pneumoniae or EBV.
Other infections such as human immunodeficiency virus,
measles, mumps, rubella and varicella can aso result in
AIHA. Allogenic hematopoietic stem cell transplantation
(HSCT) can aso trigger AIHA that typically occursin the
first 2-6 months post engraftment. AIHA, post HSCT or
solid organ transplantation is usually refractory to most of
the traditional therapies used. Drugs associated with
childhood AIHA include ibuprofen, acetaminophen,
antibiotics such as penicillin, cephalosporins, and
tetracycline. Amongst the penicillin group, piperacillinis
found to be commonly associated with AIHA.
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Clinical presentation

The clinical picture of AIHA include symptoms of
anemia and symptoms related to haemolysis, which may
be intra or extravascular (Fig.1). Progression of anemiais
usually gradual and well compensated. Sometimes, life
threatening features such as hypovolemic shock and acute
kidney injury can occur dueto rapid onset of intravascular
hemolysis. Patientswith warm AIHA usually present with
signs of extravascular haemolysis such as pallor, icterus
and splenomegaly.

The hallmark of intravascular hemolysissuch asdark-
coloured urine due to hemoglobinuria is seen in cold
agglutinin disease or PCH. Children with cold agglutinin
disease can sometimes present with symptoms related to
vascular occlusion secondary to red cell agglutination on
exposure to cold. Acrocyanosis (blue discolouration over
fingertips, nose, ears and toes) is usually seen and can
sometimes result in gangrene of fingers or toes in cold
agglutinin disease.

Differential diagnosis. History and clinical examination
inachild with clinically suspected AIHA must be directed
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Features of Fealures of Features of
anemia extravascular intravascular
hemolysis hemolysis
o \Weakness e SeeninwarmAIHA e Seenin PCH and cold
e Pallor and sometimesin cold agglutinin disease
e Fatigue agglutinin e RareinwarmAIHA
e Poor feeding © lcterus e Dark urine
e Splenomegaly (hemoglobinuria)
e Tachycardia
e Cardiac failure

Fig.1. Clinical presentation of autoimmune hemolytic anemia
* AIHA - Autoimmune hemolytic anemia; PCH - Paroxysmal cold hemoglobinuria

Table II. Differential diagnosis and clues for underlying cause

Disease

History in favour of the disease

1. AIHA

Anemia, splenomegaly, features of intravascular
hemolysis such as hemoglobinuria, difficultyin cross-
matching and immediate reappearance of anemia
following a blood transfusion

2. G6 PD deficiency

History of exposureto adrug, past or family history

3. Hemolytic uremic syndrome

Presence of hypertension, thrombocytopenia and uremia
in achild with anemia

4. Pure red cell aplasiarelated to parvovirusinfection

Progressive anemia usually seen after solid organ
transplantation

5. Underlying malignancy, ALPS, infections like EBV
or mycoplasma and systemic lupus erythematosus.

Presence of generalized adenopathy, hepatosplenomegaly
inachild with clinically suspected AIHA suggests an
underlying systemic disorder. In addition to this, ora
ulcers, malar rash, thrombocytopenia or proteinuria
suggests underlying lupus.

towards identification of underlying trigger or systemic
illness and exclusion of other close differential diagnoses
such as glucose 6 phosphate dehydrogenase (G6PD)
deficiency, pure red cell aplasia related to parvovirus
infection and hemolytic uremic syndrome. Presence of
hypertension, thrombocytopenia and uraemia in a child
with anemia suggests hemolytic uremic syndrome.
Sudden onset of hemolysis following exposure to a drug
or family history could suggest G6PD deficiency.
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Difficulty in cross-matching and immediate resurfacing of
anemia following a blood transfusion are usually seen in
AIHA. Exposure to drugs, past history of infections and
family history of primary immunodeficiency disease must
be sought in all cases of AIHA. Presence of significant
generalized adenopathy or massive organomegaly inachild
with clinically suspected AIHA suggests an underlying
systemic disorder such as hematological malignancy,
autoimmune lymphoproliferative syndrome, or infections
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Box 1. Initial basic laboratory tests

e Complete blood count, peripheral smear and
reticulocyte count

Direct antiglobulin test (DAT) or Coombs test

Urinalysis
Renal function tests

Markers for hemolysis such asindirect bilirubin

Aspartate aminotransferase

L actate dehydrogenase levels

such as HIV or EBV. Presence of oral ulcers, malar rash,
thrombocytopeniaor proteinuriasuggests underlying lupus
(Tablell).

Investigations (Table III)

The confirmation of diagnosis of AIHA is made in
the presence of laboratory features suggestive of hemolysis
and auto-antibody positivity. The basic laboratory testsfor
any child with suspected AIHA is shown in Box 1.

Cold agglutinintitrescan be measured in children with
suspected cold agglutinin disease. It representsthe highest
dilution of serum at which erythrocyte agglutination can
be still documented. Titre higher than 1in 256 istypically
seen in cold agglutinin disease.

Once the diagnosis of AIHA is confirmed, work-up
for underlying aetiology is warranted. Anti-nuclear
antibody by indirect immunofluorescence and serum
immunoglobulin profile (IgG, IgA, IgM) are required in
most of the cases. A careful review of the history for
possible drug exposure must be sought. Serology for EBV
and mycoplasmamust be performed for children with cold
AlIHA. Chest radiograph can show evidence of pneumonia
in case of infection with M pneumoniae. Bone marrow
examination is not routinely indicated; however, may be
performed if thereisaclinical suspicion of hematological
malignancy or to exclude bone marrow failure syndromes.
Serology for HIV, lymphocyte subsets and double-negative
T cells by flow cytometry can be performed in case of
suspicious clinical features of ALPS.

Alloantibodiesto RBCscan developin AIHA patients
who are aready exposed to erythrocyte transfusion and
can result intransfusion reactions during subsequent blood
transfusions. If alloantibodies are found, adsorption
technique and a more detailed blood phenotyping may be
required to identify the compatible blood.%°
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Treatment

Treatment of AIHA must beindividualized and if there
is evidence of any underlying disease, it should be treated
accordingly. Presently, most of the treatment guidelines
are based on small retrospective studies, case reports and
expert opinion.

a) Emergency measures: Blood transfusion in AIHA is
indicated in case of severe anemiaor in case of congestive
cardiac failure. However, low volume blood is considered
for transfusion slowly over time. In case of severe anemia
duetowarmAIHA, intravenous pul se methyl prednisolone
(30 mg/kg, max: 1g) is required. Rituximab (375 mg/m?)
or plasmapheresismay be needed in case of severeanaemia
in cold reactive AIHA. Identification of the compatible
blood can be difficult in case of AIHA. The blood bank
and the transfusion medicine specialist must be alerted to
the possibility of AIHA and itstype, in case of requirement
of blood transfusion. Severe hemolytic reactions are
common in cold-reactive AIHA that acts via complement
fixation resulting in intravascular haemolysis, while, it is
uncommon in warm AIHA. In cases of cold-reactive
autoantibodies, the blood hasto be warmed to 37°C before
transfusion. The rate of transfusion must be slow to start
with for early identification of transfusion reactions.
Despite all the difficulties in the selection of appropriate
matched blood, blood transfusion should not be withheld
in decompensated AIHA as blood transfusion is the most
effective method to correct hypoxiain patientswith severe
anemia.* Whole blood exchange transfusion hasalso been
suggested as an effective modality of treatment in severely
affected patients.*? |ntravenous hydration to maintain rena
perfusion is needed in cases of severe intravascular
haemolysisto prevent renal injury. Volume overload must
be avoided and electrolyte abnormalities must also be
corrected.

Box 2. Various steps of management of
warm type of ATHA

Glucocorticoids
Rituximab (anti-CD20 agent)

High dose intravenous immunoglobulin (1IV1g)

Other immunosuppressive drugs as steroid-sparing
agents: Mycophenolate mofetil, cyclosporine A,
azathioprine, sirolimus

Plasmapheresisin refractory haemoalysis.

Splenectomy in recalcitrant or chronic cases but
contraindicated inimmunodeficiency and monogenic
disorders of immune dysregulation.
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Table III. Investigations in autoimmune hemolytic anemia

Investigation

Result

Remarks

Complete blood count

e Anemia(Hb< 7 g/dL)

o Leukocyte and platelet count:
normal or elevated.
Thrombocytopeniaseen in
Evans syndrome.

e MCV may be high dueto the

presence of RBC clumps

e MCHC (>36 g/dL) can be seen
in cases with an excess of
spherocytes

Anemia and thrombocytopenia can also be seenin
hemolytic uremic syndrome. Presence of leukopeniaand
thrombocytopenia can suggest other causes such as bone
marrow failure syndromes or marrow involvement due
to active infection or infiltrative disorders.

Blood smear

Classical finding inwarm AIHA is
the presence of spherocytes.
Polychromasia can be seen that
suggestsincreased circulating
reticul ocytes. Presence of nucleated
RBCs and Howell-Jolly bodies
suggest accelerated erythropoiesis.
Presence of RBC clumps or
agglutinates suggests cold
agglutinin disease.

Spherocytes can also be seen in many other conditions
like hereditary spherocytosis, Wilson disease, burns and
clostridial sepsis. The predominance of schistocytes
and fragmented RBCs are seen in HUS.

Direct antiglobulin test
(DAT) or Coombs test

e WarmAIHA-1gG = C3
positivity at 37°C

e Cold agglutinin disease- 1gG
negative, C3 positive at 37°C;
1gG negative, C3 positive at 4°C

e PCH- IgG negative, C3 positive
at 37°C; 1gG positive,

Positive DAT in the setting of haemolytic anaemiais
diagnostic of AIHA. DAT isfound to be positivein
0.001% of the normal population and in sick children
with hypergammaglobulinemia, liver disease and HIV
infection. False-positive DAT isfound following IVIg
administration. In contrast, DAT is negative on several
occasion of AIHA dueto fewer 1gG molecul es attached

C3 positive at 4°C to the RBC membrane surface.

Reticulocyte count Increased 25% of patients with AIHA will never have raised
reticulocyte count due to immune-mediated destruction
of RBC precursors.

Indirect bilirubin Increased If the conjugation rate overcomes the hemolysis, then
icterus may be absent.

L actate dehydrogenase | Increased Thisisasensitive test but not specific for hemolysis

(LDH) because many conditions, like malignancy, liver disease,
infections like pneumonia, encephalitis etc and bone
fractures also raise the serum LDH level.

Haptoglobin Decreased Haptoglobin usually fallsto avery low level in

hemolysis. Haptoglobin levels are raised in severa
inflammatory conditions. In these conditions,
haptoglobin may not be low in spite of hemolysis.

In advanced liver disease, haptoglobin is not produced.

Urine hemosiderin

Positive iron staining of cellsin
urinary sedimentsin case of
chronic haemoglobinuria

Usually alate manifestation of extravascular hemolysis

* AIHA- Autoimmune hemolytic anemia; HIV- Human immunodeficiency virus, HUS- Hemolytic uremic syndrome;
PCH-paroxysmal cold hemoglobinuria
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b) Specific measures- warm reactive AIHA

Immunosuppression is the main basis of management of
autoimmune hemolytic anemia (Box 2).

Glucocorticoids are the cornerstone in the
management of all cases of warm type AIHA.
Initial treatment involves the use of oral prednisolone at a
dose of 1-2mg/kg/day. With poor compliance to oral
administration, intravenous methylprednisolone can be
used. Routine use of high dose steroids is not
recommended. Steroid tapering should always be slow, in
order to extend thetreatment for at |east 6 months. A gradual
and sustained reduction of the steroid dose correlates with
a lower incidence of relapse.’® Patients must be serialy
monitored for blood counts, reticulocyte count,serum
markers for haemolysis and glucocorticoid toxicity.
Blood pressure should be checked regularly.
Glucocorticoids must be stopped only after normalization
of haemoglobin and other markers of hemolysis.
Direct antiglobulin test (DAT) can remain weakly positive
even after therapy and normalization of haemoglobin,
reticulocyte count and LDH values. If DAT is positive in
high titres during follow-up, it may indicate the presence
of underlying lupus or systemic autoimmune conditions.
Morethan 90% of casesrecover within 1 month of initiation
of glucocorticoid therapy and the majority of children do
not require therapy for more than 6 months. Around
15-40% of patients can develop relapse, 6 months to one
year after the first episode. In case of relapse,
glucocorticoids can be started at the lowest possible dose
to maintain remission in order to avoid steroid toxicity.

Second-line therapy is indicated in children who do
not respond within 1-2 months of initiation of
glucocorticoids or who require ahigh dose of prednisolone
(>1 mg/kg/day) to maintain clinical remission.
Children who devel op frequent rel apsesrequiring long term
steroid intake are aso eligible for second-line therapy.
Rituximab (anti-CD20 agent) is the preferred second-line
therapy and isgiven at 375 mg/m? (given asan intravenous
infusion over 3 hours) once every week for 4 weeks.
Baseline serum immunoglobulins and lymphocyte subsets
must be obtained beforeinitiation of rituximab. Monitoring
of B lymphocyte sub-population (CD19/ CD20) can help
to assess the response to rituximab and titration of therapy.
Some  children can develop profound
hypogammaglobulinemia after use of rituximab and may
need immunoglobulin replacement therapy.

High dose intravenousimmunoglobulin (1VIg) 1g/kg
can aso be used in cases of warm AIHA. However, the
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responseisonly transient. Inareview of 73 casesof AIHA,
Flores et al. concluded that treatment with 1VIg
(0.4-0.5gm/kg for 5 days) was effective in 39.7% of
patients, with higher efficacy (54.5%) in children.*

Several immune-suppressivedrugs have beenusedin
AIHA with variable response. Mycophenolate mofetil
(MMF) (800-1000 mg/m?/day), cyclosporine A
(1-3 mg/kg/day), azathioprine (2-2.5 mg/kg/day) and
sirolimus (1 mg/m?/day) have also been used as steroid-
sparing agentswith promising results.®® In the case of lupus
associated warmAIHA, azathioprine or MMF ispreferred.
Sirolimusispreferred over rituximab in case of ALPS and
other monogenic disorders of immune dysregulation.
Inthe case of drug-induced AIHA, the offending drug must
be stopped and a short course of oral prednisolone can be
considered. Humanised anti CD52 agent, alemtuzumab,
has also been found effective in steroid nonresponsive
AIHA in children.'s Bortezomib, a proteasome inhibitor
and ofatumumab, amonoclonal antibody to CD20 are under
tria in the management of AIHA.

Plasmapheresis can be considered in cases with
refractory haemolysis. Splenectomy can be effective for
children with recalcitrant or chronic warm-reactiveAIHA.
However, athorough work-up for underlying PID such as
ALPS, CVID or other monogenic disorders of immune
dysregulation must be performed before splenectomy.
Splenectomy is generally avoided in those conditions.
Patients must receive timely immunization against
Hemophilusinfluenzaetype B, Streptococcus pneumoniae,
and Neisseriamenigitidis before splenectomy. A complete
response may not be found following splenectomy, but the
requirement of steroids in reduced maintenance dosage
following splenectomy has been documented.”1®
Whenever possible, splenectomy should be avoided in
children less than 5 years of age.

¢) Specific measures- cold reactive AIHA: Pharmacologic
therapy isgenerally not needed, asthe anemiaisgeneraly
mild in physiological temperatures. Primary therapy isthe
mai ntenance of warmth and avoidance of exposureto cold,
especialy in cases of paroxysmal cold hemoglobinuria
(PCH). Antibiotic therapy should be considered in case of
infection with M. pneumoniae. Azithromycin is generally
used at 10 mg/kg onday 1 and 5 mg/kg for the next 4 days.

In case of severeanemia, rituximab or plasmapheresis
can be considered. Eculizumab (anti-complement 5 agent)
may be promising in the near future. Significant reduction
in hemolysisisdocumented with use of eculizumab in cases
of cold agglutinin disease.®®
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Prognosis

Mortality in childhood AIHA is generally 3-4% and

the main causes include post-splenectomy sepsis,
life-threatening hemorrhage in case of Evans syndrome,
and complications of the underlying disease (lupus or
malignancy). The course of illnessin cold-reactive AIHA
(cold agglutinin disease and PCH) isgeneraly self-limited,
though the episode can be severe at presentation. Relapses
aremore common inwarm-reactive AlHA. Factorsfor poor
prognosis include the presence of underlying PID and
concurrent thrombocytopenia (Evans syndrome).

Points to Remember

AIHA is either idiopathic or associated with
infections, malignancies, autoimmune diseases, and
lymphoproliferative syndrome. AIHA is classified
into warm, cold and mixed types.

Warm AIHA is marked by the presence of anemia,
jaundice and spherocytes, due to extravascular
hemolysis.

Cold agglutinin disease results after infection with
Mycoplasma pneumoniaeor Epstein-Barr virusand
causesred cell agglutination at colder temperatures.
Features of cold antibody AIHA and PCH include
features of intravascular hemolysis and
microvascular occlusive episodes.

Primary immunodeficiency diseases associated with
AlHA include common variableimmune deficiency,
autoimmune lymphoproliferative syndrome (ALPS)
and Wiskott Aldrich syndrome.

Positive DAT in the setting of haemolytic anaemia
isdiagnostic of AIHA. Other laboratory parameters
include increased reticulocyte count, indirect
bilirubin, and LD, decreased haptoglobin and
presence of hemosiderin in urine sediments.

Bone marrow examination is indicated, in cases of
clinical suspicion of hematological malignancy or
bone marrow failure syndromes.

Blood transfusion in AIHA is indicated in case of
severeanemia. | mmunosuppression isthemain basis
of management.

Splenectomy or plasmapheresis are indicated in
refractory cases.
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CLIPPINGS

Measurable residual disease after the first consolidation predicts the outcomes of patients with acute
promyelocytic leukemia treated with all-trans retinoic acid and chemotherapy.

Patients with newly diagnosed acute promyelocytic leukemia (APL) stratified according to a white blood cell
(WBC) count of >3x109/L (high risk) or<3x109/L (low risk) before administering risk-adapted chemotherapy
in combination with all-transretinoic acid (ATRA). Intotal, 27 low-risk and 23 high-risk patients were assigned
to receive induction and three courses of consolidation with ATRA and anthracycline, followed by 2-year
maintenance regimen. High-risk group additionally received cytarabine during 1% consolidation and another
one-shot idarubicin treatment during 3 consolidation. Measurableresidual disease (MRD) was monitored after
induction and each consolidation. In the low-risk and high-risk groups, 5-year disease-free survival (DFS) rates
were 86.5% and 81.2% (p=0.862) and 5-year overall survival rateswere 100% and 84.8% (p=0.062), respectively.
Inthe MRD-negative and M RD-positive groups, 5-year DFS rates were 91.7% and 78.4% (p=0.402) and 84.7%
and 60.0% (p=0.102) after induction and 1% consolidation, respectively. Relapse rates were 8.3% and 13.3%
(p=0.570) and 9.0% and 40.0% (p=0.076) after induction and 1% consolidation, respectively. Achieving MRD-
negativity after 1% consolidation, rather than after induction, was a potential predictor of relapse and DFS in
patients with APL treated with ATRA+chemotherapy.

Henzan, H, Takase, K, Kamimura, T. Mori Y, Yoshimoto G, Iwasaki H, et al. Measurable residual disease
after thefirst consolidation predictsthe outcomes of patients with acute promyelocytic leukemia treated with
all-transretinoic acid and chemotherapy. Int J Hematol 112, 349-360 (2020). https://doi.org/10.1007/s12185-
020-02911-z

Effect of caregiver vaccination on the incidence of chickenpox in children with cancer: Experience from a
longstay oncology facility in eastern india.

Varicella Zoster virus (VZV) causes significant morbidity and potential mortality in children with cancer.
Two primary VZV outbreaks occurred at S. Jude India Cancer Care Centre (SJIICCC), a charitable longstay
facility for children and parents undergoing treatment at the hospital in 2014-2016. The objective was to see if
VZV immunization of caregivers reduced the incidence of primary VZV in patients and prevented outbreaks.
In March 2017-April 2019, screening identified 91 non-immune caregivers/staff who were vaccinated. There
were 17 cases of VZV amongst children and caregivers in 2014-16 (incidence rate 2.26%). During 2017-19,
only 2 children developed VZV (incidence rate 0.16%). Effective household VZV immunization programme
was found to be cost - effective in reducing the incidence of primary VZV in children with cancer and their
caregivers.

Bhattacharyya A, DasA, Dalvi-Mitra S, Goel G, Bhattacharya S, Saha V. Effect of caregiver vaccination on
theincidence of chickenpox in children with cancer: Experience from alongstay oncology facility in eastern
india. Pediatr Hematol Oncol 2019; 4(2): S60. https://doi.org/10.1016/j.ph0j.2019.08.172.
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Abstract: Acutelymphoblastic leukemia (ALL) comprises
75% to 80% of all childhood leukemias. ALL occurs
commonly between 2 and 5 year s of age with 80-85% being
of B-lineage, T-lineage accounting for 10-15% and around
5% being uncommon variants. Animproved under standing
of the biological heterogeneity of the disease has led to
marked improvement in outcome, with current 5-year event-
free survival (EFS) being 85% and overall survival (OS)
rates being around 90%.

A diagnosis of leukemia is confirmed by doing a bone
marrow examination which ideally includes morphology,
flowcytometry, cytogenetics and molecular genetics.
Current day therapy is dependent on the risk assessment
and the response of the disease to therapy. Precursor B
ALL isstratified into standard, intermediate and high risk
disease with minimal residual disease assessment at the
end of Induction therapy being the most important indicator
of prognosis. T-ALL is treated with a protocol similar to
HR ALL. Combination chemotherapy consisting of drugs
acting at different phasesof the cell cycleisthe cornerstone
of therapy. Treatment broadly consists of 4 phases:
Induction, consolidation, delayed intensification or
re-induction and maintenance therapy.

A hematopoietic stem cell transplant is required in very
few with contemporary treatment. Targeted therapy/
immunotherapy are the newer approaches for refractory/
relapsed leukemias. Supportive care which includes
treatment and prophylaxis for infections, transfusion
support, nutritional support and psychological support are
vital to the management of disease.
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Acute leukemia is the most common childhood
malignancy accounting for one third of all childhood
cancers, Acute lymphoblastic leukemia (ALL) comprises
75% to 80% and acute myeloid leukemia (AML)
approximately 20% of all acute leukemias. ALL occurs
commonly between 2 and 5 years of age, with a possible
rising trend in incidence over recent decades.? In India,
cancer isthe ninth common cause of death among children
between 5 and 14 years and approximately 45,000 children
are diagnosed with cancer annually. Preponderance of
childhood leukemia cases is reported in boys as against
girls.2 On immunophenotyping, 80-85% of children with
ALL are of B-lineage, with T-lineage accounting for
10-15% and around 5% being other uncommon variants.
Animproved understanding of the biological heterogeneity
of the disease has led to marked improvement in outcome.
The 5-year event-free survival (EFS) is 85% and overall
survival (OS) rates are around 90% with contemporary
therapies.* However, relapses continue to occur in 15-20%
of children treated for ALL .5 Cytogenetics and molecular
geneticsareimportant toolswhich helpinrisk stratification
and prognostication. Thetrestment modalities change based
on the risk. Genomics have become a part of routine
investigation in most centres treating acute leukemias.
Though the tests are expensive and not freely available
they have become standard of careand areideally required
for proper management of leukemias. Hence the need for
knowledgeinALL genetics. Thisarticlegivesan overview
of childhood ALL with an emphasis on contemporary
diagnostics, especially cytogenetics molecular genetics.
Management isdiscussed in brief with an outline of newer
therapeutic modalities. Relapsed ALL is not discussed in
this article.

Clinical features

Few common and uncommon clinical features are
listed in Box 1.

Laboratory evaluation

Baseline investigations: Complete blood counts with
peripheral smear tolook for blastsg/atypical cells, complete
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Box 1. Clinical features at diagnosis in
Childhood ALL"'2

Symptoms and physical findings
Fever
Bone pains
Limp, refusal to walk
Pallor
Fatigue
Bleeding diathesis

Petechiae/ecchymoses/epi staxis/gum bleeds
Bony tenderness

e.g. Sternal tenderness
Lymphadenopathy

painless, generalized/localized
Hepatomegaly
Splenomegaly
Parotid swelling (Mikulickz syndrome)
Subcutaneous nhodules (leukemia cutis)
Central nervous system involvement*
Testicular involvement

Painless scrotal enlargement (uncommon)
Ocular involvement

Hypopyon, blurring of vision, photophobia
or ocular pain (uncommon)

Joint manifestations
Arthralgia/arthritis (rare)

Superior mediastinal/superior vena caval/
hyperviscosity syndrome

Dilated veinsand congestion of face/neck/
upper limbs/ upper chest, respiratory
distress, orthopnea, stridor, hoarseness of
voice, dysphagia, irritability, headache,
vomiting, seizures, focal neurological
deficits, etc

*CNS involvement: Mostly, it is asymptomatic CSF
positivity for leukemic cells. When symptomatic,
featuresinclude headache, vomiting, lethargy, irritability,
meningismus, papilledema, crania nerve (CN) palsies
(MAVIVIIVIL, occasionally visual disturbanceswith CN
Il involvement). Rarely, spinal cord compression,
hypothalamic-obesity syndrome and intracranial
leukemic cell mass.
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serum biochemistry (electrolytes, liver function tests, renal
functions and uric acid), chest x-ray and a coagulation
profile are mandatory first lineinvestigations. A diagnosis
is confirmed by doing a bone marrow examination which
includes morphology, flowcytometry, cytogenetics and
molecular genetics. Occasionally, in caseswith ahightotal
leukocyte count (TLC) at presentation, peripheral blood
may be sufficient for confirmation of diagnosis.

Bone marrow examination (BM): A BM aspirate and
trephine biopsy are the gold standard for the diagnosis of
leukemia. Demonstration of >20% |lymphaoblasts in the
marrow is consistent with the diagnosis of ALL.
The aspirate is subjected to morphologic evaluation and
biologic studies as described, while biopsy specimens are
useful in estimating marrow cellularity, fibrosis and
dysplasias or when aspiration is a ‘dry’tap (inconclusive
with minimal cellularity) as can occasionally occur.
The modern classification and risk stratification of
leukemias require the integration of clinical and few
laboratory features, bone marrow morphologic
examination, immunophenotypic (flowcytometric)
analysis, cytogenetics and molecular findings.

Flowcytometric analysis (Immunophenotyping):
Assignment of the lineage (B or T) is done by
flowcytometry (FCM). Thisisrequired asthe treatment of
ALL isdependent onthelineage. FCM aidsin delineating
few uncommon variantslike acute | eukemia of ambiguous
lineage and Early T-cell precursor (ETP) acute
lymphoblastic leukemiawhich helpsin prognostication of
disease and treatment strategy.

Genomics (cytogenetic/molecular) of childhood ALL:
The genomics of ALL are heterogenous with multiple
distinctive subtypes. Two important points are required
based on cytogenetics (i) Ploidy status (Ploidy isameasure
of thenumber of chromosomesinacell) and (ii) molecular
aberrations (recurrent chromosomal translocations/
segmental deletions/gains) (Fig.1). The current WHO 2016
classification integrated the current knowledge about the
ALL geneticsin precursor B-ALL sub-grouping (Tablel).

Ploidy status

Ploidy isdetermined by conventional karyotyping and/
or flowcytometry based DNA index (ratio of DNA content
of test (tumour) sample / standard DNA fluorescence)
measurement and/or interphase fluorescence in situ
hybridization (FISH). Based on modal chromosomal
number per leukemic cell/sample (ploidy), several different
ploidy groups are identified which hold prognostic and
therapeutic relevance (Table 11).
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Fig.1. Genomic characterization of childhood ALL®

Table I. WHO classification of acute lymphoid leukemias 2016:”
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B-Lymphoblastic leukemia/Lymphoma

¢ B-lymphoblastic leukemia/lymphoma, not otherwise specified (NOS).
¢ B-lymphoblastic leukemia/lymphomawith recurrent genetic abnormalities.
¢ B-lymphoblastic leukemia/lymphomawith t(9;22) (q34.1;g11.2); BCR-ABL1.
e B-lymphoblastic leukemia/lymphomawith t(v;11923.3); KMT2A rearranged.
¢ B-lymphoblastic leukemia/lymphomawith t(12;21) (p13.2;q22.1); ETV6-RUNXL.
e B-lymphoblastic leukemia/lymphoma with hyperdiploidy.
¢ B-lymphoblastic leukemia/lymphomawith hypodiploidy.
e B-lymphoblastic leukemia/lymphomawith t(5;14) (931.1;932.3); IL3-IGH.
¢ B-lymphoblastic leukemia/lymphomawith t(1;19) (g23;p13.3); TCF3-PBX1.
e Provisional entity: B-lymphoblastic |eukemia/lymphoma, BCR-ABL1-like.
e Provisional entity: B-lymphoblastic |eukemia/lymphoma with iAMP21.

i. T-Lymphoblastic leukemia/Lymphoma

e Provisional entity: Early T-cell precursor lymphoblastic leukemia
e Provisional entity: Natural killer (NK) cell lymphablastic leukemia/lymphoma

ii. Acuteleukemiasof ambiguouslineage

¢ Acute undifferentiated leukemia

o Mixed phenotype acute leukemia (MPAL) with t(9;22) (g34.1;911.2); BCR-ABL1
o MPAL witht(v;11923.3); KMT2A rearranged

e MPAL, B/myeloid, NOS

o MPAL, T/myeloid, NOS
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Table II. Ploidy grouping and its prognostic significance!>:8

Ploidy group Chromosome number DNA index Prognosis
(per leukemic cell) (FCM)
Hypodiploidy <46 <0.86 Unfavourable
High hypaodiploidy 40-45 0.89-0.95
Low hypodiploidy 31-39 0.70-0.88 Poor
Near haploidy 24-30 0.55-0.69 Poor
Diploidy 46 0.96-1.05
Pseudodiploidy 46 with numerical / 0.96-1.05
structural aberrations
Low hyperdiploidy 47-50 1.06-1.15
High-hyperdiploidy 51-65 1.16-1.39 Good
Near triploid 66-80 1.40-1.79 Favourable
Tetraploidy >80 1.8-2.28 Favourable

High hyperdiploidy (51-65 chromosomes or
DNA index > 1.16)

This occurs in 20%-25% of cases of B-ALL, being
very rare in T-ALL. It is associated with clinically
favorable prognostic factors (Age 1-10 years, initial
WBC < 50,000/mm?®) and is an independent favorable
prognostic factor. When hyperdiploidy occurs with
chromosomal translocations, therisk stratification is based
on the type of trand ocation.®° Trisomies of chromosomes
4,10 and 17 render afavorable outcome.

Hypodiploidy (< 46 chromosomes)

Hypodiploidy isanindependent poor prognostic factor
inALL. Patients with fewer than 44 chromosomes have a
worse outcome as compared to patients with 44 or 45
chromosomes.** Common subtypesare (i) near-haploid and
(i) low-hypodiploid groups which are associated with an
increased risk of treatment failure. Patients with high post-
induction minimal residual disease (MRD) (>0.01%) have
poor outcomes (5-year EFS~ 25% to 47%) compared to
hypodiploid patients with low MRD (5-year EFS~
64%-75%." 12 The associated genetic alterations in near-
haploid ALL involves RTK/RAS signaling pathway and
IKZF3, while low-hypodiploid involves TP53, RB1 and
IKZF2. Approximately 2/3 of ALL patients with germline
TP53 variants have hypodiploidy.

Recurrent (genetic) translocations and gaing/deletions
of chromosomes

Conventional cytogeneticsand/or molecular analysis
(RT-PCR/FISH as bal anced transl ocations may be missed

29

by routine cytogenetics) can identify biologically and
clinicaly significant disease subtypes in ALL which has
prognostic relevance and aid in precise risk stratification.
It is to be noted that recurrent cytogenetic/molecular
abnormalitiescan only beidentifiedin 60%to 80% of ALL
cases with current methods and are mutually exclusive of
each other.

ALL with the t(12;21) (p13;922);ETV6/CBFA2
(or TEL/AMLY) fusion transcript: The most common
subtype observed in 20-25% of B-ALLs & rarely in
T-ALL.*®ldentification of thistranslocation requires FISH
or RT-PCR techniques. It isusually seenin the 1-10 years
age group with FCM revealing the frequent expression of
CD10. It is associated with a favourable prognosis,
attributed to a higher sensitivity to L-asparaginase.

ALL with the t(9;22) (g34;911.2)BCR/ABL1 fusion
transcript (Philadelphia chromosome-positive ALL,
Ph+veALL): It occursin 3-5% childhood ALL cases. Itis
associated with an older age (>10years), highinitial WBC
counts, high CNS positivity and poor prognosis. Ph+isan
independent poor risk factor in ALL. FCM usually shows
CD10 positivity. In the pre-imatinib era, outcomes were
dismal and an allogeneic hematopietic stem cell transplant
(Allo-HSCT) was recommended in first remission in
children with Ph+ALL. Currently, addition of tyrosine
kinaseinhibitors (TKIs) (imatinib/dasatinib) to ahigh risk
chemotherapy back-bone has been demonstrated to have a
similar outcome as compared to HSCT (5-year EFS~70%
Vs 65%, p=0.6).1314

ALL with t(v;11923.3); KM T2A-rearrangements:
The most common rearrangement ist(4;11) (921;923).ie.,
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AFA/MLL fusiontranscript and occursin 2-3% of pediatric
ALLs. Theincidenceisashighas50- 80% ininfant ALLs.!
The characteristics of thistranslocation include highinitial
WBCs, bulky extra-medullary involvement and frequent
CNS involvement. Treatment failures are higher in this
group. FCM usually is negative for CD10/surface CD22/
cyto Igu and positive for CD15 and/or CD65. Infants with
t(4;11) ALLs show enhanced sensitivity to cytarabine,
owing to increased expression of cytarabine metabolizing
enzymes.® Another subtype with t(11;19) (g23;p13.3)
involving KMT2A and MLLTI1/ENL occurs in
approximately 1% of ALL cases and in both precursor
B-lineage and T-ALL. Like their t(4;11) counterpart,
t(11;19) carries a poor outcome in infants but the
translocation isrelatively favorable in older children with
precursor B-ALL/ T-ALL.®

ALL with t(1;19) (g23;p13) E2A/PBX1 fusion
transcript: Thistranscript occursin 3-6% of all childhood
ALL cases. It is frequently associated with cytoplasmic
Igut+ve. The adverse prognostic impact of thistranscriptis
largely negated by current aggressive chemotherapy
regimens but with slightly higher risk of CNS relapse
suggesting the need of more intensive CNS therapy.®

ALL with t(17;19) with TCF3-HLF fusion: Thisoccurs
in<1% of pediatricALLSs. Itisassociated with disseminated
intravascular coagulation and hypercalcemia at diagnosis
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and carries very poor outcome warranting high risk
chemotherapy.®

Intra-chromosomal amplification of chromosome 21
(IAMP21): It is characteristically detected by metaphase
FISH with RUNX 1 gene probe and shows 5 or more copies
(signals) of gene per cell (or 3 or more on asingleabnormal
chromosome 21). It occursin ~ 2% of children with ALL
generaly seen in those >10 years of age with low WBC
counts (< 50,000/mm3), female predominance and high
post-induction MRD. It is associated with an adverse
prognosis requiring treatment as a high risk ALL
irrespective of initial risk or MRD response.*”8

Philadelphia chromosome-like ALL (Ph-like ALL) or
BCR-ABL 1-likeALL: Ingenomic studies, approximately
30% of patients present with no major cytogenetic
abnormalities. These are known as B-other- ALL.
Among them, Ph-like ALL forms amagjor entity routinely
missed on genetic analysis, with unfavourable and poor
outcomes (Fig.2)."° Ph-likeALL hasgeneexpression profile
similar to Ph+ve ALL but without BCR-ABL1
tranglocation. It accounts for approximately 10-15% of
pediatric ALL which is 5-fold higher than Ph+ve ALL.
This group is observed in older children (>10yrs) with
initial WBC >50,000/mm.? It is associated with a poor
outcome. It comprises a wide spectrum of genetic lesions
affecting primarily cytokine receptor and/or kinase
signaling pathways and includes translocations, fusions,

Risk Factors B-ALL Standard Risk B-ALL Intermediate Risk B-ALL High Risk
Age (years) 1-10 >10

Initial WBC (/mm?® <50,000 >50,000

Bulky extramedullary No Yes

Testicular enlargement No Yes

High risk cytogenetics No No Yes
/molecular genetics

Day 8 absolute blast <1000 <1000 >1000
count (/mm3)

CNS disease Negative Negative Positive
End induction MRD <10* <10* >/=10"

\

¢ v

Risk and MRD based chemotherapy regimen

Induction, consolidation, interim maintenance, delayed intensification, maintenance phase

Allogenic HSCT when indicated

Fig.2. ALL diagnosis and risk stratification
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point mutations and deletions making the diagnosis
challenging.?® The 5-yr-EFS for Ph-like ALL is
approximately 60%, 40% and 25% in children with high-
risk ALL, adolescents and young adults respectively.?
Molecular diagnostic techniques are used to identify these
abnormalities. However, as this group of abnormalitiesis
large, diagnosticsfor Ph-likeALL arenot inroutine practice
at present.

