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PRESIDENT’'S WRITES

Thecurrent issue of JIM SA titled “ Recent Advances
in Pediatrics’ carries agood coverage of common
pediatric problems in depth. -

Dear Fellows & Members

At thisjuncture let me make a special appeal to all |
fellows and members to popularise our CME :’
program on a monthly basis covering urban and
rural sectors and also to contribute origina articles, reviews and case
reports, for publication in JMSA, so that we can make our journal, the
very best.

Let me wish all the fellows and members a very happy and prosperous
2009.

{ Tegar?

Dr. K. Jagadeesan
President, IMSA

& IMSA/ JIMSA WEBSITE g:;
www.imsaonline.com

WWW.|imsaonline.com

All fellows and members of IMSA can have access to the site and get information about
its objectives, benefits to the fellows/members, chapters and their activities including
seminars, refresher courses, rural CME;s etc. and also IMSACON - aregular annual
event of international standard; application form for enrollment as fellow/member can
also be downloaded. Fellows - members and even not fellows - members can have access
to full text in the quarterly journal - jimsa from July - Sept. 2003 onwards by putting
their E-mail address under ‘user name' and using the password ‘UserJimsa'.
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IMSA NEWS

Dr. Pinnamaneni Narasmha Rao |nternational Award

Appeal by Vice-President IMSA AR
Dr. RR.Thukral

\ice President IMSA World H.Q.

\

Dr. P. Narasmha Rao

Ex. President, IMSA World H.Q.
Dear Félowsand Members
You are aware late Dr. P.Narasmha Rao, an international figureboth in academic and teaching had been the President of this prestigious organization for
more than a decadefrom 1990 to 2002. He was President of Medical Council of India and Vice Chancellor of various Universities. He had to his credit
several outdanding contributionsto the medical fraternity till hisdeath . Hehad been in close association with IMSA since its very inception in 1981.
The Academy has flourished tremendoudy during his tenureasPresident . Kegping in view his status, servicesrendered to the mankind and on theinsstence
of senior Fellows, the Academy has edtablished an International Award in his honour named ‘Dr. Pinnamaneni Narasimha Rao International Award’,
onthelines of Dr. B.C. Roy National Award. Substantial funds areneeded for thispestigiousaward. I nitially, thefamily of Dr. P. Narasmha Rao has contributed
a fair amount of money and hasalso assuredto contribute more.

| appeal toall our Felows and Members to contribute generoudy for this noblecausein the memory of this dedicated acadamecian - Dr. P. Narasmha Rao.

A separate account has been opened for this Award.
(R.R.Thukral) y

.
d R )
IMSA Chapter Activities
CME Tamil Nadu Chapter CME Delhi Chapter
11/1/2009 Dr.M.Rajkumar “ Approach To Vascular Diseases’ 29/11/2008 Dr.Ashwin Garg ~ “ Interventional Radiology-New Dimensions-
11/2/2009 Dr.Nimitha Bhuvaneswary “ Occular Manifestations Of “What a Physician should Know”
The Systemic Diseases” 29/11/2008 Dr.Pradeep Mule Uterine Fibroid Embolization
8/2/2009 Dr.SM.Rajendran “Type |1-Diabetes Mellitus 28/3/2009 Dr.Gagan Chadha  Joint Replacement- An Overview
Uncontrolled-Why” tzci/jggoog Dr.Pratip Mandal  Hip and Knee Replacement-‘Where are we
8/3/2009 Dr.N.Chidambaram Our Experience On D(_)or To Nee_dle 28/3/2009 Dr Rajesh Verma B e e
\ Time In Acute Myocardial Infarction )y
Election of Fellows and Members ( Jan-March 2009)
Fellows Dr. Pankaj Shrivastav (Dubai) Dr. R. Premsekhar (Chennai) Dr. Siddhartha Garg (Ludhiana)
Dr. Sarabjit Singh (Chandigarh) Dr. (Mrs)Minal P. Patwardhan (Sharjah)  Dr. Col. Kunwar Sarvait Singh Panwar (Pondicherry) Members
Dr. Arif Moinuddin Faquih (Dubai)  Dr. Sanjiv Kumar Bhasin (Noida) Dr. Sarman Singh (New Delhi) Dr. Neeraj Singla(New Delhi)
Dr. Pawan Lal (Delhi) Dr. Avtar Singh Dhanju (Anritsar) Prof. Dr. (Ms) SK. Chugh (New Delhi) Dr. Dinesh Kumar(Uttar Pradesh)

IMSA Fellows/Members Directory 2007 )

Dear Felows and Members

International Medical Sciences Academy has published Directory of IMSA Fellows and Members containing information about their mailing addresses, telephone nos.
email addresses, wherever available. The Directory was released at the inaugural function of IMSACON 2007 held at Manipal, Karnataka in Novermber, 2007. | shall
request you to send a demand draft of Rs. 250 soon to enable usto send to you a copy of the Directory by pogt. You can also collect in person from IMSA office if you so
wish.

\ Secretary General, IMSA )
Suggestions to Enhance Image of Medical Professon and Improve Doctor-Patient Relationship

President, Vice President and Trustees of IMSA have stressed that IMSA must engage itself in enhancing the image of Medical
Profession by organizing seminars/conferences on various issues relating to medical profession, medico legal, patient — doctor
relationship protocol of drug trials and research etc. It wasalso desired that suggestions be invited fromall fellowsand members,
for improving relationship among doctors and patients.

The Fellows and Members are, therefore, requested to send their suggestions & ways and meansto IMSA World Headquarter at
New Delhi, for enhancing image of medical profession and improving doctor — patient relationship.

Secretary General, IMSA
IMSACON-2009 at Chandigarh, Punjab

IMSA is pleased to inform its Fellows and Members that Annual Conference IMSACON 2009 will be held on 24" & 25th October, 2009,
(Saturday-Sunday) in the Auditorium, Sarai building GMCH,Sector -32 , Chandigarh, Punjab. India

For further details please contact
Dr. H.K. Chopra,
Secretary General, IMSA, WHO, New Delhi.
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FROM EDITOR’'S DESK
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),

Editor

P.D.Gulati (Delhi)

Jointl:Egitlor - ”

S.N.A. Rizvi (Delhi)

Aven rtr " Dear Colleagues o . .

Pradeep Chattree (Delh) This special issue “ Recent Advances I n Paediatrics’ comprises of 13 articles,

coagadessan  cnemwy | @uthored by outstanding experts from the field of paediatrics. The issue

Sandip QAUT:ZE’”% Egg:pg highlights some of the new concepts in the under standing and management of

KB ) Egem common childhood disorders: there are new guide lines and new vistas for
ndira Bal elni . . .

SK. Bhargava (Delhi) research for the younger paediatricians.

I.P.S.Kal Delhi . . . . ..

BN e e Thispublication isthe outcome of hard work and untiring efforts of Dr. Kamlesh

T o = Chopra a senior consultant paediatrician at New Delhi, India. Her team of
i . al . . ST . .

g_s'hfgg;;; ggglh;; contributors have done a magnificent job in brilliantly preparing the various

S Tvedi Egg:m; manuscripts within the stipulated time. | am confident that this publication

e . will be of immense benefit for the readers of JIMSA. No doubt, a commendable

K8 Shamma (Dot oy task has been achieved , for which | am extremely grateful to Dr. Kamlesh

Habibulish Zargar Qe Chopra and other contributors of this issue.

S-i-' &l (Mumbay I must acknowledge the assistance rendered by the members of the editorial

M. Sachdev (Delhi) and advisory boards in the compilation of thisissue. | also extend my thanksto

SukumﬁrkMLiker]ee ggglllﬁ;ta) h . h ) a] f d h d\/ N A h h hel

R.R. Thukral

R o el t € various p armaceutical firms an ot_er advertisers without whose help

S.S. Sethi (Delhi) this publication would not have been possible.

Sham Agarwal (pein) P.D. Gulati

e B Do
K. \ |

V.K. Dada (Delhi)

K.K. Malh Delhi

ca

T.K. Biswas (Kolkata)

g-g-:;;gmﬂl EBE:E:; f/ JIMSA BEST PUBLISHED ARTICLE AWARDS

S (B, Journal of International Medical Sciences Academy has instituted award for three (3)

S, ML (Amritsar) best original articles published during the previous 3 years; guidelines are as below:

Richa Diwan (Delhi) L . . L L .. . . .

M.Suresh Kumar (Chennai) @ Orlglna! articles belonging to any discipline of medicine published in IMSA during

preela Chuttant Eggm'& the previous three years.

SrEiEn I, AgEE (Delhi) (2) Age Limit for the principal author/main researcher should be 45 years and below.

Veera Hingorani (Delhi) (3) Number of awards: Three (3) annually, carrying agold plated medal, citation and cash

Swara_A;:'ShORY BOSREl 'NTERNAI:JZ%L prize (1st Rs. 3000/-, 2nd Rs. 2000/-, 3rd Rs. 1000/-)

Lesla Jp.,asgd. USA) (4) Awardee should preferably be a fellow/member of IMSA; non-fellows/ non members

Js-it!ggncchafn%st ((JliA)) can also be considered for the award if the original work is outstanding; and if selected

Anstgﬁ' D. Beattie (USA) for the award will be required to apply for fellowship/membership of IMSA.

8. Klinkmann (Germany) (5) Awardees should preferably plan to receive the award at the annual IMSA conference
usanlL[m (Singapore)

1.D. Williams (UK) k IMSACON.

Harvinder S.Luthra (USA)

Annual Subscription for non fellows & members Editorial Correspondence: All corresspondance are to be addressed to Editor JIMSA

g‘\'g?geas 25' ggg National Medical Library Building, Ansari Nagar, Ring Road, New Delhi - 110 029 India

Single copy Rs. 150 E-Mail : imsahg@ndf.vsnl.net.in Website : www.jimsaonline.com

Copy Right No part of this publication may be reproduced, or transmitted in any form or by any means, electronic or mechnical, including photocopy without written permission from the Editor.
The Editor disclaims any responsibility or Liability for statements made and opinions expressed by authors.

IMSA is now on website and our address is www.jimsaonline.com / www.imsaonline.com
JIMSA is indexed by Experta Medica, Indian Science Abstracts/Chetna, Bibliographical Data base
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OUR GUEST EDITOR \

Dr. Kamlesh Chopra, Director Professor was formerly head of the Department of
Pediatricsat MaulanaAzad Medical Collegeand Lok Nayak Hospital, New Delhi, India
She was the medica director of Himaayan Ingtitute of Medical Sciences, Dehradun.
She has 76 publicationsin nationa and International journas and has authored 4 books
and contributed chapters to several books. She has received various awards for her
contributions and achievements. She is presently a vigiting consultant in Pediatrics at

Indian Spinal Injuries Centre, J

EDITORIAL \

This issue highlights some of the recent developments in pediatrics. Gene therapy is a new pharmacol ogical
agent in the armamentarium to treat inherited monogenic and acquired disorders such as cancer, infections and
neurodegenerative diseases. The liver has been studied as a target organ because many genetic diseases are
amenabl e to gene replacement therapy in hepatocytes. Liver transplantation is an established mode of therapy in
children with fulminant hepatic failure and end stage liver disease due to various causes. Renal transplantation
is the most effective treatment of advanced chronic renal failure. The exorbitant cost and lack of awareness of
organ donation are the limiting factors for both renal and liver transplantation. Stem cell therapy has the potential
to provide therapeutic treatment for some developmental and neurodegenerative diseases in childhood like
biliary atresia and leukodystrophies. The availability of recombinant growth hormone has enabled the use of
growth hormone in the treatment of short stature due to disorders like Turner syndrome, Prader Willi syndrome,
small for gestational age children, chronic renal failure and skeletal dysplasias. One of the most significant
developments in the management of childhood ITP has been the acceptance of ‘Observation only Approach’
due to the recognition that intracranial haemorrhage — the most dreaded complication is rare (0.17% and 0.2%
reported in two large series by Lilleyman and Kunhe). In neonatology, there has been a dramatic decrease in
mortality and morbidity in hyaline membrane disease. Use of antenatal steroids and surfactant therapy in preterm
babies has salvaged many babies. Hypothermia and phenobarbital use in hypoxic ischemic encephalopathy are
promising interventions to reduce neuronal damage.

Inhaled glucocorticosteroids are the cornerstone of asthma treatment and various professional bodies have
formulated guidelines for the management of asthma. Immunization is one of the most cost effective health
intervention to reduce morbidity and mortality from vaccine preventable diseases. Recently many new vaccines
have been launched. Rotavirus vaccine is >90% protective after two doses given at 4 weeks interval to babies at
6 weeks of age. Inactivated polio vaccine is safe and seroconversion rates of 90-95% are achieved after 2-3
dosesgiven at 6-8 weeksof age. It can be givento children with symptomatic HIV infection and immunodeficiency.
Two types of pneumococcal vaccine are currently available, the 23 valent unconjugated polysaccharide vaccine
is recommended for children above two years and the 7 valent conjugated vaccine for infants below 2 years of
age. Theintroduction of PCV-7 in childhood vaccine schedule in the US has led to adramatic declineininvasive
pneumococcal disease. A highly efficacious vaccine against human papilloma virus (HPV)-the causative agent
of cervical cancer has recently been launched and is recommended in the age group of 9-26 years. Research is
a dynamic process and novel forms of treatment are on the horizon.

Kamlesh Chopra

o J
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URINARY TRACT INFECTIONS: CURRENT MANAGEMENT

R N Srivastava
Division of Nephrology, Department of Pediatrics, Indraprastha Apollo Hospital, New Delhi 110076, India

(‘Abstract : Urinary tract infections (UTI) are common in infants and children and recur in 10-30%. UTI are often associated with a structural or)
functional abnormality of kidney and urinary tract. Vesico ureteric reflux may be detected in about 30% caseswith thefirst UTI. Escherichiacali is
the most commonly isolated urinary pathogen. Patientswith malformationsor dysfunction of urinary tract may becomeinfected with other bacterial
speciesthat normally have low virulence for urinary tract such as enterococci, Saphylococcus aureus or epidermidis, proteus, pseudomonas, and
serratiaspp. UTI occurswhen virulent bacteria gain accessto the normally sterile urinary tract mostly by the ascending route. Incomplete bladder
emptying with residual urine is a mgjor factor in acquiring UTI. Some of the bacterial strains causing such infection may show wide antibiotic
resstance. The symptoms of UTI depend on the intensity of inflammation, Site of infection and age of the patient. Laboratory evaluation: careful
urine analysis and urine culture are crucial. Children with symptomatic UTI should be given antibictics without delay buit after obtaining a proper
urine sample. Second and third generation cephalosporins (such as cefixime) given orally or intravenoudy or amoxicillin + clavum are adequate
for empiric therapy For confirmed or suspected pyelonephritis treatment is given for 10- 14 days. Children without symptoms of pyelonephritisare

\ [reated for 7-10 days. Further observation and imaging are considered in every case. )

Urinary tractinfections(UTI) arecommon (5-10%) ininfantsand children
and recur in 10-30%. The prevadence of UTI in young children having
unexplained fever isbetween 3to 5% (higher in prematureinfantsthanin
terminfants). After oneyear of age, theprevaenceof UTI inboysdecreases
to about 2%, wheressin girlsit increasesto 8%. UTI are often associated
with a structurd or functiond abnormdlity of kidney and urinary tract.
Obstructive anomdies of urinary tract may be present in 2% of girlsand
10% of boys with UTI. Vesicoureteric reflux may be detected in about
30% cases with the firgt UTI™. Eradication of UTI is difficult in such
situations and recurrence is common.  Serious sequelae such as rend
scarring, hypertension and chronic rend failure may follow.

Urine examination is often neglected in infants and young children with
nongpecific symptoms and UTI go undetected. On the other hand,
presumed UTlIs are inappropriately treated on the basis of wrong
interpretation of “routing” urine examination report (showing afew “pus
cdls’ on microscopy).

CAUSATIVE ORGANISMS

In acute, uncomplicated UTI, the most commonly isolated urinary
pathogensareenteric Gram-negativebacteria, especialy Escherichiacali.
Patientswith maformations or dysfunction of urinary tract may become
infected by other bacterid species that normaly have low virulence for
urinary tract such as Enterococci, Saphylococcus aureus or epidermidis,
Proteus, Pseudomonas, and Serratiaspp. Fungd infection of theurinary
tract may occur in pre-term babies and ol der immunosuppressed patients
with an indwelling bladder catheter and those receiving broad spectrum
antibiotics. Uropathogens are derived from the fecd flora

MECHANISMS OF INFECTION

UTI occurs when virulent bacteria gain access to the normaly gerile
urinary tract, mostly by the ascending route. Hematogenous spreed may
occur in neonateswho have yet to devel op amature immune system and
in children who areimmunocompromised. Bacteriareaching the bladder
multiply readily unless diminated by defense mechanisms. Effective
voiding washes out the bacteria, but somemay beleft inthefilm of urine
lining the bladder epithelium. Incomplete bladder enptying with residual
urineisa mgjor factor in recurring UTI. Inthe hospita setting, urinary
catheters are amgjor risk factor for acquidition of nosocomid infection,
which increases with prolonged duration of catheterization. Some of the
becterid srainscausing suchinfection may show wideantibioticresstance.
RECURRENCE OF UTI?

Recurrence of UTI iscommon when underlying anatomica or functiona

abnormdlitiesof kidney and urinary tract are present, most commonbeing
obstruction and vesicoureteric reflux. Voiding dysfunctionisincreasingly
being recognized as an important cause of recurrent UTI.

Obdruction

Childrenwith obstructive abnormalities, whether anatomic (posterior
urethral valves, ureteropelvic junction obstruction, constipation),
neurologic (e.g., myelomeningocele with neurogenic bladder), or
functional, are at increased risk of developing UTIs. Stagnant urine
is an excellent culture medium for most uropathogens.
Vesicoureteric reflux.

VUR is very often associated with UTI. Higher grades of VUR
congtitute the major risk factor for pyelonephritis and renal scarring
in infants and young children.

Uncircumcised infant.

Therisk for UTI inuncircumcised boysis5- 20-fold higher thaninthose
circumcised, withthegreatest risk beinginboysbe ow 1 year Thepresence
of preputid folds in uncircumcised boys encourages a high dengity of
bacteria growth and contamination of theurethera opening. Circumcision
reduces mesta contamination, thereby decreesing the ascent of becteria
into the bladder. Lack of circumcision putsthe infant at ahigher risk for
having recurrent UTI2.

Dysfunctional voiding.

Thisterm refersto alack of coordination between the detrusor and the
urethral gphincter & the onset of voiding. Ordinarily, the sphincter must
relax asthe detrusor contracts. Failure of the sphincter to relax causesan
obstruction to the outflow of urine (as does the distended rectum in
congtipated children). These conditions are associated with incomplete
emptying of the bladder and significant amounts of resdud urine.

CLINICAL FEATURES

Thesymptomsof UTI depend not only ontheintensity of theinflammatory
reaction but aso on the site of infection and the age of the patient. During
the first year of life pyelonephritisis the most common presentation of
UTI. Symptomatic UTI may chifly involve the upper tract or thelower
tact. Infection in anormd urinary tract with no prior instrumentation is
consdered “uncomplicated,” whereas“ complicated” infectionsoccur in
urinary tracts that have astructurd or functiona abnormdity™.
LOWER URINARY TRACT INFECTION

Magjority of children with cydtitis present with urgency, frequency and
dysuria. Children who have the urge to urinate may have a history of
difficulty ininitiating the urinary stream. Acutevoiding problemsarenot

Correspondence: Dr. R N Srivastava, Consultant Pediatric Nephrologist, e-mail : rnsri@vsnl.net
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synonymous with acute bacterid cyditis as they can occur with vulvitis
or baanitis. Occasiondly the child may complain of abdomind or
suprapubic pain. Fever, if associated, is of low grade. Suprapubic
tenderness may be present. Urinemay befoul smellingand doudy. Itis
important to note that symptoms such as urgency, frequency and dysuria
can be caused by any factor or processthat givesriseto inflammationin
thelower urinary tract. Examplesindudemechanicd irritation (that might
result from insertion of foreign bodies, migration of pinworms) and
chemicd irritation (disnfectants, shampoos).

PYELONEPHRITIS

During the firs month of life, the symptoms are non-specific such as
vomiting, poor feeding and jaundice, failure to thrive with little or no
feverinabout 50% cases. Beyondinfancy, fever oftenistheonly symptom
of acute pyelonephritis. The characteristic features include high fever
with chillsand rigors, abdomina pain, vomiting and toxic appearance. A
neutrophilic leucocytosis is usudly present. Children usudly cannot
complain of loin pain until 4to 5 yearsor older.

Clinical evaluation

The height and duration of fever, urinary symptoms, vomiting, recent
illnesses, antibiotic intake should be recorded. The following should be
carefully evauated: (1) colour, clarity and smell of urine; (2) age of toilet
training; (3) characteristicsand frequency of voiding (voiding frequency,
urgency, squatting or other holding maneuvers, day timewetting, poor or
interrupted stream, dribbling, prolonged voiding, straining during voiding);
(4) presence of congtipation / sailing; (5) previous UTIs, (6) previous
undiagnosed febrileilinesses; (7) family history of frequent UTIs, VUR
and other genitourinary abnormdlities.

Physica examination includes evauation of physica development,
accurate record of blood pressure and temperature, assessment of
suprapubic and costovertebra tenderness, and asearch for other sources
of fever. Externd genitdiashould beexaminedfor Sgnsaf vulvovaginitis,
vagind foreign body and anatomic abnormdlities. Lower back should be
examined for sinus, pigmentation, lipomaor tufts of hair and if thereis
sugpicion of aneurologica abnormality, and gphincter tone should also
be evauated. UTI and occult bacteremiaisacommon cause of feverina
“well-appearing infant.”

Laboratory evaluation

Careful urindydsand urineculturearecrucid. Urineinthenormal bladder
isgerile, but may get contaminated by bacteria during the passage from
bladder tothe sampling container, especidly ininfantsand smal children.
This often leadsto afdse diagnogis of UTI and the child is subjected to
unnecessary trestment, investigations and follow-up. On the other hand,
failure to identify the child with UTI carries arisk of progressve rend

Collection of urine specimen

Clean Voided Bag Samples.

Culture of aurine specimen obtained by bag isoften “false pogtive’. An
infant or young child should not receive antibiotics on such a result. If
urinayss from the bag sample suggests UTI, or M/E shows > 5 white
blood cdls per high-power fidd (centrifuged specimen), or bacteria on
Gram stain of uncentrifuged urine, afresh urine samplefor urindysisand
culture should be collected by invasive means.

Clean catch samples

Older children can provide clean voided urine mid-stream samples after
careful cdleansing and minimizing contact with skin.

Suprapubic bladder aspiration
Thisprocedureisasafeand effectivemethod for obtaining urinespecimens
ininfants and young children. Ultrasound guidance improvestheyied.
Bladder Catheterization.

Bladder catheterization may occasiondly beresorted to. Thecomplications

areminima (urethra traumaand microscopic hematuria) and therisk of
introducing infection is very low.

Dipdtick tests

Dipstick tests are useful for screening. The strip detects urinary nitrite,
which is formed by bacterid reduction of nitrate, (the colour change
being proportiond to the number of bacteria in urine) and leucocyte
esterase. I positive, trestment for UTI can beinitiated whileawaiting the
culture result.

Urine microscopy

A centrifuged sample of unstained urineis examined for the presence of
bacteria and leucocytes. WBCs are measured more precisely by
microscopy of uncentrifuged urine using acounting chamber; more than
10 leucocytes)d in aboy and 50 in agirl are abnormal. Neutrophils are
presentin80-90% of symptomatic UTI, but aurinesamplewithout WBCs
does not exclude UTI. WBCs may aso befound in febrile children with
infections outsde the urinary tract, in inflammatory diseases other than
UTI inor near the urinary tract, or dueto contamination from the vagina
Phase contrast microscopicexaminationisgreatly superior to characterize
cdls and formed dementsiin the urine and is being adopted by modern
laboratories.

Urine culture

Urine should be immediatdy refrigerated a 4°C (and not |€ft a room
temperature) until cultured, to prevent growth of contaminating bacteria
This temperature must be maintained during trangport. However, the
urinary leukocytecount may bedtered by refrigeration, possibly affecting
interpretation of theurindysis Theinterpretation of cultureresultsdepends
on the method of urine collection and the dlinical background. In urine
obtained by suprgpubic aspiration, any growth is consdered significant.
In urine obtained by catheterization, the leve of significanceis 1000 to
10,000 CFU/ml. Children with 100 to 50,000 organisms should have a
fresh urine culture examination. For voided specimens, the cutoff leve is
100,000 CFU /ml. In combination with acute locaizing symptoms such
asmarked dysuriaand frequency together with pyuria, one positive urine
culturecan beconsdered adequatefor adiagnosis. For dl patientslacking
symptoms, a second sample should be obtained before antibacterial
trestment is started except when supragpubic aspiration is used.

LOCALIZATION OF THE STE OF
INFECTION

Inatypica caseof acute pyeonephritisthereislittle reason to attempt to
locdize the ste of infection. High fever, chills and rigors, vomiting,
neutrophilicleucocytoss, and devatedlevel sof C—reective protein Suggest
rend parenchymal involvement. Ininfantsandyoung childrenlocdization
is very difficult and unnecessary. When in doubt it is more prudent to
regardtheUT! aspyd onephritisand manageaccordingly. Inpyd onephritis
DMSA scan shows diminished tracer uptake, which is indicative of
parenchymd involvement. The proceduremay beemployed todetermine
the site of infection in older children with absent or equivocd features of
rend involvement. DM SA scanisnot routindy carried out tolocdizethe
dte of infection.

TREATMENT

Themanagement of childrenwith presumed UT] dependsupon anumber
of factors, induding age of the patient, degree of toxicity, presence of
vomiting, duration of fever prior to presentation, and the antimicrobid
resistance patterns in the community. Children with symptomatic UTI
should be given antibiotics without delay, but after obtaining a proper
urine sample. Neonates and infants should be hospitdized and provided
gppropriate supportive care (control of fever, IV fluids).

The choice of antimicrobid therapy isbased upon the severity of UTI as
assessed dlinicdly. Second- and third-generation cephaosporins (such
as cefixime), given ordly or intravenoudy, or amoxydillintclavum are
adequate for empiric thergpy. Aminoglycosdes are used in inpatients.
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Quinolones are effective and bacteria resstance is uncommon but these
are not recommended as initia agents. First generation cephd ogporins
and trimethoprim-sulfamethoxazole may be used in older children with
lower UTI. For confirmed or suspected pyel onephritis, trestment isgiven
for 10to 14 days. Childrenwithout symptomsof pye onephritisaretrected
for 7-10days. Shorter coursesof thergpy arenct recommendedin chil dren.
A repest urine cultureis obtained if fever does not abate within 48 hours.
Further observation UTI with urinary bract, dbnormdities and imaging
are conddered in every case.

IMAGING MODALITIES

Imaging of kidney and urinary tract is necessary to exclude any anomay
of the kidney and urinary tract, exclude obstruction and detect VUR®®.
Plain X-ray film of abdomen and |.V.R. arerarely performed.
Ultrasonography
Rend ultrasonography detectsthelocation, and Szeof thekidney, dilatation
of theupper urinary tract, severelossof rend parenchyma, and any major
bladder anomay. The procedure isinadequate for detecting VUR.
\oiding cystourethrogram
VCUG isrequired to look for VUR and any abnormdity of bladder and
urethra. The initid procedure is the contrast VCUG, which provides
clear anatomicresolution andisnecessary for grading VUR. Strict aseptic
precautions are necessary and an antibiotic cover is provided.
Renal scintigraphy
DMSA or Mercgptoacetylglycine (MAG3) are the agents commonly
usad for scanning to detect parenchymad involvement. DMSA isinjected
intravenoudy, and uptake by the kidney is measured two to four hours
later. An areaof decreased uptake represents an areaof pyelonephritisor
scaring. Inchildrenwith UTI and VU reflux, thekidney having reflux is
mogt at risk of both congenita and acquired rend damage, and thisrisk
increases with the severity of reflux.

Recommendations for imaging®

1. Ultrasonography should be performed in infants and young children
and whenever pyel onephritisissuspected. Documenting the absence
of an anomaly isaso important.

2. VCUG isindicaed in dl children with UTI who are less than two
yearsof ageandinany childwithrecurrent episodesof UTI regardiess
of sonographic findings. In older children with a firg febrile UTI,
VCUG should be obtained if the ultrasound demonstrates Sgnificant
abnormdity.

3. DMSA scanning should becarried out in children below 2 yearsand
preferably below 5 years to detect rend scaring.  In occasiond
instances DM SA scanning may be performed if the diagnosis of
pyelonephritis is uncertain due to equivocd urindysis or culture
results.

MANAGEMENT: SPECIAL
CONSIDERATIONS

Obstructive abnormdities are gppropriately treated. Grade1—4VURis
managed conservatively with antibacterial prophylaxis (using
nitrofurantoinor cotrimoxazole) and UTI survelllance. Careful evauation
of various problems is made before deciding to undertake a surgica
procedure (ureteric remplantation or intravesica injection of Deflux) for
grade 5 VUR or bilaerd VUR. The benefits of chemoprophylaxis or
surgica intervention are unproven. However, until clear evidence is
available existing recommendations should be followecF.

Recurrent UTI in the absence of sructural anomaly and VUR
Recurrent UTI in the absence of demongtrable anatomic abnormdity of
kidney and urinary tract raise the suspicion of an underlying voiding
dysfunction®. A detailed history of voiding patternisobtained particularly
about frequency, urgency, dribbling, holding maneuversand condtipation.
Frequency, urgency and urgeincontinence suggest dysfunctiond voiding
asoccurswith idiopathic detrusor instability or urgesyndrome. A voiding
diary over a 3-4 day-period, noting the volume of urine output, fluid
intake and involuntary wetting is very useful in evauation. A careful
neurologica examination is done and periand sensations tested. Any
evidence of spind and sacrd anomdlies (lipoma, dimple, tuft of hair) is

looked for and perineumisexamined for ectopic ureter, epigpadias, vagind
pooling and labid adhesionin girls. Ultrasonographic evauation isdone
and the bladder ity and volume of pogt void residud urine (more
than2ml/kg or 25 ml isabnorma) recorded. The presenceof neurogenic
bladder is carefully excluded. Clinica and ultrasound evauetion is
sufficient in a majority of cases but occasionaly uroflowmetry and
urodynamic studies are required.

\oiding disorders!o112

Voiding disorders involve an abnormdlity during the bladder filling or
evacuation. These are digtinguished on urodynamic studies. A smal
cgpacity, hypertonic bladder or detrusor ingtability characterise filling
phase defect. In evacuation defect detrusor sphincter dyssynergiamay be
aprominent fegture.

Symplomatic Management

Trestment of condtipation, a liberd fluid intake and regular complete
voiding are most important. In children with detrusor instability
anticholinergic agents such as oxybutynin or tolterodine may be useful.
Petients with dysfunctional voiding and having large post residua
volumes, it is important to lower intravesical pressures with clean
intermittent cathterisation. Motivational therapy and behaviour
modification messures are undertaken as necessary.

Recurrent UTI with no obvious abnormality®®
Insomechildrenwithrecurrent UTI nostructurd or functiona abnormality
aopears to be present. It isimportant to appreciate that asymptomeatic
bacteriuriadoes not require antibiotic thergpy. For symptomatic recurrent
UTI, prophylactic antibiotic administration has been employed, using a
single dose of nitrofurantoin or cotrimoxazole given at bedtime.
Nonspexcific measuresinduding useof vitaminA, probicticsand cranberry
juicehavebeentried and may bebeneficid inindividud cases. Lactobedilli
adhere to mucus and form a biosurfactant barrier that could prevent
attachment of uropathogensto epithelia receptorsand may modulatethe
host immune system®. Their usefulness is currently being examined.
UTI surveillance is, however, important since UTI may occur despite
indituting non specific meesures.

CONCLUSIONS

Urinary tract infectionsare common ininfantsand children and may lead
to serious complications. UTI must be suspected, confirmed by careful
urine examination and adequately trested. |maging procedures of kidney
and urinary tract should be considered in every case of UTI. Besides
gructurd abnormdlities and vesicoureteric reflux, voiding dysfunction
should be looked for and appropriately managed.
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RECENT ADVANCESIN THE MANAGEMENT OF STEROID
SENSITIVE IDIOPATHIC NEPHROTIC SYNDROME

Sanjeev Gulati
Department of Nephrology & Transplant Medicine,
Fortis Hospital, Aruna Asaf Ali Marg, New Delhi-110070, India

(Abstract : Nephrotic syndrome is one of the commonest renal problems encountered in day to day nephrology practice. Abou?
90% children with idiopathic nephrotic syndrome have ‘minimal lesion’ (MCD) on renal histological examination and re-
spond promptly to corticosteroid therapy with remission of proteinuria. Hence children without any atypical features are not
subjected to biopsy and managed as presumed MCD. The ability to achieve a remission is the single most important step that
helps in preventing the onset of chronic renal failure and progression to end stage renal disease (ESRD). A small proportion
of patients who are steroid resistant are also at risk for various complications and renal insufficiency. Prednisone continues
to be the sheet anchor of therapy. Based on the response to steroid treatment these patients can be classified on follow up into
steroid response categories. Alternative agents are recommended for children who are frequent relapsers, steroid dependent
and steroid resistant. These children should be managed in consultation with a pediatric nephrologist. These children need

\to be monitored for side-effects of the drugs as well as complications of the disease.

J

INTRODUCTION

Nephrotic syndrome is one of the commonest renal problems
encountered in day to day nephrology practice. In children it has a
reported incidence of 2 per 100,000 per year and a cumulative
prevalence of 16 per 100,000 Its prevalence is strongly influenced
by ethnic factors and it is more common in blacks and Asians as
compared to Caucasians.

About 90% children with idiopathic nephrotic syndrome have
‘minimal lesion’ on rena histological examination and respond
promptly to corticosteroid therapy with remission of proteinuria.
Approximately three-fourths of these patients have one or more
relapses that require repeated treatment with corticosteroids. Such
patients are a high risk of corticosteroid toxicity, frequent serious
infections and other complications. A small proportion of patients
who are steroid resistant are also at risk for similar complications
and renal insufficiency.

DEFINITION

Nephrotic syndrome is characterized by heavy proteinuria,
hypoal buminemia, which is usualy associated with hyperlipidemia
andedema. A urinealbumin > 40 mg/m? per hr (ona6-12 hr sample)
in childrenisconsidered asnephrotic rangeproteinuria. Alternatively
a protein/creatinine (mg/mg) ratio > 2 is indicative of nephrotic
range proteinurig?. Hypoproteinemiais defined as serum albumin
< 2.5g/dl and hyperlipidemiaisconsidered to be present when serum
cholesterol > 200 mg/dl. In most instances, the finding of 3+/4+
proteinuria (on dipstick or boiling test) is adequate for defining
nephrotic range proteinuria. Precise quantitative assessment of
proteinuriaisnot essential and a24-hr urine protein measurement is
not required for the diagnosis of nephrotic syndrome.

HISTOPATHOLOGY

In children minimal change disease (MCD) is the commonest cause
followed closely by focal glomerulosclerosis (FSGS). In our study

thedistribution of histopathological typeswas significantly different
in different age groups. MCD was the commonest histopathological
type in children younger than 8 years while MPGN was the
commonest type between 8 -12 years and between 12-16 years®.
Although MCD remainsthe commonest cause of idiopathic nephrotic
syndrome in children, there have been reports of increasing
prevadenceof FSGSinboth children and adult patientswith idiopathic
nephrotic syndrome®.

GENETICS

There is no gene that has been localised for the vast mgority of
children with steroid responsive nephrotic syndrome.. Mutations of
NPHSL, NPHS2, ACTN4 and WTI genes are responsible for severe
forms of SRNSin childhood, progressing to end-stagerenal failure®.
Positiona cloning has reveaed defectsin these 4 different genes as
monogenic causes of SRNSin familia cases (Table 2)*. However no
gene has been locdised for the vast mgjority of children with steroid
sensitive nephrotic syndrome. We evaluated the associations of the
HLA class Il associations in Indian children with INS and studied
the correlation with the severity of the clinical coursein terms of the
steroid response categories. We observed that the dlele DR-b1* 150X
was amarker of steroid resistance.

INVESTIGATIONS

Screening investigations to be carried out at the initial episode are:

a) Urinalysis, completeblood count, blood levelsof total protein,
albumin, cholesteral, triglycerides, urea and creatinine

b) If persistent microscopic or gross hematuria: blood levels of
antistreptolysin O,C,

¢) Evaluate for underlying illness, if clinically suspected (e.g.,
antinuclear antibodies for systemic lupus erythematosus)

d) Urine culture, if urinary tract infections are clinically
suspected

€) X-ray chest, Mantoux test
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12

JIMSA January-March 2009 Vol. 22 No. 1

0) Hepatitis B surface antigen

f) Kidney biopsy : All children with idiopathic nephrotic
syndrome are managed as presumed MCD. Kidney biopsy is
recommended in children in the following situations: (i) age
of onset of NSlessthan 1 year (ii) no response to 4 weeks of
standard prednisolone therapy i.e who are steroid resistant
(iti) children with 2 or more unusual clinical features
(hypertension, gross hematuria) and /or laboratory
abnormalities(abnormal renal functions)*.

