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A free companion resources site for this book is available at:

The website lists each drug described in the book, with:

New — Monographs on new drugs available since the publication of the book.
Updates — Revisions to monographs revised since the publication of the book.
Comments — Temporary postings, .g., a change in usage.

Commentaries — Permanent website commentaries about a drug.

Web archive — Drug monographs for little-used drugs no longer included in the book.

Cochrane reviews — Links to relevant Cochrane reviews for listed drugs.
UK guidelines — Links to UK management guidelines for listed drugs.

WHO - Identification of drugs classified as essential by the World Health Organisation.

Sign up for the e-mail alerting service and we will let you know whenever a new batch of updates is added
to the site.

If you would like to see any drug not currently mentioned appear in the next edition or to provide feedback on the
text, please contact the editorial team using drug.information@neonatalformulary.com



http://www.neonatalformulary.com
drug.information@neonatalformulary.com
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NNF7 has been designed to provide compact, up-to-date, referenced advice on the
prescribing of drugs and their safe and accurate administration, during pregnancy,
labour and the first year of life. While the book’s main focus is on the baby, many
drugs that are given to women during pregnancy or lactation have a potential impact
on the fetus or baby in a way that is equally important. This compendium therefore
also gives advice on maternal medications.

The number of drugs used in late pregnancy and the first few weeks of life con-
tinues to rise rapidly, although, in many cases, manufacturers have not yet sought
market authorisation to recommend neonatal use. Globally the use of medications
that are either not licensed or, if they are licensed, are used for indications out with the
terms of their product license (‘off label’) is common in neonatal units. While a lot of
general information on drugs may be given in the manufacturer’s summary of product
characteristics (SPC), advice on use in young children is often non-existent. Since
advice in the SPC is all that has been seen and approved by regulatory bodies such as
the Commission on Human Medicines in the United Kingdom, and since the British
National Formulary (BNF) normally limits itself to summarising information that has
been so validated, much drug use in the neonate occurs in a hazardous information
vacuum. The same can be said for the use of many drugs during pregnancy and lac-
tation. All this makes it increasingly important for midwives and nurses, as well as
pharmacists and doctors, to be able to access a reference text that summarises the
scattered but extensive therapeutic and pharmacokinetic information that is available
on the safe and appropriate use of these products. Information on placental transfer
and teratogenicity, and on the extent to which each drug appears in human milk
(and the extent to which this matters), is provided for each drug. Where the text
merely says that treatment during lactation is safe, it can be taken that the dose
ingested by the baby is likely to be less than 5% of the dose taken by the mother on
a weight for weight basis, and that no reports have appeared suggesting that the baby
could be clinically affected.

Special attention has been paid to the rapid changes that occur in the renal and
hepatic handling of some drugs in the first few weeks of life, and the impact of illness
and severe prematurity on drug metabolism and drug elimination. Widespread use of
therapeutic hypothermia in the treatment of asphyxiated newborn infants brought
with it a need to understand the effects of temperature on the medications used in
these infants. The symptoms associated with overtreatment are summarised, and the
management of toxicity is outlined. Information is also included on the best way to
use the few drugs so far known to be of therapeutic benefit to the fetus.

NNF?7 also provides information on the main drugs used to modify the diet of babies
with congenital enzyme deficiencies (‘inborn errors of metabolism’), a monograph on
breast milk fortifiers, and a monograph on the artificial milks (‘formula’” milks) for
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preterm infants most commonly used in the United Kingdom. A guide to some of the
artificial milks used in babies with reflux, lactose intolerance and allergy is also
included; however, no attempt has been made to list other dietary products or those
artificial milks that are used as breast milk substitutes.

While the text predominantly reflects practice in the United Kingdom, medicine is
increasingly international in its scope. Every section of the text has been revised with
this in mind by a wide range of local, national and overseas collaborators. A wide
range of journals have been searched in order to make the advice given in the latest
revision as comprehensive and up-to-date as possible, and all relevant Cochrane
reviews consulted. Input has also been sought from colleagues with a range of
professional expertise in an attempt to ensure that the text reflects a distillate of
current opinion. However, in deciding what should eventually find its way into print,
it was the advice of those who could provide evidence to support their approach that
carried most weight. A consensus driven text could, all too easily, merely reflect what
most people are doing rather than what they ought to be doing! The references cited
in each entry should make it easier for readers to make up their own minds on such
issues.

Part 1 of the book contains important general information on drug storage,
licensing and prescribing. Along with advice on drug administration, the care and use
of intravascular lines, medication in renal failure and during therapeutic hypothermia,
and the recognition, management and reporting of adverse reactions are also included.
The information given on individual drugs in Part 2 needs to be interpreted in the light
of this general advice; although it is tempting to skip this section the importance of
understanding many of the concepts covered cannot be understated.

The second (and largest) part contains monographs on over 230 of the drugs most
often used during labour and the first few months of life listed in alphabetical order.
Information on a number of blood products and vaccines is included. Each mono-
graph lists the drug’s main uses, and the most appropriate dose to give, both in the
term and the preterm baby. The neonatal half-life is noted where known, and a note
made of those with an unusually large volume of distribution (V,>11/kg). A brief
summary of the drug’s discovery and development is usually included. Advice is also
provided on how to measure accurately the small volumes frequently required, and
how to administer bolus and IV infusions safely. The advice given can, in general, be
used to guide management throughout the first year of life. Significant interactions
between drugs included in the main section of the compendium are outlined. Adverse
effects commonly encountered in infancy, and their management, receive attention,
but the SPC should be consulted in respect of other, less common, adverse effects.
Information under the heading ‘supply’ refers to the formulation most widely used in
the United Kingdom. It is important to realise that other strengths and formulations
may exist and essential to check the label on the container before giving medicine to
any patient. The stated cost is the basic net price (normally quoted in the BNF) when
the book went to press, rounded to two significant figures. This information has been
included in order to make clinicians more cost conscious but should not be interpreted
as representing the pricing policy of any particular hospital. Every monograph con-
cludes with one or more recent key references to the obstetric, perinatal or neonatal
literature (from which it is usually possible to identify other key reports).



Part 3 contains brief notes on a further 350 drugs, or groups of drugs, that may be
taken by mothers during pregnancy, labour or the puerperium. The drugs mentioned
include all the more commonly used products thought to affect the baby either because
of placental transfer or because of excretion in human milk. Illicit drug use and legit-
imate self-medication both receive attention. Entries are almost always linked to two
key references that can be used to access additional original studies and reports.

The index at the back of the compendium includes all the UK and US synonyms by
which some drugs are occasionally known, and serves to identify more than 50 other
drugs only referred to, in passing, within another drug monograph. Various common
contractions are also spelt out.

A website was launched in January 2001 (www.neonatalformulary.com). New
drugs continue to come onto the market at regular intervals, and further information
relating to the use of many of the drugs already contained in the book continues to
appear. As a result, the text remains under semi-continuous review. The website also
provides longer, more tfully referenced, commentaries on some important products,
direct access to abstracts of all the relevant Cochrane Reviews and link access to the
UK Government’s current vaccination policy guidelines. It also contains monographs
on a number of drugs that were included in earlier editions of this book, but which do
not appear in the present print version (although their existence can still be traced
using the index) because they are no longer used as often as they once were. While
the publishers plan to continue producing new editions of this compendium approxi-
mately once every 3 years, the existence of the website makes it possible to alert
readers to all the more important changes that are made to the text just as soon as they
are issued.


http://www.neonatalformulary.com

This compendium discusses treatments and drug therapies in both mothers and their
babies during the perinatal period. It is the responsibility of the treating clinician,
relying on experience and knowledge, to determine dosages and the appropriateness
of treatment in their patient. While every effort has been made to check the veracity
of the information in this compendium, neither the publisher nor those responsible
for compiling this edition assume any responsibility for the consequences of any
remaining inaccuracy or for any injury and/or damage to persons or property.

The drugs included in this compendium are predominantly those in current use in
neonatal units in the United Kingdom; however, recent updates have increasingly
attempted to reflect international practise. Omission should not be taken to imply
criticism of a drug’s usefulness; neither should inclusion necessarily be seen as a
recommendation either. Indeed a number of products are mentioned specifically to
alert clinicians to some of the uncertainties or limitations associated with use in
infancy. Personal preference and past experience must inevitably influence prescribing
practice, and in neonatal practice, more than any other branch of medicine, it is better
to use a limited number of carefully evaluated and widely used drugs knowledgeably
than to use drugs with which the prescriber is not fully familiar.

Experience shows that it is also dangerous to uncritically use the latest product to
reach the market. Too many drugs of proven efficacy in adult medicine have been
widely and indiscriminately used during pregnancy and in the neonatal period before
the potential hazards associated with their use ever became apparent, sometimes years
after their introduction. Examples of these include diethylstilbestrol (given to millions
of women to prevent miscarriage and premature delivery) leading to genital tract
deformity and vaginal cancer in babies born to these women; chloramphenicol and
sulphonamides widely used in the neonatal period some 50 years ago led to many
hundreds of deaths that might have otherwise been avoided. Hexachlorophene baths
and vitamin K injections also killed several hundred babies before anyone realised
what was happening. A worrying number of babies died in the early 1980s before it
was realised that preterm babies cannot metabolise one of the bacteriostatic excipients
commonly used to ensure the sterility of the water used to ‘flush’ the line every time
a blood sample is taken or a drug is given (as described in the archived entry on benzyl
alcohol).

Sadly such inadvertent drug tragedies are not confined to the past. It took 10 years
before people realised that cisapride did little to reduce the incidence of troublesome
reflux ‘posseting” and that such use risked triggering cardiac arrhythmia, and it then
took another 8 years for many to realise that much the same could be true
of domperidone. Evidence emerged some 15 years ago that using acetazolamide to
control post-haemorrhagic hydrocephalus did more harm than good, and that the
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amount of aluminium that often gets infused when a baby is offered parenteral nutri-
tion can cause permanent neurological damage. The harm that was being done to
these patients only finally came to light when these forms of treatment were eventu-
ally subjected to controlled trial scrutiny. In the same way, concern over the near ‘rou-
tine” use of insulin in babies thought to have an ‘abnormally” high blood glucose level
only surfaced, quite recently, when this strategy was also scrutinised for the first time
in a controlled trial of meaningful size. Conversely however, because early neonatal
trials only focused on short-term outcomes, it took 20 years for long-term benefits of
early treatment with caffeine to be recognised.

Simultaneous use of several drugs increases the risk of harm from drug interaction.
Examples include furosemide with an aminoglycoside, erythromycin with carbamaze-
pine and ibuprofen or indometacin with dexamethasone or hydrocortisone. Errors in
drug prescribing and administration occur more frequently when several products are
in use at the same time. Almost all drugs are potentially harmful, and some of the
drugs most frequently used in the neonatal period are potentially lethal when given in
excess. It has been seriously suggested that every hospital drug cupboard should have
the motto ‘Is your prescription really necessary?” pinned on the door.

Many paediatric and neonatal texts provide tabular drug lists and dosage guidelines.
While these can be a useful aide mémoire, they can give the false impression that all you
need to know about a drug is how much to give. These reference tables should never
be used on their own, except by somebody who is already fully familiar with all the
drug’s indications and contraindications, and with all aspects of the drug’s pharma-
cokinetic behaviour (including its behaviour in the sick preterm baby). Information
also becomes dated quite quickly, so any text that is more than 2 years old should be
used with great caution.

All important amendments made to this regularly revised text after the present
edition went to press can be found on the web at: www.neonatalformulary.com.

Contact can be made with the team responsible for the current text and for keeping
it up-to-date using the following e-mail address for all such contact: drug.information@
neonatalformulary.com.


www.neonatalformulary.com
drug.information@neonatalformulary.com
drug.information@neonatalformulary.com

Many good books about drug use in children now exist, but detailed up-to-date neo-
natal information is harder to find. The world’s first neonatal reference text published
by Roberts in 1984 was never updated, while the slim American reference booklet by
Young and Mangum is not widely available in the United Kingdom and only covers a
limited range of drugs. Recently the comprehensive paediatric text by Taketomo was
expanded to include the neonatal period; this is updated annually, but is only thinly
referenced. Martindale remains a mine of useful information, and there is more specific
information relating to pregnancy and the neonatal period available in the British
National Formulary (BNF and BNFC) than is generally realised (although the BNFC is
the only text to include information on dosage other than that suggested in the manu-
facturer’s Summary of Product Characteristics). These books and the local Formularies
produced by the Hammersmith Hospital in London, by the Hospital for Sick Children
in Toronto and by the Royal Women'’s Hospital in Melbourne were all consulted dur-
ing the preparation of the latest edition of the present text. For books relating to drug
use during pregnancy and lactation see page 558.

Aronoff GR, Bennet WM, Berns JS, et al. eds. Drug prescribing in renal failure. Dosing guidelines for adults and
children, 5th edn. Philadelphia: American College of Physicians, 2007.

Guy’s, St Thomas’ and Lewisham Hospitals. Paediatric formulary, 9th edn. London: Guy’s Hospital Pharmacy,
2012.

Isaacs D, ed. Evidenced-based pediatric infectious diseases. Oxford: BMJ Books, 2007.

Jacqz-Aigrain E, Choonara 1, eds. Paediatric clinical pharmacology. Switzerland: FontisMedia SA, 2006.

Paediatric Formulary Committee. British National Formulary for Children 2013-2014 (BNFC). London:
Pharmaceutical Press, 2013.

Pagliaro LA, Pagliaro AM, eds. Problems in pediatric drug therapy, 4th edn. Hamilton IL: Drug Intelligence
Publications, 2002.

Pickering LK, Baker CJ, Kimberlin DW, eds. Red Book. 2012. Report of the committee on infectious disease, 29th
edn. Elk Grove Village, IL: American Academy of Pediatrics, 2012.

Sweetman SC, ed. Martindale. The complete drug reference, 37th edn. London: Pharmaceutical Press, 2011.

Taketomo CK, Hodding JH, Kraus DM. Pediatric € Neonatal Dosage Handbook, 20th edn. Hudson, OH: Lexi-
Comp Inc., 2013.

Trissel L. Handbook of injectable drugs, 17th edn. Bethesda, ML: American Society of Health-System Pharmacists,
2012.

World Health Organisation. WHO model formulary 2008. Geneva: WHO, 2008.

Yaffe SJ, Aranda JV. Neonatal and pediatric pharmacology. Therapeutic principles in practice, 4th edn. Philadelphia:
Lippincott Williams and Wilkins, 2010.

Young TE, Mangum B. Neofax 2011. A manual of drugs used in neonatal care, 24th edn. Montvale, NJ: Thomson
Reuters, 2011. [Subsequent editions available in electronic format.]

Zenk KE, Sills JH, Koeppel RM. Neonatal medications and nutrition. A comprehensive guide, 3rd edn. Santa Rosa,
CA: NICU Ink, 2003 [Not since updated.]

Many drugs in common use have never been shown to achieve what is claimed for
them. Others, when subjected to rigorous evaluation in a randomised controlled trial,
have eventually been shown to cause unexpected adverse problems. An increasingly
complete tally of all such studies and overviews is now available in The Cochrane
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Library, an electronic database published for the international Cochrane Collaboration
by John Wiley and Sons Ltd. and updated quarterly.

A () (Cochrane collaboration) symbol has been used to highlight those drugs or
topics for which there is at least one review relating to use in pregnancy or the neonatal
period. Links to the whole text of these systematic reviews can now be viewed on the
NNF7 website (www.neonatalformulary.com). The symbol identifies those
drugs and vaccines for which there is a useful and relevant UK management guideline
(documents that can also be accessed in the same way).


http://www.neonatalformulary.com

This neonatal pharmacopoeia started life in 1978 as a loose-leaf A4 reference folder of
commonly used drugs for the neonatal surgical intensive care unit at the Hospital for
Sick Children (Fleming Hospital) in Newcastle upon Tyne. It was prepared by Dr. John
Inkster, the Fleming Hospital’s first Consultant Paediatric Anaesthetist, and Dr.
Edmund Hey, the Paediatrician from the adjoining Princess Mary Maternity Hospital.
It has been updated many times since then and has now expanded considerably, but
the format and the basic layout have not changed.

The 1987 and 1989 revisions reflected practice in all the Newcastle units, and the
1991 and 1993 revisions, which drew on the accumulated experience of all the units
in the region, were made widely available in pocketbook format by the Northern
Regional Health Authority. Both of the hospitals where this book first originated have
since closed, and the Regional Health Authority is also now no more. The local
Neonatal Network was pleased to find a national publisher for a new pocket version
in 1996 and for further new print editions since then.

Since then, input has become progressively more international in scope, as is
reflected by the inclusion of drugs for the treatment of malaria in this new update.
Nurses, midwives and staff pharmacists have continued to play a part by asking for the
inclusion of further new information, and by criticising, firmly but constructively, any
lack of clarity in the text. Developments in neonatal medicine are continually occur-
ring; therapeutic hypothermia has become a standard of care for infants with hypoxic—
ischaemic encephalopathy and this modality of treatment impacts on how many of
the drugs are metabolised, newborn screening programmes are expanding, and,
coupled with better prospects for antenatal diagnosis, many inherited metabolic
conditions are now being treated earlier and earlier.

Change continues apace, and several important amendments make their appear-
ance with the arrival of this latest update. The book is now available in both paper and
electronic formats. Regular updates can be found on the book’s website, where an
increasing range of supplementary information can also be found. The book’s scope
has also been expanded to include a number of drugs generally needed only in the
management of tropical diseases such as malaria, and the book’s contributors come
from an increasing number of different countries.

Sadly two of the major driving forces behind previous editions have since died -
Edmund Hey in 2009 and Sam Richmond in 2013 however the formulary continues
to honour its original vision but at the same time providing up-to-date information
about the drugs to which the fetus, neonate and infant may be exposed.

Doctors, midwives, pharmacists, nurses and others who made a significant contri-
bution to the preparation of this and the most recent editions include:
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M. Alam, B. Anderson, J. van den Anker, R. Appleton, D. Azzopardi, E. Banda,
D. Barker, P. Baxter, A. Bedford-Russell, I. Begg, J. Berrington, A. Bint, E. Boyle,
R. Bray, P. Brocklehurst, C. Brook, J. Bunn, T. Cheetham, 1. Choonara, J. Clark,
M. Coulthard, S. Craig, A. Curley, B. Darlow, T. David, J. Davison, D. Dhawan,
L. Duley, D. Elbourne, N. Embleton, A. Emmerson, N. Evans, A. Ewer, A. Fenton,
D. Field, T. Flood, P. Fowlie, D. Gardner-Medwin, D. Gibb, R. Gilbert, H. Halliday,
A. Hallman, E. Hampton, J. Hawdon, R. Hearns, P. Heath, D. Isaacs, K. Ives,
L. Jones, S. Jones, C. Kennedy, S. Kenyon, H. Kirpalani, W. Lamb, H. Lambert,
A. Lander, P. Loughnan, J. Lumley, N. Marlow, A. Macleod, C. Macpherson,
J. Madar, N. McIntosh, P. McKiernan, A. McNinch, P. Midgley, D. Milligan,
D. Mitchell, N. Modi, E. Molyneux, J. Morrice, A. Morris, N. Murray,
M.-L. Newell, S. Oddie, A. Ogilvie Stuart, A. Ohlsson, S. Pedler, P. Powell,
S. Rahman, M. Reid, J. Rennie, I. Roberts, M. Robinson, S. Robson, H. Russell,
M. Rutter, S. Ryan, D. Salisbury, B. Schmidt, N. Shaw, D. Sims, S. Sinha,
J. Skinner, J. Smith, N. Subhedar, A. Taylor, D. Taylor, W. Tin, G. Toms, P. Tookey,
G. Tydeman, I. Verber, P. Vermeer-de Bondt, S. Walkinshaw, S. Wardle, M. Ward
Platt, U. Wariyar, R. Welch, B. Wharton, A. Whitelaw, A. Wilkinson, C. Wren
and J. Wyllie.

The future of the compendium rests in the hands of those who use it; anyone spotting
an error or ambiguity in the text, or identifying an important omission or a drug in
development but worthy of inclusion in future editions, is urged to contact the editorial
team using the email address on page xii, so that the reference value of the various
drug monographs can be sustained and further improved.

Any reader would like to see any medications not currently mentioned appear
in the next edition please contact the editorial team via the e-mail address
drug.information@neonatalformulary.com.


drug.information@neonatalformulary.com

PART 1

This part of NNF7 covers important aspects of safely prescribing and administering
drugs. It also explains what happens when renal failure is present or the infant is
undergoing therapeutic hypothermia.



Staff should never prescribe or administer any drug without first familiarising themselves with the
way it works, the way it is handled by the body and the problems that can arise as a result of its use.
Most of the essential facts relating to use in adults are summarised by the manufacturer in the
‘package insert’ or Summary of Product Characteristics (SPC). Many are also summarised in a range
of reference texts such as the British National Formulary (BNF) and the BNF for Children (BNFC).
However manufacturers seldom provide much information about drug handling in infancy.
Although BNFC now offers more advice on dosage in childhood than can be obtained from the
manufacturer’s package insert, it stresses that the use of any unlicensed medicine (or licensed med-
icine in an unlicensed manner) should only be undertaken by those who have also first consulted
other appropriate and up-to-date literature. This edition of Neonatal Formulary aims to summarise
and to provide a referenced guide to that literature.

While many texts offer advice on the best dose to use in infancy — often in tabular form — very few
provide much information on the idiosyncrasies associated with neonatal use. Such dosage tables can
be a useful aide mémoire, but they should never be relied upon, on their own, to help the staff decide
what to use when, what works best or what potential adverse effects are commonly encountered
during use in infancy. Lists summarising common side effects and potential drug interactions are
seldom of much help in identifying which problems are common or likely to be of clinical importance
in the neonate, and access to this more detailed information is as important for the staff responsible
for drug administration as it is for those prescribing treatment in the first place.

Similar challenges relate to the safe use of drugs during pregnancy and lactation because standard
texts (such as the BNF) offer very little information as to what is, and is not, known about use in these
circumstances. Such information is available in a range of specialised reference texts (see p. 558) and
Part 3 of this compendium summarises what is currently known about the use of most of the more
commonly used drugs.

Never use any other reference text except the most recent edition of this or any other formulary.
Copies of earlier editions of this or any other formulary should not be left where they might be used
in error.




Post-menstrual age: The term post-menstrual age, as used in this book, refers to the
child’s total age in weeks from the start of the mother’s last menstrual period (LMP).
Thus a 7-week old baby born at 25 weeks’ gestation is treated as having a post-
menstrual age of 32 weeks.

The term ‘post-conceptional age’ is sometimes incorrectly used to describe this
combination, although technically, conception occurs about 2 weeks after the start of
the LMP. The term ‘post-conceptional age’ is best avoided. Where the date of concep-
tion is determined during assisted reproductive techniques, the convention for calcu-
lating gestation at birth is to add 2 weeks to the ‘conceptual age’.

Giving intravenous drugs: Intravenous (IV) drugs should a/ways be given slowly,
with a few notable exceptions. This universal good practice is not reiterated in each
drug monograph. A simple way of achieving slow administration is described in p. 8.
Where previous dilution or a particularly slow rate of infusion is important, this is
specified in the relevant drug monograph, and the reason given. Drugs should also be
given separately. Where two different IV drugs have to be given at the same time, the
best way to stop them mixing is described in p. 22. Intramuscular (IM) drugs should
never be mixed, except as described in the individual drug monographs.

Continuous co-infusion: Special problems arise when it is necessary to give more than
one drug continuously and vascular access is limited. Here terminal co-infusion (the mixing
of two different infusates using a tap or Y connector sited as close to the patient as possible)
is sometimes known to be safe. In the most frequently encountered situations where such
co-infusion is safe, a comment to that effect occurs in the relevant drug monograph. In all
other situations two different infusion sites should be used unless advice to the contrary has
been obtained from the local hospital pharmacy. Advice relating to Parenteral Nutrition
(TPN) only applies to formulations similar to the one described in this compendium.

Drug names: Drugs are, in general, referred to by their non-proprietary (‘generic’)
name, following the usage currently adopted by the BNE. Where, for clarity, a propri-
etary name has been used, the symbol ® has been appended the first time it is used.
Where the British Approved Name (BAN) or the United States Adopted Name (USAN)
differ from the recommended International Non-proprietary Name (rINN), these
alternatives are also given. All synonyms are indexed.

Symbols and abbreviations: Cross references between monographs are marked by
the Latin phrase quod vide (contracted to q.v.). Drugs vary in the extent to which they
are distributed within the body. Some only accumulate in the extracellular tissues.
Others are taken up and concentrated in some or all body tissues, the total amount in
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the body being more than would be presumed from a measure of that present in the
blood. This is referred to as the drug’s apparent volume of distribution — summarised
by the symbol V. References to a randomised controlled trial are marked by the
symbol [RCT]; those referring to a systematic review or meta-analysis are marked
[SR]. Drugs for which the Cochrane Collaboration has produced a systematic review
are marked with ), and vaccines for which one can access official UK guidance via
this book’s website are marked with EIIUEd. Other abbreviations have been kept to a
minimum and are explained in the index.

1 kilogram (kg) 1000 grams

1 gram (g) = 1000 milligrams
1 milligram (mg) 1000 micrograms
1 microgram (ug 1000 nanograms
1 nanogram (ng)* = 1000 picograms

)*

A 1% weight for volume (w/v) solution contains 1g of substance in 100 ml of solution

It follows that:

a 1:100 (1%) solution contains 10mg in 1 ml

a 1:1000 (1%0)* solution contains 1mg in 1ml

a 1:10,000 solution contains 100 micrograms in 1 ml

* The contractions (ug, ng and %) should be avoided as they can be misread
when handwritten.




Safe drug administration is every bit as important as safe and effective drug
prescribing.
Neonatal prescribing: It is important to consider the practicalities of drug
administration when prescribing, and to avoid prescribing absurdly precise doses that
cannot realistically be measured. Such problems arise with particular frequency when
body weight enters into the calculation. It is difficult to measure volumes of less than
0.05ml even with a 1 ml syringe, and anyone who prescribes a potentially dangerous
drug without first working out how to give it must inevitably carry much of the respon-
sibility if such thoughtlessness results in an administrative error. Guidance on this is
given in the individual drug monographs, with advice on prior dilution where necessary.
Equal thought should also be given to the timing and frequency of drug
administration. Because many drugs have a relatively long neonatal elimination
‘half-life’, they only need to be given once or twice a day. More frequent administration
only increases the amount of work for all concerned and increases the risk of errors
creeping in. Parents are also more likely to give what has been prescribed after dis-
charge if they are not asked to give the medicine more than twice a day!
Length of treatment: Remembering to stop treatment can be as important as
remembering to start it. Neonatal antibiotic treatment seldom needs to be continued
for very long. Treatment should always be stopped after 36-48 hours or sooner if the
initial diagnosis is not confirmed. Babies with meningitis, osteitis and staphylococcal
pneumonia almost always need 2-3 weeks’ treatment, but 10 days is usually enough
in septicaemia. Few babies need to go home on treatment; even anticonvulsants can
usually be stopped prior to discharge (cf. the monograph on phenobarbital). Babies
are often offered respiratory stimulants like caffeine for far longer than is necessary.
Few continue to need such treatment when they are more than 32 weeks gestation: it
should, therefore, usually be possible to stop all treatment at least 3 weeks before dis-
charge. In the case of some widely used nutritional supplements (such as iron and folic
acid), there was probably never any indication for starting treatment in the first place
given the extent to which most artificial milks are now fortified (cf. the monograph on
pre-term milk).
Storage before use: Most drugs are perfectly stable at room temperature (i.e. at
between 5 and 25°C) and do not require specialised storage facilities. Temperatures
above 25°C can be harmful, however, and some drugs are damaged by being frozen,
so special thought has to be given to transport and dispatch. Some drugs are best
protected from direct daylight, and, as a general rule, all drugs should be stored in a
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cupboard and kept in the boxes in which they were dispensed and dispatched. Indeed,
in a hospital setting, all drugs are normally kept under lock and key.