Risk stratification of childhood B-ALL based on
clinic-laboratory features and MRD. All T-ALL/T-NHLs
are treated under high risk category.

Genomics of T-ALL

Notch pathway signaling mutations with NOTCH1
(50-60%) and FBXW?7 (~15%) gene are most common in
pediatric T-cell ALL.?? Few chromosomal translocations
result infusion of genes encoding transcription factorslike
TAL1/TAL2, LMO1/LMO2, LYL1, TLX1, TLXS3,
NKX2-1, HOXA and MYB to one of the T-cell receptor
loci (or to other genes) and leads to dysregulation in
transcription. Tranglocations resulting in chimeric fusion
proteinsinclude: NUP214-ABL 1 fusionin 4-6% of T-ALL
and other uncommon ABL1 fusion (with ETV6, BCR or
EML1), SPI1fusions(with STMN1and TCF7), MLLT10,
KMT2A, and NUP98. These are often missed by
conventional karyotype, but identified using FISH or PCR.
The prognostic significance of T-ALL mutations are till
controversial and being studied.

Treatment
Chemotherapy

Current day chematherapy regimens are dependent
on the risk assessment and the response of disease to
therapy. Risk stratification of thechildisdoneby age, TLC
count at diagnosis, presence of bulky disease, testicular
involvement, immunophenotyping, CNS disease status,
cytogenetics and molecular markers. Response is based
on (i) Day 8 absolute blast count and (ii) end-induction
MRD (Fig.2). The basic skeleton of various treatment
protocolsare similar and include discrete phases. At present
most large centersin Indiaare associated with the protocol
“Indian Childhood Collaborative Leukemia Group
(ICiICLe-ALL-14)" which has been planned for the Indian
population. B-lineage ALL is stratified into standard,
intermediate and high risk (SR, IR & HR) disease (Fig.2).
T-ALLS/T-NHLsaretreated with aprotocol similar to HR
ALL. Combination chemotherapy consisting of drugs
acting at different phases of the cell cycleisthe cornerstone
of therapy. Treatment broadly consists of 4 phases:
Induction, consolidation, delayed intensification or
re-induction and maintenance therapy.
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1. Induction therapy: This is the first phase of therapy
which lasts 4-6 weeks. Induction therapy
eradicates >99% |leukemia cells and restores normal
hematopoiesis. Children with standard risk (SR) ALL
usually receive 3 drugsduring induction therapy while
IR and HR patients receive a 4 drugs induction.
The classic combination of chemotherapy drugsinthe
induction phaseincludesaglucocorticoid, vincristine,
L-asparaginase, intrathecal methotrexate and/or an
anthracycline. More than 95% patients enter remission
at the end of induction therapy (Box 2).

2. Consolidationtherapy: Theaim of this4-6 week phase
is to “consolidate remission” and to prevent the
development of CNS leukemia.

3. Delayed intensification phase is given over a period
of 8-12 weeks to target the remaining leukemic cells
in the body and prevent development of resistance.

4. Maintenance phase is prolonged treatment over
approximately 18 -24 months with low intensity anti
metabolite based therapy (oral 6-M ercaptopurine and
methotrexate). Some regimens include pulses of
vincristine with a glucocorticoid given at monthly
intervals. One of the drawbacks of prolonged
maintenance therapy is poor adherence which is
associated with a 4 times increased risk of relapse.
In addition, host polymorphismsto 6- Mercaptopurine
may influence both the efficacy and toxicity, and affect
the outcomes.

5. CNS directed therapy: Regular intrathecal therapy
coupled with high dose parenteral methotrexate is
currently the backbone of CNS directed therapy.
Cranial radiation isgiven only in situations where the
patient has CNS disease at presentation.

Box 2. Definition of remission after
induction
(i) Morphological remission

e M1 marrow isdefined aslessthan 5% blastsin
the marrow indicates morphological remission

e M2 marrow means 5-25% blastsin BM
¢ M3 means > 25% blastsin the BM
(if) Molecular remission

e Minimal residua disease (MRD) assessed by
FCM or FISH i.e., leukemic involvement
of <0.01% of nucleated bone marrow cells at
the end of remission induction therapy.
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Targeted Therapy

Clinical outcomes of a subset of childhood ALL are
still dismal. The advances in genetics has helped in
identifying few genetic lesions that can be specifically
targeted to improve the outcomes. The prototypeisPh +ve
ALL withBCR-ABL 1 fusion protein, targeted withtyrosine
kinase inhibitors (TKIs) like imatinib combined with
conventional cytotoxic chemotherapy, has resulted in
improved outcomes and obviated the need for allo-HSCT.#
Similarly, Ph-like ALL with kinase pathway lesions can
probably successfully be targeted with TKIs like imatinib
and Janus kinases (JAK rearrangements) with JAK
inhibitors like ruxolitinib as part of precision therapy in
the future (Table 111).%

Immunotherapy

Refractory/ relapsed ALLs are often difficult to treat
and treatment with ongoing trials using immunotherapy is
underway. Various antigens present on B-ALL cells are
targeted with engineered autologous T-cells with an anti-
CD19 antibody fragment (CAR-T cells) or monoclonal

Table III. Inmunotherapy in pediatric ALL**
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antibodies with or without cytotoxic drug that enables
killing of B-ALL cells (Table I11). Chimeric antigen
receptor (CAR) T-cell therapy involves genetic
modification of patient’s autologous T-cells to express a
CAR specific for a tumor antigen, following by ex-vivo
cell expansion and re-infusion back to the patient.
Clinical trials have shown very promising results in end-
stage patients with afull recovery of up to 92% in ALL.

Allogeneic hematopoietic stem cell
transplant (Allo-HSCT)

With modern day chemotherapeutic regimensand risk
stratification the outcome of ALL is a wonder story in
malignancies and the role of HSCT is limited. The main
indications are failureto achieve remission after induction
therapy (M2/M3 marrow) or positive MRD after
consolidation therapy. High risk cytogenetics and
Ph-positive do not warrant HSCT provided patient has a
negative MRD.

Though only few sub-categories are undoubtedly
benefited and few show marginal benefits, in the absence

Monoclonal antibody-drug conjugate
Anti-CD22 antibody

Inotuzumab ozogamicin*

Target antigen / Immunotherapy / Drugs Uses
Target therapy
ABL/PDGFB fusion kinase inhibitors Imatinib® Ph+veALL
Dasatinib® Ph-likeALL
Ponatinib*
JAK?2 inhibitors Ruxolitinib* Ph-likeALL
Proteosome inhibitors Bortezomib® Relapse/refractory ALL
(IntReALL-2010 trid)
Monoclonal antibodies
Anti-CD20 antibody Rituximab*
Ofatumumab*
Obinutuzumab*
Anti-CD22 antibody Epratuzumab* Relapse B-ALL (IntReALL-2010 trial)

Relapse/refractory B-ALL

Bi-specific antibodies (BITEs) against CD19

Blinatumomab®

Relapse/refractory B-ALL
NCT02101853)

Newly diagnosed ALL
(ongoing NCT03914625)

Chimeric antigen receptor (CAR) T-cell
against CD19

Tisagenlecleucel®

Relapse/refractory B-ALL

SWith benefitsin clinical trials * Investigational drugs
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Table IV. HSCT in Childhood ALL
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Category Subcategory benefited Remarks

Induction failure e All T-ALLs. e No additional benefit in other category

(blasts > 5%) e Pre-B-ALL with age> 6 yrsand especialy pre-B-ALL with age 1-5 years and
without high risk cytogenetics. without high risk cytogenetics.®

e M3 marrow (i.e., > 25% blasts) at
the end of induction.

Infant ALL with MLL-r

o KMT2A rearrangement and age
< 6 months and either poor response
to steroids at day 8 or WBC
>3 lakhs/mm? benefit from HSCT.%

e Other KMT2A rearrangement found no
benefit.

T-ALL

e Induction failure.

o Persistent MRD positivity
post-consolidation benefit from
HSCT in CR1.

e Early T-cell precursor (ETP) ALL does not
warrant HSCT universally at CR1.2"%8

MRD positivity

e Persistent MRD positivity
post-consolidation.

¢ End-induction MRD positivity:
Chemotherapy intensification indicated, with
no added benefit with HSCT.

Relapsed ALL (First relapse)

e All highrisk T-ALL/ pre-B-ALL

cases (very early/early relapse).
e End-induction MRD positivity.
e Two or more relapses.

o Inisolated extra-medullary late relapses
(> 6 months post completion of therapy),
chemotherapy aloneis sufficient.

Poor risk cytogenetics/molecul

ar cytogenetics

Hypodiploidy e May be considered in CR1. o |n two recent studies, HSCT does not offer
benefit over the risk directed chemotherapy
irrespective of end-induction MRD.?"%

t(17,19) e May be considered in CR1.2730 o Very high risk with dismal outcomes.

MLL-r(in> 1 year old)

May be considered in CR1 or in
poor MRD response.

iIAMP21 e May be considered in persistent o Not routinely for al casesin CR1 or end
MRD positivity post-consolidation. | induction MRD positivity.1"®
Ph +ve e May be considered in persistent e Not routinely for all casesin CR1 or end

MRD positivity post-consolidation.

induction MRD positivity.

of proven targeted/immune/cellular therapies, HSCT will
remain a better salvage therapy in these selected cases
(Table V).

Supportive care in ALL

It is imperative to counsel the family at the start of
therapy. This includes the need for staying near the
treatment center during theinitial intense phase of therapy
(approximately 6 months), the economic impact, the help
available from state governments, the need for adherence
to the long treatment and the outcome of the disease.
Supportive care and detailed counseling is of extra

33

importance in India. Being alow middle income country,
certain servicesarenot easily available and once the patient
completestheintensive phase of therapy and returnsto his
town/village there could be difficulty in access to
specialized care. This specialized care may warrant
appropriate instructions from the treatment center for
management at his place of stay. Also, as patients belong
to heterogeneous backgrounds counseling hasto betailored
to the individual family. Some vital pointsinclude:

1. Maintenance of proper hand hygieneby all health care
professionals to decrease the incidence of hospital
acquired sepsis.



2. Restricted use of
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IV fluids, central lines,

Foley catheter, etc.

. Nutrition counseling and early institution of enteral
nutrition when achild isundernourished or isobserved
to be losing weight.

. Transfusion support: Hemoglobin <8 g/dL isgenerally
anindication for blood transfusion in a stable patient.
Indicationsof platelet transfusion vary withtheclinical
condition of the patient. In a stable patient without
any co-morbidities and bleeds, prophylactic
transfusions are recommended at a count below
10x10% mme. Few studies have suggested that this
threshold can be further lowered to 5x10%mm?.
Transfusion threshold of 20x10%mm?® and
100x10%mm? isrecommended in patients with minor
(mucosal, epistaxis) and major bleeds (hemoptysis,
Gl or CNS bleed) and in children who are febrile and
unwell. Transfusion practices may often be varied in
different units, depending on physician preferences
and extent of availability of blood products.

. Growth factors: Administration of G-CSF hasno role
in the management of children with febrile
neutropenia.

. Patients with severe sepsis and septic shock should
be managed as per the survival sepsis guidelines.
Non-invasiveintermittent positive pressure ventilation
should be attempted in case of acuterespiratory failure,
before restoring to mechanical ventilation, except in
those with severe hemodynamic compromise.®

Points to Remember

e Childhood ALL hasa good prognosis.

e B-lineageALL constitutesaround 80% and T lineage
around 15% cases, 5% being mixed lineage/others.

Childhood ALL management is risk (clinical/
cytogenetic/molecular analysis) and response
(prednisolone response/minimal residual disease)
based, indicating the need for adequate cytogenetic
and molecular analysis at diagnosis.

Children who are low risk can be treated with less
intensive therapy, while high risk children require
intensive therapy.

Ph-like ALL isa major missed entity among B-other-
ALLs, with scopefor their identification by molecular
diagnostics.

HSCT is needed in very few children as upfront
therapy in the management of childhood ALL.
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Supportivecareisimportant andit includesinfection
contral, transfusions and good nutrition.

Precision medicine in the future will include
immunotherapy and pharmacogenomics of anti-
metabolites to improve survival in the small
percentage who still relapse and to decrease
treatment related morbidity.
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HEMATO-ONCOLOGY

THROMBOCYTOPENIA-CASE VIGNETTES

*Nita Radhakrishnan
**Ravi Shankar

Abstract: Platelets play a vital role in coagulation and
hemostasis. Thrombocytopeniaisa common hematological
concern in pediatric practice, the etiology of which can
vary from mild viral illnesses to critical illnesses.
Under standing the pathogenesis of each of these conditions
iscrucial asdecisionssuch as‘to treat or not to treat’ and
‘howtotreat’ are based onthis. For the same platel et count,
the decision to treat varies based on the pathogenesis.
In this article, we explore the common causes of
thrombocytopeniain children, their pathogenesisand logic
for treatment.

K eywor ds. Thrombocytopenia, Bone marrow suppression,
Immune thrombocytopenia, Approach.

Platelets play a vital role in coagulation and
hemostasis. Reductionin platelet count dueto inherited or
acquired causes can have significant clinical consequences.
Normal platelet count at any age is between 150-450x
10%uL.* Thrombocytopenia was traditionally defined as
platelet count <150x10%uL. However, in view of studies
where apparently healthy individuals were found to have
platelet counts between 100-150 x10%/uL, the threshold
has been reduced to <100x10%/uL.? Often the trend of
platelet count ismorereliablethan asinglevalue asistrue
for many other hematological parameters. For e.g. reduction
of platelet count from 440 x 10%uL to 160 x 10%uL ina
child with fever should be considered ominous even though
both countsare within the normal range. Thrombocytopenia
in neonates and children occur usually as a result of
conditions that reduce platelet production or reduce the
platelet life span such as increased peripheral destruction
or sequestration. Understanding the pathogenesis of each

*  Assistant Professor,
email: nitaradhakrishnan@yahoo.com
** JAPFellow in PHO,
Department of Pediatric Hematology Oncology,
Super Speciality Pediatric Hospital and
Post Graduate Teaching Institute,
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Box 1. Definitions of bleeding manifesta-
tions based on physical examination*

Skin (Dermis and epidermis)

1. Petechiae are small (0.5-3 mm), red, non-blanching
macular lesions caused by intradermal capillary
bleeding

2. Purpura: Larger Red (recent) or purplish (a few
days old) discoloration in the skin with a diameter
4-10 mm that does not blanch with pressure and may
not be palpable

3. Ecchymosis (purpuric macule, bruises, or
contusions): Flat, rounded or irregular, red, blue,
purplish, or yellowish green patch which is larger
than apetechiae. It may be elevated if the underlying
hematoma has spread into the superficia layers of
the skin

Skin (Subcutaneous tissue)

1. Hematoma: Accumulation of blood in the
subcutaneous or deeper tissue due to localized
accumulation of blood.

Visible mucous membranes

1. Petechiae, purpuric macules and ecchymosis.
These are same as that for skin.

2. Bulla, vesicle and blister: Thin-walled, raised
lesions that contain blood. Vesicle is less than
0.5 cm whereas bullae and blisters are larger.

3. Epistaxis: Bleeding from the nose-unilateral or
bilateral

4. Gingival bleeding: Bleeding from gum margins

5. Subconjunctival haemorrhage: Bleeding under the
conjunctivae; colour changes with the timing of
bleed.

M uscles and soft tissues

Hematoma: A localized collection of blood which is
visible and palpable or revealed by imaging.
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of these conditionsis crucial as decisions such as to treat
or not to treat and how to treat are based on this.

Platelets are tiny 2-3 microns sized, acellular
fragments that are produced from megakaryocytes in the
bonemarrow and circulatein peripheral blood. Thevolume
of plateletsrangesfrom 7-9 fL which is measured as mean
platelet volume in automated hematology analyzers.
They are usually about 1/5" of the diameter of a normal
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red blood cell. In conditionswhere platel ets are destroyed,
megakaryocytes produce large platelets. In bone marrow
pathology, where megakaryopoiesis is affected, usually
platelets are of normal size except in certain inherited
conditions.® After egress from the bone marrow, their life
span is around 7-10 days when their major function is to
promote platel et plug formation through steps of adhesion
and aggregation in the primary phase of hemostasis.

Overall bleeding severity
0. None - Definitely no new bleeding of any kind

prompt medical attention or intervention

Grades of epistaxis
0. None

bleeding

Grades of oral bleeding
0. None

1. Minor -Petechiae on palate or buccal mucosa

bleeding

Grades of skin bleeding
0. None-No new cutaneous bleeding
Minor -Possibly afew new petechiae (<100 total)

A w0 D PR

Box 2. Grades of bleeding in thrombocytopenia*

1. Minor - Few petechiae (<100 total) and/or <5 small bruises (<3 cm diameter); no mucosal bleeding
2. Mild - Many petechiae (>100 total) and/or >5 large bruises (>3 cm diameter); no mucosal bleeding
3

. Moderate - Overt mucosal bleeding (epistaxis, gum bleeding, oropharyngeal blood blisters, menorrhagia,
gastrointestinal bleeding, etc.) that does not require immediate medical attention or intervention

4. Severe- Mucosal bleeding or suspected internal haemorrhage (in the brain, lung, muscle, joint, etc.) that requires

5. Life-threatening or fatal - documented intracranial haemorrhage or lifethreatening or fatal haemorrhage any site

1. Minor - Spotting on sheet or pillow and/or blood noted in nares, no active bleeding or need to apply pressure
2. Mild -Active bleeding on 1 or more occasions with need to apply pressure for < 15 min for stopping bleeding
3

. Moderate—Active bleeding on 1 or more occasions with need to apply pressure for at least 15 min in order to stop

4. Severe- Repeated, continuous and/or profuse bleeding despite adequate pressure

2. Mild -One or more buccal blood blisters (haemorrhagic bullae or infiltrates) with or without petechiae, no active

3. Moderate -Intermittent active bleeding from gums, lips, buccal mucosa, or posterior oropharynx

4. Severe -Continuous bleeding from gums, lips, buccal mucosa, or posterior oropharynx

Mild -Definitely afew new petechiae (<100 total) and/or <5 small bruises (< 3 cm diameter)
Moderate -Numerous new petechiae (>100 total) and/or >5 large bruises (>3 cm diameter)

Severe -Extensive (hundreds of) petechiae and >5 large bruises (> 3 cm diameter)
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Hence, when platel et count or platelet function isreduced,
primary hemostasis is impaired which manifests usually
as mucocutaneous bleeding. Clinically this manifests as
petechiae, purpura, easy bruisability, gum bleeding,
epistaxis, menorrhagia, gastrointestinal bleeding or
hematuria (Box 1). Life threatening bleeds such as central
nervous system bleeds, airway bleeds and massive
gastrointestinal bleeds may be encountered in
thrombocytopeniadepending on the etiology of the disease.
Deep muscle hematomas and hemarthroses that are
observed in clotting factor deficiencies are generally not
observed in platelet disorders. Clinically significant
“internal organ” bleeding is usually rare in
thrombocytopenia; hence defining the type of bleed and
grade of bleed is of utmost importance while
making treatment decisionsfor thrombocytopenic patients
(Box 2).4

Although platelet count less than 100 x 10%/uL isthe
practical cut-off for thrombocytopenia, there is no
significant risk of bleeding till it reduces to
<50x10%uL. Clinically significant hemorrhage (mucosal
bleeding) rarely occurs unless the count is <20x10%/uL.
Often thereisalack of concordance between the degree of
thrombocytopenia and the risk of bleeding. The risk of
bleeding is primarily related to the underlying pathology
causing thrombocytopenia and is also influenced by
associated fever, coagul opathy, medications and need for
invasive procedures.® Those with platelet production
defectsare morelikely to have serious bleeding than those
with platelet destruction as in the latter, the platelets
are larger and more functional. Thus, a platelet count of
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15x10%uL in a neonate, a well child and a sick bleeding
child can have very different treatment strategies.

Platelet count reported from automated hematology
analyzersshouldideally be manually verified inthe setting
of thrombocytopenia. Well calibrated automated analyzers
that report mean platelet volume and provide scatter plots
of platelets may obviate the need for manual verification.
In the absence of these, platelet count verified manualy
can help identify spurious thrombocytopenia. Falsely low
platelet counts are encountered due to large platelets in
circulation that are under-reported by analyzer, presence
of platelet clumps occurring secondary to naturally
occurring EDTA dependent antibodies and entanglement
of plateletsin fibrin mesh dueto activation of clottinginside
the vacutainer following erroneous sampling. The latter
often occursduring blood sampling technique of collecting
from the needle or hub of the needle directly as it is
followed in neonates and young children occasionally.
Pseudo-thrombocytopenia due to EDTA dependent
antibodies can be overcome by repeating the platel et count
with sample taken in heparin or citrate vacutainer or from
ablood film from a direct finger prick.

A simpleformat for approach to thrombocytopeniais
giveninFig.1.

With thisbackground knowledge on platel ets, wewill
proceed to discuss few case scenarios in children,
understand the clinical approach and pathogenesis of
various diseases presenting with low platelet count in
children. We describe the rationale for investigations and
treatment in each of the scenarios.

STEP1 )Hlstory,examlnatlon

Sick child

1. Infections

2. Mdignancy
STEP2—>

3. Hemophagocytic lymphohistiocytosis

4. Hemolytic uremic syndrome

STEP3—>
In the rest, based on clinical condition.

Complete blood count and peripheral smear:

5. Thrombotic thrombocytopenic purpura

Is bone marrow evaluation and Hemato-Oncology consult needed at present?
Mandatory 1. Bone marrow failure 2. Leukemia/ Lymphoma 3. Hemophagocytic lymphohistiocytosis

Bone marrow preferred always prior to starting steroids for any condition causing thrombocytopenia

Other cell lines, manual platelet count

Well child

1. Immunethrombocytopenia
2. Inherited thrombocytopenias
3. Druginduced

4. Sequestration

Fig.1. Approach to thrombocytopenia
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Case 1: Immune thrombocytopenia advice from her pediatrician, a complete blood count

A 4-year-old girl presentswith history of bruisesnoted W& done, which was reported as follows. Hemoglobin:
over |egs and ams S'nce the pas[ one Week1 muated 12 gm/dl_, WBC Count: 7700 Ce”S/l.lL with 36%
with bleeding from nose. She has been suffering froman  neutrophils, 54%lymphocytes, 8% monocytesand platelet
episode of upper respiratory infection and mother noted count of 8000/uL. Mean platelet volume was 10.8 fL
blood stained nasal discharge on few occasions. As per  with marked thrombocytopenia and few large platelets

Table I. Etiology of thrombocytopenia in children and neonates

1. Increased destruction
Immune causes Immune thrombocytopenia

Associated with other autoimmune diseases like ALPS, SLE, Evans syndrome,
Antiphospholipid antibody (APLA) syndrome

Drug Induced (Including heparin induced thrombocytopenia)

Post transfusion purpura

Non immune thrombocytopenia | Thrombocytopenia of infections (Table 111) (Viral/ bacteremia/ Fungemia/
protozoal)

Thrombotic thrombocytopenic purpura/ Hemolytic uremic syndrome

Disseminated intravascular coagulation

Hemophagocytic lymphohistiocytosis

Druginduced (Tablell)

Congenital heart disease

Type 2b Von Willebrand disease (VWD) or platelet type VWD
Kasabach- Merritt syndrome

BMT- associated microangiopathy

2.Impaired production

Hereditary disorders Congenital amegakaryocytic thrombocytopenia

Amegakaryocytic thrombocytopeniawith radioulnar synostosis

Thrombocytopenia with absent radii
Wiskott Aldrich syndrome
Bernard Soulier syndrome

MY H 9 related thrombocytopenias
Acquired disorders Aplastic anemia

Myel odysplastic syndrome

Marrow infiltrative process (leukemia/ lymphoma/ solid tumours)

Nutritional deficiency (folate, vitamin B12)

3. Sequestration

Hypersplenism
Hypothermia

Burns

ALPS- Autoimmune lymphoproliferative syndrome, SLE - Systemic lupus erythematosis. Common etiologiesaregivenin
bold letters.
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Table II. Drug induced thrombocytopenia

Drug category |Drugs
Unfractionated heparin, LMWH

Quinine, quinidine

Heparins
Antimalarials

Anti-rheumatic | Gold salts, D penicillamine

agents

Anticonvulsant | Carbamazepine, phenytoin,

agents valproic acid

Antimicrobial |Linezolid, rifampin, sulfonamides,
agents vancomycin

Histamine Cimetidine

receptor

antagonists

Analgesic Acetaminophen, diclofenac, naproxen
agents

Diuretic agents |Chlorthiazide

seen in circulation. She was admitted at another center,
evaluated, transfused plateletsand IV Immunoglobulin. She
received 2 grams/kg of 1VIG over the next 2 days which
was tolerated well. She was discharged on the 5" day of
admission with a platelet count of 95,000/uL. There were
no further episodes of mucosal bleeding and the
previous bruises and petechiae faded during hospital stay.
CBC done oneweek later however showed aplatel et count
of 35,000/uL. Parents were anxious about the ‘ recurrence
of low platelets'.

Thrombocytopenia in children can be classified
pathologically into those due to increased destruction and
reduced production (Table I). The usual mechanisms of
destruction are immune mediated as seen in immune
thrombocytopenia (primary or secondary) or non-immune
causes. During evaluation, the duration of symptoms,
abruptness of presentation, recent history of viral illness,
ongoing fever, associated rash, history of drug intake
(e.g. steroids may mask leukemia, non-steroidal anti-
inflammatory drugs can result in thrombocytopeniaor mask
fever that can suggest a more sinister pathology), intake
of indigenous medicines and transfusions received are to
benoted (Tablell). Inimmunethrombocytopenias, usually
children arewell with no other clinical manifestationssuch
as pallor, lymphadenopathy or fever. Those with reduced
platelet production have features of other cell line
involvement and extra medullary disease such as
lymphadenopathy, hepatosplenomegaly, gingival
hyperplasia, etc.

40
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Platelet sizea so can give valuable cluesto the etiology
of thrombocytopenia. Plateletsin ITP are larger (MPV of
10-15 fL) and approach half the diameter of a red blood
cell on peripheral smear. A close evaluation of complete
blood count to look for other cell lines and clues towards
bone marrow failure/ infiltrationisvital beforelabeling as
immune thrombocytopenia. Often iron deficiency with
microcytic hypochromic anemia may be co-existent with
ITP in children. The presence of normo or macrocytic
anemias in association with thrombocytopenia needs
further evaluation to rule out bone marrow pathology such
as subclinical leukemia, aplastic anemia, myelodysplasia,
etc. Children with substantial hemorrhage (gastrointestinal/
hematuria/lmassive epistaxis), etc. may also present with
associated normocytic anemia. Evidence of fragmented red
cells, hemophagocytosis, red cell agglutination, activated
lymphocytes, presence of blasts, etc. are other findingsin
peripheral blood smear that may alert usto an aternative
diagnosis.

Childhood ITP is a self-limiting condition that often
requires no treatment despite the dramatic presentation.
Acuteor newly diagnosed I TPtypically occursin children
younger than 10 yearsand often followsabrief viral illness
1-2 weeks prior. The disease occurs as a result of auto
antibodies produced in response to a viral illness or a
vaccination which can interact with the glycoproteins on
the surface of platelets and megakaryocytes. Although the
bleeding tendency ismuch lessthan expected for the degree
of thrombocytopenia, at times, there is additional
disturbance in platelet function due to autoantibodies
directed against platelet receptors responsible for
agglutination and aggregation. In response to periphera
destruction, megakaryocytes are increased in number; at
times, there may be antibodies directed against
megakaryocytesor additional mechanisms causing reduced
platelet production as well. The autoantibodies produced
as a post-viral phenomenon are short lasting. Hence, the
disease usually is short lived and platelet count improves
even without any treatment in the next 6-12 weeks as the
titer of antibody falls. So in most cases, the treatment plan
would be just to wait and watch and ensure a regular
follow up.

Treatment isno longer given for those with no, minor
or mild bleeding manifestations (Box 2). The usual agents
for treatment i.e., glucocorticoids, IV immunoglobulin G
or IV antiD improve the platelet count by countering the
effect of the autoantibodiesin circulation. All three drugs
used in treatment of acute I TP are short acting and do not
have any role in modifying the natural history of ITP.
Around 20% of children with ITP would proceed into
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chronicity (duration of symptoms more than 12 months).
This occurs when the auto antibody levels do not reduce
or continue to be produced by dysregulated T cells which
promote expansion of autoantibody producing B cell
clones. A search for underlying etiology is to be done
(Tablel) in some cases periodically as underlying disease
can evolve with the passage of time. Evenin chronic I TP,
pharmacological treatment would be given only to those
children with repeated mucosal bleeding to keep them safe
from lifethreatening bleedsand not to ‘ normalize’ platelet
count. Parents are counseled to reduce risk of bleeding by
avoiding nose picking, constipation, non-steroidal anti-
inflammatory drugs, head trauma and intramuscular (IM)
injections. Parents understanding of the natural history
and treatment plan is vital in immune thrombocytopenia
to avoid panic, multiple doctor visits and use of treatments
that often have no benefit.

Case 2: Megaloblastic anemia

A 12-year-old girl was admitted with history of low
gradefever of 3weeksduration associated with generalized
weakness, |oss of appetite and yell owish discolouration of
eyes. Her tiredness progressed to difficulty in walking and
climbing stairs and an episode of giddiness at home.
On admission, she was noted to have palor, icterus with
petechiae and bruises on arms. CBC showed pancytopenia,
haemoglobin 3.6 grams/dL, MCV of 114fL, WBC count
of 4200 cells/uL with neutropenia (absolute neutrophil
count: 820 cells/uL), relative lymphocytosis and platel et
count of 24000/uL . Peripheral blood smear showed marked
anisocytosis with macrocytosis, tear drop cells,
polychromasia, with 30 nucleated RBCs/100 WBCs and
hyper segmented neutrophils. Bone marrow evaluation was
suggestive of cellular marrow with megal oblastic erythroid
series and megakaryocytic hyperplasia. Serum B12 level
waslow (102pg/ml; normal 211-911pg/ml). Shewas started
on parenteral vitamin B12 and oral folic acid.
Sheresponded with improvement in general sense of well-
being and rise in haemoglobin over the next 4 weeks.
Platelet count improved by D10 and remained normal
thereafter.

Anemia with thrombocytopenia is encountered in a
wide variety of conditions in pediatric practice.®
The common scenarios encountered are:

1. Infections- Malaria, enteric fever, chronic infections,
gram negative sepsis

2. Nutritional anemia- Megaloblastic anemia

3. Bone marrow hypoplasia/ aplasia - Aplasticanemia
(idiopathic/ constitutional), drug induced or infection
induced hypoplasia
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Hemophagocytic lymphohistiocytosis (Genetic/
Secondary)

Bone marrow infiltration - Acute leukaemia
(lymphoblastic/ myeloid), infiltration from
lymphomas/ solid tumours such as neuroblastoma,
Ewing sarcoma

Consumptive coagul opathies
a
b.

Disseminated intravascular coagulation

Hemolytic uremic syndrome/ Thrombotic
thrombocytopenic purpura/ other thrombotic
microangiopathies

c. Kasabach Merritt syndrome

Immune thrombocytopenia

a. Autoimmune haemolytic anemias with
thrombocytopenia (Evan’'s syndrome)

b. Systemic lupus erythematosus

c. Antiphospholipid antibody syndrome
Hypersplenism

In addition to the above scenarios, any condition
causing thrombocytopenia may have associated anemia
secondary to iron deficiency, acute or chronic blood loss.
History and evaluation is directed at identifying an
underlying cause with judicious use of investigations.
In the case described above, the presence of severeanemia
with macrocytosis, directs the evaluation to bicytopenias/
pancytopenias with raised MCV. Reticul ocyte count and
bone marrow evaluation helps us to further narrow down
the possibilities. Hypocellular/ aplastic bone marrow with
decreased absolute reticulocyte count is seen in patients
with either bone marrow hypoplasia or aplastic anemia.
The mean corpuscular volume of red cellswill be normal
to dlightly high in idiopathic aplastic anemiaand raised in
constitutional causes of bone marrow failure such as
Fanconi anemia and Dyskeratosis congenita.
Prompt identification of these conditions can avoid
unnecessary treatment including platelet transfusions for
non-bleeding patients.

Céllular to hyper-cellular bone marrow is observed
inall the other conditions mentioned above causing anemia
with thrombocytopenia. The presence of blasts,
megaloblastic erythropoiesis, dyspoietic erythropoiesis,
hemophagocytosis, etc. helps differentiate between the
causes.

Megaloblastic anemia is a prototype for ineffective
erythropoiesiswhere precursor cells generated in the bone
marrow are destroyed there itself. Although anemiaisthe
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earliest cytopenia, as the deficiency of B12 or folate
progresses, the megal oblastic process affects myeloid and
megakaryocytic lineages also, thus presenting as
pancytopenia. The degree of thrombocytopenia in
megal oblastic anemiais usually mild to moderate. Severe
thrombocytopenia and mucosal bleeds are rare in
megal oblastic anemia. In most cases, diagnosis can be made
on peripheral smear itself without the need for B12 and
folate assays or bone marrow evaluation. Thisis because,
B12 levels may be normal in patients with frank
megal oblastic anemia and low B12 levels may be seenin
normal individuals. Inter laboratory differencesin normal
values have also been observed. I n patients presenting with
pancytopenia, bone marrow evaluation is prudent to rule
out acute leukemiaand myel odysplasiawhich can present
in a similar manner. Reticulocyte count and lactate
dehydrogenase (LDH) can also help to differentiate
megaloblastic anemia from aplastic anemia.
With appropriate treatment (B12 or folic acid as deemed
appropriate), rise in platelet count is observed within
48 hours and normalization is seen within 7-14 days.®

Case 3: Infection associated thrombocytopenia

A 7-year-old boy presented with history of fever of
5days duration associated with complaints of painin both
knees, difficulty in walking and a bruise below the left
eye. On examination, he had multiple petechiae over the
trunk, oral cavity and conjunctiva, flushed skin and
splenomegaly. CBC done at admission showed a
haemoglobin level of 14 grams/dL, haematocrit of 45%,
WBC of 2600/uL with 33% neutrophils and 60%
lymphocytes and platelet count of 11000/uL. There was
evidence of mild transaminitis and raised blood urea at
admission. Dengue serology (NS1 and IgM) was positive.
He was managed conservatively with adequate hydration
and intensive monitoring. On second day of admission, he
had one episode of hematemesis. He was managed with
platelet transfusion and tranexamic acid in addition to
IV fluids. He remained afebrile after admission and over
the next 48 hoursthere wasimprovement in platel et count.