MANAGEMENT

It has been demonstrated that the adequacy of initia therapy effects
the subsequent course of illness’. Moreover the ability to achieve a
remission is the single most important step that helpsin preventing
the onset of chronic rend failure and progression to end stage renal
disease (ESRD), especially in case of Focal Segmental
Glomerulosclerosis (FSGS) and Membranoproliferative
Glomerulonephritis(MPGN). Thusthe economic benefits of timely
and appropriate management of patientswith NS are enormous. This
isespecially true for developing countries like ours where treatment
for ESRD is neither easily available nor affordable for the vast
majority. Appropriatetherapy helpsin minimizing side effectsbesides
decreasing referralsto tertiary care centers.
Prednisone
MCD s the commonest cause of nephrotic syndrome in children .
Children without any atypical features are not subjected to biopsy
and managed as presumed MCD.
It is believed that MCD, mesangia proliferative glomerulonephritis
(MesPGN) and focal segmental glomerulosclerosis (FSGS) are
different ends of the same spectrum of disease. All these entitiesare
treated by a common protocol for steroids and cyclophosphamide?.
(a) Treatment of Initial Episode
Adeguate treatment of the episode is extremely important.
Current evidence suggeststhat treatment of theinitial episode
influences the subsequent course of theillness?. Theintensity
of initial treatment may decrease the rate of subsequent
relapses. It is necessary to treat infections before starting
treatment with prednisolone. The management consists of 6
weeks daily prednisolone therapy in doses of 60mg/m?day
followed by 6 weeks of 40mg/m?alternate day for the next 6
weeks®. The prednisone is then tapered over the next 2-3
months (not exceeding a total duration of 7 months). We
have shown that slow tapering of prednisoneresultsin alower
relapse rate as compared to abrupt stoppage, after the initial
12 weeks in the management of first episode of nephrotic
syndrome’.
(b) Treatment of Relapse
The patient should be examined for infections, which are
treated before initiating corticosteroid therapy. Prednisolone
isadministered in adose of 2 mg/kg/day (single or two divided
doses) until urine protein is trace or nil for 3 consecutive
days, or for two weeks. Subsequently, prednisolone is given
in a dose of 1.5 mg/kg on alternate days for 4 weeks, and
then discontinued®. The usual duration of treatment for a
relapse is thus 5-6 weeks. Prolongation of therapy is not
necessary for patients with infrequent relapses (see below).
In case the patient is not in remission despite two weeks

treatment with daily prednisolone, such treatment might be
extended for two more weeks.

Based on the response to steroid treatment these patients can be

classified onfollow upinto steroid response categories (asper ISKDC

guidelines); infrequent relapsers (IFR) children with less than 2

relapses over 6 months, frequent relapsers (FR) children with 2 or

more relapses over 6 months, steroid dependent (SD) - children with

2 consecutive relapses within 2 weeks of stoppage or tapering of

steroid, initial non responders (INR) - children with no response to

steroid therapy for 4 weeks and subsequent non responders (SNR) -
children who responded to steroid initialy but secondarily become
steroid resistant. Of the 116 children of idiopathic nephrotic syndrome
with follow up of more than 6 months in our series who could be
categorized into adefinitive category, infrequent relapsers congtituted
the majority (37.9%) followed by FR (21.6%), SD (18.1%), INR

(17.3%) and SNR (5.1%)°.

Alternative agents

For patients who are FR and SD, avariety of therapeutic modalities

have been tried®>™.

(A) Cyclophosphamide Treatment with cyclophosphamide may
be considered in patients showing, i) significant steroid
toxicity, ii) severe relapses with hypovolemia or thrombosis
and iii) poor compliance or follow up. Cyclophosphamide
(2mg/kg/d) and chlorambucil (0.5mg/kg) have an established
role in prolonging remission in FR (given for 8 weeks) and
SD (given for 12 weeks). Intravenous pulse
cyclophosphamide in monthly doses of 500mg/ m? is an
alternative modality . In our study the overall response rate
of 49% was comparable to that reported previously.
Furthermore the response was observed at 40% lesser
cumulative dose'. An additional advantage of the IVCP
regimen was a better tolerance and hence a better
compliance.We have found this modality to be efficaciousin
steroid resistant MCD and FSGS.

(B) Levamisole: Levamisole has a weak steroid sparing effect
and is useful in milder cases. The other alternatives available
include Levamisole (2.5mg/kg/alternate day for 3 months).
A longer duration of therapy of 6-18 months concurrent with
alternate day prednisolone has been found to be reducing the
relapse rate of SDNS°.

(C) Long term low dose prednisolonein a dose of 0.25mg/kg/
day for 18 months have been found to be beneficial in FR
group.

(D) Cyclosporine: Thisgiveninadaily dose of 5mg/kg isanother
therapeutic alternative. Cyclosporine is recommended for
patients that continue to relapse despite a course of
cyclophosphamide. It has aresponse of 80%. However it has
a number of side-effects including hirsuitism, gingival
hypertrophy, besides nephrotoxicity. However it is advisable
to monitor serum levels of these agents periodically and
perform kidney biopsies annually if therapy is prolonged
beyond a year. In addition these patients have a potential of
becoming cyclosporine dependent.

(E) TacrolimusTacrolimusisacalcineurin inhibitor that ismore
potent in cytokine suppression than cyclosporine. The main
mechanism of action of tacrolimus is through the inhibition
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of 1L-2 dependent T-cell activation, a process occurring
during the early phase of T-cell activation Tacrolimusis newer
calcineurin inhibitor that has far less cosmetic side-effects. It
has been found to be an efficacious agent in steroid resistant
nephrotic syndrome and can be used in children who are
frequent relapsers or steroid dependent who continue to
relapse despite other therapies. The advantages of using these
drugs should be balanced against their potential nephrotoxicity
Hence it is advisable to monitor serum levels of these agents
periodically and perform kidney biopsies annually if therapy
is prolonged beyond a year. Most SD children can be
maintained in remission with cyclosporine or tacrolimus, but
relapses usually occur when the therapy is stopped.

(F) Mycophenolate M ofetil (MMF) is another newer agent that
has been used in children with FRNS and SDNS. It is a
prodrug of mycophenolic acid (MPA) which is formed by
hydrolysis. MPA is a potent, selective, uncompetitive, and
reversible inhibitor of iosine monophosphate dehydrogenase.
Thelatter isan enzyme required for de novo purine synthesis.
MPA inhibits B and T-lymphocyte proliferation, asthese cells
are critically dependant upon de novo purine synthesis for
their proliferation whereas other cell typescan utilize salvation
pathways for purine synthesis. It hasresponse rate of 25%in
children with FRNS whereasin SDNS these children relapse
after stoppage of therapy. It isa useful agent in children who
become cyclsoporine dependent, asCsA whichispotentially
nephrotoxic, can be weaned off under cover of MMF.
Pefloxacin, an antibiotic with immunomodulatory effect can
also be used in dose of 25mg/kg/day both in relapsing and
resistant cases?. A metanalysis revealed that
cyclophosphamide was the only agent whose effect persisted
beyond the stoppage of therapy.

(G) Rituxumab is an anti CD 20 monoclonal antibody that has
been found to be very effective in these children with steroid
dependent nephrotic syndrome .The exact mechanism of
action of rituxumab in idiopathic NS is not known. The
following effects have been found that may possibly explain
its efficacy viz. down regulation of &-cell receptors, shedding
of CD 23 cells and apoptosis of CD20" cells, general
regulatory effects on the cell cycle, and increasesin MHC 11
and adhesion molecules LFA-1 and LFA— 3 (lymphocyte
function — associated antigen). It has been found that 2 doses
given at aninterval of 2 weeks canlead to sustained remission
in these children.

Supportive care

This forms an important aspect of managing children with nephrotic
syndrome.

Diet A baanced diet adequatein protein and ca oriesisrecommended.
The child should receive 1.5-2 g/kg of proteins. Patients with
persistent proteinuria are prone to malnutrition and should receive
2-2.5 g/kg of protein daily®. Not more than 30% calories should be
derived from fat and saturated fats avoided. Carbohydrates are best
given in complex forms (starch and maltodextrin). Salt restriction is
not necessary in most patients with steroid responsive nephrotic
syndrome. A modest reduction (1-2 g per day) is advised in the
presence of marked edema. Salt should not be added to salads and
fruits, snacks containing high salt are avoided during these periods.

Corticosteroids stimulate the appetite, and advice should be given
about ensuring physica activity and preventing excessive weight
gain.

Edemacontral. This isanintegra part of supportive care. Treatment
with corticosteroids usualy leads to diuresis within 48-72 hours.
Diuretics are thus avoided unless edema is significant and should
not be used in children with diarrhea, vomiting or hypovolemia. In
moderate or persistent edema, frusemide is administered in adose of
1-3 mg/kg per day. Additiona treatment with potassium sparing
diuretics (e.g., spironolactone) is not required if frusemideisused in
thisdose for less than one week. Patients requiring higher doses and
prolonged duration of treatment with frusemide should receive
amiloride or spironolactone (dose 2-4 mg/kg daily). Blood pressure
should be monitored frequently. A gradual reduction of edema, over
oneweek, ispreferred®. Edema not responding to the above therapy
should be managed in a hospital under close supervision. For
refractory edema, a combination of diuretics and albumin infusion
may be used. Infusion of abumin is followed by administration of
frusemidein adose of 1-2 mg/kg intravenoudly. Though infusion of
albumin resultsin increased urine output, the effect is not sustained,
especially in patients with steroid resistant nephrotic syndrome.
Albumininfusionsareusudly administered on dternate daysto dlow
fluid shifts to occur and prevent fluid overload. Patients receiving
albumin should be carefully observed for respiratory distress and
congestive heart failure. Refractory ascitesinterfering with respiration
or associated with breaks in the skin may be removed by repeated

tapping.
COMPLICATIONS

Infections

These remain an important complication of children with nephrotic
syndrome, especialy indevel oping countrieslike ours. Besidesbeing
the commonest cause of mortality, infections result in significant
morbidity. They may also be responsiblefor non-responseto steroids
or induce arelapsein achild who has dready attained remission. A
knowledge of the spectrum of infections isimportant not only from
the therapeutic point of view, but also for planning preventive
strategieslike pneumococca vaccination and prophylactic antibiotics.
Evaluation of al patients both admitted as well as those being
followed up on an outpatient basisrevealsthat urinary tract infections
were the commonest (13.7%), followed by pulmonary tuberculosis
(10.4%), peritonitis (9.1%), skin infections (5.2%), recurrent upper
respiratory infections(5.2%), lower respiratory tract infections(3.9%)
and pyomeningitis (0.6%)%.

Thrombotic Complications

Children with nephrotic syndrome are at risk for venous and rarely,
arterial thrombosis. Reduced intravascular volume and other
abnormalities predispose to thrombus formation. Diuretics should
be used judiciously. Puncture of degp vessels should not be done.
Renal vein thrombosis is suspected in a patient with oligoanuria,
hematuria or flank pain especially following an episode of
dehydration. Ultrasound examination of the abdomen might show
largekidneysand thrombi in renal veins. Femora arteria thrombosis
may occasionaly occur. Deep vein thrombosis of caf veinsisless
common in children but may lead to pulmonary embolism. Saggital
sinusand cortical venousthrombosismay follow episodesof diarrhea
and present with convulsions, vomiting, altered sensorium and
neurologica deficits. Doppler studiesand cranial CT scan are useful
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in confirming the diagnosis. Patients with thrombotic complications
require urgent trestment under the supervision of a specidist. The
treatment is supportive and consists of early mobilization, treatment
of sepsis, prompt treatment of dehydration and cautious use of
anticoagulants.

Hypertension

This may be noted at the onset of nephrotic syndrome or occur due
to steroid toxicity. Therapy may be initiated with ACE inhibitors,
calcium channel or beta adrenergic blockers.

Hypovolemia

This complication can occur due to unsupervised use of diuretics
especialy if accompanied by septicemia, diarrhea or vomiting. The
diagnosisis suggested by the presence of hypotension, tachycardia,
cold extremities and poor capillary refill. Blood levels of urea and
uric acid are elevated. Some children might complain of moderateto
severe abdominal pain. A rapid infusion of normal saline or plasma
in adose of 15-20 mi/kg, or albumin 1g/kg is essential. The blood
pressure should be monitored carefully. Albumin should be used with
caution if the child is hypertensive because of the risk of pulmonary
edema. Once adequate hydration is achieved, but the child remains
oliguric, asingle dose of frusemide (1-2 mg/kg intravenously) may
be given. In case no urine is passed despite these measures, the
diagnosis of acute rend failure is suspected.

Metabolic bone disease

There is recent evidence that children with idiopathic nephrotic
syndrome (INS) are at risk for metabolic bone disease(MBD) dueto
biochemical derangements caused by the rend disease, as well as
steroid therapy. Therisk isgreater inthose who receive higher doses
of steroids (FR,SD and INR). Prophylactic calcium and vitamin D
supplements help in minimizing the risk of low bone density in these
children.
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LITERATURE REVIEW

Laparoscopic Kidney retrieval in donor with an extended criterion: Assessing the safety and outcome
Arvind R. Ganpule, Mahesh R. Desai and Shashikant Mishra. Ann Natl Acad. Med <ci (India), 44 (3): 165-175,2008.

Thereisan ever increasing need to accommodate deserving transplant recipients coupled with the relative paucity of active cadaver transplant
programme. The terms extended donor criterion and margina donors are confusing, they may simply mean usage of suboptimal quality
cadaver rend grafts, non heart beating donors and living donors with some acceptable medical risks. We haveidentified old age, hypertension,
diabetes mellitus, obesity, and anatomical anomalies such as multiple vessels and double ureters as extended indications for laproscopic donor
nephrectomy (LDN) as we fedl these donors require consideration surgical/medical expertise and acumen to attain good results.

Theterm marginal kidney donor/extended donor criterion isnot clearly defined. In the article we assessthe safety and outcome of |aparoscopic
donor nephrectomy (LDN) in donors with an extended criterion. A retrospective analysis of our database was done to assess the outcome of
extended donor. Analysis was done between normal donors (group 1) and donors with extended criterion (group 2). The parameters analyzed
were pre and past operative serum creatinine in donors and recipients, serum creetinine at day 1,7,30 days and 1 year in recipients, operative
time, warm ischemia time, analgesia requirement in donors and impact of extended criteria on recipient outcome. Group | and Il recipients
had comparable creatinine at 1 year. Donors with BMI more than 30 kg/m? required extended hospital stay. Recipient’s creatinine, with single
vs. multiplevessel donorswas comparableat 1 year. Donorswith urolithiasishad good reci pient outcome. The donor creatininewas comparable
in extended and non extended indication donors. In our study, LDN was found to be safe, feasible and efficacious in donors with extended
indications such as old age, BMI more than 30, multiple vessels and anatomica anomalies. Recipient outcome for donors with normal vs.
extended criteriawas comparable at one year follow up. All donors with extended criterion had normal post operétive cregtinine levels at two
years follow up; long term follow up would be of interest.




JIMSA January-March 2009 Vol. 22 No. 1
. —

KIDNEY TRANSPLANTATION IN CHILDREN

Sanjeev Gulati, Vijay Kher
Fortis Ingtitute of Renal Sciences & Transplantation, Sector B, Pocket 1, Aruna Asaf Ali Marg,
New Delhi - 110070, India

(Abstract : There are various modalities to treat children with ESRD i.e. hemodialysis, chronic ambulatory peritoneal dialysis anc?
renal transplant. Satisfactory rehabilitation of uremic children can be achieved by renal transplantation, with dialysis only bridging
the period of terminal insufficiency, until transplantation becomes possible. Wth recent advances in medical technology and avail-
ability of expertise, transplantation has become the gold standard for management of children with chronic kidney disease. Cur-
rently it is recommended that all children with chronic kidney disease should be worked up for a pre-emptive kidney transplant
(transplant without prior dialysis). All potential pediatric recipients of transplants should receive standard immunizations at least
6 weeks prior to transplantation. The immuosuppressive protocol consists of induction antibody treatment (referred to as quadruple
immunosuppression) followed by CNI, MMF/ azathioprine and prednisone. The major limiting factor for this protocol in our
country is the affordability. The long term outcome is excellent. In the Swedish study of children, which evaluated long term
outcomes in children who received cyclosporine, prednisolone, and azathioprine, 5 and 10 year allograft survival rateswere 77 and
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\ 66 percent, respectively. Patient survival is better in pediatric renal transplant recipients than adults. )

INTRODUCTION

The point prevalence of end stage rena disease (ESRD) in the
pediatric population is 55 per million-child population®. There are
various modalities to treat children with ESRD i.e. hemodialysis,
chronic ambulatory peritoneal dialysis and renal transplant.
Satisfactory rehabilitation of uremic children can be achieved by
rend transplantation, with dialysisonly bridging the period of terminal
insufficiency, until transplantation becomes possible.

INDICATIONS

With recent advances in medical technology and availability of
expertise, transplantation has become the gold standard for
management of children with chronic kidney disease. Currently it is
recommended that al children with chronic kidney disease should
beworked up for apre-emptivekidney transplant (transplant without
prior dialysis). In devel oping countries, considerations of cost remains
amajor impediment in its widespread use®.

CONTRAINDICATIONS

Children with acute or chronic active infection and those with
malignancy are not generally candidates for kidney transplantation.
Most centers consider transplantation in achild who hasbeen disease
free for 2 years following treatment of cancer.

Transplantation is also contraindicated in any child or family with a
history or high likelihood of noncompliance with a prescribed
medication regimen. Active systemic lupus erythematosus and
Goodpasture disease are also contraindications to transplantation
because these processes can damage an alograft. The successrate of
rend transplantation in very young children, especidly thoseyounger
than 1year, issignificantly lessthan that in older children. Therefore,
carefully evaluate al alternatives for treatment of ESRD. Generally,
continuous ambulatory peritoneal dialysis (CAPD) is the preferred
method of treatment of children younger than 1 year. However, CAPD
may not be possible because of peritoneal scarring. Hemodiaysisis
difficultin very small children. In such persons, transplantation may
be the best option.

LABORATORY EVALUATION

Twenty-four—hour urine collection for creatinine clearance
Complete blood cell count

Basic metabolic panel

Coagulation evauation

Virdl titers (HBV, HCV, HIV, EBV, HSV)

Panel reactive antibody

IMAGING EVALUATION

Chest radiography

Imaging of the kidneys and renal vessels

In the past, this included intravenous pyelography and

angiography.
However, current radiol ogic techniques provide suitable imaging of
the entire urinary tract with 3-dimensional computed tomography
(3D CT) scanning or magnetic resonance angiography (MRA) using
gadolinium to demongtrate the vascular anatomy.

IMMUNIZATIONS

All potential pediatric recipientsof transplantsshould receive standard
immunizations at least 6 weeks prior to transplantation .

Specid attention needs to be given to the live-attenuated vaccines,
including varicellaand mead essmumps-rubella(MMR), becausethe
risk of active disease following vaccination is increased in children
who are immunocompromised. Similarly, inactivated polio vaccine
(IPV) isindicated, rather than oral polio vaccine (OPV). Family and
household contacts also should receive MMR and varicella vaccine
as indicated.

Although the HBV vaccineis routinely administered to al children
now, nonimmunized children still must be immunized with this
vaccine. Therecommended dose scheduleisat 0, 1, 2, and 6 months.
Periodically monitor the antibody level after transplantation and
administer a booster to those with low titers (<10 miU/mL) .

It is suggested that routinely an annud influenza vaccine should be
given to children with transplants and their family and/or household
contacts.

Correspondence: Dr. Sanjeev Gulati, Sr Consultant, Nephrology e-mail: sgulatipedneph@yahoo.com
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OPERATIVE PROCEDURE

In larger children, as in adults, the rend dlograft is placed in the
iliac fossa outside the peritoneal cavity. A curved lower abdominal
(Gibson) incision is made in either lower quadrant, and the iliac
vessels are exposed. The rendl artery is anastomosed either to the
externa iliac or the internd iliac artery.

In past decadeswhen dlograft survival ratesweresignificantly lower,
use of the internal iliac artery for afirst kidney transplant was more
common because this left the externa iliac artery available for
subsequent grafting. Currently, most kidney transplantsare performed
using the externa iliac artery for blood supply. The rena vein is
anastomosed to the external iliac vein. With the kidney perfused, the
ureter is anastomosed to the bladder, using an extravesica technique
that avoids opening of the bladder.

Infants and small children require modification of the standard
surgica approach because of their size. Although transplantation of
asmall kidney into ayoung child can be performed using the approach
and technique described above, most children receive an adult-sized
kidney transplant. Through a midline incision, the peritoneal cavity
is entered and the great vessels are exposed The rena vessels are
then anastomosed to the abdomina aorta and inferior vena cava.
The common iliac artery and vein can also be used, depending on
the size of the kidney and the recipient. The ureter is anastomosed to
the bladder as described above.

Approximately 1 in 4 children presenting for transplantation have
ESRD fromurologic abnormadities. A small but significant proportion
of these children have abnormal urine storage function due to a
neurogenic bladder, lower urinary tract obstruction, reflux, or a
congenita anomaly of the bladder or urethra(eg, exstrophy, posterior
urethral valves). In addition, some children may have lost their
bladders as aconsequence of malignancy, radiation, or scarring from
chronic infection. Despite these challenges, kidney transplantation
can be successful in these patients.

Several reports describe drainage of a kidney transplant ureter to an
augmented bladder, an incontinent urinary conduit, or a continent
urinary reservoir with allograft survival comparabletothat in children
with normal bladders (Hatch, 1993). Such recipientsare at increased
risk of urine infections; therefore, closely monitor them. When
necessary, clean intermittent catheterization has been successfully
used in these patients to drain the urine.

MEDICAL THERAPY

Modulation of the normal immune response mechanisms is a vita
prerequisite to successful organ transplantation. The cascade of
immunologic events triggered by the presence of foreign antigens
can be interrupted or diminished at severa key points.
Antibodies
Many antilymphocyte antibodies have been used in transplantation.
Polyclona antibodies provide a relatively less specific impairment
of lymphocyteactivity. Monoclonal antibodies (ie, muromonab-CD3,
daclizumab, basiliximab) provide more specific inhibition of
lymphocyte function. Antibodies are used for induction (temporary
use immediately following transplantation, while other
immunosuppressive agents are adjusted) and for treatment of acute
rejection.
*  Names- Antithymocyte globulin (eg, Thymoglobulin, Atgam),
muromonab-CD3 (Orthoclone OKT3), daclizumab
(Zenapax), basiliximab (Simulect)

e Method of action - In general, antibodies used in
immunosuppression interfere with the function of T
lymphocytes; lysis of lymphocytes with a resulting
lymphopenia caused by some agents; some antibodies cover
or impair function of cell surface markers necessary for
recognition and processing of foreign antigensin the cascade
of the immune response; others may result in an increase of
suppressor T lymphocytes

* Dose - Varies according to center and use

e Antithymocyte globulin (Atgam), dose - 10-15 mg/kg/d IV
administered once daily for 5-14 days; many centersvary the
duration, discontinuing the antibody when cyclosporine or
tacrolimus levels are consistently within therapeutic range

e Daclizumab dose - 1 mg/kg IV on the day of transplant and
repeated at weeks 2, 4, 6, and 8 following transplantation;
some centers use only 2 doses in adults and older pediatric
recipients (teenagers)

e Basiliximab dose: Children aged 2-15 years - 12 mg/n? 1V
administered within 2 hours prior to transplantation and
repeated 4 days following transplantation

Patients older than 15 years - 20 mg |V administered within 2 hours
prior to transplantation and repeated 4 days following it.
Corticosteroids
Methylprednisolone dose - 10 mg/kg IV immediately prior to
transplant with relatively rapid conversion to prednisone and tapering
of dose over 12 weeks to baseline dose of 0.3 mg/kg/d PO. Adverse
effects are hirsutism, acne, hypercholesterolemia, hyperlipidemia,
avascular necrosisof the hip, glucoseintolerance, growth retardation,
gadtritis, gastric ulcer, obesity, cataracts, impaired wound healing
and mood dteration. In an effort to increase growth of pediatric
recipients of kidney transplants and to avoid adverse effects, some
centerstaper and ultimately discontinue corticosteroidswithin 1 year
of transplantation. Others have used steroid free protocols alongwith
aggressive induction and mantainece therapy.

Antimetabolites

These are useful adjunctive agents in any immunosuppressive

protocol.

Mycophenolate mofetil , Azathioprine

e Method of action: Inhibition of cell proliferation
Mycophenolate mofetil blocks inosine monophosphate
dehydrogenase, an enzyme necessary for purine synthesis
specifically in lymphocytes. This provides more specific
immunosuppression for transplantation than azathioprine.
Azathioprine impedes purine synthesis, thus impairing cell
division and proliferation.

e Dosage: Mycophenolate mofetil, dose- 1200 mg/m?d PO
divided in 2 doses Azathioprine, dose - 1-2 mg/kg PO once
daily.

Calcineurin inhibitors

These constitute the sheet anchor of most modern day

immunosuppressive protocols.

* Method of action — They block production of or action of
IL-2 or other cytokines

* Dosage- Cyclosporine,8-10mg /kg/d PO divided twice daily;
dose adjusted to maintain trough whole blood level of 325-
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400 ng/mL or a 2-hour peak level of 1,000-1,200 ng/mL;
absorption and metabolism vary considerably; therefore,
adjust dose individually; very young children and those with
rapid metabolism of the drug may require 3 doses per day to
maintain adequate trough level
e Tacrolimus: 0.2-0.3 mg/kg/d PO divided twice daily; dose
adjusted to maintain trough whole blood level of 9-12 ng/mL
in first 3 months following transplantation
e Sirolimus: 2 mg/m? PO once daily, administered 4 hours
following cyclosporine; dose adjusted to maintain trough
whole blood level of 8-15 ng/mL ; simultaneous ingestion of
fat may decrease absorption; patients should take sirolimus
consistently either with or without food; it should not be taken
with grapefruit juice (impairs absorption).
Adverse effects of immunosuppressants
e Cyclosporine - Hypertension, nephrotoxicity, hirsutism,
gingival hyperplasia, neuropathy, increased susceptibility to
infections, increased risk of malignancy
e Tacrolimus - Nephrotoxicity, neurotoxicity, hyperglycemia,
hyperkalemia, increased susceptibility to infections, increased
risk of malignancy
e Sirolimus - Hypercholesterolemia, hyperlipemia,
hypertension, rash, increased susceptibility to infections,
increased risk of malignancy, interstitial pneumonitis
Current Immunosuppressive Protocols
Data in children from the NAPRTCS study suggests that antibody
induction therapy gives better results in pediatric transplantation®.
Most centreshave started using induction antibody treatment (referred
to as quadruple immunosuppression) the mgjor limiting factor being
the affordability. At SGPGIMS, which has emerged as one of the
largest pediatric transplant centres in our country, so far performed
morethan 100 kidney transplantsin children. Inour initial experience
with 39 kidney transplants, a triple drug regimen of Csa,Aza and
Prednisonewas the cornerstone of immunosuppressioninthispublic
sector hospital®. We also observed that discontinuation of Csawas a
major reason for poorer long team graft survivals’. There hasbeen a
dramatic increase in the use of tacrolimusinstead of cyclosporinein
view of the cosmetic advantages and superior potency. It has been
estimated that treating 100 recipients with tacrolimus instead of
cyclosporine for the first year after transplantation avoid 12 patients
having acute rejection and two losing their graft but causes an extra
five patients to develop insulin dependent diabetes. In our country
too, use of tacrolimus is gaining popularity in pediatric transplants.
Wewereamongst thefirst to usetacrolimusbased protocol in children
inour country. Inour seriesof the last 30 children at SGPGIMS, we
changed over to Tacrolimus, MMF and Prednisone as the standard
immunosuppresive protocol. The mgjor limitation to itswidespread
useremain the easy availability of drug level estimation. In contrast
quadruple immunsospression using antibody induction with
tacrolimus has been the norm at leading private sector hospitals(Kher
etal. personal communication) Excellent rehabilitation wasobserved
with most children with functioning grafts, attending their school or
college normally, doing well in both curricular and extracurricular
activities®.

FOLLOW-UP CARE

Laboratory studies

e Complete blood cell count: CBC is performed to detect
leukopenia (potential adverse effect of some
immunosuppressive agents), leukocytosis (evidence of
infection), and anemia.

e Serum electrolytes and liver enzyme tests: These tests are
performed to monitor K*, PO, (hypophosphatemia common
following successful kidney transplantation), and liver
enzymes (hepatotoxicity from immunosuppressive
medications).

e CNI trough levels: Because absorption and metabolism of
cyclosporine and, to a lesser degree, tacrolimus can vary
considerably, periodically measuring trough drug levels is
important.

Imaging studies

e Ultrasonography: By far the most useful imaging technique
following transplantation, ultrasonography allows rapid
visualization of the kidney, the collecting system, and the
vessels. Color Doppler ultrasonography detects abnormalities
of blood flow, including kinking of the artery or vein and
thrombosis . Ultrasonography also aids in the detection of
obstruction (hydronephrosis), lymphocele, urine or blood
leakage (perinephric fluid collection), and kidney stones
(rare).

Over the last decade there has been tremendous improvement in

patient and graft survival. However these children remain at risk of

numerous complications. The important long-term complications
are as follows. (A.)Infections; (B.)Acute regjection; (C.) Chronic
rejection; (D.) Rend artery stenosis, (E.) Madlignancy; (F.) Growth;

(G) Gréft loss; (H.)Patient desth.

RENAL ALLOGRAFT SURVIVAL

The outcome of rend transplantation in children hasimproved over
the last several decades, a period which coincides with the
introduction and widespread use of cyclosporine and other
immunosuppressive agents'. In addition to the efficacy of newer
immunosuppressive regimens, other general factors implicated in
the success or failure of arend allograft in children include®?:

(1.) source of donor kidney living-related donors; (2.) HLA
compatibility; (3.) age of the donor and recipient; (4.) presence of
preformed anti-HLA antibodies (sensitization); (5.) prolonged cold
ischemia time; (6.) ethnicity of the recipient; (7.) history of foca
glomerulosclerosis; (8.) acute rejection episodes,

The most common etiology of alograft loss among children and
adolescents is rgjection. Acute and chronic rejection caused almost
half of the kidney transplant losses reported by members of the
NAPRTCS™". This was true for both initial and second kidney
transplant failures. Other causes in order of decreasing frequency
include technical complications including thrombosis, death with a
functioning kidney, recurrent or de novo kidney diseases, primary
nonfunction, noncompliance with immunosuppression, and others.
In our series the 1-year patient and graft survival was 89%. Three
year patient and graft survival was 70%. Kaplan Meier reveaed
actuarial graft survival at 5 years of 50%. Twelve children
discontinued CsA after 1 year post transplant and 5 of these had a
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graft loss. Graft losses were significantly greater in patients who
discontinued CsA (5/12 vs 2/22) as compared to those who continued
CsA®,

PATIENT SURVIVAL

Patient survival is better in pediatric rena transplant recipients than
adults. In most pediatric series, mortality rates have decreased in
recent years®. In datafrom the North American Registry, seven-year
patient survival exceeded 90 percent in dl recipientsof living related
or cadaveric donors, other than 0- to 1-year-old recipients of cadaveric
donor kidneys. Patient surviva is higher for living related graft
recipients than for cadaveric graft recipients. Patient survival is
significantly lower for very young (<1y) recipients™. Infant recipients
of cadaveric kidneys have the highest mortality rate. The mortality
ishigher for very young children, and may vary with the underlying
renal disease. Asan example, the outcome after renal transplantation
may be worse in children with lupus nephritis.

GROWTH

Most children haveanimprovement in statural growth after successful
renal transplantation; however, complete catch-up growth is
infrequent™ . The most important factors limiting growth after renal
transplantation are renal graft function and corticosteroid therapy:
Catch-up growth is only observed with norma or nearly normal
function of the allograft. Growth is impaired when the dose of
corticosteroidsis above 5 mg/m2 per day. These agentsinteract with
the growth hormone insulin-like growth hormone axis, and are
therefore associated with decreased levels of growth hormone and
insulin-like growth hormone activity. Children who receive living-
related donor (LRD) grafts appear to have better growth compared
to those who receive cadaveric (CAD) donor grafts®®. Growth
hormone can be used safely in children who are more than 1 year
post transplant and have stable graft function. Recently there has
been a tendency to use steroid free protocols/ steroid minimization.
In our anecdota experience they have resulted in significant gain in

height without any increased rejection rate.

Thusrenal transplant has revolutionized the therapy of children with
end stagekidney disease. From what once considered an experimental
procedure, it hasover thelast 3 decades evolved asthegold standard
for therapy of these children.
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LITERATURE REVIEW

Recovery of renal function after 90 days on dialysis: implications for transplantation

in patients with potentially reversible causes of renal failure
Sddiqui Set al Clin Transplant 2008: 22: 136-140. yy 2008 Blackwell Munksgaard

Late recovery of renal function in patients requiring dialysis is awell recognized but an uncommon phenomenon.
Moves to increase the number of live donor transplants and the recognition that early transplantation is associated
with better graft survival; it is possible that patients who are going to recover renal function may be transplanted
unnecessarily. Prospective survey of patients receiving dialysis for more than 90 d in south west Scotland from 1
January 1994 to 31 December 2005. Routine measurement of residual renal function by combined ureaand creatinine
clearance allowed usto detect late recovery whenever this occurred. Eight of 202 (4%) patients recovered sufficient
renal function to stop dialysing after 90-d treatment. The likely cause of the renal failurein five of these patients was
atheroembolism. One with atherosclerotic renovascular disease had been stented and would have received a live
related renal transplant had his sister not had second thoughts about the procedure. Conclusion: It may be
sensible to postpone transplantation in patients with certain types of renal failure, perhaps particularly patients
with renovascular disease who have recently undergone a failed revascularization procedure.
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RECENT ADVANCESIN THE MANAGEMENT OF
HYALINE MEMBRANE DISEASE

Anil Batra, Neelam Kler, Arun Soni
Department of Neonatology, Sr Ganga Ram Hospital, Rajindra Nagar, New Delhi-110060, India

/Abstrad : Hyaline membrane disease (HMD), also known asrespiratory distress syndrome (RDS) is the most common cause of reapirator;?
disressin preterm neonates. The greatest risk factor islow gestational age and the disease is due to inadequate pulmonary surfactant. The
gructurally immeture and surfactant-deficient lungs have decreased compliance and a tendency to atelectasis. An eosinophilic membrane

of afibrinous matrix of materials fromthe blood and cdllular debris (the hyaline membrane) lines the visible airspaces hence the
termHMD. Clinical featuresinclude tachypnea, grunting and retractionsin a preterm neonate usually beginning immediately or within few
hoursafter birth. The incidence of HMD has markedly decreased by prenatal treatment with glucocorticoids. The development of surfactant
is one of the great success goriesin neonatal care because the therapy specifically treats the surfactant deficiency and changes the patho-
physiology and outcome of HMD. Benefits of early use of CPAP are fast emerging in the management of hyaline membrane disease. Despite
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\substantial improvements in the management of HMID, prevention is il the ultimate goal.

J

INTRODUCTION

Hyalinemembranedisease (HMD), al'so known asrespiratory distress
syndrome (RDS) is the commonest cause of respiratory distressin
preterm neonates. It occurs after the onset of breathing in neonates
with insufficiency of pulmonary surfactant. The clinical diagnosisis
oftenmadein preterm infantswith respiratory difficulty that includes
tachypnea, retractions, grunting, nasa flaring and need for oxygen
all presenting within 4-6 hours after birth. Thereisareticulogranular
chest X ray appearance as a result of widespread atelectasis.
Pathophysiologically, thisconditionis characterized by non-compliant
(stiff) lungs, which become atelectatic at end-expiration.
Histologically, hyaline membraneformation occursin advance stage,
lining the terminal airways.
Various advances that have resulted in decrease in incidence and
reduction in morbidity and mortality in neonates with HMD include
1. Use of antenatal steroids to enhance pulmonary maturity
2. Appropriate resuscitation with immediate use of continuous
positive airway pressure (CPAP) for alveolar recruitment
3. Early administration of surfactant
4. Using gentle modes of ventilation to minimize damage to the
immature lungs.
These therapies have also resulted in the survival of extremely
premature infants. With surviva of these extremely preterm infants,
thereisan associated increasein themorbidities, which include patent
ductus arteriosus (PDA), intraventricular hemorrhage (1VH),
necrotizing enterocolitis (NEC), septicemia, retinopathy of
prematurity(ROP), bronchopulmonay dysplasia(BPD),
periventricular leucomalacia (PVL) with associated
neurodevelopmental and audiovisua handicaps. Direct attention to
anticipate and minimizing these complications and to prevent
premature delivery whenever possible are the strategic goals of its
management.