Hospital guidelines usually specify that drugs for external use should be kept in a
separate cupboard from drugs for internal use. Controlled drugs, as specified in the
regulations issued under the UK Misuse of Drugs Act 1971, must be kept in a separate
cupboard. This must have a separate key, and this key must remain under the control
of the nurse in charge of the ward at all times. A witnessed record must be kept of
everything placed in, or taken from, this cupboard and any loss (e.g. due to breakage)
should be accounted for. Medical and nursing staff must comply with identical rules in
this regard.

Special considerations apply to the storage of vaccines. Many of these are damaged
if they are not kept at between 4 and 8°C at all times — even during transit and
delivery (no mean feat in many resource poor or underdeveloped countries). A range
of other biological products, such as the natural hormones desmopressin, oxytocin,
tetracosactide and vasopressin, need to be stored at 4 °C. The same goes for cytokines,
such as erythropoeitin (epoeitin) and filgrastim, and surfactants of animal origin. The
only other widely used neonatal drugs that need to be stored at 4°C are amphoter-
icin, atracurium, dinoprostone, soluble insulin, lorazepam and pancuronium, and
even here the need to maintain such a temperature all the time is not nearly as strict
as it is with vaccine storage. Many oral antibiotic preparations have only a limited
shelf life after reconstitution. The same goes for a number of oral suspensions prepared
for neonatal use ‘in house’. The ‘shelf life’ of all these preparations can be increased
by storage at 4°C. Drugs that do not need to be kept in a ward refrigerator should not
be so stored.

All the drugs mentioned in this compendium that require special storage conditions

have their requirements clearly indicated in the relevant drug monograph — where no
storage conditions are specified it can be taken that no special conditions exist.
Continued retention of open vials: Glass and plastic ampoules must be discarded
once they have been opened. Drug vials can generally be kept for a few hours after
they have been reconstituted, as long as they are stored at 4 °C but, because they often
contain no antiseptic or preservative, it becomes increasingly more hazardous to insert
a fresh needle through the cap more than two or three times, or to keep any open vial
for more than 6-8 hours. It is, therefore, standard practice to discard all vials promptly
after they have been opened (with the few exceptions specifically mentioned in the
individual monographs in Part 2).
Drug dilution: Many drugs have to be diluted before they can be used in babies
because they were formulated for use in adults. In addition, dilution is almost always
required when a drug is given as a continuous infusion. Serious errors can occur at
this stage if the dead space in the hub of the syringe is overlooked. Thus if a drug is
drawn into a 1ml syringe up to the 0.05ml mark, the syringe will then contain bet-
ween 0.14 and 0.18ml of drug. If the syringe is then filled to 1 ml with diluent, the
syringe will contain three times as much drug as was intended!

To dilute any drug safely, therefore, draw some diluent into the syringe first, pref-
erably until the syringe is about half full, and then add the active drug. Mix the drug
and diluent if necessary at this stage by one or two gentle movements of the plunger,
and then finally make the syringe up to the planned total volume with further diluent.



In this way the distance between two of the graduation marks on the side of the
syringe can be used to measure the amount of active drug added.

While this may be adequate for 10-fold dilution, it is not accurate enough where a
greater dilution than this is required. In this situation it is necessary to use two syringes
linked by a sterile three-way tap. The active drug is drawn up into a suitable small
syringe and then injected into the larger syringe through the side port of the tap. The
tap is then turned so as to occlude the side port and diluent added to the main syringe
until the desired total volume is reached.

Detailed guidance is given in Part 2 of this compendium on how to reconstitute

each drug prior to administration, and how to handle drug dilution whenever this is
called for. This can be found under the heading ‘Supply” or ‘Supply and administration’
in each drug monograph.
Giving drugs by mouth: Oral medication is clearly unsuitable for babies who are
shocked, acidotic or otherwise obviously unwell because there is a real risk of paralytic
ileus and delayed absorption. Babies well enough to take milk feeds, however, are
nearly always well enough to take medication by mouth, and many drugs are just
as effective when given this way. Antibiotics that can be given by mouth to any baby
well enough to take milk feeds without detriment to the blood levels that are
achieved include amoxycillin, ampicillin, cephalexin, chloramphenicol, ciprofloxacin,
co-trimoxazole, erythromycin, flucloxacillin, fluconazole, flucytosine, isoniazid,
metronidazole, pyrimethamine, rifampicin, sodium fusidate and trimethoprim. Oral
administration is often quicker, cheaper and safer than intravenous (IV) administration.
Oral administration is also much more easily managed on the postnatal wards, and
treatment can then be continued by the parents after discharge where appropriate.

Remember that if medicine is passed down an orogastric or nasogastric feeding
tube, much of it will be left in the tube unless it is then flushed through. It used to be
standard practice to formulate drugs given by mouth so that the neonatal dose was
always given in 5ml aliquots (one teaspoonful), but this practice has now been discon-
tinued. Dilution often reduced stability and shortened the drug’s ‘shelf life’, while
dilution with a syrup containing glucose threatened to increase the risk of caries in
recently erupted teeth in later infancy. Small quantities are best given from a dropper
bottle (try to avoid the pipette touching the tongue) or dropped onto the back of the
tongue from the nozzle of a syringe.

Additives to milk: Vitamins are often added to milk. Sodium, phosphate and
bicarbonate can also be given as a dietary supplement in the same way. It is important
to remember that if only half the proffered feed is taken, only half the medicine is
administered. Where possible all of a day’s supplements should be added to the first
feed of the day, so the baby still gets all that were prescribed even if feeding is later
curtailed. The giving of any such dietary supplement must be recorded either on the
feed chart or on the drug prescription sheet, and, to avoid confusion, each unit needs
to develop a consistent policy in this regard.

Intravenous drugs: IV drugs should be given slowly and, where possible, through a
secure established IV line containing glucose and/or sodium chloride. Drugs should
never be injected or connected into a line containing blood or a blood product. Since
the volume of the drug to be given seldom exceeds 2ml in neonatal practice, abrupt
administration can be avoided by siting a three-way tap so there is only 10-25cm of



narrow-bore tubing containing about 2ml of fluid between the tap and the patient.
Give the drug over about 5 seconds as described under the heading IV injections, but
do not, except in special circumstances, flush the drug through. The adoption of this
practice as a routine ensures that any ‘bolus’ of drug reaches the patient slowly over a
period of 5-20 minutes after being injected into the fluid line without staff having to
stand by the patient throughout the period of administration, or set up a special
mechanical infusion system.

On the rare occasions when a small rapid bolus injection is called for (as, for
example, when adenosine is used in the management of a cardiac arrhythmia), the
drug infusion should be followed by a 2ml ‘chaser” of 0.9% sodium chloride from a
second syringe in order to flush the active drug through the IV line as rapidly as pos-
sible. Do not flush the drug through by changing the basic infusion rate: several deaths
have resulted from a failure to handle this manoeuvre correctly. Giving a routine
chaser by hand ties up valuable senior nursing time, tends to result in over-rapid
administration when staff time is at a premium, and can, if repeated frequently, result
in the baby getting a lot of undocumented water, sodium or glucose.

Particular care must be taken not to mix potentially incompatible fluids. This issue
is dealt with, in some detail, in the final part of the monograph on the Care and Use
of Intravascular Lines (see pp. 17-21). Staff must also remain alert to the very real
risks of air embolism, infection, inflammation, thrombosis and tissue extravasation (as
set out in the earlier parts of that monograph). They should also be familiar with the
management of anaphylaxis (see p. 267).

IV injections: The standard procedure for using a three-way tap to give a slow IV
‘stat” dose is to:

Connect the pre-loaded syringe to the free tap inlet

Turn the tap so the syringe is connected to the patient and give the injection

Turn the tap so the syringe is connected to the giving set, draw up about 0.2 ml of

infusion fluid, turn the tap back so the syringe is reconnected to the patient and

flush this fluid through so that it just enters the giving set

Where two drugs are scheduled for simultaneous administration proceed as out-

lined in p. 22.
While the above method is adequate for most purposes, it always results in the
administration of too much medicine because it causes the baby to get the medicine
that was trapped in the hub of the syringe. A slightly more complex (and expensive)
procedure that avoids this problem is preferable when the amount of drug to be given
is less than 0.3ml, and essential whenever a potentially toxic drug such as digoxin,
chloramphenicol or an aminoglycoside is given intravenously. Proceed as above but
modify the third of the three stages listed by using a second small syringe containing
water for injection or 0.9% sodium chloride, instead of fluid from the drip line, and
flush just 0.2ml of fluid through the tap. Do not give more than this or you will end
up giving the drug as a relatively rapid bolus.
Slow intermittent I'V infusions: Drugs that need to be given by slow intermittent IV
infusion (such as phenobaribital, sodium bicarbonate or trometamol) can, if necessary,
be given by hand through a three-way tap as a series of 2 ml bolus doses every few min-
utes, but aciclovir, amphotericin B, ciprofloxacin, cotrimoxazole, erythromycin, fluco-
nazole, flucytosine, phenytoin, rifampicin, sodium fusidate, vancomycin and zidovudine



are best injected into an existing IV line through a three-way tap using a programmable
syringe pump. Slow infusion has been recommended for a range of other antibiotics
without the support of any justificatory evidence. Manufacturers recommend slow
aminoglycoside administration in North America, but not in Europe. Inconsistencies
abound. The continued unquestioning acceptance of any time consuming policy of this
type without a critical review of its justification limits the time staff can give to other
potentially more important tasks.

Continuous IV infusions: Drugs for continuous infusion such as adrenaline, atracu-
rium, atosiban, diamorphine, dobutamine, dopamine, doxapram, enoximone, epo-
prostenol, glyceryl trinitrate, hydrocortisone, insulin, isoprenaline, labetalol, lidocaine,
lipid emulsions, magnesium sulphate, midazolam, milrinone, morphine, noradrena-
line, nitroprusside, oxytocin, prostaglandin E, streptokinase, thiopental and tolazoline
should be administered from a second carefully labelled infusion pump connected by
a three-way tap into the main infusion line. Remember to readjust the total fluid
intake. Great care is needed to ensure that patients never receive even a brief surge of
one of the vasoactive drugs accidentally, and the same is true of many inotropes.
Never load the syringe or burette with more of the drug than is likely to be needed in
12-24 hours to limit the risk of accidental over infusion. Also check and chart the rate
at which the infusion pump is actually operating by looking at the amount of fluid left
once an hour. The guidelines relating to the administration of intermittent IV injec-
tions also apply when a continuous infusion is first set up.

Intramuscular administration: Intramuscular (IM) medication is more reliable
than oral medication in a baby who is unwell, but drug release from the IM ‘depot’ is
sometimes slow (a property that is used to advantage during treatment with naloxone,
procaine penicillin and vitamin K). It may also be unreliable if there is circulatory
shock. Bulky injections are also painful, but it should not necessarily be assumed that
permanent attachment to an IV line is without its frustrations either, especially if this
involves limb splinting! Prior cleaning of the skin is largely a token ritual. The main
hazard of IM medication is the risk that the injection will accidentally damage a major
nerve. Small babies have little muscle bulk and the sciatic nerve is easily damaged
when drugs are given into the buttock, even when a conscious effort is made to direct
the injection into the outer upper quadrant. The anterior aspect of the quadriceps
muscle in the thigh is the only safe site in a small wasted baby, and this is the only site
that should be used routinely in the first year of life.

Try to alternate between the two legs if multiple injections are required. Multiple
large injections into the same muscle can, very rarely, precipitate an ischaemic fibrosis
severe enough to cause muscle weakness and a later disabling contracture. IM injection
should also be avoided in any patient with a severe uncorrected bleeding tendency. A
superficial injection may result in the drug entering subcutaneous fat rather than
muscular tissue causing induration, fat necrosis, delayed drug release and a palpable
subcutaneous lump that may persist for many weeks. An intradermal injection can also
leave a permanent scar. With certain drugs, such as bupivacaine, the accidental injec-
tion of drug into a blood vessel during deep tissue infiltration is toxic to the heart, and
it is essential to pull back the plunger each time the needle is moved to ensure that a
vessel has not been entered. It is also wise to give any dose slowly while using a pulse
oximeter in order to get early warning of any possible adverse cardiorespiratory effect.
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Intradermal and subcutaneous administration: BCG vaccine has to be given into
the skin (intradermally). The best technique for achieving this is outlined in pp. 98-99.
A number of other products, including insulin and the cytokines filgrastim and eryth-
ropoietin, are designed to be given into the fatty tissue just below the skin (subcuta-
neously). Vaccines were often given subcutaneously in the past, but it is now generally
accepted that IM injection actually causes less pain at the time and less discomfort
afterwards. IM injection also improves the immune response. It is wrong to assume
that a long needle makes any injection more painful — there are many pain receptors
just below the skin but relatively few in muscle tissue. Approach the skin vertically
when giving an IM injection, and at 45° when giving a subcutaneous injection. Use a
needle at /east 15mm long for any IM injection, even in the smallest baby.

Rectal administration: This can be a useful way of giving a drug that is normally
given by mouth to a baby who is not being fed. Chloral hydrate, codeine phosphate
and paracetamol are sometimes given this way. So are some anticonvulsants such as
carbamazepine, diazepam and paraldehyde. However, absorption is usually slower,
often less complete, and sometimes less reliable than with oral administration.
Suppositories have usually been used in the past, but liquid formations are more
appropriate in the neonatal period. Absorption is always more rapid and often more
complete when a liquid formulation is used. It is also much easier to administer a pre-
cise, weight related, dose. Half a suppository does not necessarily contain half the
active ingredient even when accurately halved.

Intrathecal and intraventricular administration: Streptomycin was the first
effective antituberculous drug. Because it does not cross the blood—brain barrier well,
a policy of repeated intrathecal injection soon evolved to cope with the scourge of TB
meningitis. It then quickly became common to treat other forms of meningitis the
same way. Penicillin, in particular, was quite often injected into the cerebrospinal fluid
(CSF), even though good levels can be achieved with high dose IV treatment. This
approach is now seldom adopted because a range of antibiotics are available that pen-
etrate CSF well. Gentamicin and vancomycin are, however, still occasionally injected
into the CSF in babies with ventriculitis, particularly if the ventricles need to be tapped
diagnostically, or therapeutically, because of obstructive hydrocephalus. Diagnostic
needling of a thick-walled intracerebral abscess can also usefully be followed by the
direct injection of a suitable antibiotic into the abscess cavity. The use of an intraven-
tricular reservoir is often recommended when repeated intrathecal treatment is called
for, but implanted plastic can increase the difficulty of eliminating bacterial infection
because there is a strong risk of the catheter itself becoming colonised.

The intrathecal dose is always much smaller than the IV or IM dose because of the
smaller volume of distribution. Gentamicin is still sometimes given into the cerebral
ventricles, but the only published controlled trial suggested that children so treated
actually did worse than children given standard IV treatment. Many antibiotics are
irritant and the preservatives even more so. Special intrathecal preparations of benzyl-
penicillin and gentamicin should always be used. Dilute the preparation before use,
and check whether there is free flow of CSF before injecting the drug.

Intraosseous administration: This can be a valuable way of providing fluid in an
emergency. Any drug that can be given IV can also be given by this route. Insert the
needle into the upper end of the tibia a little below the tuberosity, using a slight
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screwing action, until marrow is entered. Point the needle obliquely and away from
the knee joint. An 18 gauge bone marrow needle is best, but success can be achieved
with a 21 gauge lumbar puncture needle and stylet. The resultant fat embolisation is
almost always silent; osteomyelitis is the only common complication.
Administration into the lung: Surfactant is the only drug regularly given down an
endotracheal tube, but drugs occasionally given this way include adrenaline, atropine,
diazepam, lidocaine, midazolam, naloxone, and propranolol. Surfactant is best deliv-
ered using a catheter inserted just beyond the end of the endotracheal tube. Other
drugs should be diluted in, or followed by, a 2ml ‘chaser” of sterile water, since using
0.9% saline for this purpose, or for regular endotracheal toilet, can impose an
unpredictable sodium load on the baby.

A range of drugs, including adrenaline, betamethasone, epoprostenol, furosemide,

ipratropium, nitroprusside, ribavirin and salbutamol, have sometimes been adminis-
tered as a fine nebulised mist. Face masks have usually been used for this in the past,
but a modification of the Infant Flow® CPAP device is probably a better alternative.
For a description of at least one effective way of achieving this, see the article by
Smedsaas-Lofvenberg et al. in Acta Paediatr 1999;88:89-92.
Excipients: Drugs often contain preservatives, solvents and stabilisers (‘excipients’),
and staff need to be aware that these can occasionally have an unpredictable effect.
Such problems have occurred with particular frequency in neonatal and paediatric
practice. Excessive amounts of IV benzyl alcohol can cause a ‘gasping” syndrome, col-
lapse and even death in the preterm baby (as is outlined in the web-archived mono-
graph), so neonatal exposure needs to be minimised and very carefully monitored.
Amiodarone, clindamicin, clonazepam, diazepam, heparin and lorazepam are the only
drugs mentioned in the main section of this compendium where at least one com-
monly used UK product contains benzyl alcohol, but rather more US products still
contain this excipient.

Propylene glycol is used to improve the solubility of some drugs, and the UK prod-
ucts that contain this solvent are noted. Guidelines say that exposure in adults should
not, if possible, exceed 25 mg/kg a day — a level easily exceeded during neonatal use.
While exposure to more than this does not usually cause a problem, very high levels
can cause seizures, hyperosmolality and other problems (as is outlined in the web-
archived monograph on enoximone). Some products for oral use in young children
(including some, but not all, iron supplements) contain quite a lot of alcohol. How safe
this is in the preterm baby is not entirely clear. The sulphite used in some parenteral
formulations of dexamethasone is now known to be neurotoxic in mice, as is dis-
cussed in greater detail in the web commentary attached to the monograph on beta-
methasone (see p. 103).

It is always best to avoid any product containing fructose, glucose or sucrose when
giving an older child medicine on a regular basis to minimise the risk of dental caries.
These products are listed as sugar-free in this compendium (as they are in the BNF)
even if they contain hydrogenated glucose syrup, mannitol, maltitol, sorbitol or xylitol.



Pharmacokinetics describes how drugs are absorbed, distributed and excreted by the
body and pharmacodynamics how they act within it. What follows is a simple introduc-
tion to some of the (italicised) terms and concepts most frequently encountered.

Drugs taken by mouth are only effective if absorbed, unless, like Gaviscon® or nys-
tatin, they act on, or in, the gut. Many antibiotics are destroyed when given by mouth,
although a small alteration in structure may change a drug like benzylpenicillin
(penicillin G), which is destroyed by acid, into a drug like penicillin V which is not.
Food may reduce intestinal absorption; milk, for example, reduces the absorption of
tetracycline. Delayed gastric emptying, poor peristalsis, or ileus will delay arrival in the
upper small intestine, where most absorption occurs. Some drugs (like aciclovir) are
never completely absorbed. Others, though well absorbed, also show reduced bioavail-
ability because they are metabolised by the liver before reaching the rest of the body,
thus showing extensive first-pass metabolism. Morphine by mouth shows about 30%
bioavailability for this reason. If a drug is well absorbed, this delay can be circumvented
by rectal (diazepam), buccal or nasal administration (midazolam). Intramuscular
administration is usually effective, but drug release from the intramuscular ‘depot’
may be slow (naloxone), or deliberately made slow (insulin), and may make IM
treatment unpredictable (phenytoin). Intravenous administration is usually the most
reliable strategy, but drugs (like vancomycin) may need to be given slowly because
even transiently high levels cause problems (such as histamine release). Consistent
side effects like this (and the toxic effects of overtreatment) are easier to anticipate than
less predictable adverse reactions. For some drugs, tissue levels exceed plasma levels;
such drugs are said to have a volume of distribution (V) in 1/kg that exceeds 1.

Most drugs are structurally altered by oxidation, reduction or hydrolysis in the liver,
and most of the resultant products are pharmacologically inactive. However, some
drugs only become active after modification. One such prodrug, chloral hydrate, is inert
until transformed into trichloroethanol. Other drugs are ‘neutralised” (and made more
water soluble) by conjugation. However, N-demethylation of diazepam produces des-
methyldiazepam, which remains active in the body for longer than diazepam itself.
Babies are slow to deal with many drugs because enzyme levels controlling conjugation
(such as acetylation, glucuronidation, methylation and sulphation) are low after birth.
Drug interactions can speed up (phenobarbital) or slow down (cimetidine) the metabo-
lism of other drugs by the liver. Therapeutic hypothermia can have a profound effect
on some drugs metabolised by the liver — this is discussed in greater detail in pp. 44-47.

Many drugs are eliminated by the kidneys. For some unmetabolised drugs, like
gentamicin, glomerular filtration is the only means of elimination. The speed of
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elimination only changes slowly, therefore, in the weeks after birth. Other drugs, like
the penicillins, are excreted with increasing rapidity after delivery as renal tubular
secretion becomes more active. The actual dose required depends on the extent of the
drug’s distribution within the body, and dose frequency on its speed of elimination.
This is usually proportional to the amount present, unless saturation occurs (as with
phenytoin). It can be described by the time it takes for the blood level to halve (elim-
ination half-life or t,), a relationship (Fig. 1a) that is linear when plotted on a log scale
(Fig. 1b). The challenge is to achieve and sustain levels in the safe therapeutic range.
The response to the drug may improve as levels increase (Fig. 1c), but toxic effects
may also appear, and the ratio of the toxic to the therapeutic level (therapeutic index)
may be quite small. A drug has to be given for a time equal to four half-lives before
levels stabilise (Fig. 1d), unless a loading dose is given (Fig. le).



While the UK laws that control the prescribing and the supply of medicines may seem
complex, they actually impose few constraints on staff working in a hospital setting. The
Medicines Act of 1968, passed in the wake of the thalidomide disaster, regulates the
activity of the pharmaceutical industry, making it illegal for any medicine to be marketed
for human use in the United Kingdom without a product licence (marketing authorisa-
tion). These are issued by the Licensing Authority (the Ministers of Health) on the advice
of the Medicines and Healthcare products Regulatory Agency (MHRA). The MHRA also
oversees the manufacture, promotion and distribution of medicines, while the Committee
on Safety of Medicines (CSM) advises the agency on their efficacy, quality and safety.
While these licences are not published, the relevant provisions, including indications for
use, recommended precautions and dose ranges, are summarised in the manufacturer’s
Summary of Product Characteristics (SPC). These summaries can now be accessed via the
Internet (www.medicines.org.uk), as can copies of the manufacturer’s Patient Information
Leaflet (PIL) be drafted to make key information available in a more accessible format.

However, the 1968 Act was deliberately framed in such a way that it did not restrict
‘clinical freedom’, and it exempts doctors and dentists from many of the constraints
placed on drug companies. It is, therefore, perfectly in order for a doctor to recom-
mend, or administer, a drug for which no product licence exists. The Act, and EC
Directive 89/341/EEC, also made it clear that a doctor could use an unlicensed drug in
clinical trials, or give an unlicensed product that has been specially prepared or
imported, for a particular (‘named’) patient. It is also acceptable for a doctor to use, or
recommend the use of, a drug in a dose, by a route, for a condition or for a group of
patients, which differs from those mentioned in the manufacturer’s product licence
(so-called ‘off label” or “off licence” use). It is also legal for such a drug to be dispensed
by a pharmacist or administered by a nurse or midwife. Legislation in America, and in
many other countries, has adopted a broadly similar approach.

This legal freedom placed doctors under a heavy legal, moral and professional obli-
gation to ensure that the recommendations they make about drug use are well founded.
Such problems become acute when a manufacturer offers no advice with regard to the
use of a drug for children of less than a certain age, as is, for example, currently true of
almost all drugs used to manage hypotension and hypertension in childhood. Such
problems can turn children into ‘therapeutic orphans’. Manufacturers are often reluc-
tant to bear the cost of sponsoring the trials necessary to support a change to the original
marketing licence or the cost of collating all the information published in the scientific

Neonatal Formulary 7: Drug Use in Pregnancy and the First Year of Life, Seventh Edition. Sean B Ainsworth.
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
Companion website: www.neonatalformulary.com

14


http://www.medicines.org.uk

15

literature after a product’s first commercial launch so the licence can be updated. Here
it becomes particularly important for the doctor to be sure that the use to which they
are putting a product is reasonable and prudent in the light of such scientific information
as is available in print. This compendium is one aid to that end. The BNF for Children
(BNFC) offers similar guidance on how to handle some of the many situations in which
older children may need to be treated in ways not covered by the manufacturer’s rec-
ommendations, but it is not a referenced text. In addition, it only provides limited
information on how to manage drug treatment in the ill preterm baby, and it provides
very little useful guidance on drug use during pregnancy and lactation.

The 1968 Act classifies medicines into those available for general sale (a General Sale List
or GSL drug), those only available for retail sale through a pharmacy (P) and those that
can only be dispensed from a pharmacy against a prescription (a Prescription Only
Medicine or POM). Additional rules apply to Controlled Drugs (CD). All medicines, other
than GSL drugs, have to be sold from a registered pharmacy unless they are being sold or
supplied by a hospital or health centre, and are being administered in accordance with
the directions of a doctor. The only POM products that could be dispensed by a community
pharmacist without a doctor’s prescription (except in an emergency) were, until now, the
few products in the Nurse Prescribers” and Dental Practitioners” Formularies, as listed in
the British National Formulary (BNF) and its counterpart for children (BNFC).
Non-medical prescribing: New legislation came into force in the United Kingdom in
May 2006, which made it possible for senior, experienced, first level nurses, midwives,
specialist community public health nurses and some pharmacists, to acquire almost
exactly the same prescribing rights as doctors. Staff put forward for such training will
need to be working in an area where this skill could be put to use. They will also need
the background to be able to study at level 3 (degree level), to have acquired at least
3 years’ post-registration clinical experience and to have been working for at least the
last year in the clinical area in which they are expecting to prescribe once trained. Their
register will be annotated to record the successful completion of this training, and they
will then be in a position where they can legally prescribe any licensed drug, even for
‘off label” use, as long as it is not a controlled drug (where some, slightly ambiguous,
restrictions still operate). Any borderline food product, dressing or appliance listed in
the BNF can also be prescribed. Staff so qualified should all be at least as aware as any
doctor of the need to work within the limits of their sphere of professional competence
and within any guidelines laid down by their employing authority. These develop-
ments should, once such training becomes more generally available, make it much
easier for senior midwifery and nursing staff to start treatment when it is called for
without first having to get a doctor to authorise this. They will also make it possible for
experienced nurses and midwives to manage urgent inter-hospital transfers appropri-
ately even when there is not a doctor on the transfer team.