Thrombocytopenia is a common hematological
manifestation in infections (Table 111) especialy viral.”
Mild to moderate thrombocytopenia is observed in most
viral infections (including the recent pandemic due to
SARS-COV-2) where platelet production is hampered
either by direct infection and apoptosis of megakaryocytes,
decreased maturation of megakaryocytes or by suppression
of hematopoietic precursors. Enhanced platel et destruction
occurs during viremic states by immune or non-immune
destruction. Additionally, platelets may be destroyed inthe
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Table III. Infection associated thrombocy-
topenia

Vira infections Dengue, Epstein Barr virus,
hepatitis C, HIV, parvo virus B19,
CMV, rubella, COVID-19, mumps,

measles

Gram negative sepsis, enteric fever,
rickettsial infections, brucellosis,
disseminated Tuberculosis

Bacterial infections

Parasitic infections | Malaria, leishmanias's,

toxoplasmosis

spleen or by hemophagocytosis secondary to theinfection.
In viral hepatitis, low platelet count can occur following
platelet specific antibodies directed against glycoproteins
or by immune complexes that bind to platelet surface.
Hepatitis C infection related liver dysfunction in addition
to portal hypertension and hypersplenism can also cause
reduction in thrombopoietin production, which results in
platelet production defects.

In addition to the above mechanisms, dengue virus
can aso induce complement mediated lysis of platelets
and endothelial activation with enhanced consumption,
both of which can enhance the degree of thrombocytopenia®
The onset of thrombocytopenia usually occurs with the
start of the febrile illness. It worsens during the critical
phase where capillary leak and raised hematocrit is
observed and persists during the initial recovery phase
beforeit startsto recover. Mucosal bleeding isexpected in
most patients of dengue fever who are admitted tointensive
care unitsand hence should be prevented asfar aspossible
by measures such as avoiding NSAIDs, gastro-protection,
lubrication of nasogastric tube and urinary catheter to
prevent trauma, correction of co-existent coagul opathy and
improvement of tissue perfusion. There is no role for
prophylactic platelet transfusions in dengue infection.®
Monitoring of platelet count in dengueinfection isin fact
to predict plasma leakage rather than to decide about
transfusion. In those patients with mucosal bleeding or
platelet count <20x 10%/uL, single donor platelet
transfusions are preferred.®

Failure of recovery of platelet count as expected with
the natural history of dengue viral infection should prompt
search for hemophagocytosis, super-added nosocomial
infections with Gram negative bacilli (enteric fever or
leptospirosis) or even additional folate/B12 deficiency.
The presence of large platelets in the circulation indicate
the presence of recovering bone marrow and heralds the
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normalization of platelet count. Immature platelet fraction
(IPF) isameasure of reticulated plateletsin thecirculation
and reflect the degree of thrombopoiesis.l®
Reticulated platelets, the “reticulocyte” equivalent of
platelet series, are immature platelets that are recently
released from bone marrow, have more RNA and are
physiologically more active. Mean platelet volumeisalso
a surrogate marker of bone marrow activity. 1PF >8%
predicts platel et recovery within the next 24 to 48 hoursin
dengue patients and can reduce anxiety aswell as platelet
transfusions in these patients.’°

Case 4. Hemophagocytic lymphohistiocytosis

A 5 year old girl presented with complaints of high
grade fever of 1-week duration and yellowish
discolouration of eyes of 3 days duration. At admission,
she had pallor, icterus and hepatospl enomegaly. Following
evaluation, she was diagnosed to have acute viral hepatitis
asshewas positivefor IgM hepatitisA. At admission, CBC
showed haemoglobin of 8 grams/dL, WBC count of
5500/uL with 25% neutrophils and 66% lymphocytes and
platelet count of 75,000/uL. Liver function tests showed
serum bilirubin of 5.6mg/dL with 50% direct fraction,
SGPT of 1500units/dL and SGOT of 2450 units/dL.
She was managed symptomatically. Fever persisted and
repeat evaluation showed declining trend for all
hematological cell lines. Repeat CBC showed hemoglobin
of 6.5 grams/dL, WBC count of 3200/uL with 10%
neutrophils and 76% lymphocytes and platelet count of
22,000/uL. Evaluation for dengue, enteric fever, malaria
and leptospirosis was negative. Peripheral smear showed
lymphomonocytoid cells with no evidence of malignancy.
Inview of persisting fever, splenomegaly and pancytopenia,
HLH was considered. Serum ferritin was 5800ng/ml,
triglycerides were 380mg/dL and fibrinogen was
120 mg/dL. Bone marrow done showed reactive marrow
with prominent macrophages. In view of these findings,
she was managed with dexamethasone and etoposide for
8 weeks to which she responded well. Fever subsided and
platelet count improved within 2 days of starting
dexamethasone. She completed treatment 2 yearsback and
is currently doing well.

Thrombocytopenia is commonly encountered in
critically ill children and neonates. The timing of
thrombocytopenia, rapidity of fall, presence of mucosa
bleeding can have significant implications towards
diagnosis and treatment. Endothelial activation causes
platel etsto adhereto the vascular endothelium and activate
coagulation cascade.™ In addition to these, complement
mediated platel et destruction, thrombotic microangiopathy,
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drug induced platelet destruction and hemophagocytosis
are other reasons for thrombocytopeniain sick children.

Hemophagocytic lymphohistiocytosis (HLH) isbeing
increasingly recognized as a complication in sick patients
which results from inflammation triggered by infections,
malignancies and rheumatological illnesses. It is
characterized by uncontrolled proliferation of lymphocytes
and macrophages that release cytokines into the
circulation.? This cytokine storm resultsin aconstellation
of clinical manifestations such as persistent fever,
splenomegaly, pancytopeniaor seria reduction in absolute
values of all three hematological cell lines,
hypofibrinogenemia, hypertriglyceridemia, hyper-
ferritinemia and evidence of hemophagocytosis in bone
marrow, lymph nodes or spleen. In some families with a
genetic predisposition for this inflammation, HLH can
present in an autosomal recessive or X linked manner with
early clinical presentation and poor outcomein the absence
of bone marrow transplantation.®® In the vast mgjority, itis
secondary and requires early identification, prompt search
for an underlying genetic cause and treatment to reduce
the inflammatory drive.

The appearance and persistence of thrombocytopenia
inasick, febrile child is often the first indication of HLH.
Treatment is directed at suppressing the activated
lymphomonocytoid cells with dexamethasone, etoposide
or cyclosporine as per the co-operative group protocols
from North America.*?'* During treatment, patients are
closely monitored for signs of improvement which include
defervescence, recovery of platelet and neutrophil count
and improvement of liver function. HLH has a highly
dynamic clinical course.** Hence customization of therapy
is warranted and treatment should be given in centers
capable of handling sick and immunocompromised
patients.

Thrombotic microangiopathiesviz. hemolytic uremic
syndrome (HUS) and thrombotic thrombocytopenic
purpura(TTP) are another group of conditionsthat present
with thrombocytopenia in critically ill patients.*®
Both these conditions occur following consumption of
platelets resulting from endothelial cell injury. In HUS,
the toxin released from strains of Escherichiacoli or other
bacteria causing colitis results in vascular injury that
primarily involves the kidneys resulting in oliguria,
hypertension and thrombocytopenia. Thrombotic
thrombocytopenic purpura is another dramatic condition
characterized by fever, thrombocytopenia,
microangiopathic hemolytic anemia, neurological and rena
abnormalities. Early identification of the dyad of
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thrombocytopeniaand microangiopathic hemolytic anemia
and initiation of therapeutic plasma exchange is vital for
these life threatening diseases.’®

Platelet refractoriness is yet another difficult scenario
encountered in critically ill children. Drugs (amphotericin B,
vancomycin), infections, hemophagocytosis, immune
causes such as HLA sensitization are to be carefully
excluded in this situation.

Case 5: Aplastic anemia

A 15 year old boy presented with complaints of fever
on and off for the past 8 months. On evaluation at another
centre, hewasfound to have anemiaand thrombocytopenia,
for which he was transfused packed red cells and random
donor platelets on multiple occasions. At the last centre, a
bone marrow aspiration was done which was reported as
hypoplastic anemia. Since the past month, he had multiple
episodes of bleeding in the form of gum bleeding and
melena. He had tiredness, difficulty in breathing and needed
help to walk. On examination at our centre, he was noted
to have severe pallor, active mucosal bleeding with no
hepatosplenomegaly. He did not have short stature, skeletal
anomaliesor hyperpigmentation. CBC showed hemoglobin
of 5.5 grams/dL, WBC count of 1400/uL with 12%
neutrophils and 80% lymphocytes and platelet count of
4,000/uL. Bone marrow aspiration and biopsy were done;
cellularity was <20%. There was no HLA matched donor
for bone marrow transplantation and hence he received
immune suppressive therapy with anti-thymocyte globulin
and cyclosporine to which he has responded partially.
He has completed one year of follow up and istransfusion
independent.

Bone marrow suppression secondary to infections or
drugs have been mentioned in the previous cases.
Bone marrow failure or aplastic anemia results from
inability of bone marrow to produce blood cells either due
to genetic causes, post infectious causes, post toxin/drug
exposure or yet unknown reasons. At least 1/4" of
childhood aplastic anemia occurs in children with
underlying genetic predisposition to bone marrow failure.®
Bone marrow failureis suspected in children who present
with pancytopenia with no evidence of extramedullary
disease (hepatosplenomegaly or lymphadenopathy).
A careful history of recent exposure to drugs/ toxins and
infections is part of evaluation. Complete blood count
shows evidence of anemia, reticul ocytopenia, neutropenia
and thrombocytopenia with the absence of blasts of any
kind and dysplastic neutrophils. Platelets are reduced
severely and are small in size unlike what is seen in
destructive states.
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The diagnosis of aplastic anemia requires evidence
of bone marrow hypocellularity (defined as cellularity
<25% or between 25-50% where <30% cells are residual
hematopoietic cells) with peripheral blood cytopenias in
the absence of marrow infiltration or fibrosis. As per the
approved Camitta criteria, at least 2 out of 3 criteria
(reticulocyte count <20,000/uL, platel et count<20,000/uL
and absol ute neutrophil count <500/pL) should be satisfied.
The importance of an adequate trephine biopsy of atleast
1.5-2 cms cannot be over emphasized in thisregard. Asis
described in the case, aspiration without biopsy is hardly
useful and just adds to the cost and pain suffered by the
patient.

During clinical evaluation, the possibility of an
underlying genetic etiology for bone marrow failure is
always to be looked for. The presence of short stature,
hyperpigmentation, café au lait macules, skeletal anomalies
such as dysplastic thumbs, absent radius, triphalangeal
thumbs, poly/syndactyly, renal anomalies, reticulate
pigmentation of skin on neck, nail dystrophy, leukoplakia,
warts, molluscum, history of repeated infections, family
history of liver and lung fibrosis, early greying or
malignancies point towards Fanconi anemia, dyskeratosis
congenita, thrombocytopeniawith absent radius and more
recently identified conditions such as GATAZ2
haploinsufficiency, SAMD9/SAMDL mutations etc.
All patients under the age of 35 years with bone marrow
failureareto be evaluated for genetic causesfor the same.'’

Early bone marrow transplantation is probably the
only intervention that saves the lives of these children.
In case of idiopathic aplastic anemia, in the absence of a
HLA matched bone marrow donor, immunosuppressive
therapy with anti thymocyte globulin and cyclosporine may
be given. A very restrictive transfusion policy is followed
asfar asplatel et transfusions are concerned in these patients
prior to initiation of definitive treatment.!®
Platelet transfusions from multiple donors can induce
immuni zation against either donor HLA or human platel et
antigens. The number of pre-transplant transfusions
received have a negative impact on the outcome after
transplantation. Irradiated and leuco-depleted blood
products are to be used in these children to reduce therisk
of allosensitization. Repeated platel et transfusions can lead
to platelet refractoriness which will further impair the
quality of life of these children. As in most other
thrombocytopenic conditions in children, there is no role
for prophylactic platel et transfusions, unless platel et count
is <10x10%uL. The threshold is reduced to 5x10%uL in
many centers in stable children without bleeding signs.
However, such a low transfusion trigger requires regular
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evaluation of the patient and provision for immediate
transfusion in case of clinically significant bleeding.*"®

Case 6: Inherited thrombocytopenia

A 1.5 year old boy presented with history of fever
since 5 days, redness and induration of skin on the nape of
neck with bleeding and petechial skin rash. He was the
first born child to non-consanguineous couple with no
significant family history. He was evaluated earlier at a
centre, diagnosed asimmune thrombocytopeniaand started
onoral prednisolone. Bone marrow done showed increased
megakaryocytes which was compatible with the diagnosis
of immune thrombocytopenia. On examination, in addition
to the petechiae, child had evidence of seborrhoea on the
scalp and atopic rash. Mother recounted that thisrash had
been present since early infancy for which she had tried
multiple emollients. CBC done showed haemoglobin:
12.6 gm/dL, WBC count: 9790 cells/uL with 63%
neutrophils, 21% lymphaocytes, 7% eosinophilsand platel et
count of 9000/uL. Peripheral smear showed the presence
of occasional giant plateletsamong uniform small platelets.
Even though MPV was reported high, based on a clinical
suspicion of Wiskott Aldrich syndrome (young boy with
thrombocytopenia with atopy), a genetic evaluation was
performed, which was confirmatory.

Although immune thrombocytopenia and other
acquired causes are the most frequent reasons for low
platelets in children, a suspicion for inherited genetic
mutations should be kept in mind while evaluating this
condition in children of any age especially inamalechild.
Congenital thrombocytopeniacould be classified based on
the platelet size, the pattern of inheritance or by associated
clinical features. The presence of consanguinity, family
history of thrombocytopenia or malignancies, repeated
infections often point towards a genetic cause. Wiskott
Aldrich syndrome and X linked thrombocytopenias are
most commonly associated with plateletsthat arevery small
insizewith MPV < 7fL. Inherited macrothromboctyopenias
(MPV>11fL) are seen in May Hegglin anomaly, Epstein
syndrome, Fechtner syndrome, Sebastian syndrome,
Bernard Soulier syndrome etc. Thrombocytopenia absent
radii and congenital amegakaryocytic thrombocytopenias
present with normal platelet size (MPV 7-11 fL).%°

Wiskott Aldrich syndrome is an X-linked primary
immunodeficiency disorder that is characterized by the
classic triad of severe immunodeficiency, micro-
thrombocytopenia, and eczema. The WAS gene encodes
the WAS protein (WASp), which is a 501-amino acid
protein expressed within the cytoplasm of nonerythroid
hematopoietic cells. WAS is an X-linked disorder that is
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manifested in males, with an absence of clinical
symptomatology in obligate female carriers.?®
WAS presents with susceptibility to pyogenic, viral and
opportunistic infections, eczema, autoimmune phenomena
and increased incidence of lymphoproliferative disease.
X linked thrombocytopenia results from mutations in the
same gene, but present only with thrombocytopenia and
small platelets without skin manifestations or infections.

The platelet counts in patients with WAS and XLT
ranges form 3000-70,000/uL. Since there may be few
platelets that are large, MPV often cannot be relied on.
Also, inthe presence of profound thrombocytopenia, MPV
may give unreliable results. WA S should be considered in
al males with immune thrombocytopenia like features,
especialy in those who present very early in life, those
with skin features of allergy/ atopy in infancy, small sized
platelets, reduced MPV, higher eosinophil counts and
repeated infections.? Identification will help in judicious
treatment for immunodeficiency and early referral for bone
marrow transplantation.

Case 7: Hypersplenism

A 13 year old girl from Bengal, diagnosed at the age
of 5yearswith hemoglobin E-Beta Thalassemiafollowing
palor and abdominal distention had been on transfusion
support episodically. She received 2-3 transfusions in a
year. Shewas brought currently with complaints of extreme
tiredness and episodes of gum bleeding. Mother felt that
her growth was poor. On examination, she weighed 25 kg
and was 135 cms tall, with pallor and splenomegaly of
12 cms along the splenic axis. CBC done showed
haemoglobin: 4.4gm/dL, WBC Count: 4390 cells/uL with
33% neutrophils, 61% lymphocytes and platelet count of
35,000/uL . Peripheral smear was suggestive of thalassemic
hemogl obinopathy. Manual platelet count was 45,000/uL.

About 1/3 of the body’s total platelets are retained
in the spleen which is exchanged constantly with the
circulating pool. Thrombocytopenia due to sequestration
occurs in conditions with splenomegaly where the
proportion of platelets sequestered increase. In children
this is observed secondary to chronic liver disease with
portal hypertension, hemolytic anemias such as hereditary
spherocytosis, hemoglobinopathies such as HbE beta
thalassemia, beta thalassemia intermedia and storage
diseases such as Gaucher disease.! Thrombocytopeniadue
to hypersplenismisusually mild to moderate and generally
does not fall <50x10%uL.® No treatment is required for
this mild-moderate thrombocytopenia. Hypersplenism is
defined as bicytopenia or pancytopenia that occurs
usually in the presence of an enlarged spleen.
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In hemoglobinopathies, the treatment of hypersplenism
would betheinitiation of aregular transfusion regimen to
keep pre transfusion hemoglobin above 10gm/dL.
Thisusually reducesthe extramedullary hematopoiesisand
results in regression of splenomegaly with improvement
in platelet count.

Conclusion

Thrombocytopeniaisacommon, yetimportant marker
of illnessin children. In the above few case scenarios, we
have observed how thrombocytopenia can present in
apparently normal and sick children. Understanding the
pathogenesisis the key to appropriate management.

Points to Remember

e Thrombocytopeniaisavital clueto the diagnosis of
many acute and chronic illnesses.

¢ Management of thrombocytopenia is decided based
on the underlying etiol ogy.

¢ |tisimportant to focus on the clinical condition of
the child than on platelet counts.

e Mean platelet volume ranges from 7-9 fL which is
expressed in automated hematology analyzers.
In conditions where platelets are destroyed,
megakaryocytes produce large platelets. In bone
marrow pathology, where megakaryopoiesis is
affected, usually platelets are of normal size except
in certain inherited conditions.

o Immatureplatelet fraction isameasureof reticulated
platelets or “reticulocyte” equivalent of platelet
series. They are physiologically moreactive. | PF >8%
predicts platelet recovery within the next 24 to 48
hoursin dengueinfection.

e Bone marrow failure syndromes and leukemias
should not be missed while evaluating
thrombocytopenia.

e |nherited causesof thrombocytopenialike Fanconi’'s
syndrome, thrombocytopenia absent radius
syndrome, dyskeratois congenita, Wiskott Aldrich
syndrome should be suspected when there are
suggestive features on physical examination.
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CLIPPINGS

Effect of High-dose Vitamin A Supplementation in Children With Sickle Cell Disease: A Randomized,
Double-blind, Dose-finding Pilot Studly.

Suboptimal vitamin A status (serum retinol <30ug/dL) is associated with poor clinical outcomes in children
with the hemogl obin-SS disease (HbSS), and supplementation with the recommended daily allowance of retinol
is ineffective in improving vitamin A status. In a single-center randomized blinded dose-finding pilot study,
the authors compared vitamin A and nutritional statusin children with HbSS to healthy children and explored
the impact of high-dose supplementation on the primary outcome serum vitamin A status.

In summary, neither 3000 nor 6000 [U/d of vitamin A is sufficient to increase serum vitamin A concentrationsin
children with HbSS. Minor improvements in exploratory nutritional, hematologic and muscle outcomes were
noted with supplementation, and deserve exploration with alarger-samplelongitudinal placebo-controlled study
that controls for HU use. A longer term trial will contribute to understanding the potential clinical impact of
modest changes in erythrocyte quality and muscle function. Given that there were few differences in outcomes
by dose and no adverse events attributable to the study supplement, both doses were considered safe in this
study. Future studies designed to evaluate vitamin A impact on these outcomes may require a higher dose
vitamin A and alarger sample to fully evaluate these potentially clinically-beneficial relationships.

Modeling of total body vitamin A stores using stable isotope dilution is becoming more informative and could
be used in combination with serum retinol asan outcome measure in such astudy. A more accurate estimation of
total body vitamin A stores will likely shed light on the mechanism atering vitamin A metabolism and thus
serum retinol concentrations in this unique patient population.

Brownell JN, Schall JI, Mcanlis CR, Smith-Whitley K, Norris CF, Sallings VA. Effect of High-dose
Vitamin A Supplementation in Children With Sickle Cell Disease: A Randomized, Double-blind, Dose-finding
Pilot Study. J Pediatr Hematol Oncol 2020; 42(2):83-91.

Use of Probiotics for the Management of Acute Gastroenteritisin Children: An Update.

Since the publication of the 2014 European Society for Pediatric Gastroenterology, Hepatology and Nutrition
Working Group (WG) on Praobiotics and Prebiotics guidelines for the management of acute gastroenteritis (AGE),
new evidence concerning the efficacy of probiotics hasbecome avail able. The recommendationswere formul ated
if at least 2 randomized controlled trials that used a given probiotic were available. The WG made weak
recommendations for (in descending order in terms of the number of trials evaluating any given strain):
Saccharomycesboulardii (low to very low certainty of evidence); Lactobacillusrhamnosus GG (very low certainty
of evidence); L reuteri DSM 17938 (low to very low certainty of evidence) and L rhamnosus 19070-2 and
L reuteri DSM 12246 (very low certainty of evidence). The WG made a strong recommendation against
L helveticus RO052 and L rhamnosus RO011 (moderate certainty of evidence) and a weak recommendation
against Bacillus clausii strains O/C, SIN, N/R, and T (very low certainty of evidence).

Szajewska H, Guarino A, Hojsak I, Indrio F, Kolacek S, Orel R, et al. Use of Probicticsfor the Management
of Acute Gastroenteritisin Children: An Update. J Pediatr Gastroenterol Nutr 2020; 71(2):261-269.
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AUTOMATED ANALYZER BASED
APPROACH TO ANEMIA
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Abstract: Anemiarepresentsan extremely common clinical
problem among children in India. Automated hematol ogy
analyzers yield a wealth of data that can aid etiological
diagnosis and follow-up of anemic children. Conventional
approaches include the use of parameters indicating cell
volume and size variability in conjunction with the
reticulocyte count to classify anemias. Recent advances
range fromreliable enumeration of schistocytes, enhanced
precision in nucleated RBC counts, multiple approaches
for detection of spherocytes, improved parameters for
identification of anemias due to iron deficiency and iron
restriction to hematopoiesis and improved prediction of
hematopoietic recovery by identifying immature
reticulocyte populations. This review discusses
interpretation of the analyser data and their relevance to
practicing paediatricians managing anemia.

Keywords: Anemia, Automated analysers, Automation,
Erythrocytes, Laboratory test.

Anemia represents an extremely common clinical
problem in children, especially in developing countries.
It is encountered virtually in all pediatric sub-specialities
and has innumerable causes, ranging from the obvious to
the obscure. The automated blood count isusually thefirst
laboratory investigation to be ordered in a child who is
pae, lethargic, exercise intolerant, or otherwise suspected
tobeat risk for anemia. The easily available and timetested
parameters for the evaluation of anemia are hemoglobin
(Hb) and the red blood cell (RBC) indices including the
mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin
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concentration (MCHC) and red cell distribution width
(RDW), often supplemented by a peripheral smear and the
reticulocyte count. With the introduction of new and
technologi cally-advanced automated analy zers, many novel
parameters have also become available (Table 1). These
are often generated at no or minimal additional cost during
the hemogram, and can accurately reflect various disease
processes. However, they are not standardized across
manufacturers, reference ranges are not easily available
and interpretation is often not straightforward outside of
controlled studies. Hence, for various reasons including
availability and comfort levels, the application of the newer
parametersin real-world clinical practice has often lagged
their anticipated virtues extolled in published literature.

This review begins with a brief overview of existing
approaches to diagnosis of anemia using the universally
available parameters and examines what is new or
improvable in their assessment. Subsequently, the more
advanced and/or novel automated parametersare discussed
with afocus on their applicability to pediatric practice.

Defining anemiain children - Reference ranges for Hb,
hematocrit (Hct) and RBC count vary substantially with
agein children, and to alesser degree with race/ ethnicity.
Divergence between the sexes becomes apparent with
increasing age, usually by 10-12 years. Hence, it isessential
to assess hemogl obin based on the appropriate normal range
and these are available internationally.® This is becoming
easier for clinicians as more laboratories adopt hospital
information systems. These systems can electronically
select the correct age and gender-specific reference ranges
to be provided in reports being generated. Although there
is discussion in literature about the cut-off percentile for
Hb (2.0, 2.5 or even 5" centiles) to diagnose anemia, most
studiesrecommend lessthan 2.5" centilefor age, ethnicity
and gender.?

Conventional automated analyzer-based approachesto
anemia

Once anemia has been diagnosed clinically and/or
confirmed by Hb estimation, the automated hematology
analyser data can yield rapid insights into its cause.
One of the earliest considerations is the number of cell
lines involved, with the differential diagnosis for
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Table I. Parameters identified by automated hematology analyzer-based techniques

Conventional automated analyzer-based
approachesto anemia

Advanced parametersfor anemia and red cell analysis

a) Quasi-morphological approach based on
MCV and RDW

b) Red cell kinetics estimation by the
reticulocyte count

¢) RBC volume histogram analysis shows
abnormalitiesin several disease settings

a) Diagnosis of iron status by automated hematology analyzers.
Reticulocyte hemoglobin content (CHr) and reticulocyte hemoglobin
equivalent (Ret-He.)

b) Newer factors related to microcytosis and hypochromia. Low
Hemoglobin Density (LHD %). Red blood cell size factor (RSf)

¢) Reticulocyte subclassification based parameters. Immature
reticulocyte fraction (IRF) - the ratio of immature reticul ocytes to the
total number

d) Automated detection of spherocytes - to detect multiple inherited
and acquired conditions with spherocytes

€) Nucleated RBC enumeration - The detection of nucleated RBCsis
important for several reasonsin pediatric practice.

f) Fragmented RBC enumeration - important to diagnose thrombotic
microangiopathy

g) Miscellaneous novel red blood cell parameters: e.g. recognition of
typical shapeslikea“comma’ in thalassemiatrait

Table II. RDW and MCV-based classification of anemia by a quasi-morphological approach

Normal RDW

High RDW

Low MCV e Thaassemiatraits (a, B, 6 thalassemia), | e
Hb Lepore and HbE traits

e Anemiaof chronic disease (ACD),

inflammation, or malignancy o

(MCV declinesin long-standing ACD) o

Iron deficiency

e Thalassemiamajor or intermedia, HbH disease,
double heterozygous HbE/B-thalassemia
Sideroblastic anemia

Microangiopathic hemolysisincluding hereditary
pyropoikilocytosis

o Deficiency of vitamins C and E, copper deficiency,
aceruloplasminemia

failure syndromes
e Hypothyroidism
o Liver disease

e Myelodysplastic syndromes (MDS)

Normal MCV e Normal state e Early/latent iron deficiency
o Post-chemotherapy e Multiple-deficiency anemia
e Acute blood loss e Hemolytic anemia due to other red cell
e G6PD deficiency enzymopathies or membranopathies
e Anemiaof chronic disease, inflammation,| e Sickle cell anemia
or malignancy (shorter duration) e Immunehemolysis
e Recently transfused patients
High MCV e Aplastic anemia and inherited marrow Megal oblastic anemia

RBC agglutination
Hemolytic anemia with marked reticulocytosis
Some forms of MDS

NOTE: Spurious macrocytosis may occur in cases with reticulocytosis, marked red cell agglutination, and marked
leukocytosis. Spurious microcytosis may occur in cases with schistocytes, microspherocytes, giant platelets.
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pancytopenia or bicytopenia being wider than that for
isolated anemia. In the appropriate clinical setting, arapid
exclusion of hematological malignancy takes precedence
over further work-up of anemia, necessitating ablood film
or bone marrow examination. However, once this initia
triageisdone, isolated anemiaisusually best dealt with by
applying two commonly used approachesto the hemogram
data. Mostly, both these approaches are applied
simultaneously, keeping in view the history and
examination findings:

1. Quasi-morphological approach: This approach
involves evaluation of the mean corpuscular volume
(MCV) and the degree of red cell anisocytosisasindicated
by the [red cell distribution width (RDW)] to classify
anemias analogous to what is done during blood film

2020; 22(3):290

evaluation. Hence, the patient may have microcytic,
normocytic, or macrocytic anemia, with or without
anisocytosis. The assessment of mean corpuscular
hemoglobin (MCH) as an indicator of hypochromia can
further refinethedifferential diagnoses.® Thevarious causes
of different combinations of MCV and RDW are outlined
inTablell.

2. Red cdll kineticsestimation by thereticulocyte count:
Thereticulocyte count is easily available from most of the
5-part and more advanced analyzers. The percentage of
red cells comprising of reticulocytes correlates with the
erythropoietic activity in the bone marrow. Based on the
reticul ocyte count, the cases of anemiacan bedivided into
those with (1) appropriate reticul ocyte response to anemia
(including anemia caused by hemolysis, acute or chronic

Table III. Red cell histogram appearances and abnormalities in various states

S. No. | Abnormality Cause

[llustrative examples

1 Nil (normal Gaussian curve) -

r.BC Histogram
|

0 200 300 A

ovl e

2. Peak with normal width shifted to
the left

Uniform microcytosis dueto
[- or a-thalassemiatrait

RBC Histogram

50 110 200 ET-

3. Peak with increased width shifted

Megal oblastic anemia,

REC Histogram

of the curve to touch the baseline on
the left side

to theright marked reticulocytosis, N\
mild RBC agglutination '
S 1o T T
4, Left “shoulder” extension or afailure| RBCswith smaller volumes merging

into platelets indicating the presence
of very small RBCs

(e.g., microspherocytic or

fragmented RBCs), or
macrothrombocytes or platelet clumps

REEC Histogram

SL 110 200 00 fL

5. Right “shoulder” or trailing of
erythrocyte population to the

Extremely large RBCs (macrocytes),
marked red cell agglutination or |

FEC Histogram

extreme right marked increase in reticulocytes |
& 200 A
6. Presence of two popul ations of Heterozygotes for X-linked r.m: Histogram
red cells

transfused with blood donated by

sideroblastic anemia, or persons |
carriers of B-thalassemiatrait or HbE

o0 200 300 L
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blood loss, transient marrow suppression followed by an
almost immediate recovery etc.) and (2) those with
inappropriately low reticul ocyte responses (very low counts
inmarrow aplasia, purered cell aplasiaand drug/radiation
induced suppression and moderately low to near-normal
countsin micronutrient deficiencies and dyserythropoietic
anemias).*° A special situation occurs in patients with
normal Hb and marked reticul ocytosis, who are considered
to have compensated hemolysis, most typically exemplified
by the milder forms of hereditary spherocytosis and some
rare enzymopathies. Patients with myelophthisis
(for e.g. myelofibrosis, metastases) also have elevated
reticulocyte counts.

A reasonabl e estimate of the cause of anemiaisusualy
possible based on data derived from the above two
approaches, in conjunction with the clinical background.
In addition, the analysis of red cell histograms can
occasionally be of help.

3. Red blood cell volume histogram analysis: The RBC
size frequency distribution histogram typically displays a
symmetrical or Gaussian shape. MCV and RDW are
directly derived from this curve. This histogram shows
abnormalitiesin several disease settings. These are shown
in Table I1l. An interesting special situation among the
entitieslisted isthat of uniform microcytosiswith absolute
or relative erythrocytosis. The constellation of findings of
reduced MCV, normal RDW and elevated RBC count
(absolute or relative to the Hb) usually accompanied by
reduced MCH are well known to be indicative of a- or
B-thalassemia trait.**2 Similar results may however also
be found in 5p thalassemia trait, HbE-trait as well as
homozygosity and Hb Leporetrait.”*More or less similar
resultsalso occur iniron-deficient polycythemiavera, iron
deficiency on therapy and cyanotic congenital heart
disease.’?

A key featurein both the quasi-morphol ogical approach as
well as red cell histogram analysis is the RDW. Several
analyzers nowadays provide the RDW both as coefficient
of variation (CV) and as standard deviation (SD).

Choosing between the RDW-CV versus RDW-SD

The RDW-CV and RDW-SD are both measures of
the dispersion of RBC volumes around their mean.
The wider the spread of the red cell volumes, the higher
the SD. Although both theindices use dispersion to estimate
the degree of anisocytosis, they approach it differently

(Fig.1).

The RDW-CV measures dispersion asaratio of 1 SD
to the MCV. Hence, changes in the SD (width) or MCV
both influence the results. Microcytosis therefore tends to
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RDW - CV (%)
=1SD/MCV

RDW - SD (fL) = Width of RBC
histogram at 20% height

RBC Histogram C Histogram

| 100%

| ]

o

20%

0 110 200 300 4 30 110 200 300 4
<= C——
1sD RDW-SD

Fig.1. A comparison of calculation strategies
for RDW-CV versus RDW-SD. The RDW-CV
(left panel) is calculated by dividing the width
of the RBC histogram at 1 SD across its centre
by the MCV. The RDW-SD, on the other hand,
is simply the width of the RBC histogram at
20% of its height. The latter is therefore
independent of the MCV.

elevate the RDW-CV by lowering the ratio’s denominator
and macrocytosistendsto reduceit by increasing the MCV
(i.e. the denominator). Thus, the RDW-CV can be
spuriously high in cases with extreme microcytosis and
falsely normal in macrocytic anemia >

The RDW-SD, on the other hand, is adirect measure
of the RBC histogram width taken at its 20% height level.
Corpusclesbelow the 20% height of the curve are excluded.
These include aperture artifacts, cell coincidence errors
(doublets, triplets, etc.) and agglutinates on the right
extreme of the histogram and platelet clumps, electrical
interference and very large platelets on the left. Since the
RDW-SD is not dependent on the MCV it represents the
absolute measure of dispersion. Overall, itismorereliable
than the RDW-CV, especialy in patients with abnormal
MCVs1214

Advanced parametersfor anemiaand red cell analysis

This section deals with selected recently developed
important parameters. The focus is mostly on clinical
applications of the analyzer data and less on its
technological derivation and instrumentation.

1. Diagnosis of iron status (iron deficiency and iron-
restricted erythropoiesis) by automated hematology
analyzers

Assessment of iron status isimportant in not only the
child with suspected iron deficiency, but also in those in
whom iron deficiency may coexist with acute or chronic
inflammatory statesor chronic diseases, like chronic kidney
disease (CKD), inflammatory bowel disease (IBD),
hemophagocytic lymphohistiocytosis (HLH), pediatric
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rheumatological illnesses, etc. The conventional red cell
indices (MCV, MCH, MCHC, RDW) are not sensitive
enough in the early or latent stages of iron deficiency and
they do not alter rapidly enough to predict responsetoiron
therapy in deficient patients. Moreover, they are not useful
in distinguishing coexisting iron deficiency in
inflammatory states.*®

Reticulocyte hemoglobin content (CHr) and
Reticulocyte hemoglobin equivalent (Ret-He):
Automated hematology analyzers nowadays incorporate
several parameters to measure the iron content of
circulating erythrocytes. The most effective of these
parameters reflect the availability of iron to erythroid
precursors. CHr, measured by Siemens and Abbott
analyzers, quantifies hemoglobin mass in reticulocytes,
whichisdirectly dependent on iron bioavailablity to these
cells. Given the short maturation time of reticulocytesinto
erythrocytes (typically 1-2 days), hemoglobin content of
these newly-released immature erythrocytes reflects the
short-term dynamics of iron availability for erythropoiesis
in the bone marrow. RET-He, (Sysmex analyzers) is a
related biomarker serving essentially the same
purpose_lz,ls,le

Both CHr and Ret-He represent physiologically
appropriate iron status indicators in pediatric CKD as the
synthesis of iron-replete reticulocytesis highly dependent
on erythropoietic iron bioavailability. Additional
advantagesincludelower cost vis-avis conventional tests,
and the requirement for a lower blood sample volume as
andysisistypicaly performed on the same EDTA specimen
used for the hemogram.’21An aternative approach to
diagnosis of iron deficiency or iron-restriction isto assess
the response to therapy of the immature reticulocyte
fraction, which is discussed in the next section.