EPIDEMIOLOGY
HMD typicdly affects infants <35 weeks gestational age (GA) but

may affect older infantswho have delayed lung maturation. Low GA
isthegreatest risk factor for HMD, and itsincidence variesinversely
with birth weight among AGA infants (Table 1)*. This is due to
deficiency of the surfactant in these neonateswhich leadsto decreased
compliance of the lungs. The maturation of surfactant synthesis
reflects the decreasing incidence of HMD with an increase in
gestationd age. The incidence of HMD is reported to be 6.8-14.1%
of preterm live births in our country?. HMD is the commonest
indication of ventilation in neonates in India* The reported survival
of babies ventilated for HMD has varied from 25% to 64% in our
country?. The lung epithelium of preterm infantsisleskier than term
infants, increasing thelikelihood of protein passage onto the alveolar
surface, where it inhibits surfactant function. Moreover preterm
infants are more prone to asphyxia, hypothermia, hypoxia and
hypotension, al of which impair surfactant synthesis or increasethe
leakinessof aveolar capillaries. Variousother factorswhichinfluence
therisk of HMD among preterm infants are discussed below.

Table 1.: Incidence of HMD by Gestational Age
Gestational Age

Incidence of HMD

501-750 86%
751-1,000 79%
1,001-1,250 48%
1,251-1,500 27%

The disease occurs more commonly in maes than females and is
more common in white than in non-white infants* with an increased
risk of death in males’. The delayed maturation of Lecithin
Sphingomyelinratio and thelate appearance of phosphatidylglycerol®
which areandrogen induced’ explain theincreased incidencein males.
The incidence of HMD in preterm African infants < 32 weeks GA
has been shown to be 40% as compared to 75% in Caucasian preterm
infants®. Allelic variation in the surfactant protein A gene has been
reported between American whites and Nigerian blacks® The
incidence of HMD is higher for infants born by caesarean section
without labor at any gestational agethan infantsdelivered vaginally™.
The timing of cesarean section is also important: the need for
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mechanica ventilation being 120 timeshigher after elective cesarean
section at 37 to 38 weeks as compared with 39-41 weeks!®. When
the effect of gestational age is removed, the occurrence of HMD is
more in infants of mothers with gestational or insulin dependent
diabetes. This is due to delay in the maturation of aveolar type Il
cells and decreased proportion of saturated phosphatidylcholine in
the surfactant. Improvements in maternal diabetic control during
pregnancy have now facilitated the delay in delivery until the 39"-
40" week of gestation and HMD now occurs in < 1% of patients.
Babies who are depressed at birth are at an increased risk of
developing HMD, due to the ischemic damage to pulmonary
capillariesasaresult of feta asphyxialeading to aleakage of protein
fluid out of the damaged capillaries. This leakage of fluid leads to
inactivation of the surfactant. Also, the hypoxemia and acidemia
predispose to pulmonary hypertension and hypoperfusion, leading
to aright to left shunt and reduction of surfactant synthesis by
inhibition of synthetic enzymes. The contributions of genetic
variations (polymorphisms and mutations) to the pathogenesis of
HMD have been shown by molecular biology techniques. Congenital
alveolar proteinosis, a disorder in which there is deficiency of
Surfactant protein B resulting in lethal respiratory failure has been
described in various families' and the inheritance is autosomal
recessive. Patia deficiency of SP-B, which may be compatible with
surviva, has been reported. Other factorswhich contribute to occurrence

and progresson of HMD have been enumerated in Teble 2.
Table 2.: Risk factors of HMD

Increased Risk Decreased Risk
Prematurity Chronic intra-uterine stress

Male Gender Prolonged rupture of membranes
Familial predispostion Maternal hypertension or toxemia
Cesarean section without labor IUGR/SGA

Perinatal asphyxia

Caucasian race

Infant of diabetic mother

Chorioamnionitis

Non-Immune hydrops fetalis

Hypothyroidism

Second of Twin

Hypothermia

Early clamping of cords
Maternal conditions which compromise fetal growth may be
associated with a decreased risk of HMD, and include pregnancy
induced hypertension, chronic hypertension, sub acute placental
abruption, narcotic addiction, smoking and a cohol ingestion. Heroin
can mature surfactant synthesizing systems and the effect of cocaine

isunclear.
PATHOLOGY

The lungs on autopsy are edematous, congested and are diffusely
atelectatic. There is reduced distensibility and lungs are easily
collapsible. The initial histologica findings in non-treated neonates
with HMD include aveolar epithelia cell necrosis which develops
within 30 minutes after birth. The epithelia cells become detached
from the basement membraneand small patches of hyaline membrane
are formed on the denuded areas (Fig 1). The peripherd air spaces
are collapsed, but more proximal respiratory bronchioles which are
lined with necrotic epithelium and hyaline membranes are over
distended. The hyaine membranes, composed of plasma exudation
products and associated with damaged capillaries appear within 3
hours after birth'2. Hyaline membranes are eosinophilic on staining
with haematoxylin and eosin and contain nuclear debris. Studiesin

Antenatal glucocorticoids
maternal use of narcotics/cocaine
Tocolytic agents

Hemolytic disease of the newborn

animals have shown neutrophil accumulation in the air spaces and
capillaries within few hours, which may contribute to lung injury.
Circulating neutrophilic counts are lower in infants with HMD and
the neutrophilic count isinversely correlated with severity of HMD.
The recovery phase is characterized by the regeneration of aveolar
cellsparticularly typell cellswith the resultant increase in surfactant
activity.
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Fig. 2.: Histologic apprearance of lungs in an infant with respiratory distress syndrome
note the marked atelectasis and so called hyaline membranes lining the dilated alveolar
ducts

PATHOPHYSIOLOGY

The lungs are non compliant initialy with low functiona residua
capacity (FRC) which is the amount of air inside the lungs at end-
expiration. Once surfactant beginsto appear, the complianceimproves
and returns to values of 1-2 ml/cm/H20 by 6 to 7 days of age. The
functional residual capacity asanalyzed by nitrogen washout may be
decreased to 3 ml/kg in cases of severe disease, whereasit may be at
anorma level of 25-30 mi/kgin recovering babies. BabieswithHMD
have a low tidal volume because of low FRC and to compensate,
they haveto increasetheir respiratory rate. However, theincreasein
minute ventilation due to an increase in respiratory rate is not
sustained, resulting in aveolar underventilation and carbondioxide
retention. Pressure - volume loops on lungs dying of HMD have a
characteristic pattern®®. There is a small increase in volume for a
given increase in pressure during inflation and during deflation, the
change in volume follows a track almost same as inflation, whereas
in normal lungs there is retention of air until lower pressures are
reached. Asthe pressurereaches zero, very little or no air isretained
inthe surfactant-lessaveoli, corresponding to thelow FRC measured
invivo. Thereisan increasein the expiratory resistance asaresult of
the closure of the airway prior to the expiratory grunt and also dueto
the presence of an endotracheal tube.

The time constant gives a measure of the time available for the
gasto leave the lung during expiration, which is accepted to take
3 time constants. It is equal to the product of compliance and
airway resistance.

Tc(0.1 sec) = Compliance (0.001L/cm H,0) X Resistance
(100 cm H,0/L/sec)

It is markedly short in cases of severe HMD. In babies with less
stiff lungs, thetime constant will belonger, andif the baby breathes
rapidly, this will result in gas being retained in his lungs when
the next expiration starts.
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Expiratory grunt occursclassically in babieswith HMD asaresult
of baby attempting to sustain an FRC by delaying the escape of
air from lungs during expiration. This occurs due to two
mechanisms, firstly the diaphragm continues to contract during
expiration, thus retaining gas within the alveoli and secondly, by
contracting the constrictor muscles of the larynx, an attempt is
made to close the upper airway as in Valsalva manouevre. Since
the abdominal muscles contract at the same time as the laryngeal
muscles relax, thereis an explosive exhalation of air which isthe
characteristic grunt. The preterm infant isborn with poor reserves
of surfactant which gradually disappearsand resultsin progressive
deterioration as the neonate struggles to maintain ventilation in
stiff, surfactant deficient lungs. The lungs become non-compliant
and atelectatic until surfactant beginsto appear from 36-48 hours
of age. The leakage of proteins such as fibrin into the alveolar
space further inactivates surfactant. Thus, the deficiency of the
surfactant together with the decreased lung compliance leads to
alveolar hypoventilation and ventilation perfusion (V/Q)
mismatch. Thismismatch representsthetrueintrapulmonary right
to left shunt, when pulmonary capillary blood passes through the
lung without coming into contact with aventilated alveolus. Thus,
the severity of hypoxemiain babieswith HMD isdirectly related
to the size of the open poorly ventilated compartment. The low
V/Q ratio produces hypoxic vasoconstriction and there is
alteration in the right to left shunt with changes in oxygen
concentration. Right to left shunt may also occur across PDA
and foramen ovale during the first 48-72 hours in babies with
HMD in the presence of high pulmonary pressures. Thereis also
increased carbon dioxide in arterial blood (PaCO,) due to
hypoventilation secondary to atelectasis, decreased tidal volume
and decreased dead space. The relative role of surfactant
deficiency and pulmonary hypo perfusion in the overall clinical
picture of HMD vary somewhat with each patient. The natural
history isinvariably altered these days due to the often-combined
use of exogenous surfactant therapy and mechanical ventilation

(Fig 2).
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Impaired endothelial and Q—< ‘ ‘
epithelial integrity Cytokine Free-radical
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Respiratory distress Chronic neonatal

syndrome lung disease

Fig. 2 Pathophysiology of Hyaline Membrane Disease

Schematic repesentation of the complex series of acute and chronic events that lead to
neonatal respiratory distress syndrome and the accompanying lung injury secondary to
therapeutic intervention in these infants

CLINICAL FEATURES

Theneonateisamost alwaysapreterm and symptomsusually appear
within minutes after birth, athough they may present several hours
after birth. Prominent symptomsincluderapid and |abored bresthing
with a characteristic grunt, subcostal and intercostal retractions,
oxygen requirement which gradually increases over 24-48 hours,
nasa flaring, cyanosis and oliguria. Retractions are prominent and
are dueto the collapse of the compliant rib cage on inspiration asthe
infant triesto generate highinspiratory pressuresto expand the poorly
compliant lungs. Downge's score™ (Table 3) is used for monitoring
the progress of respiratory symptomsin these babies. It consistsof 5
components and each is assigned ascore of O, 1 or 2. A cumulative
Downe's score of 4 and above indicates the need for ventilation.
Additional clinical featuresinclude pallor dueto anemiaor peripheral
vasocongtriction and hypotension. Hypotension is usually the result
of hypoxiaand acidaemialeading to decrease in the blood supply of
various organs causing an increase in anaerobic metabolism,
worsening acidosis, rend failure and NEC. The work of breathing
progressively worsens over the next 24-36 hours in the absence of
treatment with exogenous surfactant. Recovery usualy starts by 3¢
day of life with the onset of diuresis. Surfactant therapy greatly
shortens the duration and severity of the disease. If the disease is
severe enough, asisthe casein extremely low birth weight infant, to
require assisted ventilation or is complicated by the devel opment of
air leaks, significant shunting across PDA, recovery may be delayed
by daysto weeks. The presence of apneic episodes at an early stage
of thediseaseisan ominoussign that could reflect thermal instability,
electrolyte imbaance or sepsis but is often asign of hypoxemiaand
respiratory failure.

Table 3.: Assessment of Downe's Score

Parametersassessed | 0 1 2
Respiratory rate <60/min 60-80/min >80/min
Retractions No i Mild retractions Moderate Retractions
Cyanosis Nil In room air In FiO2 <0_.4
Air Entry Bilaterally equal D 1 D 1 or Absent
Unilaterally Bilaterally
| Grunting No Grunting Audible with | Audible with naked ear

Fig. 3 Chest X-ray of
a preterm neonate
showing Air
bronchogram

IMAGING STUDIES

Chest radiographs of a neonate with HMD shows hilaterd diffuse
reticular granular or ground-glass appearances, air bronchograms,
and poor lung expansion (Fig 3). The prominent air bronchogram
represent aerated bronchioles superimposed on a background of
collapsed alveoli. The appearance can be very variable, from adight
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granularity to lungsthat are so opaquethat it isdifficult todistinguish
between lung and cardiac silhouette. Chest X ray appearance dso
depends upon the phase of the respiratory cycle, being worse during
the expiratory phase. The cardiac silhouette may be normal or
enlarged. Cardiomegaly may be the result of prenatal asphyxia,
maternal diabetes, PDA, an associated congenital heart anomaly, or
simply poor lung expansion. These findings may be atered with
either early surfactant therapy or a PDA or with mechanical
ventilation. Theradiologica findingsof RDS cannot be differentiated
reliably from those of pneumonia.

Echocardiographic evauationisperformedin selectedinfantsto assist
in diagnosing PDA and in determining the direction and degree of
shunting on Doppler study. It isalso useful in diagnosing pulmonary
hypertension, assessing cardiac function, and excluding structura
heart disease.

PREVENTION

The most effective way to decrease the incidence of HMD would be
by preventing prematurity as HM D occurs predominantly in preterm
neonates. This can be done by use of tocolytics, early diagnosis and
treatment of infectionsand cervical cerclage. Presently thetwo major
approachesfor prevention include predicting risk of HMD by testing
amniotic fluid, antenatal administration of glucocorticoids to
accelerate fetal lung maturation and use of prophylactic surfactant at
birth.

PRENATAL PREDICTION

Prenatal estimation of lecithin sphingomyelin ratio (L/S),
phospatidylglycerol (PG), surfactant proteinsA and B, lamellar body
counts and foam stahility testsin amniatic fluid samples have been
used to predict the occurrence of HMD. The L/S ratio reflects the
secretory activity of thelung, whichisgreatly accelerated at 35 weeks.
Theincidence of HMD isonly 0.5% for an L/Sratio of 2 or more but
100% for an L/Sratio of lessthan 1%. The presence of PG at 1% of
total phospholipids indicates an extremely low risk for HMD.
However, in certain pregnancies, characterized by diabetes and
Rhesus isoimmunization, L/S ratio is not reliable®.

ANTENATAL GLUCOCORTICOIDS
ADMINISTRATION

Antenatd steroids cause induction of enzymes for surfactant synthesis
and the genes for the production of surfactant proteins A, B, C and D.
They dsoimprovethequdlity of surfactant produced. Both dexamethasone
and betamethasone have been used antenatdly for prevention of HMD
asthey crossthe placentawithout being degraded. In 1972, Ligginsand
Howiepublished theresultsof thefirst randomized controlled trid (RCT)
evauating theeffectsof asnglecourseof antenatd corticogteroids(ACS)
7 Inwomen who had been in spontaneous preterm | abour, ACS reduced
therisk of RDS and early neonatad mortdity. Over the ensuing 20 years,
multiple clinica investigations continued to document the effectiveness
of ANCS on fetd lung maturation. Despite these findings, use of this
therapy remained low in the United States (only 8.5% to 18% of women
ddivering preterm infants weighing <1,500 g), which prompted a 1994
NIH ConsensusDeve opment Conferenceon the Effect of Corticosteroids
for Fetd Maturation on Perinatal Outcomes®Table4. The panel reviewed
theresultsof clinical trialsfrom 1972 to 1993. A meta-anaysisof 15
published studies employing asingle course of ANCS demonstrated
consistent evidence of beneficid effects on neonatal outcome for
infants born at less than 34 weeks gestation'®. There was a 50%

Table 4.: NIH Consensus Recommendations for the Use of Antenatal Corticosteroids

All fetuses between 24 and 34 weeks gestation at risk of preterm delivery should be
considered candidates.

Administration should not be altered by fetal race or gender or by availability of
surfactant therapy.

Patients eligible for therapy by tocolytics also should be eligible for treatment.
Treatment should be given unless immediate delivery is anticipated.

In preterm premature rupture of membranes at less than 30- 32 weeks gestation in
the absence of clinical chorioamnionitis, treatment is recommended.

In complicated pregnancies where delivery prior to 34 weeks gestation is likely,
treatment is recommended unless there is evidence that corticosteroids will have an
adverse effect on the mother or the delivery is imminent.

reductionin overal incidence of RDSinthetreated groupsfor infants
born 24 hours to 7 days after treatment. In addition, there was a
significant reduction in mortality (40%) and the development of
intraventricular hemorrhage (IVH) (62%) among these infants. The
data also indicated a reduction in RDS mortdity and IVH among
infants treated less than 24 hours before delivery. This resulted in
NIH consensus panel recommendations which are highlighted in
Table 4. A 2006 cochrane review of 2 RCTs involving more than
4269 infants, reports a reduced risk of neonatal death, RDS, and
IVH withasinglecourseof ACS, and astrong trend towards areduced
risk of abnormal neurodevel opmental outcome on long-term follow-
up of the children.

Because approximately 50% of women given a course of ACS
remain undelivered 7 to 14 days later, it has been suggested that
women, who remain undelivered after a single course of ACS
may benefit from receiving additional courses of ACS. Over recent
years, several large clinical RCTs have been initiated to study the
effects of repeat (weekly/biweekly) courses of ACS. If found to
be beneficial in reducing serious neonatal morbidity, repeat
courses of ACS will find their way into standard care in much
lesstimethan the twenty yearsthat were required for single course
ACS. In astudy from India, it was found that a single course of
antenatal betamethasone was as efficacious as multiple courses,
with respect to prevention of neonatal morbidity?°. Multiple
antenatal betamethasone courses had long-term adverse effects
on infant weight and length growth, but not on OFC and
neurodevel opment.

Treatment consists of two doses of betamethasone 12 mg given
intramuscularly 24 hours apart or 4 doses of dexamethasone 6
mg given 12 hours apart. Meta-analysis of trials comparing
betamethasone with dexamethasone revealed that although both
agents decrease the frequency of RDS only betamethasone
decreased neonatal mortality.

PROPHYLACTIC SURFACTANT

Human pulmonary surfactant consistsof 90% lipidsand 10% proteins.
Surfactant has been studied for treatment of HMD since 1960s
however the earliest successful use of surfactant in preterm neonates
was reported by Fujiwarain 1980%. Surfactant can be used either
prophylactically or as a treatment. A prophylactic, or preventive
surfactant strategy is defined as intubation and surfactant
adminigtrationtoinfantsat highrisk of developing respiratory distress
syndrome for the primary purpose of giving surfactant rather than
treatment of respiratory distress syndrome. This has been performed
in clinical studies as surfactant administration before the onset of
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respiratory symptoms or efforts, before initia resuscitation efforts,
or, most commonly, after initial resuscitation but within 10 to 30
minutes after birth. This contrasts with a rescue surfactant strategy,
in which surfactant is given to preterm infants with established
respiratory distress syndrome. Rescue surfactant is most often
administered within the first 12 hours after birth when specified
threshold criteria for respiratory distress syndrome are met. Early
rescue was defined as surfactant treatment within 1 to 2 hours of
birth, and late rescue was defined as surfactant treatment 2 or more
hours after birth. Cochrane database review published in 2001
concluded that prophylactic administration of natural surfactant
resulted in a significant reduction in pneumothorax, mortality and
the combined outcome of mortality and CLD in neonates less than
30 weeksof gestation?. The use of prophylactic surfactant for infants
born at greater than 32 weeks of gestation would result in unnecessary
treatment in alarge number of infants particularly if the mother has
received antenatal steroids.

MANAGEMENT

Management of infants with respiratory distress syndrome includes
application of general supportive measures supplemented by
surfactant treatment and measures of controlled assisted ventilation.
General supportive measures

These include appropriate resuscitation of preterm infants followed
by transportation to the NICU in athermo neutral environment. Early
CPAPor surfactant should be considered in preterm infants depending
upon the unit policy and all neonates who require intubation should
be ventilated in the transport incubator. Theinfants should be nursed
in athermo neutral environment to maintain oxygen consumption at
minimal levels. Monitoring of blood pressure, blood gases,
electrolytes, calcium and glucose are needed in babies with HMD.
Theseblood samplesmay be obtained by placing an umbilicd arterial
catheter. Appropriate attention should be made to the fluid and
electrolyte status of the neonate guided by the changein baby’sweight
and monitoring serum electrolyte status. Early administration of
intravenous lipid and amino acids along with dextrose should be
encouraged until an adequateintake of caloriesand proteinisreached.
Surfactant Therapy

Surfactant given as early rescue therapy improves the outcome in
babieswith established RDS, resulting in reduction in pneumothorax,
mortality and the combined outcome of mortality and BPD. Both
natural and artificial surfactants are available and among natural
surfactants bovine and porcine are commonly used. The various
available surfactant preparations have been summarized in table 5.
Surfactant-administration strategi es have been based on manufacturer
guidelines for individual surfactants. Type of surfactant, dose,
frequency of administration, and treatment procedures have been
modeled after research protocols (table 5). Furthermore, repeated
doses of surfactants given at intervals for predetermined indications
have decreased mortality and morbidity compared with placebo or
single surfactant doses.

Surfactant has been administered through an endotracheal tube
located in the trachea of infants either by bolus or infusion through
an adaptor port on the proximal end of the endotracheal tube (Fig 4).
Because data are conflicting and limited, the optima method of
surfactant administration in preterm infants has yet to be clearly
proven athough clinica experience and results of animal studies
have shown that rapid instillation is more effective than slow
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Fig. 4

Endotracheal tube
with a side port for
adminstering
surfactant

Table 5.: Various surfactant preparations available in India

Name of Dose Volume per | Content in | Approximate Cost
Surfactant vial mg perml | Rupees/vial
Survanta 4 ml/kg 8 ml 25 13000
Curosurf 2.5ml/kgIst | 2.5ml 80 10000

dose repeat

dose 1.25

ml/kg
Neosurf 5 ml’kg 3ml 27 3 ml vial 5000

5ml 5 ml vial 7000

ingtillation®. Valls-i-Soler and colleagues showed that use of adua
lumen tube rather than disconnection from the ventilator led to fewer
dosing problems?*. The surfactant usually disseminates
homogenoudly, particularly if large rather than small doses are used.
Therewasno differencein clinical outcomeswhen 2 fractiond doses
of surfactant were given in 2 body positions compared with 4
fractional doses given in 4 positions®. Aerosolized surfactant
preparations and continuous positive airway pressure—aided delivery
of pharynged surfactant theoretically could alow administration
without intubation; these preparations and route of delivery have yet
to be proven effective. Treatments with animal-derived surfactants
have severd advantages over first-generation protein- free synthetic
surfactants. Some infants do not respond favorably to surfactant
therapy. Factors that lead to an unfavorable response include the
presenceof PDA, cardiogenic shock or PPHN, air leaksand systemic
hypotension. The need for a high oxygen concentration and
ventilation pressures during the early stages of the disease have been
identified as risk factors for an inadequate response.

Ventilation strategies

Thereis gtill uncertainty among clinicians whether the primary aim
in the early hours of a preterm infant’s life should be to avoid
intubation and provide support with nasal CPAP or to intubate
electively to provide surfactant therapy before determining what other
respiratory support is then appropriate. Whichever approach is
preferred, many preterm infants require a period of artificial
ventilation during their initial stabilization after birth. When
ventilating preterm infants after birth, large volume lung inflations,
asindicated by excessive chest wall movement, should be avoided.
Although measured peak inflation pressure does not correlate well
with volume delivered when respiratory mechanics are changing,
monitoring of pressure may help to provide consistent inflations and
to avoid unnecessarily high pressures. If positive-pressure ventilation
isrequired during initia stabilization, an initia inflation pressure of
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20 to 25 cm H20 is adequate for most preterm infants. If a prompt
improvement in heart rate or chest movement is not obtained, higher
pressuresmay beneeded. Thereisinsufficientinformation about thevaue
of PEEP during resuscitation. If ongoing ventilation is considered
necessary, however, PEEP should be employed as soon as practicable.
PEEP can be ddivered in thelabor roomwith T piece resuscitator till the
baby can be shifted to trangport incubator. Various devices are available
for administration of PEEP which indludes nasal prongs and masks (Fig
5) Inthe COIN trid published in 2008, it was seen thet in infants born at
25-t0-28-weeks gestation, early nasd CPAPdid not sgnificantly reduce
the rate of death or bronchopulmonary dysplasia, as compared with
intubation®. Even though the CPAP group had more incidence of
pneumothorax, fewer infantsreceived oxygen at 28 days, and they had
fewer days of ventilation.

KEY MESSAGES

1. Hyaline Membrane Disease is adisorder of preterm neonates

2. Presenting symptomsinclude tachypnea, retractions, grunting
and increasing oxygen requirements occurring immediately
or within few hours of birth

3. Antenatal treatment with glucocorticoids decreases the
incidence and severity of the disease

4. Early surfactant therapy should be given as soon as possible
in neonates with symptoms suggestive of the disease and
prophylactically in neonates less than 28 weeks
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CONLISTIMETHATE SODIUM

Modeof action: Colistimethate sodium isacyclic polypeptideantibiotic derived from Bacillus
polymyxavar. Conlistinus and bel ongs to the polymyxin group. Work by damaging the cell
membrane and is selective for Gram-negative bacteria that have a dydrophobic outer
membrane. Microbiology: Commonly susceptible species pseud9omonas aeruginosa
acinetobacter species citrobacter species, Escherichia coli neisseria species proteus species
anaerobesall gram-positive organisms. Pharmacokinetics: In healthy volunteersgiven abolus
injection of 150 mg (2 million units approx.), pesk serum levelsof 18 mg/L are observed 10
minutes after injection. When given by nebulisation, absorption is variable. Protein binding
is low. The steady-state volume of distribution in cystic fibrosis patients is 0.09 L/kg.
Colistimethate sodium undergoes conversiontoitsbase (Colistin) invivo. Themain route of
elimination after parenteral administration is by renal excretion with 40% of a parenteral
dose recovered in the urine within 8 hours and around 80% in 24 hours dose reduction is
required in renal impairment to prevent accumulation. After intravenous administration to
healthy adults, the elimination half-life is around 1.5 hours. In a study in a cystic fibrosis
patients given asingle 30-minuteintravenousinfusion, the elimination half-lifewas 3.4+1.4
hours.
Indications: Serious infections caused by Gram-negative bacteria by inhalation of
Pseudomonas aeruginosalung infection in patientswith cystic fibrosis. Dosage and method
of anministration: The drug is given as a 50 ml intravenous infusion over a period of 30
minutes. Minimum of 5 days treatment is generally recommended. For the treatment should
be continued for upto 12 days. For theadult up to60kg: 50,000 units’kg/day to amaximum
of 75,000 units/kg/day. Given at approximately 8 hour intervals. For over 60 kg: subject 1-2
million unitsthreetimesaday. The maximum doseis6 million unitsin 24 hours. Serum level
estimations are recommended impairment,neonates and cystic fibrosis patients. Levels of
10-15 mg/L colistimethate sodium should be adequate for most infections. For children <2
.

DRUG PROFILE

~\

yeears:500,000-1 million units twice daily, for children >2 years and adults:1-2 million
unitstwicedaily. Reconstitution for | nhalation therequired amount of powder isdissolved,
preferabley, in 2-4 mL of 0.9% sodium chloride solution and poured into the nebuliser.
CONTRAINDICATIONS: In patientswith known hypersensitivity to colistimethate sodium
(colistin) or to polymyxin B and in patients with myasthenia gravis. Drug Interactions:

Table: DosageAdjustment in Renal Impairment

Grade Creatinine Over 60 kg
Clearance (mL/min) Bodyweight

Mild 20-50 1-2 million units
every 8 hours

Moderate 10-20 1 million units
every 12-18 hours

servere <10 1 million units
every 18-24 hours

Concomitant use of colistimethate sodium with aminoglycoside (increased resk of
nephrotoxicity) neuromuscular blocking drugs and either colistimethate sodium crossesthe
placental barrier and hence should be used during pregnancy only if the potential benefit
justifies the potential risk to the foetus, the drug is secreted in breast milk.
Undersirableeffects: Adverse eventsmay berelated to the age, renal function and condition
of the patient. In cystic fibrosis patients, neurological eventsoccur in up to 27% of patients.
These patients treated with the recommended dosage limits, nephrotoxicity appears to be
rare (less than 1%). Hypersensitivity reactions, including skin rash and drug fever, have
been reported. Inhalation may induce coughing or bronchospasm.
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RECENT ADVANCESIN THE MANAGEMENT OF HYPOXIC

ISCHEMIC ENCEPHALOPATHY
Siddarth Ramyji

Division of Neonatology, Department of Pediatrics,
Maulana Azad Medical College,Bahadurshah Zafar Marg, New Delhi 110 002, India

Abdract : Perinatal asphyxia is an important cause of both neonatal deaths and devestating sequelae amongst survivors. Conventional
neuroprotection treatments have not been very useful in improving outcomes. There have been newer strategies such as hypothermia,
phenobarbitone, magnesium sulphate and allopurinol which seemto hold some promise for improving outcomes of neonates with hypoxic

ischemic encephal opathy.

Perinatal asphyxia accounts for about 20% of neonatal deaths.
Hypoxic ischemic encephalopathy (HIE) is an important cause of
morbidity and mortality in term neonates. It is also an important
cause of cerebra pasy and mental retardation. The pathogenesis of
HIE is a result of cascade of multiple biochemica processes. Our
current understanding of the cellular mechanisms of HIE indicate
neuronal damage is consequent to several mechanisms that occur in
response to hypoxiaand ischemiato the neurond cell. Theseinclude
release of oxygen free radicals, calcium influx into the cell and
presence of glutamate, which facilitates calcium influx into the cell
consequent to cell energy failure'. The result of these responses is
either cell necrosis due to primary energy cell failure or delayed
neuronal death due to secondary energy cell failure and apoptoss.
Theinterval between the primary and secondary energy failure phases
offers a ‘therapeutic window' during which time treatments can be
applied to reduce brain injury. The exact duration of this therapeutic
window is not known, but animal experiments suggest that it could
be about 6 hours®.

CURRENT STANDARD MANAGEMENT

In asphyxiated neonates it isimportant that effective resuscitation is
carried out to establish oxygenation and circulation. Thereissufficient
evidence to indicate that room air is as effective as 100% oxygen in
neonatal resuscitation and results in lower mortality and potentialy
generate less oxygen freeradicals . Standard management practices
include maintaining ventilation, perfusion, fluid and electrolyte
balance and normal acid-base status. The conventional practices for
neuroprotection in neonates with HIE aimed at reducing cerebral
edema - hyperventilation or use of decongestive agents, and seizure
control have not resulted inimproved outcome of neonateswith HIE.
Investigators were prompted to use oxygen radical scavengers,
calcium channel blockers and glutamate antagonists to ameliorate
thedamage dueto primary energy cell faillureand necrosis. However,
in animal experiments their benefit has been demonstrated when
anima swere pre-treated with these agents before the hypoxic insult.
However, these modalities are not of great benefit in the clinical
situation. Promising interventions have been hypothermia,
phenobarbital and drugs such as alopurinal.

Phenobarbital.

Phenobarbital hasbeen asubject of investigationin perinatal asphyxia

for severd years. Hall et a conducted arandomized controlled study
to study the effect of 40mg/kg phenobarbita given within few hours
of birth in babies with severe asphyxia. The phenobarbital group
had a 27% lower incidence of seizures and improved
neurodevelopmental outcome at 3 years 4 . In a more recent study
Singh et a ° conducted an RCT in neonates > 34 weeks with HIE in
thefirst six hours of life to study the effect of phenobarbital 20 mg/
kg IV on death or abnorma neurologic examination at discharge.
There was a significant reduction in seizures in the phenobarbital
group (8%) compared to the controls (40%). Therewas no significant
difference in mortality or neurologic abnormality at discharge.
However, it is gtill not clear who are the neonates who should get
phenobarbitone, when and at what dosage?

Hypothermia.

Hypothermia during experimental ischemia has been shown to have
long lasting neuroprotection. The exact mechanism for its beneficial
effectsisnot known, butitisbelieved that cooling affectsall pathways
that leadsto cell death. Reduction of cerebra metabolic rateby cooling
of thehead has demonstrated substantial neurond cell recovery. Both
experimenta and clinical trid shave demonstrated recovery of cellular
energy functions after head cooling and consequently better long
term outcomes in animals or infants treated by head cooling.
Hypothermia also decreases permeability of the blood-brain barrier
and recovery of eectrophysiologic function after cerebral ischemia
A meta-analysis by Schulzke et d © reviews all randomized clinical
trialsthat have used either head or whole body cooling in asphyxiated
neonates. They identified 5 clinical trialsthat enrolled 552 neonates.
Thesetrialsconsidered infantsasasphyxiated if oneof thefollowing
were present: 10 minute apgar was < 5, pH < 7.1 within one hour of
life or ongoing resuscitation at 10 minutes of life. One of the studies
used selective head cooling while the remaining 4 used total body
cooling. The target cooling ranged from 32.5-35.5°C. The analysis
revealed a relativerisk (RR) of 0.78 (95%Cl 0.66.0.92) for death or
disahility infavor of hypothermiaon pooling datafrom 3trials. When
mortality was assessed, pooled datafrom all 5 trials showed abenefit
in favor of therapeutic cooling (RR 0.75; 95% CI 0.59,0.96). When
neuro-developmental abnormality at >18 months was assessed, a
significant benefit was seen in favor of cooling (RR 0.72; 95% CI
0.52, 0.98). There was no benefit with respect to visua or hearing
disabilities. Significant adverse events reported included sinus
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bradycardiaand thrombocytopenia. In additiontothetrialsreviewed, FUTURE THERAPIES
there are atleast three more trials"#° that have just been completed ) ] )
and would add about another 600 neonates to the number treated Some of the newer therapies which could impact the outcome of
with this modality of trestment. HIE in the future include gene therapy and intracellular calcium
There are, however, several unanswered questions — who are the buffering. Bcl-2isaproto-onco genewhichisknownto beaninhibitor
target subjectsto beincluded for cooling?, what isthe optimal ageto of pathways leading to cell degth. It is postulated that HIE induced
initiate cooling, towhat extent and how |ong should cooling be done? apoptosis could be modified by gene therapy.
What is the most effective and safe way of cooling? REFERENCES
M AGN ES| U M SU L PH AT E 1. Rajadurai VS. Therapeutic hypothermia for neonatal hypoxic ischemic encephalopathy.
L . . Ann Acad Med 2006;35:1-5.
Magnesium isaNM DA receptor antagonist that blocks the influx of 2. Gunn AJ, Gunn TR, Grunning M1, Willimas CE, Gluckman PD. Neuroprotection with
Ca* into the neuronal cell. Experimental studiesin newborn animals prolonged head cooling started before postischemic seizures in fetal sheep. Pediatrics
. . 1998;102:1098-106.

have demonstrated a neuroprotective effect of magnesium. A 3. Saugsiad OD, Ramii S, Vento M. Resustitation of depressed newborn infarts with armbient
retrospective study indicates that preterm neonates whose mothers air or pure oxygen: A meta-analysis. Biol Neonate 2005;87:27-34.4.Hall RT, Hall FK,
received M 9%4 astocol ys S, had decreased cerebral pd sy Comparaj Daily DK High—dog phenobarbi‘tone therepy intermnewborn irrfantswilth sa/ere pa'i_nata]
to gestation matched infants whose mothers had not been exposed to Sophyia: arandonized, prospeivestudy withthveeyear followup. J Pecar 1996,132: 345
MgSO, (10). While these suggest some promising effects, there are 5. Singh D, Kumar P, Narang A. A randormized controlled trial of phencbarbital in neonates
at present no randomized controlled clinical trias in asphyxiated . Vg‘umgﬁ;myg Mmff;;m“fﬁm&%; o
neonates which have sf1own its benefit. One Wou_ld hgv_e to wai t_for " neonates with hypoxic ischerric a@?’dﬁmw_ aremethereyag? BMC Pe%riJ;Irics 2007:
resultsfrom RCTsbefore it can be recommended in clinical practice. 7:30 oi:10.1186/1471-2431-7-30. _ o
Allopurinal. Itisan inhibitor of xanthine oxidase enzyme, resulting 7 Lg% Q;‘O‘;VOO": d{;ej‘sr)m for perinatal asphyxia (hitp:/wwvdinicaltrialsgovict/show/
n the blocking of conversion of hypoxa_nthl neto XaTthl ne and _thus 8. Perinatal trials report PT0367 ICE: Infant Cooling Evaluation Trial (http://
avoiding theformation of freeoxygenradicals. In experimental animal www.ctc.usyd.edu.aul/6registry/PTO0367.htm)

i i i i 1 9. Induced systemic hypothermia in asphyxiated newborn infants: a randomized, controlled,
.m Odels. pretreatment with .al lopurinal before m(.jUCI ng hypoxia and multicentric study (http://neonatal-research.at/php/ detail php? atnr=4367& ukatnr= 11237
ischemia results in protective effect by preserving cerebral energy & ukatname=department)
metabolism. In the clinica setting, administration of 40mg/kg of 10.  Nelson KB, Gether JK. Can magnesium sulphate reduce the risk of cerebral palsy in very

; it : H low birth weight infants? Pediatrics 1995;95:263-269.