There are, however, a few residual restrictions and uncertainties. The indications
for which a limited range of CD can now be prescribed are not always very precisely
specified either (an area where legislation is as much a matter for the UK Home Office
as for the Department of Health). Morphine can be given for suspected myocardial
infarction, for ‘post-operative pain relief’ and for ‘pain caused by trauma’, but it is not
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clear whether this includes the pain associated with childbirth, or the trauma associ-
ated with many aspects of neonatal intensive care. Staff can also give morphine to a
baby with severe necrotising enterocolitis but only, it would seem, after surgery.
Diazepam, lorazepam and midazolam can be used to control ‘tonic-clonic seizures’
and can also be used, like morphine and diamorphine, to provide ‘palliative care’, but
that phrase is often used to mean simply the terminal care of a patient with an untreat-
able condition rather than the palliation of the stress associated with the sudden
urgent need to initiate artificial respiratory support. Doubtless most of these residual
uncertainties will be clarified in time.
Patient group directions: Because legislation in the United Kingdom does not allow
most nurses to prescribe, alternative and more flexible strategies have been developed
in the past 8 years to enable appropriately trained staff to assume greater personal
responsibility for administering a range of POM products. An ad hoc system of ‘Group
Protocols’ was recognised as having much merit by the Crown Report in 1998, and leg-
islation was subsequently passed in 2000 making it legal for nurses to supply and
administer any licensed medicine (even ‘off label’) to specific groups of patients under
a formal agreement with a prescribing doctor. The work of pharmacists, physiothera-
pists and other ‘paramedic’ groups can be covered in a similar way. Such agreements
(known as Patient Group Directions or PGDs) need to conform to the guidance given
in HSC 2000/026 (England), HDL (2001) 7 (Scotland) and WHC (200) 116 (Wales),
and any direction has to be prepared by a multidisciplinary group involving a senior
doctor, pharmacist and nurse or midwife, in consultation with the local Drug and
Therapeutics Committee and then approved by the Hospital or Primary Care Trust.
While the introduction of PGDs is restricted to situations where such administration
‘offers an advantage to patient care without compromising patient safety’, there are
many aspects of maternity care where it is clearly possible to improve the delivery of
care by making better use of these, as yet very inconsistently applied, arrangements.
Vaccine administration (including hepatitis B vaccine) has been the aspect of primary
care most often covered by the development of PGDs. However, the administration of
rhesus D immunoglobulin, the initiation of antenatal steroid treatment and the provi-
sion of prophylactic antibiotic cover to any mother (and/or baby) where there has been
significant pre-labour rupture of membranes are the three further important aspects of
maternity care that can often be improved by the development of an appropriate PGD
at unit level. Unfortunately, because PGDs cannot be used to initiate treatment with a
controlled drug, pethidine still remains, very inappropriately, one of the few controlled
drugs that a midwife can prescribe and administer on her own authority. There is a
widespread belief that these directions can only be used to administer a single dose of
some licensed medicinal product; this is incorrect. A PGD can certainly, for example, be
used in appropriate circumstances to initiate a course of antibiotic treatment.
Supplementary prescribing: This provides an alternative strategy for involving
nurses, midwives and allied healthcare professionals more productively in the
management of conditions where treatment needs may vary over time, allowing staff
to prescribe from within the elements of a previously agreed joint management plan.
Some hospitals in the United Kingdom have used this option to allow bedside intensive
care staff to adjust treatment hour by hour as the patient’s condition dictates, but the
option has been more widely adopted in the community management of long-term
medical conditions such as asthma or diabetes.



Intravascular lines serve a number of vital functions. They make it possible to give
fluids, including glucose and a range of other nutrients, when oral nutrition is impos-
sible or inappropriate. They also make it possible to monitor both arterial and central
venous pressure directly and continuously, to collect blood specimens without causing
pain or disturbance, and to give drugs reliably and painlessly.

These very real advantages have to be balanced against a range of very real disad-
vantages. Of these, infection due to localised vasculitis or insidious low-grade septicae-
mia is perhaps the most common. Vascular thrombosis is a hazard, and thrombi can
also shed emboli. Even reactive arterial vasospasm can cause significant ischaemia.
Bleeding from an arterial line can cause serious blood loss, life threatening air embo-
lism can occur into any central venous line and fluid extravasation can cause severe
ischaemia or chemical tissue damage with subsequent necrosis. Any baby with an
intravascular line in place is at risk of sudden fluid overload if steps are not taken to
make the unintentional and uncontrolled infusion of more than 30ml/kg of fluid
technically impossible (see the Section on Minimising IV Infusion and Other Drug
Hazards). There is also a risk of reactive hypoglycaemia if any glucose infusion is
stopped (or the rate changed) too abruptly (see p. 241).

Thrombosis: Relatively little can be done to reduce the risk of thrombosis. A small
amount of heparin (q.v.) may reduce the risk of catheter occlusion, but this has little
effect on the formation of mural thrombi. Whether the benefit of full heparinisation
outweighs the risk remains unclear. Clinical vigilance can speed the recognition of
problems when they occur, and the routine use of a lateral X-ray to identify where any
central catheter has lodged can help to ensure that the tip is optimally sited (a lateral
X-ray is more easily interpreted than an antero-posterior or AP view). An attempt is
usually made to site any central venous catheter in a major vein or at the entrance to
the right atrium. The larger the vessel, the less the risk of occlusion (or extravasation),
but the greater the hazard should this occur. Similarly, it is standard practice to site any
aortic catheter either above the diaphragm (T6) or below the two renal arteries (L4) to
minimise the risk of a silent renal or mesenteric artery thrombosis. There is now good
evidence that there are fewer recognisable complications associated with high
placement (although there may be a marginally increased risk of necrotising entero-
colitis). Case controlled studies suggest, however, that intraventricular haemorrhage
may be commoner when aortic catheters are positioned above the diaphragm, and
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when heparin is used to prolong catheter patency. Only a very large properly con-
ducted randomised controlled trial is likely to resolve some of these uncertainties.

Limb ischaemia is usually readily recognised, but by the time it is identified much of
the damage has often been done. Thrombosis of the abdominal vessels is often silent,
but may be a significant cause of renal hypertension. Central venous thrombosis is also
under-diagnosed but can cause a chylous ascites by occluding the exit of the thoracic
duct. Occlusion of a small vein is seldom a problem because of the nature of the anas-
tomotic venous plexus, but occlusion of even a small artery can cause severe ischaemia
if it is an ‘end-artery’ (i.e. the only vessel supplying a particular area of the body). Even
occlusion of the radial artery can sometimes cause vascular compromise if there is no
significant terminal anastomosis between the radial and ulnar arteries. Every baby with
an intravascular line in place should be examined regularly by the nursing staff for evi-
dence of any of the above complications. There are good grounds for particular vigilance
in the first few hours after an arterial line has been sited but, with this one exception,
all lines merit equal vigilance. Treatment options are reviewed in a commentary linked
to the monograph on the use of alteplase (see p. 68).

Vasospasm: Arteries are particularly likely to go into spasm shortly after cannulation.
This may make it necessary to withdraw the catheter, but a single small dose of tolazo-
line can sometimes correct the acute ‘white leg’ seen after umbilical artery catheterisa-
tion, and a continued low-dose infusion may work when a single bolus dose is only
transiently effective. Papaverine has also been used experimentally in the same way.

Extravasation: Never give a drug into a drip that has started to ‘tissue’. Delivery cannot
be guaranteed once this has happened, and some drugs (as noted in the individual drug
monographs) can also cause severe tissue damage. Fluids containing calcium cause par-
ticularly severe scaring. Serious damage can also be caused by the fluids used in providing
parenteral nutrition. Such problems will only be noticed promptly if every drip is so
strapped that the tissue around the cannula tip can be inspected at any time. The best
line of management, if extravasation is starting to cause tissue damage, involves early
tissue irrigation, as outlined in the monograph on hyaluronidase in p. 258. Hot or cold
compresses are of no measurable value. Neither is limb elevation.

Infection: Localised or generalised infection is probably the commonest complication
of the use of intravascular lines. Indolent, usually low grade, but occasionally life
threatening, blood borne infection (septicaemia) has been reported in more than 20%
of all babies with ‘long lines’ in some units. Infection can be devastating in a small baby,
and it is a clear indictment of unit policy if the way in which a baby is cared for puts it
unnecessarily at increased risk of infection. The risk of such iatrogenic infection can
only be minimised by scrupulous attention to hygiene. Inadequate attention to skin
sterility (see p. 469) is probably the most common reason why cannulae and catheters
have later become colonised. Access should always be achieved using an aseptic
approach. A gown, mask and surgical drape should also be used whenever a long line
is being inserted. The risk of infection is not reduced by the use of an antiseptic or anti-
biotic cream. Indeed there is evidence that such use can actually increase the risk of
fungal infection. Covering the insertion site with a transparent occlusive dressing helps
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even though increased humidity under such a dressing can speed the multiplication of
skin bacteria. An impregnated chlorhexidine disc may help prevent this.

Infection most frequently enters where the catheter pierces the skin. This is why
most infusion-related infections are caused by coagulase-negative Staphylococci and why
Broviac® lines that are surgically ‘tunnelled” under the skin are less prone to infection.
Complications, including infection, seem more common in neonates if the line is inserted
into an arm rather than a leg. Bacterial colonisation of the catheter hub (where the cath-
eter connects to the giving set) can also be the precursor of overt septicaemia. Stopcocks
often become contaminated, but there is no evidence that such contamination causes
catheter-related infection. The risk of generalised infection is increased by the use of a
long line rather than a short line. Independently of this, parenteral nutrition may, and
intralipid certainly does, further increase the risk of systemic infection. Antibiotic
treatment for this can, in turn, greatly increase the risk of life-threatening fungal septi-
caemia. These are strong reasons for avoiding the unnecessary use of long lines and for
only using parenteral nutrition when oral feeding is impracticable. Catheters impreg-
nated with an antimicrobial agent have started to become available, but their use is no
substitute for proper attention to other aspects of catheter hygiene. Heparin fusions may
decrease the risk of thrombosis and infections where use is unavoidable.

It was thought that the risk of infection could be reduced by resiting all infusions
at regular intervals, and short cannulas are still often resited in adults once every 2-3
days to reduce the risk of phlebitis and catheter colonisation. There is, as yet, no good
evidence that this approach is justified in children. It was also said that fluids and
administration sets should be changed daily to minimise the risk of in-use fluid con-
tamination, but this practice is not now endorsed by the American Centers for Disease
Control (CDC) in Atlanta, Georgia. Such routines generate a lot of work, increase costs
and have not been shown to reduce the risk of blood stream infection. Unnecessary
interference with the infusion line could actually increase the risk. There is, however,
one small controlled trial (in urgent need of confirmation) suggesting that the regular
use of an in-line filter does reduce the risk of septicaemia in the preterm baby, and that
this remains true even if the giving set is changed only once every 4 days. There are
also good grounds for changing the administration set each time the infusion fluid is
changed (although infusion with insulin may be an exception to this generalisation as
explained in p. 274). This is particularly important after any blood or blood product
has been given because the presence of a thin thrombin film increases the chance of
bacteria then colonising the giving set. Lipid solutions are also particularly likely to
become infected, and it is probably good practice to change these once every 48 hours.
In addition, some continuously infused drugs are only stable for a limited time (as
outlined in the individual drug monographs) and need to be prepared afresh once
every 12-24 hours. There is no evidence that other fluids (or giving sets) need to be
changed more than once every 3—4 days. The catheter must be removed promptly once
bacteraemia is documented if complications are to be minimised (a single coagulase-
negative staphylococcal blood culture being the only exception to this general rule).

Air embolism: An air embolus can kill a patient very rapidly. Air is so much more
compressible than blood that once it enters the heart it tends to stay there instead of
being pumped on round the body, especially if the baby is lying flat. This air
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then completely stops the circulation unless immediately aspirated. Umbilical vein
catheters are particularly dangerous; air can easily be drawn into the heart when the
baby takes a breath if there is not a three-way tap or syringe on the end of any catheter
at all times (especially during insertion). Similarly, if air gets into a giving set (through,
for example, a cracked syringe), it can easily be pumped into the blood stream.

Blood loss: Babies can easily die of blood loss. Serious loss from the cord has become
rare since the invention of the modern plastic umbilical clamp, but haemorrhage can
still occur if no clamp has been placed on the umbilical vessels so that they can be can-
nulated (especially if the baby is then wrapped up for warmth with, perhaps, a ‘silver
swaddler’, through which tell-tale blood cannot seep). Death can also occur from
haemorrhage if an intravascular line becomes disconnected. To minimise this latter
risk, all connections in any intravascular line should always have Luer-Lok® fittings.

There has been a lot of confused thought as to what may, and may not, be put into what
sort of intravascular line. Policy varies widely from unit to unit, and all the policies
cannot possibly be right. There is equal uncertainty over who has the necessary authority
to put drugs into, or take blood out of, what sort of line. True ‘authority’ comes with
training and experience, not with the mere possession of a medical qualification.

A midwife or nurse who has been trained in the care and use of intravascular cath-
eters will often be in a better position to give safe care than a ‘qualified” but untrained
and inexperienced doctor. With proper training, all qualified staff working in any neo-
natal unit ought to be equally competent in all aspects of intravascular catheter care
and use. Anyone experienced enough to give drugs into an established line should
have enough experience to sample blood from such a line, and anyone who has been
trained to give drugs or sample from a venous catheter has all the knowledge necessary
to use a properly inserted arterial line.

What you can safely put into a line depends not only on what sort of line it is but
also on what sort of fluid is already in the line (see below). This is also true of what
you can reliably take out of a line. Any line can, in theory, be used for blood sampling,
but care needs to be taken to clear the ‘dead space’ first. Sodium levels can only be
measured from a line being infused with 0.9% sodium chloride after a volume equal
to three times the dead space has been withdrawn first. Blood glucose levels cannot be
measured in a blood sample taken from any line through which glucose is being
infused, even if the catheter dead space is first cleared by temporarily withdrawing
5ml of blood before collecting the sample for analysis. Nor can reliable blood coagula-
tion test results be obtained from any line that has ever contained heparin. False-
positive evidence of infection can also result if blood is drawn for blood culture from
an already established intravascular line. Where septicaemia is suspected it is always
best to collect blood direct into a culture medium from a fresh venous ‘needle stab’.

Peripheral veins: These can be used for collecting blood samples and for giving
almost any drug, although care should be taken when infusing a number of vasoactive
drugs (as indicated in the relevant drug monographs). Drugs such as dopamine and
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isoprenaline are better delivered through a central venous line. Where there is no
need to give a continuous infusion, a cannula can be inserted and left ‘stopped off’
with a rubber injection ‘bung’. There is no good evidence that these benefit from
heparinisation and, in any strict interpretation of the regulations, both the drug and
the heparinised flush solution would need to be prescribed, and each administration
signed for separately each time (although it has not, as yet, generally been considered
necessary to record the giving of every ‘flush’ of saline or water).

Central veins: Drugs can be given safely into any central venous line once ultrasound,
or an X-ray, has shown where the catheter tip has lodged. This is the best route for
giving any drug or infusion that tends to damage the vascular endothelium (such as
solutions containing more than 10% glucose). Keep the tip away from the right atrium
and mediastinal vessels since, if wall damage does occur, the resultant pleural or pericar-
dial effusion will kill if not recognised promptly. Anchor the exposed end of the catheter
firmly to the skin — serious complications can arise if the catheter migrates further into
the body after insertion. Only give drugs into an umbilical vein catheter as a last resort
if the tip has lodged in a portal vein. Any midwife or nurse who has been trained to give
drugs into a peripheral vein should be competent to give drugs into a central vein.
However, because of the greater risk of infection when a central line is in place, such
lines should not be ‘broken into” either to give drugs or to sample blood unnecessarily.
It will often be difficult to sample blood from a central venous line because of its length
and narrow bore. Furthermore, if blood is allowed to track back up a central venous
catheter, there is a serious risk of a clot developing, blocking the line.

Peripheral arteries: Such lines are almost always inserted in order to monitor blood
pressure or sample arterial blood. They should never be used for giving drugs. The
right radial artery is the most frequently used. It may be safe to use a continuous infu-
sion of glucose saline into a peripheral artery, but it is probably best to limit any infu-
sion to as small a volume of heparinised 0.18% (or 0.9%) sodium chloride as is
compatible with maintaining catheter patency (see p. 253).

Central arteries: These will almost always be aortic catheters positioned through an
umbilical artery. Such lines are usually sited in order to monitor blood pressure or
sample post-ductal arterial blood, but they can safely be used to give glucose or total
parenteral nutrition once the site of the catheter tip has been checked radiologically.
Take care that this is not close to the coeliac axis, because exposing the pancreas to an
infusion of concentrated glucose can cause hypoglycaemia by stimulating an excessive
release of insulin. Because blood flow down the aorta is high, it is also perfectly safe to
give most drugs (other than some of the vasoconstrictive drugs such as adrenaline,
dopamine and isoprenaline) as a slow continuous infusion into the aorta. Bolus infu-
sions should be avoided, however, unless there is no realistic alternative (particularly
if the drug is a vascular irritant) because of the risk that an excessive amount of drug
will be delivered into a single vulnerable ‘end artery’. Severe tissue necrosis in the area
served by the internal iliac artery has been documented quite frequently when drugs
such as undiluted sodium bicarbonate have been administered as a bolus into an
umbilical artery during emergency resuscitation after circulatory collapse.
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All the drugs mentioned in the main section of this compendium as being suitable for
intravenous (IV) use are capable of being injected into, or piggy-backed onto, any
existing IV infusion containing up to 0.9% sodium chloride and/or up to 10% glucose
unless otherwise stated (amphotericin B, enoximone, phenytoin and erythromycin
[unless buffered] being the main exceptions). Do not add drugs to any line containing
blood or blood products.

Ditferent drugs should never be mixed together however, except as specified in the
various drug monographs, without consulting with an experienced pharmacist. Where
a single infusion line /as to be used to give more than one drug, and it is not practi-
cable to delay the administration of the second drug for at least 10 minutes, different
products must be separated by 1 ml of glucose saline, 0.9% sodium chloride or sterile
water for injection (less will do with very narrow bore tubing). Adherence to these
guidelines is particularly important where a very alkaline product such as sodium
bicarbonate or trometamol is being infused. Use the technique described under IV
injection in the review of ‘Drug Storage and Administration’ (see p. 8), and give the
separating 1 ml bolus slowly over at least 2 minutes to ensure that the drug already in
the IV line does not reach the patient as a sudden, dangerously rapid, surge. This is
particularly important if the line contains an inotrope or vasoactive product, or a drug,
such as aminophylline, cimetidine, phenytoin, or ranitidine, which can cause a cardiac
arrhythmia if infused too fast.

Special problems arise when it is necessary to give more than one drug continu-
ously, and intravascular access is limited. Here terminal co-infusion (the brief mixing
of two different infusates using a three-way tap or Y connector sited as close to the
patient as possible) is sometimes known to be safe. In this situation the two drugs are
only in contact for a relatively short time (although with slow infusion rates in a very
small baby contact may last longer than is generally appreciated). In the most fre-
quently encountered situations where such co-infusion is thought to be safe, a state-
ment to this effect has been added to one of the two relevant drug monographs. The
documentary evidence for this practice comes (unless otherwise stated) from Trissel’s
Handbook of Injectable Drugs. Note that, even here, compatibility will have only been
formally assessed for a limited range of drug concentrations.

Special considerations apply to the administration of any drug into a line contain-
ing an amino acid solution when a baby requires parenteral nutrition. Terminal
co-infusion, using any product that approximates fairly closely to the formulation
described in this compendium, is probably safe for certain drugs, as outlined in the
various drug monographs. It is not, however, safe to assume that this is true for other
formulations. No drug (other than Vitlipid®) should ever be added to any infusion
containing emulsified fat (Intralipid®), nor should lipid be co-infused with any fluid
containing any other drug (other than heparin, insulin, isoprenaline, noradrenaline or
vancomycin). The use of a double, or triple, lumen umbilical catheter makes it possible
to give drugs to a baby receiving parenteral nutrition through a single infusion site.
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Errors of intravenous (IV) fluid and drug administration are common. Reporting of
such is important, but should never be made the pretext for disciplinary action unless
there has been obvious negligence. The prescriber shares responsibility for any
administrative error that occurs when prescribing in an unclear or unnecessarily com-
plex way. Staff new in place, at all levels, frequently find themselves working under
considerable pressure, and low staffing levels often impose further stress. Management
share responsibility for protecting staff from excessive pressure, for ensuring that unit
policies are such as to minimise the risk of any error occurring and (even more impor-
tantly) for seeing that the potential danger associated with any error is minimised by
the use of ‘fail-safe’ routines like those outlined below. If senior staff and managers
over-react when mistakes occur, errors may simply go unreported, increasing the risk
of a recurrence.

It is important to retain a sense of proportion in considering the issues raised by the
rule that every error of drug prescribing has to be reported. While any error of
commission is generally looked upon as a potentially serious disciplinary issue, serious
errors of omission often go unremarked. Inadvertent reductionsin IV fluid administration
due to tissue extravasation, failure to resite an infusion line promptly or failure to set
up the syringe pump correctly, are more likely to put a baby at hazard (from reactive
hypoglycaemia) than a transient period of excess fluid administration. Note that hypo-
glycaemia is particularly likely to occur where a maintenance infusion of glucose saline
IV is cut back or stopped abruptly so that blood can be given (for guidance on this, see
the monograph on blood transfusion). Similarly, failure to give a dose of medicine may
sometimes be just as hazardous as the administration of too big a dose.

Drug prescribing and drug administration call for close teamwork between the
medical, midwifery and nursing staff. When an error does occur it is seldom one per-
son’s sole fault, and this needs to be acknowledged if disciplinary action is called for.
Where it is clear that a doctor and a midwife or nurse both share responsibility for any
untoward incident, natural justice demands that any necessary disciplinary action is
handled in an equable and equitable way.

Minor medication errors (i.e. any deviation from the doctor’s order as written on
the patient’s hospital chart) are extremely common. Rates of between one per patient
day and two per patient week have been reported in the United States. Prescribing
errors are also common. Anonymous self-reporting schemes have been initiated in a
few hospitals, as part of a more general risk management strategy, in an attempt to
identify high risk situations. Dilutional errors are particularly common in neonatal
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practice, and the individual drug guidelines in this compendium have been carefully
framed so as to minimise these.

Attention to the following 10 rules will help to minimise error and, even more impor-

tantly, ensure that when an error does occur the impact is minimised:
Keep the prescribing of medication to a minimum, and use once or twice daily
administration where this is possible.
Never have more than two IV infusion lines running at the same time unless this
is absolutely necessary.
Never put more than 30ml of fluid at any one time into any syringe used to pro-
vide continuous IV fluid or milk for a baby weighing less than 1kg.
Record the amount of fluid administered by every syringe pump by inspecting the
movement of the syringe and by inspecting the infusion site once every hour. Do
not rely merely on any digital electronic display.
In an analogous way, where the infusion of fluid from any large (half litre) reser-
voir is controlled by a peristaltic pump (or by a gravity operated system with a gate
valve and drop counter), it is always wise to interpose a burette between the main
reservoir and the control unit. Limiting the amount of fluid in the burette limits
the risk of accidental fluid overload, and recording the amount of fluid left in the
burette every hour speeds the recognition of any administrative error.
Do not change the feeding or IV fluid regime more than once or, at most, twice a
day except for a very good reason. Try to arrange that such changes as do have to
be made are made during the morning or evening joint management rounds.
Those few drugs that have to be administered over 30 minutes or more should be
administered using a separate programmable syringe pump ‘piggy-backed’ onto an
existing IV Line. As an extra precaution, the syringe should never be set up con-
taining more than twice as much of the drug as it is planned to deliver. Do not
adjust the rate at which the main IV infusion fluid is administered unless there is
a serious risk of hyperglycaemia, or it is necessary to place an absolute restriction
on the total daily fluid intake.
Do not routinely flush drugs or fluids through an established IV line except in the
rare situations where this is specifically recommended in this compendium. To do
so can expose the baby to a dangerously abrupt ‘bolus’ of drug. Using fluid from
the main IV line to do this can also make the baby briefly and abruptly
hyperglycaemic.
Beware giving a small newborn baby excess sodium unintentionally. The use of
flush solutions of Hep-lok® Hepsal® or 0.9% sodium chloride can expose a baby
to an unintended excess of IV sodium. The steady infusion of 1 ml/hour of hepa-
rinised 0.9% sodium chloride (normal saline) to maintain catheter patency is
sometimes enough to double a very small baby’s total daily sodium intake. So too
can intra-tracheal sodium chloride administration during tracheal ‘toilet’.
Treat the prescribing of potentially toxic or lethal drugs (such as chloramphenicol
and digoxin) with special care. There are relatively few situations where it is really
necessary to use such potentially dangerous drugs.
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Report any significant error of omission or commission promptly so that appropriate
action can be taken to minimise any possible hazard to the baby. Nine times out of ten
a senior member of staff with pharmacological expertise will be able to determine that
no harm has been done quite quickly and offer much needed reassurance to all
concerned. If malfunction of a pump or drip regulator is suspected, switch the equip-
ment off and replace it without touching the setting of the rate control switches, pass
the equipment to medical electronics for checking without delay and record the serial
number of the offending piece of equipment on the incident form.

1 Have you got the right drug? Check the strength of the formulation and the label on the
ampoule as well as the box.

2 Has the shelf-life expired? Check the ‘use by’ date.

3 Has it been reconstituted and diluted properly? Check the advice given in the individual
drug monograph in this compendium.

4 Have you got the right patient? Check the name band.

5 Have you got the right dose? Have two people independently checked steps 1-4 with the
prescription chart?

6 Have you picked up the right syringe? Deal with one patient at a time.

7 Is the IV line patent? Have you got the right line? /s it correctly positioned? Could the line
have tissued?

8 Is a separate flush solution needed? Have two people checked the content of the flush
syringe?

9 Are all the ‘sharps’ disposed of? What about any glass ampoules?

10 Have you ‘signed up’ what you have done? Has it been countersigned?




Drug errors are an avoidable cause of iatrogenic injury in neonatal patients. Most (71 %)
medication errors are due to poor prescribing. The most common example of this in
many studies is an incorrect dose (unexplained deviation of >10% from the neonatal
unit formulary) or an incorrect dose interval; this is something particularly seen with
gentamicin and vancomycin. To counter this particular aspect, many units now employ
a ‘gentamicin safety bundle’, and there are similar ones for vancomycin (see below).