Newer factors related to microcytosis and
hypochromia: The percentages of hypochromic and
microcytic RBC (Siemens, Abbott and Sysmex) and rel ated
parameterslikelow hemoglobin density (LHD%), red cell
size factor (RSF) (on Beckman Coulter instruments) at
various thresholds can be sensitive indicators of both iron
deficiency and iron restricted erythropoiesis. LHD % isa
potential marker of iron availability which is provided by
Beckman-Coulter analyser and is derived from the mean
cell hemoglobin concentration, using the mathematical
sigmoid transformation. Red blood cell size factor (RSY)
is a new parameter provided by Beckman-Coulter which
combines the volume of erythrocytes and the volume of
reticulocytes. RSf is a potential screening parameter in
evaluating patients with hypochromic microcytosis in
identifying possible cases of a.-thalassemiatrait regardless
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of iron status. There may however beinterferencein cases
with inherited forms of hypochromic microcytosis, since
the frequencies of - and a-thalassemia as well as HbE
trait in India are not inconsiderable.**'” Hence, the
interpretation of the complete blood count isrecommended,
preferably with complete knowledge of the specific clinical
setting. These factors are also dependent on the time of
sample processing. For instance, the 2016 update to the
National Institutes of Clinical Excellence (NICE)
guidelines for assessment of iron status in CKD patients
states that the percentage of hypochromic red cells
(%0HRC), CHr or Ret-He are superior to serum ferritinalone
in predicting therapeutic response to intravenous iron.
% HRC should be used if testing is possiblewithin 6 hours,
otherwise CHr or Ret-He should be used.*®

Although the Ret-Heisreduced in both iron deficiency
and inthalassemiatrait, formulaeincorporating novel RBC
indices have been designed to distinguish these conditions.
For instance, an“ Urrechagalndex” hasbeen described that
uses a cut-off of >minus 7.6 on the formula “% MicroR-
%Hypo-He- RDW” to recogni ze heterozygousthaassemia
with 100% sensitivity and 92.6% specificity.?®?
Values greater than minus 7.6 are highly suggestive of
heterozygous j3-thal assemiawhich must then be confirmed
by estimating the HbA2 percentage.

2. Reticulocyte subclassification based parameters

Immature reticulocyte fraction (IRF): The IRF is the
ratio of young, immature reticul ocytesto the total number
of reticulocytes. Analyzers use fluorescent or non-
fluorescent dyes (for e.g. thiazole orange, Oxazine 750,
new methylene blue, etc.) to stain reticulocyte RNA.
A combination of fluorescence and narrow anglelaser light
scatter is used to detect the red cells and measure the
reticulocyte count and the IRF. Most of the above dyes
also stain DNA, but as the concentration of DNA in
leukocytesisfar in excess of that of RNA in reticulocytes,
the cells are easily separated by their differing fluorescent
intensities.*>1216

Based on fluorescence emission intensity,
reticulocytes are divided into three subsets, the most
immature, the moderately immature and finally, the mature
reticulocytes. Of these, the most immature and moderately
immaturereticulocytes constitute the | RF with the reference
range being usually around 2.0% - 16.2%.?

Clinically, theIRFislow with alow reticul ocyte count
in severe aplastic anemia or renal failure and high with
high reticulocyte count in hemolysis, hematinic response
and erythropoietin-doping athletes. If it is paradoxically
high with a low reticulocyte count, this suggests
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dyserythropoiesis (myel odysplastic syndromes, congenital
dyserythropoietic anemia). The IRF is high with anormal
reticulocyte count in engrafting marrow and hemopoietic
regeneration after myel oablative chemotherapy. Hence, it
can be used to monitor marrow regeneration (engraftment)
post-transplant or chemotherapy as well as check for
hematinic response, together with the Ret-He. The first
erythropoietic response after marrow ablation by therapy
is arise in the IRF, which precedes the increase in the
reticulocyte count and absolute neutrophil count (ANC)
by several days.*51216

3. Automated detection of spherocytes

Spherocytic red cells can be seenin multipleinherited
and acquired conditions and can also be difficult to detect
morphologically when present in small numbers.**2
Different hematology analyzers have adopted different
approachesto their detection and in some cases, distinction
between various causes. The earliest approaches used high-
normal to raised MCHC, coupled withincreased RDW and
hemoglobin distribution width, with modest success
rates.3,12,21

More recently, Nair, et al used Beckman Coulter
instruments to conclude that an algorithm of MCV minus
MSCV (mean sphered cell volume from the reticulocyte
channel) >10 and (mean reticul ocyte volume) MRV minus
MSCV <25yidded 84.2% sensitivity and 94.7% specificity
in patients with hereditary spherocytosis (HS).?
Another study done on Abbott instruments evaluated 740
pediatric patients and found that “hyperchromic
erythrocytes’ were significantly higher in HS patientsthan
autoimmune hemolytic anemia (sensitivity of 96.4% and
specificity of 99.1% for HS at a threshold of 4.9%).
The Abbott CELL-DYN Sapphire instrument has the
capability of performing the eosin-5'-maleimide (EMA)
dye binding test as an investigational method.?3
Investigators using Sysmex instruments have devised a
two-step algorithm using the microR (% of microcytic
red cells), % of red cells with low Hb (% Hypo-He) and
the immature reticulocyte fraction to yield 90.9%
sensitivity and 96.3% specificity for identification of HS.%

4. Nucleated RBC enumeration

The detection of nucleated RBCs is important for
severd reasonsin pediatric practice. At themost basic level,
blood samples with high nRBC counts require correction
of the total WBC count. In addition, NnRBCs are raised in
disorders characterized by increased erythropoiesis, for
instance, acute hemolysis, severe hypoxiaand thalassemias
and hemogl obinopathies. They are aso frequently seen as
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part of leucoerythroblastosis in hematological and
metastatic malignancies and in extramedullary
hematopoiesis. NRBCs have been associated with poorer
outcomes in hematological and non-hematological
conditions and in ICU patients. These cells can be
physiologically present in newborns and young infants
(up to 100 NRBC</100 leukocytes). Inthisage group, their
number goes up in conditions of prematurity, hypoxia,
intraventricular hemorrhage and in babies with Down’s
syndrome.?

Automated analyzers arefaster and morereliablethan
manual assessmentsin providing highly precissnRBC and
corrected WBC counts. In Sysmex instruments, they are
measured in a WNR (white-and-nucleated-reds) channel
using a polymethine nucleic acid binding dye and
cell-specific lysing agents. Dueto the higher sensitivity of
automated counts, NRBC <1.5% may be found in persons
without enhanced erythropoiesis or an ongoing pathologic
process in the bone marrow.?

Table IV. Commonly encountered sources of
erroneous results in automated red cell
analysis

Error phase [Common causes

Pre-analytical
errors

Transcription errors (usualy of
labelling or accompanying information)
including mix-up of mother/baby’s
samples

Prior recent blood transfusion

Wrong anticoagulant, incorrect sample
volume

Hemoconcentration due to prolonged
tourniquet application

Hemodilution due to sampling from
catheter that isin use for an infusion
Hemolysis, partial clotting, inadvertent
freezing/heating, delayed despatch

Analytical
errors

Inadeguate mixing

Probe blockage (often from microclots
in the prior specimen)

Carryover from previous highly
abnormal specimen

Presence of interfering substances

Post-
analytical
errors

Results issued late or never

Results entered in incorrect patient’s
record

Results interpreted incorrectly, or
against incorrect reference range
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5. Fragmented RBC enumeration

Detection of fragmented RBCs (FRC) isimportant to
diagnose thrombotic microangiopathy, and typically are
viewed asamedical emergency. Manual assessment suffers
from interobserver bias and a few cells indistinguishable
from fragmented RBCs can also be seen in membrane /
hemoglobin /other hemolytic disorders and in patients on
dialysis therapy, impacting specificity.
Automated enumeration of fragmented red cells offers
advantages of rapid availability, high reproducibility and
reasonably good concordance with microscopy.!22

Based on the principle of fluorescent flow cytometry,
fragmented RBCs in most modern analyzers (Siemens,
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Sysmex) are measured in the reticulocyte channel by
proprietary algorithms. They liein an areabeneaththe RBC
population in the scattergram and display extremely low
side fluorescence signal, due to the absence of ribonucleic
acids in mature RBCs and a high-angle forward scatter
(FSC). In general, the automated fragmented RBC counts
have very high negative predictive values (i.e. cases with
less than 1% schistocytes on automated counts are highly
unlikely to reveal the cellson smear evaluation), but poorer
specificities in cases with higher counts. This poor
specificity hasbeen particularly commonin caseswithiron
deficiency and megal oblastic anemias. Hence, correlation
with the clinical background and the platelet and
reticulocyte counts, and ultimately a peripheral smear is
necessary in cases with elevated FRC%.5*2

Table V. Commonly encountered pitfalls and causes of spurious/unreliable results in

automated red cell analysis.

Pitfall / artifact /
spurious result

Cause(s)

Spuriously elevated Hb

Inadequate mixing of specimen

Marked leukocytosis

Hyperlipidemia (esp. in patients on total parenteral nutrition)
Paraproteinemias and cryoglobulinemia

Spuriously elevated RBC count

Hyperleukocytosis
Numerous large platel ets
Cryoglobulinemia and cryofibrinogenemia

Spuriously low RBC count

Cold agglutinating autoantibodies
EDTA-induced panagglutination
Extreme red cell fragmentation and microcytosis

Post-sample-draw lysis due to inadvertent heating/freezing

Spuriously elevated MCV

Red cell agglutination

Marked leukocytosis

Plasma hyperosmolarity as seen in hypernatremia, hyperglycemia, etc.
Excess di-potassium EDTA

Spuriously low MCV

Marked hypochromia of RBCs
Storage at warm temperatures
Plasma hypo-osmolarity as seen in hyponatremia

Spurious high reticulocyte counts

Neonatal and post-splenectomy samples (high autofluorescence)

Heinz bodies in oxidatively damaged red cells

Abnormal dye binding to non-RNA targets (malaria, Babesiosis, Howell Jolly
bodies, irreversibly sickled RBCs, leukemic blasts, porphyrin complexes,
drugs, nucleated RBCs)

Spuriously low reticulocyte counts

Automated reticulocyte counts usually require generation of their specific
individual reference ranges due to variations in dye used, duration of exposure
of cellsto dye, temperature, and threshold settings (upper threshold to exclude
bright WBCs and lower threshold to exclude background autofluorescence).
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6. Miscellaneous novel red blood cell parameters

Lyse-resistant erythrocytesin the WBC channel may
represent severa entitiesincluding sickled RBCsand target
cells. The latter have also been studied as unghosted cells
(which indicate presence of RBC abnormalities like
inclusions, target cells and abnormal haemoglobin) in
Beckman Coulter instruments.?” Thered cell cytograms of
Adviaseriesinstrument (Bayer/Siemens) can help classify
red cells based on size and hemoglobinization, aiding
recognition of typical shapeslikea”comma’ inthalassemia
trait and localizations like “hyperchromic” spherocytes.?®

Spurious results and pitfallsin automated analyzers

Automated red cell analysis and the diagnosis of
anemia requires familiarity and experience with the
analyser in use, as well as determination of normal
patterns and ranges for that instrument and the patient
popul ation.22-32 From the |aboratory’s viewpoint, they are
best summarized as pre-analytical, post-analytical and
analytical phase errors and examples are given in
Table V. These are followed in Table V by alist of some
commonly encountered pitfalls and causes of spurious /
unreliable results in automated cell counters.

Future directions: Automated approaches to anemia
diagnosis have seen major advances in the last decade or
so. The likely future advances are expected to be in the
fields of digital image analysis and artificial intelligence.
Thecommercialy available Cellavision™ software scans
and “reads” Romanowsky-stained slides to provide
standardized reporting of RBC morphology with minimal
to no manual supervision being required for standard cases.
It has shown extremely encouraging results in screening
for schistocytes, intra-erythrocytic parasitesand inclusions,
and as a screening modality for identification of inherited
hemolytic anemias.® Computer-aided artificial intelligence
systems have been developed for RBC classification in
smear images. These models evaluate vastly larger cell
numbers than typical manual analyses, detect subtle
abnormalitiesinvisible to the human eye and are trainable
over time.3+3

Conclusion

Automated hematol ogy analyzers can provide several
additional clues and inputsinto the diagnostic work-up of
anemiain children. Recent advancesin cell counting and
classification technologies need to be rapidly translated
into actual clinical useto realizethefull potential of these
powerful new parameters, and this responsibility rests on
both the laboratories and their pediatrician clients.
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Points to Remember

o Automated hematology analyzers yield a wealth of
data that can aid etiological diagnosis and follow-
up of anemic children.

e Conventional approaches include the use of
parametersindicating cell volumeand sizevariability
in conjunction with thereticulocyte count to classify
anemias.

e Recent advances include precise schistocyte and

nucleated RBC enumeration, improved parameters
for iron deficiency and iron-restricted hematopoiesis,
increasing utility of immature reticulocyte
populations and detection of spherocytes and other
poikilocytes.

e Future advances in the field are likely to include
digital image analysis and artificial intelligence to
analyse patterns indiscernible to the human mind
and eye.
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CLIPPINGS

COVID 19 disease in New York City pediatric hematology and oncology patients.

Viral respiratory infections in chronically ill and immunocompromised children are associated with increased
morbidity and mortality compared to the general population. Little is known about the effect of COVID-19
disease on pediatric hematology, oncology, and hematopoietic stem cell transplant (HCT) patients.

In this retrospective study, al patients 21 years old or younger with COVID-19 testing done were included.
For COVID-19 positive patients, data on demographics, presence of COVID-19 symptoms, complete blood
counts, inflammatory markers, imaging, hospital course, and impact on cancer directed therapy were extracted
from the electronic medical record. All laboratory and radiol ogic assessments were performed at the discretion
of the treating physicians.

Most COVID-19+ patients had relatively mild disease, with aimost half treated as outpatient or without the
need for respiratory support. Hospitalized COVID-19+ cancer patients were generally admitted for expected
complications of cancer therapy rather than complications of COVID-19 disease. Nine of 14 had their cancer
directed treatments delayed for COVID-19+ infection. Fivetested positivefor COVID-19 during or immediately
postmyelosuppressive chemotherapy; all did well without any significant complications from COVID-19.
Even the four cancer patients requiring PICU level care and demonstrating clear evidence of lung involvement
wererecovering well. No COVID-19+ patientswho wereinitially managed as outpatients subsequently required
admission.

These data suggest that in patients without underlying comorbidities beyond their cancer diagnosis, COVID-19
may not pose asignificantly greater threat than other intercurrent viral infections and that asymptomatic patients
whose anticancer therapy cannot be delayed may be ableto safely receive myel osuppressive chemotherapy with
close monitoring and follow up. Nearly two thirds of the patientswith cancer in our cohort experienced treatment
delays due to COVID-19; the mgjority of these delays were due to decisions to defer planned treatment rather
than directly dueto complicationsof COVID-19 infection. Thedecisionto delay critical, time sensitive anticancer
therapy in these children is one of the biggest challenges being faced by pediatric oncologists. Our data suggest
that in patients without underlying comorbidities beyond their cancer diagnosis, COVID-19 may not pose a
significantly greater threat than other intercurrent viral infections and that asymptomatic patients whose anticancer
therapy cannot be delayed may be able to safely receive myel osuppressive chemotherapy with close monitoring
and follow up.

However because of the small numbersin their series, there remains an urgent need for prospective longitudinal
study of the effects of COVID-19 on the pediatric hematol ogy, oncology, and HCT popul ation.

Gampel B, Troullioud Lucas AG, Broglie L, Gartrell Corrado RD, Lee MT, Levine J, et al. COVID-19
disease in New York City pediatric hematology and oncology patients. Pediatr blood cancer 2020; 67(9):
€28420.
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HEMATO-ONCOLOGY

CLOTTING FACTOR REPLACEMENT
THERAPY

*Shanthi S

Abstract: Inherited disorders of clotting factor deficiency
are known to occur with all coagulation factors.
Of these, Von Willebrand disease, hemophilia Aand B are
the commoner conditions. Fresh frozen plasma contains
all coagulation factors and hence in the past it was used
as the major therapy for all inherited clotting factor
deficiencies presenting with bleeds. Later cryoprecipitate
was discovered and used for deficiency of fibrinogen,
factorVIII, factor XIIlI and Von Willebrand disease.
Both these blood products haveto be administeredin large
volumes and they also carry a high risk of transfusion
transmitted infections. Thisled to the discovery of clotting
factor concentrates. Good manufacturing practices have
resulted in the availability of products with high degree of
purity and safety. Plasma derived singlefactor concentrates
are available for all factors except for factor 11 and
factor V. Advances in genetic engineering led to the
discovery of recombinant factors which have very high
safety profile. Currently recombinant formsof factor Vlla,
factor VIII, factor IX and factorXIll are available.
The standard of care for factor deficiencies is to replace
the missing factor using clotting factor concentrates to
enable patientsto lead a completely normal life. Thisarticle
deals with factor replacement therapy for the common
and rare bleeding diatheses.

Keywords: Factor replacement therapy, Clotting factor
concentrates, Fresh frozen plasma,Cryoprecipitate.

The human body maintains a fine balance between
the naturally occurring anticoagul ants, fibrinolyticsand the
coagulation factors so that thereis neither excessive bleed
nor thrombosis.Traditionally there are 13 coagulation
factors which help in the clotting mechanism (Table 1).
Theterms factor I11, 1V and VI are no more used as they
are not independent proteins.

*  Former Professor of Pediatric Hematol ogy,
Institute of Child Health, Madras Medical College
Chennai.

email : shanthisangareddi @gmail.com
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Table I. Coagulation factors?

Clotting factor | Synonym

I (FI) Fibrinogen

I (FID Prothrombin

V (FV) Labile factor, proaccelerin

VII(FVII) Stable factor, proconvertin

VI (FVII) Anti hemophilic factor

IX (FIX) Christmas factor

X (FX) Stuart - Prower factor

X1 (FXI) Plasma thrombopl astin antecedent

X1 (FXIT) Hageman factor (deficiency does not
produce bleeding)

X1 (FXITI) Fibrin stabilizing factor

The deficiency of one or more factors can lead to
bleeding diathesis. Congenital deficiency due to genetic
abnormalities has been described for all the above factors
and von Willebrand factor (VWF).

In the past, these diseases were treated with fresh
frozen plasma (FFP) or cryoprecipitate. Plasma contains
al coagulation factors whereas cryoprecipitate contains
factor XII1, fibrinogen, vVWF and factor VIII. However
plasmatherapy requiresalarge dose and carriestherisk of
transfusion transmitted infections (TTI). To overcome these
limitations researchers worked to produce clotting factor
concentrates (CFC). Advancesin the purification methods
of plasma and recombinant technology have resulted in
factor replacement therapy (FRT) asthetreatment of choice
for most clotting factor deficiencies. History of FRT is
shown in Box 1. Currently plasma derived concentrates
are available for the majority of deficient factors except
for FIl and FV. Recombinant forms of FVl1la, FVIII, I X
and FXII1 are available.

Fresh frozen plasma

Plasmais obtained by centrifuging whole blood or by
plasmapheresis. One mL of plasma contains one
international unit of each factor. Fresh frozen plasma is
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Box 1. History of FRT
1840- Whole blood was used in hemophiliaA.

1965 —Cryoprecipitate was used for hemophiliaA.

1987- Recombinant FVI11 wasfirst used for a patient.
1992 - FDA approvesfirst recombinant FVI11 product.

1995- Hemophilia prophylaxis was started in US.

1998 - rFVII was used for FVIII inhibitor patients.

2015- Factor X concentrate was approved for use.

1970s-Prothrombin complex concentrate was devel oped.

1929- Technique to separate plasma from whole blood was devel oped.
1963-Fibrinogen concentrate was first approved for use in Brazil on March 4, 1963.

1968- First plasma derived factor VIII concentrate was produced on an industrial scale.

1972- Lyophilized clotting factor concentrates FV111 was produced.

Between 1985 and 1992- All available plasma-derived factor concentrates became virally inactivated against lipid-
enveloped viruses, including hepatitis C, hepatitis B and HIV.

1992- Virally safe products for hepatitis C were available.
1992- First human plasma-derived factor X1 concentrate was made available in France.
1993- Highly purified, pasteurized, plasma-derived concentrate factor X111 concentrate was made availablein Europe.

1997- Recombinant factor I X was licensed and approved for salein the U.S.A.

2004 - A synthetic recombinant FXI111 (rFXI11) was devel oped.

prepared by freezing the plasmato -30° C within 8 hours.
Plasmafrozen within 24 hoursof collectionisalso available
but it containsless FVI11 and FV. Transfusion of plasmais
useful for the treatment of deficiencies of clotting factors
F II, V, X and XI.* It is not recommended for the
management of hemophiliaA, B, Von Willebrand disease
(VWD) or FVII deficiency because safer factors are
available. It is generaly difficult to achieve FVIII levels
higher than 30 IU/dL (and F IX levels above 25 1U/dL)
with FFP alone.?

Since FFP or fresh plasmacontainsall clotting factors,
it can be used in an emergency for any coagulation disorder
with bleeding if the specific factor is not available and in
complex acquired coagulopathies with deficiencies of
multiple clotting factors as in bleeding from disseminated
intravascular coagulation (DIC) or liver disease.®

Dose

For most coagulopathies with bleeds an acceptable
starting dose is 15-20 mil/kg. This will raise factor levels
by approximately 20%.
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Cryoprecipitate

Cryoprecipitate is prepared by slow thawing of FFP
at 2° to4°Cfor 10-24 hoursand the precipitateis collected
by centrifugation. It containsfibrinogen, fibronectin, factor
V11, factor X111 and von willebrand factor. Cryoprecipitate
is used in afibrinogenemia and factor XIII deficiency if
specific factor concentrates are not available.
The advantage of cryoprecipitate is the smaller volume
required compared to FFP. Each bag of cryoprecipitate
contains 100-150 mg of fibrinogen.! Cryoprecipitate
contains about 3-5 U FVIII coagulant activity per ml.
A bag of cryoprecipitate made from one unit of FFP
(200-250ml) may contain 70-80 unitsof FVIII inavolume
of 30-40 ml .2 If factor V11l isnot avail able, cryoprecipitate
is preferred over FFP in bleeding hemophilia A patients.

Whenever FFP or cryoprecipitate is used, apathogen-
inactivated form is recommended.

Clotting factor concentrates (CFC)

CFC are fractionated preparations of individual
clotting factors or groups of factorswhich arefreeze-dried.
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They provide convenient high doses of clotting factor for
the rapid treatment of bleeds.*

They are produced by fractionation from plasma.
The process of separating the plasma into its different
components is called fractionation. Efficient viral
inactivation processes have virtually eliminated most
enveloped viruses including HIV and Hepatitis B and C
irrespective of the type of plasma used.®

Purity of afactor describes the concentration of the
desired ingredient relative to other ingredientsin the CFC
and safety refersto the removal of viral infection from the
product. Highly purified factor refersto high concentration
of the factor but is useless if safety is not taken care of .#
Recombinant factors in general have very high safety
profile

A comparison of plasma, cryoprecipitate and CFC is
giveninTablell.

The goal of factor replacement therapy isto enable a
completely normal lifefor the person with factor deficiency.
Thisispossiblein many developed countries dueto access
to CFCfor regular prophylaxis programs and hometherapy.
However this may not be feasible in devel oping countries
due to resource constraints and logistical issues. Hence on
demand therapy is usually followed for hemophilia and
other rare bleeding disorder patients in most parts of our
country. In India, prophylaxisprogram for children hasbeen
initiated in many centres recently with modified doses for
resource limited setting.

2020; 22(3):300
Factor VIII

Factor VIII is found in order of increasing
concentration in fresh whole blood, fresh frozen plasma,
freshly separated plasma, dry (lyophilized) fresh plasma,
cryoprecipitate, plasma-derived factor VIII concentrate
(pdFVIIT) and recombinant factor VII(rFVIII).
The amounts available in fresh whole blood and plasma
areinsufficient to control major bleedsor to cover surgery.*

Hemodtatic level of FVI11is>30-40%. Thelower limit
in normal individualsis approximately 50%.

Both plasma derived and recombinant FVIII are
available for hemophilia A patients.The choice of using
either plasma derived or recombinant factor is decided by
the availability of the product and cost. The differences
aregivenin Tablelll.

There are 2 types of factor replacement therapy for
hemophilia.

1. Ondemand therapy refersto administering thefactors
following a bleed.

2. Prophylaxis refers to replacing the deficient factors
in severe hemophiliacs to prevent bleeding episodes.

In general, one unit of Factor VIII /kg increases the
level by 2 units/dL. The half life of factor VIII is
8-12 hours. Hencethe drug should be given every 12 hours.

Thedoseiscalculated asfollows- Weight in Kg x % desired
risex 0.5.

Table II. Comparison of plasma, cryoprecipitate and CFC

infection

FFP Cryoprecipitate Clotting factor concentrate
Available factors All factors I, VI, VWF, EXIII Only the specific factor/s
Viral inactivation No No Yes
Transfusion transmitted Yes Yes Very minimal risk

lung injury

Dose Exact dosing not Exact dosing not possible | Exact dosing possible
possible
Volume to be infused Very high High Less
ABO compatibility/ Essential Essential Not essential
cross matching
Preparation Thawing required Thawing required Available as lyophilised powder.
Can be easily reconstituted.
Transfusion associated Yes Yes No
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Table III. Differences between plasma derived
and recombinant factor VIII

Recombinant factor
VI

Plasma derived factor VIII

Derived from plasma pool Genetically

engineered

Theoretical risk of TTI more
especialy prion* disease.

Viral inactivation methods have
eliminated the risk of enveloped
viruses like HBV, HCV and HIV

Higher safety profile

Allergic reactions can bemore  |Rare
with low purity preparations
Cheap More expensive

Supply may be limited No such issues

May contain variable amounts
of VWF

Only factor VIII

*Prion disease: Aprionisatypeof proteinthat cantrigger
normal proteins in the brain to fold abnormally. Prion
diseases can affect both humans and animals and are
sometimes spread to humans by infected meat products.
E.g. Creutzfeldt-Jakaob disease (CJD).

The calculated dose is always rounded off to the nearest
via strength to avoid wastage.

Example: A 5year old severehemophiliaA child weighing
20 kg presents with hemarthrosis. He needs atleast 20%
rise (in resource limited setting) in his factor level for
2 days.

Dose =20x20x0.5=200 units. The calculated dose is
rounded off to the nearest vial strength of 250 units.
He will need 250 units g12h for 2 days.

On-demand therapy

Dose for on demand therapy depends upon the site of
bleed, severity of bleed, weight of the child and duration
of bleed. If the treatment is started within an hour of the
bleed the total duration of treatment can be reduced.
For mild to moderate bleeds hemostatic levels of 35-50%
activity isusually sufficient. Certainlifethreatening bleeds
like intra cranial bleed or surgery needs ailmost 100% of
factor levels.

Method of administration

Factor VIII comes as a lyophilized powder with the
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diluent and asyringe. It isinfused intravenously slowly at
arate not to exceed 3 ml per minutein adultsand 100 units
per minute in young children or as specified in the product
information leaflet.?

Continuous infusions can also be used for life
threatening bleeds. This may lead to more stable levels
and may reduce thetotal factor requirement. A stat doseis
given to increase the levelsto adesired level followed by
acontinuous infusion at the rate of 2-4 units/kg/hour in a
syringe pump.® The diluent is 0.9% normal saline.
The contents should be infused within 24 hours.
Idedlly the factor levels have to be frequently monitored
and further doses are adjusted based on patient’s levels.

Side effects”

Headache, fever, urticaria, nausea, vomiting can occur
and very rarely anaphylaxis.

There is a theoretical risk of pathogen transmission
and risk of thromboembolic event with each use.
Lower-purity plasma derived products may have a higher
incidence of allergic reactions. In such patients
administering an antihistamine beforeinfusing FVI11 may
help. Sometimes a higher purity product or recombinant
factor may be needed.

Hypersensitivity to mouse or hamster protein, or
intolerance or allergic reaction to any components is a
contraindication for rFVIII.

Factor IX

Factor IX is present in fresh whole blood, freshly
separated plasma, fresh frozen plasma, dry (lyophilized)
fresh plasma, cryoprecipitate-poor plasma, plasmaderived
factor 1X (pdFIX) concentrates, recombinant factor
IX(rFIX) concentrates and in prothrombin complex
concentrates (PCC).

Hemostatic level of FIX is>25-35%. Thelower limit
in normal individualsis approximately 50%.

For hemophilia B, the product of choiceis pdFIX or
rFIX.

Oneunit of Factor I X increasesthelevel by lunit/dL.
It isimportant to remember that recombinant factor I X will
increasethelevel by only 0.8 international units/dL inadults
and 0.7 international units/dL in children as they have a
low recovery.b

Thehalf life of factor IX is18-24 hours. Soitisgiven
once aday.
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The doseis calculated as follows:
Weight in Kg x % desired rise x 1.4 for rFIX.
For pdFIX Weight in Kg x % desired rise.

FIX concentrates should be infused by slow
intravenous injection at a rate not to exceed a volume of
3 ml per minutein adultsand 100 units per minutein young
children, or as recommended in the product information
leaflet.

Allergic reactions are reported with factor IX
infusions. These reactions are often seen in patients who
have developed inhibitors. If mild it can be used under
cover of hydrocortisone. Rarely anaphylaxis can occur.
In such patients bleeding is managed with factor VI1I.

2020; 22(3):302

TheWorld federation of hemophiliarecommendations
for desired factor level and duration in various bleeds for
resource constrained and no resource constraint nationsis
givenin Table V.28

Prophylaxis for hemophilia

The standard of care for hemophilia patients in
developed countries is primary prophylaxis. The idea of
prophylaxis is based on the observation that moderate
hemophiliacs (factor levels between 1 and 5%) do not bleed
spontaneously like severe hemophiliacs (levels <1%).
Prophylaxisisaimed at continuous replacement of factors
to maintain the levels >1% in severe hemophiliacs to
prevent spontaneous joint bleeds and joint disease.

Table IV. World federation of hemophilia recommendations for desidered factor level and

duration in various bleeds

Site of bleed Hemophilia A Hemophilia B
No resource Resour ce constrained [No resour ce Resource
constraints constraints constrained
Joints 40-60% for 2 days 10-20% for 2 days 40-60% for 2 days 10-20% for 2 days

Superficial muscles 40-60% for 2-3 days

10-20% for 2-3 days

40-60% for 2-3 days |10-20% for 2-3 days

Iliopsoas/deep muscles; | 80-100% (days 1-2),

20-40% initially,

60-80% (days 1-2),  |15-30%initially, then

50% (days 8-21)

neurovascular 30-60% for days then 10-20% for days [30-60% for days 10-20% for days 3-5
compromise; 3-5 or longer 3-5 or longer 3-5 or longer or longer

significant blood loss

Brain, spine, head 80-100% (days 1-7); |50-80% (day 1-3); 60-80% (day 1-7); 50-80% (day 1-3);

30-50% (day 4-7);
20-40% (day 8-14)

30% (days 8-21) 30-50% (day 4-7);

20-40% (day 8-14)

Throat and neck 80-100% (days 1-7);

50% (days 8-14)

30-50% (day 1-3);
10-20% (day 4-7)

60-80% (days - 7);
30% (days- 14)

30-50% (day 1-3);
10-20% (day 4-7)

Gastrointestinal 80-100% initially, then| 30-50% (day 1-3); 60-80% initialy, then |30-50% (day 1-3);
50% (total 7-14 days) | 10-20% (day 4-7) 30% (total 7-14 days) |10-20% (day 4-7)
Renal 50% for 3-5 days 20-40% for 3-5days |40% for 3-5 days 20-40% for 3-5 days
Deep laceration 50% for 5-7 days 20-40% for 5-7 days |40% for 5-7 days 20-40% for 5-7 days
Major surgery 80-100% 60-80% pre-operatively;60-80% 50-70%
pre-operatively; 30-40% pre-operatively; pre-operatively;
60-80% (post-op day 1-3); 40-60% 30-40% (post-op day
(post-op day 1-3); 20-30% (day 4-6); (post-op day 1-3); 1-3);
40-60% (day 4-6); 10-20% (day 7-14) 30-50% (day 4-6); 20-30% (day 4-6);
30-50% (day 7-14) 20-40% (day 7-14) 10-20% (day 7-14)
Minor surgery 50-80% 40-80% pre-operatively;| 50-80% pre-operatively;|40-80%
pre-operatively; 20-50% 1-5post-op  |30-80% 1-5post-op  |pre-operatively;
30-80% 1-5 post-op | days (as required) days (as required) 20-50% 1-5 post-op
days (as required) days (as required)




Indian Journal of Practical Pediatrics

Continuousreplacement isdefined asreplacement of factor
for atleast >85% of the year.

Primary prophylaxis - Starting prophylaxis before second
episode of joint bleed.®

Secondary prophylaxis-Starting prophylaxisafter 2 or more
joint bleeds but before development of joint disease.

Tertiary prophylaxis-Starting prophylaxis after
development of joint disease.

Doses for prophylactic replacement of factor
concentrates vary between different countries and also
among centresin the same country. Commonly used dosage
for prophylactic factor replacement is 25-40 1U/kg 3times
weekly for FVIII deficiency and 2 times a week for
hemophilia B in countries with no resource constraints
(Mamo protocol). Inresource limited settings, prophylaxis
may beinitiated with lower doses of 10-20 1U/kg two times
per week for hemophiliaA and 25-40 1U/kg once a week
for hemophiliaB.°

Inhibitors

The most important complication of factor
replacement therapy (FRT) is the development of
alloantibodies or inhibitors to the factor infused.
Theincidence of inhibitorsin hemophiliaA can be as high
as 25-40% within thefirst 50 exposure days and about 10%
in hemophilia B.1® Once inhibitors develop, bleeding
becomes more difficult to treat resulting in increase in
morbidity and mortality. The cost of treatment also
increases exponentially.

Presence of inhibitor is confirmed by Nijmegen
modified Bethesda assay. Patients with inhibitors can be
low responders (titre<5 Bethesda Unit/L) or high
responders(>5 Bethesda Unit/L). Bleeding in low
responders can be managed with high dose of FVIII.
Bleeding in high responders need treatment with bypassing
agents FEIBA (FVIII inhibitor bypassing activity) or
recombinant FVIla(rFVI1a).
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Thesefactor products bypasstheinhibitor of FVIII or
FIX by providing an activated factor downstream in the
clotting cascade, restoring hemostatic function. They have
ahigher thrombotic risk and are more expensive. They are
usually used for on demand therapy. FEIBA isbelieved to
act due to the presence of prothrombin and Xa.

Table V shows factor concentrate products used in
patients with inhibitors.

Other treatment for inhibitors

Immunetoleranceinduction (I'TI) isused to eradicate
hightitre FVII1 inhibitors. ITI involvesregular infusion of
high dose FVIII to induce FVIII antigen-specific
tolerance.! Before ITI therapy, high-responding patients
should avoid FV 111 productsto allow inhibitor titresto fall
andto avoid persistent anamnestic rise. Immunosuppressants
and rituximab have also been tried. Emicizumab, a
bispecific antibody, a novel therapy, is found to be very
useful in these patients. It can be administered
subcutaneously once a week.

Extended half-life recombinant factor therapy

The currently available standard half lifefactors have
to be given 2-3 times a week for FVIII prophylaxis and
twice aweek for hemophilia B. Reducing the frequency
of injections or changing the mode of delivery
subcutaneous instead of intravenous route are likely to
improve the compliance and there by outcomes. In the past
5years, new recombinant productswith extended half-lives
have been approved. Fusion with protein conjugates
especialy 1gG or albumin which have long half life,
chemical modification by PEGylation, protein sequence
modification and expression in human cell lines are some
of the methods used to extend half-life of factors.'?
Thehalf-life extension of extended half life-rFV 111 products
isin the range of 1.4 to 1.6 fold and extension of rFIX
half-life 3.8 fold (ranging from 2.4 to 4.8 fold).*

Table V. Factor concentrate products used in patients with inhibitors®

Product Source Factor Initial dose
Novoseven Recombinant Vlila 90mcg/kg every 2-3 hours
FEIBA or anti inhibitor Plasma derived aPCC I, 1X, X,Vlla | 50-100units’/kg g 6-12hours. Not to exceed
coagulant complex 200unitg’kg/day
Obizur Recombinant porcine FVIII 200 unitg/kg; then titrate on the basis of
FVI1I concentrations
e Usual interval = every 4-12 hours
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Subcutaneous recombinant FVIII

SubQ-8is a recombinant FVIII currently under
development, derived from a human cell line for
subcutaneous administration. A human cell line derived
rEVII product is fused with a portion of low molecular
weight vVWF protein.®

von Willebrand factor (VWF)

VWEF is essential for platelet adhesion in primary
hemostasis. It is also a carrier protein of factor VIII
protecting it from degradation in plasma.