.al.opun nol Wlthl.n 4 hrSOf birth t0_22 asphyxiated newbornsresulted 11.  VanBe F, Shadid M, Moison RM et al. Effect of allopurinol on post-asphyxial free radical
inimproved survival intheallopurinol group compared to the controls formetion, cerebral hemodynamics and electrical brain activity. Pediarics 1998; 101:185-
as also decreased free oxygen radical formation™. 193.
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RECENT ADVANCESIN CHILDHOOQOD ITP

ManasKalra, S P Yadav, Anupam Sachdeva
Pediatric Hematology, Oncology and Bone Marrow Transplant Unit,
Sr Ganga Ram Hospital,Rajinder Nagar, New Delhi-110060, India

Abdract : Immune thrombocytopenic purpura (ITP) is a disorder mediated by antiplatelet antibodies and characterized by accelerated
destruction of platelets and impaired platelet production. The result is thrombocytopenia of varying degrees. Clinically recognized cases are
typically associated with marked, isolated thrombocytopenia, mucocutaneous bleeding, and, rarely, more severe hemorrhage (ie, intracra-

nial hemorrhage)

. Recent advancesin our understanding of the specific pathways involved in immune-mediated platelet destruction and the

significance of suboptimal thrombopoiesis have led to the devel opment and investigation of new therapeutic agents. Thisarticle discussesthe

current knomedge

on pathophysiology and new information on pharmacologic approaches, tolerability, toxicity, and efficacy data for

established and novel investigational therapies for patients with this relatively common disorder of childhood.

The clinical signs and symptoms of idiopathic immune
thrombocytopenic purpura (I TP) are caused by an increased rate of
premature platelet destruction which occurs preferentialy in the
spleen, liver, bone marrow and lung. It was long suspected that
immune thrombocytopenic purpura ismediated by autoantibodies,
since transient thrombocytopeniaoccursin neonates born to affected
women, and this suspicion was confirmed on the basis of the
development of transient thrombocytopeniain healthy recipientsafter
the passive transfer of plasma, including IgG-rich fractions, from
patients with immune thrombocytopenic purpura. The
thrombocytopeniaof ITPismainly attributed to the early destruction
of platelets by the activated reticuloendothelia system, following
their sensitization by antiplatel et glycoprotein autoantibodies'?. Other
mechanisms such as complement mediated lysis®, ineffective
thrombopoiesist, or direct T-cell cytotoxicity also contribute®. The
severity of thrombocytopenia thus reflects the balance between
platel et production by megakaryocytes and the accel erated clearance
of sensitized platelets. This article focuses on the recent insightsin
the pathophysiology and the management of ITPin children.

PLATELET ANTIGEN AND
AUTOANTIBODY

Platelets coated with 1gG autoantibodies undergo accelerated
clearance through Fc receptors that are expressed by tissue
macrophages, predominantly in the spleen and liver. A compensatory
increase in platelet production occurs in most patients. In others,
platelet production appears to be impaired, as a result of either
intramedullary destruction of antibody-coated platelets by
macrophages or the inhibition of megakaryopoiesis®. Thelevel of
thrombopoietin is not increased’, reflecting the presence of the
normal megakaryocyte mass. The first antigen to be identified
was recognized on the basis of the failure of immune
thrombocytopenic purpuraantibodiesto bind to plateletsthat were
genetically deficient in the glycoprotein Il1b/Illa complex®.
Antibodies that react with glycoproteins Ib/IX, la/lla, 1V, V and
diverse other platelet determinants have since been identified®,
andthe presence of antibodies against multiple antigensistypical®.
The destruction of platelets within antigen-presenting cells —
presumably, although not necessarily, initiated by antibody — may
generate a succession of neoantigens, resulting in sufficient
antibody production to cause thrombocytopenia.

MECHANISM OF IMMUNE
DESTRUCTION

Therapid destruction of plateletsis due either to autoantibodies that
bind viathe antigenic site or immune complexes via Fc receptors on
platelets. These opsonized cells are rapidly removed by cells of the
mononuclear phagocytic system. The quantity of antibodiescorrelates
with the severity of thrombocytopenia. Phagocytosis of platelets
has been demonstrated by in vivo studies using reticuloendothelial
blockade with monoclonal anti-Fc receptor antibodies.The factors
that initiate autoantibody production are unknown. Most patients
have antibodies against severa platelet-surface glycoproteins at the
time the disease becomes clinically evident. Here, glycoprotein I1b/
Illaisrecognized by autoantibody (orange, inset), whereasantibodies
that recognize the glycoprotein 1b/IX complex have not been
generated at this stage. Antibody-coated platelets bind to antigen-
presenting cells (macrophages or dendritic cells) through Fc

receptorsand are theninternaized and degraded. Antigen-presenting
cells not only degrade glycoprotein I1b/111a, thereby amplifying the
initial immune response, but also may generate cryptic epitopesfrom
other platelet glycoproteins. Activated antigen-presenting cells
express these novel peptides on the cell surface along with co-
stimulatory help (represented in part by theinteraction between CD40
on the activated macrophages and CD154 on the T cell) and the
relevant cytokines that facilitate the proliferation of the initiating
CD4-positive T-cell clones. B-cell immunoglobulin receptors that
recognize additional platelet antigens are thereby also induced to
proliferate and synthesize anti—glycoprotein Ib/IX antibodies in
addition to amplifying the production of anti—glycoprotein Ilb/llla
antibodies by B-cell clone 1.Naturally occurring antibodies against
glycoprotein l1b/lI1ashow clonal restriction in light-chain use®®, and
antibodies derived from phage-display libraries show highly
constrained VH gene use. Sequencing of the antigen-combining
regionsof these antibodies suggeststhat they originatefrom alimited
number of B-cell clones by antigen-driven affinity selection and
somatic mutation. Some patients with immune thrombocytopenic
purpuracoften haveincreased numbersof HLA-DR+ T cells, increased
numbers of soluble interleukin-2 receptors, and a cytokine profile
suggesting the activation of precursor helper T and type 1 helper T
cels. In these patients, T cells stimulate the synthesisof antibody
after exposure to fragments of glycoprotein I1b/lllabut not after
exposure to native proteins. The derivation of these cryptic epitopes
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in vivo and the reason for sustained T-cell activation are unknown.
Dysfunctional cellular immunity is considered important in ITP
pathophysiology®. Severa studies have found evidence supporting a
T helper 0(Th0)/Th1 polarization of the immune response in I TP,
whereasothers have yielded inconsistent or opposing results. Other
studies™ have shown the presence of activated platel et-specific auto
reactive T cells that recognize and respond to autologous platelet
antigens and drive the generation of platelet reactive autoantibodies
by B cells in the peripheral blood of I TP patients. The autoimmune
processisbelieved tobe seated in the spleen; memory platel et-specific
T cells arereleased into the peripherd circulation®.

Eradication of Helicobacter pylori infection has been variably
associated with a platelet response in patients with ITP. Responses
occur in approximately half of ITP patients infected with this
bacterium, morefrequently in Japan and Italy thanin other countries.
For those with severe ITP (platelet count < 30 x 10%L) and along
duration of disease, eradication therapy seems to be less effective.
Despite extensive efforts, distinctive clinical features and factors
predicting the response to eradication therapy have not been
consistently identified. Thereisno established mechanismto explain
how H pylori could beimplicated in the pathogenesis of an immune-
mediated platelet destruction. Several theories have been proposed
to explain the platelet response to anti—H pylori therapy, including
molecular mimicry, platelet aggregation, and the induction of a Thl
phenotype that favours the onset and/or persistence of ITP. Therole
of bacterium-related factors, such asthe CagA (cytotoxin-associated
geneA) protein, are still under investigation. Eradication therapy is
simple and inexpensive, with limited toxicity and the advantage of
avoiding long-term immunosuppressive treatment for those who
respond. Although the evidence and follow-up arelimited, it appears
reasonable to routinely screen patients with ITP for H pylori,
particularly in those populations with a high background prevalence
of H pylori infection.

TREATMENT OF ITP

Many new therapies are now in early stages of development for
the treatment of ITP. These new treatments have diverse
mechanisms of action, aimed at amelioration of platelet
destruction and enhancing platelet production. This progress has
resulted from a sustained commitment to improving our
understanding of megakaryopoiesis,

thrombopoiesis, and autoimmunity, and a further elucidation of
the mechanism of action of traditional therapies. Additional work
isrequired to optimize efficacy and responserates, although given
the natural heterogeneity in diseased pathophysiology among
patients who have adiagnosis of I TP, itisunlikely that any single
treatment

will be universally applicable. Further detailing of the pathologic
factors underlying the variation among patientsin clinical course
and treatment response is required to enable further progress in
drug development and will improve selection of the most
appropriate management strategies for patients who have ITP.
“Observation Only” Approach

One of themost significant devel opmentsin management of acute
and chronic I TP over last two decades has been wide acceptance
of “Observation Only Approach.” Factors which have led to
increasing acceptance of this approach include:

a) Recognition that intracrania hemorrhage (ICH) - the most
feared clinical feature (or complication) of ITP is extremely
rare.

b) Better understanding of natural history of ITP.

¢) Absence of significant bleeding even in patients with severe
thrombocytopenia (platelet count < 20x 10 ¥mm?),

d) Publication (and acceptance) of guidelines for treatment of
ITP in children and adults.

Most of the recent treatment guidelines suggest taking into

account the bleeding symptoms rather than low platelet counts

aone for making decisions regarding drug therapy in acute ITP,

Childrenwith mild clinical disease can be managed with watchful

waiting. Drug treatment should be reserved for children with

moderate bleeding symptoms and platelet count <20 x 103/mm?

or children with severe bleeds. Thefear of ICH and high morbidity

and mortality associated with it prompts most physiciansto treat

ITP. The risk of ICH was 0.9% of 1693 children included in

various series reviewed by George and co-workers'®. Even this

figure is considered an overestimate as most series reviewed by
them originated from academic centres

which are likely to have referred cases. Lilleyman estimated a

much lower incidence of 0.2% based on UK data. A similar

incidence of 0.17% has recently been reported in aseries of 1742

newly diagnosed children with ITP 4. Over the last decade, two

surveys conducted in UK included 425 and 304 children
respectively. In both these surveys, severe thrombocytopenia

(platelet count <20x 10°mm?®) was observed in 84% and 89%

children. However, severe bleeding occurred in 3% and 5% cases

only. Even moderate bleeding symptoms were observed in 21%

and 22 % cases'>*®. Chandra et a have also reported similar

observationsin children with acute or chronic I TP during periods
of severe thrombocytopenia. Most of the cases in their series
also had no or only skin bleeds during severe thrombocytopenia'’.

These data suggest that most children with ITP have minor or

moderate bleeding manifestations even when they have severe

thrombocytopenia.Natural history of acute| TPin childrenismore
clearly defined now. George and co-workers reviewed 12 series
including 1597 cases. Complete remission rate of 74% “was
observed by them®:. Kuhne and co-workers reported remission
rates of 68%, 73 % and 66% in children with acute I TP receiving
no treatment, intravenous immunoglobulins (IVIG) and
corticosteroids respectively. These observations highlight
excellent outcome of ITP in children irrespective of initial
treatment®. The predictors of early response are identified and
scoring system to that effect has recently been reported using
abrupt onset, preceding viral infection, wet purpura, platel et count
<5x 10%mm?g, age under 10 yearsand male gender as predictors'®.

Development of scoring system for various bleeding

manifestations and severity of | TP has made assigning the severity

to a given case more objective which helps in decision making
regarding need for therapeutic intervention®2°.Over the years
guidelines for management of ITP have been brought out by

American Society of Hematology, British Society of Hematology

and British Committee on Standards in Hematology*3>%%. As a

result of these new developments, there is wider acceptance of

Observation Only Approach for management of ITPin children.

UK surveys clearly recorded this change as 60% cases were
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treated in the first survey while in the survey performed after
wider circulation of guidelines showed the decline in number of
cases receiving treatment to 37% only*>6, A survey from Nordic
countries has shown that only 57% cases were given platelet —
enhancing therapy?.

ADVANCESIN DRUG THERAPY

IVIG has been used for treating ITP since 19812, Transient
blockade of Fc receptor of macrophagesin the reticuloendothelial
system, particularly in spleen, is believed to play amajor rolein
prompt increase in platelet count after IVIG infusion. Other
mechanisms through which IVIG acts include inhibition of
antibody binding to

platelets due to presence of anti-idiotype antibodies in IVIG
preparations and decreased antibody production through
suppression of B lymphocytes. In addition, clearance of red cells
has been demonstrated after 1V1G infusion which is supposed to
have at least aminor rolein Fc blockade? . Thelatter mechanism
formsthe basis of use of anti-D in treatment of ITP. In aseries by
Blanchette and co-workers, therate of platel et response was faster
in children treated with IVIG compared to those who were not
treated with drugs®. In their second study, they compared two
IVIG treatment regimens (1 g/kg on 2 consecutive days and 0.8
g/kg once), oral prednisone (4 mg/kg per day for 7 days with
tapering and discontinuation by day 21), and for the subset of
children who were

blood group rhesus (D) positive, IV anti-D (25mg/kg on 2
consecutive days) . Thekey findingsfrom this second randomized
trial in children who had newly diagnosed I TP and platel et counts
lessthan 20 x 10%L were (1) asingle dose of 1VIG (0.8 g/kg) was
as effective asthe larger dose of 1VIG 1 g/kg for 2 daysinraising
the platelet count and (2) both IVIG regimens were superior to
1V anti-D administered as 25 mg/kg for 2 days for the clinically
important endpoint of time (number of days) to achieve a platelet
count greater than or equal to 20 x 10%L.%. Currently thisdoseis
recommended as higher doses do not offer advantage and are
more often associated with side effects®. Rapidity of rise of
platelet count and thus shortening of duration of severe
thrombocytopenia (with its favourable effect on patient, parents
and physicians) with use of IVIG is most important factor for its
wide use as initiadl management of ITP. A recent meta-analysis
comparing rapidity of platelet rise with IVIG and corticosteroids
has demonstrated that patients are more likely to have platelet
count >20x10%mm? with 1VIG use than with corticosteroids at
24, 48 and 72 hours. This difference may hold clinical
importance®. Rapidity of platelet rise is similar when anti-D is
used in higher doses®.

I ntravenous Anti- D (i.v anti-D): Salama and co workers
demonstrated reversal of thrombocytopenia in patients who had
ITP and were rhesus (D) positive with administration of i.v anti-
D3L. The mechanism of action of anti-D involves anti-D coating
of red cells of rhesus (D) positive patients. These antibody coated
red cells are preferentially removed by RES, thus sparing the
platelets®32%, Studies to look for other possible mechanisms
through which anti-D might act have failed to demonstrate any
effect of anti-D on humoral and cellular arms of immune system=.
After anti-D administration, patients become Coomb’s positive

and havelaboratory evidence of hemolysis. Study by Scaradavou
and co-workers highlighted that platelet responses are better in
children than in adults and responders tended to respond to re-
treatment with iv anti-D. They also noted that conventional doses
were ineffective in splenectomized patients®. A recent study on
children with ITPcompared the efficacy of IVIG and two different
doses of anti-D. A clear superiority of 75mg/kg dose of anti-D
was observed compared to 50mg/kg dose with respect to number
of cases with platelet count >20x10%/mm? at 24 hours of therapy.
While 50mg/kg of anti-D was found to be inferior to 0.8 gm/kg
of IVIG, efficacy of 75mg/kg dose of anti-D was equivalent to
0.8 gm/kg of IVIG *%. Short term side effects of anti-D include
fever, chills, nausea and vomiting and are observed to be more
frequent with 75mg/kg dose. These side effects are probably
related to pro-inflammatory cytokine release after anti-D
administration. As no clinically significant increase in fall of Hb
is noted with 50 or 75mg/kg anti-D, the latter (single) dose can
now be recommended as standard dosing for treatment of ITPin
children who are rhesus (D) positive®. It should be remembered
that this form of therapy is ineffective in D negative patients. In
patientswith significant anemia, use of anti-D should be avoided.
Abrupt severe hemolysis has been reported after i.v. therapy,
majority of these cases were in adults®. It isimportant to advise
the patients to be watchful for any change in the colour of urine.
Rapidity of platelet rise and ease of administration (slow i.v push
in contrast to infusion of IVIG) are important appealing factors
for increasing clinical use of anti-D, especially as OPD
administration. Survey conducted in USA, four years apart have
observed increased use of anti-D from 10% to 33% . another
factor which would promote the increasing use of anti-D as a
first line therapy is therising cost of 1VIG both at national and
international level which would decrease the usage of IVIG in
the developing countries.

Corticosteroids, Prednisolone at conventional dose of 2mg/kg
(60mg/n7?) increases the platelet count slowly and hence cannot be
usually recommended in children with very low platelet count or
clinicaly significant bleeding. For this reason, high dose ora or
parenteral corticosteroids have been used. Using oral high dose
methyl-prednisolone (M-PDN), Ozsoylu and co-workers
demonstrated efficacy equivalent to IVIG®. Intravenous M-PDN
was used by Van Hoff and Ritchey at 30mg/kg for three days. With
this dose, median time to achieve platelet count >20x10%/mm? was
24 hours, an observation similar to IVIG or anti-D use®. This
scheduleiscurrently morecommonly used. Coraco et als' experience
with short-course oral prednisone (4 mg/kg per day x 4 dayswithout
tapering) is complementary. Eighty-three percent of children who
had acute ITP and platelet counts less than 20 x 10%/L achieved a
platelet count above 20 x 10%L within 48 hours of starting
corticosteroid therapy. Reviewing al the studies using high dose
ora steroidsfor shorter duration it can be concluded that aclinically
significant increment in platelet count can be achieved rapidly in the
magjority of children who have acute I TP after the administration of
high-doses of corticosteroids (approximately 4 mg/kg per day of
prednisone or an equivaent corticosteroid preparation) administered
oraly or parenteraly. It seems wise to use high-dose corticosteroid
regimens for as short a period of time asis necessary to achieve a
clinically meaningful endpoint (eg, cessation of bleeding or
achievement of a platelet count > 20 x 10%L). This approach
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minimizesthe predictable, and sometimes serious, adverse effects of
long-term corticosteroid therapy Use of corticosteroids other than
prednisolone or M-PDN deserves mention. Oral pulsed high dose
dexamethasone (HDD) was initialy used for chronic ITP in adults
by Anderson®. He demonstrated 100% response rate. Subsequent
studies in adults and children showed a moderate success only*4,
Morerecently, thisform of therapy hasbeen used in newly diagnosed
children and adultswith ITP. This Italian study by Mazzucconi and
co-workers? modified theinitia dosing schedule used by Anderson.
Instead of giving HDD at monthly interval, they used four courses of
HDD (each course using dexamethasone 20mg/m? for 4 consecutive
days) at two weeksinterval, thus completing the therapy in 2 months
time. A complete response rate of 64.5% and overall response rate of
more than 85% was recorded. Response was similar in adults and
children. 87% responders enjoyed long term response with amedian
of 8 months (range 4-24 months) without relapse or need for any
therapy. Therapy with HDD was described as well tolerated.
Compared to IVIG and i.v anti-D, therapy with dexamethasone is
very economical.

Rituximab: Useof rituximab for I TPand other immunecytopenias
isrelatively new. Rituximab ishuman murine (chimeric) monoclona
antibody that depletes B cells from the blood, lymph node and bone
marrow by targeting CD20 which is expressed on the surface of
premature and mature B lymphocytes. It was particularly devel oped
for treatment of Non-Hodgkin lymphoma. Central role of B cellsin
autoimmunity and selective depletion of B cellsby rituximab provided
a case for exploring its use in the treatment of autoimmune
diseases®™*, Initial successwith rituximab hasled to itswider usein
immune cytopenias including ITP, immune hemolytic anemia and
Evan’ssyndrome. Mechanism of action of rituximab in ITPinvolves
much morethan mere B cell depletion. Infact, levelsof autoatibodies
are not always significantly affected by rituximab. Taylor and
Lindorfer have recently suggested another mechanism of action of
rituximab in autoimmune diseases- the immune complex decoy
theory. They hypothesized that as rituximab-opsonized B cells will
be recognized by monocytes and marophages and these effector cells
will be diverted away from interaction with autoimmune antibody
complexes®. Another theory wasput forward by Stasi and co-workers
to explain arapid response in ITRP. The auto-antibodies in ITP are
driven by T cell dependent mechanisms and the normalization of
these autoreactive T cell responses may be underlying mechanism of
action of rituximab in

ITP®. Over thepast few years, rituximab hasemerged asanimportant
aternative treatment for ITP. The treatment regimen used most
frequently was 375 mg/m2 administered weekly for 4 weeks. A
pediatric series by Bennet et al reported data including 36 patients,
ages 2.6 to 18.3 years, six of whom had Evans's syndrome .
Responses, defined as a platelet count greater than 50 x 10%L
during 4 consecutive weeks starting in weeks 9to 12 after 4 weekly
doses of rituximab (375 mg/m2 per dose), were observed in 31%
of cases (Cl, 16% to 48%). Data on over 100 children treated for
ITP with rituximab has been reviewed by Garvey®. In various
series complete response rate has varied between 32-68%.
Additional 8-27% cases have enjoyed partial remission. The
responses are described as durable with longest disease free
interval of 3.2 years (ongoing). No differences have been observed
between adults and children®™°.

NEWERAPPROACHESTO TREATMENT
OFITP

The advancesin understanding the pathogenesisof ITP havebeenin
two fields: (a.)Demonstration that platelet production isimpaired in
some patients with ITP. (b.)Better elucidation of mechanism of
production of antiplatelet antibodies.

It is believed that platelet production is increased in patients with
ITR, theplatel et count being determined by abal ance between platel et
production and rate of platelet destruction. At least in some patients
with ITP, thrombopoiesis is inadequate to offset rapid destruction,
actualy platelet production may be decreased in some of them.
Circulating or tissue bound thrombopoietin (TPO) levels are normal
or dightly increased in ITPin contrast to the increased TPO levels
observed in cases with thrombocytopenia due to impaired platelet
production®, Therapy with corticosteroids and 1VIG aso does not
increase TPO levels™. Studies by Chang and co-workers
demonstrated that in-vitro proliferation of megakaryocytesisimpaired
when they are incubated with plasma from patients with ITP
containing antiplatel et antibodies, particularly anti-GPIb antibodies™.
Observations of Chang and co-workers and other studies haveled to
use of TPO and other drugs in ITP which increase platelet
production.On the other hand studies in last decade have improved
our understanding of how antiplatelet autoantibodies are produced
and lead to platelet destruction. It isnow believed that B lymphocyte
activationin I TPand other autoimmunedisordersisT cell-dependent.
CD40 is a cell surface receptor that belongs to the tumor necrosis
factor-receptor family, and that was first identified and functionaly
characterized on B lymphocytes. CD40-ligand (CD40L/CD154), a
member of the TNF superfamily, is a cell membrane molecule
expressed on activated CD4* T lymphocytes and is essential for
activation of B lymphocytes. It is speculated that platel et-associated
CD154 is competent to induce the CD40-dependent proliferation of
B lymphocytes. Studies have shown increased expression of platelet-
associated CD40L/CD154 in ITP patients®%. These observations
have led to development of antibodies interfering with this arm of
immune dysregulation.

Drugs Increasing Platelet Production

Megakaryopoiesis is controlled by signalling through the TPO
receptor (c-Mpl) present on megakaryocyte and platelet surface.
Studieshave eval uated polyethylene glycol-conjugated form of TPO
(PEG-megakaryocyte growth and devel opment factor (PEG-MGDF),
arecombinant TPO. Thisled to increased platelet countsin four out
of five patients with ITP®%, However, PEG-MGDF was found to
be immunogenic and induced production of anti-TPO antibodies
leading to severe thrombocytopeniain some recipients™. Following
these reports, further research on this compound was stopped. The
second generation agents include TPO peptide mimetics, TPO non-
peptide mimetics and TPO agonist antibodies™.

Studies with two of these compoundsi.e.: AMG 531 (Romiplosim)
and Eltrombopag are in late stages of a positive signal for clinical
usage. These are c-Mpl peptide agonists that share no sequence
homology with native TPO.

AMG 531: Inastudy by Bussel and co-workers, escalating doses of
0.2to 10mg/kg weekly subcutaneoudy for 6 weekswere administered
to 41 patients. In phase | of the study, platelet count above 50 x 10%/
mm? was achieved in 7 out of 12 patients. Increase in platelet count
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was dose dependent. Inphasell, 10 of 16 patientsreceiving 10mg/kg
weekly for six weeks showed platelet count above 50x10%mme. No
major adverse events were noticed®. Newland and co-workers have
also reported similar observations. Eight of their 11 patientsreceiving
doses >1.0 mg/kg showed increase in platelet count®. Reversible
marrow fibrosis has been documented in some patients receiving
AMG 531%.

Eltrombopag: Eltrombopag (SB-497115) is oraly administered
agent. It is a small-molecule, non-peptide thrombopoietin-receptor
agonist. This drug initiates thrombopoietin-receptor signalling by
interactionwith trans-membrane domain of receptor, thereby inducing
proliferation and differentiation of cells in megakaryocytic lineage.
In astudy by Bussel and co-workers, patientswith chronic ITPwere
administered 30, 50 and 75 mg of eltrombopag daily. By day 15,
more than 80 % patients receiving 50 or 75 mg of eltrombopag had
an increased platelet count. TPO levels remained within normal
rangest.

IL-11: I1L-11 stimulates megakaryopoiesis in vitro. A recombinant
human interleukin-11 (rhu IL-11, oprelvekin), hasbeen used in cancer
patients having thrombocytopenia. Wilde and Faulds have reviewed
its clinica use. The drug increases megakaryocyte size and ploidy.
The recommended adult dosage of subcutaneous oprelvekin is 50
mg/kg once daily, administered until the platelet count is >50 000/
mm3. Three placebo-controlled trials involving patients with cancer
(mostly breast cancer) undergoing dose-intensive cancer
chemotherapy, with or without autologous bone marrow
transplantation (n=75 to 82), have been conducted. Compared with
placebo, oprelvekin 50 mg/kg/day was associated with significantly
fewer patients requiring platelet transfusions and a trend towards a
lower median number of platelet transfusions®. Bussel and co-
workers used rhulL-11 in adults with refractory ITP. At 50ug/kg
dose, rhulL-11 failed toincreasethe platel et countsin these patients®.
There are other thrombopoietic agents under development that seem
promising in trialsin normal volunteers, such as AKR-501. Further
study will reveal the potential of these agents for long-term
maintenancetherapy, and the usefulness of these agentsin children
who have ITP.

OTHER IMMUNOMODULATORY DRUGS

T cell mediated B lymphocyte activation in patientswith I TP forms
the basis of use of these compounds. Kuwana and co-workers
conducted a dose escalating trial of humanized monoclonal
antibody to CD 154 (IDEC-131/E6040) in patientswith refractory
ITP. Norisein platelet count was observed with 1, 2 or 5 mg/kg
dose. Three patientstreated with 10 mg/kgdose showed anincrease
in platelet count®. Another study by Patel and co-workers has
demonstrated 24% overall response rate using 5-20 mg/kg dose
of this monoclonal antibody®. Specific Inhibitors of Phagocyte-
Mediated Consumption of Platel ets: the thrombocytopeniain ITP
resultsat least in part from aninteraction between platel et surface-
bound immunoglobulin and FciRIII receptors on macrophages.
Specific antibodies of FciRIIl have therefore been designed as
potential therapy to prevent platelet clearance. Early trialswith a
murine anti-human FciRI I antibody demonstrated the feasibility
of this approach, but treatment could not be repeated as a result
of universal development of human antimouse antibodies. A
humanized antibody, GMA-161, has been developed and used in
low dose in four adults who had chronic refractory ITP. In these

initial studies, responses were fairly short-lived. Further study is
required to demonstrate the applicability of specific FciRIII
targeting in the treatment of I TP and other autoimmune disorders.
Aninhibitor of syk kinase (R788) that targets the FciR signaling
pathway is aso in early trial with promising results®®.
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clinical trails on new drugs, a number of diagnostic procedures, thera-
peutic interventions and prevention measures including the use of
vaccines, are being introduced which involve human subjects. Further
the advent of new medical devices and radio-active materials and
therapeutic benefits of recombinant DNA products have added a new
dimension to the ethical issues that need to be considered before
evaluating these for their efficacy, utility and safety.
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tence, (vii) accountability & transparency, (viii) maximisation of pub-
lic interest and distributive justice (ix) institutional arrangements
(x) public domain (xi) totality of responsibility and (xii) compliance.

Recent advances in the field of Assisted Reproductive tech-
nologies, organ transplantation, Human genome analysis,and gene
therapy promise unquestionable benefits to mankind. At the same
time, they raise many questions of law and ethics, stimulating public
interest and concern.
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LIVER TRANSPLANTATION IN CHILDREN
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Abdract : Liver transplantation is now an established mode of therapy in children with fulminant hepatic failure and end stage liver disease
dueto various causes. Theindications have evolved over thelast few yearsto include various metabolic disorders. A thorough pre transplant
evaluation followed by pre-emptive identification and management of anticipated complications is essential for the success of a liver
transplant. Low socio economic and education levels and insufficient social assistance have a consderable impact on the practicality of a
transplant taking place in India. The liver trangplant programmein India has come a long way over the past 10 yearswith patient survival
rates comparable to the best centersin the world. Theimprovementsin surgical and medical expertise have contributed in a big way to this

achievement.

INTRODUCTION

Paediatric liver transplantation (LT) is now an established thergpeutic
procedure for children with fulminant heptic fallure and end stage liver
diseasedueto diverseetiologies. The surviva hasimproved significantly
over the last decade with pediatric recipients faring better than adults.
Initidly thisthergpeutic moddity was available only in developed world
but over the past decade pediatric liver transplantation has become
established in Indiawith survival rates comparableto that of established
centersintheWest 23, Themedica and surgical expertisegained over the
past few yearshasdlowed the application of liver trangplantationto even
very young infants with excdllent results.

THE NEED FOR PEDIATRIC LIVER
TRANSPLANTATION

In the West gpproximetely 2-3 pediatric liver trangplants are performed
per million of population per year. At thisrate, around twoto threethousand
children need liver trangplantation in India annually. Out of 2436
hepatobiliary referrdsto our centreinlast 10 years, 256 children satisfied
the criteriafor liver trangplant. Asin theWest, extrahepatic biliary aresia
(EHBA) was the commonest indication with over 60 percent of children
requiring LT (Table 1). In India however, most children with EHBA are
ether diagnosed |ate or have not undergonethe Kasai procedureat dl. At
another tertiary care center, nearly 70 percent babieswith EHBA required
LT based on internationdly accepted criterig?. Internationdly, the donor
pooal for children has been extended by the use of cadaveric cut-down,
split and living-rdated trangplantation to metch the increasing pool of
potentia liver trangplant recipients®. In India, however, mgority of liver
trangplants are living related liver trangplants*®.

INDICATIONS FOR LIVER
TRANSPLANTATION

Theindicationsfor atransplant have increased over thelast few yearsto
include various metabolic disorders (Table 2). While hiliary atresia
continues to be the commonest indication for a pediatric liver trangplant
world over, more and more children with diverse etiologies are being
offered thislife saving moddlity with successful results.

Chronic liver failure

Chronic liver failure secondary to cholestatic liver disease is the most
common indication for liver trangplant in children. The single most
common causefor chronicliver fallureininfancy and childhoodishiliary
atresa. TheKasa procedureis successful in one-hdf of all patientsand

Table 1: Liver transplant indications at Indraprastha Apollo
Hospital, New Delhi (1/10/1997 to 24/10/08)

Total Hepatobiliary referrals 2436

Criteria for transplant satisfied 256 (12.5%)

Neonatal cholestasis syndrome 156
Fulminant hepatic failure 44
Cryptogenic 27
Wilson’s disease 07
Hepatoblastoma 05

PFIC 06
Tyrosinemia 04
Hepatocellular carcinoma 03
Budd Chiari syndrome 02
Crigler Najjar syndrome 01

Table2 Indications for Liver transplantation in children;
Chronic liver failure

A) Cholestatic liver disease
Biliary atresa
Idiopathic neonatal hepetitis
Progressive familid intrahepatic cholestasis
Bileduct hypoplasia

B) Metabalic liver disease
Wilson disease
Tyrosnemiatypel
Glycogen storage disorder typelV
Cydticfibross

C) Chronic hepatitis
Autoimmune
Idiopathic
Cryptogeniccirrhosis
Post vird (Hepaitis B, C)
Fibropolycysticliver diseese+ Caroli’sdisease

Acute Liver failure

A) Fulminant hepatic failure
Vird hepatitis
Acetaminophen poisoning

B) Metabolic liver diseese
Fatty acid oxidation defects
Neonatd hemachromatos's
Tyrosnemiatypel
Wilson disease

Inborn error of metabolism
Crigler-Ngjar syndrometypel
Organic acidemias
Primary hyperoxauria
Ureacycledefects
Hepatic Tumors
Benign tumors

Unresectable maignant tumors with no extra-hepatic spreed
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if jaundiceisfully rdieved, most childrenwill grow and develop normaly
but by age of 10 years about 50% of these patients need atrangplant for
chronic liver falure®. While 21 % of dl hepatobiliary referras a our
centrewereof neonata cholestasis, nearly 20%of thesehad biliary aresia
Of dI the children who received the transplant, 29 % had a diagnosis of
biliary aresia The outcome of cholestatic liver diseaseslike Progressve
Familid Intrahepatic Cholestasis(PFI C) ismorevaridble. Liver transplant
is indicated if decompensated cirrhosis and/or intractable portal
hypertenson develop, if manutritionand growthfalureareunresponsve
to nutritiond support or if there is intractable pruritis thet is resstant to
maximum medical therapy or biliary diverson. Ten percent of children
who underwent LT at our centre had diagnosis of PFIC.

Metabolic disorders

Wilson diseeseis arareindication of liver transplant in childhood. Early
diagnosis and thergpy with penicillamine should be curative, but many
children present with established cirrhosis. Liver transplant is indicated
in children who present with advanced liver disease, progressive hepatic
disease despite medica therapy or fulminant hepatic failure. Thedlinical
presentation of Tyrosinemiatype-l includes both acute and chronic liver
disease and multiorgan failure. It congtitutes an important metabolic
indication for liver trangplant both in the infantile and older age groups.
Metabolic disorders condtituted less than 5% of children requiring LT &
our centreinlast 10years. Early identification of thesedisordersisessential
before severe extra hepatic manifestations ensue. A number of inborn
errors of metabolism are secondary to hepatic enzyme deficiencies that
lead to severeextrahepatic dissasewhiletheliver functionremainsnormal.
Crigler Ngjar syndrome type-l, primary hyperoxauria are some of the
examplesof suchdisorders A liver transplant isrequired in these casesto
prevent or reverse extrahepatic disease. Thetiming of transplant inthese
cases depends on therate of progression of the disease, the quality of life
of the affected child and the development of severe irreversible extra
hepatic disease.

Acute liver failure

Acute liver failure (ALF) is arare condition in children, dthough it is
asociated with significant mortality without trangplantation. Kdly et.d
found that 50% of acute liver falure in pediaric patients was due to an
infection with more than haf of these diseases being non-A-non-B-non-
C-hepdtitis’. In India, Hepatitis A is the commonest cause of ALF in
childrent. Metabolic diseaseslike Tyrosinemiatype-l and Wilson disease
can a0 present as acute liver failure, especidly in the firgt year of life.
Thecriteriafrom King's College London arewiddy used to assessfor LT
and comprise of 4 variables: leukocyte count >9000/ cu mm, hilirubin
13.8mg/dl, agebelow 2 yearsand INR 4. If oneof thesevariablesappears
in achild with acute liver failure mortdity rises dramatically to 76%. In
the case of the gppearance of 2 variablesmortdlity risesto 93% and with
the presence of 4 variables mortdity is 100%°. ALF is the second most
common indication among the children who required the transplant at
our centre. WhileALF wasthe presentationin 4 % of childrenreferred to
our centre during the last ten years, nearly 50 % of these stified the
Kings Callege criteriafor atrangplant.

PRE-TRANSPLANT ASSESSMENT

Theamsof assessment for liver transplantationareto confirmthediagnoss
and severity of disease, definethepatient’ sgenerd medicd satus, arrange
interim supportive care and assess socioeconomic and educationd datus
of thefamily. Assessment is carried out by amulti-disciplinary team and
involvesthe patient and their families. The ability of the child'sfamily to
comply with ingructions and follow-up plans are rdlevant factorswhich
must becondderedinthetrangplant assessment process. Hepatic function
isassessad by measurement of abumin and prothrombin time (synthetic
function) and bilirubin, transaminases, akdine phosphatase and gamma

glutamyl trangpeptidase. The vascular anatomy is delineated by Doppler
ultrasonography and/or MR or conventiona angiogrgphy. A nutritiona,
developmentdl, cardiac and dentd assessmentisperformedindl children.
Serological examination is performed to assess immunity to viral

pathogens.
PREPARATION FOR LIVER
TRANSPLANTATION

The important agpects of the preparation are nutritiona rehabilitation,
immunization, trestment of hepatic complications and counsding.
Nutritional rehabilitation: Recent data suggests that preoperative
nutritiona statusisanimportant factor affecting outcomepost trangolant™®.
Modular feeds which dlow protein, carbohydrate and fat content to be
individually prescribed for each child are recommended.

Immunization: It isessentia to make surethat routineimmunizationsare
complete. If necessary, immunization for MMR and varicela should be
brought forward. However, in children undergoing emergency liver
transplants, completing the immunization with live vaccines is not
possible™.