Dosing errors may also become a factor when staft are making up individualised
infusion — more common in neonatal and paediatric practice than in adults because of
many different factors such as changes in weight over the course of a neonatal stay
and age-related maturational changes in drug pharmacokinetics and pharmacody-
namics. Many infusions are, out of necessity, made up after undertaking sometimes
complex calculations and dilutions that have the potential for errors in the placing of
decimal points leading tox 10 dosing errors. Standardising the composition of the
infusion and using a ‘constant concentration variable rate’ method of administration
often in conjunction with Intelligent Infusion Pump Systems (sometimes referred to
as Smart Pumps) may take away a lot of the cot-side calculation that currently occurs.

The similarity of some drug names can cause the wrong medication to be adminis-
tered, particularly if the prescription is also barely legible. In North America, one
initiative that has been introduced to counter this is the ‘Tall man’ system of writing
drug names. This uses a mix of UPPERCASE and lowercase letters in the name of the
medication such that it becomes easier to see differences between drug names that
would otherwise look very similar.

In 2010, the National Patient Safety Agency (NPSA) developed a Patient Safety Alert
around a care bundle for the safer use of IV gentamicin for neonates. Data collected by
the NPSA had shown that 15% of all neonatal medication errors involved the
prescription, administration and monitoring of gentamicin. A number of factors were
implicated in these errors including:

Medication error

Interruptions and distractions to those involved in drug administration

Incorrectly calculating doses

Incorrectly calculating dosing intervals — especially a problem when the dose interval

is 36 hours (as can be the case in neonates)
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Lack of any double-checking by staff preparing and administering the drugs
Training, education and communication
The resulting neonatal gentamicin care bundle incorporates the following four
elements:
Any prescribing of gentamicin should use the 24-hour clock and any unused time
slots in the prescription administration record should be blocked out to prevent
wrong time dosing.
Interruptions during the preparation and administration of gentamicin should be
minimised by the wearing of a disposable coloured apron by staff.
A double-checking prompt (available to download from www.nrls.npsa.nhs.uk/
alerts) being used during the preparation and administration of gentamicin.
The prescribed dose of gentamicin should be given within an hour either side of the
administration time.

Until recently, the majority of neonatal infusions have been made up according to the
baby’s weight and the infusion run at a constant rate for a given dose. The infused
solution is, in many cases, made up by the nurses who are looking after the baby
rather than in some standardised manner either by the manufacturer or in a phar-
macy. This practice is prone to many of the same errors seen with gentamicin (see
above). Such infusions are described as having a ‘variable concentration” and a
‘constant rate’. A variation of this which many perceive to be safer is to have a “‘constant
concentration” of the drug (which may be that supplied by the manufacturer or made
up in a standardised way by the hospital’s pharmacy) and which are given at a “vari-
able rate’ (which varies from baby to baby according to their weight). Although such
infusions — called constant concentration variable rate because the concentration (or
strength) of the infusion remains constant and the rate is adjusted according to the
baby’s weight — can be used with any pump, they are frequently used in conjunction
with ‘smart pumps’ which remove some of the need to make calculations about which
rate needs to be used to achieve which dose. If a ‘smart pump’ is not used, a computer
spreadsheet-based programme such as Microsoft® Excel has been shown to be helpful
in calculating the required rate for a given dose.

Smart pumps or intelligent infusion pump systems are increasingly becoming
available. Such pumps incorporate sophisticated computer technologies for storing
drug information, for example, a drug library with doses, pre-programmed concentra-
tions, automating calculations and checking information entered against agreed
administration parameters (i.e. providing a safety net). The implementation of smart
pump technology can therefore reduce the incidence of errors in the administration of
IV drugs. The initial stages involve developing a drug library for the specific needs of
the population, and setting hard and soft limits for each drug. The needs of a neonatal
unit will be different from that of a paediatric intensive care unit. Beginning to build
a library requires input from clinicians as well as pharmacists and can seem like a lot
of hard work. Support from the local IT department is essential as any subsequent
changes (e.g. in the concentrations of the infusate brought about perhaps by a change


http://www.nrls.npsa.nhs.uk/alerts
http://www.nrls.npsa.nhs.uk/alerts

29

in manufacturer) need to be implemented across all the smart pumps in use simulta-
neously (wireless technology can be helpful here).

No one size fits all in term of drug libraries, particularly in a population of neonatal
patients whose weight can vary from less than 500g to over 5kg. A major perceived
barrier is that of possible fluid overload particularly in lower weight patients or in
those whose overall fluids are restricted for clinical reasons. The Vermont Oxford
Network and Institute of Safe Medication Practices (ISMP) in America have produced
a list of standard concentrations of neonatal drug infusions (see http://www.ismp.org/
Tools/PediatricConcentrations.pdf) that could be used in about 80% of cases.

The ISMP also advocate the use of ‘Tall man’ lettering (see http://www.ismp.org/tools/
tallmanletters.pdf). Use of a mix of UPPERCASE and lowercase letters can help, par-
ticularly with printed labels, differentiate between drugs with very similar names, for
example ‘DOBUTamine’ and ‘DOPamine’. The ISMP list is fairly specific to North
American practice and the full list contains many proprietary as well a generic names.
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Comprehensive guidance on how to ‘write up’ (or transcribe) a prescription is given
for those working in the United Kingdom in the introduction to the British National
Formulary, but many of the points in this bear repetition. While the formal constraints
that operate in the community do not apply in a hospital setting (see p. 14), the
following guidelines still represent good practice:
Block capitals: Always use UPPERCASE letters when prescribing drug names to
ensure legibility (one exception to this is where the Tall man system is in use). A poorly
written prescription is, at best, discourteous to nurses and pharmacists who may have
to spend time checking what has been written. Illegibility can also be dangerous.
Approved names: These should always be used to ensure consistency between vials,
ampoules, bottles and other labels. Proprietary names (‘trade names’) should only be
used for compound preparations when a generic name does not exist (e.g. Gaviscon®
Infant — half a dual sachet), or where bioavailability of the drug may be affected by
changing brands (e.g. anticonvulsants). Avoid abbreviations and contractions other
than those universally used and recognised.
The dose: This should be given in grams (g), milligrams (mg), micrograms or, excep-
tionally, nanograms. Do not use abbreviations for anything other than grams (g) or
milligrams (mg).
Units: When the dose is in “'UNITS’, write this word out in full. Avoid the symbol ‘U’
because it is too easily misread, and avoid the term ‘microunits’. Oxytocin (see p. 383) is
one exception to this rule. Some drug companies still use the term ‘international units’
(IU) but, since international agreement has now been reached as to the meaning of all
such terms, this terminology is unnecessary, and best avoided.
Volumes: Volumes should always be prescribed in millilitres. This can be abbreviated
to ml (but it should not be contracted to cc or cm?).
Decimal places: Carelessness in use of decimals is a major cause of potentially lethal
overtreatment. Decimals should be avoided where possible and, where unavoidable,
always prefaced by a zero. Write 500mg not 0.5g. If a decimal has to be used, write
0.5ml not .5ml. Do not use a comma, use a full stop (0.5ml not 0,5ml).
Time: This is best written using the 24-hour clock when prescribing for patients in hospital.
Route of administration: This must always be indicated. The following abbrevia-
tions are generally acceptable:

v Intravenous IM Intramuscular

NEB Nebuliser PO Oral (per Os)

PR Rectal (per rectum) SC Subcutaneous
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All other methods of administration should be written in full (e.g. intradermal and
intra-tracheal).

Continuous IV administration: Drugs for continuous intravenous (or, rarely,
umbilical arterial) infusion can be prescribed on an IV infusion chart, and signed for
on this chart in the usual way. Full details do not then need to be written up and
signed for in duplicate on the main inpatient medicine chart, but the front of this chart
does, as a minimum, need to be marked to show clearly what other charts are in use.
Reconstitution and dilution: Drugs frequently have to be reconstituted and/or
diluted before they can be given to babies. It is not necessary to write down how this
should be done when prescribing a drug listed in this compendium and where all staff
routinely follow these guidelines because it will be assumed that reconstitution and
dilution will be carried out as specified in the relevant drug monograph. Indeed, it
would only cause confusion to give any instruction that was unintentionally at vari-
ance with the advice given here. Instructions must be given however where this is not
the case, or if a drug is prescribed that is not in this compendium.

Limits of precision: Do not ask for impossible precision. A dose prescribed by weight
will almost always have to be given to a child by volume (often after dilution, as
above), and it is not generally possible to measure or administer a volume of less than
0.1 ml with any precision (as noted on p. 6).

Flexible dosage: Some drugs (such as insulin) are regularly prescribed on a ‘sliding
scale’. Where this is the case it may not be necessary or appropriate for a doctor to
write up each individual dose given. In the same way, detailed authorisation for hour-
by-hour dose variation within a prescribed range (such as the use of labetalol or an
inotrope to control blood pressure) does not require a doctor’s signature each time
treatment is adjusted as long as each change in dosage is recorded and signed for on
the IV chart by the relevant responsible nurse.

Management at delivery: Drugs commonly given to the baby at birth (such as
vitamin K or naloxone) do not need to be written up on a medicine chart as long as
their administration is fully documented in a fixed and standardised position in the
maternity notes.

Emergency resuscitation: Where drugs are given in an acute emergency by a doctor
or nurse during cardiorespiratory resuscitation they do not need to be recorded in
duplicate in the medicine chart as long as they are accurately recorded in the narrative
record in the medical notes (along with dosage and timing) when this is subsequently
written up.

Blood products and vaccines: While these are not traditionally recorded on the
medicine chart, administration must be recorded somewhere in the clinical notes
along with the relevant batch number.

Dietary supplements: Vitamins, and other dietary supplements for which no
prescription is necessary, and once daily additions to milk feeds (such as supplemental
sodium) need not be prescribed on the medicine chart. Administration does, however,
need to be recorded each time on the child’s feed chart.

Self-administration: Parents may be encouraged to give certain drugs (such as eye
drops) on their own, especially where they are likely to have to continue giving such
treatment after discharge from hospital. This can be done by writing ‘self-administered’
in the space labelled ‘notes’ on some medicine charts.
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Midwife authorised prescriptions: Drugs given by a midwife on her own respon-
sibility in the United Kingdom must be properly recorded and ‘signed up’ on the
medicine chart. Some units ask staff to add the symbol ‘M” after their signature.
Patient group directions: Patient safety makes it very important for all medication
administered under the terms of a Patient Group Direction (PGD) to be documented
on the same chart as is being used to record all the other drugs the patient is being
given. Just transcribing such a directive onto a medicine chart is not an act of
‘prescribing’ that occurred when the PGD was drawn up.

‘As required’ prescriptions: Be specific about how much may be taken, how often
and for what purpose. Do not only write ‘as required” or ‘PRN’ (pro re nata). Specity a
minimum time interval before another such dose can be given. It will often be impor-
tant to indicate a maximum cumulative daily (24-hour) dose. Patients offered analge-
sics ‘PRN’ often end up undertreated. A flexible prescription (see above) can often be
more appropriate.

Medication on discharge: Hospitals in the United Kingdom generally instruct staff
not to issue a prescription for more of any drug than the minimum needed to continue
treatment until such time as the family can get a further prescription from their gen-
eral practitioner unless, as with a small minority of drugs used in the neonatal period,
the drug is only obtainable from a hospital pharmacy. It should not, in other circum-
stances, be necessary to dispense more than 2 week’s treatment. The same guidelines
apply to the dispensing of drugs for outpatients.

Telephone messages: Hospital rules vary. Most accept that under exceptional cir-
cumstances a telephone message may be accepted from a doctor by two nurses (one
of whom must be a Registered Nurse and one of whom acts as witness to receipt of the
message). It is not acceptable to prescribe controlled drugs in this way, and any other
drug so prescribed should be given only once. The doctor must then confirm and sign
the prescription within 12 hours. Faxed prescriptions should also be confirmed in
writing within 72 hours.

Signature: Each entry must be signed for, separately, in full by a registered doctor or
by a nurse with independent prescribing rights (except, in the United Kingdom, as
covered by the PGD provisions outlined above). In all cases, the signature should be
followed by the name of the prescriber in ‘UPPERCASE’ letters. The date that the
entry was signed must also be recorded.

Cancellation: Drugs should not be taken for longer than necessary. Stop dates for
short course treatments (such as antibiotics) can often be recorded on the medicine
chart when first prescribed. The clearest way to mark the chart is to draw a horizontal
line through the name of the drug, and the date, and then date and initial the ‘Date
Discontinued’ space. Many drugs are given for much longer than is truly clinically
necessary.



Any drug capable of doing good is also capable of doing harm, and unwanted reactions
may be unexpected. Some of these adverse reactions are dose-related, but others are
idiosyncratic. Problems may relate to the drug’s main pharmacological action in the
body, or to some secondary action (‘side effect’). The recognition of adverse reactions
is of vital importance, but their proper documentation and reporting is frequently
neglected. The Commission on Human Medicines operates a simple ‘Yellow Card’
reporting system in the United Kingdom for the Medicines and Healthcare Regulatory
Agency (MHRA) that is designed to make it easier for staff to initiate such notifica-
tions. Copies of the prepaid lettercard can be found in the back of the British National
Formulary. The MHRA website (www.mhra.gov.uk) offers advice on what to report
and how to complete a ‘Yellow Card’. Reporting of adverse reactions can be made via
the related website (www.yellowcard.mhra.gov.uk) or by telephone (0808 100 3352).

All prescribers have a professional duty to report all serious suspected reactions
even if they are already well recognised, especially if they are fatal, life-threatening,
disabling or incapacitating. This is necessary so that reports can be prepared comparing
the risk/benefit ratio seen with other drugs of a similar class. Prescribers should also
report any adverse or unexpected event, however minor, where this could conceivably
be a response to a drug that has only been on the market for a relatively short time.
Pharmacists also have a responsibility to report all important adverse reactions coming
to their attention. Nurses and midwives are often the first to suspect an adverse reac-
tion: they have a duty to see that any such reaction is brought to the attention of the
appropriate doctor or pharmacist, and to initiate a report themselves if necessary.
Deaths have, by law, to be reported to the coroner (Procurator Fiscal in Scotland).

The Commission on Human Medicines are interested in hearing about adverse
reactions caused by any therapeutic agent (including any drug, blood product, vaccine,
dental or surgical material, X-ray contrast medium, intra-uterine device, etc.).
Reactions observed as a result of self medication should be reported in the same way
as those seen with prescribed drugs. Drug interactions of a serious nature should also
be reported. Drugs can sometimes have a delayed effect, causing problems such as
later anaemia, jaundice, retroperitoneal fibrosis or even cancer. Any suspicion of such
an association should always be reported. Whenever a baby is miscarried, is aborted or
is born with a congenital abnormality, healthcare professionals should always consider
whether this might have been an adverse drug reaction and report all the drugs
(including any self-medication) taken during the pregnancy.
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Adverse reactions are particularly common when drugs are given at the extremes
of life. This is, in part, because the liver and the kidneys handle drugs less efficiently,
both in the first weeks of life, and in old age. Nevertheless, although the MHRA
receives many reports relating to drug medication in the elderly, relatively few reports
are received in relation to adverse events in the neonatal period. This is not because
such events are uncommon, as many of the individual drug monographs in this com-
pendium bear testimony, but because a proper tradition of reporting never seems to
have become established. Yet, without such reporting, the identification of many
important side effects is avoidably delayed. Because, in particular, some of the most
important side effects seen in the neonatal period differ from those normally seen later
in life, failure to report can also delay the recognition, and quantification, of a very
real drug hazard.

Defective medicines constitute a related but different problem. Problems can occur
either during manufacture, or during distribution, rendering the product either dan-
gerous or ineffective. Whenever such a problem is suspected it should be reported at
once to the hospital pharmacy who will, in turn, notify the MHRA’s Defective Medicines
Report Centre in London if the suspicions are confirmed. Contact may be made by
telephone (020 3080 6574 or out of office hours 07795 641532) or using the on-line
form on the MHRA website (www.mhra.gov.uk under the header ‘Safety Information’).

Identifying the right dose of medicine to give a newborn baby is never easy, and the
problem is made even more difficult if kidney or liver immaturity is compounded by
illness or organ failure. Progressive drug accumulation is a very real possibility in these
situations. A major error can easily arise during the drawing up of the small dose
needed in a small preterm baby, particularly if prior dilution is involved. Few of these
events ever get widely reported. Indeed, where the baby is already ill, the cause of
death may go unrecognised. Tenfold administration errors are not unheard of.
Luckily even after serious overtreatment, most babies recover with supportive or
symptomatic care (although this is not always true where drugs such as atropine,
chloramphenicol, digoxin, lidocaine and potassium chloride are concerned). If the
drug has been given by mouth, it may be worth giving a stomach washout. A 1g/kg
oral dose of activated charcoal (repeatable every 4 hours until charcoal appears in the
stool) may also be of some help, especially if it is started within 4 hours. Do not try to
make the baby sick. Other forms of forced elimination such as exchange transfusion,
haemoperfusion, dialysis and forced diuresis are only of limited value for a small
number of drugs taken in severe excess. Whole bowel irrigation with a polyethylene
glycol-electrolyte solution (such as Klean-Prep®) may occasionally be appropriate.
Always seek the immediate help and advice of the nearest Poisons Centre (see below)
if there are severe symptoms. For a limited number of drugs, specific antidotes, antag-
onists or chelating agents are available; these are mentioned briefly, where appro-
priate, under the name of the drug for which they are of use, in the various monographs
in the main section of this compendium. Specific antagonists include naloxone for
opioid drugs, DigiFab® for digoxin, and flumazenil for benzodiazepines. Acetylcysteine
is of value after paracetamol over-dosage, methylthioninium chloride (methylene
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blue) is used to control methaemoglobinaemia and the chelating agent desferriox-
amine mesylate is used in iron poisoning. Following are the main components of
supportive care.

Respiration: Airway obstruction is a real hazard in patients who become uncon-
scious. Vomiting is not uncommon and inhalation a real risk. Most poisons that impair
consciousness also depress breathing, so artificial respiratory support may well be
required. While specific opioid and benzodiazepine antagonists can be helpful,
respiratory stimulants should not be used. Correct any serious metabolic acidosis
(pH<7.2) with sodium bicarbonate or trometamol.

Fluid and glucose intake: Reduce fluid intake to a minimum and monitor urine
output while retaining normoglycaemia until it is clear that kidney function is unaf-
fected. Stop all oral feeds if there is acidosis, hypotension and/or suspected ileus.
Blood pressure: Do not use vasopressor drugs without first getting expert advice.
Cautious plasma volume expansion may help if there is serious hypotension.
Arrhythmia: Do not give drugs, especially if output is tolerably well maintained,
before defining the nature of the arrhythmia and seeking advice as outlined in the
monograph on adenosine. A beta-blocker (such as propranolol) may help to moderate
the tachyarrhythmia sometimes seen with excess theophylline, chloral hydrate,
quinine, amfetamine or some of the antihistamines, and may improve cardiac output.
These drugs do not seem to cause an arrhythmia in children as often as they do in
adults.

Convulsions: While short-lived seizures do not require treatment, prolonged seizures
should be controlled, especially if they seem to be impeding respiration. A slowly
infused intravenous dose of diazepam (preferably the emulsified formulation) is the
anticonvulsant most often used in older patients, but phenobarbital is more usually
used in the neonatal period. Either drug can, in itself, cause further respiratory
depression.

Temperature control: Poisoning can cause both hypo- and hyperthermia. The rectal
temperature should be measured to monitor deep body temperature, using a low
reading thermometer if necessary so as not to miss hypothermia, and appropriate
environmental measures taken.

United Kingdom National Poisons Information Centre ‘hot-line’
0844 892 0111
Republic of Ireland National Poisons Information Centre ‘hot-line’
01 809 2566




Drug misuse (abuse) is common, but only a minority of misuse is associated with
dependence (or addiction). Society currently displays a schizophrenic attitude to drug
abuse. We seem to accept alcohol intake and, to a lesser extent, smoking during preg-
nancy even though we know that these drugs can be addictive, and that regular use
can affect the baby. There is a puritanical (and paternalistic) streak, that is particularly
strong amongst legislators in America, that would ban all alcohol intake in pregnancy,
but there is no evidence that an intake of less than 10 units a week is harmful unless
it is consumed in one go (one ‘unit’ of alcohol being a single pub measure of spirits, a
small glass of wine or half a pint of ordinary strength beer or cider). In addition,
smoking in pregnancy is now seen as one of those ‘facts of life’ that the medical and
midwifery professions can do little to change. The attitude to other recreational drug
use is more censorious, even though we know that many healthcare professionals
occasionally take drugs themselves.

Opiate addiction presents the most serious challenge, and IV injection further
increases the risk to the mother’s health. Indeed the main reason for offering these
mothers methadone is that it may help them to avoid the hazards associated with
giving any drug IV. Access to oral methadone may, by limiting the woman’s urge to
acquire other costly drugs of doubtful purity, also help stabilise her lifestyle. Attitudes
change over time. Opium and laudanum were widely used by the middle classes in
Europe and North America in the 19th century. Opium was even added in many
infant ‘soothing syrups’. Now it has been estimated that, when no legal source is avail-
able, the average UK addict gets through £20,000 worth of heroin a year. Diet may
become inadequate, and alcohol intake may rise. Judgmental attitudes can deter
addicts from seeking help until problems escalate. Users may seem to have neglected
their condition when the health services have actually, by their attitude, effectively
excluded them from care. Despite this, many manage to lead apparently normal lives,
running a family or holding down a job.

Few areas of maternity care are more in need of a collaborative, team-based,
approach. Little can be achieved until the woman'’s trust and confidence have been
won. Antenatal care should identify those most in need of support. Intravenous drug
users should always be tested, with their informed consent, for sexually transmitted
infection, and for hepatitis B, hepatitis C and HIV infection, both to optimise the scope
for treatment and to minimise the risk that the baby will also become infected. Plans
for post-delivery care should also be made ahead of delivery, and the mother should
know what these are.
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Many heroin users also take other drugs. While

recreational use of drugs such as cannabis, lysergic o Wf’kte)‘fllflness
acid diethylamide (LSD), phencyclidine (PCP), I Initability ,

. . R T Tachypnoea (>60/minutes)
amfetamine (amphetamine), ecstasy or cocaine on H  Hyperactivity
their own do not usually cause neonatal with- D Diarrhoea
drawal symptoms serious enough to require R Rub marks
treatment, the same is not true for high-dose ben- A Autonomic dysfunction
zodiazepine use. Transferring from heroin to meth- W Weight loss
adone may actually make matters worse because A Alkalosis (respiratory)

L  Lacrimation (tears)

this does not give the immediate ‘high’ obtained
when heroin is smoked, inhaled or injected.
Cocaine may then be turned to for the ‘lift" that it
gives and a benzodiazepine, such as temazepam, used to reduce the ‘low’ that tends to
follow. Fashions change, but combined addiction to heroin and temazepam is common
in the United Kingdom.

Most people who misuse drugs are not drug dependent. The problem only becomes
an addiction if abrupt discontinuation causes serious physical and mental symptoms to
appear. This is, however, what can happen to the baby after birth. Babies exposed to opi-
ates throughout pregnancy, or to high sustained benzodiazepine usage, often exhibit a
range of symptoms (see box) 12-72 hours after birth. None of these, on their own, need
treatment, but treatment is called for if sucking is so in-coordinate that tube feeding is
required, if there is profuse vomiting, or watery diarrhoea or the baby remains seriously
unsettled after two consecutive feeds despite gentle swaddling and the use of a pacifier.

Many units currently admit such babies to special care for observation and then
‘score’ the child’s condition once every 4 hours. However, experience shows that an
observer’s views and their ‘attitude’ to drug misuse can influence the score awarded.
Scores ask the observer to say how ‘severe’ the symptoms are. If the nurse or doctor
has not cared for such a baby before, how can they decide on the severity of the symp-
toms? Scoring systems, though popular, can also have the perverse effect of suggesting
that an increasingly sedated baby is ‘improving” when the real need is to get the baby
feeding normally and sleeping normally.

A better approach is to make the mother aware before delivery that her baby will
need to be watched for a period, to involve the mother in this and to care for both
mother and baby. Most mothers already feel guilty about their drug habit and fear hav-
ing their children taken from them. Knowledge of antenatal drug intake (even if accu-
rate) is only of limited value in predicting whether the baby will develop symptoms,
and mothers need to be aware of this. If mother and baby have been cared for together,
both can be discharged home after 72 hours if no serious symptoms have developed.

If symptoms serious enough to make the baby unwell do develop, then the logical
approach is to wean the baby slowly from the drug to which the mother is habituated,
rather than introducing yet another drug. Babies of mothers taking an opiate should
be weaned using a slowly decreasing dose of morphine or methadone. Morphine is
widely used, and the dose can be easily and rapidly adjusted up or down, but metha-
done may provide smoother control. Weaning should not normally take more than
7-10 days. The same approach can be used where the mother is addicted to buprenor-
phine, codeine or dihydrocodeine. The use of paregoric for the baby, or tincture of
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opium, lacks any rational justification. Benzodiazepine dependency is harder to
manage using this strategy, because nearly all these drugs have such a long half-life.
Some use chloral hydrate in this situation but this can over-sedate the baby, and
chlorpromazine may be a better choice. For the occasional mother with barbiturate
dependency, phenobarbital should be considered but, while this may provide
sedation, it does nothing to control gastrointestinal symptoms.

Although there have been many small controlled trials looking at strategies for
managing neonatal withdrawal, assessors have generally merely looked to see how
many symptoms there were rather than how distressing and disabling the symptoms
were. In addition, the assessors have usually been aware of how the babies were being
treated. There is scope for some useful nursing research here.

Breastfeeding can be generally encouraged in the period immediately after birth
even if the mother has been taking several drugs, since these babies seem to show
fewer features of withdrawal. There is no need to place any arbitrary limit on the
length of time the mother is ‘permitted’ to breastfeed. It should, however, be explained
that weaning needs to be gradual. No baby should be left in the care of anyone taking
a hallucinogen, and few would condone the possible exposure of a baby to such a drug
in breast milk. The place of breastfeeding in mothers taking other drugs is summarised
in pp. 560-607.

Screening urine, or meconium, for drugs serves little purpose unless serious
thoughtis being given to care proceedings, since it is unlikely to influence management.
If you tell the mother you plan to do this, you imply that you do not believe what she
has told you about her drug history. If you tell her later, she will merely conclude that
you are another person she cannot trust. The decision of any child protection
conference, or court, will be influenced purely by what is best for the child, and by the
mother’s ability to provide that care. Drug misuse is not in itself a sufficient reason to
separate mother and child.