Following injury to a vessel VWEF first binds to
exposed collagen in the sub endothelial matrix.
This is dependent on the high molecular weight vWF
(HMW vWF) multimers which have binding sites for
collagen, platel et glycoproteins GPIbaand GPI1b/lI1aand
for FVIII.

Von Willebrand disease (VWD), the most common
inherited bleeding disorder can be caused by quantitative
(VWD- type | and I11) or qualitative defects in VWF
(VWD-type II). The disease usually presents as mucosal
bleeds. Menorrhagiais a common problem in women.

In VWD the FVIII level is usually normal except in
type 3 where the FVIII level is often <10lU/dL. Some
typel and IIN patients may also have moderate deficiency
of FVI11:CO. Inview of thedeficient or defective VWF the
stability of FVIIl islost and it is cleared faster resulting in
very much reduced half-life. For satisfactory hemostasis
the ristocetin cofactor activity (VWF:RCo) which is a
measure of VWF activity should be more than 0.6 1U/ml
(60% of normal).

Source

FFP, cryoprecipitate, plasma-derived FVII1/VWF
concentrates, VWF-only concentrate (plasma derived and
recombinant).

Indications for Vwf therapy

For bleeding in Type Il VWD, Type Il VWD and
severe type | VWD not responding to desmopressin and
typel C (clearance defects). The concentrate hasalso been
used for prophylaxis before surgery.

Plasma-derived FVIII/vWF concentrates

Traditionally VWD patients are managed with both
FVIII and vVWF. FVI11 and vVWF are both present in most
plasma-derived FVII1/VWF concentrates used in clinical
practice.* Thisisespecialy truefor theintermediate purity
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pdFV1I1 concentrates. These products are approved for use
in both haemophiliaand VWD. The use of these products
areaboon in the management of VWD; however if repeated
doses are given the FVIII activity may reach very high
levels due to the cumulative effect of both endogenously
present FVIII and exogenous FVIII. This may lead to
increased risk of thrombosis. Hence frequent monitoring
of FVIII levels is essential especially when used for
surgical prophylaxis and it is prudent to keep the FVIII:
C<150U/dL.*®

Plasma-derived concentrates containing VWF are
contraindicated in the rare patients with type 3 VWD who
develop aloantibodies against VWF, because they often
cause life-threatening anaphylactic reactions.

vWF-only concentrate

Clinical studies have shown that vWF-only products
correct not only the primary VWF deciency but also the
secondary FVI1I:Cdeciency; the exogenous replacement
of the primarily deficient VWF stabilizes the endogenous
FVIII in plasma. The risk of thrombosis is less when
compared with plasma-derived FVI11/VWF concentrates.

Currently one plasmaderived human vVWF (wilfactin),
ahigh purity vVWF concentrate isavailable and widely used
in Europe. Another recombinant vVWF is approved for use
in both Europe and USA. The latter also contains
ultra large VWF multimers and HMWvVWF multimers.
Some patients treated with plasma derived human vVWF
(wilfactin) prior to surgery required a priming dose of a
FV111-containing product to maintain surgical hemostasis.
Thismay be true for recombinant VWF also.

Phase 3 clinical studies for recombinant vWFare
ongoing in children.

When using a product that contains both FVIII and
VWEF, dosing in VWD should be based on the standardized
VWF/RCo available in the product and not the FVIII. Itis
imperativefor the clinician to know theratio of VWF:RCo,
FVII1 concentration and high molecular weight VWF
multimers in the product used, as different products have
different ratio. The doses are shown in Table V1.

Factor VII

It is a vitamin K-dependent serine protease
glycoprotein synthesised in the liver. When a vessel wall
is damaged the tissue factor is exposed and it binds to
circulating FVII and activates it to FVIla. This in the
presence of calcium and phospholipids converts FIX and
X to FIXa and FXa. The plasma concentration of factor
VIl is0.5 mg/L. It is predominantly in the inactive form.
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Table VI. Dosing recommendations for von Willebrand factor concentrate replacement for

prevention or management of bleeding'®

Major Surgery/Bleeding Minor Surgery/Bleeding

L oading dose 40-60 VWF:RCo IU/kg 30-60 VWF:RCo |U/kg

Maintenance dose* 20-40 U/kg every 8-24 hours 20-40 U/kg every 12-48 hours

Therapeutic goal Trough VWF:RCO and factor V11 Trough VWF:RCo and factor VI11 >501U/ dL
>50 [U/dL for 7-14 days for 3-5 days

*Can alter nate maintenance factor replacement with desmopressin(DDAVP) for later part of treatment.

Adapted from - Manco-Johnson MJ, Montgomery RR, Ortel TL, et al. von Wi lebrand disease (VWD): evidence-based
diagnosis and management guidelines, the National Heart, Lung and Blood Institute (NHLBI) Expert Panel report

(USA). Hemophilia 2008;14(2): 171-232

About 1% circulates in the active form (factor Vlla).
Itshalf lifeisonly 3-5 hours. Thereferencerangefor factor
VIl is 65-140% of normal.®* Newborns may have lower
levels >25% and reach adult levels around 6 months.

Source of factor VII

FFP, plasma derived FVII(pdFVII), rFVIlia and
prothrombin complex concentrate. rFVIla is most
commonly used for treatment, if available.

Indications for factor VII therapy

1. For bleeding in hemophilia A and B patients with
inhibitors.

For bleeding in congenital factor VII deficiency.

In Glanzmann's thrombasthenia refractory to platel et
infusions with or without antibodies.?

For bleeding in adults with acquired hemophilia.®

To control severe obstetrical bleeding in women
without hemophilia.

Off-label use of FVII in children

rFVIla has been used in children to control bleeding
related to cardiac surgery, liver failure and transplantation,
platelet disorders, neurosurgery and disseminated
intravascular coagulation based on case reports and small
clinical trials though the benefits are uncertain.??

For prophylaxis

rFVIl is also recommended as prophylaxis for
congenital factor VII deficiency in children with
severe bleeding (intracranial and gastrointestinal bleed)
following thefirst bleed. However the cost of thedrugisa
limiting factor.
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Mechanism of action

i) In hemophilia patients with inhibitors: Factor Vlla can
act both in the presence or absence of tissue factor.
FVIlaTF activates FX in the absence of the FIXa/lFVlIlla
complex, thus bypassing the need for FIX or FVIII.?®
Bom and Bertina demonstrated the activation of FX by
FVlla on a negatively charged phospholipid surface,
independent of TF2*

ii) In patientswith Glanzmann’sthrombastheniasyndrome:
Action of rFVllais probably due to thrombin generation
on the surface of platelets, resulting in faster platelet
activation and aggregation.®

Congenital deficiency of FVII isarareautosomal recessive
disease. Only homozygote (usually levels <20%) or
compound heterozygote patientswith factor V11 deficiency
are symptomatic. The severity of symptoms may not
correlate with factor levels. Heterozygotes may have low
levels < 50% but generally do not bleed even following
trauma. Patients with FVI1I deficiency with levels < 1%
clinically present like severe hemophiliacs with
spontaneous joint bleeds and are at risk of intra cranial
bleeds. Children with levels >5% have milder symptoms
and present with epistaxis, gum bleeds and menorrhagia.
Itisinteresting to note that these patients may have bleeding
following dental, urogenital procedures and tonsillectomy
but they do not have bleeding following laparotomy,
herniorrhaphy, appendicectomy or hysterectomy (probably
dueto local fibrinolysisin the former procedures).

Dosevarieswith etiology. Congenital factor VI deficiency
requires a smaller dose when compared to hemophiliacs
with inhibitors.

For hemophiliacswith inhibitors FVII isgiven in adose of
90mcg/kg every 2-3 hours.®
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A single bolus of 270 ng/kg dose of rFVI1lawas found to
be at least as effective and well tolerated as standard
90 ug/kg x 3 dosing.?®

A continuousinfusion of rFV1la asareplacement therapy
prior to surgery and bleeding episodes has also been tried.

Replacement therapy for congenital deficiency
of FVII

Levels of more than 10% are usually hemostatic,
although higher levels may be advisable in the event of a
severe bleeding episode. Maintaining factor VII levels of
at least 15-25% provides adequate hemostasis levels for
most surgical procedures unlike in  hemophilia A and B
where 100% is needed.?’

One IU of pd-FVII increases plasma level by 1.9%.
The average pd-FVII dosages used are 15-20 1U/kg for
mucosal bleeding and 30-40 1U/kg in severe or life-
threatening hemorrhages.?®

The recommended dose of rFVIla for treatment of
hemorrhageis 15-30 mcg/kg every 4-6 hr until hemostasis
isachieved. For perioperative replacement therapy, adose
of approximately 20 mcg/kg has proved effective in over
95% of cases; the infusion should be repeated
approximately 8 times in patients at high risk (ie, those
with ahistory of major bleeding).? Most bleeding episodes
can be successfully treated with one day replacement
therapy with daily mean rFVIladose of 30- 60ug/kg.

Adverse effects

Headache, hematoma or discomfort at the site of
infusion, fever can occur in 1-10% patients.

Serious arterial and venous thrombotic and
thromboembolic events have been reported. It ismorein
adults. Risk isincreased if used along with PCC/aPCC or
factor XIlI, history of atherosclerotic disease, coronary
artery disease, cerebrovascular disease, crush injury,
septicemia or thromboembolic event.

rEVlla is contraindicated in patients with known
hypersensitivity to mouse, hamster or bovine proteins.

Inhibitors to exogenous factor Vlla though rare is
reported.*

It is mandatory to read the product information before
administering the drug.

Note: rFVII arequires afibrinogen level of >1 g/L asa
pre-condition for optimal haemostatic activity.
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Fibrinogen

Fibrinogen, factor I, an important component of
coagulation cascade, is synthesised in the liver.
Platelet alpha granules also contain fibrinogen. It binds
with the platelet fibrinogen receptor glycoprotein GPIIb/
Illa and activates the platelets and induces platel et
aggregation. Fibrinogen is also part of secondary
hemostasiswhere thrombin acts on fibrinogen and converts
it into fibrin. Normal fibrinogen level is 150-450mg/dL.
The hemostatic level of fibrinogen is >60mg/dL.!
The plasma half-life of fibrinogen is 2-4 days.

Indications

1. Replacement therapy for bleeding in patients with
congenital deficiency of fibrinogen.

Secondary prophylaxis in patients with congenital
deficiency of fibrinogen following life threatening
bleeds like intra cranial bleed.

Acquired hypofibrinogenemia (loss or dilution
coagulopathy, trauma, cardiac and thoracic surgery,
following L-aspasraginase therapy, acute
promyelocytic leukemia).

Source

FFP, cryoprecipitate, plasma derived fibrinogen
concentrates.

Congenital fibrinogen disorders are rare. They include
afibrinogenemia, hypofibrinogenemia (<150mg/dL) and
dysfibrinogenemia which is a qualitative defect.
The affected persons may be asymptomatic, can present
with bleeding, thrombosis or both.

Afibrinogenemiapatients usually manifest in neonatal
period with prolonged umbilical bleed. They can have
spontaneous bleeding in all tissues. They are al'so prone
for arterial and venousthrombosisin large vessels. Pregnant
women can present with abruptio placentae, postpartum
haemorrhage and early fetal loss. They have apredilection
for spontaneous splenic rupture, painful bone cysts and
poor wound healing.?® Hypofibrinogenemia patients have
milder symptoms. They usually bleed following trauma.
Major bleeding can occur in severe hypofibrinogenemia
(fibrinogen< 50mg/dL).

Fibrinogen replacement therapy

Plasma derived fibrinogen concentrate is preferred
over cryoprecipitate and FFP. There are 4 plasma derived
fibrinogen concentrate products available. The goal of
therapy is to maintain fibrinogen level >100mg/dL until
hemostasisis achieved.
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Dose

Pharmacokinetic studies in patients with
afibrinogenemia have shown that a single dose of
60 to 70 mg/kg resultsin afibrinogen activity level of 1.3
to 1.45 g/L within 40 minutes to 1 hour and that the
half-life is around 80 hours.*

For prophylaxis, the usual regimen is 20 to 30 mg/kg
of fibrinogen concentrate every 10 to 14 days, increasing
the dosing frequency to every 7 days if necessary to
maintain alevel greater than 0.5 g/L.*

There is also a formula for calculating the dose of
fibrinogen.®*

Dose(g) = desired increment (g/L) x plasmavolume (0.07)
x (1- hematocrit) x weight (kg).

Cryoprecipitate is used if fibrinogen concentrate is
not available. Infusion of 1 unit of cryoprecipitate per 5 kg
of patient’s weight followed by 1 unit/15 kg to maintain
hemostasis is recommended.®

Adverse effects: Risk of thrombosis, inhibitor
development, allergic or hypersensitivity reactions
including urticarial rash and anaphylaxis though rare have
been reported following administration of fibrinogen
concentrate.

Factor XIII

Factor XI1I isaprotransglutaminasewhich isessential
for the last step in coagulation to form a stable clot. Itisa
tetramer with 2 catal ytic Asubunits and 2 carrier B subunits
(A2B2). FXIIA subunit issynthesized by megakaryocytes,
monocytes and macrophages and FXI1IB subunit is
synthesized by hepatocytes. The half life of FXIII is
9-14 days.® The hemostatic level is 3-10%.%"

FXIII is converted into an active transglutaminase
(FXI1l1a) by thrombin and Ca (2+). FXllla converts |oose
fibrin polymersinto an organized structure by crosslinking
of the fibrin clot.

In addition to itsrolein coagulation it playsarolein
wound healing, osteoblast matrix secretion and deposition,
maintaining pregnancy, cardioprotection, vascular
remodelling and angiogenesis.

FXI11 deficiency can be inherited (very rare) or acquired
secondary to immune mediated disorderslike SLE or non-
immune mediated due to decreased synthesis or increased
consumption. Acquired FXI111 deficiency ismore common
in adults.
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Congenital FXIIIl deficiency is classified as
FXI11-A(more common) and FXI111-B deficiency. FXI11-A
can further be sub-classified astype 1(quantitative) or type
2 defects (qualitative). These children often present with
delayed cord separation and prolonged bleeding from
umbilical cord stump (80%). Intracranial bleed (25-30%)
iscommon and often the cause of death. Delayed bleeding
after trauma or surgery (12-36 hrslater) and poor wound
healing are characteristic of the disease.
Repeated miscarriages in pregnancy is another feature of
the disease. Skin, mucous membrane, soft tissue and joint
bleedings can also occur.

Source

FFP, cryoprecipitate (31U/mL), plasmaderived FXI11
(pdFX111) and recombinant FX111(rFXI11) concentrate.

In most countries cryoprecipitateisonly used for these
patients. 1 unit of cryoprecipitate per 5kg patient weight
will provide 10 U/kg of factor XIII. Number of
bags = 0.2 x weight (kg).*®

rEXI11 contains only FXIII A2; hence it is only
indicated for patients with FXI11A subunit deficiency.
Itsusein acquired FXI111 deficiency has not been studied.

FXIII replacement therapy
Indications

1
2.

Bleeding in congenital FXI11 deficiency (on demand).

Prophylaxisfor those with severe FX1I1 deficiency to
prevent life threatening bleedslikeintracranial bleed.

Acquired FXIII deficiency (may need high dose and
immunosuppressive therapy in addition).

Prophylaxis throughout pregnancy to prevent
miscarriages.

Dose37,39,40,41

1 U/kg body weight of factor X111 leadsto anincrease
in plasma activity by 1-2%.

Dose for prophylaxisisgivenin TableVII.

Table VII. Dose of prophylactic therapy

FFP 10 mi/kg every 4—6 weeks
Cryoprecipitate one bag/10 kg every 4-6 weeks
pd factor X111 10-20 U/kg every 4-6 weeks
rEXITA 35 1U/kg monthly
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Table VIII. Clinical manifestations and treatment of prothrombin, FV, FX, FXI deficiency*®

Deficient | Hemostatic| Half life  [Main clinical Concentrate| Treatment | Dose Longterm
factor level symptoms available on demand prophylaxis #
dose
Il 20-30% 3-4days |[Umbilical cord, [PCC PCC 20-401U/Kg | PCC-20-401U/Kg
joint and once aweek
mucosal bleeding FFP 15-20ml/Kg
V* 15-20% 36 hours  [Mucosal bleeding- [Under FFP 15-25mL/Kg | FFP20-30ml/Kg
epistaxis, development twice aweek
menorrhagia, ora
cavity bleeds and
post operative
bleeding
X 15-20% 40-60 hours|Umbilical cord, |PCC, pd FX | pd FX 20-301U/Kg | pd FX 20-401U/
joint and muscle PCC 20-301U/Kg |Kgtwicea week
bleeding, gastro FFP 10-20mL/Kg
intestina and
intracranial
bleeding
Xl 15-20% 40-70 hours|Post surgical and [Plasma FFP 15-20mL/Kg
traumatic bleeding |derived pdFXI 15-201U/Kg
concentrate

PCC-prothrombin complex concentrate; pd-plasma derived

# Prophylaxis may be considered in individuals with recurrent serious bleeding and especially after life-threatening

bleeding episodes.

*Platel et transfusions also have been used because FVis stored in the alpha granules of plateletsin a preactivated form
which has a greater procoagulant activity than plasma FV and isreleased locally at the site of vascular injury but there

isarisk of allo immunization.*

FV and VIII deficiency can rarely co-exist for which FFP and FVII1 have to be administered.

For on-demand treatment in emergencies
25-351U/K g of either plasmaderived or recombinant FX111
concentrate will be sufficient to achieve hemostasis.?

In patientswith factor X111 deficiency andintracrania
hemorrhage, FXI1I level should remaininthe normal range
for aminimum of 2 weeksby regular replacement therapy.
The initial dose is 301U/kg for 4 days followed by
101U/Kg for 10 days followed by routine prophylaxis
regimen may be required.*

For major surgery dose of 20-30 U/kg/day isused to
maintain a plasma concentration of higher than 5%.
Replacement therapy should ideally be administered
immediately prior to surgery and should be continued until
complete recovery is made. A dose of 10-20 U/kg/day for
2-3 days should be sufficient for minor surgeries.

If FXIII concentrate or plasma is not available in
bleeding emergencies, platelet transfusion can be used as
an dternative as FXII1I is contained in platelets.®”

Adverse effects

Though rare, hypersensitivity reactions,anaphylaxis,
thrombosis and inhibitor development are reported.

Factor replacement therapy for FII, FV, FX,
FXI deficiency

FIl, FV, FX, FXI deficiency are very rare bleeding
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disorders.The clinical manifestations, treatment of
prothrombin, FV, FX, FXI deficiency, half life and
hemostatic level of the factors are summarised in
Table VIII.
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Table IX. Commonly used CFC in India

CFC Trade name Company Available strength MRP in rupees
in units
FVIII HemoRel Reliance 250 3588
500 8732
Third generation rEVI11 Xynthophilia Pfizer 250 11250
(MoroctocogAlfa) 500 22500
1000 35000
rEVIITuroctogog Alfa Novoeight Novonordisk 250 3675
(Government rates)
500 7500
1000 15000
1500 19167
rEVII Novoseven Novonordisk 1mg 45750
Plasmaderived FVIII Hemofil-M NF Takeda 250 3489
500 7116
1000 13556
rFVI111Octacog alfa Advate Takeda 250 10710
500 20790
1000 41580
1500 59400
First generation rFVI11 Recombinate Takeda 2501U 8925
(RAHFVIII) 5001U 37800
10001V 30975
Third generation rFIX Rixubis Takeda 250 18900
500 37800
1000 72000
Plasmaderived FVII1&VWF| Immunate Takeda 250 FVIII & 190vWF 3489
Plasmaderived FIX Immunine Takeda 600 11739
Anti-inhibitor coagul ant FEIBA STIM4 Takeda 500 36300
complex

Single factor concentrates for fibrinogen, X, XI and XI11 are currently not availablein India.

Prothrombin complex concentrates (PCC) are highly = Indications
purified plasma derived concentrates which may contain
FIl, X,IX (3 factor PCC) and VIl (4 factor PCC).%
They are safer than FFP as they are viraly inactivated.
The potency of most PCC is expressed as FIX activity but 2. For prevention and treatment of bleeding in FX and

1. For prevention and treatment of bleeding in
prothrombin deficiency.

the other factors are present in varying concentrations in FVII deficiency if the specific factor concentrates are
the different products available. It isimportant to read the not available.

product i'nfor_mation before usi ng'the concentrate. 3. Bleeding or for surgical coverage in vitaminK-
Tranexamic &cid should not be used with PCC. dependent coagulation factors deficiency (VKCFD)

Asarule, 1 U of PCC/kg body weight increases the in addition to maintenance dose of VitK.

activity of factorsVIIl and I X by 0.5-1% and the activity of 4. For anti coagulation reversal in case of severe bleeding
factors|l and X by 1-2%.% (coumarin).
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5. PCC has been used instead of FFP in dilutional
coagul opathy from massivetransfusion, bleeding after
cardio-pulmonary bypass surgery and the
coagulopathy of acute fulminant and chronic liver
failure.®

Repeated use of PCCs may predispose to thrombosis
especialy in patientsrequiring prophylaxis. To prevent this,
most PCCsinclude one or more coagulation inhibitorssuch
as heparin, antithrombin. They also contain proteins C, S
and Z.%

Activated prothrombin complex concentrate (aPCC)
contains activated FVII and inactive form of FlI, V and
X(FEIBA).® This is used in hemophilia patients with
inhibitors.

Table 1X shows commonly used CFC which are
available in Indiawith the rates as on April 2020.

Points to Remember

e Clotting factor concentratesareavailablefor almost
all factor deficiencies except FV and they are the
drug of choice for congenital factor deficiencies.

e FFP containsall coagulation factorsand hence can
be used in a coagulopathic child with bleeds if
specific factor concentrates are not available.

e Cryoprecipitate contains fibrinogen, FVIII, FXIII
and von Willebrand factor and can be used in
deficienciesif specific factor is not available.

e Recombinant FVIla and activated prothrombin
complex concentrate (aPCC) are useful in arresting
bleeding in hemophilia children with inhibitors.

e Prophylaxisusing continuousfactor replacement is
recommended asthe standard of carein haemophilia
patients.

e Tranexamic acid should be avoided in patients
receiving prothrombin complex concentrates (PCC).
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HEMATOPOIETIC STEM CELL
TRANSPLANTATION - WHERE WE ARE
AND THE WAY FORWARD
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Abstract: Hematopoietic stem cell transplantation is
potentially curative in several stem cell disorders.
The process involves HLA typing, donor selection,
conditioning, harvesting stem cells, infusion , supportive
care, engraftment and i mmunosuppression to prevent graft
versus host disease and graft rejection. A team of
experienced pediatric intensivists, dedicated nurses,
antibiotic stewardship and infection control measures are
essential components for providing optimal care.
With advances in molecular diagnosis and whole-exome
sequencing, the indications for hematopoietic stem cell
transplantation-are expanding and several hitherto
unrecognized life-threatening conditions have a potential
for cure. Pediatricians are the key personnel to maintain
the shared careand follow up for late effects, thusensuring
intact and quality survival.

Keywords: HSCT, Children, Survival, Cure.

Hematopoietic stem cell transplantation (HSCT) isa
potentially life-saving procedure for several stem cell
disorders. HSCT involves the replacement of the entire
hematopoietic system, whichisdefective or dysfunctional,
with healthy stem cells. During the development of the
embryo, totipotential stem cellsmultiply toformthevarious
organsinthebody. In contrast, the pluripotential stem cells
divideto form specific systems, namely the hematopoietic
system. The bone marrow milieu could be considered to
be similar to the concept of a seed and the soil, the seed
being the stem cells which divide to form the red blood
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cells, white blood cells, platelets and the ground being the
mesenchymal marrow tissue. HSCT is a technique to
replace the stem cells in the above milieu.

Types of HSCT

There are two types of transplantations - autologous
and allogenic HSCT. Autologous involves the use of the
patient’s own stem cells and allogeneic consists of the use
of ahealthy donor’s stem cells.

a) Autologous stem cell transplantation (ASCT)

ASCT is indicated in refractory or relapsed solid
tumors, commonly Hodgkin lymphomaand neuroblastoma.
Here high dose chemotherapy is delivered to achieve
completetumor kill. Thisisfollowed by myel osuppression
and reinfusion of the patient’s own stem cells, which were
collected prior to chemotherapy for rescuing the marrow.

b) Allogenic stem cell transplantation

All the discussionsin this article are about allogenic
SCT.

Indications of allogenic stem cell
transplantation

Table | outlines the current standard indications for
allogenic HSCT.

Steps in allogenic stem cell transplant

The seven stepsin allogenic stem cell transplantation
aregiveninBox 1.

Box 1. Steps in allogenic stem cell
transplantation

e Right patient
¢ Right donor - HLA typing
e Conditioning
e Stem cell infusion
Supportive care

Immunosuppression - Balance between graft
rejection and graft versus host disease

Long term follow up
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Table I. Common conditions where HSCT is potentially curative

Disorders of different cell linesand systems

Conditions

Red cell disorders

Thalassemia mgjor
Sickle cell anemia
Pure red cell aplasia

White cell disorders

Relapsed/refractory/high risk leukemia
Relapsed/refractory Hodgkin lymphoma
Stage |V neuroblastoma

Rarely in high risk medulloblastoma, relapsed/metastatic
retinoblastoma, relapsed germ cell tumours

Juvenile myelomonocytic leukemia
Chronic myeloid leukemiain blast crisis

Primary immune deficiency disorders including disorders of
immune dysregulation

Platelet disorders

Glanzmann thrombasthenia

Stem cell disorders

Acquired aplastic anemia
Inherited bone marrow failure syndromes including Fanconi
anaemia, Schwachman Diamond syndrome

Myel odysplastic syndromes

Metabolic disorders

Mucopolysaccharidosis

Lysosomal storage disorders — Gaucher’s disease
X linked adrenol eukodystrophy

Metachromatic leukodystrophy

Krabbe disease

Osteoclast disorders

Osteopetrosis

Patient and donor selection
Disease status of the patient

It is imperative to note the patient’s disease status
before HSCT, which varies based on the underlying
condition. Prerequisite in malignancies is that the patient
should be in remission with no minimal residual disease
(MRD) before HSCT. Patients, therefore, need to be given
adequate salvage chemotherapy to eliminate the leukemic
stem cells as best as possible. Similarly, in diseases such
as hemophagocytic lymphohistiocytosis and juvenile
myelomonocytic leukemia (JMML), it is essential to
achieve adequate disease control for afavorable outcome.
Patients with thalassemia major need to be transplanted
after optimizing transfusion and chelation. Pesaro classes
are defined based upon the ferritin levels, hepatomegaly
and liver iron content to classify patientsinto Class 1, 2
and 3. (Pesaro classes- It isascoring system devel oped by

Pesaro group in late eighties to predict the outcome of
allogeneic hematopoietic stem cell transplantation in
thalassemia). Several studies have demonstrated poor
outcomes in class 3 thalassemia patients as compared to
those taken up after optimal transfusion and chelation.?

Certain conditions require patients to be transplanted
as soon as possible without delay. There may sometimes
be challenges to achieve stabilization, namely primary
immune deficiencies and severe aplastic anemia, including
Fanconi anemia. In particular, children diagnosed to have
severe combined immune deficiency need to be treated as
an emergency. Control of their infection may not always
be possible without providing the required immune system.
In aplastic anemia, published literature has proven that
children taken up for HSCT after having received more
than 15 to 20 transfusions have a higher risk of rejection
due to aloimmunization.®
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Donor selection

The process of alogeneic transplantation beginswith
finding a compatible donor through human leukocyte
antigen (HLA) typing located on chromosome 6.
There are three HLA class | antigens namely A, B and C,
and three class |1 antigens namely DP, DQ and DR.
Full HLA match entails complete match between A, B, C,
DRB1 and DQB1 with two allelesin each group, thereby
requiring a 10/10 match.* The significance of DPB1 is
evident in malignancies, whereas a DPB1 mismatch is
associated with a decreased risk of relapse.> HLA typing
involves an analysis of the patient and donor HLA from
either a blood sample or a buccal swab.

The chance of finding a fully HLA matched family
donor is approximately 20-30%, thereby requiring
alternative donor HSCT, namely unrelated and
haploidentical stem cell transplantation (half- matched
donor).® Alternative donorsare needed in 70% of the cases.
Thereare severa registriesthat recruit unrelated voluntary
donors where their HLA typing is recorded and stored in
the database. In India, Datri and Marrow Donor Registry
India (MDRI) are some of the largest registries, with over
400,000 donors registered with Datri as of 2019.
Similar large and moderate scal e registries exist the world
over with some of the biggest being DKMS in Germany
and the National Marrow Donor Program (NMDP) in the
United States of America. Unrelated donor searches may
sometimesfail to identify a compatible donor or may take
up to 2-3 months. Haploidentical transplantation is a
significant advance in this field and has opened up new
doors and possibilities.

Haplo-transplants are defined as HSCT from a half
match; generally, 3/6 or 5/10 matched graft from arelated
donor. The grafts have the advantage of speed because
relativesare usually easy to contact for stem cell collection.
The cost of procuring stem cellsislower than in unrelated
transplants and umbilical cord blood products.

Conditioning

Donor selection is followed by conditioning, which
involvesthe use of chemotherapy to prepare the soil in the
bone marrow. Stem cells are known to arisein the form of
niches. The purpose of conditioning is threefold - a) to
eliminate the patient’s stem cells, b) to create space for the
new donor-derived stem cells and c) to provide adequate
immune suppression in the host. Conditioning not only
helpsto reduce the risk of graft rejection and graft versus
host disease (GVHD) but also eradicateresidual leukemic
stem cell clonesin malignancies. The underlying condition
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determines the combination of chemotherapy used in
conditioning. In general, the host’s underlying immune
status determinesif myel oablation or immune suppression
or both are required.”

Myeloablative conditioning with high doses of
chemotherapy or radiotherapy is required for conditions
witharobust yet dysfunctional marrow, for example, acute
lymphoblastic leukemia, thalassemia major, IMML and
osteopetrosis. Reduced-intensity conditioning (RIC)
includes alower dose of chemotherapy, whereby immune
suppression would be higher than myeloablation. RIC is
used in conditions where the host has an already
compromised immune system, namely in aplastic anemia
or severe combined immune deficiency.
Conditioning regimens include a combination of
cyclophosphamide, busul phan, treosulphan, melphalan,
thiotepa, fludarabine and total body irradiation.®

Sources of stem cells, stem cell infusion
and engraftment

Stem cells can be harvested from the peripheral blood
(Peripheral blood stem cell-PBSC), bone marrow, or cord
blood. There are several advantages and disadvantagesin
each and their indi cation depends on the underlying disease.
Engraftment is the earliest with PBSCs (10-14 days),
followed by bone marrow (14-21 days) and cord blood
(21-28 days) as aresult of the varying amounts of CD34
stem cells in each with PBSCs having the highest.
Engraftment is a process in which transplanted stem cells
travel through the blood to the bone marrow, where they
begin to make new white blood cells, red blood cells, and
platelets.

Graft versus host disease (GVHD) and immune
suppression

Post-infusion, patients need to be maintained on
immune suppression to prevent GVHD and graft rejection.
Drugs used for GVHD prophylaxis include tacrolimus,
cyclosporine, methotrexate, anti-thymocyte globulin,
alemtuzumab and mycophenolate mofetil. GVHD affects
mainly the skin, gut, and liver and steroids are used asthe
first-line agents for treatment. In the case of steroid-
refractory GVHD, second-line agents used include
etanercept, tocilizumab, ruxolitinib, rituximab, basiliximab
and extracorporeal photopheresis.®

Supportive care and the problem of drug-
resistant infections

Optimal outcomes post-HSCT ishighly dependent on
the supportive care provided, particularly with the rise of
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gram-negative bacterial sepsis.’®* One to one nursing is
the key with nurses being the pillars. High-efficiency
particulate absorbent filters are recommended so as to
maintain positive pressurewithintherooms. Patients need
to be on antifungal and antiviral prophylaxis and
appropriate antibiotics need to be started when needed.
The hospital infection control and antibiotic stewardship
are essential components of care. Precautions taken to
prevent infectionsinclude neutropenic care and neutropenic
diet. The neutropenic diet isan eating plan for people with
weakened immune systems. It involves choosing foods and
preparing them in a way that lowers the risk of infection
by preventing bacterial translocation of gut microbes,
which limitsthe exposureto harmful microbesand bacteria.
Alternate nameis low-microbial diet.

Post HSCT

Inthalassemiamajor and PIDs, overal survival of over
90% and 70% can be achieved with intact survival.
In malignant disorders, overall surviva is usualy in the
range of 60% to 70% depending upon the underlying
condition, remission status prior to HSCT and graft versus
leukemia effect post HSCT. Over 90% of the children
can resume school in their full capacity approximately
6 to 9 months post HSCT.

The current scenario in India

The first HSCT in Indiawas performed in 1983 and
the field has grown by leaps and bounds since then.
The Indian stem cell transplant registry (ISCTR), now
renamed as the Indian Society of Blood and Marrow
Transplantation (ISBMT), was established in 2004 with a
handful of transplant centers and had over 65 transplant
centers reporting data as on 2019.%2 Pediatric HSCTs have
similarly grownintermsof facilities, technology available
and accessto care.®

Role of the pediatrician - shared care and
follow up

Themost advanced technology, facilities, trained and
experienced teams for HSCT are now available in India.
Physicians and patients need to be sensitized regarding the
availability and accessihility of a curative option and the
importance of early referral. The impact of shared care
with pediatricians over ensuring monitoring for | ate effects,
maintaining intact survival and improved quality of lifein
children post HSCT cannot be over emphasi zed.

Financial implications

The cost of HSCT continues to be a major challenge
and public-private partnership is the way forward.
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Several government and non-governmental organizations
now support HSCT. Tamil Nadu isoneof the statesin India,
wherethe Chief minister’scomprehensive health insurance
scheme supports HSCT entirely, whilst other states partly
fund the therapy. Similar funds, including the Prime
minister’s relief fund and inter-state government funds,
have helped in increasing access to care. The average cost
of autologousHSCT isabout INR 800,000. Sibling alograft
costsabout INR 15,00,000 and unrel ated or haploidentical
about INR 30,00,000.

Our experience

At our center, over 1392 HSCTs have been performed
to date, with 901 being pediatric HSCTs. The most common
indications have been thalassemia major (336), leukemia
(235), primary immune deficiency disorders (131) and
Fanconi anemia (56). With advances in supportive care,
early use of granulocyte transfusions to combat sepsis,
antibiotic stewardship, experienced and trained pediatric
intensivists, morbidity and mortality can be minimized, thus
optimizing outcomes and providing intact survival.

Points to Remember

e Hematopoietic stem cell transplantation (HSCT) is
potentially curative in several congenital and
acquired stem cell disordersincluding thalassemia
major, primary immune deficiency disorders,

Fanconi anemia and malignancies.

HLA typing of Class| (A, B, C) and Class || (DP,
DQ, DR) antigens is the key to determining the
compatibility of the donor and in planning the type
of HSCT namely matched related, matched
unrelated, mismatched related or unrelated and
haploidentical stem cell transplantation.

Although 30% of patients can find a compatible
match within the family, alternative donor
transplantation is an option in the remaining 70%,
including unrelated and haploidentical transplants.