Treatment of hepatic complications: Ascitesand fluid retentionismanaged
by restricted sodium and fluid intake and the use of diuretic therapy.
Bleeding varices are treated with intravenous somatostetin or octreotide,
endoscopic band ligation or trangugular intrahepatic portd shunts. It is
preferable to employ band ligation instead of sclerotherapy because of
the potentia risk of portal vein thrombosis and ulceration. Hepatic
encephalopathy istreated by low protein diet and ord lactulose. Therole
of branched chain amino acids remains controversial and use of
extracorpored liver as3st devices asabridgeto trangplantation is not yet
fully established™.

Counsding: Education and counsdling of the family and the child is of
paramount importance to sugtain them through the stressful procedure,
the prolonged post-operative period and thelife-long immunosuppressive
therapy with its attendant risks and Sde effects

ICU CARE

In the immediate post operative period the main issues revolve around
monitoring graft function (PT/INR, PTT and other liver function tests) in
addition to maintenance of hemodynamic parameters, fluid baance and
oxygenation to ensure adequate blood flow to theliver graft. Strict aseptic
precautions must be followed in caring for transplant patients. Duration
of mechanicd ventilaion in transplant recipient depends upon age and
preoperative condition of the patient. A child with FHF may reguire a
longer duration of verttilation depending on the neurologica state. Onthe
other hand, patientswith norma pulmonary function preoperatively may
require short term or no ventilation. Infants and small children are more
likely to need postoperative ventilation. Ventilatory management ams at
avoiding the respiratory complications of atelectads, effusons and
pneumonia. Some smdler patients may require a higher end expiratory
pressure to compensate for a distended abdomen pushing onto the
digohragm. In a single centre series the mean time to extubation was
11.1+ 15 hours and the mean duration of ICU stay was 7.2+ 5.5 days™.
Pain control is commonly achieved by opioid infusonstitrated to effect.
Judicious use of muscle rdaxants might be needed. Atracurium (a non-
depolarizing muscle relaxant metabolized by non enzymétic hydrolysis
(Hoffmandimination) canbesafdly used. Generd principlesof respiratory
caregpply indl mechanically ventilated patients. Close monitoring, early
detection and trestment of complications remains the key to successin
addition to supportive management by the liver transplant team.

COMPLICATIONS
Primary non-functionisrareamong livingrdated liver trangplant recipients.
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It must however be closely monitored for the first 24 hours (rising
transaminases, profound hypoglycemia and acidosis, coagulopathy,
oliguria) requiring emergency retransplantation. Acute rejection occurs
infirgt few weeksafter trangplantation (average 23 daysfter trangplant in
children) characterized by fever, increased bilirubin and liver enzyme
levels and encephalopathy. Five to twenty percent patients will have
vascular occlusion with accompanying graft loss. Venacava, portd vein
and more commonly hepatic artery may get occluded by intramura
thrombus, or less commonly by extrinsic compression or vessd kinking.
Vessls smdler than 3 mm diameter tend to have higher incidence of
arterid thrombosis. Signs and symptoms consist of FHF, increased
transaminase and hilirubin levels with worsening coagulopathy. Porta
thrombos's presents with fulminant necrods and intetind edema with
agtitis. Doppler ultrsanography and CT angiography are useful tools in
early identification of vascular occlusion. Early identification and
management of bile leak and postoperative bleeding requires close
monitoring.

IMMUNOSUPPRESSION

The usud immunosuppressive regimen consists of calcineurin inhibitors
cyclogporine or tacrolimus and prednisolone dong with mycofenolate
mofetil (MMF). Tacrolimus based immunosuppression is preferred as it
has been associated with less acute rgection and better long-term graft
survival rates,

INDIAN SCENARIO

Till afew yearsback, intheabsenceof LT facilitiesin India, apatient with
liver failure had only two options, certain deeth or travel aoroad for a
trangplant. Receiving aliver transplant in the West was not only a costly
exercise but aso entalled along waiting period as being a foreigner, he/
she would get a low priority on the cadaver waiting lists which were
understandably biased to favor the state hedlth entitled native population.
The development of liver transplant programmein Indialed to an overal
improvementinlevel of carein dlied Specidties (aneshesg criticd care,
blood bank, radiology, histopathology) on one hand and on the other
helped save precious foreign exchange®™5. Our experience over the last
10 years has shown thet it is possible to establish a programme but there
are cartain unique hurdles that need to be overcome®¢, The socid
evaudion in our setting isextremely important. Low socioeconomic and
educationa levels dong with insufficient social assistance have a
congderable impact on practicdity of atransplant taking place in India
Mogt patients are referred late for atrangplant, quite often when they are
not trangplantable (Table 3). The sub optima management of the patients
in the pre trangplant phase results in a sizeeble number being unfit for
trangplantation'>*"18, Cogt is ill aformidable problem for most patients
and absence of medicd insurance and satefunding further aggravatesthe
problem. A pediatric LT at our center costsbetween 12 to 15 lakhs, which
isroughly one-tenth of what it would cost inthe West. Despitethesehuge
difference in cogts, contributions from philanthropic organizations and
medica insurance are required if LT is to become avalable to the vast
majority of paientsin India There is a dear bias agang the girl child
with most families hesitating to spend on transplantation for agirl (Table
4). Thereis a paucity of reliable cadaver organ supply primarily due to
low awareness about organ donation. With an gppropriate brain degth
law dready in place, sufficient public and professond educationisneeded
to develop cadaver donation. More awareness and acceptability towards
organ donation in our country is required so that cadaver organs are
availablefor patientsin urgent need for atransplant. Till then, living related
liver transplantation is the only way forward.

THE WATERSHED

Presently the patient surviva rates in India are comparable to the best
centers in the world*. Over the last decade, 28 transplants have been

Table-3: Liver transplantation — Assessment details

Unfit 134
Neonatal cholestasis syndrome 104
Infection 74
Malnutrition 104
FHF 34
Ataxia 01
Sepsis 16
Multi organ failure 17

Table 4: Liver transplantations (1/10/97 to 24/10/08)

Fit for transplant 122
Refused (Girls 64, Boys 15) 79
Economic factor 70
Willing 51
Cadaver only 23
LRLT 28
Transplants performed 28
Cadaver 02
LRLT 26

* One re-transplant

Longest follow up 10 year

performed & our center. The year 2006 was water shed in terms of the
learning curve being rewritten. We have recorded 100% surviva ratesin
al fourteen pedidric liver transplants since then. The surgicd expertise
gained over the last few years combined with the advancements made
and lessons leant in the medica management have contributed in abig
way to this achievement. Liver transplants in infants are now being
performed with results comparable to those of children more than one

year of age.

Despitethese success stories, thereis il alack of avarenesson existing
liver trangplant fadilitiesin India even within the medicd fraternity. It is
the faith and support of the medica fraternity and the public a large that
canhelp our endeavorstomake LT apracticaly feasibleand economicaly
viable treatment modadlity in India.
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STEM CELL TRANSPLANTATION IN PEDIATRICS
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(Abstract : Pediatric diseases are uniquein that thereis a preponderance of genetic and metabolic conditions which afflict this age group. 'Ihereara
aggressve malignancies not amenable to or which have failed conventional therapy. Sem cdll therapy technology has evolved to make treatment
possible for these difficult disorders. Sem cdll treatment can be broadly divided into two groups, Hematopoietic stem transplantation (HSCT) and
Semcel therapy. Bone marrow- or peripheral blood-derived allogeneic hematopoaietic stem cell transplantation from an HLA-identical sihling or
matched unrelated donor can cure children with thalassemia mejor, severe aplagtic anemia and leukemias. Thereare several centerswhich perform
HSCT in India, they have been performed for both malignant and non malignant diseases. Post transplant complications occur in both the acute
setting with acute graft versus host disease, Snusoidal obstructive syndrome and infections causing early mortality and morbidity. Late complica-
tions include chronic graft versus host disease and infections as well as the sequelae of treatment. Advancements in understanding transplant
biology and the newer immunosuppressive drugs, have helped to reduce and treat graft versus host disease, routine prophylaxis, better early
diagnostic markers for viral infections and immunizations have helped in prompt identification, treatment and prevention of infections. Better
chimerism techniques have enhanced post transplant monitoring for early identification of relapse and rejection so that intervention can be deliv-
ered. For diseaseslike thalassemia major and aplastic anemia if transplants are planned, the patient and donor wor kup needsto be performed early
asthetransplant outcomeis better prior to receiving multiple transfusons. Sem cdll therapy isthe forefront of regenerative medicine and has been
utilized for degenerative disorders. Newer applications of stem cdll therapy in congenital and developmental pediatric diseases holds promise for
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\Teny incurable disorders.

J

INTRODUCTION

Pediatric diseases differ from adult conditions in that many genetic
and metabolic conditionswhich are either incompatiblewith anormal
lifespan or cause serious developmental sequelae afflict children.
Certain aggressive malignancies also occur only in young children
and adolescents; these are frequently not amenable to or havefailed
conventional therapy. These difficult hitherto untreatable, life
threatening conditions have led to the identification of a field of
treatment using stem cell therapy. The concept of stem cell therapy
has been with us for sometime, now the technology has evolved to
maketreatment possiblefor these and many other pediatric disorders.
Stem cell treatment can be broadly divided into two groups.(1.)
Hematopoietic stem transplantation: the biology, indications,
dosage and complications have been well defined. (2.) Sem cell
therapy: which isapromising, evolving new modality and the last
frontier of a new field of medicine. This is however not yet fully
elucidated. We will be discussing these two entities separately inthis
article,

HEMATOPOIETIC STEM CELL
TRANSPLANTATION (HSCT)

Hematopoietic stem cell transplantation is a standard procedure in
which progenitor cells that have the capacity to reconstitute normal
bone marrow function, are transplanted into the patient. This
procedure may utilize hematopoietic stem cellsfrom the same patient
or from adonor. Hematopoietic stem cell transplantation was started
more than 50 years ago. Thefirst successful hematopoietic stem cell
transplants were conducted in the 1960s for primary
immunodeficiency diseases and leukemia. These early attempts
suffered from high morbidity and mortality. Thiswas dueto toxicity
related to the conditioning (or preparative) regimen given for the
bonemarrow transplantation, post transplant infectious complications
and a complication unique to HSCT, due to immunological effects
of the donor cells on the host body called graft versus-host-disease
(GVHD).

Subsequent advancesin transplant clinica careand transplant biology

havefocused onimprovement of conditioning regimensthat aretailor
made for optimum results in different diseases. The standardization
of prophylaxis and awareness of common infections and an
understanding of theimmune mechanismsassociated with theadverse
effects (GVHD) and the antitumoral effects of the engrafted
hematopoietic stem cells have al led to reduction in transplant
mortality and morbidity.

Sources of stem cells

First, a source of stem cells must beidentified for the patient, the
sources of hematopoietic stem cells for transplantation are
conventiona bonemarrow, cytokine mobilized periphera blood stem
cells (PBST) and umbilical cord blood hematopoietic stem cells.
CD34 (+) isacell surface marker on hematopoietic stem cellswhich
is used to identify and enumerate these cells. The decision about
choice of stem cell origin for the patient is based on multiple factors
such ashost disease, donor characteristicsand mostimportantly HLA
match. Each of these sources of cells has specific advantages and
disadvantages, which aretaken into account for making the selection
(Table 1).

Table 1: Summary of the characteristics of hematopoietic sources - bone
marrow, peripheral blood stem cells and umbilical cord blood.

Property

Bone marrow

Peripheral blood
stem cells

Umbilical cord
blood

Collection of stem
cells

Needs general anesthesia for
donor

Needs granulocyte colony
i ing factor for donor

Collection at time of
delivery

HLA matching

HLA match class Tand
Class IT

HLA match class T and Class

Mismatch of 1-2 HLA-A,B-
DR

time

14- 18 days

9-11 days

20 days

Risk of acute GVHD

Equal to peripheral blood

Equal to bone marrow

Least

Risk of chronic GVHD

Lower than peripheral blood

Highest

Least

Feasible

Feasible

Not feasible

Time to unrelated
donor identification ,
donor attrition donor

Unrelated donor search,
requires database, funds and
time for search. Donors may
refuse

Unrelated donor search,
requires database, funds and
time for search. Donors may
refuse

Cord blood units stored and
typed.But small units,
expense and logistics of
starting bank

GVHD= graft versus host disease
HLA = human leucocyte antigen

Types of hematopoietic stem cell transplantation

The mgor types of hematopoietic sem cdl trangplantation (HSCT) are
dassfied by the source of progenitor cdls used in the transplant. Stem
cdls from the host are cdled autologous stem cells. Autologous stem
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cdls are usudly periphera blood stem cdls, but may be bone marrow
cdls, sem cdls from a donor are dlogeneic em cdls, these may be
peripheral blood, bone marrow or donated umbilical cord
blood. Allogeneic sem cdll trangplantation has been meade possible by
the identification and study of Histocompatahility antigens the Human
Leukocyte Antigen system. These are antigens which are expressed on
the surface of most cdllsinthe body including leucocytes. Theseantigens
are dso known as the mgor hisocompetibility complex (MHC) and
occupy the short arm of chromaosome 6. This genetic region has been
divided into chromosoma classes which are matched to find the most
closely matched or best suited donor. Class | and |l matching are
prerequisites to selecting an dlogeneic donor. Class | region is made up
of HLA-A, HLA-B and HLA-C and Class Il is made up of HLA-DR,
HLA-DP and HLA-DQ genes. Traditiondly, the critica loci for HLA
matchingareHLA-A, B, and DR Therolesof HLA-C and HLA-DQ have
recently gained importance and are now aso being consdered while
sdecting a donor. HLA typing is performed by serology and molecular
techniques, this is a rapidly expanding field, with identification of
mismatcheswhich are acceptable and thosethat may resultinlater severe
complications such as graft versus host disease or graft rgection. Killer
cdl immunoglobulin-like receptor (KIR) typing is now being performed
and correlated with GVHD, to study therole of dloreective naturd killer
cdls. A completely matched sibling donor is considered theideal donor.
However every patient does not have an HLA meatched sibling, hence
unrelated donor trangplant in which the donor is completely matched or
has a single mismatch can be performed. In certain circumstances eg.
relapsed leukemia, a grester donor mismatch is tolerated and may even
be beneficid.

Another source of hematopoietic sem cells are those collected from the
umbilical cord blood. The use of cord blood transplantation has rapidly
increased because of ease of callection, prompt availahility, absence of
donationrisk, lessGVHD duetoincreased toleranceto HL A-mismatch.
Cord blood banking has become important, these cord blood units are
HLA typed andstemcellsarequantified. They areavailableto prospective
patients. Use of cord blood as asource is constrained by the quantity of
cdls available in each cord blood unit. The use of multiple cord blood
trangplants, in which multiple cord blood units from different donors hes
expanded their use to larger sized patients and has shortened the time to
engraftment 2. However cord blood banks that store the cord blood only
for the donors own usein the future, have limited utility®.
Patientswithout an HLA matched sibling can try for an unrelated donor
searchinthevoluntary bonemarrow donor registries. However for patients
belongingto ethnic minorities, particularly Asanstheprobatility of finding
an HLA-matched donor isremote, dueto their unique HLA dleles The
time taken to search and donor attrition (refusals, inability to donate etc.)
haveadded further hurdlesto expanding thisprocessinindia. Most Indian
patientscannot afford the cost of an unrelated marrow search, or develop
serious complications before transplantation due to the prolonged time
taken to complete such a search.

The transplant team sdects the stem cdll source based on availability,
dose of stem cells needed for the patient, disease, benefit of graft versus
leukemia effect and degree of HLA mismatch and need for rapid
engraftment of blood cdls. If more than one donor is available then the
most compatibledonor ischosen by eva uating donor sex, cytomegalovirus
(CMV) dtatus, degree of blood group mismatch etc.

Autologous transplantation is a technique of giving high dose
chemotherapy inwhich the hematopoietic systemisrescued by returning
the patient's own stem cells. This is most useful in chemosensitive

hematopoietic and solid maignancieswherethe higher than conventional
dosetherapy isabletodiminatetheresdua maignant disease, and prevent
severetoxicity to the patient who would without the rescue have suffered
profound ablation of the bone marrow. The host's peripherd blood stem
cdlsmust be collected after conventiond trestment to control the diseese
and mohilized by cytokine granulocyte colony stimulating factors. Every
effort to ensurethat thestem cdll product isfree of tumor isdonesincethe
major complication after autologous trangplant is relapse of the origina
disease. This procedure does not have theimmunologica complications
seen with dlogeneic transplants and immunosuppression is not required
as the recondtituted immune system isthat of the origingl hogt.
Indications

Pediatric hematopoietic sem cell transplantsare performed for malignant
and non malignant diseases. Common malignant diseases for which
trangplant isindicated are advanced solid tumors and high risk leukemia
paientswhenaHLA matched shlingdonorisavailadbleeg. acutemyeoid
leukemia, Philadephia positive Acute Lymphoblastic leukemia (ALL),
Juvenilemye omonocticleukemia(IMML), Infants acute lymphoblastic
leukemia(ALL)with 11923 rearrangement and chronicmyeloid leukemia
(CML) in children. Patients who have graft versus host disease
(GVHD) experienceimproved rd gpse-freesurviva. Childrenwith acute
promyelocytic anemiat(15;17), and those with inv(16) and t(8;21) fare
well with chemotherapy these patients are not treated with up-front
trangplant regimens*s. Even in CML and Ph positive ALL with better
chemotherapy and newer agentslikeimatinib and dasatinib somechildren
may do well even without transplant.

Other children for whom hematopoietic stem cdll transplantation may be
agood option include those who have experienced induction failure or
early relgose within 18 months of diagnosis'. In children with relgpsed
leukemias, the response rates to trangplant vary with time to relapse,
response to the relapse chemothergpy protocol and type of relapse (see
Table2aand b).

Table 2 a Indications for Autologous transplantation in pediatric
patients

Malignant disorders Non malignant disorders

Table 2b Indications for Allogeneic hematopoietic
transplantation in Pediatric patients

Malignant Conditions

Non malignant conditions

e.g. Relapsed lymphomas. Macrophage and granulocyte disorders.
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Transplantation for non malignant conditions are performed for
hemoglobinopathiese.g. thalassemiamejor, aplagicanemiaand avariety
of immunodeficienciesand genetic disorders. Sncethe transplants entail
correction of gene defect or supply of absent hematopietic stem celld/
subgtrateonly alogeneictransplantscan be performedfor these conditions
(see table 2b). Children who have received multiple transfusions
(Thalassamia mgjor and aplastic anemia) are at risk for rejection and
other seriouscomplicationsof trangplant. Henceearly referra for matched
shlingreatedtrangplantisof benefit. Inchildrenwithimmunodeficiencies
and genetic disorders the conditions needs to be identified promptly and
the children trangplanted from a hedthy sibling or by usng maternd
haplo-identical stem cdllsto savethelife of the child and prevent serious
morbidity. Severe auto immune diseases such as systemic lupus
erythematosus have a0 been successfully auto-trangplanted.
Trangplantation Procedure
a) Conditioning
Theinitid step for trangplantation of hematopoietic sem cdls involves
sdection of the conditioning regimen. This is the name given to the
combination of chemoathergpy, immunosuppressants, radiation therapy
or radio labeled monoclona antibodies given prior to infusion of the
hematopoietic gem cells. Theroleof conditioningisto make spaceinthe
bonemarrow for the new stem cdlls, removethe pathologic cdlsfromthe
host and provideimmunesuppressionto prevent rgjection and graft versus
host disease. This conditioning varies in the drugs chosen, doses of
chemothergpy and inclusion or exclusion of radiotherapy dependent on
the disease entity for which trangplantation is being performed.

b) Callection of gem cdls

(i) Harvesting bone marrow. Stem cdls are obtained from the bone
marrow by repeated aspirations of the posterior iliac crests of the
donor under generd anesthesia. Callection of the required adequate
cdl dose can be a difficult procedure in smadl sbling donors. The
collections can be of unprimed bone marrow or primed with
granulocyte colony stimulating factors (G-CSF).

(i) Peripheral blood stem cdll callection: The bone marrow stem cells
can be mobilized into the peripheral blood and collected via
leukocytopheresis. Along with increasing the number of cdls G-
CSF dso causes the release of proteases that degrade the proteins
that anchor the tem cdllsto themarrow stroma, causing their rlease
into the peripherd blood. Autologous stem cdlls are collected post
recovery after acycle of chemotherapy with hematopoietic growth
factorslike G-CSF. Indlogenei ctransplant the hedlthy matched donor
isgiven 4-5 days of granulocyte colony stimulating factor (G-CSF)
10ig/kg/day and stem cdllsare callected by apheresistechniqueona
cell separator machine. Peripheral blood stem cells can be
cryopreserved for later infusion or given to the patient on the same
day. Periphera blood stem cdllshave more T cdllsthan bonemarrow
and consequently there is an increased risk of chronic GVHD.
Peripherd blood stem cdlls speedily engraft compared to other stem
cdl sources. However it istechnicdly difficult to collect periphera
gem cdlsfrom amdl children

(iii) Umbilical cord blood: Collection of Umbilical cord blood (UCB) is
performed a thetimeof ddivery, usudly after ddlivery of theplacenta
It must be performed after cleaning the cord, using aseptic technique
aneadleisingarted into the umbilica cord and blood is withdrawn.
Manipulating the placentato increase the yield is contraindicated as
it may lead to contamination with materna blood.

) Infugon of gem cdls

The mononudear cdl count and CD34(+) count in the peripheral blood
determines the timing of collection. After collection flow cytometric
enumerationof cdlsisperformed. Althoughtheminimum number required
for engraftment is considered to be 1 x10° cdls per kilogram of body
weight, the preferred number is 2-2.5 x 10F cdlskg or more. The sem
cdl infusion is given like a blood transfusion with monitoring and
hydration. The CD34 and stem cells home to the bone marrow. The
engraftment of hematopoietic cels occurs within 8-20 days depending
on stem cdl source and dose (table 1).

COMPLICATIONS

Hematopoietic stem cdll trangplantation (HSCT) related complications
are classified into early and late depending on their timing. Early
complications occur in thefirst 100 days of transplant. Usudly post 100
daysthe patient if sable, isdischarged from the hospital and continueson
immuno- suppression for six monthsto one year (table 3).

Table 3 Timeline of hematopoietic stem cell transplantation and
common complications and infections post transplantation

E
Enc

Gram negative Gram positive | bacteria
Gram positive

| ¢ irus, Pneumocystis jiroveci |—>

Varicella-zoster ~ ——
| virus

Herpes simplex
virus

Fungal infection

Acute graft vs host Chronic graft vs
disease host disease —>

Conditioning Transplantation Engraftment Immune reconstitution —>
‘ I —
7 0o 1 4 8 12 V16 20

days prior to transplant weeks post transplant day 100

Early complications

a) Acutegraft versushost disease (aGVHD) isacommon complication
of dlogeneic transplantation and occurs within the first 100 days
after theprocedure. Itisanimmuneresponseof donor T lymphocytes
agang hog cdls. The skin, gestrointestind tract, and liver are the
target organs involvec?. Severe acute (grade 1V) graft versus host
diseeseisalifethreatening disease. Every protocol usually uses
cyclosporine and methotrexate for prophylaxis, for treatment
of graft versus host disease corticosteroids, tacrolimus,
mycophenolate mofetil (MMF) and several newer monoclonal
antibodies have been used.

The severity of GVHD isinversely related to the risk of relapse and

strategiesto reduce GVHD may increaserel apserates. New strategies

are being developed to separate these effects and to decrease the

incidenceand severity of GVHD without increasing therisk of relapse.

b) Mucositis is one of the most common adverse effects of
transplantation, it is due to the conditioning regimen and varies
in degree with drugs used and prior host related factors. This
may bemild or severeenough to prevent oral intake, compromise
nutrition and cause pain and bleeding. It is usualy managed
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symptomatically with narcotics and topical anesthetics.

¢) Hemorrhagic cydtitis is a disorder that manifests as dysuria and
hematuria. Hematuriamay be microscopic or may be gross. This
disorder usualy occurs during the immediate post transplant
period but may occur later. Cyclophosphamide and other drugs
have been implicated and bladder protectant (MESNA) and
hyperhydration are routinely used to reduce this
complication. Late onset hemorrhageisassociated withinfections
such as adenovirus or BK virus.

d) Snusoidal obstructive syndrome (SOS) is a potentially fatal
syndrome of tender hepatomegaly, direct hyperbilirubinemia,
ascites, and weight gain. SOS is caused by damage to the
sinusoida endothelium, which results in sinusoidal obstruction.
Thisentity occurs within the first 20 days of hematopoietic stem
cell transplantation, and preexisting liver disease and genetic
polymorphisms which ater drug metabolism may increase its
risk. SOS has an overdl mortality rate of as much as 50%. No
standard effective therapy is currently available. Defibrotide is
an investigationa agent which has shown favorable response
rates.

€) Transplantation related infections Life-threatening bacterial,
fungal, and vird infections are common in patients undergoing
hematopoietic stem cell transplantation. The patients are at risk
due to prolonged neutropenia, use of immunosuppressants e.g.
cyclosporine, steroidsetc. and immunodeficiency associated with
GVHD. Bacterial sepsis occurs early in the course of
transplantation, whereas viral infections by cytomegalovirusand
other viruses usualy occur after engraftment. Fungal infections
may occur after 7-10 days of onset of neutropeniaand the patient
isat risk till engraftment. Early recognition and prompt treatment
areessentia, prophylaxisfor commoninfectionsisroutingly given
till immunosuppression is ongoing, this becomes prolonged in
patients being treated for chronic graft versus host disease.

f) Graft rejection is a serious complication, this occurs more
commonly in transplantation for non-hematol ogical disordersand
multi-transfused allo-immunized patients. Chimerism monitoring
is required to monitor for stable engraftment and identify graft
rejection. Short tandem repeats/variable number tandem repeats
(STRYVNTR) are the best tool for chimerism monitoring.

Late Effects

a) Chronic graft versus host disease is characterized by an auto -
immune phenomenon like that seen in scleroderma, Sogren
syndrome and lupus. This results from thymic injury during
conditioning, resulting inlossof negative sdlection of autoreactive
T cells, and the dloreactivity of mature post thymic donor T
lymphocytes. Immunosuppression with drugslike corticosteroids,
tacrolimus, and mycophenolate mofetil are the mainstay of
treatment.

b) Endocrine effects in children such as impaired growth and
hypothyroidism may be found.

¢) Pulmonary effectsincluderestrictive and chronic obstructivelung
disease. Conditioning regimens, infections, and GVHD are
important risk factors. Bronchiolitis obliteransis a specific form
of obstructive lung disease seen in hematopoietic stem cell
transplant recipients and this has a fatdity rate of 50%.

d) Neurocognitive effects-Lower intelligence quotient (1Q) scores,
fatigue, memory problems and even developmental delay have

been reported, these occur frequently in children who havereceived
cranial radiation either as part of their oncological therapy or as
part of their hematopoietic stem cell transplantation conditioning.

€ Immune effects-Host immunity is suppressed for monthsto years
after hematopoietic stem cell transplantation. Thisisdueto severe
neutopenia and lymphopenia due to the myeloablative
conditioning, acute GV HD that further suppresseshost immunity,
and the use of immuno-suppressants to prevent or treat GVHD.
Theseimmune effects should be considered because these patients
are prone to serious infections long after the completion of the
stem cell transplant. There is consensus that re-vaccination is
required to boost vaccine-acquired immunity. The repeat
vaccination is required approximately one year after allogeneic
stem cell transplantation, if thereisno active chronic GVHD and
the patient isoff immunosuppressivetherapy for at [east 6 months.
Live vaccines should never be given prior to one year post
cessation of immuno-suppressants. Early vaccinations may not
result in an appropriate immune response.

BONE MARROW TRANSPLANT
SCENARIO IN INDIA

Theinitid HSCT were performed in Indiain Tata Hospital, Mumbai
and Christian Medical College (CMC) Vellore, with this initial
success, severa other centers around the country now have facilities
for performing hematopoietic stem cell transplantation. Indian data
for all pediatric transplantsisunavailablebut atotal of approximately
1540 HSCT have been performed in adult and pediatric patients.
The maximal allogeneic transplant experienceis at CMC Vellore’.
At our center, Department of Hematology AllM Swe have performed
alogeneic transplants for a variety of conditions, predominantly for
aplastic anemia, leukemia, thalassemia major and myelodysplastic
syndrome in adults and children. The HSCT have been performed
safely with excellent outcomes. We did not experience any 30-day
mortality and 100-day mortality was 2.5%. \We have ascertained the
safety of performing alogeneic HSCT in single. non-high efficiency
particulateair (HEPA) filter rooms'®L, We have performed 20 pediatric
HLA matched sibling transplants -Aplastic anemia 10, Thalassemia
major 6, E BetaThalassemial, relapsed Acutelymphoblastic leukemia
2, Chronic myeloid leukemia-1. Median age 9.5 years (1-17 years),
male: female 16:4. Median time till neutrophil engraftment was 10
days(range 8-21). Day 100 mortality wasnil, Kaplan Meier survival
90% with follow up ranging 4-54 months (unpublished data). Deaths
occurred in 3 patients-child with aplastic anemia transplanted with
fungal sinusitis died of chronic graft versus host disease and fungal
sepsis at ten months, another with aplastic anemia suffered graft
regjection and meningitis, the child of relapsed acute lymphoblastic
leukemia suffered asecond relapse one year later. Our infection risks
are similar to those reported from other centers'®.

CONCLUSION

A major impediment to hematopoietic stem cell transplantation
(HSCT) is the availahility of a genetically matched donor. Smaller
family sizelimitsthe optionsof sibling donorsand becausetheIndian
population has the presence of novel HLA alleles and unique
haplotypes (HLA-A*0211, B*2707, A*26-B*08-DRB1*03), many
Indianswho havetheserare HLA dleeswill find difficulty finding an
unrelated optimally matched donor from foreign bone marrow
registries. Theselimitations can be overcome by developing unrelated
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volunteer marrow donor registries in India®. Also by improving
technol ogy and establishing thefacilitiesrequired to perform matched
and unrelated transplants we will be able to increase the number of
childrenwho can benefit from thispotentially life saving procedure®X.

2. STEM CELL THERAPY

Stem cell biology is currently one of the most exciting areas of
biochemical research having the potential to provide therapeutic
treatment for developmenta and degenerative disorders. Advances
in stem cell biology and the discovery of pluripotent stem cells have
made the prospect of cell therapy and tissue regeneration a clinical
redlity. Cell therapies hold great promiseto repair, restore, replace or
regenerate affected organs®.

Although embryonic stem cells isolated from the inner cell mass
(ICM) of the blastocy<t or fetal gonadal tissue arethe ‘ ultimate’ stem
cell, ethical issues and the potential danger of teratoma formation
have limited the development of these cells as therapeutic options.
However, hematopoietic adult stem cells have been used
therapeuticaly for many years in malignant hematological diseases
and are currently the best characterized stem cells. Therefore these
adult stem cells are now at the forefront of therapeutic research and
currently themost widely used cellsinclinical trials. Below aredetails
of promising clinical work being done presently at our center and
other leading hospitalsin India

Congenital malformations

Stem cellswith the potential to transform into healthy cellsand repair
damaged cells may prove beneficial in various congenital
malformations. Stem cells are being tried in selected congenital
malformations for which the present treatment options are either
limited or not available when the irreversible changes have aready
taken placeat an early stage. Theseincludeextrahepatic biliary atresa
(EHBA) and spina hifida with neurological deficiency.

Current work at AlIMS is being donein thefield of EHBA, thisisa
condition in which outflow biliary channels from the liver are
congenitally blocked, thus predisposing to cirrhotic liver and hepato-
cellular failure. The goal of stem cell therapy is to repair damaged
tissuethat haslost the property to hedl itself. Thiscan beaccomplished
by transplanting stem cellsinto the damaged areaand directing them
to grow new and healthy tissue. Autologous bone marrow stem cells
are a type of adult stem cells, a multipotent unit still capable of
differentiating into specialized cells. In this study, histopathology
could be done at 6 months after the stem cell infusion, in the three
patients who were aive with adequate follow-up. A comparative
improvement in fibrosis was seen in al patients. Stem cells were
used in spinahifidawith neurological deficiency withanaimtorepair
the damaged neurons and improve the existing neurological deficits.
Recovery of centra nervous system disorders is hindered by the
limited ability to regenerate lost cells, replace damaged myelin, and
re-establish functional neural connections. Both hematopoietic stem
cellsand marrow stromal cells have been shown to havethe potential
to restore the injured spinal cord and promote functional recovery in
mice!®Y’, This positive effect was most pronounced using
mesenchymal stem cells. Progressive complete functional motor
recovery with evident nervous tissue regeneration has been achieved
following administration of bone marrow stromal cells in traumatic
central spina cord cavities of adult rats with chronic paraplegia due
toapreviousinjury tothespina cord. In our experiencewith favorable
responses in 50% of cases, it is hoped that stem cells may prove

beneficial to improve the neurological deficits associated with cases
of spinabifida. To conclude, stem cell therapy may prove beneficia
in cases of liver cirrhosis dueto congenita anomaliesby reversing or
delaying the onset of end-stage liver disease and decreasing the need
for liver transplantation and immuno-suppression. The initial use of
stem cellsinmeningomyel ocelehas shown promising results. However,
long term eva uation with randomized controlled trialsis essential to
draw conclusions. Mgjor concerns remain: what prompts stem cells
to assume specific functions and which factorswould dictate them to
stop multiplication once the aim is achieved.

Pediatric leukodystrophies

This group comprises of diseases that manifest in childhood with
deficienciesin myelin production or maintenance; these may be due
to hereditary defects in one or more genes critical to the initiation of
myelination, as in Pelizaeus-Merzbacher Disease, or to enzymatic
deficiencieswith aberrant substrate accumul ation-rel ated dysfunction,
asinthelysosomal storage disorders. Inthelight of the wide range of
disorders to which congenital hypomyelination and/or postnatal
demyelination may contribute, and therel ative homogeneity of central
oligodendrocytesand their progenitors, the pediatric leukodystrophies
are attractive targets for cell-based therapeutic strategies. Asaresult,
glid progenitor cells(GPCs), which can giveriseto new myelinogenic
oligodendrocytes, have becomethefocusof great interest aspotentia
therapeutic vectors for the restoration of myelin to the
hypomyelinated or dysmyelinated childhood central nervous system.
In addition, by distributing themselves throughout the deficient host
neuraxis after perinatal alograft, and giving rise to astrocytes aswell
asoligodendrocytes, theglia progenitorsappear to havegreat potentia
for rectifying enzymatic deficiencies®.

Multicystic dysplastic kidneys

Theincidence of embryologica development disorders of the kidney
and urinary tract varies from 0.3-0.8% in live born infants.
Embryologically, when the ureteric bud makes contact with the
metanephrogenic mesenchyme, a series of inductive signals are
exchanged. As the uretric bud grows and branches, its tips contact
fresh stem cellsand induce them into the nephrogenic pathway. There
isthereforeagradient of developmental agein afeta kidney with the
outermost cortex composed of stem cells that are not yet committed
to differentiation, and the inner most region contains maturing
nephrons and supporting stromal cells. Thus multicystic kidney
disease (MCKD) resultsfrom incompl ete devel opment of thekidney.
Recruitment of stem cellsto thekidney to dlicit repair and thefunction
of dedifferentiation of resident renal cells has been studied and
recognized. Stem cellswhether recruited to the kidney from adistant
organ or delivered to thekidney after ex vivo expansion of anisolated
stem cell population, may contribute to repair via the production of
specific cytokines, chemokinesor growth factors, transdifferentiation
into specific renal cell typesor by cell fusion. Reports have suggested
that bonemarrow derived stem cellsin thekidney can transdifferentiate
into tubular epithelia cells, mesangia cells, glomerular endothelia
cells and even podocytes. However, the lineage of bone marrow
derived cells that appear in the kidney in response to damage is
unclear, and their ability to dlicit transdifferentiation is controversial
because the possibility of cell fusion has not been eliminated. Some
authors have concluded that though recruitment of bone marrow
derived cells does occur, the repair of rend tissue is predominantly
dlicited viaproliferation of endogenous renal cells'*%,
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Ocular surface disorders

The ocular surface comprises of the corneg, the conjunctiva and the
limbuswhich isthe transitional zone between thetwo. The corneais
the transparent tissue which consists of epithelium, stroma and
endothelium. The main function of the epithelium is to provide a
smooth and transparent surface.

Corneal limbusis known to be the source of cornea epithelid stem
cells that are important as a regenerative source for epithdlid cells.
Limbal stem cellsmay becomepartially or totally depleted, resulting
invarying degreesof stem cell deficiency withresulting abnormaities
in the corned surface. Limbal stem cell deficiency (LSCD) of any
cause may lead to poor cornea epithelialization, persistent epithelial
defects, corneal vascularization, corneal scarring, and so-called
conjunctivalization of the cornea. These problems lead to decreased
vision, ocular discomfort, pain and an unstable ocular surface.
Though there hasbeen asignificant improvement in the management
of LSCD over the last 10-15 years, with penetrating keratoplasty
[PK] and the use of artificid tears, patients with LSCD continue to
haveapoor prognosis. Now with improved microsurgical techniques
and an understanding of theroleof limba stem cellsand improvement
in immunosuppressive therapies the treatment and the outcome of
LSCD has improved. Partia stem cell deficiency can be managed
by removing abnormal epithelium along with the transplantation of
human amniotic membrane, to resurface cells derived from the
remaining intact limbal epithelium. The same can aso be combined
with amniotic membrane transplantation (AMT).