Babies can also become addicted to opiates and benzodiazepines after birth.
Fentanyl and midazolam are the drugs that most often cause problems. Continuous
use for even a few days can produce tolerance (the need for a progressively larger
dose) and dependency (addiction). Management is the same as for addiction acquired
in utero — a slow tapered withdrawal of treatment. Perhaps we should do what we tell
mothers to do and avoid sustained use all together.

DrugScope, a registered and independent charity, is a national membership organisation for the
drug sector and the UK’s leading independent centre of expertise on drugs and drug use. It was
formed in 2000 from the merger of the Institute for the Study of Drug Dependence (ISDD),
established in 1968, and the Standing Conference on Drug Abuse (SCODA), established in 1973.

DrugScope can be contacted at:
DrugScope, 4th Floor, Asra House, 1 Long Lane, London SE1 4PG
Telephone: 020 7234 9730
Fax: 020 7234 9773
Website: www.drugscope.org.uk



http://www.drugscope.org.uk

Since the kidney is responsible for the elimination of most drugs from the body (either
before or after inactivation by the liver), an assessment of how well the kidney is func-
tioning is an essential part of the daily care of any patient on medication. Kidney
function can fluctuate rapidly in the neonatal period so it should be assessed at the
time treatment is first prescribed and monitored daily.

Deterioration occurs because blood flow has decreased (pre-renal failure), because
the kidney has suffered damage (intrinsic renal failure) or because urine flow has been
obstructed (post-renal failure) — although both pre- and post-renal failure can also cause
secondary kidney damage. Clinical examination, and knowledge of the other problems
involved, will often suggest where the problem lies. In babies with normal renal
function, sodium excretion is driven by intake, and therefore varies widely. The
proportion filtered that appears in urine (fractional excretion, FE ) is equally variable.

Urinary sodium Plasma creatinine
X X

FE,, (%)= 100

Plasma sodium Urinary creatinine

Check whether all concentrations are expressed in the same units. Babies with pre-
renal failure (who are typically oliguric and hypotensive) conserve sodium avidly
under the control of aldosterone. They will have a FE _<3% (<5% when <32 weeks
gestation and <2 weeks old) regardless of the intake and the plasma level, except after
a large dose of furosemide. Babies with established failure have a high FE _ excretion
because reabsorption is impaired by tubular damage.

Weigh all ill babies at least once a day because weight change is a sensitive index
of fluid balance. Babies normally lose weight for 3-5 days after birth as they shed
extracellular fluid (including sodium) following the loss of the placenta through which
they were ‘dialysed” before birth. Weight gain at this time is either a sign of excessive
fluid intake or of early renal failure. Even healthy growing babies gain weight only by
2% a day. Gain in excess of this is a very useful sign of kidney failure. Urine output
will vary with fluid intake, but any baby putting out less than 1 ml/kg of urine per
hour is almost certainly in failure. A rising plasma creatinine or a level above 88 pmol/l
(>1mg%) in a baby more than 10 days old suggests some degree of renal failure, but
the plasma level should never be relied on to identify failure because it rises six times
more slowly after any insult than it does in an older child or adult.

Early diagnosis is vital because the elimination of some commonly used but
potentially toxic drugs, such as gentamicin, is entirely dependent on excretion in the
urine. Furthermore, most acute renal failure in the neonatal period is, at least ini-
tially, pre-renal in origin — often as a result of sepsis, intrapartum stress or respiratory
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difficulty — and early diagnosis makes early treatment possible. Trouble can often be
anticipated. The later the problem is recognised, the more difficult management
becomes.

The frequency with which it is necessary to rescue a baby from metabolic chaos by
dialysis is inversely related to the promptness with which such a threat is recognised. A
strategy for the conservative management of hyperkalaemia in p. 464 (and p. 420).

Reduce all medication to the minimum as soon as there is evidence of definite renal
failure to minimise the risk of toxic drug accumulation and of unpredictable interac-
tions. Antibiotics should be given as indicated in Table 1. Flucytosine, vancomycin and

Drugs used to combat infection, and their clearance from the body in babies with severe
renal failure before or during peritoneal dialysis (PD).

Dose
adjustment

Drug needed Comment
Aciclovir Major Quadruple the dose interval. Removal by PD is poor
Amikacin Measure Judge dose interval from trough serum level. Removal by PD is slow
Amoxicillin Some Increase dose interval or give one IV dose and put 125mg/l in the PD fluid
Amphotericin None Give IV treatment as normal. The drug is not removed by PD
Ampicillin Some Increase dose interval or give one IV dose and put 125mg/l in the PD fluid
Azithromycin None Give as normal. The drug is not removed by PD
Aztreonam Major Halve the dose. The drug is not removed by PD
Cefotaxime Some Increase dose interval or give one IV dose and put 125mg/l in the PD fluid
Cefoxitin Major Double the dose interval or give one IV dose and put 125mg/l in the

PD fluid
Ceftazidime Major Double the dose interval or give one IV dose and put 125mg/l in the

PD fluid
Ceftriaxone Some Reduce dose if there is both renal and liver failure. Removal by PD is poor
Cefuroxime Major Increase dose interval or give one IV dose and put 125mg/l in the PD fluid
Chloramphenicol None Use with caution — metabolites accumulate. The drug is not removed by PD
Ciprofloxacin Major Halve the dose. Crystalluria may occur. The drug is not removed by PD
Clindamycin Minimal Give IV treatment as normal. The drug is not removed by PD
Erythromycin None Give IV as normal. The drug is not removed by PD
Flucloxacillin Minimal Give IV as normal or give one dose IV and put 250mg/l in the PD fluid
Fluconazole Major Double the dose interval or, in babies on PD, put 7mg/l in the PD fluid
Flucytosine Measure Monitor the serum level or, in babies on PD, put 50mg/l in the PD fluid
Gentamicin Measure Judge dose interval from trough serum level. Removal by PD is slow
Isoniazid None Give oral or IV treatment as normal. The drug is removed by PD
Meropenem Major Double the dose interval. It is not known if the drug is removed by PD
Metronidazole Minimal Give oral or IV treatment as normal. The drug is removed by PD
Netilmicin Measure Judge dose interval from trough serum level. Removal by PD is slow
Penicillin Substantial Use with caution — penicillin is neurotoxic. Removal by PD is poor
Rifampicin None Give oral or IV treatment as normal. The drug is not removed by PD
Teicoplanin Moderate Give if IV level can be measured, or give one IV dose and put 20mg/|

in PD fluid
Trimethoprim Moderate Halve the IV dose after 2 days. Removal by PD is slow

Vancomycin Measure Monitor serum level or give one IV dose and put 25mg/l in the PD fluid




a1

Solutions for neonatal PD.

Final concentration

Sodium Bicarbonate Glucose
Solution Preparation (mmol/Il) (mmol/Il) (%)
A 500ml 5% glucose modified by 120 120 4.4
removing 60 ml of fluid and adding
60ml of 8.4% sodium bicarbonate
B 500ml 0.9% sodium chloride 150 0 0
500ml 0.9% sodium chloride modified 150 0 5.0
by removing 50 ml of fluid and adding
50ml of 50% glucose and 1.5ml of
30% (strong) sodium chloride
Potential combinations:
1/3 A plus 2/3 B 140 40 1.47
1/3 A plus 1/2 B 140 40 2.30
plus 1/6 C
1/3 A plus 1/3 B 140 40 3.13
plus 1/3 C
1/3 A plus 2/3 C 140 40 4.80

cefuroxime are sometimes added to dialysis fluids to prevent peritonitis. A first dose of
the appropriate antibiotic should always be given IV (if the baby is not already on
treatment) before utilising the peritoneal dialysis (PD) fluid to sustain an appropriate
blood level if there are signs of systemic infection. Sustained high aminoglycoside
levels are not bactericidal (as explained in p. 237) so these drugs should not be put in
PD fluid. Pancuronium should be replaced by atracurium if the baby requires paralysis.
Morphine may accumulate because it is renally excreted. The half-life of heparin
seems unaffected, but that of low molecular weight heparin is reduced. The clearance
of the drugs commonly used to control arrhythmia, seizures, hypertension and hypo-
tension are (luckily) unaftected by renal failure.

PD is the most effective strategy in most small babies, but surgical problems may
occasionally make haemodialysis necessary. Commercial dialysis fluids usually contain
lactate, but some ill neonates metabolise this poorly. A flexible range of fluids can be
prepared containing bicarbonate by combining three different basic solutions as out-
lined in Table 2. Use an in-line IV burette, and adjust the glucose concentration by
varying ingredients B and C in order to control ultrafiltration and the removal of
water. Because these dialysis fluids cannot contain calcium, it is necessary to give sup-
plemental calcium IV. Start with 1 mmol/kg a day and adjust as necessary. Magnesium
may occasionally be needed. Add heparin (1 unit/ml) if the dialysis fluid is cloudy or
bloodstained to stop fibrin and clots obstructing the catheter. Watch for peritonitis by
microscoping and culturing the effluent fluid daily.



Basal metabolic rate (BMR) has a fairly fixed relationship to body surface area
throughout childhood and adult life. For this reason, it was once common practice to
use body surface area when calculating drug dosage in childhood. However, while this
works reasonably well for children more than a few months old, it is not appropriate
in early infancy because BMR rises rapidly in the first 2 or 3 weeks after birth, even
though little growth takes place, and BMR is only one of the many factors influencing
drug metabolism at this time. Changes in kidney and liver function are of much more
relevance, and all the treatment recommendations given in this book are based on
what we know of the variable way that these two factors interact to affect how long
each drug remains active in the body.

Most paediatric reference texts have, until recently, provided nomograms that
allow derivation of surface area from a knowledge of height and weight, but height (or
length) is seldom measured with any real accuracy in children who cannot yet stand,
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Relationship between body weight and surface area.
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and further errors often creep in when nomograms are used without due care. What
is more, as Edith Boyd showed in her book on The Growth of the Surface Area of the
Human Body (University of Minnesota Press, 1935), is that surface area can be predicted
as accurately in very young children from a knowledge of weight alone.

The table relating weight to surface area given in earlier editions of this book
utilised Boyd'’s data, but the revised figures given here have also made use of the addi-
tional data collected by Meban in 1983 (J Anat 137:271-8) (Fig. 2; Table 3). In truth
however, in young children more than 1-2 months old, it is nearly always best to
simply use body weight to calculate the most appropriate dose to employ (see Johnson,
Arch Dis Child 2008;93:207-11).

Relationship between body weight (kg) (full units down left side and part units across the
top) and surface area (m?), for example a baby weighing 2.3 kg will have a surface area of 0.17 m?.

Kilograms 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

= = 0.04 0.04 0.05 0.06 0.07 0.08 0.08 0.09
0.10 0.10 0.1 0.11 0.12 0.12 0.13 0.14 0.14 0.15
0.15 0.16 0.17 0.17 0.18 0.18 0.19 0.19 0.20 0.21
0.21 0.22 0.22 0.23 0.23 0.24 0.24 0.25 0.25 0.26
0.26 0.27 0.27 0.27 0.28 0.28 0.29 0.29 0.30 0.30
0.31 0.31 0.32 0.32 0.32 0.33 0.33 0.34 0.34 0.35
0.35 0.35 0.36 0.36 0.36 0.37 0.37 0.38 0.38 0.38
0.39 0.39 0.39 0.40 0.40 0.40 0.41 0.41 0.41 0.42
0.42 0.43 0.43 0.43 0.44 0.44 0.44 0.45 0.45 0.45
0.46 0.46 0.46 0.47 0.47 0.48 0.48 0.48 0.49 0.49

O 0 N O Ul W N — O




Prolonged mild-to-moderate hypothermia has been shown to be efficacious in
reducing post-ischaemic neurological injury in the term newborn population. Infants
subjected to a hypoxic insult demonstrate variable multi-organ impairment which
may impact on drug pharmacokinetics and pharmacodynamics, for example drugs
excreted by the kidneys may accumulate due to the renal impairment. However,
hypothermia itself may impact on the responses to drugs.

Hypothermia causes the redistribution of regional blood flow, which may signifi-
cantly impact on both drug distribution and clearance. It has been associated with
decreased GFR in a number of animal studies, and may, therefore, impair the renal
excretion of drugs in humans.

Many drugs, especially those metabolised in the liver, are modulated by enzymes
that exhibit a temperature dependency that can be affected by therapeutic hypo-
thermia. Depending on the action of the enzyme on the drug metabolism, therapeutic
hypothermia can lead to lack of action of some drugs and accumulation of others. The
additional difficulty is that whilst drug metabolism may be affected by hypothermia, it
can also change during re-warming 72 hours after hypothermia has elapsed. Drugs
with a large volume of distribution given before the start of hypothermia can be
sequestered in peripheral tissues at the onset of hypothermia and may undergo recir-
culation upon re-warming, exposing the patient to higher serum concentrations and
a greater risk of toxicity. It should not be forgotten that the baby undergoing therapeutic
hypothermia will have, in many cases, suffered hepatic and renal injuries and that this
too can greatly impact on how the baby handles the drugs that are given.

Table 4 lists most of the drugs that are used in asphyxiated infants undergoing
therapeutic hypothermia; it explains where there is a known significant effect on
that drug’s efficacy due to altered metabolism. This list is not exhaustive but instead
reflects merely those drugs in frequent use in this population and also those drugs
for which information is available. Further information is available on the website
commentary.
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Effects of therapeutic hypothermia on medications.
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Drug

Antibiotics

Gentamicin

Vancomycin

Penicillin and
other p-lactam
antibiotics

Anticonvulsants
Phenobarbital

Phenytoin

Midazolam

Clonazepam

Lidocaine
(lignocaine)

Topiramate

Effect of hypothermia

Conflicting reports because of co-existing renal
injury. Data suggest a 25-33% reduction in renal
clearance

No data in neonates (in adults undergoing cardiac
by-pass, there appears to be no effect). It is unusual
for this drug to be used in treating early onset sepsis.
The pharmacokinetics of these antibiotics during
hypothermia have not yet been studied, however,
because of their safe profiles, any effect, if there is
one, is unlikely to be of any clinical significance.

Reduced clearance during hypothermia, some
reports suggest a doubling of the half-life; however,
this does not appear to have a clinically relevant
effect.

NOTE: Phenobarbital has an effect on the amplitude
integrated EEG (aEEG) and it is generally not
recommended to give more than a single loading
dose of 20mg/kg before cerebral function
monitoring is initiated.

The pharmacology of phenytoin is already
complicated in the neonate due to a variable rate
of elimination and a highly variable volume of
distribution. It exhibits non-linear (saturable)
metabolism via hepatic cytochromes P450 2C9 and
2c139 and levels are higher during hypothermia.
Midazolam is exclusively metabolized by hepatic
cytochromes P450 3A4 and 3A5. Use in
hypothermic adults is associated with a fivefold
increase in serum levels.

Clonazepam is metabolized extensively by
cytochrome P450 enzymes. The half-life in
normothermic neonates is 24-48 hours, and
although it has yet to be studied in a population
being treated with hypothermia, it is likely that this
half-life is extended during treatment.

Lidocaine is metabolised by hepatic cytochrome
P450 1A2 and 3A4. During therapeutic hypothermia
in neonates, clearance of lidocaine is reduced by
24%.

Experience with topiramate in neonates is limited
and pharmacokinetic data even more so. Very
limited data from infants undergoing hypothermia
suggest a slower absorption and elimination.

Suggested dose adjustments
during hypothermia

Give a dose of 4 mg/kg every
36 hours

Measure serum levels

No data in neonates

No dose adjustment necessary

Give single loading dose of
20mg/kg

A second dose (10-20 mg/kg)
should probably be considered
before other anticonvulsants but
avoid maintenance if possible

Use the same (or slightly lower)
loading dose of 20 mg/kg given IV
over 10-20 minutes and to closely
monitor levels

Dosing not established in
hypothermia.

Use with caution, ensure access
to appropriate monitoring and
respiratory support in non-
ventilated patients.

Dosing not established in
hypothermia.

Use with caution, ensure access to
appropriate monitoring and
respiratory support in non-
ventilated patients.

Use modified regime as suggested
in lidocaine monograph (q.v.)

5mg/kg on the first day and then
a lower dose (3mg/kg daily) for
the next 2 days

Continued
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Continued

Drug Effect of hypothermia

Suggested dose adjustments
during hypothermia

Levetiracetam The predominantly renal excretion of
levetiracetum should mean that hypothermia
per se should not impact on dosing; however
excretion is affected by renal impairment which is
commonly seen in these infants as a result of their
initial hypoxic insult.

Sedatives/analgesics

Morphine There are potentially two effects of hypothermia on
morphine to be considered; firstly, that the affinity
of morphine for the p-opioid receptors is reduced in
hypothermia rendering it less effective, and
secondly, that clearance of morphine is reduced.

Fentanyl Fentanyl is primarily metabolized by cytochrome
P450 3A4. The half-life of fentanyl is already very
variable in the neonate (6-30 hours). Hypothermia
can lead to a 25% increase in plasma fentanyl
concentrations.

There are currently insufficient data from
hypothermic newborns to recommend any
specific dosing schedule; however, it would seem
sensible to begin by halving the ‘normothermic’
doses.

Remifentanil  Remifentanil has a short half-life due to rapid
hydrolysis by non-specific blood and tissue esterases.
The metabolite is renally excreted through the
kidneys. N-dealkylation of remifentanil by
cytochrome P450 also occurs.

Data from adults undergoing hypothermia
suggested that for each degree fall in temperature
below 37°C, there is a proportional decrease of
6.37% in remifentanil clearance. But there are no
published data of use in neonatal therapeutic
hypothermia.

Neuromuscular blocking agents

Atracurium Atracurium is primarily metabolized by non-
enzymatic decomposition in the blood (Hoffman
elimination); however, an alternative elimination
pathway involving enzymatic ester hydrolysis also
operates. In healthy individuals, mild hypothermia
(34°C) results in an approximate 1.5-fold increase
in the duration of action of atracurium.

Use modified regime as suggested
in levetiracetum monograph (g.v.)

50 micrograms/kg loading dose
over 30 minutes followed by an
infusion started at 10 micrograms/
kg/hour. The rate of infusion is
titrated according to the response
of the infant.

If the infant is adequately
sedated, the dose should be
reduced after 24-48 hours to
lessen the risk of accumulation
and toxicity.

Give a loading dose of 5
micrograms/kg and then infuse
starting at 0.75 microgram/kg/
hour and titrating according to
the response of the infant.

As with morphine, consider
reducing at 24-48 hours

to lessen the risk of

accumulation and toxicity

No data in neonates

No dose adjustment necessary.
Duration of action may be longer.




Continued

Drug

Effect of hypothermia

Suggested dose adjustments
during hypothermia

Pancuronium

Rocuronium

Vercuronium

Inotropic agents

Adrenaline

Dopamine

Dobutamine

Milrinone

Pancuronium is primarily (~80%) excreted by the
kidneys, with some biliary excretion. Studies in
hypothermic adults show an initial increased
requirement during early stages of hypothermia
and then, when hypothermia is established,
increased plasma concentrations. There is no data
in neonates.

In children undergoing hypothermia for a variety
of reasons, for every degree Celsius decrease in
core body temperature the duration of action of
rocuronium increased by 5 minutes.

Vecuronium is primarily eliminated via the liver by
carrier-mediated transport (via p-glycoprotein) and
P450-mediated metabolism. Risks of accumulation,
particularly with infusions, increase as hypothermia
is established.

There is no evidence to suggest that a different
dosing strategy for inotropic support is needed
during or following neonatal therapeutic
hypothermia.

As above

As above

There is very limited data regarding milrinone in
therapeutic hypothermia. However, milrinone,
being 80-85% excreted unchanged in urine, is
unlikely to be significantly affected by hypothermia
per se. The renal impairment in these babies may
have some effect.

No dose adjustment necessary.
The baby may seem to require
more frequent dosing to begin
with but once hypothermic the
duration of action may be longer.

No dose adjustment necessary.
Duration of action may be longer.

No initial dose adjustment is
necessary but titrate the dose
after 6-12 hours according
to the need.

Avoid infusion if possible.

No dose adjustment necessary.
Titrate according to response

No dose adjustment necessary.
Titrate according to response
No dose adjustment necessary.
Titrate according to response
No dose adjustment thought to
be necessary. Titrate according
to response




The AAP makes a wealth of well-formu-
lated advice available on its website. The
e-Archive of the AAP’s official journal,
Pediatrics, provides a browse and search
ability for all papers published since
1948. Abstracts and some of the articles
are available free of charge, otherwise a
subscription is required.

WWWw.aap.org

http://pediatrics.aappublications.org

The BAPM is a UK association of health-
care professionals from various specialties
involved in the delivery of perinatal
care. It has been responsible for the
development of neonatal guidelines and
standards as well as supporting neonatal
and perinatal research.
www.bapm.org

This formulary, sponsored jointly by the
British Medical Association and the Royal
Pharmaceutical Society of Great Britain,
aims to provide authoritative and prac-
tical information on the selection and use
of all UK-licensed medicines in a clear,
concise and accessible manner. It is semi-
continuously updated and published
afresh in book form every 6 months, but

it can also be accessed on line, and has
grown over the years to become one of
the world’s most authoritative reference
texts. A separate publication, the BNF for
Children (or BNFC), was launched in
September 2005 jointly with the Royal
College of Paediatrics and Child Health,
and updates of this
annually.
www.bnf.org
www.bnfc.org

version appear

Clinical Evidence is an ‘international data-
base of high-quality, rigorously developed
systematic overviews assessing the benefits and
harms of treatments’. Relatively few peri-
natal issues are covered, but the number
covered is increasing steadily. Regularly
updated full text is available on the web.
The text is also currently available in
Italian, German, Hungarian, Portuguese,
Russian and Spanish. A summary of each
monograph is also published by the BMJ
Publishing Group in book form twice a
year under the title BMJ Clinical Evidence
Handbook.
www.clinicalevidence.com

The Cochrane Collaboration is an
international not-for-profit organisation
whose aim is to provide up-to-date
information about the effects of health
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care. The library contains the Cochrane
Database of Systematic Reviews, the
Database of Abstracts of Reviews of
Effectiveness, and the Cochrane Central
Register of Controlled Trials. Access to
the full text of all the reviews that have
something useful to say about drugs
mentioned in the main section of this
compendium can be assessed directly
from this Formulary’s website, while the
National Institutes of Health (NIH) web-
site in America provides access to all
existing and currently planned neonatal
reviews.

www.cochrane.org

www.nichd.nih.gov/cochrane

Many countries maintain a national
communicable disease centre. Two that
make a particularly wide range of
information publicly available are the
Health Protection Agency (HPA) — for-
merly the Public Health Laboratory
Service (PHLS) —in the United Kingdom,
and the Communicable Disease Centre
(CDC) in the United States.
http://www.hpa.org.uk/HPAwebHome
www.cdc.gov

When families are told that their child
has a rare, possibly inherited, disorder
they often feel bereft of good quality
advice and information. Contact a Family
in the United Kingdom and National
Organization for Rare Disorders (NORD)
in the United States bridge that gap. They
can also offer help to those who want to
contact other families facing a similar
challenge.

www.cafamily.org.uk

www.rarediseases.org
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The website managed by the Faculty of
Sexual and Reproductive Healthcare (for-
merly the Faculty of Family Planning and
Reproductive Health Care) in the United
Kingdom provides authoritative advice
on all aspects of contraception and family
planning.
http://www.fsrh.org

Registration of all interventional trials,
using International Standard Randomised
Controlled Trial Number (ISRCTN), is
considered to be a scientific, ethical and
moral responsibility. It is also an essential
requirement if the results are to be pub-
lished in many journals. Information
about trials is now becoming available
through a number of sites listed below.
www.trialscentral.org
www.clinicaltrials.gov
www.controlled-trials.com
www.crncc.nihr.ac.uk

Drugscope is an independent registered
UK charity that undertakes research, and
provides authoritative advice, on all
aspects of drug abuse and drug addiction.
www.drugscope.org.uk

The National Library of Medicine hosts a
peer-reviewed and fully referenced data-
base of drugs to which breastfeeding
mothers may be exposed. The site provides
data on maternal and infant levels of drugs,
possible effects on breastfed infants and on
lactation, and alternate drugs to consider.
www.toxnet.nlm.nih.gov/cgi-bin/sis/
htmlgen?LACT
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This is a joint service provided by the West

Midlands and Trent Drug Information

Services providing advice about medi-

cines use during lactation.
www.ukmicentral.nhs.uk/drugpreg/
guide.htm

The perinatology website has a useful
alphabetical list summarising how most
drugs commonly used in pregnancy and
breastfeeding are classified by the American
Food and Drug Administration (FDA). It
also provides links to a number of similar
websites that provide information about
drugs, vaccines and diagnostic agents that
might be used. See also the two websites
giving information on teratogenicity (see
below).
www.perinatology.com/exposures/
druglist.htm

This organisation, a registered charity,
provides nutrition information and
resources to support women who may
become pregnant, pregnant women and
parents of children under 5 years. The
Trust offers freely available evidence-
based, objective information that is free
from influence and sponsorship by food
manufacturers or retailers.
www.firststepsnutrition.org

The National Institutes of Health (NIH) in
America supports an ever expanding reg-
ister of known human genetic disorders
(22,031 conditions at the last count). This
register ‘Online Mendelian Inheritance in

Man’ provides a wealth of constantly
updated information.
www.ncbi.nlm.nih.gov/omim

For an insight into the way in which
objectivity was eventually brought to
bear on the many claims that doctors
(and others) have always made for the
drugs and treatments that they had on
offer see

www.jameslindlibrary.org

An authoritative website, AIDSinfo,
supported by the National Institutes of
Health provides extensive and very
up-to-date information on the treatment
of HIV and AIDS in patients of all ages,
together with information on clinical
trials currently in progress. The British
HIV Association (BHIVA) also has an
active medical website, whilst its
sister organisation, the Children’s HIV
Association (CHIVA) caters for those
caring for children. The independent
group NAM (which originally stood for
National AIDS Manual) supports a more
general website (aidsmap), and the
University of Liverpool in the United
Kingdom provides a website giving
information on drug interactions.

www.aidsinfo.nih.gov

www.bhiva.org

www.aidsmap.com

www.chiva.org.uk

www.hiv-druginteractions.org

NHS Choices website has information for
parents and professionals alike about the
UK immunisation schedule. It also offers
advice on travel vaccinations and travel
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issues. A further useful website is sup-

ported by Great Ormond Street Hospital

in London
http://www.nhs.uk/Conditions/
vaccinations/Pages/vaccination-schedule-
age-checklist.aspx
www.gosh.nhs.uk/parents-and-visitors/
general-health-advice/immunisation

Originally compiled in 1996, the UK
Government’s official ~ publication
‘Immunisation against infectious disease’
has undergone progressive updating. It is
currently hosted on the UK Government'’s
website. Access to the fully revised text is
available from the following website,
while all the individual chapters relating
to those vaccines covered in this book
can also be accessed direct from this
Formulary’s website. Other countries’
immunisation schedules differ and much
of the vaccine information is often just as
useful. The World Health Organisation
(WHO) maintains a searchable website
that allows comparison not only of
immunisation schedules but also the
numbers of reported cases of these pre-
ventable diseases.