The source of stem cells could be peripheral blood,
bone marrow or cord blood and donation of stem
cellsis safe for the donor.

Supportive care is the key to ensuring optimal
outcomes.

Teamwork between experienced pediatricintensivists
and nursing groups, antibiotic stewardship and
infection control measures are the essential
components of care.

Immunosuppression is only for a short duration of
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one year on average unlike solid organ
transplantation where the children are on lifelong
medications. However, follow up for late effects of
chemotherapy utilizing shared care with
pediatricians is essential for optimal outcomes.

Acknowledgments: We would like to acknowledge the
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CLIPPINGS

Elevated international normalized ratio (INR) is associated with an increased risk of intraventricular

hemorrhage in extremely preterm infants.

The international normalized ratio (INR), a standardized method of reporting the prothrombin time, can be a
surrogate marker of the vitamin K-dependent coagulation pathways. The study was done to evaluate the
relationship between INR measurementsin thefirst 48 hoursof life and subsequent devel opment of intraventricul ar
hemorrhage (IVH) in extremely preterm infants. It was concluded that an elevated INR in the first 48 hours of
life may be useful to identify preterm infants at risk of severe IVH and may guide strategies to prevent the

development, or limit the extension, of IVH.

Glover Williams A, Odd D Bates S, Russell G Heep A. Elevated international normalized ratio (INR) is
associated with an increased risk of intraventricular hemorrhage in extremely preterm infants.
Journal of Pediatric Hematology / Oncology 2019; 41(5): 355-360.
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*Jeeson C Unni
**Ranjit Baby Joseph
***Sagar Bhattad

Abstract: Various factors, including disease activity and
severity, co-morbidities and patient preference (including
cost, route of administration and frequency of monitoring)
need to be factored in deciding the optimal treatment of
variousrheumatic diseasesin children. Non-steroidal anti-
inflammatory drugs and steroids may be used to provide
symptomatic relief whereas the arrest of progression of
disease is achieved using disease modifying drugs.
Treatment goals include achievement of remission or low
disease activity, and the prevention of radiographic
progression of the disease.

Keywords: Juvenile idiopathic arthritis, Rheumatic,
NSAIDs, Seroids, Disease modifying anti rheumatic drugs,
Methotrexate, Biologicals, Children.

Pediatric rheumatic diseases include a spectrum of
musculoskeletal and connective tissue disorders which
begin during childhood. Although they share many
common symptoms such as joint pain, swelling, redness
and warmth, each disorder is distinct and each hasits own
set of signs and symptoms. Extra-articular organ
involvement includes eyes, skin, muscles and
gastrointestinal tract. Pediatric rheumatic diseasesinclude
juvenileidiopathic arthritis (JIA), juvenile dermatomyositis
(JDM), systemic lupus erythematosus (SLE), juvenile
scleroderma, Kawasaki disease (KD), fibromyalgia,
Behcet's disease, Henoch-Schonlein purpura, rheumatic
fever, post-streptococcal reactive arthritis, Lyme arthritis
and auto inflammatory diseases.*
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Juvenile idiopathic arthritisis the most common type
of chronic arthritisin children under the age of 16. It can
cause persistent joint pain, swelling and stiffness.
Symptoms can be short lived for few months or may be
lifelong. It is an autoimmune disorder causing non-
suppurative proliferative synovitis resulting in articular
cartilage destruction and disabling arthritis.
Cytokinerelease dueto activation of complement pathway
initiated by IlgM complexesisthought to be the pathol ogy.
The inflammatory cells secrete lysosomal enzymes
resulting in cartilage damage and erosion of bones.
The prostaglandins produced causes vasodilatation and
pain.2 Sometypesof juvenileidiopathic arthritis can cause
serious complications such as growth problems, joint
damage and eyeinflammation, especially, when not treated
early and adequately. Treatment goa sincluderelief of pain,
reduction of swelling and stiffness, protection of articular
structures, preventing cartilage damage, maintenance of
joint function and control of systemic disease.

Classification of anti-rheumatic drugs®

Currently available anti-rheumatic drugs include the
following (Box 1).

Box 1. Classification of anti-rheumatic
drugs

1. Non-steroidal anti-inflammatory agents (NSAID):
Naproxen, ibuprofen, diclofenac, indomethacin,
aspirin

Glucocorticoids

Disease modifying antirheumatic drugs (DMARDYS)
a) Synthetic DMARDS

i) Conventional: methotrexate,
hydroxychloroquine, sulfasalazine, leflunomide

ii) Latesttargeteddrugs: JAK1and JAK 3inhibitor
such astofacitinib

b) Cytotoxic immunomodulatory agents:
Cyclophosphamide, mycophenolate mofetil,
cyclosporine, azathioprine, intravenous

immunoglobulin (IV 1g)

Biological DMARDS: Etanercept, Adalimumab,
Infliximab, Tocilizumab, Anakinra, Rituximab
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Table I. Commonly used NSAIDs®

NSAID Dosage

Ibuprofen Child 3 months-17 years. 30-40 mg/kg
daily oral in 3-4 divided doses; maximum

2.4 g per day

Naproxen Child 2-17 years. 5-10 mg/kg twice daily;

maximum 1g per day

Indomethacin| 1.5-3 mg/kg/day oral in 3 divided doses;

maximum 150 mg per day

Etoricoxib | Child 16-17 years: 30 mg once daily
orally, then increased if necessary to
60-90 mg once daily. May be considered
inonly in one situation, as an aternative

in older children who showed reactions

to multiple anti-inflammatory agents

Other NSAIDs like meloxicam are not used in children.

NSAIDs (Table I)

They are the first line drugs in the treatment of JA
and may be given while awaiting investigations.
Althoughit providesrelief from pain, swelling and morning
stiffness, it has little effect on the progression of bone and
cartilage destruction. Currently used NSAIDs inhibit the
activity of cyclooxygenases 1 and 2 (COX-1 and COX-2,
respectively). Indomethacin and diclofenac are not
commonly usedin children. Recent observationsin clinical
trialsinvolving adults have suggested an increased risk of
cardiovascular events secondary to Cox-2 inhibitors like
meloxicam. Aspirin useisonly restricted to rheumatic fever
because of their side effects and association with Reye
Syndrome. Naproxen and ibuprofen are thetwo commonly
used NSAIDsin children. Thelowest NSAID dose possible
should be prescribed and the dose should be reduced and
withdrawn following good response to DMARD.#

Corticosteroids

Steroids are potent immunosuppressant and
anti-inflammatory agents which can be used at any stage
of the disease either as afirst line or second line agent.
Usual indication for steroid is as a bridge therapy in JIA,
for immediate control of disease activity or while waiting
for DMARDs to take effect. They can also be used in
combination with DMARDs or NSAIDs. They can be
administered systemically or locally at the affected areas.
Similar to NSAIDs, they provide symptomatic relief and
slow down bony erosion and joint destruction but do not
arrest the rheumatic process.®
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Systemic corticosteroids

Systemic corticosteroids can be used through many
routes, intravenous and oral, they may be considered for
the management of juvenile idiopathic arthritis with
systemic disease or when multiple joints are affected.
Systemic corticosteroids may also be considered in severe,
possibly life-threatening conditions such as systemic lupus
erythematosus, systemic vasculitis and macrophage
activation syndrome. In severe conditions, short courses
(‘pulses’) of high dose intravenous methylprednisol one or
apulsed oral corticosteroid may be particularly effective
for providing rapid relief and hasfewer long-term adverse
effects than continuous treatment. Complications related
to long-term corticosteroid treatment such as growth
retardation and other adverse effects should be monitored.’

Dosage of methylprednisolone pulsing: By intravenous
injection (1 month to 18 years): 10-30 mg/kg (maximum
1gm) once daily or on aternate days for up to 3-5 doses.®

Intra-articular corticosteroids

Corticosteroids are sometimesinjected locally for an
anti-inflammatory effect. They aregiven by intra-articular
injection as monotherapy, or as an adjunct to long-term
therapy to reduce swelling and deformity in one or afew
joints under asepsis with appropriate anaesthesia.
Occasionally an acute inflammatory reaction devel ops after
anintra-articular or soft-tissueinjection of acorticosteroid
which may beareaction to the microcrystalline suspension
of the corticosteroid used, but must be distinguished from
sepsis introduced into the injection site.®

Triamcinolone hexacetonide is preferred for
intra-articular injection because it is amost insoluble and
has along-acting (depot) effect. Triamcinolone acetonide
and methyl prednisolone may also be considered for
intra-articular injection into larger joints, while
hydrocortisone acetate should bereserved for smaller joints
or for soft-tissue injections. Each joint should usually be
treated no more than 3-4 timesin one year.’*

Dosage
Triamcinolone hexacetonide

By intra articular injection (1-18 years) on larger joints.
1mg/kg (maximum 20mg), higher doses may be used
according to size of the joint.

Triamcinolone acetonide

By intra articular injection (1-18 years) on larger joints:
2mg/kg (maximum 40mg).°

M ethyl prednisolone acetate (Depo Medrone) : 1ImL (40mg)
intra articular injection.™
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Hydrocortisone acetate
By intra articular injection

e Child 1 month to 12 years: 5-30mg according to size
of child and joint

e Child 12 yearsto 18 years: 5-50mg according to size
of child and joint.®

Disease modifying anti rheumatic drugs
(DMARDSs)

These are drugs which can suppress the rheumatoid
process and bring about a remission, but do not have
nonspecific anti-inflammatory or analgesic action.
They areknown as disease modifying anti-rheumatic drugs
(DMARDs) which can be synthetic or biologic.
Synthetic DMARDsarefurther categorized as conventional
ones and the latest targeted oneswhich act by janus kinase
pathways, called the small molecules (TableIl).

Conventional synthetic DMARDs

Methotrexate, sulfasalazine, leflunomide and
hydroxychloroquine (HCQ) are the commonly used
DMARDs. DMARDs, whenever used should be under
specialist supervision with monitoring for side effects
(Table I11). They should be administered for 3-6 months
for afull therapeutic response. The dose of NSAIDs and
or steroids can be reduced once there is a response to
DMARDs. Methotrexate is the most frequently used and
highly effectiveagent in JJA. Sulfasalazineisan alternative
but should be avoided in systemic onset JIA.
Other DMARDSs such as cyclosporine and azathioprine
have an adverserisk- benefit ratio and should be used with
caution. Antibiotic DMARDS, such as doxycycline or
minocycline are not recommended due to the availability
of more effective drugs. DMARDs can improve not only
the symptoms of inflammatory joint disease but also the
extra-articular manifestations.*®

Table II. Commonly used synthetic DMARD!?

Methotrexate
Sulfasalazine

Leflunomide

Conventional

Hydroxychloroquine

Azathioprine
Cyclosporine
Gold and penicillamine

Tofacitinib

Kinaseinhibitors
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M ethotrexate

Methotrexate primarily killscellsin S phase, inhibiting
the DNA synthesisand thus synthesisof RNA and proteins.
Basically it is an inhibitor of dihydrofolate reductase
enzyme and affectslymphocyte and macrophage function.
It also inhibits amino imidazole carboxamide
ribonucleotide (AICAR) transformylase and promotesthe
accumulation of extracellular adenosine. Adenosine is
responsible for site specific anti-inflammatory effects.
The anti-rheumatic action is by exerting inhibitory effects
on proliferation and it stimulates apoptosis in immune
inflammatory cells. It aso inhibits pro-inflammatory
cytokine production, chemotaxisand cell mediated immune
reactions.**

Methotrexate is the most commonly prescribed
DMARD for juvenile idiopathic arthritis.*® It is now
recommended as the first-line treatment in oligoarthritis
that persists despite non-steroidal anti-inflammatory drugs
and intraarticular steroid therapy and in polyarticular
disease.'®

Dosage: In JIA, juvenile dermatomyositis, SLE,
sarcoidosis, localised scleroderma, by oral, subcutaneous
injection or intramuscular injection: 10-15 mg/m? once
a week initialy, increased if necessary to maximum of
25 mg/m? once weekly.

Side effects. Bone marrow suppression can occur abruptly
especially if there is renal impairment and if there is
concomitant use of another anti folate drug like
trimethoprim. Other issues include gastrointestinal
disturbances, hepatotoxicity and pulmonary toxicity.*’

Sulfasalazine

Sulfasalazine has abeneficia effect in someforms of
JA but generally not used in systemic onset disease.
Anti-inflammatory properties of sulfasalazine may be
related to inhibition of bacterial growth, interference with
production of prostaglandins and leukotrienes and
accumulation of adenosine. Itisarecommended treatment
for enthesitis-related J A following a NSAID trial and/or
glucocorticoid joint injection.®® A randomized, placebo-
controlled study demonstrated the safety and efficacy of
sulfasalazinein thetreatment of children with oligoarticular
and polyarticular JIA.*°

Dosage: Orally in children between 2-18 years: Initialy
5mg/kg twice daily for 1 week, then 10mg/kg twice daily
for 1 week, then 20mg/kg twice daily for 1 week,
maintenance dose 20-25mg/kg twice daily (Maximum
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2gm/day in children 2-12 years and 3gm/day in children
12-18 years).®

Side effects: Hematol ogical abnormalitieslike neutropenia
and thrombocytopenia, hepatitis and rash.

L eflunomide

Even though the gold standard of therapy in JIA is
methotrexate, leflunomide has shown to have comparable
efficacy and usually well tolerated in various studies.
Leflunomideisaprodrug that isquickly metabolized to an
active metabolite which reversibly inhibits the enzyme
dihydroorotate dehydrogenase, which is required for
pyrimidine nucleotide synthesis. Though this drug has an
anti-proliferative effect on T cells in vitro, mechanism of
action in inflammatory arthritisis not known.?

Dosage: (as oral dose)

< 20kg: 10 mg on aternate days

20-30kg: 10 mg once daily

30-40kg: 10 mg alternating with 20 mg or 15 mg per day
>40kg: 20 mg once daily

Side effects: GI complaints like abdominal pain, nausea,
diarrhoea, rashes, loss of hair, thrombocytopenia and
leucopenia are noted.?

Hydroxychloroquine

The antimalarial hydroxychloroguine (HCQ) is less
commonly used in treatment of JIA. It isregularly used in
systemic/ discoid lupus erythematosus, particularly
involving skin and joints and in sarcoidosis. It can be a
useful adjunctive agent for treating chronic arthritisin older
children. Thetherapeutic effect of thisdrugisusually subtle
and is rarely evident before 2 to 3 months of therapy.
It may be used as an add-on medication in treatment of
JA. In patients with SLE, HCQ is recommended to be
continued indefinitely.

Dosage: Orally based on ideal body weight - 5-6.5 mg/kg
(Maximum 400mg) oncedaily in children between 1 month
and 18 years.

Sideeffects: It should be used with caution in neurol ogical
disorders, severe gastrointestinal disorders, G6PD
deficiency and in acute porphyrias. It may exacerbate
psoriasisand aggravate myastheniagravis. It can also cause
ocular toxicity and skin rashes. An ophthalmologic
examination, including testing of colour vision and visual
fields, is usualy performed before therapy is started and
traditionally every 12 months thereafter.?
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Azathioprine

Azathioprine is a purine antimetabolite which acts
after getting converted to 6-mercaptopurine by enzyme
thiopurine methyl transferase (TPMT). It selectively affects
differentiation and function of T-cells and natural killer
cells thus suppressing cell-mediated immunity and
inflammation. It isless sparingly used in the treatment of
JA as the success rate is not so promising. It may be
reconsidered in the stepladder approach for the treatment
of J A-associated uveitis. The addition of azathioprine may
also be beneficia for patients not responding properly to
methotrexate.?*

Dosage: In SLE, vasculitis and other autoimmune
conditions usually when steroid therapy alone has proved
to be inadequate, azathioprine may be started with
1mg/kg/day orally, and adjust according to response to
maximum of 3mg/kg /day. Consider withdrawal of drug if
no improvement is seen within 3 months.

Side effects: Bone marrow suppression (monitor blood
counts at 2 weeks of initiation and thereafter at |east once
in every 3 months), Gl disturbances, hepatic and renal
impairment, infection risk and hypersensitivity reactions.

Gold and D-Penicillamine

Before the advent of methotrexate, gold therapy was
very popular. D-Penicillamine a so has gold like action but
gold is not used nowadays, dueto fear of toxicity.?®

Table III. Quick reference guide for
monitoring of DMARD therapy

Conventional [Monitoring parameters

DMARD

Methotrexate [Complete blood count (CBC) fortnightly
until 6 weeks after last dose increase; if
this remains stable, then monthly there-
after monitoring may be reduced in
frequency, based on clinical judgement.
Liver function tests (LFT): 3 monthly
renal function test: 6-12 monthly

Sulfasalazine |CBC and LFTs monthly for 3 months
and 3 monthly thereafter

Hydroxy- 12 monthly review by an

chloroquine |ophthalmologist

Leflunomide |CBC, LFTsevery 6 months and if stable
12 monthly thereafter
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Targeted synthetic DMARD/ Janus kinase
inhibitors

Janus kinase inhibitors are needed for a small subset
of patients who are refractory to all DMARDSs.
JAK inhibitors (JAKinibs) are small molecule inhibitors
of the Janus Kinase family of receptors. Cytokinesare key
mediators of the development and homeostasis of
haematopoietic cells. They are not only critical for host
defence, but are also implicated in the development of
autoimmune and inflammatory diseases such as psoriasis,
rheumatoid arthritis (RA), inflammatory bowel diseaseand
severa other immune-mediated inflammatory diseases.
Blocking cytokine activity by interfering with the ligand—
receptor association has been successfully employed to treat
several immune disorders. Fig.1 depicts a subgroup of
cytokines that signal through receptors requiring the
association with afamily of cytoplasmic protein tyrosine
kinases known as Janus kinases (Jaks). Jaks have recently
gained significant attention as therapeutic targets in

: : Cytokines

Type 1/1l Cytokine
Receptor

|JAI( | |
OFACITINIB ] k
(JAK inhibitor)

Activated JAK ‘

Cell membrane
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inflammation and autoimmunity, and several Jak inhibitory
small molecules have been developed. These small
molecule inhibitors provide a novel mechanism of action
in treating these conditions by affecting intracellular
signalling pathways. JAKinibs have now been approved
for use in adults with rheumatoid arthritis and psoriatic
arthritis, and phase 3 studies are underway to establish the
role and efficacy of these molecules in the treatment of
JIA.%27 The most studied molecule of JAKinib is
tofacitinib. Studies have shown that tofacitinib iseffective
for reducing the risk for disease flare in patients with
polyarticular juvenile idiopathic arthritis.?®

The effectiveness of tofacitinib treatment in a case of
refractory systemic JJA with inadequate response to
nonsteroidal anti-inflammatory drugs, methotrexate,
glucocorticoids and etanercept has also been reported.?®
Other agentsin thiscategory are baricitinib and ruxolitinib
which are also under therapeutic trials but no conclusive
pediatric datais available as of now.?*°

Translocation
to nucleus

Fig.1. Type I/II cytokine receptors lack intrinsic kinase activity and signal through the
cytoplasmic Janus kinases (JAK1, JAK2, JAK3, and TYK2) along with the DNA-binding proteins
called signal transducers and activators of transcription (STAT1, STAT2, STAT3, STAT4,
STAT5A, STAT5B, and STAT6). Upon engagement of extracellular ligands with the receptors,
intracellular JAK proteins become activated and phosphorylate STAT proteins which dimerize
and translocate to the nucleus to regulate gene expression. Jakinibs interfere with the
cytokine signal transduction to bring about their anti-inflammatory effects

(Source: Sonthalia S, Aggarwal P. Oral tofacitinib. Contemporary appraisal of itsrolein dermatology. Indian Dermatol

Online J 2019;10:503-518).
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Table IV. Classification of biologic DMARDs
based on their mechanism of action

Drug class Examples
TNF o inhibitors Adalimumab
Etanercept
Infliximab
Golimumab
Certolizumab
CTLA4-Ig Abatacept
IL-6 inhibitors Tocilizumab
IL-1 inhibitors Canakinumab
Anakinra
Rilonacept
Anti CD-20 Rituximab

Biologic DMARDs (Table IV)

Biological agents are the drugs which target specific
components of the immune system like cytokines.
They are increasingly used after conventiona DMARD
therapy failsor when the course of the diseaseisaggressive.
They may have serious side effects like major infections
or malignancies, hence must be prescribed only by a
pediatric rheumatol ogist.®

TNF-o inhibitors

Adalimumab, etanercept and infliximab are commonly
used TNF-a inhibitors. Adalimumab and etanercept can
be used for the management of refractory polyarticular JIA,
psoriatic arthritisand enthesitisrelated arthritis. In patients
with refractory uveitis, adalimumab isthe preferred agent.
Infliximab isalso used in management of refractory uveitis,
however, as this requires intravenous administration, one
would prefer adalimumab (given as subcutaneous
injections).*

Side effects: They are generally associated with increased
risk of infections, sometimes severe, including latent TB
reactivation, septicemiaand hepatitis B reactivation. Other
side effects include nausea, abdominal pain, worsening
heart failure, hypersensitivity reactions, fever, head ache,
depression, SLE like syndromes and blood dyscrasias.®

Adalimumab

Adalimumab is a monoclonal antibody produced by
DNA recombination technology, and is the first human
monoclonal antibody against human tumor necrosisfactor
(TNF-a) intheworld. Adalimumab bindswith high affinity
and specificity to soluble TNF-o. and normalizes its
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biological action. It has been now approved for the usein
psoriatic arthritis, ankylosing spondylitis, Crohn’s disease
and juvenileidiopathic arthritis (JA).>*Adalimumab issafe
in children with active polyarticular JIA and the
pharmacokinetics and its effectivenesswere similar to that
seen in older pediatric patients with JJA.*

Dosage: By subcutaneous injection®

Children 2-4 years: 24 mg/m? (maximum 20 mg) on
alternate weeks.

Children 4-13 years: 24 mg/m? (maximum 40 mg) on
alternate weeks.

Children 13-18 years. 40 mg on alternate weeks.

Review treatment if no response within 12 weeks.
Etanercept

Etanercept is a human soluble TNF-a receptor,
attached to human IgG. It neutralizes TNF by binding with
an affinity 50-1000 times that of the naturally occurring
TNF receptors and may also exert its effect by binding
other cytokines, including IL-1a and TNF-B. It is
administered by subcutaneous injection twice weekly or
weekly, for an indefinite period and may be used with or
without methotrexate. Early safety and efficacy data in
children are encouraging.®”

Dosage: By subcutaneous injection

Children 2-17 years. 0.4 mg/kg (maximum 25mg) twice
weekly, with an interval of 3-4 days between doses
or 0.8 mg/kg (maximum 50mg) once weekly.
Consider discontinuation if no response after 4 months.*

Infliximab

Infliximab is a chimeric human-murine monoclonal
antibody that binds both soluble and cell bound TNF-a.
It was the first commercially available agent for blocking
TNF-a.. There are some anecdotal reports of its successin
JIA but no large scale studies on the efficacy of infliximab
have been published in children. It is administered as
intravenousinfusion and in combination with methotrexate
to avoid tachyphylaxis to the murine component.®4°

Dosage: 6-10 mg/kg given intravenously at weeks 0, 2, 6,
and thereafter at four to eight week intervals.*

Other TNF-a blockers

Golimumab is a completely humanized monoclonal
anti-TNF antibody for subcutaneous administration at the
dose of 50 mg once per month. It is approved for the
treatment of rheumatoid arthritis, psoriatic arthritis and
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adult ankylosing spondylitis, while its efficacy in JA is
still under research. Certolizumab pegol is a PEGylated
Fab fragment of a humanized anti-TNF antibody.
The PEGylation of the antibody delaysthe elimination and
thus provides alonger half-life. It was tested in Phase 111
trials in Crohn’s disease and in rheumatoid arthritis.*?

Abatacept

Abatacept isarecombinant fusion protein comprising
the extracellular part of human Cytotoxic lymphocyte-
associated antigen-4 (CTLA-4) connected to a modified
Fc part of 1IgG1. CTLA-4 is a potent inhibitor of the co
stimulation pathway necessary to activate
T cells and thus abatacept prevents the full activation of
T lymphocytes. It has been found to be effective in
management of active polyarticular JJA and generally well
tolerated but isnot recommended to be used in combination
with TNF inhibitors.®

Dosage: In moderate to severe active polyarticular JA
(in combination with methotrexate) and in children who
have not responded adequately to other DMARDSs
(including at least one TNF inhibitor): By intravenous
infusion (6-17 years)

Body weight: lessthan 75kg-10mg/kg; 75-100kg- 750mg;
>100 kg - 1gm.

The doses are repeated at 2 weeks and 4 weeks after initial
infusion, then every 4 weeks.*

Tocilizumab

In patients with severe disease that do not respond to
methotrexate and anti-TNF drugs, strong evidence supports
the approach of targeting interleukin-6 (IL-6).%
Tocilizumab antagonizesthe actions of IL-6. It can be used
for the management of active systemic JJA when there has
been inadequate response to NSAIDs and systemic
corticosteroids. Tocilizumab can be used in combination
with methotrexate, or as monotherapy if methotrexate is
not tolerated or is contraindicated. It is not recommended
for use with other cytokine modulators. Subcutaneous
tocilizumab wasless effective than intravenoustocilizumab
for juvenileidiopathic arthritisuveitisin asmall case series,
but has shown similar efficacy to intravenous tocilizumab
in randomised controlled studies of rheumatoid arthritis.*
Subcutaneoustherapies are more desirable than intravenous
infusions for patient convenience, maximising school
attendance and using fewer health-care resources.*

Dosage in children with systemic JIA:%
By intravenous infusion (2-18 years).

Body weight <30kg: 12mg/kg once every 2 weeks.
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Body weight >30kg: 8mg/kg once every 2 weeks, review
treatment if no response within 6 weeks.

By subcutaneous injection

Body weight <30kg: 162mg oncein every 2 weeks
Body weight >30kg: 162mg once in every week
Dosage in children with polyarticular JA

Body weight <30kg: 162mg once in every 3 weeks
Body weight >30kg: 162mg oncein every 2 weeks
Canakinumab

Canakinumab, a fully human monoclonal antibody
against interleukin-1p, is a relatively new medication
approved for treatment of systemic juvenile idiopathic
arthritis.*® When administered, the response to
canakinumab treatment was sustained and associated with
substantial glucocorticoid dose reduction or discontinuation
and arelatively low retention-on-treatment rate. No new
safety findings were observed on long-term use of
canakinumab.*®

Dosage:
By subcutaneous injection

In cases of Tumor Necrosis Factor Receptor Associated
Periodic Syndrome (TRAPS), hyperimmunoglobulin D
Syndrome/ Mevalonate Kinase Deficiency and familia
Mediterranean fever.

Body weight < 40 kg: Start with 2 mg/kg
every 4 weeks. Thedose can beincreased to 4 mg/kg every
4 weeksif the clinical response is not adequate.

Body weight > 40 kg: The recommended starting dose is
150 mg every 4 weeks. Thedose can beincreased to 300 mg
every 4 weeks if the clinical response is not adeguate.

In cases of Systemic juvenileidiopathic arthritis: 4 mg/ kg
(maximum 300 mg) for patients with a body weight
>7.5 kg, administer subcutaneously every 4 weeks.

Anakinra

Anakinra is recombinant IL-13 receptor antagonist
which has shown be effective in small cohorts of therapy-
resistant adult and pediatric Still’s patients. IL-1 hasbeen
shown to be a main contributor to the pathogenesis of
systemic JIA.% Various studies have shown that earlier
treatment with anakinra is associated with a better short-
term outcome.®
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Dosage: By subcutaneous injection: Initial: 1 to 2 mg/kg/
dose once daily; (maximum initial dose - 100 mg; if no
response, may titrate typically at 2-week intervals by
doubling dose up to 4 mg/kg/dose once daily; maximum
dose: 200 mg.>*

Rilonacept

Rilonacept (IL-1 Trap) is an IL-1 neutralizer
incorporating into one molecule of the extra-cellular
domain of two human cytokine receptorsrequired for IL-1
signalling, combined with the Fc portion of human IgGL1.
Rilonacept bindsto IL-1p with high affinity and specificity,
and blocks inflammation caused by overproduction of
IL-1.% Studies have shown achievement of sustained
improvements in clinical and laboratory measures of the
articular and systemic manifestations of systemic JA
in >50% of rilonacept-treated patients over 2 years.
Treatment with rilonacept had a substantial steroid-sparing
effect and was generally well-tolerated.>®
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Dosage: By subcutaneous injection

Loading dose of 4.4 mg/kg on week O followed by
maintenance weekly doses of 2.2 mg/kg.*

(NOTE: At present, IL-1 inhibitors are not being marketed
inIndia).

Rituximab

Rituximab (RTX) may be considered as a treatment
option for children and young people with JIA, although it
isnot licensed for thisindication. Depletion of B cells has
emerged as a new approach for the treatment of
autoimmune diseases, including JIA. Rituximab is
sparingly used in the treatment of JIA; however, there are
many rheumatic diseases where rituximab is highly
effective. It is used in the management of lupus nephritis
(refractory to conventional therapy), vasculitis (e.g. ANCA
associated vasculitis), steroid-refractory autoimmune
hemolytic anemia, |gG4 related disease, etc.%%°

Box 2. Algorithm for stepwise use of drugs in juvenile idiopathic arthritis

1. Management of oligoarticular JIA

2. Management of polyarticular JIA

3. Management of Systemic onset JIA

Oligoarticular JJA
Intra-articular steroid injections
{ (Persistent disease activity)
Weekly methotrexate oral/subcutaneous injection
 (Persistent disease activity)
I njection adalimumab/etanercept

Polyarticular JJA
NSAIDs + Methotrexate
 (Persistent disease activity)
Add leflunomide
 (Persistent disease activity)
I njection adalimumab/etanercept

Systemic onset JA
Systemic features predominant Steroids

(Persistent disease activity)
Injection tocilizumab/anakinra
Systemic onset JJA with prominent arthritis Steroids + Methotrexate
(Persistent disease activity)

Injection tocilizumab/anakinra
(NSAIDs may be used to provide immediate relief in children with all types of JA)
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Dosage: By 1V infusion 375 - 500 mg/m?once in 2 weeks
for 2 doses.

Algorithmsfor management of JIA

An example of the step wise use of drugsin JIA is
given herewith (Box 2).

Conclusion

Advances in the therapy of childhood rheumatic
diseases haveimproved the prognosisfor affected children.
Evidence suggests that early diagnosis and rapid disease
control would improve the course of the disease and long-
term outcomes. Thisemphasi sesthe need for effective and
aggressivetreatment during the critical therapeutic window
of opportunity. The past decade has seen increasing use of
biologic drugs for the treatment of pediatric rheumatic
diseases. The widest range of such treatments is used for
juvenile idiopathic arthritis, although biologics are
sometimes given in more refractory cases of juvenile
systemic lupus erythematosus, juvenile dermatomyositis
and vasculitis.

Points to Remember

e Numerous medications are currently available for
the treatment of rheumatic diseases apart from
NSAIDs and steroids.

e NSAIDs and steroids can be used as a stopgap
measures till optimum effects of disease modifying
drugs start appearing.

o Methotrexate is the most commonly used agent for
initial treatment of juvenile idiopathic arthritis.

e Combination therapy has been shown to have better
outcome than monotherapy but the choice of
medications should be tailored for each patient.

e Most of these medications require periodic
monitoring by specialists for possible major adverse
effects.
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CLIPPINGS

A Note from History : The Discovery of Blood Cells

Invention of microscopein Holland (1590) by Hans and Zacharias. Dutch naturalist, Jan Swammerdam was the
first person to observe RBC under the microscope (1658). Dutch microscopist, Leeuwenhoek, rendered thefirst
illustration of them in 1695. Gabriel Andral and William Addison, reported simultaneously the first descriptions

of leukocytes (1843).

Hajdu SI. A Notefrom History: The Discovery of Blood Cells. Ann Clin Lab Sci Spring 2003; 33(2):237-238
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SURGERY

ACUTE PAIN MANAGEMENT - REVIEW OF
CURRENT CONCEPTS

*Jayanthi R
**Gopa Das Majumdar

Abstract: Perception of pain in children is complex and
often remains underrated and untreated. It entails many
physiological, psychological, behavioral and
developmental factors. Pain management requires
identification of the source and assessment of the intensity
of pain.

This review article discusses some of the common age
specific pain assessment tools used in practice to grade
the severity of pain and how to plan the patient specific
analgesic regimes. It has also reviewed the different
methods currently used for acute pain management and
the pharmacological aspects of various analgesics used
in children.

Keywords: Acute pain, Management, Children.

The International Association for the Study of Pain
defines pain as an unpleasant sensory and emotional
experience associated with actual or potential tissue
damage. Perception of pain in children is complex and
entails physiological, psychological, behavioural and
developmental factors.!

Pain in children is underrated and undertreated.?
Many misconceptions plague the pain scenario in children
- from beliefsthat ‘ children do not feel pain like adults' to
the ‘Neonates do not feel pain’ theory. The truth is that
many of the nerve pathways essential for the transmission
and perception of pain are present and functioning by
24-29 weeks of gestation. As health care professionals, it
becomes our responsibility to make sure that the pain is
assessed appropriately and treated effectively for all
children under our care, while maintaining safety.

*  Senior Consultant Pediatric Anesthetist

**  Pediatric AnesthesiaFellow,
Kanchi Kamakoti CHILDS Trust Hospital,
Chennai

email: jaysri6@gmail.com
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Irrespective of the source, management of pain in
children involves identification and assessment using
various tools based on the age and cognitive ability of the
child, followed by prompt control through pharmacological
and non pharmacol ogical methods, along with resolution
of theunderlying cause. Unmanaged, it can lead to anxiety
and stress and in the long-term this can impact the
psychosocia health and development of the child. It is
difficult to confirm and assessthe severity of painininfants
and preverbal children, who exhibit both hunger and need
for comfort in asimilar manner.

Evaluation of pain

First step in the treatment of pain is to identify the
source (Table 1). Details of the primary illness help to
identify the source and type of pain.

Pain assessment scale

Next step in management of pain is assessment of
severity and type of pain. It isimportant to have tools to
quantify the pain in children based or their age and
cognitive ability.

Three main methods are currently used to measure pain
intensity: i) self report, ii) behavioral andiii) physiological
measures. Self-report measures are optimal and the most
valid. Both verbal and nonverbal reports require a certain
level of cognitive and language development for the child
to understand and give reliable responses.
Children’s capability to describe pain increases with age
and experience and changes throughout their
developmental stages*

Children older than 8 years will be able to
communicate the nature and amount of pain they have.

Behavioural measures consist of assessment of crying,
facial expressions, body postures and movements.
They are more frequently used with neonates, infants and
younger children where communication is difficult.

Physiological measures include assessment of heart
rate, blood pressure, respiration, oxygen saturation, palmar
sweating and sometimes neuro-endocrine responses.®
These are however used in combination with other pain
scores and vary with age of the child. The physiological
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Table I. Causes of pain in hospitalized children?

Procedures causing pain

Therapeutic interventions

IV insertion, blood sampling procedures, catheter insertion such as nasogastric tube,
drain tubes, physiotherapy

Diagnostic procedures

Bone marrow aspiration, biopsy, lumbar puncture, micturating cystourethrogram

IlInessrelated pain

neuropathic pain

Injury, urinary tract infection, inflammatory disorders-arthritis, pancreatitis,
pleuritis, malignancy, organ distension like hepatic enlargement, bladder distension;

Colonoscopy, Upper Gl scopy

Surgical causes of pain

Underlying surgical problems

Positioning during surgery

Incision

After surgery care

Mobilisation and physiotherapy

Complications

Chronic pain is not dealt with in this review.

Table II. FLACC scale for pain'®

Criteria Score 0 Scorel Score 2
Face No particular expression Occasional grimace or frown | Frequent to constant quivering
or smile withdrawn, uninterested chin, clenched jaw
Legs Normal position or relaxed Uneasy, restless, tense Kicking, or legs drawn up
Activity Lying quietly, normal position, | Squirming, shifting, Arched, rigid or jerking
moves easily back and forth, tense
Cry No cry (awake or asleep) Moans or whimpers, Crying steadily, screams or
occasional complaint sobs, frequent complaints
Consolability Content, relaxed Reassured by occasional Difficult to console or comfort
touching, hugging or being
talked to, distractible

parameters may change due to other factors like stress,
metabolic or other derangements in the child.