In case of total stem-cell deficiency, autologous limbus from the
opposite norma eye or homologous limbus from living related or
cadaveric donors can be transplanted (directly or after in vitro
expansion) to the affected eye. Transplanted limbal cellswill require
long-term systemic immunosuppression. At AIIMS we have
performed over 35 cases in the pediatric age group and LVPEI,
Hyderabad has conducted more than 600 cases in both adults and
children. Significantimprovement invisual acuity and ocular surface
stahility has been noticed in patients who have received cultured
limba stem cells along with amniotic membrane®?=,

Muscular Dystrophy

Muscular dystrophy (MD) refers to a group of genetic, hereditary
muscle diseases that cause progressive muscle weakness. Muscular
dystrophies are characterized by progressive skeletal muscle
weakness, defects in muscle proteins and the death of muscle cells
and tissue. The best known type of MD is Duchenne muscular
dystrophy (DMD). Duchenne muscular dystrophy isinherited in an
X-linked recessive pattern, it is caused by mutation of the gene for
the dystrophin protein and characterized by an elevated serum
creatinine kinase and progressive muscle weakness starting in
childhood and progressing to respiratory muscle failure and death.
Thereis no treatment for this disorder.

Stem cell therapy hasbeentried for thisfatal condition, one approach
hasbeen transplantation of muscle precursor cells(myoblasts) which
can produce dystrophin protein. However, clinical trid shavereveded
that the transplanted human myoblasts arerapidly lost. Another very
promising approach is to geneticaly modify the stem cells and to
upregulate the dystrophin protein. This strategy introduces U7 RNA
to induce exon 51 skipping. Skipping this exon places the mMRNA
back in frame so that a truncated, but functional, dystrophin protein
missing only exon 51 is transcribed.

Additional researchisneeded to be performedto substantially enhance

our under standing of the mechanisms underlying this effect and may
lead to theimprovement of geneand cell therapy strategiesfor DMD.
The promising developments represented by these new approaches
maintain the hope for DMD patients and their families for future
autologous stem cell therapies®.

CONCLUSION

Stem cellsare being eval uated for many pediatric conditions such as
osteogenesis imperfecta, Hirschsprung’s disease, dilated
cardiomyopathy and acute brain injury?®. However considerable
practical hurdles must be overcome prior to the broad application of
stem cell therapies, including the issues related to the sourcing of
material, safety, storage, tracking and standardization.
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APPROACH TO INBORN ERRORS OF METABOLISM
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Abstract : Inborn errors of metabolisms (IEMs) are inherited disorders occurring due to a block in body’s biochemical pathways
because of deficiency of an enzyme or its cofactor. These errors lead to symptoms due to either accumulation of the substrate or
conversion to a toxic metabolite or deficiency of the end product. The IEMs are collectively not uncommon in our country. They
must be considered in the differential diagnosisof all sick infants, as prevention of morbidity (dueto irreparable brain damage) and
death ispossible only by early detection and prompt treatment. The burden on the family can be reduced by prenatal diagnosis. This
article describes an approach for testing a sick neonate, and gives a glimpse of newborn screening for such disorders, diagnostic

algorithms for a suspected case of IEM are given.

INTRODUCTION

Inborn errors of metabolism (IEMs) are genetic disorders occurring
dueto lack of an enzyme in the metabolic cascade in our body®. This
disrupts a biochemical pathway, leading to symptoms and signs due
to accumulation of toxic metabolites prior to the block or deficiency
of the end product beyond the metabolic block. Nearly all theinborn
errors of metabolism areinherited recessively, mostly autosomal and
some X-linked. They areindividualy rarebut collectively numerous?.
They areincreasingly being recognized because of the advancement
in diagnostic facilities like blood gas analysis and automated
biochemical tests, and the reduction in mortdlity related to infections
and perinatal asphyxia®. Other factors that lead to an increased
frequency of IEMsin our country are alarge population, high birth
rate, and custom of consanguineous marriages among many
communities. Limited studieshave been published onthe prevalence
of IEMs in Indig®’. At Sir Ganga Ram Hospital, a study of 393
cases suspected to have an inborn errors of metabolism resulted in
specific diagnosis in 56 (6.7%) cases®. Organic acidemias were the
commonest disorder followed by urea cycle disorder, galactosemia
and other aminoacid disorders.

CLASSIFICATION OF INBORN ERRORS
OF METABOLIM

IEMs are classified in many ways.

1) Clinically, they arebroadly threegroups®. The enzyme defects
occurring in the metabolism of amino acids, carbohydrates,
and fatty acids or in the mitochondria energy metabolism are
referred to as ‘small molecule disorders’. Clinical
manifestations of these disorders are severe and non-specific,
and occur early inlife. In contrast, larger molecule or storage
disorders the symptoms develop gradually due to
accumulation of substrates, thus resulting in progressive
organomegaly and coarse body features. A third group is that
of other miscellaneous disorders of metals (Wilson and
Menkes disease), lipoproteins, congenital adrenal hyperplasia
and hyperinsulinism.

11 Pathophysiologically, the IEMs are classified into three
groups:

i) Intoxication type: The group includes disorders of
intermediary metabolism that lead to an acute or progressive
intoxication from the accumulation of toxic compounds

proximal to the metabolic block. Most organic acidurias
(MSUD, MMA etc), urea cycle disorders, aminoacidopathies
(tyrosinemia, homocystinuria etc), sugar intolerances
(galactosemia etc), metal intoxication (Wilson, Menkes etc)
and porphyrias are included in this group. Common features
in all of them are @) a symptom free interval (no interference
with embryo/fetal development), b) clinical signs of
‘intoxication’ and c) provocation for acute metabolic crisis
in catabolic situations like fever, intercurrent illness and
fasting.

ii) Energy deficiency type: These disorders occur due at least
partly to adeficiency in energy production or utilization within
liver, myocardium, muscle, brain or other tissues. Important
groupsincluded are mitochondrial respiratory chain disorders,
fatty acid oxidation and ketone body synthesis.

iii) Storage type or ‘complex molecules' disorders: This group
involves cellular organelles and includes dieases that disturb
the synthesis or catabolism of complex molecules. Lysosomal
storage disorders, peroxisomal disorders and disorders of
intracellular trafficking and processing such as congenital
disorders of glycosylation (CDG) are included in this group.
Symptoms are permanent, progressive, independent of
intercurrent events and unrelated to food intake.

The focus of this article is on the *small molecule disorders or the

‘intoxication and energy deficiency’ typeof disorders, which comprise

classical IEMsin the neonata and infantile period. These disorders

aredynamic, fluctuating with the patient’smetabolic state and require
early diagnosisfor therapeutic intervention to prevent theirreparable
brain damage.

APPROACH TO INBORN ERRORS OF
METABOLISM

There are two approaches to screening for inborn errors of metabolism.
Thefirg isthetesting of suspected casesin order to establish diagnosisin
asck infant. The second approach isto screen all newbornsfor selected
group of disorders The latter is an established practice in the developed
countries, but has yet to take off in India. All countries need to establish
diagnodtic fadilities for IEMs, because a mgority of them are tregtable.
Once these facilities are set up and strong socio-economic and hedlth
infrastructure has been built up, newborn screening should be initiated.
Newborn screening project has been initiated in five cities in India,
gponsored by the Indian Council of Medicd Research.

Correspondence: Dr. Sunita Bijarnia, Department of Genetic Medicine, Sr Ganga Ram Hospital, New Delhi
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SCREENING OF SICK NEONATES

Enormous strides have been made in the past three decades in the
recognition and understanding of metabolic illnesses. Progress on
the reverse process - identifying specific metabolic disorders on the
basis of signs and symptoms of disease - has been sower. The
newborn appears to have a limited repertoire of ways to respond to
insult, with the result that the clinical features of many inherited
metabolic diseases are superficially indistinguishable from that of
the commoner acquired conditions, such as infections and
intoxications'. Thus, a high index of suspicion is required in order
to identify asick neonate with an IEM. The diagnosis of IEM should
be considered along with that of other common illnesses, and should
not be a diagnosis of exclusion. Pointers to the presence of IEM
are’’:

a) History of acute deterioration after aperiod of normalcy after
birth. This is so because symptoms are caused by postnatal
accumulation of toxic metabolites, which were getting cleared
in- utero by the placenta and maternal metabolism
(‘Intoxication’ type). Examples are ureacycle defects, organic
aciduria and galactosemia. However, it is important to note
that this period of normalcy may not always be present and
obscured by other problems like perinatal asphyxia.

b) Afamily history of consanguinity or similar illnessinasibling.

c) Progressive illness showing non-specific signs of cerebral
dysfunction such as poor sucking, limpness, vomiting,
irritability, respiratory distress, lip smacking movements and
hypothermia.

d) Unusual odors may offer an invaluable aid to the diagnosis.
In Maplesyrup urine disease (MSUD), thereisacharacteristic
odor of maple syrup or burnt sugar. Performing a DNPH test
in the urine of such a case can make the diagnosis fairly

easy.
€e) Some |IEM are associated with concomitant sepsis and
neutropenia like organic aciduria and galactosemia (E. coli
Sepsis).
Initial laboratory investigations (listed in Table 1) should be carried
out as soon as possible. Some tests like blood ammonia and lactate
are considered crucid for diagnosis of IEMs, and thus should be
available to every neonatd care unit. Speciaized investigations are
done depending upon the clinica features and initia investigations.
MRI brainisincreasingly being recognised asan important modality
for diagnosis of some IEMs such as molybdenum cofactor defects
where there are extensive changes suggestive of the diagnosis.
A smplified algorithmfor diagnosisof Inborn errorsof metabolism
in an acutely sick neonate and infant below 1 year of ageisgivenin
Figure 1.

Figure 1: Initial approach to a sick neonate/infant

[ Acutely ill nconate/ infant |

Exclude other causes Initial investigations as given in Table 1
Infection on urine and blood

Renal disease

Heart disease

Poisoning etc.

Do Bi i abnormalities suggest IEM?

Yes No

Proceed as follows: But history and clinical

Symptoms are suggestive of IEM

\
[ | T 1 ‘

Metabolic Hyper - Hypo Liver .
Acidosis ammonemia glycemia dysfunction Non-
immune
l hydrops

Neurologic
+ acidosis

Cardio-
myopathy

Table 1: Initial investigations in a suspected case of IEM.

A. Initial Blood:

Hemoglobin, white blood count, platelets

Blood gases and plasma electrolytes (anion gap (Na+K)-(HCO3+Cl)=
normal<20 nmol/L)

Glucose

Calcium, Magnesium

Blood urea nitrogen, creatinine

Liver function tests (Prothrombin time, liver enzymes, albumin etc.)
Ammonia

Lactate

Urine:

Specific gravity, pH

Proteins

Sugar, Reducing substances (Benedicts and uristix)
Ketones, Ketoacids (DNPH)

Sulfites

Microscopy

B. Specialized | Blood:

Amino acid analysis, quantitative

Galactosemia screening test

Carnitine, total and free (Tandem Mass Spectrometry)
Plasma for storage at -20°C: 2-5 ml

Urine:

Organic acids (GC-MS)

Succinyl acetone

Urine for storage at -20°C: 10-20 ml

Neuro imaging:

CT/ MRI brain

Modified from Clarke JTR (10).

investigations

investigations

1. Metabolicacidosisisanimportant finding and narrows down
the diagnosis to a few disorders including all the organic
acidurias and primary lactic acidurias. A diagnostic algorithm
isgiven in Figure 2. The common organic acidurias prevalent
inour country are methyl malonic aciduria, propionic aciduria,
multiple carboxylase deficiency and maple syrup urine disease
(MSUD)&.

Figure 2: Flow chart for Metabolic acidosis

Metabolic acidosis

Normal anion gap
(hyperchloremia)

Expanded anion gap

Abnormal losses of HCO3 Accumulation of "fixed acid"

*diarrhea
*renal tubular acidosis

Lactic acidosis

*plasma lactate
Ketoacidosis

*acetoacetate

e plasma amino acids

e urinary organic acids

e plasma ammonium
Clarke JTR (10)

2. Hyperammonemiaisavery useful clue, and often associated
with encephal opathy and seizures. Ureacycle disorders occur
without metabolic acidosis. These babies are sick and need
immediate treatment with sodium benzoate or pheny! butyrate
if available. Raised ammonia in presence of metabolic
acidosis suggests organic aciduria, which can be diagnosed
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using approach given in Figure 3. Other causes of raised
ammonia are lysinuric protein intolerance, liver failure and
‘congenital hyperinsulinism with hyperammonemia’.

Figure 3: Algorithm for diagnosis of hyperammonemia:

Obtain blood pH and HCO3
1

! '

Acidosis No acidosis

|

Obtain organic acids

Obtain plasma amino acids

| { }
Specific amino acid elevation No specific amino
Organic acid elevation
acidemias

Obtain urine orotic acid
Citrullinemia |
argininosuccinic

acidemia, l l
Argininemia or
HHH syndrome

High Low or normal

Obtain plasma citrulline

OTC deficiency |
| l

Low Normal or elevated
v v
CPS deficiency Transient
or NAG hyperammonemia
synthetase of newborn
deficiency

Modified from Nelson’s Textbook of Pediatrics (11)

3. Blood glucoseisone of the first investigations performed on
a sick neonate and thus hypoglycemia is commonly
encountered. When common causes of hypoglycemia like
maternal diabetes, small for gestational age baby and sepsis
areruled out, one can follow the algorithm given in figure 4
to make a diagnosis of |IEM.

Figure 4: Flow chart for diagnosis of hypoglycemia

Hypoglycemia
Rule out:
« Severe systemic illness
« Sepsis
e SGA
e IDM

Non-glucose reducing substances in urine ‘

Positive Negative

Consider: ‘
Galactosemia,
HFI, Tyrosinemia

Plalea AA, OA,
Ammonium

Ulinary ketones

Low High Abnormal
Consider:
[ Plasma FFa | [ Hepatomegaly D of AA or
[ OA‘ boli
Elevated Low Present Absent
Consider: FAOD  Consider: r T

Hyperi ini
Plasma lactate

Plasma hGH,
Cortisol, T4

Increased Normal Appropriate Abnormal
Consider: Consider: Consider: Consider:
GSD 1, FDPase B-Ketothiolase Ketotic hypogly ia Endocri hy

deficiency

Clarke JTR (10)

4. Neurologic dysfunction occurs most commonly in newborns
in form of lethargy, coma, hypotonia, poor reflexes and
seizures. This encephal opathy may or may not be associated
with acidosis. Whilethe disordersrelated to acidosisare given
above, the IEMs associated with encephalopathy without
acidosis include: (i) Urea cycle disorders; (ii) Maple syrup
urine disease; (iii) Homocystinuria; (iv) Pyridoxine dependent
seizures and other neurotransmitter disorders; (v) Xanthine-
sulfite oxidase deficiency/ molybdenum cofactor defects; (vi)
Non-ketotic hyperglycinemia; (vii) Electron transport chain
disorder or Pyruvate dehydrogenase deficiency; (viii) Fatty
acid oxidation defects; (ix) Peroxisomal disorders like
Zellweger syndrome.

5. Hepaticinvolvement manifesting as jaundice, hepatocel lular
dysfunction and hypoglycemia, is acommon presentation of
many inborn errors of metabolism. The main disorders here
are amino acidopathies — hepatorenal tyrosinemia, disorders
of carbohydrate metabolism — hereditary fructoseintolerance
(HFI) and glycogen storage diseases (GSD), fatty acid
oxidation defects — Medium chain acyl CoA dehydrogenase
(MCAD), long chain acyl-CoA dehydrogenase (LCAD),
carnitine palmitoyl transferase Il deficiency (CPT II) and
carnitine—acylcarnitine translocase deficiency (CAT)%. These
disorders are diagnosed by tandem mass spectrometry.
Mitochondrial energy metabolism — cytochrome C oxidase
deficiency and mitochondrial depletion syndromes also
present with hepatic symptoms.

6. Non-immune hydrops may be dueto IEMs and these should
be suspected after exclusion of anemiaand hemolysisand in
the presence of significant organomegaly. Main IEMs to be
looked for are GM1 Gangliosidosis, Gaucher Disease,
Niemann-Pick disease, Sialidosis, Galactosialidosis, |-cell
disease, Morquio (MPS 1V) and Sly disease (MPS VII).

7. Cardiac involvement occurs as rhythm disturbances, shock
like symptoms, cardiomegaly or cardiomyopathy leading to
cardiac failure?. Some | EMs such as glycogen storage disease
type 2 (Pompe disease), fatty acid oxidation defects—MCAD,
LCAD, CPT | and Il, CAT deficiency, tyrosinemia type 1,
CDG type la, Barth syndrome and mitochondrial respiratory
chain disorders may present with cardiac symptoms.

COLLECTION, STORAGE AND
TRANSPORT OF SAMPLES

1. Urine: Collect 10-15 ml of urine, preferably first morning
specimen. Tests include

Routine biochemical tests, protein, glucose, reducing substances, pH.

Chemical tests like DNPH, Ferric Chloride test, Sulfite dipstick test etc.
Amino acid chromatography and quantitative estimation.
Organic acids (collect on filter paper)

2. Blood

For ammoniaestimation, afree flowing fresh sample should be drawn invial and
transported directly to lab on ice as soon as possible. Thisis critical, asammonia
tendsto risefalsely if sampleisnot processed immediately. For lactate and pyruvate,
afluoride via is used and same precautions as for anmmoniaare to be taken.

Collect in EDTA if plasmaisrequired for testing or for storage.

For galactosemiaand tyrosinemiatesting, heparinised blood isrequired.

For enzyme assays on blood |eukocytes, blood sample should be collected in EDTA

vial.

For Tandem Mass Spectrometry, take fresh blood on filter paper, or 1 ml of blood in
heparin or EDTA vial and put on filter paper.
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Every suspect case of IEM whoisvery sick should havefollowing
samples stored for diagnostic purpose and to carry out prenatal
diagnosis in the family’s future.

1. DNA - collect blood in EDTA tube. All gene studies require
DNA sample. DNA to be stored at 4 —8 degree Celsius.

2. Plasmato be stored at —20 degree Celsius.

3. Urineto be stored at —20 degree Celsius.

3. Other body tissues—skin, liver, muscle, bone biopsy, kidney
etc. may be utilized later for diagnostic purpose and therefore
should be stored in culture medium for enzyme assays and
DNA studies. Transport of urine and blood samples on
WhatmanO no. 903 filter paper, and DNA can be done in
room air while plasma samples and blood for enzyme assays
need to be cooled during transportation.

THERAPY,GENETIC COUNSELLINGAND
PRENATAL DIAGNOSIS

Management of inborn errors of metabolism is out of scope of this
article. Books on IEM may be consulted (1,2, 9,10,11).

It is essentia to make a diagnosisin a given suspected case of |IEM
for genetic counseling and prenatal diagnosis in the couple’'s
subsequent pregnancies. This holdsimportancein our country since
the burden of these disordersis high in view of the costly treatment
and lack of government assistance. Blood and urine sample should
be stored in anticipation of an adverse outcome as the diagnosis can
be made on these samples later.

Prenatal diagnosiscan be offered after an accurate diagnosisby DNA
technology or enzymeassay on chorionicvilli or cultured amniocytes,
as there is a 25% risk of recurrence in dl the autosomal and X-
linked recessive disorders.

NEWBORN SCREENING FOR INBORN
ERRORS OF METABOLISM

A novel idea struck Robert Guthrie in 1961 and the world of the
newborn changed for ever. He successfully performed a test on
dried blood spots on filter paper for phenylketonuria (12). Medical
science took amajor leap forward and newborn screening emerged
as a preventive health program to prevent mental retardation.
Newborn screening is mandatory in many developed countries as
part of their public health programs. Thetime has cometo introduce
newborn screening programs in India.

WHO task force committee defines newborn screening as a“ public
health program aimed at the early identification of conditions for
which early and timely interventions can lead to the elimination or
reduction of associated mortality, morbidity and disabilities. It
involves the following components : screening, short-term follow-
up, diagnosis, treatment/management, and evaluation” (13). Thus,
itisnot just diagnosis but also about treatment to prevent disabilities
and reduce the burden of such illnesses. Neonatal screening service
involvesanintegrated effort from many professionalssuch asnurses,
laboratory technicians, clinical biochemists, pediatricians,
neuropediatricians, socia workers, obstetricians, medica geneticists,
but some one is required to coordinate al these activities.
Sincetheintroduction of screening for phenylketonuria, many other
disorders have been added for analysis of dried blood spots on filter
paper. Newborn screening for congenital hypothyroidism was
introduced in 1974 by Dussault et d (14). Later, with the advent of
newer technologies, severa changesin the newborn screening were

incorporated for detection of many other in-born errorsof metabolism,
notably by TMS. Presently as many as 30 disorders amongst the 600
odd IEMs are detectable using the filter paper methodology (15).

PRINCIPLESAND CRITERIA FOR
NEWBORN SCREENING

Screening is the application of a test to people who are as yet
asymptomatic, with the purpose of classifying them with respect to
their likelihood of having a particular disease. Since the tests are
carried out on normal individuals, this raises certain ethical issues.
TheWHO (1968) had outlined certain criteriafor ascreening program
based on principles formulated by Wilson and Junger (16). These
are;

1. Clinically and biochemically well-defined disorder.
2. Known incidence in the population
3. Disorder associated with significant morbidity or mortality
4. Effective treatment available
5. Period before onset during which interventions improves
outcome
6. Ethical, safe, smple and robust screening test
7. Cost- effectiveness of screening is established
ANALYTES METHODS
Amino acids BIA
Organic acids ;l;‘;']r;?lm" number: RIA
Acyl carnitines ELISA

Carbohydrates . . DELFIA
Hormones FIA
Lipoproteins Enzymatic
Antibodies . . Electrophoretic

Enzymes TLC

Hemoglobins PC

Metals . . HPLC

DNA MS/FABS

At least 150 analytes T™MS
DNA Technology
(including
microchips

approach)

Abbreviations: BIA, bacterial inhibition assay; RIA, Radioimmunoassay; ELSIA, Enzyme linked immuno
sorbent assay; DELFIA, Delayed Europium-linked Fluorescence Immunoassay; TLC, Thin layer
chromatography; MS/FABS, Mass Spectrometry/Fast Atom Bombardment Mass Spectrometry; TMS,
Tandem Mass Spectrometry

Newborn Screening Methodology:

The newborn screening methodshave evolved over thelast 4 decades
from the basic bacteria inhibition assay used for phenylketonuria
by Robert Guthrie to the more sophisticated tandem mass
spectrometry today. Methods such as ELISA and Time resolved
fluorometry are being used in many countriesfor newborn screening
because of its low cost and rapid analysis of multiple samples.
Conditions included in Newborn screening programs are given in
Table 2 (17):

The various analytes tested for screening of above disorders and the
evolving methodol ogies from time to time are enlisted in the Figure

5 (17).
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Table 2: Disorders detectable by newborn screening

Common disorders

Phenylketonuria

Endocrine
Congenital Hypothyroidism
Congenital Adrenal Hyperplasia (21 hydroxylase deficiency)

G-6-phosphate dehydrogenase deficiency

Galactosemia

MSUD

Biotinidase deficiency

Homocystinuria

Tyrosinemia

Cystic fibrosis

MCAD

Alpha-1 antitrypsine deficiency

Other disorders

Infections

HIV

Toxoplasmosis
Tumors

Neuroblastoma
Ambiental toxicity

Lead exposure
Sickle cell anemia
DMD
Hypercholesterolemia

Tandem M ass Spectrometry

Tandem Mass Spectometry has gained immense popularity and is
used as a standard method for newborn screening in many centres
all around the world. Thisis because of its simplicity, rapidity and
ability to detect anumber of disordersin one sample. It hasits own
controversy because of the ability to screen some disorders also,
which do not have any treatment at present.

Mass spectrometers are an anadytica tool used for measuring the
molecular weight (MW) of agiven sample, beit blood, urine, water
etc (18). They are used in industry and academia for both routine
and research purposes. Most commonly they are employed in
biotechnology, pharmaceutical, environmental and geological fields
and also in clinical field such as neonatal screening. Mass
spectrometers can be divided into three fundamenta parts, namely
the ‘ionisation’ source, the ‘anadyzer’, and the ‘detector’ (19). The
sampleonceintroduced into theionization source getsionized which
are separated according to their mass to charge ratios (m/z). The
separated ions are detected and thissignal sent to adatasystem. The
Tandem (MS-MS or TMS) mass spectrometers are instruments that
have more than one analyzer and so can be used for structural and
sequencing studies. The TM Sisextremely useful asit givesaccurate
results in terms of detecting and quantifying biomolecules.
Tandem mass spectrometry expands neonatal screening to severa
disorders in amino acid, fatty acid oxidation and organic acid
metabolism, morethan 60 in number. TM S canimprovethedetection
of PKU aso. A high sensgitivity (95.4%) and specificity (99.7%) is
reported with acombined prevalence of 1:2336 (in Germany) (20).
Treacy et al argue that after diagnosis using TMS, response to
treatment was complete in 12% of IEMs, there was no response in
34%, and in more than half (54%) there was a partia response,
whichjustifiessomeintervention (21). Thus, TMSprovidesan early
diagnosis and facilitates early intervention, so that ‘partial benefits

can become * substantial benefits . Further, oncean |EM isdiagnosed
inafamily, aprenata diagnosis can be performed to prevent birth of
a child if it's a disorder, which is not treatable. This perhaps has
more relevance in our country with little resources and hedlth care
system not being completely state funded.

INDIAN SCENARIO

India has progressed immensely in the field of medica technology
and hedth care. Therefore, thisis the time to implement a newborn-
screening program. Pilot studies are required to determine the
prevalence of the disorders in different parts of the country before
starting a national program.

CONCLUSION

It isthefundamental right of ahuman being to live adiseasefreelife
as far as possible. The newborn screening systems can help in
achieving this goal. Let us benefit from the medical advancements
and give our newborns a disease free life.
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RECENT ADVANCES - VACCINOLOGY IN CHILDREN

AP Dubey, Malobika Bhattacharya
Department of Pediatrics, Maulana Azad Medical College and Lok Nayak Hospital, New Delhi-110012, India

(Abstraci: Thefield of vaccinology is highly dynamic. Newer vaccinesaswell as vaccine technol ogies are congtantly being devel oped. Novel\
technologies such as chimerivax and virosomes have led to more efficacious vaccines. Combination vaccines and ready to use preparations
offer better compliance and ease of adminigration. Newer vaccine adjuvants lead to increased vaccine immunogenicity. Vaccines againgt
diseases with significant morbidity and mortality such as rota virus diarrhoes, viral hepatitis A, cervical cancer due to human papilloma
virus, Japanese encephalitis, conjugated pneumococcal and conjugated typhoid vaccines have recently been approved. Lastly, vaccines
under development such as those againgt malaria, dengue and HIV are in various stages of development. Future in vaccinology liesin the
development of DNA vaccines, therapeutic vaccines and vaccines against nor+infectious diseases such as malignancies and autoimmune

\disorders The following review details recent updatesin the field of vaccinology with special reference to the pediatric population

INTRODUCTION

For many years people have noted that prior contact protected against
future infections. Because of the enormous development in the field
of immunol ogic research, most children today receive protectionfrom
the common childhood illnesses in the form of “vaccines’. The
science of vaccines is a highly dynamic and cost-effective branch
with aneed to update oneself constantly on the recent developments
in the subject. This review details recent updates in vaccine
technology, newer vaccines and the future of vaccinology.

NEWER VACCINE TECHNOLOGIES
CHIMERIVAX TECHNOLOGY

This is a novel approach for rapid development of a molecularly-
defined, live, attenuated vaccines. The technology (ChimeriVax) is
applicable to the development of vaccines againg flaviviruses, and
products against Japanese encephdlitis, West Nile and dengue are
undergoing clinicd trias, respectively. ChimeriVax vaccines utilize
the safe and effective vaccine against the prototypeflavivirus-yellow
fever 17D- as a live vector. Infectious clone technology is used to
replace the genes encoding the pre-membrane (prM) and envelope
(E) protein of yellow fever 17D vaccinewith the corresponding genes
of the target virus (e.g. West Nile). The resulting chimeric virus
contains the antigens responsible for protection against the target
virus but retains the replication efficiency of yellow fever 17D 1.

VIROSOMAL TECHNOLOGY

Thisnovel technology has been used in devel oping vaccines against
hepatitisA, influenzaand malaria. Out of thesethevirosomal hepatitis
A vaccine is commercidly available. The hepatitis A virosomes are
spherical vesicles made of unilamellar phospholipid bilayers atleast
100timessmaller than the particlesin a uminium adjuvanted vaccines.
Purified haemagglutinin (HA) and neuraminidase (NA) influenza
surface glycoproteins, isolated from the influenza A/Singapore 6/86
(H1IN1) virus gtrain, are intercalated into this phospholipid bilayer.
Thefind step in the production of the virosomesis the adsorption of
the formalin-inactivated, highly purified HAV virions of the RG-SB
strain onto the virosome surface? 3.

It has been shown that the influenza virus HA component of the
virosome enables binding to immunocomponent cells such as
macrophages|eading to endocytosis. Within the endosome, the virus

antigen is proteolysed to antigenic peptides. Thereafter, the antigen
containing endosomes join with major histocompatibility class I
(MHC 1I) molecules. The resulting MHC Il-antigen complex is
trangported to the cell surface where it initiates both humora and
cell-mediated immune response. This natural process of antigen
presentation enables effective HAV antigen processing and the
stimulation of protective immune responses without inducing the
non-specific inflammatory response characteristic of aluminium-salt
based vaccines®.

COMBINATION VACCINES

With the introduction of increasing number of newer vaccines to
prevent childhood diseases combination vaccines are a solution to
the problem of increased number of injections during hospital visits.
A combination vaccine consists of two or more immunogens
combined in asingle preparation. Thisisin contrast to smultaneous
vaccination in which there are concurrent but physically separate
injections. Combination vaccines commonly used are diphtheriaand
tetanusalone (DT or dT) or with pertusis vaccine (DPT), inactivated
polio vaccine (IPV) and MMR vaccine. Newer penta or hexavalent
vaccinesasoincludeHiB and/or hepatitis B in the above combination.
The advantages of combination vaccines include reduced number of
injections with consequent reduction in parental anxiety, pain to the
vaccinee and risk of needle stick injury to the vaccinator. There is
higher compliance, reduced number of visits, reduced need for storage
space, packaging, handling, transportation,less documentation and
logistics.

Some of the drawbacks of combination vaccines include chemical
interference and immunologic interference between the constituent
antigens. Consequently, vaccines should not be combined at thetime
of administration and only authorised combination vaccine used.

READY TO USE PREPARATIONS

Many vaccines are now available in single-dose pre-filled syringes
thuseliminating the need for reconstitution and hence causing minimal
contamination and risk of infection.

RECENT ADVANCES IN VACCINE
ADJUVANTS

Adjuvants are substancesthat boost theimmunogenicity of vaccines.
Adjuvants can be broadly separated into two classes based on their
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principal mechanisms of action: vaccine delivery systems and
immunostimulatory adjuvants. Vaccine-delivery systems generally
are particulate (e.g., emulsions, microparticles, iscoms, and
liposomes) and function mainly to target associated antigens into
antigen-presenting cells. In contrast, immunostimulatory adjuvants
are derived predominantly from pathogens and often represent
pathogen-associated molecular patterns (e.g., lipopolysaccaride,
monophosphoryl lipidA, CpG DNA) which activate cellsof theinnate
immune system. The discovery of more potent adjuvants may alow
the development of prophylactic and therapeutic vaccines against
cancers and chronic infectious diseases. In addition, new adjuvants
may also allow vaccines to be delivered mucosally*.

NEWER VACCINES

Rotavirus vaccine

Globally, rotavirus is the single most important etiologic agent of
severediarrheaininfants and young children, with 114 million cases,
25-55% of al hospita admissionsfor diarrheaand morethan 610,000
deathsper year® . InIndia, 6-45% of al childhood diarrhearequiring
hospitalisation isdueto rotavirus. Serotypes G1, G2, G3, P8, P6 and
P4 account for 65-70% of rotavirusinfectionsin India’. It has been
reported that, after the first rotavirus infection, 88% children are
protected against severe gastroenteritis and following a second
infection, virtually all children are protected against severe diarrhea
and most are protected against any rotavirus disease?. Hence an
attenuated vaccinethat s mulatesnatural infection, andisadministered
in two doses, should induce protective immunity and prevent severe
diarrheaanditscomplications’. Rotavirusdiarrheacausessignificant
mortality and morbidity. Its consequences are more severe in the
underprivileged. Moreover, in developed countries it was observed
that even withimproved sanitation the prevalenceof rotavirusdiarrhea
did not decrease. Hence the vaccine will be a useful addition to the
national immunisation programme.

Currently, two live vira oral vaccines are liscenced and marketed
worldwide, Rotarix™ and Rotateq™. Rotarix™ is a monovalent
attenuated human rotavirus vaccine derived from the strains 89-12.
Rotateq™ is a human bovine reassortant vaccine. Large phase 3
double-blind placebo controlled trials from USA, Europe and Latin
America have shown 85-98% efficacy against severe rotavirus
gastroenteritis and 42-59% efficacy against hospitalisation due to
diarrhea of any cause. Both vaccines are safe with no increased risk
of intusussception!® 12, Studies show no interference between
rotavirus vaccines and other childhood vaccines including 1PV,
pneumococcal, HiB, DTaP and Hep B®. There is no reduction in
efficacy when simultaneously administered with OPV®, The first
dose of Rotarix™ is administered between 6-12 weeks of age and
interval between two dosesis atleast 4 weeks. Thetwo dose schedule
should be completed by 16 weeks and no later than 24 weeks of age.
It is available as lyophilised vaccine to be reconstituted with liquid
diluent prior to administration. The Rotateq™ is given as three oral
doses a 2, 4 and 6 months of age with the 1% dose between 6-12
weeks and interval between doses being 4-8 weeks. Vaccination
should not be initiated after 12 weeks of age. It is available as a
liquid preparation mixed with buffer with no need for prior
recongtitution.

Human Papillomavirus Vaccine

Every year 500,000 new cases of cervical cancer are detected and
350,000 succumb annually to this disease™. It is well documented

that HPV isthe causative agent of cervical cancer with types 16 and
18 accounting for 70% of the cases of invasive cervical cancer
globally*. These serotypeshave aso beenimplicated inand, vulvar,
vagina, penileand oropharyngeal cancers®. Serotypes6 and 11 cause
anogenital warts™. Cervical cancer isan important cause of death in
Indian women with 132,000 new casesannually with 74,000 deaths's.
Until recently, cytology based screening programmes (using pap
smears) were the main tools to prevent cervical cancers which are
capable of detecting upto 80% of cervical cancers in developed
countries. However, these are difficult to implement in developing
countries with consequent higher mortality. HPV vaccines addressa
critica public health need and will be an important element of a
cervical cancer control strategy.

As of January 2008 two HPV vaccines have been liscenced for use
inmany countries. Oneisaquadrivalent vaccine containing serotypes
6, 11, 16 and 18 whilethe second isahivalent vaccinewith serotypes
16 and 18. The vaccines are sterile liquid suspensions prepared from
highly purified viruslike particles (VLPs) of the recombinant major
capsid (L1) protein. The L1 proteins are produced by separate
fragmentation in recombinant Saccharomyces cerviciae and self

assembledinVVLPs. TheVLPsfor each typeare purified and adsorbed
in auminium containing adjuvants. The vaccine is available in 0.5
ml singledoseready to usesyringes. Itisindicated in femal esbetween
9-26 yearsfor the prevention of cervical cancer, genital warts, cervical

adenocarcinomain situ, cervical intragpithelial neoplasiagrades1,2,3,

vulvar intraepithelial neoplasiagrades 2,3 and vaginal intraepithelial

neoplasia grades 2,3. The vaccine is administered as three separate
intramuscular doses at 0, 2 and 6 months.

Published analysis restricted to females who had not been infected

W|th vaccinerelated HPV types before vaccination have shown that:
Both vaccines induce high levels of serum antibodies against HPV types 16
and 18.

The quadrivalent vaccine had an efficacy of more than 96% in preventing high
grade precancerous lesions of the cervix, vagina and vulva and genital warts
arising from HPV types 6, 11, 16 and 18 in completed phase 3 clinical trials'’.
The bivalent vaccine has an efficacy of more than 90% in preventing high
grade cervical lesions due to types 16 and 18 in interim results of phase 3
clinical trials and an efficacy of 75% in preventing persistent infection due to
types 16 and 18,

Although the duration of protection is not yet known there is evidence of
protection for atleast 6 years after vaccination with both vaccines. Studies are

evaluating long term efficacy™®.
Loca side effects were pain, swelling and erythema. No serious
vaccine related adverse effects were noted. Recent studies have
indicated that both vaccines may provide partia protection against
other oncogenic HPV types that are geneticaly related to HPV 16
and 18. Data on efficacy of the vaccine in preventing diseases in
males are not yet available.
In conclusion both the HPV vaccines are safe and efficacious and
should be given to all females in the prescribed age group prior to
sexual debut.
I nactivated Palio Vaccine
Polio cases have decreased by over 99% since 1988, from an
estimated 350,000 cases then to 1997 casesin 2007. Thisisresult of
the global effort to eradicate polio. Persistent pockets of polio
transmission in northern India, northern Nigeria and the border
between Pakistan and Afghanistan are the current focus of the polio
eradication initiative. However, in an increasing number of polio
free countries the risk of vaccine associated paraytic poliomyelitis
(VAPP) isgreater than therisk withimportation or laboratory handling
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of wild polio virus. Some of these countries have introduced IPV as
a safe and effective dternative for routine immunisation by using
one of the two approaches: replacement of OPV by IPV and
introduction of a sequentia 1PV/OPV schedule.