United Kingdom:

www.gov.uk/government/organisations/

public-health-england/series/immunisation-

against-infectious-disease-the-green-

book

United States:

www.immunize.org

www.cdc.gov/vaccines

Australia:

www.immunise.health.gov.au

Canada:

www.immunize.cpha.ca

New Zealand:

http://www.immune.org.nz
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World Health Organisation:
http://apps.who.int/immunization_
monitoring/globalsummary

The malarial parasite is becoming pro-
gressively more resistant to many of the
drugs usually used for prophylaxis and
treatment. For area-specific advice on
management of malaria from the World
Health Organisation (WHO), and from
the Communicable Disease Centre (CDC)
in the United States, see
www.who.int/ith/en
http://www.cdc.gov/malaria

The information issued by the manufac-
turer of every product licensed in the
United Kingdom - the manufacturer’s
Summary of Product Characteristics
(SPC) and Patient Information Leaflets
(PILs) — can be accessed electronically on
the web. Access is free.
www.medicines.org.uk/emc

Medicines for Children is a partnership
between the Royal College of Paediatrics
and Child Health (RCPCH), Neonatal
and Paediatric Pharmacists (NPPG) and
WellChild that produces information for
parents about an increasing number of
medicines.
www.medicinesforchildren.org.uk

Thomas Hale, the pharmacist at the Tech
University School of Medicine in Texas is
the author of the valuable and frequently
updated book Medications and Mothers Milk
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which is a mine of information on drug
use during lactation. He also maintains
an active and useful website. The UK
Breastfeeding Network, who run an
invaluable support and advice line [0300
100 0212], has issued a series of useful
fact sheets about drug use during lacta-
tion that can be accessed from their web-
site. For those interested in learning more
about this subject, ‘NHS Education for
Scotland’ has developed a very useful
eLearning resource covering drug use
during lactation

www.medsmilk.com

www.breastfeedingnetwork.org.uk

www.breastfeeding.nes.scot.nhs.uk

MIDIRS is a UK-based not-for-profit orga-
nisation. The website provides extensive
regularly updated information on all issues
relating to childbirth. It also supports a
very active inquiry service and publishes a
quarterly digest containing original articles
and overviews of recent medical, mid-
wifery and neonatal research taken from
over 500 international journals. Subscribers
also, for a fee, enjoy online access to regu-
larly updated standard reading lists, and to
over 100,000 articles on pregnancy, mid-
wifery and childbirth issues.
www.midirs.org

The Motherisk program, backed by the
expertise of the Department of Clinical
Pharmacology and Toxicology at the
Hospital for Sick Children in Toronto,
maintains a very authoritative website
dealing with the safety of drug use during
pregnancy and lactation. The site pro-
vides links to areas designed for mothers
and professionals as well as a specific site
for foetal alcohol syndrome research.

www.motherisk.org/women/index.jsp
www.motherisk.org/FAR/index.jsp

A number of national and international

neonatal nurse organisations exist:
The Healthy Newborn Network (HNN)
www.healthynewbornnetwork.org
Council of International Neonatal Nurses
(COINN)
WWW.COINNurses.org
National Association of Neonatal Nurses
(NANN) in the United States
WWWw.nann.org
Neonatal Nurses Association (NNA) in
the United Kingdom
www.networks.nhs.uk/nhs-networks/
neonatal-nurses-association
Australian College of Neonatal Nurses
(ACNN)
www.acnn.org.au
Canadian Association of Neonatal
Nurses (CANN)
www.neonatalcann.ca
Neonatal Nurses College of Aotearoa
(NNCA) in New Zealand
www.nzno.org.nz/groups/colleges/
neonatal_nurses_college
Sociedad Espafiola de
Neonatal (SEEN) in Spain
www.seen-enfermeria.com
Neonatal Nursing Association  of
Southern Africa (NNASA)
www.nnasa.org.za/cms/
Scottish Neonatal Nurses Group
www.snng.org.uk

Enfermeria

This organisation was originally set up in
1999 as the National Institute for Clinical
Excellence (NICE), a special health
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authority, to reduce variation in the avail-
ability and quality of NHS treatments
and care. This merged with the Health
Development Agency in 2005 and began
developing public health guidance. The
website has separate sections on patient
and public involvement, medicines and
prescribing and guidance development.
The medicines and prescribing section
allows access to the BNF and BNFC as
well as new, unlicensed and off-label
medicines.
www.nice.org.uk

The NPPG is a UK-based organisation
with a website providing extensive advice
for pharmacists on neonatal and paedi-
atric pharmacy issues.
www.nppg.scot.nhs.uk

This site contains an absorbing selection
of classic papers and historical reports.
The ‘New Stuft’ link takes you to a
roundup of recently updated features.
There is a useful collection of bibliogra-
phies on a wide range of topics.
www.neonatology.org

There are no published guidelines that
relate specifically to the safe prescribing
of drugs to children in renal failure, but
the American College of Physicians in
Philadelphia publishes an extremely use-
ful book on ‘Drug Prescribing in Renal
Failure: Dosing Guidelines for Adults and
Children’. The most recent (fifth) edition
was published in 2007. An outline sum-
mary of its current advice on individual
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drugs can be accessed from the following

university website.
www.kdp-baptist.louisville.edu/
renalbook/

This London-based college has published

a small series of clinical practice guide-

lines (so-called ‘Green Top” Guidelines)

in the Guidance section of their website

that cover some of the management

issues mentioned in this book.
www.rcog.org.uk

This London-based college also has a
website where a number of management
guidelines can be found. The British
Association of Perinatal Medicine has
also issued a number of important guide-
lines. For details see:

www.rcpch.ac.uk

The Baby Friendly Initiative is a global
UNICEF (United Nations Children’s Fund)
programme which works to improve prac-
tice so that parents are helped and sup-
ported in making an informed choice over
the way they feed and care for their babies
by health professionals. For details see:
www.unicef.org.uk/babyfriendly

Two large collaborative groups collate
information and disseminate advice on
drugs that may be teratogenic (i.e. cause
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fetal damage) if taken during pregnancy.
The European Network of Teratology
Information Services (ENTIS) covers not
only Europe but also Israel and Latin
America. The Organisation of Teratogen
Information Specialists (OTIS) covers
North America:

WWW.entis-org.com

www.mothertobaby.org

BMJ Books have a website maintained by
Wiley-Blackwell Publishing where detailed,
and regularly updated, commentaries are
posted on a number of the individual drug
entries in this Formulary. The site does not
provide direct access to the main mono-
graphs themselves, but all monographs
added or updated after the latest print
edition went to press can be found and
downloaded from this site. It also provides
access to archived monographs of those
drugs that are no longer included in the
printed version of the most recent edition
(although they do still receive recognition
in the index). It also provides a cross link to
all relevant Cochrane Reviews.
www.neonatalformulary.com

A number of sites provide advice for
members of the public thinking of travel-
ling abroad. The following are provided

by the World Health Organisation
(WHO), by the Communicable Disease
Centre (CDC) in America, and by the
National Health Service (NHS) in the
United Kingdom respectively:
www.who.int/ith/
wwwnc.cdc.gov/travel
www.fitfortravel.scot.nhs.uk

The FDA (which is responsible for

licensing all drug products in America)

maintains a full and very informative

website with good search facilities.
www.tda.gov

The WHO has long had the provision and
dissemination of reliable information on
a core of essential drugs ‘that satisfy the pri-
ority healthcare needs of the population,
selected with due regard to public health rele-
vance, efficacy and safety, and comparative
cost-effectiveness’ as one of its major briefs.
This website provides links to a large
number of relevant documents and
resources, including a model formulary
for both children and adults (now also
published in book form).
www.who.int/selection_medicines/
list/en/
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PART 2

This part of NNF7 provides information on the use, dosages, supply and administration
of drugs used in the neonatal period and later infancy, as well as some of the more
commonly used maternal medications.



The staff should never prescribe or administer any drug without first familiarising themselves with
the way it works, the way it is handled by the body and the problems that can arise as a result of its
use. Most of the essential facts relating to use in adults are summarised by the manufacturer in the
‘package insert’ or summary of product characteristics (SPC). Many are also summarised in a range
of reference texts, such as the British National Formulary (BNF) and the related text BNF for Children
(BNFC). However, manufacturers seldom provide much information about drug handling in infancy,
and although BNFC now offers more advice on dosage in childhood than can be obtained from the
manufacturer’s package insert, it stresses that the use of any unlicensed medicine (or licensed med-
icine in an unlicensed manner) should only be undertaken by those who have also first consulted
‘other appropriate and up-to-date literature’. This book aims to summarise and to provide a
referenced guide to that literature.

While many texts have long offered advice on the best dose to use in infancy — often in tabular
form — very few provide much information on the idiosyncrasies associated with neonatal use. Such
dosage tables can be a useful aide-mémoire, but they should never be relied upon, on their own,
to help the staff decide what to use when, what works best or what potential adverse effects are
commonly encountered during use in infancy. In addition, lists summarising common side effects
and potential drug interactions are seldom of much help in identifying which problems are common
or likely to be of clinical importance in the neonate, and access to this more detailed information is
as important for the staff responsible for drug administration as it is for those prescribing treatment
in the first place.

Similar challenges relate to the safe use of drugs during pregnancy and lactation because standard
texts (such as the BNF) offer very little information as to what is, and is not, known about use in
these circumstances. Such information is available in a range of specialised reference texts (see
p. 258), and Part 3 of this compendium summarises what is currently known about the use of most
of the more commonly used drugs.

Never use anything except the most recent edition of this or any other reference text. Indeed,
copies of earlier editions should not be left where they might get used in error.




web comment

Acetylcysteine is the first-line therapy for paracetamol overdose in all age groups.

There are also a number of avenues of research where acetylcysteine use is being explored as
a means of reducing oxidative stress in patients of all ages; the results of these studies, however,
merit further scrutiny before acetylcysteine can be recommended.

Acetylcysteine is the N-acetyl derivative of the amino acid L-cysteine and is a precursor in the
formation of the antioxidant glutathione. It was originally introduced as a mucolytic agent for
chronic pulmonary diseases some 50 years ago. Its effect is based on breaking of disulphide
bridges of high molecular weight glycoproteins of mucus, resulting in reduced viscosity. In many
countries, it is prescribed for this purpose, but in the United Kingdom, for example, it is per-
ceived to be ineffective.

Paracetamol overdose: The toxicity of paracetamol overdose has long been recognised, and
neonates may potentially be at greater risk than older children with reports of 10-fold overdoses
from intravenous (IV) paracetamol (propacetamol) use. Hepatotoxicity is caused by the
formation of a toxic metabolite, N-acetyl-p-benzoquinone imine (NAPQI). When paracetamol is
used in therapeutic doses, most of it is metabolised via glucuronidation and sulphation; a very
small amount of paracetamol is metabolised to NAPQI by the hepatic enzyme cytochrome P450
2E1 (CYP2EIl). NAPQI is then conjugated by glutathione to form the benign metabolite, mercap-
turic acid, which is excreted in the urine. Hepatotoxicity develops when large doses of
paracetamol saturate the typical conjugation pathways and overwhelm available glutathione
stores leading to reduced clearance of NAPQI, and as it accumulates, it can cause untoward
effects on cellular structures and functions. Acetylcysteine reduces the hepatotoxic effects of
paracetamol overdose by replenishing glutathione stores, thereby enhancing production of the
non-toxic metabolites.

Other uses: Acetylcysteine has been used or is under investigation in neuroprotection (as an
adjunct to therapeutic hypothermia), in chronic lung disease, as a mucolytic in ventilated babies,
as a supplement to parenteral nutrition and to treat meconium ileus/inspissated meconium.
Details regarding these uses — none of which can be routinely recommended — are discussed in
the web commentary.

Give 150mg/kg of IV acetylcysteine during the first hour and then 50mg/kg over the next 4
hours followed by 100mg/kg over 16 hours as described below:

Initial infusion: Take one 10ml vial of acetylcysteine and dilute with 30ml of 5% glucose to
give a 50mg/ml solution. Infuse at a rate of 3 ml/kg/hour for 1 hour only.

Subsequent infusion: Take one 10ml vial of acetylcysteine and dilute with 310ml of 5%
glucose to give a 6.25mg/ml solution. When the initial infusion has finished, infuse this solution
at a rate of 2ml/kg/hour for 4 hours and then at a rate of 1 ml/kg/hour for 16 hours.

10ml ampoules of N-acetylcysteine (200 mg/ml) cost £2.
(see also the relevant Cochrane reviews)

Ahola T, Fellman V, Laaksonen R, ef al. Pharmacokinetics of intravenous N-acetylcysteine in pre-term new-
born infants. Eur J Clin Pharmacol 1999;55:645-50.

Freeman R. MHRA recommendations on the use of intravenous acetylcysteine in paracetamol overdose. Arch
Dis Child Educ Pract Ed 2014;99:37-40.

Isbister GK, Bucens IK, Whyte IM. Paracetamol overdose in a preterm neonate. Arch Dis Child Fetal Neonatal
Ed 2001;85:F70-2.

Nevin DG, Shung J. Intravenous paracetamol overdose in a preterm infant during anesthesia. Paediatr Anaesth
2010;20:105-7.

Porta R, Sanchez L, Nicolds M, et al. Lack of toxicity after paracetamol overdose in an extremely preterm neo-
nate. Eur J Clin Pharmacol 2012;68:901-2.

de la Pintiére A, Beuchée A, Bétrémieux PE. Intravenous propacetamol overdose in a term newborn. Arch Dis
Child Fetal Neonatal Ed 2003;88:F351-2.
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Aciclovir is used to treat herpes simplex virus (HSV) infection. It is also used, along with varicella
zoster immunoglobulin (q.v.), to treat those with varicella zoster (chickenpox) who are
immuno-incompetent.

Aciclovir is converted by viral thymidine kinase to an active triphosphate compound which inhibits
viral DNA polymerase. It was first marketed in 1957. It has no effect on dormant viruses and needs
to be given early to influence viral replication. Oral uptake is limited and delayed and, at high
doses, progressively less complete (bioavailability 10-20%). Aciclovir is preferentially taken up by
infected cells (limiting toxicity) and cleared by a combination of glomerular filtration and tubular
secretion. Slow intravenous (IV) administration is important to prevent drug crystals precipitating
in the renal tubules. Monitor for signs of progressive neutropenia. Oral treatment is not recom-
mended in the neonatal period. Signs of CNS toxicity, with lethargy, tremor and disorientation,
will develop if poor renal function causes aciclovir to accumulate. The neonatal half-life is about 5
hours, but it is 2% hours in adults and in children over 3 months old. Aciclovir enters the CSF and
ocular fluids well. It also crosses the placenta, but there are no reports of teratogenicity. Treatment
during lactation only results in the baby receiving 2% of the weight-related maternal dose.

Neonatal illness is less common in the United Kingdom (1:40,000 births) than in North America,
but overt infection can follow vaginal exposure to the HSV after a variable latent period. Lesions of
the skin, eyes and mouth are usually the first signs, but an encephalitic or a generalised illness with
pneumonia and hepatitis may develop without warning even, rarely, after some weeks. The virus
grows readily in cell culture, and a positive diagnosis is often possible within 2-3 days. Scrapings
from a skin vesicle can be used to provide rapid diagnosis by immunofluorescence. Isolates from
specimens collected greater than 36 hours after birth suggest genuine infection rather than transient
colonisation. A polymerase chain reaction (PCR) test can be used to detect viral DNA in the CSF in
cases of suspected encephalitis. Congenital (transplacental) infection is rare but has been docu-
mented. Babies born to women with an active genital infection at delivery are at significant risk of
infection, the risk being very much lower (well <5%) with reactivated infection. Unfortunately,
differentiation can be difficult, maternal infection is often silent, and routine cervical culture is
unhelpful. Caesarean delivery can prevent the baby becoming infected but is of limited value if the
membranes have been ruptured more than 6 hours. Only one small trial has yet assessed whether
oral aciclovir (400mg once every 8 hours from 36 weeks’ gestation) can reduce the need for cae-
sarean delivery or risk of neonatal infection in mothers becoming infected for the first time during
pregnancy. Babies who survive a generalised or encephaliticillness are often disabled, but long-term
oral treatment (up to 6 months) improves neurodevelopmental outcomes in the survivors.

A mother with recurrent facial cold sores (labial herpes) will not infect her own baby because
both will have the same high viral antibody titre. Ward staff with lesions need to apply topical 5%
aciclovir cream every 4 hours as soon as the first symptoms develop (2g quantities are available
without prescription), adhere to a careful hand washing routine and wear a mask until the
lesions dry. Staff with an active herpetic whitlow should not have direct hands-on responsibility
for babies.

Dose: 20mg/kg IV once every 8 hours. The dosing interval must be at least doubled if there is
renal failure.

Duration: Treat chickenpox for 1 week and disseminated neonatal herpes simplex infection for
3 weeks (especially if there could be CNS involvement). Long-term oral suppression treatment
in surviving infants with CNS herpes simplex can be given 300 mg/m? of body surface area orally
three times daily for 6 months.

Eye ointment: Apply five times a day under ophthalmic supervision until 3 days after resolu-
tion is complete.

Aciclovir is available in 250 mg vials of powder costing £9.10 (Na* content 1.16 mmol). To pre-
pare a solution for IV use, reconstitute the 250mg vial with 10ml of water or 0.9% sodium
chloride, and dilute to 50ml with 5% dextrose to give an alkaline solution containing 5 mg/ml.
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Extravasation causes marked tissue damage (fluid pH11). Do not refrigerate or keep for more
than 12 hours after reconstitution. 100 ml of the 40 mg/ml sugar-free oral syrup costs £24.00 and
200 mg dispersible tablets cost 20p each. 4.5 g of 3% eye ointment costs £10.

(see also the Cochrane reviews and the UK guideline on genital
herpes in pregnancy [ENEd)
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Adenosine is the drug of choice in the management of neonatal supraventricular tachycardia
(SVT).

In infants, SVT is usually an atrioventricular (AV) re-entry tachycardia and presents with a heart
rate of 260-300bpm. A strong vagal stimulus may be enough to re-establish a normal rhythm
especially in the very young baby, and one very effective way of triggering this is to wrap the baby
in a towel and then submerge the baby’s face in a bowl of ice-cold water for about 5 seconds.
Even a cold face flannel may occasionally suffice. There is no need to obstruct the mouth or nose
as submersion will cause reflex apnoea. Other approaches are, however, generally more effective
in older children, and a bolus dose of adenosine is now accepted as the approach of choice if
intravenous (IV) access can be achieved.

Adenosine is a short-acting purine nucleoside with a serum half-life of about 10 seconds, first
marketed commercially in 1992. It has the potential to slow the conduction through the AV
node and suppress the automaticity of atrial and Purkinje tissues. It has no negative inotropic
effects and does not cause significant systemic hypotension and can therefore be used safely in
children with impaired cardiac function or early post-operative arrhythmia. Transient flushing
may occur. There is no evidence that its use is dangerous in pregnancy or lactation (although
respiratory side effects may occur in mothers with asthma). It has even been given to the fetus
by cordocentesis. There are limited animal and human data to suggest that a continuous infusion
of adenosine into the right atrium might, by causing pulmonary vasodilatation, be of some value
in babies with persistent pulmonary hypertension.

Adenosine is the drug of choice in the initial management of any SVT that fails to respond to
vagal stimulation. The arrival of this rapidly effective drug has greatly reduced the need for syn-
chronised DC cardioversion, although this remains the treatment of choice for the shocked,
collapsed infant. If the tachycardia persists or recurs, other drugs such as propranolol (q.v.), fle-
cainide (q.v.) and amiodarone (q.v.) may be needed, but the true diagnosis needs confirmation
first. Seek the advice of a paediatric cardiologist, and arrange, if necessary, to fax an electrocar-
diograph (ECG) trace for assessment. An unsynchronised DC shock remains the only effective
treatment for ventricular fibrillation, but this is very rare in infancy, even in babies with congen-
ital heart disease.

Try to connect an ECG (and, if available, a multichannel recorder) before starting and during
treatment so it is possible to record and review the trace to establish what caused the tachycardia.
Following successful interruption of AV conduction, there may be a period of no electrical activity
(“flat line’) until such time that nodal escape and then bradycardia occur before eventual resto-
ration of normal sinus rhythm.

Arrhythmia: Give 150 micrograms/kg IV (0.15ml/kg of a dilute solution made up as specified
below) as rapidly as possible into a central or large peripheral vein, followed by a bolus of 0.9%
sodium chloride. A larger dose is sometimes needed; repeat the injection every 1-2 minutes
while increasing the dose by 50-100 micrograms/kg until either the tachycardia is terminated or
the maximum single dose of 300 micrograms/kg (in neonates) or 500 micrograms/kg (in older
infants) is reached.

Lowering pulmonary vascular tone: Adenosine has very occasionally been given as a con-
tinuous IV infusion. Some have used a catheter positioned in the right atrium or (preferably) the
pulmonary artery, but it is not clear how necessary this is. Start with a dose of 30 microgram/kg/
minute and double (or even treble) this if there is no response within half an hour. Treatment
may be needed for 1-5 days.

2ml vials are available containing 3 mg/ml of adenosine (costing £4.90). To obtain a dilute solution
for accurate ‘bolus’ use containing 1mg/ml, take 1 ml of this fluid and dilute to 3ml with 0.9%
sodium chloride.
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To administer a continuous infusion of 30 micrograms/kg/minute, infuse the undiluted solu-
tion at a rate of 0.6 ml/kg/hour. 10ml vials (cost £11.70), also containing 3 mg/ml of adenosine,
are available and may be more suited for use as an infusion. Check the strength of the ampoule
carefully because some hospitals stock non-proprietary ampoules of a different strength. Discard
the ampoule once it has been opened. Do not refrigerate.
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web comment

‘Bolus’ doses of adrenaline are widely used during cardiopulmonary resuscitation in adults, but
there has never been much evidence to support their use during neonatal resuscitation.
Continuous infusions of adrenaline, or noradrenaline (q.v.), are increasingly used to treat cardiac
dysfunction and septic shock.

Adrenaline, first isolated in 1901, is the main chemical transmitter released by the adrenal gland.
It has a wide range of a and p receptor effects. Metabolism is rapid; the half-life is less than 5
minutes. Low doses (<500nanograms/kg/minute) usually cause systemic and pulmonary vaso-
dilatation, with some increase in heart rate and stroke volume. High doses cause intense systemic
vasoconstriction; while blood pressure rises as a result, the effect on cardiac output depends on
the heart’s ability to cope with a rising afterload (see web commentary). Combined support with
a corticosteroid may help, at least in the neonatal period. Adrenaline acts as a bronchodilator
and respiratory stimulant; it also causes increased wakefulness, reduced appetite and reduced
renal blood flow (partly from juxtaglomerular renin release). Excessive doses cause tachycardia,
hypertension and cardiac arrhythmia.

Adrenaline is one of the few drugs used in newborn resuscitation; however, very few babies
truly require drugs during resuscitation, and most of those who do have a bad outlook. Reports
to the contrary usually come from centres that use drugs so frequently that they must have often
been given unnecessarily. Adrenaline also features prominently in cardiac arrest treatment algo-
rithms for non-shockable and shockable rhythms in children and adults. By inducing vasocon-
striction and increasing diastolic pressure, it improves coronary artery perfusion pressure,
enhances myocardial contractility, stimulates spontaneous contractions and increases the
amplitude and frequency of VE thus increasing the likelihood of successful defibrillation.
Adrenaline can exceptionally be given down an endotracheal tube, although there is almost no
evidence that this is effective especially in the newborn lung that retains some fetal lung fluid.
This route no longer features in resuscitation of older children.

Anaphylaxis: See the monograph on immunisation. Never give more than a 1 microgram/kg
intravenous (IV) bolus.

Newborn resuscitation: The IV dose is 10-30 micrograms/kg (0.1-0.3 ml/kg of 1:10,000 solu-
tion). Only a rough estimate of weight is needed. There is no evidence that a higher IV dose is
better. Tracheal administration is of doubtful efficacy and should be tried only if IV access is
unavailable — a higher dose (50-100 micrograms/kg) is suggested.

Resuscitation (infants and older children): Give 10 micrograms/kg (0.1 ml/kg of 1:10,000
solution) every 3-5 minutes via the IV or intraosseous routes.

Croup and bronchiolitis: Giving 3ml of a 1:1000 solution through a nebuliser does very little
to reduce symptoms in babies with bronchiolitis but reduced the number admitted in one study.
It provides 1-2 hours of symptomatic relief in croup, but an oral or intramuscular dose of dexa-
methasone (q.v.) provides more sustained relief.

Cardiac dysfunction: Continuous IV infusions of 30-300 nanograms/kg/minute, made up as
described under ‘Supply and administration’, can increase output without causing vasoconstric-
tion; higher doses should only be used if facilities exist to monitor cardiac output, especially in
the first day of life.

It can be added (terminally) to a line containing dobutamine and/or dopamine, doxapram, fen-
tanyl, heparin, midazolam, milrinone, morphine or standard TPN (but not lipid).

Stock 1ml ampoules containing 1mg of L-adrenaline (1:1000) cost 39p each. To give a 100
nanograms/kg/minute infusion, place 3mg of adrenaline for each kilogram the baby weighs in
a syringe, dilute to 50ml with 10% glucose saline, and infuse at 0.1 ml/hour. A less concentrated
dextrose (or dextrose saline) solution can be used, as can 0.9% saline. These solutions are stable
and do not need to be prepared afresh every 24 hours. Protect ampoules from light and always
check their strength, because 100 micrograms/ml (1:10,000) ampoules also exist. Tissue extrav-
asation can be dangerous.
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(see also the relevant Cochrane reviews and UK anaphylaxis guideline ) (_‘f)
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Albendazole is used to treat a range of parasitic diseases including hookworm, roundworm,
threadworm and whipworm infection. It also has a role in the treatment of some tapeworm
(cestode) infections and is the drug of choice to treat symptomatic microsporidiosis (Enterocytozoon
bieneusi and E. intestinalis infection).

The drug benzimidazole was first studied for its antiviral properties between 1947 and 1953, and
it was then discovered that the related thiabendazole was active against many roundworms.
Further exploratory work with a range of related products finally led to the patenting of meben-
dazole by Janssen in 1971 and the development of albendazole, which was thought to have
fewer side effects, 4 years later.

Intestinal parasitic infestation is so prevalent in young children in many developing countries
that it generally goes unnoticed unless it produces acute florid ill health. Indeed, a quarter of
the world’s population probably currently harbours roundworm, hookworm or whipworm
infection. Forty million pregnancies are affected by hookworm infection each year.