Premature infants and acutely ill children may not
however, possess the maturity or energy to express pain.
The composite pain scales take into account behavioural
and physiological parameters. The premature infant pain
profile (PIPP), crying requires increased vital signs
expression sleeplessness (CRIES) and the maximally
discriminate facial movement coding system (MAX) are
some of the scales used.

89

FLACC scale is a scoring system for pain,
used in children of 2 months to 7 years. It looks at
behavioural and motor responses to pain. The parameters
assessed are face, legs, activity, cry and consolability.
Each variable hasascore of 2 with amaximum score of 10
for severe Pain (Table ).

Following identification of source and assessment of
severity of pain, the fina step is management with drugs
and other methods.
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Visual analogue scale
Choose a Number from 0 to 10 That Best Describes Your Pain

No Distressing Unbearable
Pain Pain Pain
al | } } t } } } t t } {
0 1 2 3 4 5 6 7 8 9 10

ASK PATIENTS ABOUT THEIR PAIN
INTENSITY—LOCATION—-ONSET—DURATION—VARIATION—-QUALITY

“Faces” Pain Rating Scale

C/} [ [ s L)
o — —_ — Vi M\
0 1 2 3 4 5
NO HURT HURTS HURTS HURTS HURTS HURTS
LITTLEBIT LUTTLEMORE EVENMORE WHOLE LOT WORST

Fig.1la. Visual analog scale, 1b. Faces pain scale

No Pain Hurts a Little Hurts even Hurts a lot Hurts as much
more as possible

Fig.2. Colour analog scale (darker shades mean more Pain)

Visual analog scale (VAS) Fig.1a. Itisahorizontal line, 100 mmin length, attached to word descriptions at each end, “ not
hurting” or “no pain” to “hurting awholelot” or “severe pain”. The children are asked to mark on the line the point that
they feel represents their pain at this moment.®

Faces pain scale Fig.1b. It was developed by Wong and Baker and is recommended for children aged 3 and older.
The scale requires health care professionals to point to each face and describe the pain intensity associated with it and
then ask the child to choose the face that most accurately describes his or her pain level .8

Fig.2. Color and analog scale can also be used, where darker more intense colours (i.e., red) represent more pain.’

Different methods of pain management e During the preoperative assessment (in case of surgical
or other procedure), discussion with the child and his
/her parents regarding the amount of pain expected,
various available pain management modalities and

TheNew York society for regional anesthesiaoutlines
the broad principles in managing pain in the acute setting

of surgery.® what to expect, play an important role in achieving a
e The aim of acute pain management is providing a satisfactory outcome for all concerned.
comfortable/pain-free perioperative period in order to ¢ A multimodal approach to pain management achieves
facilitate early ambulation and rehabilitation. the best results.
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If possible, regional anesthesia/analgesia should be
part and parcel of any multimodal analgesia regime.

Mild pain : Mild Pain can usually be treated with
paracetamol aonein the outpatient setting. If pain persists,
one analgesic (ibuprofen) is used round the clock asfixed
interval dosing for 48 hours, while another (paracetamol)
is used for breakthrough pain as needed.

M oder ateto severepain: Once painisnot controlled with
NSAIDS or paracetamol, the next step is to add a weak
opioid. IV infusion of opioid-continuous or fixed interval
dosing and regional techniques are other optionsto manage
moderate to severe pain (Tablelll).

Weak opioids are available as oral preparations and
can still be used in the outpatient setting in certain groups
of patients. In patients coming for surgery, most pediatric
anaesthetists would include a regional anaesthetic as part
of the plan which takes care of analgesia in the
intraoperative and immediate postoperative period.

Analgesic pharmacotherapy

Acute pain management in pediatricsisincreasingly
characterized by a multimodal or “balanced” approach in
which smaller doses of opioid and nonopioid analgesics,
such as nonsteroidal anti-inflammatory drugs (NSAIDSs),
local anaesthetics, N-methyl-D-aspartate (NMDA)
antagonists and a2-adrenergic agonists are combined to
maximize pain control with minimal adverse side effects.®
The drug administration is individualized so that a

Table III. The analgesic ladder for the
management of acute pain (modified)"!

Pain rating| Recommendation

Mild pain | e Ora drugs- NSAID, acetaminophen or
sdlicylate

Moderate | e Oral drugs- NSAID or acetaminophen

pain with weak opioid

¢ |ntravenous opioids (with addition of
fixed-interval dosing of NSAID
or acetaminophen)
a. Continuous infusion of opioid with
as-needed rescue doses of opioid
b. Fixed-interval dosing of opioid

e Regional anesthetic techniques

Severepain | e Continuous fixed-interval dosing of
NSAID or acetaminophen,

e Intravenous opioid

e Regional anesthetic techniques

e Add adjuvant agents where suitable
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favourable balance between pain relief and adverse
pharmacological effectsis achieved and maintained.*?

Analgesic drugs may bebroadly divided into 3 groups-
a) non opioid analgesics, b) opioid analgesics and
) adjuvant drugs.

Non opioid analgesics

Non opioids include acetaminophen (paracetamol)
and non steroidal and anti inflammatory drugs. Aspirin
(acetylsalicylic acid) isnot recommended for childrenless
than 16 yrs of age for fear of Reye’'s syndrome.

Acetaminophen (paracetamol): Routes: oral, 1V, rectal.

Paracetamol has analgesic and antipyretic effectsand
is an effective analgesic in the outpatient setting. It does
not have the side effects common to NSAIDS. In doses
less than 60mg/kg/day, it does not produce hepatotoxicity
in healthy children. Appropriate timing and route of
administration is important for good analgesic effect.
The rectal route is unreliable and has variable absorption
characteristics. Combining the oral premedications
(midazolam) with either syrup paracetamol (15 mg/kg) or
syrup ibuprofen (10 mg/kg) allowsthe patient to have some
analgesia on board upon awakening-preemptive analgesia
(useful for short surgeries). It is now common practice to
include a rectal suppository of paracetamol as analgesic
supplement or for postoperative cover (inserted after
induction of anaesthesia) for most daycare procedures.
Paracetamol can be prescribed for therapy at home for
surgical patients undergoing orthopaedic or other
procedures for postoperative pain (combination of
ibuprofen 100mg/5ml and paracetamol -120 mg/5ml) at a
dose of 5-10mg/kg PO of ibuprofen to be given after food.
NSAIDs are relatively safe, not producing tolerance or
dependence. They have a ceiling effect for analgesia.
Caution: In certain febrile illnesses like dengue and
COVID-19, NSAIDS should not be used and only
paracetamol is preferred.

The mechanism of action of the NSAIDsisinhibition
of the enzyme cyclooxygenase which prevents production
of prostaglandins (pain modulators). Most common side
effects are gastritis, erosions, ulcerations and reduced
renal perfusion. Inhibition of cyclooxygenasesin platelets
reduces the synthesis of thromboxane A, which normally
contributes to platelet aggregation. So, NSAIDs (Aspirin)
can cause abnormal platelet function and increase bleeding
tendency in surgical patients. By inhibiting cyclooxygenase,
NSAIDs shunt the arachidonic acid pathway towards
leukotriene synthesis. Leukotrienes mediate bronchospasm
and angphylaxiswhich may be seenin somesengtive patients.
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While NSAIDslikeibuprofeninlower doses produce
antipyretic and analgesic effects, higher doses have anti
inflammatory action. So it is appropriate to treat pain
associated with inflammation with the higher dose range.
Other nonselective NSAIDs are Naproxen (longer duration
of action - sotwicedaily dosing issufficient) and Ketorolac
(which has quicker onset of action and can be given 1V -
useful in hospital setting). Non opioid drugs have been
summarised in Table V.

Opioids

Opioidsare drugsthat act by interaction with specific
receptors in the brain (mu) and spinal cord (kappa) to
produce their effects.

Opioids may be largely grouped as agonist, partia
agonist and agoni st-antagonist.

The pure agonists - morphine, fentanyl, sufentanyl,
meperidine, have no ceiling effect for analgesia. As dose
increases analgesic effect increases or the patient loses

Table IV. Non-opioids as analgesics

2020; 22(3):332

consciousness/ goesfor respiratory depression. It isuseful
to titrate the dose for effect especially in children for
eg. morphine dose of 0.05mg may be given IV every
15 min (till analgesia is achieved; in the postoperative
setting).

The mu receptor (of which morphineisan agonist) is
responsible for mediating analgesia and two of the most
undesirable side effects attributed to opioids: respiratory
depression and dependence. Mu effects increase
proportionately with the dose.

Kappa receptors are responsible for analgesia and
respiratory depression but the effects do not increase with
dose and there is a ceiling effect. This led to the birth of
various drugs which are now called agonist-antagonists.
They are agonists at kappa receptors producing limited
analgesia and antagonists at mu receptors. They have less
chance of respiratory depression at higher doses (mu effect)
and do not produce constipation, also having less potential
for abuse. They can produce withdrawal effects because

prescribe any
onedrug only

Non opioid Preterm infants  |Term neonates Infants> 44 wks Children >50 kg, > 12 yrs
analgesics 32-36 wks >36 wksto 44 wks | and children < 50 kg
Paracetamol 15 mg/kg PO/PR |15 mg/kg PO/PR 15 mg/kg PO/PR every | 1 g per dose PO/PR every 4-6hrg
oral every 8 hours every 6 hours 4-6 hrs (max 4g/day)

(max 60 mg/kg/day) [(max 60 mg/kg/day)| (max 90 mg/kg/day)
Paracetamol IV | 7.5 mg/kg every 7.5 mg/kg every 15 mg/kg every 6 hours | 15 mg/kg every 6 hours

8 hours 6 hours (max 60 mg/kg/day) (max 1 gm every 6 hours)

(max 25 mg/kg/day) |(max 30 mg/kg/day)
NSAIDS-

Ibuprofen Not recommended |Not recommended | Beyond infancy 400 mg PO every 8 hours
10mg/kg (max 400 mg)
Every 8 hours
(max 30 mg/kg/day)
Diclofenac Not recommended |Not recommended | Not recommended 50 mg PO/PR every 8 hours
Naproxen Not recommended |Not recommended | Not recommended 5 mg/kg every 12 hours
(max 1 g/day)
Ketorolac Bolus: 1-3 mg/kg every | 10-30 mg every 4-6 hrsimor iv
8 hours (max 90 mg/day)

(Modified from (New York school of regional anesthesia) NYSORA - acute pain management in children®)

All NSAID’s are not commonly used in children in Asian countries because of high prevelance of dengue.
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of antagonist effects (at mu receptor) and should be used
with caution. Nabuphine and buprenorphinebelong to this
group of drugs. Both have limited use in children.

Physical dependence is a pharmacologica property
of opioid drugs defined by the development of an
abstinence (withdrawal) syndrome following either abrupt
dose reduction or administration of an antagonist.
A tapering schedule is used if treatment cessation is
indicated and opioid antagonist drugs (including agonist-
antagonist analgesics) are avoided.*®

Opioid prescribing practice

Codeine, oxycodone, hydrocodone and tramadol are
weak opioids. They are used in the outpatient setting for
moderate pain. Codeine is metabolized by a hepatic
microsomal enzyme to morphine for a significant part of
its analgesic effect. Some patients rapidly metabolise
codeine resulting in plasma morphine concentration high
enough to cause respiratory depression and death, even at
recommended doses. Tramadol has a dual mechanism of
action including agonism at the mu-opioid receptor and
inhibition of norepinephrine and serotonin reuptake in the
CNS. Tramadol has a half life of 6-7 hours and its active
metabolite lasts 10-11hours. It can be used as an ora
preparation (tablet) - 50 mg prescribed at 0.5-1mg/kg twice
daily. It produces less respiratory depression than other
weak opioids at equipotent doses. It is metabolised by the
hepatic CY P450 system and has similar issues as codeine
with fast metabolisers. Hence, codeine and tramadol are
not recommended for children under 12 years of age.
Metabolites of tramadol undergo renal excretion so it is
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not recommended in patients with compromised renal
function. Nausea,vomiting and giddiness are common side
effects with tramadol.

A brief overview of the commonly used opioids is
given below.

Morphine is the most commonly used opioid in
children for moderate to severe pain. It isgiven 1V, as an
infusion. Other possible routes are oral, intrathecal or
subcutaneous.* Following epidural or intrathecal
administration , theduration of actionissignificantly longer
- about 24 hrs and needs monitoring .

Morphineisgiveninabolusdoseas0.1to 0.2mg/kg IV
for intraoperative analgesia. 10-20 mcg/kg/hr 1V in the
postoperative period as infusion. Weight in kg (as mg of
morphine) in 50 ml NS at 1 ml/hr gives 20mcg/kg/hr.

For a 10 kg child, add 10mg morphine in 50ml NS -
deliver at 1ml/hr as a continous infusion. This is usually
continued for 24 to 48hrs in post op surgical patients.
In combination with Paracetamol it forms an excellent
analgesic regime.

Fentany! has a shorter onset and duration of action.
It isthus useful for short invasive procedures. Fentanyl is
given as bolus dose of 0.5mcg/kg to 1mcg/kg IV every
1-2 hrs intraoperatively. For post op infusion, the dose is
0.5to Imcg/kg /hr.2

Dosage schedule for the opioidsis shown in Table V.

Patient-controlled analgesia:!>*¢ Patient-controlled
analgesia(PCA) generaly isatechnique of parenteral drug

Table V. Opioid analgesic initial dosage guidelines

Drugs Usual Starting |V dose and I nterval Usual starting Oral dose and interval
<50kg >50kg <50kg >50kg
Codeine NA NA 0.5-1mg/kg 0.5-1mg/kg
every 4-6 hours every 4-6 hours
Oxycodone | NA NA 0.1mg/kg 5-10mg
every 3-4 hours every 3-4 hours
Morphine Bolus: 0.03-0.1 mg/kg, every 0.5-2h Same 0.2-0.3mg/kg 15 mg/kg
Infusion: 20 mcg/kg/h every 4-6 hours every 4-6 hours
The formulafor preparing morphine
infusion. Mix 1mg/kg of morphinein
50ml NS.2ml/hr will deliver 20mcg/kg/hr
Fentanyl Bolus: 0.5-1 mcg/kg,every 0.5-2h Same NA NA
Infusion: 0.5-1 mcg/kg/h

93




Indian Journal of Practical Pediatrics

administration in which the patient controls an infusion
device that delivers a background rate of the drug along
with bolus drug “on demand”.

Inability to push the bolus button and inability to
understand how to use the pump may be reasons for not
using PCA in achild.

Nurse-controlled analgesia (NCA): In patients considered
below “competent” age, neonates, toddlers and patients
with complex needs, the practice of allowing surrogates
such as nurses to initiate a PCA bolus is called nurse-
controlled analgesia (NCA).

When treating pain with opioids, it is important to
anticipate and manage their adverse effect to assure
continued use. Adverse effects and management is
summarised in Table VI.

Risk factors for opioid related side effects are'’
1. Infants younger than 6 months of age

2. Patients with severe underlying systemic illness:
Cardio respiratory dysfunction, hepatic insufficiency,
renal insufficiency, altered mental status, airway
obstruction or obstructive sleep apnea (OSA)

3. Concomitant use of other medications: barbiturates,
phenothiazines benzodiazepines.

Adjuvant agents

The term “adjuvant analgesic” describes a drug that
has a primary indication other than pain but is used as
analgesic in some conditions.®® These drugs can be added
to other analgesics. Adjuvants can enhance the analgesic
efficacy and treat the concurrent symptoms. Sometimes
they are used as independent analgesics in specific types
of pain. They are started with low initial doses to avoid
early side effects. Adjuvantsliketricyclic anti depressants,
clonidine can improve comfort in nonverbal children with
neurological impairment.

Adjuvant therapy in children includes the following
classes of drugs.*

Antispasmodics

Antidepressant for neuropathic pain (tricyclic anti
depressant)

Anticonvulsants for neuropathic pain (gabapentin,
carbamazepine)

Glucocorticoids (dexamethasone)
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Table VI. Adverse effects of opioids and
treatment strategies (modified)'”

Adverse Treatment strategies
effects

Respiratory | e Stop opioid administration.
depression |e Airway management with

supplemental oxygen or bag-mask
ventilation as needed.

Naloxone 1 ng/kg every 3 minutes up
to 10 ug/kg; naloxone infusion may be
needed for longer-acting opioids
(0.25-1mcg/kg/hr)

Stool softeners.

Constipation|e

or ileus o Cathartic agents.
o Motility agent (metoclopramide).
Nauseaor |e Change opioid.
vomiting o Phenothiazine (promethazine
0.25 mg/kg up to 12.5 mg).
e 5-HT3 antagonist: ondansetron (0.1 to
0.2 mg/kg max. upto 4mg).
o Neurokinin antagonist - (Aprepitant).
Pruritus ¢ Diphenhydramine (0.5 mg/kg).
e Change opioid.
Urinary o Bladder catheterization.
retention

¢ Bisphosphonates for bone pain due to tumour
o Radiation therapy for bone pain

Regional Anesthesia Techniques: Theseform anintegral
part of any surgical procedure today. With the advent of
ultrasound guidance for performing nerve blocks - the
peripheral nerve blocks have becomevery safein children.
Itstill not uncommon to find an epidural (central neuraxial
block) infusion for postoperative pain relief in major
abdominal or pelvic surgeries.

Doses used for epidural infusion

Bupivacaine - 0.2-0.4mg/kg/hr, usually a 0.125%
bupivacaine is used for postoperative analgesia.

To preparea0.125% solution - 25 ml of 0.25% bupivacaine
isdiluted with 25 ml of NS.

For a 10 kg child, 2.5 ml /hr infusion is started and
continued for 48-72 hrsin the postoperative period.

Ropivacaine - 0.5mg/kg/hr in children older than
4-6 months.
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Table VII. Maximum local anesthetic dosing guidelines (modified)®

Drug Dose mg/kg Dose mg/kg with | Duration | Comments
Without Epinephrine | Epinephrine in hours
Bupivacaine | 25 3 3-6 Reduce dose by 50% in neonates
Lignocaine 5 7 1
Ropivacaine | 3 Never mixed 3-6 Less cardiotoxicity than bupivacaine

Dosage schedules are shown in Table V1.

Loca anaesthetic toxicity : Light headedness, convulsions,
arrhythmia and cardiac arrest may occur if toxic dose is
exceeded. Since dedicated colour coded infusion pumps
arenot availablein most placesin Indiafor loca anaesthetic
infusion, care must be taken to label the syringe pump
properly to prevent mishaps.

Topical and local anaesthetics

L ocal anestheticsarewidely used drugs nowadaysfor
topical analgesia, EMLA-eutectic mixture of
2.5% lignocaineand 2.5% prilocaineisan excellent surface
anaesthetic. The cream is applied over the site where the
IV accessis planned (e.g. dorsum of hand) 1 hour before.

It can be used for Lumbar puncture, superficial
suturing or ear piercing along with sedation as needed.

Non-phar macological management of pain

Non-pharmacological techniques should be included
in the management of children with pain in certain
situations like 1V insertion, burn dressing changes,
immunizationsetc. Distraction and comfort can be provided
by parents with physical touch (e.g. cradling, cuddling),
books, toys, singing, story telling or engaging in
conversation.®

Engaging postoperative children with their favourite
TV shows, cartoons or games markedly reduces the
requests for rescue medications.

Points to Remember

e Pain in children isunderrated and undertreated.

e The source of pain must be identified, followed by
assessment of severity.

¢ Analgesic drugs can be broadly divided into-opioid,
non opioid analgesics and adjuvant drugs.

e Optimal combinations of opioid and non opioid
analgesics are used to maximise pain control with
minimal drug induced side effects.
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Paracetamol either alone or along with NSAIDS
form the mainstay of treatment for mild to moderate
pain and weak opioids (codeine, oxycodone,
hydrocodone and tramadol) for outpatient
management of moderate pain.

Severe pain is ideally treated with opioids like
morphinein the hospital settingwhereit can be used
with precautions.

Opioids may be largely grouped as agonist, partial
agonist and agonist-antagonist. The latter agents
have less potential for side effects like respiratory
depression and lesser potential for abuse.

Adjuvant analgesics derived from diverse
pharmacologic classeslike antispasmodics, clonidine
etc. are now used to manage non-malignant pain.

Local anaesthetics are widely used nowadays for
topical analgesia, intraoperative pain management
and post operative pain.

Non-pharmacological techniques of pain
management should be utilized in children in
appropriate situations.
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CLIPPINGS

Guidelinesfor surviving pediatric sepsis.

The authors recommend the following: A protocol /guideline for management of children with septic shock or
sepsis associated organ dysfunction (SAOD) is necessary. Blood cultures should be obtained before initiating
antimicrobia therapy. Empiric broad spectrum antimicrobials to cover al the likely pathogens is justified.
Recommendations include using antimicrobial dosing strategies that have been based on published
pharmacodynamic / pharmacokinetic principles. The duration of antimicrobial therapy is determined according
to site of infection, microbial etiology, response to treatment and ability to achieve source control.
Emergent source control intervention should be implemented. Intravascular devicesthat are confirmed to be the
source of sepsis or septic shock need to be removed. In the health care systemswith no availability of intensive
care and in the absence of hypotension, they recommend against fluid boluses with maintenance fluid.
They recommend against using starchesin the acute resuscitation of septic shock or SAOD, the routine use of
inhaled nitric oxide in all children with sepsis induced PARDS and the use of insulin to maintain the target
blood glucose < 140mg/dL.

WeissSL, PetersMJ, Alhazzani W, AgusMSD, Flori HR, Inwald DP. Surviving sepsiscampaign international
guidelines for the management of septic shock and sepsis-associated organ dysfunction in children.
Pediatr Crit Care Med 2020 Feb;21(2):e52-e106. doi: 10.1097/PCC.0000000000002198.
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ADOLESCENCE

OFFICE MANAGEMENT OF SUBSTANCE
USE IN ADOLESCENCE

*Jayashree K
**Preeti M Galagali

Abstract: Substance use in adolescents begins in the
critical phase of growth. Adolescents are “ biologically
wired” to seek new experiences and take risks, aswell as
to carve out their own identity. Substance use during
adolescence has been associated with a greater risk of
substance use disorders in adulthood. Efforts should be
focused on early identification, awareness and prevention
programs, and routine monitoring of adolescent health.
Pediatricians should screen for nonspecific flag signsand
specificindicators of substance use and under lying mental
health disorders should be diagnosed in these adol escents.
Behavioural interventions, family, school and community
support groups need to be created for their management

Keywords. Substance use, Drug addiction, Adolescence,
Adolescent behaviours, Screening.

Adolescence is a period of exploration and
experimentation. Many risky behaviourslike substance use
havetheir onset in adolescence. These habits usually track
into adulthood. Substance use before the age of 18 yearsis
associated with an eightfold greater likelihood of
devel oping substance dependence in adulthood.! Even the
first use of a psychoactive substance may result in tragic
consequences of injury, victimization or even fatality.
Substance use disorder (SUD) isassociated with problems
in al spheres of an adolescent’s life namely individual,
family, school and society. It can cause fall in academic
performance, juvenile delinquency, rape, promiscuous
sexua behaviour, HIV, hepatitis, family conflict, run away

*  Associate Professor,
Department of Pediatrics,
Kasturba Medical College, Mangalore
Manipal Academy of Higher Education, Manipal,
Karnataka.
email: jayashreedoc@gmail.com
Director & Consultant,
Adolescent Health,
Bangalore Adolescent Care & Counselling Centre,
Bangalore.

*k

97

behaviour, depression or suicide attempts.? Drug-crime
correlation has been noted with the consumption of
substances-for example, cannabis intake is linked with
murder, inhalants with rape and opioids with snatching-
related crimes.?

Situational analysis

In India, as per national survey on extent and pattern
of substance use 2019, the prevalence of various substance
use in children between 10-17 years were a cohol (1.3%),
cannabis (0.9%), opioid (1.8%) and sedatives (1.7%).*
Inthe USA, 21% of teensbetween 12to 17yearshavetried
a tobacco product, including use of traditional cigarettes
(13%), electronic cigarettes (11%), cigars (8%), hookahs
(7%) and smokeless tobacco (4%).° A major source of
information about these products is available online,
especialy onthewidely accessed YouTube video platform.
55% to 88% of adolescents in treatment for SUD meet
criteriafor apsychiatric disorder, namely conduct disorder,
ADHD, depression, and anxiety.5’

Categories of substances used by adolescents

Based on effects on the central nervous system, drugs
areclassified asdepressants, hallucinogensand stimulants.®

1. Depressants: These drugs include acohol, oxycontin,
opioids, marijuana, tranquillisers, barbiturates, solventsand
inhalants including petrol, glue, paint thinners and lighter
fluids like gasoline, nail polish remover, aerosols present
in hair sprays, deodorants, room fresheners, etc.

2. Hallucinogens: This group of substances contains
psychoactive drugs that distort reality by triggering
hallucinations, delusional thinking and/ or skewed
experiences of time and space. These substances include
LSD (d-lysergic acid diethylamide), peyote, mescaline,
mushrooms (psilocybin), DMT (dimethyltryptamine).

3. Simulants: These include methylphenidate, cocaine,
narcotics like pentazocine, buprenorphine, morphine,
pethidine, spasmoproxyvon, codeine containing cough
syrups, cocaine, amphetamine, club drugs, anabolic
steroids, electronic cigarettes and hookahs that are
commonly used by adolescents.

Alcohal is the most commonly abused substance.
In adolescents there are genetic influences, familial and
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environmental factors which contribute to alcohol
initiation, use and dependence. Alcohol use by adolescents
is much more likely to be episodic and in larger volumes
(binge drinking). Rapid binge drinking puts the teenager
at even higher risk of alcohol overdose or alcohol
poisoning, in which suppression of the gag reflex and
respiratory drive and hypoglycemia can be fatal. Binge
drinking and its sequelae of elevated blood alcohol
concentration (BAC) are especialy dangerous for young
peoplewho, when compared with adults, may belesslikely
to be sedated and therefore, more likely to engage in
activities such as driving despite impairment in
coordination and judgement which can lead to road traffic
accidents. The Advertising Standard Council of India
(ASCI) regulates alcohol advertising in India. Although it
bans both direct and indirect alcohol advertising in
traditional media, it does not cover online alcohol
advertising. Therefore, alcohol advertising on social
networking sites remains unfettered and is thus extensive
in India. Private channels often permit alcohol companies
to advertise using surrogate means such as soda, water or
music. Most of the movies and web series in OTT(over-
the-top) platforms (like Netflix, Amazon prime, Hotstar
etc) depict alcohol as a soul soother during stress,
relationship breakups and much needed substancein times
of celebrations. Associating a cohol usewith social, sexual,
and financial success with little depiction of the hazards
of drinking such as poor cognition, memory, judgement or
discouragement of drinking, inthe mediamust be avoided.
Much of the content features youth-oriented themes, in the
interest of creating “intoxigenic” or “alcogenic”
environments that normalize youth drinking behavior and
promote a culture of alcohol use.®

Pediatrician’s Role: Primary prevention by providing
anticipatory guidance to adol escents regarding hazards of
alcohol use and to educate parents regarding digital media
literacy so that they can decode media images/messages.
Also have an important advocacy role in health system
changes as well as legidative efforts, such as increasing
alcohol taxes and effortsto weaken minimum drinking age
laws.’® Thelegal agefor drinking alcohol in different states
of India is depicted in Table I. Secondary prevention is
helping to identify and screen adol escents with a cohol use
and treating them appropriately with multidisciplinary
approach. One of thetool specific for alcohol use disorder
(AUD) management isSAUDIT (TheAlcohol Use Disorders
Identification Test).™ Tertiary prevention by providing
socia reintegration facilities for severe AUD.

Electronic nicotine delivery systems (ENDS) or
e-cigarettes have become popular among adol escents.
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Table I. The legal age for drinking alcohol in
different states of India

Ageinyears| Satesand Union Territories
> 18 Sikkim, Puducherry, Karnataka,
Himachal Pradesh, Goa
>21 Andhra Pradesh, Arunachal Pradesh,
Assam, Chhattisgarh, Jammu and
Kashmir, Jnarkhand, Kerala,
Maharashtra, Orissa, Rgjasthan,
Tamil Nadu, Uttarakhand, Uttar Pradesh
>25 Punjab, Meghalaya, Delhi, Haryana,
Chandigarh
Ban On Gujarat, L akshadweep, Manipur,
consumption | Nagaland, Bihar
Alcohol

Box 1. E-cigarettes

e E-cigarettes are battery powered devices used to
smoke or vape.

Contain nicotine and other harmful chemicals as
flavouring agents.

Result in nicotine addiction, nicotine toxicity.

Harmful long-term effects to the developing brain,
negative effects on cognition.

E-cigarette or vaping, product use-associated lung
injury (EVALI) and death, depending on the
ingredients included in e-cigarette fluids.

Use of ENDS can open a gateway for new tobacco
addiction which is a potential threat to the country’s
tobacco control laws and on-going tobacco control
programmes.

US Preventive Services Task Force (USPTF)
behavioural interventions may reduce the likelihood
of smoking initiation in non-smoking children and
adolescents.*?

Indian council of medical research has completely
prohibited (including procuring, production,
marketing, promotion and sale) ENDS or
e-Cigarettes.®

Rajya Sabha has completely banned ENDS in India
on September 18" 2019.

Their use has been increasing globally at an alarming rate
and the facts related to ENDS are listed above in Box 1.
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Vulner ability of adolescentsto substance use

Neurodevelopmental vulnerability of adolescents to
drug use exists in adolescence. There is a general
“imbalance” in functional development across brain
regions, with earlier development occurring in posterior
regions (reward centre) and anterior regions (prefrontal
cortex) progressing later, which leads to underdevel oped
connections between mid-brain cortico-limbic (reward) and
frontal (inhibitory) region circuits. This “imbalance”
enabl es heightened risk-taking behaviour, particularly when
the behaviour resultsinimmediate rewards.**** Adol escents
with high alcohol consumption, on long-term drug abuse
are noted to have structural changesin the brain associated
with cognitive impairment and anxiety-like behaviour.®
Therisk factors and protective factors for substance useis
giveninTablell.

Having a family member who uses substances,
enjoyment and curiosity are cited as major influences in
decisions by adolescents to use substances.'’

Role of Pediatrician
Screening for SUD

The primary care setting provides aunique opportunity

to screen adolescentsfor SUD. The HEEADSSS interview

focuses on assessment of the Home environment, Education
and Employment, Eating, Activities-peer related, Drugs,

Table II. Risk factors and protective factors
for substance use

Risk factors Protective factors

Experimentation, curiosity,
peer pressure

Prosocial peers

Lack of awareness Home support,

school support

Poor parental monitoring | Self-awareness, self-esteem

Family influences
Gang affiliation

Problem solving capacity
Peer caring relationships

Absenteeism, below-
average academic grades

Community support,
religiosity

Oppositional defiant
disorder (ODD), attention
deficit hyperactivity
disorder (ADHD), or
conduct disorder (CD)

Anxiety or depression,
stress, emational struggles
and a desire to escape

School attendance, parental
or guardian connectedness
and parental supervision

Peer support at school
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Box 2. Nonspecific red flag signs

o Effortsto mask the smell as evidenced by frequent
rinsing and washing hands, use of perfume or
deodorant, chewing mint.

Avoiding eye contact and hug by parents.
New set of (senior) friends.

Social isolation with loss of interest in activities
which the teenager was enjoying earlier.

Scholastic deterioration.
Poor hygiene, altered appetite and sleep pattern.

Changed preference for movies and music which
depict high action and drug abuse.

Unexplained irritability and increasing conflictswith

parents and teachers.
e Spending extratimein toilet.

Stealing money/valuables from the house.

Sexuality, Suicide/depression and Safety from injury and
violence. During HEEADSSS screening of an adolescent,
anticipatory guidance and reinforcing counselling on
avoidance of drug use should be given to abstinent
adolescents. Non specific red flag signs and specific
findings of drug use are enlisted in Box 2 and Table Il
respectively.

Therapeutic intervention

Pediatricians should have a high index of suspicion
for substance abuse. The gold standard for making a
diagnosis of substance use disorders are based on DSM 5
criteria®® asgiven in Table I V.

Such an adolescent can present in an outpatient,
inpatient or emergency setting. In 2016, American Academy
of Pediatrics endorsed the simple to use and implement
Screening Brief Intervention Referral to Treatment (SBIRT)
model to manage substance use in adolescence. Detailed
history of comorbid high-risk behaviour needsto be taken
and look for co-occurring mental disorders. Adolescents
who abusedrugs, particularly thoseinvolved inthejuvenile
justice system, should be screened for other psychiatric
disorders. Specific drug history including type of the
drug/s used, extent of use, setting of use and degree of
social, educational and vocational disruption should be
elicited.

The Screening to Brief Intervention (S2BI) tool uses
a stem question and forced-response options (none, once
or twice, monthly and weekly or more) in a sequence to
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Table III. Drug specific clues
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excitement

Drug used Physical symptoms L ook for

Alcohol Black outs, gastritis, slurred speech, Smell of alcohol on clothes or breath, intoxicated
relaxed inhibitions, impaired coordination | behaviour, hangover, glazed eyes

Marijuana Flu like symptoms, red conjunctiva, Rolling papers, pipes, dried plant material, odour
abnormal pupils, increased appetite for of burnt hemp rope, roach clip
sweets, gynecomastia, small testes
and irregular periods

Cocaine Brief intense euphoria, raised blood Glassvials, glass pipes, razor blades, white

pressure and tachycardia, restlessness,

crystalline powder, syringes, needle marks

Hallucinogens
(Lysergic acid
diethylamide,
Psilocybin, MDMA
(Methylene Dioxy
Meth Amphetamine)

(e.g. smell colours, see sounds)

Altered mood and perceptions, focus on
detail, anxiety, panic, nausea, synaesthesia

Capsules, tablets, microdots, blotter squares

(amphetamines,
nicotine, caffeine)

Narcotics Euphoria, drowsiness, insensitivity to Needle marks on arms, needles, syringes, spoons
(opium, herain, pain, pinpoint pupil, cold moist skin,

codeine) runny nose

Stimulants Alertness, talkativeness, wakefulness, Pills and capsules

increased blood pressure, chest pain,
tachycardia, loss of sleep and appetite,

hyperactivity
Date rape drugs Amnesia Tablets, anpoules, syringes
e.g. Flunitrazepam,
Ketamine,
Barbiturates

e Usethe Screening to Brief Intervention Tool (S2BI Tool) given below:™®

Screening Brief Intervention

Quickly assess the severity of
substance use and identify the
appropriate level of treatment.

substance;

Increase insight and awareness of
motivation
behavioural change.

Referral to Treatment

Provide those identified as needing
more extensive treatment with access
to specialty care.

toward

reveal the frequency of past-year use of tobacco, acohoal,
marijuana.

M anagement according to severity of drug useisasfollows:
1. No substance use: Pediatricians should give positive
reinforcement, encourage being ‘ drug free’ and discussthe
risks of drug use and skills to withstand negative peer
pressure.

2.No SUD: Pediatrician should give brief adviceregarding
conseguences of drug use. Discussand deal with‘ stressors
that trigger drug usage and reduce other risky behaviour.

3. Mild/ moderate SUD: Herethe pediatrician should give
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motivational intervention. The goal of motivational
interviewing is to assess the patient’s readiness to make a
change, help him/her to identify reasons for change and
support hig’her autonomy to do so. The desired change
may be discontinuation of substance use or may focus on
risk reduction, depending upon the patient’slevel and risks
of use® This is based on the principles of expressing
empathy, developing discrepancy between life goals and
the need to use drugs which could be stumbling blocks
towardsreaching the goal s, enhancing self-efficacy toresist
drug use and rolling with resistance; if the adolescent
refuses to get motivated to decrease or stop drug use.
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Table IV. DSM 5 has following criteria for diagnosing substance use disorders

1

Substance is often taken in larger amounts and/or over alonger period than the patient intended.