All currently available IPV are enhanced potency vaccines (elPV)
that contain 40, 8 and 32 D units of types 1, 2 and 3 respectively. It
is highly immunogenic and seroconversion rates of 95% and 92%
are achieved when two doses are given starting at 2 months of age, at
2 monthsinterval and when 3 doses are given starting at 6 weeks of
age and given at 4 weeks interval respectively®. It can be given in
combination with DTwP and HiB without impairing serocoversion
and increasing side effects. IPV aso has excellent herd effect®. It is
avery safe vaccine and is being considered for use in India by the
government.

Hepatitis A Virosomal Vaccine

Atleast 1.5 million clinical casesof hepatitisA occur worldwide each
year. The morbidity of hepatitis A is greatest in susceptible adults
who are at higher risk of hospitalisation and death. Infected children
usually are either asymptomatic or have milder disease but are
important sources of infection. As living conditions improve, there
isan epidemiologic shift from high to transitional endemicity inmany
countries which results in more people not previoudy exposed to
HAV and therefore lacking natural immunity. Without natural
immunity the risk of outbreaks is increased adding to hedth costs
and making universal HAV immunisation worthwhile.

The successful propagation of the HAV in human derived cell-line
culture in vitro in 1979?22 paved the way for development of
inactivated vaccine. Similar to other small viruses or subunit antigen,
inactivated HAV ispoorly immunogenic on their own and need some
form of immunostimulation in order to be effective as a vaccine.
Adsorption to aluminium salt wasthe only adjuvant for many years®.
Although widely accepted as safe and effective, aluminium salt based
adjuvants have non-specific actions and cause local side effects such
as pain and swelling. A new approach has been the development of
an auminium free virosome adjuvanted HAV vaccine. Both types of
vaccine are highly immunogenic®. Virosoma vaccines have side
effectsand dlicit both cell-mediated and humoral immune responses®.
Inacomparativetrial thevirosomal vaccine, the aluminium adsorbed
formulation and the soluble HAV antigen (no adjuvant), all
administeredintramuscul arly, were assessed for immunogenicity and
tolerahility. All recipients (100%) of the virosoma vaccine were
seroprotected after 14 days compared with 71% of those receiving
the aluminium adsorbed antigen and 32% of those receiving the
soluble antigen. HAV antibody titres were higher in the virosome
group and the virosomal vaccine was better tolerated than the other
two formulations.

The virosomal vaccine is available in 0.5ml, single-dose, pre-filled
syringes for intramuscular use to be given in two doses 6 months
apart. It induces protective antibody level within 10 days of primary
vaccination?” and provides seroprotection for upto 20 years®. The
two types of vaccine are interchangeable®. It can be administered
with other vaccines and prophylactic medicines®.

Conjugated Pneumococcal Vaccine

Sreptococcus pneumoniae causes significant morbidity in children
lessthan 2 yearsof age. It causesover 15-50% of community acquired
pneumonia, 30-50% of acute suppurative otitis media (ASOM),
significant proportion of bacteremia and meningitis and 30% of
mortality due to pneumonia worldwide®*, Sudiesin patients with

invasive pneumococcal disease (IPD) indicate that serotypes 6, 1,
19,14,4,5, 45,12, 7, 23 arethe most prevaent serotypeswith 1 and
5 accounting for 30% IPD*.

The earlier pneumococcal 23 valent, unconjugated polysaccharide
vaccinewasa T-cell independent vaccine. It was poorly immunogenic
inlessthan 2 years of age, had low immune memory, did not reduce
nasopharyngeal carriage and did not induce herd immunity. It has at
most 70% efficacy in high risk population against IPD and does not
protect against non-bacterimic pneumonia and ASOM. Not more
than 2 lifetime doses are recommended as subsequent doses cause
hyporesponsiveness®. The heptavalent pneumococcal conjugated
vaccine (PCV) counters the problems of low immunogenicity of the
polysaccharide vaccine in children less than 2 years of age®. It
contains serotypes 4, 6B, 9V, 14, 18C, 19F and 23 attached to a
protein carrier. It covers 85% serotypes causing IPD. Trials show
reduction in IPD by 95% and that of X-ray proven pneumonia by
30% in those vaccinated®. Efficacy in ASOM is 8%%. It has
significant herd effect by reduction in nasopharyngeal carriage®.
There are concerns about serotype replacement with non-vaccine
serotypes increasing their share of disease burden with increase in
vaccination coverage®.

Primary vaccination schedule consistsof 3 dosesat 2, 4 and 6 months
with abooster at 12-15 months.

Conjugated Typhoid Vaccine

Typhoid fever has been reported from all parts of the globe with 16
million cases being reported annually with 600,000 deaths®. Until
recently typhoid was considered adisease of children above 3-5years
sinceit presented with atypical clinical featuresin infants and young
children which made it difficult to diagnose. However, a number of
studies have shown a high incidence of the disease in less than 2
years ranging from 27-35%%04,

The currently available Vi polysaccharide vaccine, though safe and
efficacious, is not immunogenic in less than 2 years of age. Hence
this age group remainslargely unprotected. Moreover, revaccination
is required every 2-3 years. The newly introduced conjugated i
polysaccharide typhoid vaccine can be used in infantsfrom 3 months
of age with upto 90% protection with longer lasting protection due
to immune memory*%, The vaccine is available as a single-dose
0.5ml glass vial for intramuscular use. One dose contains 5ig Vi
polysaccharide of S Typhi conjugated to 5ig of tetanustoxoid protein
in isotonic saine.

Japanese Encephalitis Vaccine

Japanese encephdlitis (JE), a mosguito-borne arboviral infection, is
the leading cause of viral encephalitis in Asia™*. Approximately
50,000 sporadic and epidemic cases of JE are reported annually from
the People's Republic of China(PRC), Korea, Japan, Southeast Asia,
the Indian subcontinent, and parts of Oceania. Infectionleadsto overt
severeencephdlitisinonly 1 of 20to 1,000 caseswith afatal outcome
in 25% of cases and residual neuropsychiatric sequelae in 30% of
cases* ¥, In areas where JE is endemic, annua incidence ranges
from 1 to 10 per 10,000*. Children less than 15 years of age are
principally affected. Seropreval ence studiesindicate nearly universa
exposure by adulthood. In developed countries of Asiaand in areas
where children are protected by immunization, a secondary increase
in JE incidence has been observed in the elderly*.

An inactivated mouse brain derived vaccine has been mainly used
for protection against Japanese encephdlitis among travellers and
residents of endemic areas. The vaccine has an overdl efficacy of
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91% with a moderate frequency of loca (20%) and mild systemic
(10%) side effects® =51, The neural tissue substrate of the vaccine
hasraised concernsabout the possibility of vaccine-rel ated neurologic
side effects (*?). Protective levels of neutralizing antibody persist for
atleast 2 yearsin vaccineeswho have completed athree-dose primary
series. Thefull duration of protectionisunknown, therefore, definitive
recommendations cannot be given on the timing of booster doses.
Booster doses of 1.0 mL (0.5 mL for children less than 3 years of
age) may be administered after 2 years.

A new Japanese Encephalitis vaccineis undergoing phaselll clinical
trial. It is manufactured using the Chimerivax technology and as per
thetria resultsit met and exceeded itsimmunogenicity end point of
thetria. The vaccine at present is undergoing pediatric tridsinAsia
as children are the main target of the disease in endemic regions.

VACCINES UNDER DEVELOPMENT

1. Malaria Vaccine
2. HIV Vaccine
3. Dengue vaccine

FUTURE TRENDSIN VACCINOLOGY

1. Development of DNA vaccines
2. Development of therapeutic vaccines.
3. Newer vaccines against non-infectious diseases
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PHARMACOLOGICAL MANAGEMENT OF ASTHMA

Krishan Chugh, Mohit Kehar
Centre for Child Health, Sr Ganga Ram Hospital, Rajinder Nagar, New Delhi-110060, India

(‘Absract: Acritical evidence based review of the present knowledge has resulted in devel opment of consensus guidelinesfor nanagemento?
Asthma by variousinditutions like GINA, BTSand | AP. These guiddlines have now started focusing on * control’ of asthme. The ‘ grades’ of
asthma have been redefined in a Smpler and more practical manner. Grade | is now named Intermittent Asthma thereby indicating that
preventive therapy is not required in contrast to other three grades of asthma which have been called mild, moderate and severe persstent
asthma, thereby implying that preventive pharmacological therapy isrequired for these grades. It isnow recognized that increasing the dose
of inhaled corticogteroids (ICS) to beyond 400-800 meg per day budesonide (or its equivalent) does not give dose reated additional benefit
and safety issues become important at higher doses. Hence, add on therapy should be the next step. Sudies on effect of ICS on growth
indicate that moderate doses do not have any significant effect on final height of the child even after yearsof use. Smilarly ICSdo not result
in higher incidence of bone fractures while more than four courses of oral steroids at any time do. Theophyllines are acknowledged to
provide both reliever and preventer effect. However, the effects are modest and s de effects of theophyllines are Sgnificantly higher. A strategy
to use formoterol and budesonide combination inhaler for both reliever and preventive therapy has been found to be useful in sometrials

Guiddines for stepping down therapy once contral is achieved have been laid down recently. Overall, reducing the dose of ICSto low dose

53

\/evels takes priority over withdrawing add on therapies

J

Asthmahasasgnificantimpact onindividuas, their families, and society.
Although there is no cure for asthma, appropriate management that
includes a partnership between the physcian and the patient/family most
often results in the achievement of control.

The goals for successful management of ashmaareto:

e Achieve and maintain control of symptoms

Maintain normal activity levels, including exercise
Maintain pulmonary function as close to normal as possible
Prevent asthma exacerbations

Avoid adverse effects from asthma medications

Prevent asthma mortality

Anoverdl concept for asthmamanagement is oriented around the focus
on asthma control. Achieving and maintaining asthma control is
emphasized asthe god of asthma treatment. Before the treatment starts
thepatient hasto beassgnedinto oneof thefollowing categoriesdepending
on sverity of symptoms.

I ntermittent

®  Symptoms less than once a week

Brief exacerbations

Nocturnal symptoms not more than twice a month

FEV 1 or PEF 80% predicted or more

PEF or FEV 1 variability <20%

Mild persigtent

®  Symptoms more than once a week but less than once a day

®  Exacerbations may affect activity and sleep

®  Nocturnal symptoms more than twice amonth
°
[ ]

FEV1 or PEF 380% predicted

PEF or FEV 1 variability <20-30%
Moderate persistent
Symptoms daily
Exacerbations may affect activity and sleep
Nocturnal symptoms more than once a week
Daily use of inhaled short-acting b,-agonist
FEV1 or PEF 60-80% predicted
PEF or FEV 1 variability >30%
Severe persistent
®  Symptomsdaily

Frequent exacerbations
Frequent nocturnal asthma symptoms
Limitation of physical activities
FEV1 or PEF 60% predicted
PEF or FEV 1 variability >30%
Asthma control - The patient’s level of asthma control and current
trestment determine the sdlection of pharmacologic treatment (Table 1) .
Like if asthma is not controlled in a patient on the current trestment
regimen, which he is taking, then treatment should be stepped up until
control isachieved. If control hasbeen maintained for &t least threemonths,
trestment can be stepped down with the aim of establishing the lowest
step and dose of treatment that maintains contral. If asthma is partly
controlled, an increase in trestment should be considered, subject to
whether more effective options are available (eg. increased dose or an
additiond treatment), safety and cost of possible trestment options, and
the patient’s satisfaction with the level of control achieved. Medications
to treat asthma can be classified as controllers or relievers.

LEVELS OF ASTHMA CONTROL

| Characteristic Controlled Partly Controlled Uncontrolied
| [AN of the following) [Any measure present in any week)

Daytime symptoms None (teice of lessiwesk) More than twicefweek Three of more feature:
[Limitations of activities None Ay Sy SOOI
| Mecturnal symptoms awakening | None Ay any week

INeed for refiever! Hone (twice or Mare: than

rescus treatment

Lung function (PEF or FEVIF | Nommal < B% predicled or personal besl

(1 known)
| Exacerbations None One of moredyear* One in any week!
}wm .

Controllers are medications taken daily on a long-term bas's to keep

asthma under clinical control, they act chiefly through their anti-

inflammatory effects.

® |nhaled and systemic glucocorticosteroids,( Inhaled glucocorticosteroids are
the most effective controller medications currently available)

® | eukotriene modifiers,

Long-acting inhaled beta 2-agonists in combination with inhaled

glucocorticosteroids,

Sustained-rel ease theophylline,

Cromones,

Anti-IgE, and

Systemic steroid-sparing therapies.

Correspondence: Dr.Krishan Chugh, Director, Centre for Child Health, Sr Ganga Ram Hospital, Rajinder Nagar, New Delhi-110060, India
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Relievers are medications used on as-needed basis that have quick
onset of action and reverse bronchoconstriction and relieve its
symptoms.

®  Rapid-acting inhaled beta 2-agonists,

® |nhaled anticholinergics,

®  Short-acting theophylline,

®  Short-acting oral beta agonists.

Inhaled therapy isthe cornerstone of asthma treatment for children of
ages. It's seen that dl children can be taught to effectively use inhded
thergpy. Different agegroupsrequiredifferentinhaersfor effectivethergpy,
s0 the choice of inhder must be individudized (Table 2). In generd, a
metered-doseinhder (MDI) with spacer ispreferableto nebulizer thergpy
duetoitsgreater convenience, more effective lung deposition, lower risk
of sdeeffects, and lower cost of thethergpy. Thergpy with nebulizershas
imprecisedosing, isexpensve, and istime consuming to useand carefor,
andreguiremaintenance. They aremainly reserved for childrenwho cannot
useother inhaer devices. Insevereacuteasthmaexacerbationsanebulizer
isoften used, dthough an MDI with a pacer isequdly effective

Table 2 : Choosing an inhaler devise for children with asthma

Age Group Preferred Device Alternate Device

Younger than 4 years | Pressurized metered- | Nebulizer with face
dose inhaler plus mask

dedicated spacer
with face mask

4 -6 years Pressurized metered- | Nebulizer with
dose inhaler plus nouthpiece
dedicated spacer ; P
with mouthpiece

Older than 6 years | Dry powder inhaler, | Nebulizer with
or breath-actuated mouthpiece
pressurized metered-
dose inhaler, or
pressurized metered-
dose inhaler with
spacer and mouthpiece

STEPWISE MANAGEMENT OF ASTHMA

Step 1: Mild Intermittent Asthma- This requires short-term
bronchodilator therapy Options are:

e Inhaled short-acting 32 agonists

e Inhaed ipratropium bromide

e (32 agonist tablets or syrup

e Theophyllines.

Short-acting inhaled 2 agonists work more quickly and/or with fewer
side effects than the dternatives and its seen that using short acting 32
agonigts on SOS bassis a least as good as regular (four times daily)
adminigration Various sudies have correlated the need for use of short
acting 3 2 agonist with asthmacontrol. Good asthmacontrol isassociated
with little or no need for short-acting 32 agonist.

Using two or more canisters of 32 agonists per month or >10-12 puffs
per day isamarker of poorly controlled asthmathat putsindividuas at
risk of fatd or near-fatd asgthma?

Sep2: Introduction of Regular Preventer Therapy-I ndications: Inhaed
steroids should be consdered for adults, children aged 5-12 years and
children under the age of five with any of the following features™:

e Using inhaled 32 agonists three times a week or more

e Symptomatic three times a week or more

e \Waking one night a week.

In addition, inhaled steroids should be considered in adults and
children aged 5-12 who has had an exacerbation of asthmarequiring

ord corticogteraidsin the last two yearsInhaed steroids are the most
effective preventer drugsfor adultsand ol der children for achieving good
control on asthma and there is enough evidence demongrating thet, a
recommended doses, they ared so ssfeand effectiveininfantsand younger
childrenwith asthma About the starting dosetherehave beentwo schools
of thought; one follows step up and other step down protocal. In mild to
moderate asthma, starting a very high doses of inhded steroids and
stepping down confers no benefit 3 o sarting dose of inhded steroids
should be gppropriate to the severity of disease and we should titrate the
dose of inhdled steroid to the lowest dose a which effective control of
asthmaismaintained. On frequency of administrationsits been seen that
mogt current inha ed seroidsaredightly moreeffectivewhen taken twice
rather than once daily, but may be used once daily in some patientswith
milder diseese.

The most important determinant of gppropriate dosing isthe dinician’s
judgment of the patient’s response to thergpy. The dlinician must monitor
the patient’s response in terms of dlinical control and adjust the dose
accordingly. Once control of asthmais achieved, the dose of medication
should be carefully titrated to the minimum dose required to maintain
contral, thus reducing the potentid for adverse effects. (Table3) Fig.1.

Estimated equipotent daily doses of inhaled Glucocorticosteriods for children

Drug Low Daily Dose (ug) Medium Daily Dose (11g) High Daily Dose (gl
— 100200 200 - 400 40
100200 *49- 40 Cors)
= R >160- 320 >0
Orkanatle T 37501250 1250
Fcasone 0. 20 2 5 =
Mometasone fuale” 100-200 2207400 o
bl TR 00 1200 120
1 Comparisons bised upan flcacy e
:-_-_-_ ioh caly assassment 0 oonso o |
contollens.
* Aogroved for crce-caly dosing n mid patents
INADEQUATE CONTROL
on low dose inhaled

Good response ta LABA and Benefit from LABA but control Nao response o

good control: still inacke quate LABA:
W Conlinue LABA

= Continor LABA and = Slop LABA

= Increase jhaled steroid ™ Increase inhaled steroid
dase to £00 meg/ day dare to 500 meg! day
(adalts) and 400 mey/dyy {acdults) and 400 mep'day
tchildren 5-12 years) {children 5-12 years)

Coatrol still inadequate:

. Trial of other add on
therapy e leukotriene
receplor antagonist or
theophylline

A

1§ control still

Inadequate go to
Step 4

Safety of Inhaled Seroids

A. Growth: Its one of the key questions asked by parents when the

child is being started on steroids as controller medication. Few

important aspects about growth and ICS are that ®

®  Uncontrolled or severe asthma adversely affects growth and final adult height

®  No long-term controlled studies have reported any statistically or clinicaly
significant adverse effects on growth of 100-200 ug/day- of inhaled
glucocorticosteroids

®  Growth retardation may be seen with all inhaled glucocorticosteroids when a
high dose is administered
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Growth retardation in both short- and medium-term studies is dose dependent
Important differences seem to exist between the growth-retarding effects of
various inhaled glucocorticosteroids and inhalers

e Different agegroupsseemto differ intheir susceptibility to the growth-retarding
effects of inhaled glucocorticosteroids; children aged 4-10 yrs are more
susceptible than adolescents

®  Glucocorticosteroid-induced changes in growth rate during the first year of
treatment appear to be temporary

®  Children with asthma treated with inhaled glucocorticosteroids attain normal
adult height (predicted from family members) but at alater age

B.) Bone: The clinically relevant adverse effects of inhaled

glucocorticogteroids on bones in children are osteopoross and fracture.

Severd cross-sectiond and longitudina epidemiologic studies have

asessed the effects of long-term inhaded glucocorticosteroid treatment

on these outcomes 7. The summary of these dudiesare

®  Nostudieshavereported any statistically significant increased risk of fractures
in children taking inhaled glucocorticosteroids

®  Oral or systemic glucocorticosteroid use increases the risk of fracture
Therisk of fracture increases along with the number of treatments, with a32%
increase after four courses

®  Useof inhaled glucocorticosteroids reduces the need for systemic courses

®  Controlled longitudinal studies of 2-5 yrs duration and several cross-sectional
studies found no adverse effects of inhaled glucocorticosteroid treatment on
bone mineral density

®  No prospective studies have followed children on inhaled glucocorticosteroid
treatment until peak bone mineral density has been reached

C. Hypothalamic- pituitary-adrend (HPA) axisabnormdities -Itisseen

that trestment with inhaed glucocorticogteroid doses of less than 200 ug

budesonide or equivaent daily is normaly not associated with any

sgnificant suppression of theHPA axisin children. At higher doses, smal

changes in HPA axis function can be detected with sengitive methods.

However, infew studiesadrend crisishasbeenreportedin childrentreated

with excessively high doses of inhded glucocorticogteroids.

D. Cataracts Inhded glucocorticosteroidshave not been associated with

an increased occurrence of cataract in children

E. Central nervoussystem effectsFew isolated casereportshaveshown

that inhaled steroids are associated with CNS adverse effects however no

increasein such effects has been found in two long-term controlled trids

of inhaed budesonide involving more than 10,000 treatment years®®

F. Oral candidiasis, hoar senes, and bruising. Clinicd thrushissddom

aprobleminchildrentreated withinhaed or sysemic glucocorticosteroids

and thissde effect may seemto berelaed to use of antibiotics, high daily

doses, dose frequency and inhaler device. Giving the medication via

spacers has been shown to reduce theincidence of ord candidiasis, and

aong with thismouth rindng was found to be beneficid .In astudy the

occurrence of hoarseness or other noticesble voice changes during

budesonide trestment is Smilar to placebo. Trestment with an average

daily doseof 500-ug budesonidefor 3to 6 yearsisnot associated with an

increased tendency to bruise.

Other Prevent Therapies

A. LTRA: These Provide clinicd benefit in children aged >5 yrs at dll

levesof severity but lessthan thet of |low-doseinhd ed glucocorticogteroids.

Leukotrienemodifiersprovidepartia protection against exercise-induced

bronchocongriction within hours

B. LABA : Addition of long acting inhdled beta 2-agonigts to a daly

regimen of inhaled glucocorticosteroids (> 5 year of age)

e Improves symptom scores

Decreases nocturnal asthma

Improves lung function

Decreases the use of rapid-acting inhaled b,- agonists

Reduces the number of exacerbations and achieves clinical

control of asthma in more patients, more rapidly, and at a
lower dose of inhaled glucocorticosteroids than inhaled
glucocorticosteroids given alone

C. Theophyllines: Have been shown to be effective as monotherapy and

as add-on treatment to inhaed or ord glucocorticosteroids in children

aged >5 yrs, though adverse effects are common.

e Itissignificantly more effective than placebo at controlling
day and night symptoms and improves lung function

e Marginal protective effect against exercise induced
bronchoconstriction

e Reduces the maintenance glucocorticosteroid dose

e Efficacy of theophylline islessthan that of low-dose inhaled
glucocorticosteroids

e Sustained-release products are preferable for maintenance
therapy, since they enable twice-daily dosing

e Plasmatheophyllinelevel isnot necessary in otherwise healthy
children when doses less than 10 mg/kg/day are used

o Adverseeffectsarereduced if treatment isinitiated with daily
doses ~ 5 mg/kg/day and then gradually increased to 10 mg/
kg/day

D. Doxophyllin (7-(1,3-dioxalan-2-ylmethyl) theophylline): isanovel
xanthinebronchodilator, which differsfromtheophyllineinthat it contains
adioxdane group in pogtion 7. Similar to theophylline, its mechanism
of action isrelated to theinhibition of phogphodiesterase activities, butin
contrast it gppearsto have decreased finitiestowards adenosineAl and
A2 receptors, which may account for its better safety profile- CNS side
effectsare clamed to beless.
E. Cromones. Sodium cromoglycate and nedocromil sodium- these
products have a limited role in the long-term trestment of asthma in
children. Nedocromil sodium has been shown to reduce exacerbations,
but its effect on other asthma outcomesis not superior to placebo. There
are some dudies which suggest there use in exercise / cold induced
agthmat.

Sep 3: Initial Add-On Therapy- Some Patients With Asthma May

Not Be Adequately Controlled At Step 2.

But beforewe add anew therapy we should: (a) recheck compliance; (b)

inhder technique and (C) diminate trigger factors

No exact dose of inhded steroid can be specified a whichto add another

therapy But in generd in adult patientstaking inhaed steroids at doses of

200-800 meg/day and in children taking inhded steroids at adose of 400

meg/day add on thergpy may be of vaue:

(1.) Inhaed long-acting 3 a gonist (LABA), — It has been shown in
studies thet the first choice as add-on thergpy to inhded seroidsin
adults and children (5-12 years) is an inhded long-acting § agoni<t,
which should be added before going above adose of 400 meg BDP
or equivdent per day and certainly before going above 800 mcg
BDR If foringanceitisfoundthat ashmacontrol remainssuboptimal
after theaddition of aninhaed long-acting § agonist then the dose of
inhaled steroids should beincreased to 800 meg/day in adultsor 400
meg/day in children (5-12 years), if not dready on these doses.

(2.) Leukatriene receptor antagonists may provide improvement in lung
function, a decrease in exacerbations, and an improvement in
symptoms if added at this age.

(3.) Theophyllines may improve lung function and symptoms, but sde
effectsare more

(4.) Slow-release 8, agonist tablets may aso improve lung function and
symptoms, but side effects are more. Addition of short-acting
anticholinergicsis of no vaue

COMBINATION INHALERS

No difference in efficacy was noticed whether ICS and LABA are
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given in combinaion or via different inhaers. Main advantage is of
guarantesing that the long-acting 3, agonist is not taken without inhaled
geroid. Further using one inhder insteed of two separate ones is more
convenient. A strategy to use formoterol and budesonide combination
inhder for both reliever and preventive therapy has been found to be
ussful in sometrias.
Sep 4: Poor Control On Moderate Dose Of Inhaled Steroid +
Addon Therapy Addition of Fourth Drug -
Isindicatedinavery amd| group of whosepatientsasthmaisnot adequately
controlled onacombination of short acting 3, agonist asrequired, inhaled
seroid (800 meg daily), and an additional drug, usualy along-acting 3,
agonist. Thereare very few trid savailableto guide therapy in thisgroup.
The available options are:
e Increasing inhaled steroids to 2000 mcg/day (adults) or 800
mcg/day (children 5-12 years)
Leukotriene receptor antagonists
Theophyllines
Slow release 8, agonist tablets, though caution needs to be
used in patients already on long-acting 5, agonists
Due to lack of contralled trids it is very difficult to tell which of
theseis best but side effects seemsto be more with theophyllinesand
B3, agonist tablets.
Sep 5: Continuous or Frequent Use of Oral Steroids
For the very small number of patients not controlled at step 4, we
can use daily steroid tablets in the lowest dose to provide control.

STEROID SPARING MEDICATION

The am of trestment is to control the asthma using the lowest possible
geroid dose or, if possble, to stop long term steroid tablets completely.
Thereare following available medications:

e Inadults the recommended method of diminaing or reducing the
dose of steraid tablets is inhded steroids, a doses of up to 2,000
meg/day, if required.

e In children aged 5-12 years consider very carefully before going
above an inhded gteroid dose of 800 meg/day.

e Some dudies have shown arole for atrid of trestment with long-
adting 3, agonists, L eukotrienereoceptor antagonists, and theophyllines
for about six weeks. They should be stopped if no improvement in
steroid dose, symptoms or lung function is detected.

e Immunosuppressants (methotrexate, cyclosporin and ora gold)
decreaselong term steroid tabl et requirements, but dl havesignificant
Sde effects.

e  Continuous subcutaneous terbutaline infusion has been reported to
be beneficid in severe asthma but efficacy and safety have not been
asesed inRCTs
Anti-TNF dphatherapy has been investigated in severe asthma but
thesestudiesaretoo smdl andtoo short termtodllow recommendztion
of anti-TNF therapy outside the context of a controlled clinicdl trid
ANTI IgE - Anti-IgE (omaizumab) is atreatment option limited to
patients with eevated serum levels of IgE. Its current indication is
for patientswith severedlergic asthmawho areuncontrolled on high
dosesof inhaed glucocorti cogteroids (dthough thedose of concurrent
trestment has varied in different sudies). Cogt is prohibitively high.
IVIG -Theuseof intravenous Immunoglobulin isnot recommended.

STEPPING DOWN THERAPY

e Wheninhaed glucocorticosteroids done are being used in medium-
to-high doses, a 50% reduction in dose should be atempted at 3-
month intervas

e  Wherecontrol isachieved a alow doseof inhded glucocorticosteroids
aone inmogt patientstrestment may beswitched to once-daily dosing

e When asthma is controlled with a combination of inhaled
glucocorticosteroid and long-acting B,—agonist: The preferred

gpproach istobegin by redudingthedoseof inhded glucocorticogteroid
by ~50% while continuing the long-acting 8,-ageonigt. If contral is
maintained, further reductionsin the glucocorticosteroid doseshould
be attempted until alow dose is reached, when the long-acting 3,-
agonist may be stopped
e When asthma is controlled with inhaed glucocorticosteroids in
combination with controllers other than long-acting {3, - agonists,
dose of inhaled glucocorticoids should be reduced by 50% until a
low dose of inhaled glucocorticoidsis reached, then the combingation
trestment stopped as described previoudy
e  Controller treetment may be stopped if the patient’s asthmaremains
controlled on the lowest dose of controller and no recurrence of
symptoms occur for 1 yr
Oral Prednisolone for Pre-school children with Acute
Viral induced wheezing
Attacks of wheezing induced by upper respiratory viral infections
are common in preschool children between the ages of 10 months
and 6 years. A short course of oral prednisoloneis widely used to
treat preschool children with wheezing who present to a hospital,
but there is conflicting evidence 3%, regardingits efficacy in this
age group. In arecent study it was concluded that in preschool
children presenting to a hospital with mild-to-moderate wheezing
associated with avird infection, oral Prednisolone was not superior
to placebo 168,

REFERENCE

1.  Rosen LD, Bukutu C, Le C, Shamseer L, Vohra S. Complementary, holistic, and integra-
tive medicine: colic. Pediatr Rev.2007; 28:381-385

2. LindeK, Johst KA. Homeopathy for chronic asthma (Cochrane Review). In: The Cochrane
Library, Issue 3, 2001. London: John Wiley & Sons Ltd.

3. WhiteA, SadeP, Hunt C, Hart A, Erngt E. Individualized homeopathy asan adjunct in the
treatment of childhood asthma: a randomised placebo controlled trial. Thorax 2003; 58:317-
21.

4. Guideines 2006 Global Strategy for Ashma Management and Prevention The GINA
reports are available on www.ginasthma.org.

5. Pharmacological management of asthma. Evidence table 4.1: inhaled short acting beta 2
agonists. Edinburgh: SGN; 2002. Available from url: http:/AMww.sign.ac.uk/guidelines/
published/support/guideline63/index.Html

6.  British Guideline on the Management of Asthma may 2008 Available from url: http://
www brit-thoracic.org.uk/

7. Pharmacological management of asthma. Evidence table 4.7: high dose step-down.
Edinburgh: SGN; 2002. Available from url: http:/Awwv. sign.ac.uk/guidelines/published/
support/guideline63/index.html

8. Pedersen S. Do inhaled corticosteroids inhibit growth in children? Am J Respir Crit Care
Med 2001;164:521-35.53. Agertoft L, Pedersen S Bone mineral densty in children with
asthma receiving long-term treatment with inhaled budesonide. Am J Respir Crit Care Med
1998;157:178-83

9. Hopp RJ, Degan JA, Biven RE, Kinberg K, Gallagher GC. Longitudinal assessment of
bone mineral density in children with chronic asthma. Ann Allergy Asthma Immunol
1995;75:143-8.

10. PauwelsRA, Pedersen S, Busse WW, Tan WC, Chen YZ, Ohlsson SV, et al. Early interven-
tion with budesonide in mild persistent asthme: a randomised, double-blind trial. Lancet
2003;361:1071-6.

1.  The Childhood Asthma Managment Program Research Group. Long term effects of
budesonide or nedocromil in children with asthma. N Engl J Med 2000;343:1054-63.

12. Katz RM, Rachedefsky GS, Siegel S. The effectiveness of the short- and long-term use of
crystallized theophylline in asthmatic children. J Pediatr 1978;92:663-7.

13.  Spooner CH, SaundersLD, Rowe BH. Nedocromil sodiumfor preventing exercise-induced
bronchocongtriction. Cochrane Database Syst Rev 2000;2.

14. McCormack PL and Lyseng—Williamson KA. Budesonide/Formoterol A Review of itsuse
as maintenance and reliever inhalation therapy in asthma. Drugs 2007; 67:2407-2431

15. CsonkaP, KailaM, Laippala P, |so-Mustajérvi M, Vesikari T, Ashorn P. Oral prednisolone
in the acute management of children age 6 to 35 months with viral respiratory infection-
induced lower airway disease: a randomized, placebo-controlled trial. J Pediatr
2003;143:725-730

16. Tal A, Lewy N, Bearman JE. Methylprednisolone therapy for acute asthme in infants and
toddlers: a controlled dlinical trial. Pediatrics 1990;86:350-356

17.  Oommen A, Lambert PC, Grigg J. Efficacy of a short course of parent-initiated oral pred-
nisolone for viral wheeze in children aged 1-5 years: randomised controlled trial. Lancet
2003;362:1433-1438.

18.  Panickar J, Lakhanpaul M, Lambert PC, Kenia P, Sephenson T, Smyth A, and Grigg J,
Oral prednisolonefor Preschool Children with Acute irus-Induced Wheezing. NEJM 2009;
360:329-338



JIMSA January-March 2009 Vol. 22 No. 1

57

NON-PHARMACOLOGICAL MANAGEMENT OF ASTHMA

Krishan Chugh, Mohit Kehar
Centre for Child Health, Sr Ganga Ram Hospital, Rajinder Nagar, New Delhi-110060 India

\homeopathy

(Abstract : Several forms of non pharmacological therapies, alternative and complementary medicine have been popular invariwspartso\f
the world for treatment of asthma .Most such interventions are used as prevertive therapies .Many of them have been evaluated in recent
times using the modern scientific tools and consensus guidedines have been issued regarding their use. Among the non-pharmacol ogical
therapiesfor primary prevention of asthma no effect has been seen with domestic aeroallergen avoidance, food allergen avoidance, modified
milk formulae, modified weaning, nutritional supplements during pregnancy, dietary probioticsin pregnancy, immunotherapy and immuni-
zation. However, avoidance of tobacco smoking by parents and encouragement of breast-feeding are advised. Recent reviews also do not
favor complementary and alternative medicine interventions like acupuncture, air ionisers, herbal and traditional chinese medicine and

J

Asthmais a chronic inflammatory disorder of the airways in which
many cellsand cellular el ementsplay arole. Thechronicinflammation
isassociated with airway hyper responsivenessthat |eadsto recurrent
episodes of wheezing, breathl essness, chest tightness, and coughing,
particularly at night or intheearly morning. Theseepisodesareusudly
associated with widespread, but variable, airflow obstruction within
thelung that isoften reversibleeither spontaneoudly or with treatment.
Asthma is a common medica ailment, which affects the pediatric
age group patients; there are various guideines for management of
asthma, which are periodically revised and form the basisfor current
understanding and management of asthma in children

Asthma management can be divided into 2 broad subgroups:

1. Non Pharmacological Management; 2.Pharmacological
Management

NON-PHARMACOLOGICAL
MANAGEMENT OF ASTHMA

There is a common thinking amongst care takers and patients that
there are numerous environmentd, dietary triggers of asthma and
that avoiding these triggers will improve asthma and reduce the
requirement for pharmacotherapy. Although effective medications
for managing asthma exist within conventiona western medicine
(e.g., inhaled corticosteroids and bronchodilators), some parentsturn
to complementary and aternative medical (CAM) therapies to treat
their children’s asthma. Failureto address a patient, parent or acare
takersconcern about theseissues may compromise concordancewith
recommended pharmacotherapy’.
There are 2 types of Prophylaxis
Primary Prophylaxis - interventions introduced before the
onset of disease and designed to reduce its incidence.
Secondary Prophylaxis - interventions introduced after the
onset of disease to reduce its impact.

PRIMARY PROPHYLAXIS

Theevidencefor these Srategiesisbased predominantly on observationa
studies, though somehavebeen tested using experimenta methods. Many
of the studies are multifaceted and it can be difficult to disentangle the
effects of one exposure or intervention from ancther.

1. Aercallergen and food allergen avoidance

Itisseenthat exposure to high levels of house dust mite allergenin early
life is associated with an increased sendtization to house dust mite by
threeto sevenyearsof age. Sengitizationto housedust miteisanimportant
risk factor for thedeve opment of asthmaand afew studieshave suggested

that high early house dust mite exposure increases the risk of subsequent
asthmawhile others have shown no effect on ether dlergic sengtization
or symptoms of dlergic diseases *? It is dso sad that sengtization to
foods like eggs precedes the devel opment of aero dlergy in children and
subsequent asthma ® However it has been shown that the food alergen
avoidance in pregnancy and postnataly has not been shown to prevent
the later development of asthma @ In the absence of any evidence of
benefit and given the potentid for adverse effects, maternd food dlergen
avoidanceduring pregnancy and lactationisnot recommended asastrategy
for preventing childhood asthmaandin the absence of consistent evidence
of benefit from domestic aerodlergen avoidance it is not possible to
recommend it as a strategy for primary prevention of childhood
asthma.