The oral absorption of albendazole is very limited in man (although improved by a simulta-
neous fatty meal), and what is absorbed is rapidly metabolised by the liver into the active drug,
albendazole sulphoxide, which is then cleared from the body with a half-life of 8-12 hours. The
active metabolite shows little toxicity in animals but is rapidly lethal to most nematode worms
because of tubulin binding. High-dose treatment has been teratogenic in some animals; although
fetal damage has not been identified in man, treatment should, where possible, be avoided in the
first trimester of pregnancy. Use during lactation is probably safe.

Two hundred million people in Africa have schistosomiasis (bilharziasis), and this contributes
to the death annually of a quarter of a million people from complicated nephrosis and portal
hypertension even though the infection is cheaply and easily treated with two 20mg/kg oral
doses of praziquantel (q.v.) 6 hours apart (three such doses for Schistosoma japonicum infection).
The balance of risk supports including pregnant and lactating women in mass treatment pro-
grammes with praziquantel even if breastfeeding cannot be safely substituted for 48 hours after
administration.

Hookworm: Ancylostoma duodenale and Necator americanus are the most common causes of this
usually asymptomatic hookworm infection. Heavy infection can cause serious microcytic
anaemia in young children.

Roundworm: Infection with Ascaris lumbricoides, the most common of all the roundworm infec-
tions, is normally asymptomatic, but heavy infection can cause malnutrition. It is large enough
to cause intestinal obstruction in some small children, while migration out of the bowel can
cause a protean range of symptoms.

Threadworm: Infection with the small white roundworm, Enterobius vermicularis, causes
threadworm (or pinworm) which is the most common worm infection in the United Kingdom.
Whipworm: Infection with Trichuris trichiura is commonly asymptomatic, but severe infection
can affect growth and lead to bloody diarrhoea or an inflammatory colitis. Mature worms, which
are 3-5cm long, attach themselves to the wall of the large bowel, but diagnosis is usually made
by identifying eggs in the stool.

Community-based studies in an area where severe anaemia from hookworm infection is
extremely common have shown that a 400 mg oral dose of albendazole given in the second and
the third trimester can reduce the incidence of severe anaemia, boost birthweight and improve
infant survival.

A single 400mg oral dose of albendazole will effectively ‘deworm” children who are 2 or more
years old (although 3 days’ treatment is advisable for whipworm infection). Children less than
a year old should only be treated if symptomatic, and the WHO tentatively suggests a 200 mg
dose for such children. There is, as yet, no evidence on the safety of treatment in children less
than 6 months old.
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While albendazole (as a 400mg tablet and 40mg/ml suspension) and praziquantel (as a 150
or 600mg tablet) are both licensed for sale in the United States, they are, at the moment, only
available on a named-patient basis in the United Kingdom from IDIS, Weybridge, Surrey.
GlaxoSmithKline (which has donated large quantities of albendazole to the WHO) is the main
manufacturer in the United States.

(see also the relevant Cochrane reviews)
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web comment

Alginate compounds, like Gaviscon®, are used to control some of the symptoms of gastro-
oesophageal reflux. The preparations for use in older children and adults are different from that
used in babies (Gaviscon® Infant), and care should be taken when prescribing to specify the
correct formulation.

A range of antacid preparations containing magnesium salts (which have a mild laxative effect)
and aluminium salts (which have the opposite tendency) are commercially available ‘over the
counter’. There are no contraindications to use during pregnancy or lactation. Magnesium trisili-
cate and magnesium or aluminium hydroxide are commonly chosen, because they are retained
rather longer in the stomach. Alginates are often added when reflux is a problem, because they
react with gastric acid to form a viscous gel or ‘raft’ that then floats to the top of the stomach,
acting as a mechanical barrier to oesophageal reflux.

Each sachet of Gaviscon Infant, the formulation most widely used in infancy, contains 225mg
of sodium alginate, and 87.5mg of magnesium alginate, with colloidal silica and mannitol.
Unlike adult formulations, it does not contain bicarbonate (and no longer contains aluminium).
It does, however, contain 21 mg (0.9 mmol) of sodium chloride per dose which may contribute
to hypernatraemia if there is dehydration or poor renal function. Other formulations contain
even more sodium. Gaviscon is specifically contraindicated in the treatment of gastroenteritis
and of suspected intestinal obstruction. Gaviscon Infant has, on occasion, formed a solid intra-
gastric mass or ‘bezoar’ which can lead to obstruction but which, if detected early, will dissolve
as long as the Gaviscon is discontinued.

Art plays a larger role than science in the feeding of the small preterm baby, and experienced
neonatal nurses are the acknowledged artists. Many babies ‘posset” a few mouthtuls of milk and
some swallow a lot of air while feeding, bringing back milk when winded. Many smaller babies
regurgitate some milk back into the lower oesophagus after feeding because of poor sphincter
tone, but only a few aspirates, and very few develop oesophagitis because milk is an excellent
antacid. Nevertheless, silent reflux can cause serious lung damage; babies with a post-menstrual
age less than 35 weeks have no effective cough reflex.

Some preterm babies with reflux also have episodes of apnoea. Distinguishing apnoea due to
reflux from apnoea of prematurity is not easy. Placing the baby prone (face down), or on its left
side, may help, but such a strategy should only be adopted with monitored babies in a hospital
setting because of the increased risk of cot death. Tilting the head of the cot up 30° was once
thought to help but may increase abdominal pressure, and one trial suggests that a semi-upright
posture can make matters worse. While severe symptoms may merit oesophageal impedance—
pH monitoring, this is seldom needed in milder cases. Gaviscon only reduces reflux slightly but
may be helpful where oesophagitis is suspected, or growth is affected, and probably works by
thickening the feed. While it may lessen the reflux, it does little for the apnoeic spells which
many associate with the condition.

Term babies: Babies less than 5kg should be offered one dose of the Gaviscon Infant dual
sachet with feeds. Babies over 5kg may be offered both doses with each feed.

Preterm babies: The manufacturer does not recommend the use of Gaviscon Infant in preterm
babies although it is widely used. It may be appropriate to give a proportionate dose (see below)
with each feed.

Gaviscon Infant comes made up in paired sucrose- and lactose-free sachets (cost 24p) containing
enough powder for two standard doses. They can be purchased from pharmacies without a doctor’s
prescription, but such use is not to be encouraged. Gaviscon Infant is one of the few commercial
products, marketed specifically for use in the treatment of reflux vomiting in infancy, which can
be prescribed on the NHS.
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Take the powder from one section of a paired sachet of Gaviscon Infant, mix with 5ml (1 tea-
spoon) of fresh tap water, and add 1 ml of this thin paste to each 25 ml of artificial milk. Breastfed
babies can be offered a similar quantity after each feed on a spoon. Do not give the liquid formu-
lation to babies.

(see also the Cochrane review of reflux)
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web comment

Alteplase is a fibrinolytic drug used to dissolve intravascular thrombi. Streptokinase (q.v.) is
cheaper.

All fibrinolytic drugs work by activating plasminogen to plasmin, which then degrades fibrin,
causing the break-up of intravascular thrombi. Treatment should always be started as soon as
possible after any clot has formed. Streptokinase and alteplase both have an established role in
the management of myocardial infarction, but controlled trials show that benefit is limited if
treatment is delayed for more than 12 hours. Alteplase, a human tissue plasminogen activator
first manufactured by a recombinant DNA process in 1983, is a glycoprotein that directly acti-
vates the conversion of plasminogen to plasmin. It became commercially available in 1988.
When given intravenous (IV), it remains relatively inactive in the circulation until it binds to
fibrin, for which it has a high affinity. It is, however, rapidly destroyed by the liver, with a plasma
half-life of only 5 minutes. As a result, adverse effects (including excess bleeding) are uncommon
in adults and usually controlled without difficulty by stopping treatment. There is little experience
of use during pregnancy. The high molecular weight makes placental transfer unlikely. There is no
evidence of teratogenicity, but placental bleeding is a theoretical possibility. Use during lactation
seems unlikely to pose any serious problem.

There have been many reports of the use of alteplase to lyse arterial and intracardiac thrombi
in the neonatal period, but it is not clear whether it is any safer or more effective than strepto-
kinase and the drug is considerably more expensive. There is, however, probably rather less risk
of an adverse effect and less theoretical risk of an allergic reaction. Visualise the clot and take
advice from a vascular surgeon before starting treatment, remembering that ultrasound review
has shown that the great majority of catheter-related thrombi never give rise to symptoms. Use
can certainly speed the resolution of infective endocarditis. There is a risk of bleeding, especially
if the platelet count is less than 100 x 10°/1 or the fibrinogen level falls below 1 g/1. Intracranial
bleeding was a common complication with sustained use in one recent neonatal case series, so
risk assessment is important before starting treatment. Combined use with heparin (q.v.) opti-
mises outcome in adults with myocardial infarction, but the value of such dual treatment in
babies has not been properly studied. Try and avoid venepuncture and intramuscular injections
during treatment. See the website for a commentary on the slim evidence base that currently
underpins the management of clots and emboli in early infancy.

Alteplase (0.5mg/kg) has been instilled experimentally into the cerebral ventricles of babies
with severe intraventricular bleeding to reduce post-haemorrhagic hydrocephalus. The
DRainage, Irrigation and Fibrinolytic Therapy (DRIFT) procedure is complicated and probably
should be restricted to centres where neurosurgical support is available. While neither of the first
two trials of this strategy showed any evidence of early benefit and some risks of further bleeding,
a 2-year follow-up showed a reduction in survivors affected by severe cognitive disability and
reduced overall risk of death or severe disability.

A 1mg/ml solution of alteplase is better (if more expensive) than heparin at maintaining patency
of ‘stopped-off’ long lines. Slightly overfill the line. Aspirate before reuse to stop dispersal of small
emboli into the lung.

Blocked catheters: Instil a volume of alteplase (1 mg/ml) slightly greater than the catheter
dead space. Other strategies, as outlined in the monograph on urokinase, may sometimes work
better in lines that have been used to infuse parenteral nutrition.

Thrombi: Give a continuous infusion of 100-600 micrograms/kg/hour for 6 hours. The optimal
dose has not been established; some patients require lower doses and shorter periods of
treatment; therefore, consider starting treatment at 100 micrograms/kg/hour. Use Doppler ultra-
sound assessment to monitor the effect before considering a second course of treatment.

Monitor the fibrinogen level regularly during sustained treatment, and adjust the dose if the level
falls below 1g/1. Give cryoprecipitate or fresh frozen plasma (q.v.) at once if a bleeding tendency
develops.
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10mg (5.8 megaunits) vials of powder suitable for reconstitution using 10 ml of water for injec-
tion (as provided) cost £144. The resultant solution (containing 1mg/ml of alteplase) must
be used within 24 hours, even if stored at 4°C, but small pre-prepared syringes can be kept for
3 months at —20°C. To give 100 micrograms/kg/hour, dilute the reconstituted solution with an
equal volume of 0.9% sodium chloride and infuse at a rate of 0.2 ml/kg/hour. Do not dilute the
reconstituted solution with anything except 0.9% sodium chloride. 2mg (1.16 megaunits) vials
of powder costing £45 are available for the restoration of catheter patency. These are reconsti-
tuted using 2 ml of water for injection (supplied with the powder).

(see also the Cochrane review on interventions to restore the patency of
central venous catheters)

Gittins NS, Hunter-Blair YL, Matthews J, et al. Comparison of alteplase and heparin in maintaining the
patency of pediatric central venous haemodialysis lines: a randomised controlled trial. Arch Dis Child
2007;92:499-501. [RCT] (See also pp. 516-7.)

Gupta AA, Leaker M, Andrew M, et al. Safety and outcomes of thrombolysis with tissue plasminogen activator
for treatment of intravascular thrombosis in children. J Pediatr 2001;139:682-8.

Hartmann J, Hussein A, Trowitzsch E, et al. Treatment of neonatal thrombus formation with recombinant
tissue plasminogen activator: six years experience and review of the literature. Arch Dis Child Fetal Neonatal
Ed 2001;85:F18-22. (See also pp. F66-72.)

Jacobs BR, Haygood M, Hingl J. Recombinant tissue plasminogen activator in the treatment of central venous
catheter occlusion in children. J Pediatr 2001;139:593-6.

Monagle P, Chalmers E, Chan A, et al. Antithrombotic therapy in neonates and children: American College of
Chest Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). Chest 2008;133 (Suppl):8875-968S.

Whitelaw A, Aquilina K. Management of posthaemorrhagic ventricular dilatation. Arch Dis Child Fetal
Neonatal Ed 2012;97:F229-33.

Whitelaw A, Evans D, Carter M, et al. Randomized clinical trial of prevention of hydrocephalus after
intraventricular hemorrhage in preterm infants: brain-washing versus tapping fluid. Pediatrics 2007;
119:€107-18. [RCT]

Whitelaw A, Jary S, Kmita G, et al. Randomized trial of drainage, irrigation and fibrinolytic therapy for pre-
mature infants with posthemorrhagic ventricular dilatation: developmental outcome at 2 years. Pediatrics
2010;125:€852-8.
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web comment

Amikacin is commonly used to treat suspected neonatal infection in some countries, but it is
usually held in ‘reserve’ in the United Kingdom for use against Gram-negative bacteria that
are resistant to gentamicin, as well as all the other commonly used antibiotics, and should only
be used on the advice of a consultant microbiologist.

Amikacin is a semi-synthetic aminoglycoside antibiotic first developed in 1972. It can be partic-
ularly useful in the treatment of Gram-negative bacteria resistant to gentamicin (such as certain
Enterobacter species).

Significant placental transfer occurs and, although the drug has not been documented as caus-
ing fetal damage, it would seem wise to monitor blood levels when amikacin is used in preg-
nancy to minimise the risk of fetal ototoxicity because drug accumulation has been documented
in the fetal lung, kidney and placenta. Only small amounts appear in human milk, and as
absorption from the gut is minimal, the breastfed infant is unlikely to suffer from adverse effects.

The drug, like its parent compound, kanamycin, is largely excreted through the renal glomer-
ulus. The half-life is 7-14 hours in babies with a post-menstrual age of less than 30 weeks and
4-7 hours at a post-menstrual age of 40 weeks (the adult half-life being about 2 hours).
Nephrotoxicity and cochlear or vestibular damage can occur if ‘trough’ blood levels in excess of
those generally recommended go uncorrected, as with all aminoglycosides. The risk is increased
if amikacin is prescribed for more than 10 days, follows treatment with another aminoglycoside
or is given at the same time as a diuretic such as furosemide (q.v.). Amikacin is less toxic to the
neonatal kidney than gentamicin or netilmicin, however, and also probably less ototoxic.
Absorption is said to be somewhat unpredictable after intramuscular (IM) administration in very
small babies. CSF penetration is limited.

For a justification of the dose regimen recommended under ‘Treatment’, see the monograph
on gentamicin, and for a more general discussion of the prescribing of aminoglycosides in
infancy, see the associated web commentary. The dosage interval should be increased in patients
with renal failure and adjusted according to serum antibiotic levels.

Dose: Give 15mg/kg Intravenous (IV) or IM to babies less than 4 weeks old and 20mg/kg to
babies older than this.

Timing: Give a dose once every 36 hours in babies less than 28 weeks’ gestation in the first
week of life. Give all other babies a dose once every 24 hours unless renal function is poor.
Check the trough serum level just before the fourth dose is due and increase the dosage interval
if this level is more than 5mg/I1.

The trough level is all that usually needs to be monitored in babies on high-dose treatment once
every 24-36 hours, and this is probably only necessary as a routine in babies less than 10 days old
or with possible renal failure. Aim for a trough level of less than 5mg/l (1 mg/l1=1.71pmol/l).
The 1 hour peak level, when measured, should be 20-30mg/1. Collect specimens in the same
way as for gentamicin.

Amikacin is available in two strengths: a non-proprietary 2ml vial containing 500mg (250 mg/
ml) costing £9.60 and a proprietary 2ml vial containing 100mg (50mg/ml) costing £2.10 (Na*
content ~0.5mmol). Material should not be stored after dilution. Do not mix amikacin with any
other drug. IV doses do not need to be given slowly over 30 minutes.

Allegaert K, Cossey V, Langhendries JP, ef al. Effects of co-administration of ibuprofen-lysine on the pharma-
cokinetics of amikacin in preterm infants during the first days of life. Biol Neonat 2004;86:207-11.

Allegaert K, Anderson BJ, Cossey V, et al. Limited predictability of amikacin clearance in extreme premature
neonates at birth. Br J Clin Pharmacol 2006;61:39-48.
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Allegaert K, Scheers I, Cossey V, et al. Covariates of amikacin clearance in neonates: the impact of postnatal
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Marik PE, Lipman J, Kobilski S, et al. A prospective randomized study comparing once-versus twice-daily
amikacin in critically ill adult and paediatric patients. J Antimicrob Chemother 1991;28:753-64. [RCT]

Prober CG, Yeager AS, Arvin AM. The effect of chronologic age on the serum concentration of amikacin in
the sick term and premature infant. J Pediatr 1981;98:636-40.

Sherwin CM, Svahn S, Van der Linden A, ef al. Individualised dosing of amikacin in neonates: a pharmacokinetic/
pharmacodynamic analysis. Eur J Clin Pharmacol 2009;65:705-13.

Véasquez-Mendoza MG, Vargas-Origel A, Ramos-Jiménez A del C, et al. Efficacy and renal toxicity of one daily
dose of amikacin versus conventional dosage regime. Am J Perinatol 2007;24:141-6.
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Amiodarone is increasingly used to control persisting troublesome supraventricular, and junctional
ectopic, tachycardia. It is also used to manage those fetal cardiac arrhythmias that do not respond
to digitalisation or flecainide (q.v.). Use should always be initiated and supervised by a paediatric
cardiologist because adverse reactions are not uncommon, and the manufacturers have not yet
endorsed use in children. Treatment can usually be discontinued after 9-12 months.

Amiodarone, a class III antiarrhythmic agent first developed in 1963, is used in the management
of certain congenital or post-operative re-entry tachycardias, especially where there is impaired
ventricular function. It prolongs the duration of the action potential and slows atrioventricular
(AV) nodal conduction. It also increases the atrial, AV nodal and ventricular refractory periods,
facilitating re-entrant rhythm suppression. Blood levels are of no value in optimising treatment
or in avoiding toxicity. Combined treatment with oral propranolol (q.v.) may be needed at first,
but the use of propranolol can usually be discontinued after a few months. Flecainide is probably
a better first choice for automatic arrhythmias. Amiodarone has largely replaced lidocaine as the
antiarrhythmic agent of choice in cardiac arrest situations. It is given, along with adrenaline, in
pulseless ventricular fibrillation and tachycardias after the third DC shock has been given.

Tissue levels greatly exceed plasma levels (V, ~40-801/kg). Amiodarone also has an extremely
long half-life (several weeks), and treatment usually has to be given for several days before a
therapeutic response is achieved. Intravenous (IV) treatment can be used, when necessary, to
speed the achievement of a response as long as the consequent exposure to benzyl alcohol is
judged acceptable. Most of the adverse effects associated with amiodarone treatment are revers-
ible once treatment is withdrawn. Skin photosensitivity (controlled by using a sunblock cream),
skin discolouration, corneal microdeposits (easily seen with a slit lamp), liver disorders (with or
without jaundice), pneumonitis and peripheral neuropathy have all been reported, but such
complications have not yet been seen in infancy.

Amiodarone is thought to be hazardous in pregnancy because of its iodine content, and the
manufacturer has not endorsed the drug’s use in children under three. Such a risk may have to
be accepted, however, if no other treatment can be found for maternal (or fetal) arrhythmia. For
the same reason, most texts recommend that patients on long-term treatment should also be
monitored for hypo- and hyperthyroidism. In addition, since breast milk contains a substantial
amount of amiodarone, there are important reasons why a mother on treatment who wishes to
breastfeed should only do so under close medical supervision. While absorption is incomplete,
experience suggests that the baby can receive, on a weight-for-weight basis, a dose equivalent to
about a third of that taken by the mother.

Joint medication can prolong the half-life of flecainide, digoxin, phenytoin and warfarin.
Treatment with these drugs must be monitored, since the dose of these drugs may have to be
reduced if toxicity is to be avoided. Amiodarone can prolong the QT interval and cases of torsades
de pointes have been reported.

Resuscitation: In management of ‘shockable” cardiopulmonary arrest, amiodarone 5mg/kg is
administered after the third DC shock while CPR is continued. A further 5mg/kg is given if the
rhythm is unchanged after the fifth shock.

Intravenous: Only give this drug IV in an intensive care setting and when a rapid response is
essential. Give 5mg/kg over 30 minutes and a second similar dose if the first is ineffective. Watch
for bradycardia and hypotension. Further 5mg/kg maintenance doses can be given IV every
12 or 24 hours if necessary. Change to oral administration as soon as possible.

Oral: Give a 15mg/kg loading dose (unless the baby has already had IV treatment) and then a
maintenance dose of between 5 and 12 mg/kg once a day depending on the response achieved.

Amiodarone is available in two strengths: a non-proprietary 10ml pre-filled syringe containing
300mg (30 mg/ml) of amiodarone hydrochloride costing £13.50 and both non-proprietary vials
and proprietary vials containing 50 mg/ml of amiodarone hydrochloride (and 20 mg/ml of benzyl
alcohol) (costing £1.50 for a 3ml vial and £2.90 for a 6 ml vial).

Continued on p. 73
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Use the 50mg/ml vials to give 5mg/kg of amiodarone IV by placing 0.5ml (25mg) of amioda-
rone for each kilogram the baby weighs in a syringe, dilute to 25ml with 5% glucose (NOT
sodium chloride), and give 5ml of this dilute preparation over 30 minutes. Watch for extravasa-
tion because the excipient, Tween 80, is very irritant and the solution quite acidic (pH ~4). Try
to avoid giving a continuous infusion to a child under three because it can leach the plasticiser
out of an IV giving set. Prepare a fresh solution each time. An oral suspension in syrup contain-
ing 20mg/ml with a 14-day shelf life can be prepared on request. It must be protected from light.

Biarent D, Bingham R, Eich C, et al. European Resuscitation Council Guidelines for Resuscitation 2010.
Section 6. Paediatric life support. Resuscitation 2010;81:1364-88.

Burri S, Hug MI, Bauersfeld U. Efficacy and safety of intravenous amiodarone for incessant tachycardias in
infants. Eur J Pediatr 2003;162:880—4.

Etheridge SP, Craig JE, Compton SJ. Amiodarone is safe and highly effective therapy for supraventricular
tachycardia in infants. Am Heart J 2001;141:105-10. (See also pp. 3-5.)

Magee LA, Downar E, Sermer M, et al. Pregnancy outcome after gestational exposure to amiodarone in
Canada. Am J Obstet Gynecol 1995;172:1307-11.
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Saul JP, Scott WA, Brown S, et al. Intravenous amiodarone for incessant tachyarrhythmias in children: A
randomized, double-blind, antiarrhythmic drug trial. Circulation 2005;112:3470-7. [RCT]
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Amodiaquine is generally effective against most strains of Plasmodium falciparum that are chloro-
quine sensitive (q.v.) and some that are not. Toxicity can sometimes develop with long-term use,
so it is only used to treat episodes of overt infection. To stop drug resistance developing, it is used
together with an artemisinin such as artesunate.

The search for a drug that can prevent, rather than cure, infection with the malaria parasite
began in 1917 with the testing of a range of compounds on deliberately infected patients with
terminal paralytic syphilis, before it was shown, in 1924, that canaries could be used instead.
Knowing that the plasmodia parasite takes up methylene blue, work initially focused on quino-
line/methylene blue hybrids, and clinical trials soon showed that one such drug, pamaquin,
could cure naturally acquired falciparum malaria. It kills the sporozoites in the liver but not the
merozoites liberated by cyclical liver cell rupture into the blood as quinine does. A number of
4- and 8-aminoquinoliness were studied during World War II by the American Army’s Malaria
Research Programme before chloroquine, and then amodiaquine, came into use in the late
1940s. The artemisinin drugs artemether (q.v.) and artesunate have now emerged as the most
potent drugs for combating malaria, and, to prevent the emergence of drug resistance yet again,
these are now routinely given together with an antimalarial such as amodiaquine or lumefan-
trine (as outlined in the monograph on artemether).

Amodiaquine hydrochloride is a 4-aminoquinoline structurally related to chloroquine. It is well
absorbed when taken orally and rapidly converted by hepatic cytochrome CYP2C8 to an active
metabolite, N-desethyl amodiaquine. This metabolite is excreted by the kidney in a relatively
slow and variable way (mean plasma half-life 2-3 days). Amodiaquine is no longer used to
prevent infection (it was withdrawn from the WHO Essential Drugs List in 1988 due to major
side effects associated with long-term use) but has, since 2003, been used to treat infection
when a number of reviews concluded that it was safe. Overdose of amodiaquine can cause
seizures and loss of consciousness, but it does not appear to cause any of the life-threatening
cardiovascular complications often seen after an overdose of chloroquine. Amodiaquine was
reintroduced for the treatment of uncomplicated malaria and recommended as partner drug in
both artemisinin-based combinations and non-artemisinin-based combinations.

Malaria in the last 6 months of pregnancy can seriously affect maternal health and jeopardise
fetal survival. Treatment with amodiaquine ideally with one dose of pyrimethamine (q.v.) and
sulphadoxine (as Fansidar®) seems very safe, though it can briefly exacerbate tiredness, dizziness
and nausea. Little is known about use during lactation, but use of the closely related drug chlo-
roquine is extremely safe. Artesunate is not known to cross into maternal milk.

During pregnancy: Give two 600mg doses 24 hours apart and then one 300mg dose.
Co-treatment with a single 75mg dose of pyrimethamine and 1.5g of sulphadoxine on the first
day minimises treatment failure.

During infancy: Give two 10mg/kg doses of amodiaquine base 24 hours apart and then one
5mg/kg dose after a further 24 hours. Artesunate/amodiaquine combination tablets may be
used in the following doses (where the first number is the amount of artesunate, and the second
is the amount of amiodaquine):

Weight of infant

4.5 to <9kg One 25mg/67.5mg tablet crushed with water daily for 3 days
9to <18kg One 50mg/135mg tablet daily for 3 days

Rectal artesunate: Early rectal artesunate before transit to more distant facilities is helpful in
those too ill to take oral medication. A 10mg/kg rectal dose seems ideal, but a 100 mg supposi-
tory, given as soon as the child is ill, seems safe in children between the ages of 6 months and 6
years. Move to oral treatment as soon as possible.

Continued on p. 75
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Amodiaquine with or without artesunate is not currently marketed in the United Kingdom or
the United States, but is available from Parke-Davis as a 200 mg tablet (Camoquin®) costing 65p.
This can be crushed, suspended in water and given by spoon. A commercial suspension has also
been supplied for research purposes. It is normally described in terms of the amount of amodia-
quine base (260mg of hydrochloride=200mg of base).

WHO-promoted artesunate/amodiaquine combination packs are increasingly available in a
variety of strengths: 25mg/67.5mg, 50mg/135mg and 100mg/270mg. A range of artesunate
products suitable for intravenous, intramuscular or rectal use are available in many countries
where malaria is endemic.