2.

Persistent attempts or one or more unsuccessful efforts made to cut down or control substance use

3.
effects.

A great deal of time is spent in activities necessary to obtain the substance, use the substance, or recover from

Craving or strong desire or urge to use the substance.

5. Recurrent substance use resulting in afailure to fulfil major role obligations at work, school, or home.

by the effects of the substance.

6. Continued substance use despite having persistent or recurrent social or interpersona problem caused or exacerbated

Important social, occupational or recreational activities given up or reduced because of substance use.

Recurrent substance use in situations in which it is physically hazardous.

Substance useis continued despite knowledge of having apersistent or recurrent physical or psychological problem
that is likely to have been caused or exacerbated by the substance.

10. Tolerance, as defined by either of the following:

a In order to achieve intoxication or desired effect, the need to increase the amount of the substance used.
b. Markedly diminished effect with continued use of the same amount.

11. Withdrawal, as manifested by either of the following

Mild: 2-3 symptoms present
M oder ate: 4-5 symptoms present
Severe: 6+ symptoms present

a. The characteristic withdrawal syndrome for the substance;
b. The same (or a closely related) substance is taken to relieve or avoid withdrawal symptoms;

The CRAFFT questionnaire is a brief screening test
for adolescent substance abuse. CRAFFT questionnaireis
used to identify adolescents with a serious problem of
substance use, who need an in depth assessment of staging
and motivation level. Each ‘Yes' item is scored as 1.
A score >2 indicates a high risk use and the need for
psychiatric referral (Box 3).

4, Severe SUD: Pediatrician should refer such casesto an

Box 3. CRAFFT Screening Questionnaire?!

C Have you ever ridden in a car driven by someone
who was high or had been using drugs?

R Do you ever use drugs to relax, feel better or fit in?
A Do you ever use drugs when you are alone?
F Do you ever forget things while using drugs?

F Doyour family / friendsask you to cut down on drug
use?

T Haveyou ever got into trouble while using drugs?
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adolescent friendly psychiatrist for cognitive behaviour
therapy, motivational intervention, family therapy in the
form of parental support, love, better communication,
reduced blame and encouragement for the change.

Prevention of drug use: Pediatrician can play avital role
in prevention of substance use by adolescentsat officelevel
by screening for substance use. Recent meta-analysis by
USPTF (United States Preventive Task Force) suggeststhat
behavioural interventions can prevent substance use but
its effectiveness in addicts needs further research.?
Initiatives at the school level include advocating life skills
education programs for students and creating awareness
among teachersand at the government level, to pressupon
formulating better laws against drug use.

Conclusion

Substance use disorder isthe most commonly missed
diagnosis in adolescent children. Substance abuse is a
medico-social economic problem which can start during
adolescent life and track into adulthood. Pediatricians
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should partner with parents, school, mental health
professionals and community to help prevent it. They can
play avital rolein early recognition and treatment /referral.
Treatment requiresamultidisciplinary approach along with
parental and peer support.

Points to Remember

Substance use in adolescents begins as a result of
curiosity or peer pressure.

The primary care pediatrician plays an important
role and has an unique opportunity to screen
adolescents for SUD.

Creating awareness among adol escents, parentsand
teachersisthe need of the hour.

Pediatricians should screen every adolescent for
substance use.

Treatment requires a multidisciplinary approach
along with parental and peer support.

Behavioural interventions help in prevention of
substance use.
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RADIOLOGY

RADIOLOGICAL EVALUATION OF
GASTROINTESTINAL FOREIGN BODIES

* Raveendran J
** Balaji S
*** Vijayalakshmi M

Accidental ingestion of foreign bodies (FBs) is very
common in children. Most of the events occur in children
of age group between 6 months and 3 years (rare beyond
5 years). Ingested foreign bodies can be either radiopaque
or radiolucent. The X-ray is used as initial imaging
technique as well as for serial follow up to trace the
radiopaque foreign bodies in gastrointestinal tract.

Radiopacity and radiographic visibility are the two
factors to be considered in the radiological diagnosis of
ingested foreign bodies. Radiopacity is recognized as the
intrinsic feature of the ingested object based on its ability
to absorb the emitted X-rays. It represents the white area
on the X-ray, atissue or structure within the patient which
attenuates the primary beam of X-rays more than the
adjacent tissue or structures. Radiographic visibility
depends on the X-ray attenuation characteristics of the
object and its surrounding structures through which the
X-ray photonspassto reach the detector. Plastic and organic
foreign bodies (like wood) appear radiolucent.
Foreign bodieslike stone are usually radiopaque. All glass
foreign bodies appear radiopague of varying degrees of
radio density. Metal foreign bodies are always radiopaque
(except thin aluminium metal).

Radiopaque foreign bodies can be picked up quite
easily by the preliminary radiograph imageswhich help us
to recognizethe size and shape of FBsaswell asthe current
location in the gastrointestinal tract (GIT). This aids in
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prompt management. When measuring the size of ingested
foreign body we need to take into account the radiographic
magnification. Usually the measurements made on
radiographs are dightly larger than the actual size.

Fortunately, around 80-90% of FBs pass
spontaneously without complicationsand only few (around
10%) of FBsfind it difficult to pass through the pylorus,
duodenum, ileocecal valve, Meckel’s diverticulum
(if present) and anus landmarks (Fig.1). About 10%-20%
need endoscopic removal and rarely some 1% require open
surgery secondary to complications Parameters to be
considered regarding the timing of endosopy in children
withingested FBsare age, body weight of the child, clinical
presentation, timelapse sinceingestion, time sincethe last

a) Esophagus —

b) Pylorus

¢) Duodenal C cap

d) Ligament of Treitz

€) lleocaecal valve

f) Rectosigmoid region

Fig.1. Schematic representation of

anatomical location of various levels of
foreign body impaction in GIT.»*®
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meal, type, size, shape of FB andfinally itspresent location
in Gl tract. If the circumstances are not an emergency and
there is no absol ute indication for the endoscopic removal
of the FB then the risk —benefit ratio ought to be considered.

Depending on the region of interest, the required
radiograph is selected as follows.

o Neck with chest radiograph for FB in cricopharynx,

e Chest with upper abdomen radiograph for FB in
oesophagus

o Abdomen radiograph for stomach, duodenum, small
and large intestinal foreign bodies.

Remember all X-raystaken for detecting FBsrequire
two views (Antero posterior and lateral views) which help
tolocalizeintwo planes. Serial X-raysaretakenfor follow
up to ensure the spontaneous expulsion of foreign body.

Significance of each anatomical siteisgivenin Box 1.

Box 1. Significance of each anatomical
site.

a) Esophagus: Cricopharyngeus muscle is the most
common site of esophageal impaction (75%). FB at
or above cricopharyngeus muscle warrants
otorhinolaryngology consult.

b) Aorticarch, left main bronchus and gastroesophagesl
junction are also common levels of esophageal
impaction. Any FB in the esophagus should be
removed, except for coins, which can be observed

for 12-24 hours before endoscopic removal.

¢) Pylorus: Blunt object with width >2.5 cm have
difficulty passing through and should be removed
endoscopically.

d) Duodenal C-loop: Blunt object with length >6 cm
have difficulty passing through and should be
removed endoscopically.

e) Ligament of Treitzz Most common location of
perforation by long ingested object.

f) lleoceca valve: Common site of obstruction.

g) Rectum/sigmoid colon: Objects longer than 10 cm
or object located in sigmoid colon are associated with
failure by transanal extraction.

Locations and imaging

Cricopharynx and esophagus

Most common location for ingested foreign body
impactionisin the upper esophagus at cricopharynx or the
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narrowest part of esophagus. The pharyngoesophageal
junctionisthe constriction produced by the cricopharyngeal
part of inferior constrictor muscle. This cricopharyngeal
region is the narrowest part of esophagus.

Ingested foreign body impaction within the
upper esophagus, at the level of cricopharyngeus muscle
(Fig.2a and 2b) accounts for approximately 75% of all
foreign body impaction cases. Coins, meat and fish bones
are the commonest foreign bodies stuck in cricopharynx.
Most of the cricopharynx and esophageal foreign bodies
pass out spontaneously. Endoscopic removal is required
for those foreign bodies which do not pass out even after
24 hours. Cricopharynx and esophageal foreign bodies if

Fig.2a. AP view neck shows round
radiopaque foreign body (coin) lodged at level
of cricopharynx

Fig.2b. Lateral neck radiograph shows thick-
ening of prevertebral soft tissue at the C5-C7
level associated with an impacted FB.
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Fig.3a. AP view chest shows round
radiopaque foreign body (coin) lodged at level
of mid esophagus.

Fig.3b. Lateral view shows coin lodged in mid
esophagus level. Note the foreign body is
coronally oriented and lies behind the
respiratory tract.

retained result in major complicationslike retropharyngeal
/ prevertebral abscess, esophageal obstruction/ perforation
and mediastinitis. Rarely aortoenteric fistulacan occur with
button battery in esophagus.

Foreign bodiesat or abovethe cricopharyngeus muscle
necessitate otorhinolaryngol ogy consultation. If below the
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Fig.4. Lower esophagus foreign body. AP view
chest shows round radiopaque foreign body
(coin)lodged at level oflower esophagus above
lower esophageal sphincter.

cricopharyngeus muscle they can be removed by
endoscopy.

Other common locations of esophageal foreign body
impaction include the level of the aortic arch, left main
bronchus (Fig.3a and b), or gastroesophageal junction
(Fig.4). Oncethe objects have made their way through the
gastroesophageal junction, they usually have no problem
progressing through the remainder of the gastrointestinal
tract. In total, less than 10% of impaction occurs distal to
the gastroesophageal intestinal junction. Depending on the
sizeand shape of theforeign bodies, other potential regions
of the foreign body obstruction in the gastrointestinal tract
include the pylorus, duodenal C- loop and ileocecal valve.
Many commonly swallowed objects can be radiolucent and
may still be invisible on radiographs, such as thin fish or
chicken bones, plastic, wood and thin aluminium objects
(such as carbonated soft drink tabs). Therefore, negative
result radiographs, in the setting of high clinical suspicion
for foreign body ingestion, should not preclude further
evaluation with either CT or endoscopy.

When acircular coin foreign body appear as acircle
on afrontal radiograph and islocated on the posterior wall
of the cricopharynx on a lateral radiograph, the coin is
visualized as remaining in the esophagus. As a rule of
thumb, coinsvisualized inthe sagittal plane (acquired while
entering through vocal cords) on anteroposterior radio
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graphs are in the trachea whereas coins in the esophagus
takesthe coronal orientation on anteroposterior radiograph.

L ower esophageal foreign body lies just proximal to
lower esophageal sphincter and above the diaphragmatic
outline (Fig.4). Coins are by far the most common type of
ingested foreign body in children. Fortunately, becausethey
lack sharp edges and are generally nontoxic, ingested coins
that reach the stomach can be managed conservatively.
However, ingested coins that are lodged in the esophagus
or stomach and causing symptoms or coins not causing
symptoms but fail to exit the esophagus after 24 hours or
the stomach after 4 weeks usually require endoscopic
removal.

Unlike other blunt objects, button batteries in the
esophagus require emergency endoscopic remova even
without symptoms of severe impaction.

Stomach

FB in stomach often passin 4 to 6 days and require
conservative outpatient management in majority, although
some recommend early endoscopic removal. Childrenwith
gastric foreign body like coin should be followed up with
advice to take regular diet and observe their stools for
evidence of passage of the object inthe stool. Inthe absence
of symptoms, weekly radiographs are sufficient to follow
the progression of small blunt objects that are yet to pass
because this may take aslong as 4 weeks (Fig.5a and 5b).

Fig.5a. AP view lower chest with abdomen
shows longitudinal blunt radio opaque(metal)
foreign body (longitudinal brass dice) lodged
within the stomach air shadow.
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Fig.5b. Lateral view confirms the foreign body
is within the stomach air shadow. Note the
foreign body is oriented and lies within the
stomach lumen.

Button batteries may mimic coins on radiographs.
Some helpful ways to differentiate the two are double
contour, “halo” sign on frontal projection (Fig.6a) or
“step-off” sign on lateral projection (Fig.6b). Step off signs
means the asymmetry of both sides of button battery,
because negative terminal diameter is smaller than the
positive terminal’s diameter.

After button batteries Fig.6¢c and 6d have passed
through the esophagus, the majority of them progress
without complications and can be followed with
radiographsevery 3to 4 days. Thelithium button batteries
larger than 2 cms are the ones that cause major fatal
complications. Endoscopic removal isrecommended. Once
batteries passthe GE junction, initial follow-up radiograph
is to be done at 48 hrs. When the foreign body crosses
pylorus, then radiograph is repeated every 3-4 days to
ensure its movement. Magnets retained in the stomach in
symptomatic children require removal within 2 hours.
In asymptomatic children, they should be removed within
24 hours. Multiple magnets are more dangerous as they
can lead to complicationslike bowel necrosis, obstruction,
perforation and hence prompt intervention is important.

Duodenum

Coins and batteries mostly pass through the
duodenum. Blunt objects longer than 6 cm proximal to
duodenum (Fig.7) usually have difficulty passing the
duodenal C-loop and warrant urgent endoscopic removal.
The most common site of perforation by the long objects
isnear theligament of Treitz. Deliberate effortsarerequired
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Fig.6a. Double halo or rim sign

shown by arrow
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Fig.6b. Coins will appear as a singular rectangular opacity on the lateral view, abutton battery
will have a subtle step-off, because negative terminal diameter is smaller than the positive

terminal’s diameter

Source: Loren G Yamamoto, Inaba AS. A Second Look at a Coin in the Somach. Radiology Casesin Ped Emerg Med 2,

Case 9.

Fig.6¢c. AP view lower chest with abdomen
shows a round radio opaque (metal) foreign
body (button battery) lodged within the
stomach air shadow.

Fig.6. (d) Lateral view confirms the foreign
body is within the stomach air shadow. Note
the “step - off” sign on lateral projection.
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Fig.7. Duodenal foreign body AP view
abdomen shows a sagittally oriented
radiopaque (metal) foreign body (coin) lodged
within the first part of duodenum.

toingest long foreign bodies, such astoothbrushes, pencils
and utensils. Such incidents are often intentional and occur
more frequently in patients with psychiatric illness.
Both short and long blunt objects share the same
conservative management and imaging follow-up.

Small bowel

Foreign bodies in small bowel loops appear to liein
mid line or paramedian location in antero posterior view
(Fig.8a). In lateral view, theforeign body liesjust anterior
to spine and sometimes large foreign bodies overlap spine
shadow (Fig.8b).

Most FBs in small bowel are passed spontaneously
without complications. Therefore, physicians should
reassure the children and / or caregivers and advise them
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Fig.8a. AP view lower chest with abdomen shows longitudinal blunt radiopaque (metal) foreign
body (longitudinal brass dice) lodged within the small bowel loops.

Fig.8b. Lateral view confirms the foreign body is within the small bowel. Note the foreign body
is oriented cranio caudal and antero posterior overlapping both the spine (posteriorly) and the
small bowel loops (anteriorly).

Fig.9a. AP view of abdomen shows a round radioopaque (metal) foreign body (button batteries)
lodged within the distal transverse colon and splenic flexure region. All the button batteries
are within the large bowel as there is no interposed soft tissue between the two opacities.
Fig.9b. Lateral view confirms the foreign body is within distal transverse colon and splenic
flexure region air shadow. Note the foreign body lies within the bowel air anteriorly (transverse
colon) and no overlap on spine. Also note the step off sign (both sides of the button battery looks
asymmetric unlike coin) on lateral projection.
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Fig.10a. AP view of abdomen shows aradiopaque (metal) foreign body (Sim card remover) lodged

within the transverse colon region.

Fig.10b. Lateral view confirms the foreign body is within transverse colon region air shadow.
Note the foreign body lies within the bowel air anteriorly (transverse colon) and no overlap on
spine. Also note the foreign body is coronally oriented at present.

Fig.11. AP view of abdomen shows a radio-
paque foreign body (neodymium magnets)
lodged within the transverse colon region.
The shape and appearance of the foreign body
helps us in identifying the object ingested
and also idea of sharp or blunt foreign body.
Piled up neodymium magnets are carefully
monitored by serial radiographs, if no distal
progress is noted, then immediate surgical
removal is needed

to check the children’s stool for the FB. If the FB is not
eliminated even after a week, children need to visit the
hospital and obtain an x-ray toidentify the accuratelocation
of the FB. Children should be strictly advised of the need
to visit the hospital earlier if they develop signs of
perforation or obstruction of theintestine, such asvomiting,
severe abdominal pain, fever or intestinal bleeding.
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Large bowel

Foreign bodies are seen within thelarge bowel shadow
(Fig.9a) and confirmed by thelateral view. Inlateral view,
foreign bodies within the transverse colon are seen
anteriorly whereas foreign bodies that lie in ascending or
descending colon and flexure are seen posteriorly
(Fig.9b). Button batteries in (Fig.9c).

Majority of foreign bodies that reach the large bowel
are spontaneously expelled without much complications.
Thehurdlesof foreign body in large bowel loopsare hepatic
flexure, splenic flexure, recto sigmoid junction and anal
canal. Most of theforeign bodies easily passthrough these
regionswith few exceptions. The shape and appearance of
theforeign body helpsusinidentifying the object ingested
and also idea of sharp or blunt foreign body.
(Fig.10a and 10b).

When multiple magnets or a pair of magnetic and
metal objects is ingested, there is a risk for bowel wall
pressure necrosis caused by the attractive force between
the two objects (Fig.11). Devastating complications such
asfistula, perforation, obstruction, volvulus and peritonitis
have been reported. It may be difficult to discern the number
of ingested objects from radiographs. A summary
of recommendations for follow up imaging is given in
Tablel.
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Fig.12. AP view of abdomen shows a radio-
paque (metal) foreign body (sharp needle)
appear overlapping the liver probably pierced
the duodenum and entered the liver paren-
chyma. Minimal right subdiaphragmatic air
pocket is seen. The sharp appearance of the
foreign body is clearly depicted in radiograph
which helps to decide the further course of
management.

Sharp foreign body

When a sharp foreign body is present within the
esophagus, emergency endoscopic removal is indicated.
If the object has passed through the gastro esophageal
junction but remains within reach of the endoscope (such
as in the stomach or duodenum), urgent endoscopic
retrieval is recommended as long as the object can be
withdrawn safely. Once sharp objects pass the duodenum,
up to 35% of them can lead to perforation; therefore, they
should be followed with daily radiographs to document
passage. Surgical removal is recommended if the patient
becomes symptomatic or if sharp objects fail to progress
after 3 days and are beyond endoscopic reach.

The sharpness of the FB can be easily be made out by
radiographs and determines the further course of
management (Fig.12).
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CASE REPORT

HERBS AND HEMOLYSIS

* Shyamala Jayamoorthy
** Revathi Raj

Abstract: Glucose 6 phosphate dehydrogenase is an
important enzyme preventing oxidative damage to red
blood cells. While hemolysisinduced by exposureto various
medications in G6PD deficient individuals is well
recognized, less well known is the same phenomenon
triggered by exposure to herbs. We present here an infant
with thisrare clinical presentation.

Keywords. Hemolysis, G6PD deficiency, Herbs, Acalypha
indica.

A 7-month-old male infant born of
non-consanguineous marriage presented with colacoloured
urine following a home made herbal extract given for an
upper respiratory infection the previous day. Therewasno
preceding fever or drug intake. The infant was pale,
minimally icteric, slightly tachypneic and tachycardic but
hemodynamically stable on admission. Abdominal
examination reveal ed a soft splenomegaly 1 cm below | eft
costal margin.

Urine routine showed 1-2 RBCs / HPF, urine for
hemoglobin was 602 mgs%, serum LDH was 1600 1U/I.
Complete blood count revealed hemoglobin of 6 gms%,
platelets count of 3.74 lakhs, reticulocyte count of 10 %.
The peripheral smear showed normocytic normochromic
red cells with marked polychromasia, red cell fragments
with blister and bitecells, absolute neutrophil leucocytosis
with shift to left. Platelets were normal. Smear was
suggestive of hemolysis compatible with that of oxidant
stress (asseenin G6PD deficient patients). Direct Coomb’'s
test was negative. Liver function tests revealed raised
indirect bilirubin 3.3 mg/dL (total - 4.8mg/dL), alanine
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aminotransferaselevel - 68 U/L, aspartate aminotransferase
level - 45 U/L, alkaline phosphatase level - 499 U/L and
v glutamyl transferase 12 U/L. Urine C/S was sterile.

Clinical presentation with hemoglobinuria, anemia,
increased indirect bilirubin and increased reticul ocyte count
pointed towards intravascular hemolytic anemia.
Intravascular hemolysismay occur from mechanical trauma
(as in prosthetic valves), complement fixation, or other
toxic damageto thered blood cells. Free hemoglobin binds
to circulating haptoglobin and is degraded and cleared by
the liver. When haptoglobin becomes saturated by
hemogl obin, unbound free hemoglobin isthen excreted by
the kidneys.

A negative Coomb’stest and typical RBC changeson
periphera smear prompted aserum G6PD level estimation
which was found to be very low - 4.3 U/gm Hb
(8.8-18.4U/gHbin children 3 months - 12 years). Hewas
given a packed cell transfusion and started on folate
supplements. Following this, his Hb rose to 9.5 gms %
and hemogl obinuria ceased.When we counseled the family
on avoidance of drugs and other agents that could
precipitate hemolysis, the parents vol unteered that the home
remedy was extracted from Indian nettle, Acalyphaindica
- known locally as Kuppameni Keerai (Fig.1).

Fig.1. Acalypha indica - known in Tamil as
“Kuppameni Keerai”
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Acayphaindicaisan annual perennial herb whichis
listed in the Indian Pharmacopoeia as an expectorant and
aso used in Indian traditional medicine as an emetic,
laxative and antihelminthic. Phytochemial analysis of the
leaves shows the presence of various ingredients like
alkaloids, catechols, flavanoids, phenolic compounds,
saponins and steroids.!

Glucose is the primary source of energy for the red
cell, which is metabolized by two major routes-the
glycolytic pathway and the hexose monophosphate (HM P)
shunt. Glucose-6-phosphate-dehydrogenase (G6PD) isan
X-linked enzyme that catalyzes the first step in the HMP
pathway of glucose metabolism. It produces NADPH,
required for the maintenance of reduced glutathione (GSH).
GSH in turn protects red blood cells from oxidative
damage.? Hence, G6PD isessential inred cell metabolism
and itsdeficiency rendersthered cell extremely vulnerable
to any kind of oxidative stress.

Intravascular hemolysis could be triggered on
ingestion of antimalarials, sulfonamides, INH,
nitrofurantoin, favabeans or exposure to naphthalene balls
in G6PD deficient individuals. Less commonly known is
the fact that certain herbs can al so trigger such areaction.
A systematic review in British Journal of Clinical
Pharmacology looked at use of few widely used herbal
supplements in GG6PD deficient individuals.
They concluded that incontrovertible evidence for
undesirable effects exists only for henna.®

However, Acalypha indica induced hemolysis has
been reported first from Sri Lanka* in 1992 and on
occasions, even proving fatal.> Since then, other studies
have been published including one from Tamilnadu.®®
Hemolysis following acalyphaindicaingestion must occur
due to oxidative damage to RBCs athough it is not clear
which ingredient causes this. In individuals with normal
G6PD levels there is no hemolysis.® Senanayake et a
reported ingestion of a broth containing acalypha indica
by multiple family members, of whom only two needed
packed cell transfusions while the rest remained well.

G6PD levels of the afore mentioned child was
estimated a few months after the hemolytic episode - it
continued to be low (3.5U/gm Hb). He has been under
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follow up for the last 5 years and has not had any further
episodes of jaundice or hemolysis. HisHb electrophoresis
was normal. His younger sister had a positive screen for
G6PD deficiency in the newborn screen. Her G6PD level
was estimated after 6 months of age and isin the deficient
range. She has however been asymptomatic.

Use of native medicines for treating ailments is
common practicein India. Thereisno prescribed ‘ dose or
purity’ when used for this purpose by household members
especialy in rural or semi urban settings where herbs are
widely available. Following the diagnosis of G6PD
deficiency in achild, the family requires to be counselled
not only about the list of medications to be avoided but
also warned against seemingly innocuous herbs that can
cause life threatening hemolysis.
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CASE REPORT

ALLGROVE SYNDROME WITH A NOVEL
MUTATION - CASE REPORT IN TWO
SIBLINGS
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Abstract: Allgrove syndrome (AS/Triple A syndrome) isa
rare, familial, multisystem, potentially fatal autosomal
recessive disorder characterized by achalasia, alacrimia
and ACTH-resistant adrenal failure. There is significant
heterogeneity in the clinical features and the types of
mutations reported in families with Allgrove syndrome.
Two siblings (ten- year-old girl and her six-year-old
brother) presented with adrenal insufficiency,
hyperpigmentation and alacrimia. Genetic exome
sequencing revealed a homozygous variant of uncertain
significance in exon 6 of the Triple A syndrome (AAAS)
geneinthe proband which wasfurther confirmed by Sanger
validation.

The parentswere found to be heterozygous, and the sibling
homozygous for the tested variant of the Achalasia,
Adrenocortical insufficiency, Alacrimia Syndrome AAAS
gene. Therewas good responseto replacement therapy with
hydrocortisone.
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Allgrove syndrome (AS) was described by Allgrove,
et a in 1978 in four siblings all of whom had achalasia
and ACTH insensitivity, three had impaired lacrimation
and one had autonomic dysfunction.® There is a wide
variation in the spectrum of disease with only two of the
cardinal features being expressed in some patients.
Associated neuropathy may be seenin some.? It is caused
by mutationsintheAAAS genewhich encodesfor aprotein
named Alacrima Achalasia Adrenal Insufficiency
Neurologic disorder (ALADIN) located on chromosome
12 q13. The authors report two siblings with AS in whom
anovel mutation was identified.

Casereport

A 10-year-old girl bornto non-consanguineous parents
was referred for evaluation of fatigue, anorexia and
progressive hyperpigmentation of hands and lips of
6 months' duration (Fig.1). Her milestones of devel opment
were normal. There was no history of recurrent vomiting,
dysphagia or halitosis. Examination revealed a thin built
girl weighing 18 kg (between 10-25" centiles). Her height
was 119 cm (between 25-50" centiles), head circumference
51cm, and BMI was between 25-50" centiles as per |IAP
BMI centile chart. Her blood pressure was 90/60 mm Hg
with a postural drop of 26/20 mmHg on standing with no

; *"fl "l l\: ‘llll

Fig.1. Patient 1. Note pigmented lips, muddy
eyes and sparse eye lashes
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compensatory tachycardiaon repeated occasions. She had
striking hyperpigmentation of tongue, lips, buccal mucosa
and creases of palms and soles. Her conjunctivae were
congested and muddy and eyelashes were sparse.
Fundoscopy was normal. She did not have features of
polyglandular syndrome.

Her systemic examination wasunremarkable. Baseline
investigations revealed normal complete blood counts,
ESR, calcium, magnesium, creatinine and urea. Thyroid
function tests, liver function tests and ECG were normal.
Fasting blood glucose was 80 mg/dl, and electrolyteswere
normal (serum Na 142 mmol/L; serum K 4.1 mmol/L).
Her 8AM serum cortisol wasvery low (0.41 pg/dL), serum
ACTH wasvery high (853; normal 15-64pg/ml). A negative
Mantoux test and normal chest radiograph alongwith
absence of adrenal calcification on abdominal CECT
(Contrast Enhanced Computed Tomography) helped to
exclude tuberculosis as the etiology of adrenal
insufficiency.

A provisional diagnosis of Addison disease was made
and shewas put on replacement dose of oral hydrocortisone
(15 mg/day) and topical eye lubricants along with
supportive measures and periodic monitoring. Her ACTH
became normal after 6 months, lethargy and malaise
subsided and pigmentation decreased significantly.

Two years|ater, the proband’s 6-year-old brother was
also brought to us with similar complaints (Fig.2).
Hisweight was 11.5 kg, height 93 cm (both < 3™ centile),
and BMI was between 25-50" centiles. His head
circumference was 46 cm which was in microcephaly
range. His8 AM serum cortisol was 4.4 ug/dL and serum

A )

Fig.2. Patient 2. Note microcephaly,
pigmented lips and sparse eye lashes
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ACTH 840pg/ml. Hiselectrolytesand CECT adrenal were
normal. Hewas also put on oral hydrocortisone and topical
eye lubricants and he is also doing well.

The mother gave avital cluefor thediagnosisof AS-
both children had red eyes ever since birth and she was
happy as she thought that both were very good-mannered
kids as they never shed tears even when crying aloud.
Besides, both were initially evaluated by an
ophthalmologist for absence of tears. Schirmer’s test was
positive. This is a bed side test which evaluates agueous
tear production in patients with signs and/or symptoms of
dry eye. It can determine whether surface drynessisdueto
reduced tear production from the lacrimal glands as
opposed to some other cause such as blepharitis,
meibomitis and exposure.

Barium swallow was deferred as they did not have
clinical features of achalasia cardia.

The diagnosisof ASwas confirmed by clinical exome
sequencing. In the proband, a homozygous variant of
uncertain significance (VUS) was detected in exon 6 of
the AAAS gene [¢.530T>G (p. Va177Gly)]. It isanovel
missense variant which was further confirmed by Sanger
validation (Fig 3). Co-segregation of thisvariant was done
in the parents and the symptomatic sibling by a Mutation
Specific Test (Sanger Sequencing). The parentswerefound
to be heterozygous, and the sibling homozygous for the
tested variant of the AAAS gene.

Gene name: AAAS " Genetic Alteration: chri2:53708550A>C; ¢.530T>G; p.Val177Gly

t A ] 1

1
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Fig.3. Sanger sequencing data (electrophero-
gram) showing a homozygous nucleotide
change ‘T>G’ at position c.530 in AAAS gene.
This variation was confirmed by sequencing
with both forward and reverse primers.

Thehomozygous missense substitution (p. Val177Gly)
altersaconserved residuein theprotein. It liesintheWD1
repeat region (residues 142-180) of the protein. It is
predicted to be damaging by 5 (SIFT, LRT, Mutation Taster,
PolyPhen-2 and FATHMM) out of 6 insilico missense
prediction tools. Theinsilico (performed on acomputer or
via computer simulation) tools are used to predict the
pathogenicity of missense variants.

The identified variant seems to be a novel variant,
as it has not been previously reported in literature.
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The co-segregation of the mutation into thefamily indicates
it is disease causing with highest probability.

Variant ¢.530T>G (Val177Gly) was neither found
in EXAC (Exome Aggregation Consortium) nor 1000G
(1000 Genome) databases. Hence the probability that this
mutation is a disease-causing oneisvery high.

Discussion

AS is the combination of adrenal insufficiency,
achalasia cardia and aacrimia. As only about 100 cases
have been reported so far, the exact prevalenceisunknown.!
The combination of AS with autonomic neuropathy is
caled 4A syndrome while that with both autonomic
neuropathy and amyotrophy is called 5A syndrome.

The mutated Achalasia, Adrenocortical insufficiency,
Alacrimia Syndrome (AAAS) gene which was identified
by Tullio-Pulletet a and located on chromosome 1213, is
themolecular basisof AS. It codesfor ALacrimaAchalasia
aDrenal Insufficiency Neurologic disorder (ALADIN)
protein. Thisis a 60-KD protein with a 170-AA Domain
composed of 4WD repeats. ALADIN is involved in the
movement of moleculesinto and out of the nucleus, which
may affect DNA repair mechanismsresulting in cell death.®
Siblings with AAAS mutations may die suddenly due to
undiagnosed adrenal failure.*® A truncated protein is
produced by most mutations although missense and point-
mutations have also been reported. However, AAAS
mutations may be absent in some patients with AS.
There is no specific genotype-phenotype correlation.®
A progressive loss of cholinergic function throughout the
body may be the basic pathology of AS. As melanocortin
receptors are known to regulate adrenal and skin exocrine
gland function, melanocortin receptor signaling
dysfunction is also possible.” The very low cortisol and
very high ACTH in our patients confirmed glucocorticoid
deficiency due to ACTH resistance. The normal serum
levels of sodium and potassium imply normal
mineralocorticoid function.

One of the early manifestations of AS is adrenal
insufficiency. Alacrimiaal so may bean early symptom and
dysphagia may occur early or late. This may present as
severe hypoglycemic or hypotensive attacks resulting in
sudden unexplained deaths during childhood. Patientswith
AS have auniqueform of primary adrena insufficiency in
which mineral ocorticoid productionis preserved, but it may
beimpaired in about 15% of patients. The only other cause
of primary adrenal insufficiency with intact
mineralocorticoid synthesis apart from AS is familial
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glucocorticoid deficiency in which, however, adrenal
insufficiency is the sole manifestation.®

A child with AS may present with any one of the four
cardinal featureslike alacrimia, Addison disease, achalasia
and progressive neurological dysfunction and the
symptomsmay evolve over aperiod of time.® Even though
alacrimiaisnot ausual presenting feature, it may sometimes
bethe earliest and most consistent feature. Both our patients
had alacrimia right from infancy.® It is important to do
molecular analysis of AAAS gene in patients with one or
more of the cardinal features of AS.*°

Neurological manifestationswhich arerelatively rare
in Indian children may developin older age. Theseinclude
mental retardation, optic atrophy, amyotrophy, ataxia,
dysarthria, dementia, and chorea. Parkinsonismisthe most
common extrapyramidal manifestation.** Dysphagiaisdue
to achalasia cardia secondary to dysfunctional esophageal
autonomic nerve plexus and degeneration of nerve fibers.
Achalasia cardia which usually manifests as dysphagia
especialy for liquidsis seen in about 75% of casesin older
children and adults.

Some of the rare associations of AS include
microcephaly, short stature, palmar and plantar
hyperkeratosis, osteoporosis and long QT interval. Some
may have dysmorphic featureslikelong narrow face, long
philtrum, down-turned mouth, thin upper lip and sparse
eyelashes.’2 Bath of our patients had sparse eyelashesand
microcephaly.

A highindex of suspicionisessential to makean early
diagnosis of AS dueto its extreme rarity and presentation
with isolated features.®® Molecular analysisof AAAS gene
is a gold standard modality to confirm the diagnosis and
end the diagnostic odyssey.'

Learning pointsfor a general pediatrician

1. When a child presents with a relatively benign but
unusual symptom like lack of tearing, one should
enquire for malaise and dysphagia and look for
pigmentation of skin. This may indicate the presence
of an underlying life threatening illness and hence
request for specialist consult to diagnosearare genetic
disease that may be amenable to treatment.

2. Advanced genetictestslike clinical exome sequencing
are now easily availablein our country.

3. The child may need long term follow up for
neurological problems.
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CLIPPINGS

Endoscopic Removal of foreign bodiesin the Gl tract.

The timing of anintervention of foreign body (FB) removal depends on the patient’sage, clinical condition, the
size, shape, content, anatomic location of theingested object(s), and thetimesinceingestion apart from judgment
of the risks of complications like aspiration, obstruction or perforation in that child.

Most of the time spontaneously passed and do not require urgent endoscopy.
Esophageal FBs should be removed within 24 hours to prevent complications including risk of perforation.

FB in stomach often passin 4 to 6 days and require conservative outpatient management in majority, although some
recommend early endoscopic removal. Children with gastric foreign body like coin should be followed up with
adviceto takeregular diet and observe their stoolsfor evidence of passage of the object in the stool. In the absence
of symptoms, weekly radiographs are sufficient to follow the progression of small blunt objectsthat are yet to pass

because this may take aslong as 4 weeks.

Sumathi B. Foreign body aerodigestive tract. In: Common pediatric emergencies in office practice.
I JPP series 12. Alamu printing works, chennai 2019; pp58-63.
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7’4’ Acute Infectious Diarrhea, Antibiotic-Associated Diarrhea,
Acute Gastroenteritis & Irritable Bowel Syndrome ...

GUTGERMINA
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