2. Breast feeding

A review of observationa studies on the alergy preventive benefits
of breast-feeding revealsthat it iseffective for dl infantsirrespective
of alergy, heredity. The preventive effect of breast-feeding for alergy
was more pronounced in high-risk infants provided they are breast
fed for at least four months > However, not al the studies have
demonstrated benefit and in alarge birth cohort it was seen that there
was no protective effect against atopy and asthma and maybe even
an increase in risk 57 Breast-feeding should be encouraged for its
multiple benefits, and it may also have apotential protective effect in
relation to early asthma.

3. Moadified Infant Milk Formulae
Thereare many trias of modified milk formulae but none have included
aufficiently long follow up to establish whether there is any impact on
agthma® Intheabsenceof any evidenceof benefit fromtheuseof modified
infant milk formulae it is not possible to recommend it as a strategy for
preventing childhood asthma.

4. Weaning

Early introduction of dlergenic foodsinto theinfant diet predisposesthe
infant to subsequent devel opment of dlergy and atopic eczema. However,
in one tudy;, it was seen that late introduction of egg was associated with
anon-significant increase in pre-school wheezing *

In the absence of evidence on outcomes in relaion to asthma no
recommendations on modified weaning can be made.

5. Nutritional supplementation in pregnancy - fish
oils (n-3 pufas)

Its seen that western diets have a low intake of n-3 PUFAs with a
corresponding increase in intake of N-6 PUFAS and this change in
diet has been associated with increasing rates of alergic disease and
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asthma. However, there are no good studies to support this **In the
absence of any evidence of benefit from the use of fish oil
supplementation in pregnancy it is not possible to recommend it asa
strategy for preventing childhood asthma.

6. Microbial Exposure

The well known “hygiene hypothesis’ of asthma suggests that early
exposure to microbia products would switch off allergic responses
thereby preventing alergic diseases such as asthma. The hypothesis
was supported by some epidemiological studies, which compared
large populations who have or have not had such exposure 2 In a
double blind placebo controlled tria of the probiotic lactobacillus
GG was given to mothersand it was seen that it resulted in areduced
incidence of atopic eczemain their children but had no effect on IgE
antibody or alergic skin test responses ** There is insufficient
evidence to indicate that the use of dietary probiotics in pregnancy
reduces the incidence of childhood asthma

7. Avoidance of tobacco smoke and other air

pollutants

In various clinical trials and studies no evidence has been found to
support a link between exposures to environmental tobacco smoke
(ETS) or other air pollutants and the induction of alergy. However,
itisseenthat thereisanincreasedrisk of infant wheezing with maternal
smoking during pregnancy which adversely affects infant lung
function'* and there is ample evidence, which suggeststhat early life
ETS exposure is associated with later persistent asthma 56 Parents
and parents-to-be shoul d be advised of the many adverse effectswhich
smoking hasontheir childrenincluding increased wheezing ininfancy
and increased risk of persistent asthma.

8. Immunisation

In keeping with the “microbial exposure hypothesis’ some studies
have suggested that there is an association between tuberculin
responsiveness and subsequent reduced prevalence of allergy,
suggesting a protective effect of BCG - However investigation of
theeffectsof any other childhood immunization suggeststhat at worst
thereis no influence on subsequent alergic disease and maybe some
protective effect against the development of asthma *® All childhood
immunizations should proceed normdly as there is no evidence of
an adverse effect on the incidence of asthma.

SECONDARY PROPHYLAXIS

1. (a) House Dust Mite Avoidance

It has been seen that increased allergen exposure in sensitized
individuals is associated with an increase in asthma symptoms,
bronchia hyper-responsiveness and deterioration in lung function;
however, evidence that reducing allergen exposure can reduce
morbidity and/or mortality in asthma, is not clear. Cochrane reviews
on house dust mite control measures in a normal domestic
environment have concluded that chemica and physica methods
aimed at reducing exposure to house dust mite allergens cannot be
recommended.

(b) Other Allergens

Animal allergens, particularly of cat have been observed to be potent
provokers of asthma symptoms. But the reported effects of removal
of petsfrom homesare paradoxical, with either no benefit for asthma
or a potential for continued high exposure to induce a degree of
tolerance. It is seen that individual aeroallergen avoidance strategies
have shown that singleintervention haslimited or no benefit. A multi

faceted approach is more likely to be effective if it addresses dl the
indoor asthma triggers. A systematic review of this topic concluded
that more research is required.

2. Smoking

Direct or passiveexposureto cigarette smoke negatively affectsquaity
of life, lung function of the child and increase the need for rescue
medi cations for acute episodes of asthmaand long-term control with
inhaled steroids. There are two studies, which have demonstrated
that there was reduction in childhood asthma severity when parents
stopped smokingAlong with thisfact it isseen that uptake of smoking
in teenagers increases the risks of persisting asthma **%. One study
showed a doubling of risk for the development of asthma over six
yearsin 14-year-old children who started to smoke in teenage®.
Parents with asthma should be advised about the dangers of smoking
to themselves and their children with asthmaand offered appropriate
support to stop smoking.

3. Air Pallution

Pollutants can increase the response of patientswith asthmato dlergen
inhalation. Research suggest that air pollution may provoke acute
asthma attacks or aggravates existing chronic asthma athough the
effectsof thisare very much lessthan thosewith infection or allergen
exposure 2

4. Immunotherapy

Two modes of administration of immunotherapy have been studied
a) Subcutaneous immunotherapy — There have been trials of
immunotherapy in which subcutaneousinjection of increasing doses
of allergen extractswasgiven and they have consistently demonstrated
beneficia effects compared with placebo in the management of
alergic asthma. Allergens that were included in tria were house
dust mite, grass pollen, tree pollen, cat and dog allergen and moulds.
Cochrane reviews were done and it has concluded that
immunotherapy reduces asthma symptoms, the use of asthma
medicationsandimprovesbronchid hyper-reactivity. Themost recent
review included 36 trials with house dust mite, 20 with pollen, 10
with animal dlergens, two with cladosporium mould, one with latex
and six with multiple alergens % However evidence comparing the
roles of immunotherapy and pharmacotherapy in the management of
asthmaislacking.|mmunotherapy can be considered in patientswith
asthmawhereaclinicaly significant allergen cannot be avoided. The
potential for severe alergic reactions to the therapy must be fully
discussed with patients

b) Sublingual immunotherapy

Recently there has been increasing interest in the use of sublingual
immunotherapy, asit isassociated with fewer adverse reactions than
subcutaneous immunotherapy. A systematic review done suggested
there were some benefitsfor asthma control but the magnitude of the
effect was small. Thus further randomized controlled trias are
required.Sublingual immunotherapy cannot currently be
recommended for the treatment of asthmain routine practice.

5. Dietary Manipulation

- Electrolytes

Various electrolytes were studied for their implication in asthma
management. Of these two important and most widely studied are
sodium and magnesium. Increasing dietary sodium has been
implicated in the geographica variations in asthma mortality and
high sodium intake is associated with increased bronchia hyper-
responsiveness in various studies. A systematic review was done of
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intervention studies reducing sdt intake, which revealed that there
was only minimal effects, and concluded that dietary salt reduction

could not be recommended in the management of asthma 2

Low magnesiumintakes have been associated with ahigher prevalence
of asthmawithincreasing intakeresulting in reduced bronchial hyper-
responsiveness and higher lung function. Magnesium plays a
beneficial rolein the treatment of asthma through bronchial smooth
muscle relaxation thus it is used as |V preparation in acute asthma
management. The researches of ora supplementation arelimited and
more trials are required 2

4 Fish OilgLipids

Its suggested that supplementing the diet with omegan-3 fatty acids,
which are most commonly found in fish oils, might reduce the
inflammation associated with asthma .However Cochrane review of
ninerandomized controlled tria sconcluded that therewasinsufficient
evidence to recommend fish oil supplementation for the treatment of
asthma?"

4 Weight Reduction In Obese Patients

Severa studiesdone havereported an association betweenincreasing
body mass index and its effects on symptoms of asthma in patients
22 A randomized parallel group study has shown improved asthma
control following weight reduction in obese patients with asthma ®.
Weight reduction is recommended in obese patients with asthma to
promote genera health and to improve asthma control.

4 Probiotics

Studies have suggested a role of imbaance in gut flora and higher
risk of development of allergy 3> Theuseof probicticsin thetreatment
of established alergic disease has been investigated and the study
focused on asthma, finding a decrease in eosinophilia but no effect
on clinical parameters 2% |n the absence of evidence of benefit, itis
not possible to recommend the use of probicticsin the management
of asthma

IMMUNISATIONS

Thereare studiesthat have concluded that high vaccination coverage
has no significant impact on any alergic outcome or asthma 3
However there is a suggestion that the higher the vaccine coverage
the greater the protection against the development of alergy in the
first years of life. There is some discussion about whether BCG
immunization may confer protection against alergy and asthma. The
use of BCG, with or without alergen, asameansto switch off alergic
immune responses has been investigated but resultsare not very clear
and thisis an area that requires further investigation %

There has been earlier concern that influenza vaccination might
aggravate respiratory symptoms in patients of asthma, though any
such effect would be outweighed by the benefits of the vaccination.
However research donein children have suggested that immunization
with the vaccine does not exacerbate asthma ¥ but has a small
beneficial effect on qudlity of lifein children with asthma.
Immunizations should be administered independent of any
considerations related to asthma. High-dose inhaed steroids may
attenuate responses to vaccines

IVY LEAF

lvy leaf, the dried leaf of Hedera helix L., is believed to have
bronchodilating, spasmolytic, and antibacterial effects. Ivy leaf has
been used for the treatment of upper respiratory tract infections and
coughs®. A review of three small German-languagetrials, including
crossover, double-blindtrials, examining theefficacy of ivy leaf cough
drops, suppositories, or syrup in children who had asthma found

ivy legf in al forms to improve respiratory function % Only one
adverse event (AE) of ivy treatment, exacerbation of existing atopic
dermatitis, was reported in one of these trials. Although this
preliminary evidence suggests that ivy leaf may improve airway
resistance in children who have asthma, larger RCTs and additional
safety data, are needed before ivy supplements can be recommended

COMPLEMENTARY AND ALTERNATIVE
MEDICINE IN ASTHMA

(1) Acupuncture

A Cochrane review of 21 trids on acupuncture highlighted many
methodologica problems with the studies .The review concluded
that there was no evidence for a clinicaly valuable benefit for
acupuncture and no significant benefits in relation to lung function
(1) Air lonisers

lonisers are widely being promoted as being of benefit for patients
with asthma. But a Cochrane review of five studies using negative
ion generators and one with a positive ion generator found that there
was no evidence of benefit in reducing symptoms in patients with
asthma *

(1)  Breathing Exercises Including Yoga And The

Buteyko Breathing Technique

The basic principle of yoga and Buteyko breathing technique are to
control hyperventilation by lowering respiratory frequency. A
Cochrane review of breathing exercises found that there was no
changein routine measures of lung function after these techniques
However one study showed a small reduction in airway
responsiveness to histamine utilizing pranayama, a form of yoga
breathing exercise # The Buteyko breathing technique focuses
specialy on control of hyperventilation and any reduction on pCo2
levels. Someclinicdl trias have suggested that there were benefitsin
terms of reduced symptoms and bronchodilator usage but no effect
on lung function %4 Buteyko breathing technique may be
considered to help patients to control the symptoms of asthma.

(IV)Herbal And Traditional Chinese Medicine (TCM)
TCM herbal remedies include mixtures of severa herbs that have
different physiologic effects. Huntley and Ernst conducted a
systematic review of 17 RCTsinvestigating the effectivenessof herbal
medicines in asthma, six of which evauated the effects of TCM # It
was found that al of the TCM trids were of poor methodological
quality, as assessed by the Jadad scale, which eval uatesthe quality of
clinical trids (i.e, lack of blinding or sufficient information about
randomization, dropouts, or AES). In the literature there are various
reported side effects associated with TCM preparations from China
that have been contaminated with toxins (i.e., heavy metals such as
arsenic or mercury) or adulterated with prescription medicationssuch
as glucocorticosteroids “°. Given the poor quality of data on
effectiveness and the substantial concerns about product variability
and adulteration, TCM herbs are not recommended in the treatment
of pediatric asthma

(V) Homeopathy

Inthe Cochranereview it identified that only three methodologicaly
sound randomized controlled trias are there out of which two have
reported some positive effects. But the studies did not employ
individuaized homeopathy, which is the essence of this approach to
treatment “¢ In a recent trial of homeopathy in childhood asthma,
which was placebo controlled and appropriately powered it was
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RECENT TRENDSIN USE OF GROWTH HORMONE THERAPY

|.P.S. Kochar
Department of Pediatric and Adolescent Endocrinology
Indraprastha Apollo and Fortis Hospitals, New Delhi, India

Abgtract : Until the mid 1980°s,growth hormone(GH) therapy was only prescribed to treat children with severe growth hormone
deficiency(GHD).Today, however, with abundance of recombinant human GH(rhGH) ,it is used to treat a wide range of conditions. rhGH
can be usad to treat short Sature from GH deficiency(GHD),insufficiency and other disorders leading to poor growth. Currently it is also

used for patients with chronic renal failure(CRF), Turner syndrome(TS), Prader Wl Sndrome-(PWS), srall for

gedtational age-SGA

without catch up growth by 2 years, |diopathic short stature-| SSand some Dysmor phic syndromes with short stature. With GH therapy many
children can achieve adult height better than the anticipated based on their pretreatment growth pattern.

Human growth hormone (hGH) or somatotropin is a Sngle chain of
polypeptides comprising of 191 amino acids that circulates either
complexed to abinding protein or inthe unbound (free) state. At al ages,
feta through adult, GH is secreted in an intermittent, pulsatile pattern
largely asaresult of reciprocal interactionsof two hypothaamic peptides
i.e. Growth hormone releasing hormone (GHRH) and sometodtatin or
Somatropin rdease inhibiting factor (SRIF), Fig 1

T Hypothalamus ;-‘

®

Ghrelin
from
stomach

Figure 1 Regulation of GH

Growth hormone interacts with its receptor to generate |GF-1(insulin
like growth factor), the main mediator of GH action, in the liver and in
most other tissues, including epiphyses. This receptor (the extra cdlular
domain of which is identicd with the circulating GH binding protein)
must link up with asecond molecule through atwo-ste GH bridge. This
molecular complex comprising of two receptors and one hGH molecule
permits IGF1 generation.

Many of theeffectsof GH aremediated by IGF-1, which circulatesinthe
plasma, bound to one of a series of binding proteins, caled IGFBPs.
Theseproteinscirculateand modify |GF-1 action, either asstimulatorsor
asinhibitors. IGFBP-3isthemgor circulaing form of thebinding protein
This complex system subserves the process of growth. At puberty the
pulsatilerdease of GH isincreased 2-3 fold, predominantly by increased
amountsof GH released at each secretory episode. Alongwithincreesing
amounts of sex steroid hormones, this accounts for most of the puberta
growth spurt following which the secretion of GH returns towards

prepubertal vaues. Secretion of GH may be mediated by input from
higher centers, dlowingfor modification of growth rateby environmental
and emationd factors. The process of growth aso depends on adequate
nutrition, norma bonestructureand biochemistry, normd thyroxinelevels
and other endocrine secretions, as well as generd hedlth. Disruption of
normal growth may therefore be an indication of many pathologies.
After theestablishment of theNationd Fituitary Agency in 1961, pituitary
derived GH was used till mid 80s, when its use was prohibited with the
emergence of Creuzfeldt Jacob disease in 1985. Around the same time
recombinant human GH which was ready for use by the late 80s (1978)
was gpproved by the FDA and introduced for the treetment of GHD in
1985, Subsequently it wasfound to bebendficid in patientswith chronic
rend failure and Turner Syndrome, adecade later (1995) FDA approved
its use for these disorders. Currently GH thergpy has been approved by
FDA for additiond conditions;i.e Prader Willi Syndrome —PWS (2000)
, Smdl for gestation age — SGA without catch up growth by 2 years
(2001), Idiopathic short stature—1SS, (2003) and someof the Dysmorphic
syndromes with short sature.

GROWTH HORMONE DEFICIENCY

Theclassica indication for GH trestment is growth hormone deficiency,
irrepective of theunderlying causewhich leadsto the GH deficient state.
From a clinicd prospective; GHD can be subdivided on the basis of
etiology into 2 categories: organic and isolated idiopathic GHD.
Vaiahility inthediagnosisof GH deficiency remainsaclinica chalenge
and isrelaed to the continuum between severe GHD, insufficiency and
normalcy*. Marked varighility in GH assaysin the tests used, arbitrary
cut offsto define GHD based on stimulation tests have been some of the
problemsin arriving at the diagnosis of GHD. Prior to proceeding with
theinvestigativeevauation, careful clinical history, clinica andauxologic
examination, the relationship among chronologic age, height age, bone
age and height evaludion in relation to the rdevant populaion based
charts and midparent based target height isimportant..
The diagnosis of GHD is a chdlenge in the asence of the classic
phenotype. A sgnificant proportion of short, dowly growing children
havenoovertly obviousdinicd festures A threestep approachtodiagnoss
is
1) Comprehensive clinicd and auxologica assessment to differentiate
non-endocrine and non-GHD gates, and sdlect patients most likely
to have GHD; 2) biochemicd investigations of the HP-GH axisin
carefully sdlected patients and 3) neuroimaging to define pituitary
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morphology*.
Investigations of the HP-GH axis should be undertaken in a centre
with expertise in pediaric endocrinology. There is no Sngle test to
asessthe HP-GH axisbut pesk GH responsesaremorereproducible
with arginine or pyridostigmine which stimulate GH releasing
hormone secretion and control endogenous sometostatin tone. The
agentsmost commonly used for the GH provocationtest areclonidine
and insulin. Insulin is the gold standard for GH provocation test. In
addition to GH levels following provocation, the GH-dependent
peptides| GF1(and | GF-BP3if available) should bemessured because
low levelsof dl strongly support adiagnosisof GHD, dthough normal
levelswould not exdude adiagnosis. Levelsof IGF-1 and IGFBP-3
should beinterpreted against age, gender and pubertal stage matched
norma ranges. Acute and chronic malnutrition, intercurrent iliness
or liver disease may all affect IGF-1 levels and complicate
interpretation in the context of possble GHD.
rhGH in children with GHD provides physiologica replacement®®.
Titrating the dose of rhGH to maintain IGF-1 levels in the normal
range while normalizing growth can be considered to approximate
physiologica replacement. Younger age at the beginning of treatment,
longer duration of treatment, smaller height deficit at start of treatment
and greater catch up in height in the first year of treatment are an
advantage for final height The dosage used for GHD is 23-39ug/kg/
day.or 0.7-1.0mg/m2/day.The height velocity in first year of rhGH is
8-12 cm .Fig 2
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Figure 2. Growth chart of a patient with growth hormone deficiency before and during
treatment with GH.

For childrenwith GHD, whoselinear growth can bewithin thenormal
range (e.g, craniopharyngioma) replacement therapy may be
considered for itsbeneficial action on metabolism, body composition
and pubertal growth.

Puberty should be induced by 12 to 13 years of age in patients who do
not have spontaneous pubertal development owing to gonadotrophin
deficiency. rhGH iscontinued until near find height(HV <2cmiyear) when
GH gtatus should be reassessed to identify patientslikely to benefit from
continuing adult rhGH replacement.

PRADER WILLI SYNDROME (PWS)

Prader Willi Syndrome (PWS) isthecommon genetic causeof progressive
obesity.° A significant proportion of patientsfulfill thebiochemicd criteria
of GHD (low spontaneous and simulated GH secretion taking obesity
into account, with low IGF-1 and IGFBP-3 levels) and have clinica
features consistent with this’. Pitutary hypoplasia and an abnormal
podterior pituitary bright spot are frequently observed on MRI .These
endocrineabnormdlities, inaddition to hypogonadotrophic hypogonadism
and sometypical traits(dysregulated food intake and high painthreshold)
can beattributed to hypotha amic dysfunction. Declining height velocity,
delayed puberty and the absence of puberta growth spurt result in short
gature with patients mean height faling below norma 5" centile by 12-
14 years of age and deficit in adult height of 15-20 cm. In addition to
normdizing linear growth, the aims of rhGH trestment are to improve
body composition by promoting muscle mass, reducing body fat and
increasing bone minerd dendty. Additiona benefits reported include
improvements in respiratory function, physica activity, physical
gppearance, behavior and qudlity of life. It isimportant to have cdorie
consumption under strict control if growth hormonetrestment benifit is
to be regped. The growth response with rhGH in children with PWSis
comparableto that seenin GHD. Respiratory disturbance and disordered
bresthing during deep, including centra deep apnea and obstructive
deep gonea are recognized in PWS. The dosage of GH is 25-35ug/kg/
day.The height velocity infirst year of rhGH is8-12 cm. Before sarting
rhGH, deegp studies should be donein dl children who have PWS or are
obese, and an ENT evduation in those with a history of snoring and
disturbed deep.

TURNER SYNDROME

Turner Syndrome occurs in approximately 1/1500 to 2000 femae
births and is a common pathological cause of short stature. Of the
numerous manifestations recognized, the only consistent ones are
short stature and ovarian failure. Although the stature of girls with
TS varies considerably, the pattern of growth is characteritic. Mild
intrauterine growth results in mean birth weight and length about 1
SD lower than the healthy newborn girls. Thereisagradual decline
in HV (height velocity) throughout childhood, absence of pubertal
growth spurt and adult height deficit of about 20 cm. Girlswith TS
do not have GH or IGF-1deficency but levels of both are relatively
low, particularly during adolescence, and can beattributed to estrogen
deficiency and increased adiposity. A degree of GH and IGF-1
insensitivity is considered to contribute to growth failure and this
formsthe basis of treatment with supraphysiological doses of rhGH.
Unlike GHD and PWS, GH provocation testing is not required in
girls with TS. Much of the defect in height is caused by
haploinsufficency of the short stature homeobox-containing gene
(SHOX) located on the X-chromosome. Although girlswith TS are
not growth hormone deficient, treatment with biosynthetic
recombinant human GH accelerates height velocity and increases
adult height.

In this condition a supraphysiological dose of GH is given. There
are severa factorswhich may influence effect of GH treatment, age
and height at start, GH dose and injection frequency, non —
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compliance, genetic factors, the addition of oxandralone, and the
estrogen dose regimen and the timing of puberty induction The
dosage of rhGH dose used here is 45-50ug/kg/day .The height
velocity in first year is5.5-8 cm. Fig 3

Overall the safety profile of this treatment is good; however long
term follow up of the girls using the supraphysiologica doses of
growth hormone is required.

Although the general experienceisthat most girls seem to be happy

GIRL'S HEIGHT (cm) .
1 - Syrs

Fig 3 Typical growth chart for Turner Syndrome

with anormal height after long term treatment. At this moment there
isalack of evidence for the beneficia effect of GH treatment on the
well being of patients with TS. Consequently, clinicians should not
only focus on height improvement, but also consider other health
related problems (including infertility) in the patients.

SHORT CHILDREN BORN SMALL FOR
GESTATIONAL AGE (SGA)

SGA istheterm used to describeinfants with birth weight and /or length
lessthen -2SD for the gestationd age. Up to 90% of children born SGA,
experience catch up in linear growth during infancy, have height above-
23D by the firgt birthday and reech adult height approximately 1 SD
below the norma population. Children born SGA require evauation to
identify theunderlying causeand d soregular growth monitoringtoidentify
the 10% who do not have significant catch up growth and thus remain
exceptiondly short[10]. Thisis more likdly in premature infants, severe
IUGR and recognized syndromes (eg., Slver Russd).Multiple factors
influence growth in this heterogeneous group of children and arelaive
ressanceto GH and IGF1 islikely to contribute.

Assessment of the GH-1GF-1axisisnot routingly recommended but should
be undertaken if an SGA child has growth failure or phenotype festures
of GHD .In addition, subtle changesin the GH-IGF-1 axisand arange of
metabolic changes suggest an underlying reduction in insulin sengitivity.
There is a growing body of evidence that GH therapy improves find
height in short SGA children.

In Europe, SGA children aged 4 years or older, with falure to
catch up height below-2.5 SD ,HV below 0 SD and height SDS
more than 1 SD below midparentd height SDS are digible for
rhGH trestment.™® A wide dose rangeisrecommended and higher

doses may be considered for alimited period initidly in children
with marked growth retardation (height below-3 SD) The positive
effects of GH thergpy extend beyond linear growth and include
potentidly important effects on body composition, muscle mass
and function ,bone mass, metabolism, behavior and cognitive
function. The dosage of rhGH used is 35-70 uglkg/day and the

height velocity inthefirst year of rhGH is8-10cm. Fig4

GH therapy was associated with improvement in quality of life' and
with a small improvement in 1Q compared to historical reference
datat?.

GH therapy has been shown to be a safe and effective treatment for
children born SGA. Remarkably few adverse events have been
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Fig 4 How a SGA child grows if not
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reported; however the effect on glucose metabolism remains a
concern. Recent reports have suggested that an individua response
GH therapy might be affected by a common polymorphism of the
GH receptor and the search for other polymorphisms of growth
regulating genes in SGA children continues. Regarding the use of
GH in Silver Russell Syndrome (SRS) little datais available. Many
studies suggest a good response in younger children. Limited data
suggest that GH does not exaggerate limb asymmetry

CHRONIC RENAL INSUFFICIENCY (CRI)

Impaired growth, short stature, delayed puberty and an attenuated
pubertal growth spurt leading to reduced adult height are common
in children with CRI. Growth failure is worse in younger children
and in those with severeimpairment in renal function. At the time of
diaysisover 70% of patientshaveaheight below 2 SD.They continue
to have growth impairment despitedialysisand kidney transplantation
and ultimately are short as adults.

The factor contributing to growth failure are primary rena disorder,
uremia ,under nutrition, metabolic acidosis and bone disease The
growth outcome, post transplantation is influenced by the dose of
corticosteroid, alograft function, age of the child, pubertal status
and height deficit at the time of transplantation.

Patient with CRF have relative GH insensitivity reflected by raised
GH levelsbut alsoraised or normal |GF-1 and raised IGFBP-3levels,
reducing IGF-1 bioactivity. Thus high doses of rhGH are
recommended to overcome this scenario. Treatment is indicated in
those with significant growth impairment (height<3 or HV<-2SD)
and CRI (GFR<75ml/mtperl.73m? BSA) before or during dialysis
or following rend transplantation. To get the best result treatment
should beinitiated at an earlier age and earlier inthe coursein CRI®.
Before starting growth hormone therapy nutritional and metabolic
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status should be optimized and steroid treatment should be reduced
to minimum. In children with CRI, initial catch-up growth followed
by relatively normal growth and attainment of normal adult height
can be anticipated. .The dosage of rhGH is 45-50 ug/kg/day and the
height velocity in the first year of rhGH is 5.5-8cm.

IDIOPATHIC SHORT STATURE

In the last two decades, growth hormone (GH) therapy has expanded
to include many children with non —GH deficient short stature such
asidiopathic short stature(I SS),skeletal dysplasia,genetic syndromes
and other chronic diseases associated with short stature.* The term
idiopathic short statureis used to describe a child or adolescent with
height more than 2 SD below corresponding mean height for given
age, sex and population group, inwhom with current diagnostic tools,
no etiological diagnosis can be made. 1SS now appears to be the
most commonindicationfor GH treatment. It isdifficult to differentiate
GHD from ISS with conventional growth hormone testing aone.
There are subtle abnormalities of GH secretion and GH sensitivity in
patients of ISS. There is no consensus on which al diseases must be
excluded and how during a diagnostic evauation a child should be
labeled asISSGH inasupraphysiologica dosagegeneraly increases
height velocity in children with 1SS and increases the adult height up
to 7 cm. The average effect on final height is modest; The dosage of
rhGH usedinISSisfrom 0.24t00.37mg/kg/week. Thefina gainvaries
between 5.4cm to 7.2 cm..

It is difficult to predict the height gain for an individua child. GH
injection is well tolerated without significant side effects. However
thetheoretical risk of unwanted long term sequel ae of elevated serum
GH andIGF-1levelshave not been evaluated yet. Large scale use at
present prices would consume an important part of the family
resources. .The psychosocial benefits and cost effectiveness need
meticulous evaluation to justify GH therapy.

SKELETAL DYSPLASIA

It isaheterogeneous group of diseases affecting the skeleton. The
most prevaent isachondroplasiawith incidence of 1in 25,000 births.
Other skeletal dysplasias include hypochondroplasia,
dyschondrosteosis, congenital spondylepiphyseal dysplasia,
pseudoachondroplasia and  many  others, Some
mucopolysaccharidosis like Morquio Syndrome exhibit bone
dysplasia.. Most of the SD cause moderate to severe disproportionate
short stature, most patient with SD have a norma growth hormone
provocative test.

The fina height differs between various disorders but often in the
range of 110-130cm?®. Theresult in skeletal dysplasiawith rhGH has

been less rewarding. GH therapy does not benefit patients with a
chondroplasiabut asubgroup of patient with hypochondroplasiamay
benefit significantly. Other uncommon forms of skeletal dysplasia
have not benefited from GH treatment.

X-linked Hypophosphatemicricketsis characterized by rickets, short
stature, impaired renal phosphate reabsorption and vitamin D
metabolism. It is treated by oral phosphate supplementation with
an activevitamin D analogue; most childrenwith XLHR demonstrate
reduced height .Poorly growing children benefit from GH therapy.
GH aso increases phosphate tubular reabsorption and phosphate
levelsin blood.

GROWTH HORMONE IN ADULTS
The action of growth hormone is not limited to physica growth. It

has an important role to play in many organ systems notably the
cardiovascular system. It is aso required for optimal metabolism of
carbohydrates, fats, proteins, aswell asfor physica performance and
body composition. Apart from various other functions, adequate
evidence of various metabolic abnormalities and CVS dysfunction
have been demonstrated in growth deficient states in adults. Adults
with GH deficiency are amenable to treatment. This indicates the
need for continuation of GH treatment in childrenwith GH deficiency
when they become adults provided the deficient states persist for
indications other than growth. The dosage of rhGH is 0.45-0.9iu/day
or 0.15-0.4 mg/day. The length of therapy to be decided in future.2®
rhGH is given asadaily subcutaneousinjection. A variety of needle
and needle free pen devices are available. Parents and older children
can learn the injection technique. Although the preference is to
administer rhGH in the evening to crudely mimic endogenous GH
secretion the timing can be altered to accommodate family routines.
The dose of rhGH should be cal culated according to the body weight
(in obese children according to body surface area) individualized
according tothegrowth responseandlevel of IGF-I levelsand adjusted
asthe child grows. IGF-I and | GF-BP-3 level s should be maintained
within age dependent normal ranges bearing in mind that the
oncogenic potentia is likely to be greatest with long term supra-
physiologica doses, high|GF-I and low IGFBP-3levels. For patients
who show agood response, rhGH iscontinued until significant further
growth is unlikely (HV <2cm/year indicates near final adult height)
or satisfactory height is attained. Table 1

POOR RESPONSE TO GROWTH
HORMONE TREATMENT

The responseto rhGH in anindividua child isvariable; it can range
fromnodiscernibleeffect todramaticimprovementinHV andisinfluenced
by genetic aswell as non genetic factors. Factors to consider when there
is a poor response (which are amenable to change) include inadequate
dose, problems with an adminigtration device, poor compliance, sub-
clinica hypothyroidism or dternative hormone deficiency and other
pathologies adversdly affecting growth. A poor responseisasolikey ina
GHD patient with previousirradiation damage to epiphyses and those at
an advanced stage of puberty. Anti-GH antibodies and acquired GH
resistance are exceptiondly rare. Re-evauaion and decison to Sop are
critical when poor growth persistsfor 6to 12 months, despitedueattention
to possible contributing factors.

Side Effects of Growth Hormone therapy

Recombinant Human Growth hormone (rhGH) has proved to be a safe
medication and reldively free of untoward side effects. The reported side
effectsoccur with afrequency of about 2-5% per patient year of trestment.
Adverseeffectsaregenerdly seeninlessthen 3% of therecipients. Asthe
use of GH has expanded to include other indications such asidiopathic
short stature, small for gestationd age (SGA) babies and Prader Willi
Syndrome, it becomes even moreimportant to continuoudy monitor the
safety of rhGHY. After the initiation of thergpy with rhGH, trangent
edema due to fluid retention, transient headaches and even benign
intracrania hypertension is reported. BIH is generdly reversible with
discontinuation of GH treatment. Severe edema and carpa tunnel
syndrome arerarein pediatric paients. These effectsare usudly trangent
and reversewhen trestment is stopped for ashort time and generdly does
not recur on re-initiation of therapy. Enhanced risk of leukemiaor brain
neoplasa in children without specific risk factors is not proven. GH
margindly increasestherisk of dipped capita femord epiphysesinchildren
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with GHD, and return of limb edemaand worsening of kypho-scolisoss
in some patientswith Turner syndrome. Thereis some concern about the
effects of growth hormone on carbohydrate metabolismin (SGA) smal
for gestationa age children but frank digbetesisvery rare. Recent studies
have not substantiated incressed risk of trangplant rgection in patients
withrend failure. rhGH/IGF-1 may worsen the probability of degp gonea
in paients with Prader-Willi Syndrome, hence carefully pretreatment
evauaion and monitoring is advocated. Table 1

Evaluation before starting and monitoring during growth hormone treatment

Before staring treatment During rhGH treatment
Previous and baseline growth measurements and | Follow-up 3-6 monthly
parent’s heights plotted on growth chart.

Pubertal status Growth response
» Height, weight and head circumference at
each visit.
» Pubertal status at each visit.
Bone age > Bone age annually.
GH provocation tests (if GHD suspected and in thGh  administration ~ technique ~ dose  and
PWS) compliance at each visit
Baseline serum IGF-1 (and IGFBP-3) levels » Dose modification based on weight, height

growth and IGF-1.Serum IGF-1 annually
for dose optimization and compliance .
Latent hypothyroidism unmasked.

Pituitary hormone defiencies can evolve
BP particularly in patients with ~ectopic
Fasting insulin ,glucose ,lipids(PWS,TS,SGA ,CRI posterior pituitary, septo-optic dysplasia and
and any obese patient) PIT-1..

Sleep studies (PWS and any obese patient) Features of potential side effects

Benign intracranial hypertension (TS and
CRI)

Peripheral edema (TS)

Arthralgia

Slipped capital femoral epiphysis
Worsening scoliosis(PWS,RSS ,TS)
Impaired insulin
sensitivity(PWS,TS,SGA,CRI)

TFT (GHD and TS)

Y v

Y v

YV V VWV

Abbreviations : chronic renal insufficiency(CRL),growth hormone deficiency(GHD),Prader Willi
syndrome(PWS),Russell Silver syndrome(RSS),small for gestational age(SGA), Turner syndrome(TS).

Minor sdeeffectssuch asinjection sitepain, numbness, redness, swelling,
bleading and sweeting at thelocal Steaswell asgenerdized pruritusare
reported. Other report effects include prepubertal gynecomestia and
increased growth rate of cutaneous nevi. There are very few published
studiesdonein Indiareporting the safety and efficacy of rhGH. Theside
effects experienced by Indian children were headaches, urticaria rash
andlocal reectionintheform of itching and erythema. rhGH shoulddso
be usad with caution in fanconi anemia and Bloom syndrome due to
the inherent tendency for maignancy in these conditions.

FUTURE PROSPECTS

GH isrecommended in catabolic westing states such asHIV infections.
Inmany conditions GH thergpy isbeing tried onaninvestigationd basis
such as cydtic fibrosis, steroid dependent states and chronic diseases
which retard growth but where the use of GH proved to be safe.
Pathophysiology of | SSisgradualy being unraveled by the devel opment
of new genetic toals,

GH can be used in Thallesemia with short stature. It is ill in the
experimentd sage.

The anabalic effects of GH have dso led to its use in many catabolic
states like severe burns, HIV induced cachexia, chronic high dose
glucocorticoid trestment, chronic obstructive pulmonary disease, surgery,
trauma, cancer, organ falure etc. In severdly burnt children, GH has
shown to decrease whole body catabolism, increase protein synthesis,

accelerate wound hedling, and reverse growth arest®®. GH is approved
by the food and drug adminigration for administration to adult patients
withHIV associated cachexia The GH trestment inthese patientsresulted
in a positive nitrogen balance, increased lean body mass, decrease in
body fat and improved work output.*®
In the future we anticipate the following things in growth hormone
development
The availability of GH in weekly doses or monthly doses,
instead of daily injections
GH being availablein dermal patches, inhaled and tablet form.
GH combined with LHRH analogues for early puberty with
short stature.
In future the use of GH is likely to include many more conditions
beyond those proven at present. Although generally safe, potential
side effects of GH need to be carefully noted. Children receiving GH
must be monitored closely by Physicianswho are experienced in the
use of this pharmacological agent.
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