(see also the relevant Cochrane reviews)

Clerk CA, Bruce J, Affipunquh PK, et al. A randomized, controlled trial of intermittent preventive treatment
with sulfadoxine-pyrimethamine, amodiaquine, or the combination in pregnant women in Ghana. J Infect
Dis 2008;198:1202-11. [RCT]

Falade CO, Oqundele AO, Yusuf BO, et al. High efficacy of two artemisinin-based combinations (artemether-
lumefantrine and artesunate plus amodiaquine) for acute uncomplicated malaria in Ibadan, Nigeria. Trop
Med Int Health 2008;13:635-43. [RCT]

Gomes ME Faiz MA, Gyapong JO, et al. Pre-referral rectal artesunate to prevent death and disability in severe
malaria: a placebo controlled trial. Lancet 2009;373:557-66. [RCT]

Massaga JJ, Kitua AY, Lemnge MM, et al. Effect of intermittent treatment with amodiaquine on anaemia and
malarial fevers in infants in Tanzania: a randomised placebo-controlled trial. Lancet 2003;361:1853-60.
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Nosten E McGready R, d’Alessandro U, ef al. Antimalarial drugs in pregnancy: a review. Curr Drug Saf
2006;1:1-15.

Olliaro P, Nevill C, Le Bras J, et al. Systematic review of amodiaquine treatment in uncomplicated malaria.
Lancet 1996;348:1196-201. [SR] (See also pp. 1184-5.)

Rijken MJ, McGready R, Jullien V, et al. Pharmacokinetics of amodiaquine and desethylamodiaquine in
pregnant and postpartum women with Plasmodium vivax malaria. Antimicrob Agents Chemother
2011;55:4338-42.

Schramm B, Valeh P, Baudin E, et al. Efficacy of artesunate-amodiaquine and artemether-lumefantrine fixed-
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aged six to 59 months in Nimba County, Liberia: an open-label randomized non-inferiority trial. Malar J
2013;12:251. [RCT]

Staedke SG, Kamya MR, Dorsey G, et al. Amodiaquine, sulfadoxine/pyrimethamine, and combination
therapy in treatment of uncomplicated falciparum malaria in Kampala, Uganda: a randomised trial. Lancet
2001;358:368-74. [RCT]

Tagbor H, Bruce J, Browne E, et al. Efficacy, safety and tolerability of amodiaquine plus sulphadoxine-
pyrimethamine used alone or in combination for malaria treatment in pregnancy: a randomised trial.
Lancet 2006;368:1349-56. [RCT] (See also pp. 1306-7.)
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Amoxicillin has similar properties to ampicillin (q.v.), and there is little to choose between the
two when given by the intravenous (IV) route to treat Listeria, p-lactamase-negative Haemophilus
or enterococcal infection.

Amoxicillin is a semi-synthetic broad-spectrum, bactericidal, aminopenicillin that is active
against a wide range of organisms including Listeria, Haemophilus, enterococci, streptococci,
pneumococci and many coliform organisms and is also active against Salmonella, Shigella and
non-penicillinase-forming strains of Profeus. It remains, 50 years after its introduction in 1964,
the drug recommended by the WHO when treating bacterial respiratory tract illness in young
children.

The half-life in the term baby is about 4 hours (but very variable) falling to a little over 1 hour
in later infancy as renal excretion improves, and because efficacy depends on keeping the blood
level continuously above the minimum inhibitory dose (as with all p-lactam antibiotics), dosing
frequency must reflect this. Amoxicillin readily crosses the placenta, but use during lactation
exposes the baby to less than 1% of the weight-adjusted maternal dose.

The dosage policy recommended here is more than adequate but is designed to achieve high
CSF levels in the face of early subclinical meningitis and in the knowledge that the drug is very
non-toxic. A combination of amoxicillin with clavulanic acid, marketed as co-amoxiclav (q.v.),
extends the activity to cover p-lactamase-producing organisms.

There is little to choose between ampicillin and amoxicillin when given parenterally, although
amoxicillin is said to be more rapidly bactericidal at doses close to the minimum inhibitory
concentration. Both antibiotics are well absorbed when taken by mouth, widely distributed in body
tissues (including bronchial secretions) and rapidly excreted in the urine. Although amoxicillin shows
better bioavailability when taken by mouth, it can still be quite variable in young children. Adverse
effects are similar to those seen with ampicillin but rare, and diarrhoea may be slightly less common.

Mothers: While ascending infection may be an occasional cause of spontaneous preterm labour,
the only antibiotic that has yet been shown to delay labour or improve outcome is clindamycin
(q.v.) in women with overt bacterial vaginosis in early pregnancy. See the monograph on ampi-
cillin for a comment on antibiotic use when labour starts before 35 weeks and the membranes
ruptured before there were overt signs of labour.

Children: Give babies with structural heart disease (excluding those with isolated ASD, fully
repaired VSD or PDA or fully epithelialised closure device) 50mg/kg of amoxicillin IV or intra-
muscular (IM) half an hour before and 6 hours after any surgical procedure involving a site
where infection is suspected to reduce the risk of bacterial endocarditis. Some would give
gentamicin as well to those at very high risk. It may be better to give azithromycin or clindamy-
cin (q.v.) rather than amoxicillin in a baby who has had more than one dose of a penicillin class
antibiotic in the preceding month.

Measles: Pre-emptive antibiotic treatment may prevent complicating bacterial pneumonia,
especially in countries where measles remains a dangerous illness.

Dose: Give 100mg/kg IV or IM if meningitis is a possibility. In all other situations, a dose of
50mg/kg is more than adequate, given (if the patient is well enough) by mouth. Otitis media
only needs 25mg/kg.

Timing: Give one dose every 12 hours in the first week of life, every 8 hours in babies 1-3
weeks old and every 6 hours in babies 4 or more weeks old. Increase the dosage interval if there
is severe renal failure. Treat otitis media for 5-7 days, septicaemia for 10-14 days, meningitis for
3 weeks and osteitis for 4 weeks. Even severe pneumonia can usually be managed by treatment
three times a day for 5-7 days. Oral medication can nearly always be used to complete any
sustained course of treatment.

Continued on p. 77
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Stock 250 mg vials cost 32p. Add 2.4 ml of water for injection to the 250mg vial (or 4.6 ml to the
500mg vial) to get a solution containing 100mg/ml and always use this at once. A 100mg/kg
dose contains 0.33mmol/kg of sodium. A sugar-free oral suspension (25mg/ml) is available
which costs £1.20 for 100ml. It can be kept at room temperature after reconstitution but should
be used within 2 weeks.

(see the relevant Cochrane reviews)

Addo-Yobo E, Chisaka N, Hassan M, et al. Oral amoxicillin versus injectable penicillin for severe pneumonia
in children aged 3 to 59 months: a randomised multicentre equivalency study. Lancet 2004;364:1141-8.
[RCT] (See also pp. 1104-5.)

Gras-Le Guen C, Boscher C, Godon N, ef al. Therapeutic amoxicillin levels achieved with oral administration
in term neonates. Eur J Clin Pharmacol 2007;63:657-62.

Muller-Pebody B, Johnson AP, Heath PT, ef al. Empirical treatment of neonatal sepsis: are the current guide-
lines adequate? Arch Dis Child Fetal Neonatal Ed 2011;96:F4-8.

National Institute for Health and Clinical Excellence. CG64 prophylaxis against infective endocarditis: full
guidance. 2008.

Pichichero ME, Reed MD. Variations in amoxicillin pharmacokinetic/pharmacodynamic parameters may
explain treatment failure in acute otitis media. Pediatr Drugs 2009;11:243-9.

Pullen J, Driessen M, Stolk LML, et al. Amoxicillin pharmacokinetics in (preterm) infants aged 10 to 52 days:
effect of postnatal age. Ther Drug Monit 2007;29:376-80.

77

O



web comment

Amphotericin B is a valuable treatment in the management of suspected or proven systemic
fungal infection. A liposomal formulation can be used if toxicity develops, but these are more
costly. The liposomal formulation is also used to treat leishmaniasis (kala-azar) as outlined in the
web commentary.

Amphotericin B is a polyene antifungal derived from Streptomyces nodosus. It has been widely
used to treat aspergillosis, candidiasis, coccidioidomycosis and cryptococcosis since it was first
isolated in 1953. It works by binding to a cytoplasmic membrane ergosterol on the organism’s
surface, causing cell death by increasing cell membrane permeability. The half-life, volume of
distribution and clearance are highly variable in infants. The clinical response does not always
correlate with the result of in vitro testing. Because CSF penetration of amphotericin is poor, syn-
ergistic co-treatment with flucytosine (q.v.) may be required.

Amphotericin is a potentially toxic drug with many common adverse effects including a dose-
dependent and dose-limiting impairment of renal function. Drug elimination is poorly under-
stood, unrelated to renal function and extremely unpredictable in the neonatal period. Significant
drug accumulation is thought to occur in the liver (V, ~41/kg). A low salt intake increases the
risk of nephrotoxicity. Anaemia and leucopenia are not uncommon, and hypokalaemia can
occur. Fever, vomiting and rigors can occur during or after intravenous (IV) infusion. Anaphylaxis
in older patients (but rarely seen in neonates) can be avoided by giving a ‘test” dose of 100
micrograms/kg over 10 minutes before the first full dose. Rapid infusion can cause hyperkalae-
mia and an arrhythmia, while an overdose has occasionally caused death. Over 80% of adults
given amphotericin experience some renal impairment, but such problems seem much less
common in infancy. Liposomal preparations are generally used when there is renal impairment
or intolerance of the standard preparation. They have less impact on the kidney due in part to
poor renal tissue penetration and can be given in higher doses of the parent drug. The poor renal
tissue penetration, in turn, makes them a poor option for renal fungal disease. Amphotericin
crosses the placenta, but does not seem to be toxic or teratogenic to the fetus, so treatment does
not need to be withheld during pregnancy. No information is available on amphotericin use dur-
ing lactation; however, poor oral absorption means the infant is unlikely to absorb significant
amounts.

Standard formulation: Give 1 mg/kg IV over 4 hours once a day for 7 days and then 1 mg/kg
once every 48 hours. Incremental treatment is not appropriate, and a first ‘test” dose is not
necessary in a neonate. Ensure a sodium intake of at least 4mmol/kg/day. Treatment is usually
continued for 4 weeks.

Liposomal formulation: AmBisome® and Abelcet® are the most widely studied products in
neonates, but there appears to be no clinical advantage of one preparation over the other. Start
by giving 1 mg/kg IV over 30-60 minutes once a day especially if there is renal impairment.
Increase the dose by 1 mg/kg every day up to 5mg/kg once a day. This dose has been used in
deep-seated neonatal infection involving bone or the CNS without causing recognisable toxic
side effects and is often used in older children with proven infection.

Ready-to-use pre-filled syringes (which should be stored in the dark and used within 48 hours
but which do not need to be protected from light during administration) may be dispensed by
some pharmacies. The different preparations of amphotericin vary in their pharmacodynamics,
pharmacokinetics, dosage and administration and should not be considered interchangeable.
Specify the formulation to be used when prescribing.

Standard formulation: 50mg vials of dry powder (which should be stored at 4°C) cost £3.90
(Na* content <0.5mmol). Prepare the powder immediately before use by adding 10ml of sterile
water for injection into the vial through a wide bore needle to give a solution containing 5mg/
ml. Shake until the colloidal solution is clear. Then further dilute the drug by adding 1 ml of this
colloidal solution to 49ml of 5% glucose to give a solution containing 100 micrograms/ml. Do
not employ a less than 1 pm filter, expose to bright light or mix with any other drug.
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Liposomal formulations: 50 mg vials of AmBisome cost £97. Add 12ml of water for injection
to obtain a solution containing 4mg/ml and shake vigorously until the powder is completely
dispersed. Take 20 mg (5 ml) from the vial using the 5 um filter provided, dilute to 10 ml with 5%
glucose to give a solution containing 2mg/ml, and infuse the prescribed amount over 30-60
minutes. 20ml vials containing 100mg of Abelcet suspension cost £78. Remove the required
volume of the suspension and dilute to a concentration of 2 mg/ml using 5% glucose. Administer
by infusion at a rate not exceeding 1.25 ml/hour.

Compatibility: Do not let any of these product come into contact with any fluid other than 5%
glucose. If using a pre-existing cannula, this must be flushed with 5% glucose before and after
the infusion.

(see also the relevant Cochrane reviews)
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Ampicillin is a widely used antibiotic with similar properties to amoxicillin (q.v.).

Ampicillin is a semi-synthetic broad-spectrum aminopenicillin that crosses the placenta. A little
appears in human milk, but it can safely be given to a lactating mother since the baby is known
to receive less than 1% of the weight-related maternal dose. Maculo-papular drug rashes are not
a sign of serious drug sensitivity and are relatively rare in the neonatal period. The drug is
actively excreted in the urine and, partly as a result of this, the plasma half-life falls from about
6 to 2 hours during the first 10 days of life. Penetration into the CSF is moderately good partic-
ularly when the meninges are inflamed.

Ampicillin was, for many years, the most widely used antibiotic for treating infection with
Listeria, B-lactamase-negative Haemophilus, enterococci, Shigella and non-penicillinase-form-
ing Proteus species. It is also effective against streptococci, pneumococci and many coliform
organisms. Ampicillin has frequently been used prophylactically to reduce the risk of infection
after abdominal surgery (including caesarean delivery). Ampicillin is resistant to acids and
moderately well absorbed when given by mouth, but oral medication can alter the normal
flora of the bowel (causing diarrhoea), and the absorption and ‘bioavailability’ of ampicillin
when taken by mouth do not approach that achieved by amoxicillin. The arrival of ampicillin
on the market before amoxicillin probably explains the former’s continued common use,
even though most authorities now consider amoxicillin the better product for this and a range
of other reasons.

Prophylactic antibiotic treatment can delay delivery enough to measurably reduce the risk of
neonatal problems after birth. Ampicillin has been widely used, but erythromycin (q.v.) may be
a better option.

Similar prophylaxis does not delay delivery, or improve outcome, when labour threatens to start
prematurely before the membranes rupture, but high-dose penicillin during delivery can reduce
the risk of early-onset neonatal group B streptococcal infection. Ampicillin is sometimes given
instead in the hope that this will prevent coliform sepsis as well, but as such organisms are
increasingly resistant to ampicillin, all women going into unexplained spontaneous labour
before 35 weeks’ gestation are best given both intravenous (IV) penicillin and IV gentamicin.
Even in pregnancies more mature than this, there are grounds for giving IV penicillin (q.v.)
throughout labour to reduce the risk of group B streptococcal infection if the membranes are
known to have ruptured more than 6 hours before labour starts. One recent study has suggested
that a combination of these two strategies would result in 80% of all the babies currently dying
of any bacterial infection of intrapartum origin (i.e. babies developing symptoms within 48 hours
of birth) receiving appropriate antibiotic treatment during delivery. It means giving antibiotics to
between 40 and 60 women during labour to provide optimum treatment for one baby with bac-
terial sepsis of intrapartum origin. Many policies treat even more patients than this, and it seems
possible that this could increase the risk of late-onset infection.

Dose: The neonatal dose when meningitis is suspected is 100mg/kg IV or intramuscular (IM).
In other situations, a dose of 50mg/kg is more than adequate, given (when the patient is well
enough) by mouth.

Timing: Give every 12 hours in the first week of life, every 8 hours in babies 1-3 weeks old and
every 6 hours in babies 4 or more weeks old. Increase the dosage interval if there is severe renal
failure. Sustain treatment for 10-14 days in proven septicaemia, for 3 weeks in babies with men-
ingitis and for 4 weeks in osteitis. Oral medication can sometimes be used to complete treatment
even though absorption is limited.

500 mg vials cost £7.80. Add 4.6 ml of sterile water for injection to the dry powder to get a solu-
tion containing 100 mg/ml and always use at once after reconstitution. A 100 mg/kg dose con-
tains 0.3 mmol/kg of sodium. The oral suspension (25 mg/ml) costs £7.88 per 100 ml. Use within
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1 week if kept at room temperature (2weeks if kept at 4°C). No sugar-free oral suspension is
currently available (a sugar-free oral suspension of amoxicillin is available and is a suitable
alternative).

(see also the relevant Cochrane reviews and UK guideline
on managing PPROM EIIEd)
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web comment

Bevacizumab and ranibizumab are two of a number of anti-vascular endothelial growth
factor (anti-VEGF) therapies that have emerged since the late 1990s. As a group, anti-VEGF
drugs are used to treat a number of different conditions. Ophthalmic interest in this group of
drugs arose because of the importance of VEGF in the pathogenesis of proliferative retinal
vascular diseases in adults and, more recently, retinopathy of prematurity (ROP). Intra-vitreal
injection of bevacizumab or ranibizumab has been used to treat ROP, particularly in infants too
ill to undergo ablative laser treatment.

ROP is one of the most common preventable causes of childhood blindness and is due to mal-
adaptation of the immature retinal vessels to changing availability of oxygen between the
fetal and neonatal environments. There are two phases in the development of ROP: the first
phase consists of delayed retinal blood vessel development. In utero retinal blood vessel
development is partly driven by ‘physiological hypoxia’ and the avascular retina produces
VEGF which stimulates physiological angiogenesis. The preterm neonate is exposed to much
more oxygen and as a result VEGF production ceases. At about 32 weeks’ post-menstrual age,
the growing avascular peripheral retina begins to produce high levels of VEGF that lead to the
abnormal growth of vessels seen in ROP. The posterior retinal blood vessels become dilated
and tortuous (‘plus’ disease), and abnormal blood vessels grow out of the retina and into the
vitreous.

The mainstay of treatment for severe ROP is diode laser ablation of the peripheral retina.
Not only does this usually require sedation or anaesthesia, but it is difficult to perform and
results in destruction of the peripheral retina. Interest in anti-VEGF drugs arose out of the
need for an alternative to the current treatment, particularly in those infants too sick to
undergo anaesthesia. Caution is advised, and VEGF has been implicated in glomerular, brain
and alveolar development; thus, systemic leakage of either of these drugs can have major
implications for the developing organs. Studies in adults and neonates show that small, but
nevertheless clinically important, amounts enter the systemic circulation and in the only
randomised comparative trial of use in the treatment of ROP there was an increased incidence
of adverse events across many organ systems in the bevacizumab arm, the significance of
which remains unclear.

Bevacizumab is a recombinant humanised monoclonal antibody produced by DNA technology
from Chinese hamster ovary cells. Ranibizumab is a smaller monoclonal antibody fragment
derived from the same parent antibody as bevacizumab and is considerably more expensive.
Both drugs are injected into the vitreous humour under local anaesthesia and sedation. In adult
studies, there is less systemic leakage of ranibizumab and the potential for the adverse effects on
other developing organs is, theoretically at least, lower.

Reactivation of ROP is a potential feature of treatment with both drugs and prolonged moni-
toring for signs of ROP is required after treatment and needs to continue until such time that the
retina is fully vascularised.

Bevacizumab: The BEAT-ROP study used an intra-vitreal dose of 0.625mg in each eye.
Ranibizumab: Most experience has been gained with an intra-vitreal dose of 0.25mg in
each eye.

There is some evidence to suggest that these doses may be excessive; the doses above are
half the doses used in adult retinopathies and are those reported to have been used in
most studies. Lower doses may be as effective and have less potential for systemic effects;
in adults with retinopathies, a bevacizumab dose of 1.25mg is normally used, but evidence
of effect is seen with doses as low as 6.25 micrograms in preterm infants with ROP.

Continued on p. 83

82



There is no ocular formulation for bevacizumab as it does not have a licence. A 4ml vial for
its licensed intravenous use costs £243.00. Many doses for ocular use can be produced from
a single vial and therefore can be supplied for a much lower cost of approximately £50-100.
Ranibizumab is available in 0.23ml vials containing 2.3mg of ranibizumab at a cost of
£742.00.

(see also the relevant Cochrane reviews)
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L-Arginine is an essential nutritional supplement for patients with inborn errors of metabolism
affecting the urea cycle, other than arginase deficiency, in which dietary restriction of arginine
is required. In some urea cycle disorders, r-arginine also facilitates nitrogen excretion, along
with sodium phenylbutyrate and sodium benzoate (q.v.).

Two small randomised studies suggest that L-arginine supplementation of 1.5 mmol/kg/day
(261 mg/kg/day) may reduce the risk of necrotising enterocolitis in premature very low
birthweight infants. However, further studies are required before this can be recommended
routinely.

Arginine is a naturally occurring amino acid needed for protein synthesis. Since it is produced in
the body by the ‘urea cycle’, it is not, ordinarily, an essential nutrient. Dietary supplementation
becomes essential, however, in most patients with urea cycle disorders because the enzyme
defect limits arginine production, while dietary protein restriction limits arginine intake. Further
supplementation also aids nitrogen excretion in citrullinaemia and argininosuccinic aciduria
because excess arginine is metabolised to citrulline and argininosuccinic acid, incorporating
nitrogen derived from ammonia and aspartic acid. As citrulline and argininosuccinic acid can be
excreted in the urine, treatment with arginine can lower the plasma ammonia level in both
these conditions. Treatment with arginine needs to be combined with a low-protein diet and
supervised by a consultant experienced in the management of metabolic disease. Treatment with
oral sodium phenylbutyrate and/or sodium benzoate is also usually necessary.

Specialist advice on a range of inborn errors of metabolism is available from the British Inherited
Metabolic Disease Group (BIMDG), and detailed guidance on the management of hyperam-
monaemia is available on this Group’s website (www.bimdg.org.uk). Click on the red box to
access a range of emergency protocols.

Note: Treatment with L-arginine should be initiated only after consultation with a specialist
metabolic diseases centre.

Ornithine transcarbamoylase and carbamoyl phosphate synthetase deficiency: Give
25-35mg/kg of arginine by mouth four times a day to meet the basic need for protein synthesis.
Patients with acute hyperammonaemia should be given 6 mg/kg an hour as a continuous
intravenous (IV) infusion.

Citrullinaemia and argininosuccinic aciduria: Up to 175mg/kg of arginine four times a day
can be given by mouth to promote nitrogen excretion. During acute hyperammonaemia, an IV
loading dose of 300-600mg/kg is given over 90 minutes followed by a continuous infusion of
12.5-25mg/kg/hour.

Vomiting and hypotension have occasionally been reported as a result of treatment with IV argi-
nine. Hyperchloraemic acidosis can occur in patients on high-dose arginine hydrochloride: pH
and plasma chloride concentrations should be monitored and bicarbonate given if necessary. High
arginine levels are thought to contribute to the neurological damage in arginase deficiency, and it
is recommended that plasma arginine levels should be monitored during long-term use and kept
between 50 and 200 pmol/l.

L-Arginine can be made available (as hydrochloride) in powder form for oral use; 100g costs
£12. This is a chemical, not a pharmaceutical, product. Regular supplies can be made available
on prescription to patients with urea cycle disorders in the United Kingdom, as long as these are
marked Advisory Committee on Borderline Substances (ACBS). L-Arginine is also available as a
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sugar-free medicine in 200ml bottles. Add 185 ml of purified water to the contents of the bottle
to obtain 200ml of a 100mg/ml liquid which remains stable for 2 months. This can be mixed
with milk, fruit juice or food.

A 200ml IV infusion pack containing 20g (200 mg/ml) of L-arginine (as the hydrochloride) is
available, as are 10ml (500mg/ml) ampoules costing £3. These should be diluted to 20mg/ml
before use with 0.9% sodium chloride or 10% glucose. Most pharmacies can obtain supplies
from ‘special-order’ manufacturers or specialist importing companies.

(see also the relevant Cochrane reviews)
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Artemether is a methyl ether derivative of artemisinin now widely used in countries where
many Plasmodium falciparum and some Plasmodium vivax parasites have become resistant to most
other antimalarials. The World Health Organization (WHO) recommends artemisinin-based
combination therapy to treat uncomplicated falciparum malaria during the second and third tri-
mesters of pregnancy and quinine plus clindamycin during the first trimester.

Extracts of the herb Artemisia annua (sweet wormwood) have been used to treat fever in China
for many centuries. The key ingredient seems to be the sesquiterpene lactone called qinghaosu
(or artemisinin), which was first isolated by Chinese chemists in 1971. Artemisinin and its
derivatives, artemether and artesunate, have since been shown to clear malarial parasites from
the blood more rapidly than other drugs. Parasitic recrudescence is common unless a second
antimalarial is taken at the same time, or the drug is taken for at least 7 days. They also reduce
gametocyte carriage (the sexual form of the parasite capable of infecting any blood-sucking
mosquito), but they have no sporontocidal activity. Artemisinin and its derivatives are all
hydrolysed quite rapidly in the body to the active metabolite dihydroartemisinin which then
accumulates within the cytoplasm of the parasite, disrupting calcium homeostasis. Treatment
with a single dose is unreliable because the half-life is much shorter than that of most other
antimalarial drugs. Combined treatment with a second antimalarial is generally considered
essential to stop the parasite becoming as resistant to this new drug as it has already become to
most of the other drugs used in the past. A product containing 20 mg of artemether and 120mg
of lumefantrine (Coartem®) is the most widely studied combination. Artesunate with amioda-
rone (q.v.) is a second widely used combination.

Published reports of the use of artemisinin in over 900 pregnancies have not identified any
adverse treatment-related pregnancy outcomes, but animal experiments suggest that use can
cause the early embryo to die and be resorbed. Nothing has yet been published in the use of
these drugs during lactation.

Additional supportive care is necessary in any seriously ill child, as outlined in the monograph
on quinine.

Dose: Give children weighing 5-15kg one tablet of Coartem crushed, if necessary, in a little water.
Quinine (q.v.) is still, at the moment, the only well-studied treatment for any child weighing <5 kg.
Timing: Give six doses over 3 days (at 0, 8, 24, 36, 48 and 60 hours). Repeat the dose if it is
vomited within an hour.

Early treatment is critically important and, in rural settings where it may take more than 6 hours
to get definite care started, a strategy for giving a rectal suppository before the child reaches
medical care can halve the risk of death or long-term disability.

Artemether: Rectal artemether seems at least as effective as intravenous (IV) quinine in infants
with cerebral malaria. Give babies under 9kg one 40 mg suppository daily until oral treatment
can be started. Babies over 9kg should have a loading dose of 80 mg (two suppositories) on the
first day and 40 mg/day thereafter.

Tablets of Coartem containing 20 mg of artemether and 120 mg of lumefantrine are now widely
available from the WHO and are also available in North America. A dispersible tablet has also
been developed to aid administration to young children. Similar tablets (costing €1) are available
in Europe under the trade name Riamet®. Counterfeit products are currently known to be
circulating in SE Asia. Suppositories containing 40mg of artemether are available from Dafra
Pharma in Belgium.
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web comment

Aspirin is now seldom given to children because it is thought that use during a viral illness can
trigger Reye’s syndrome (an acute life-threatening encephalopathy with fatty liver degenera-
tion). It is still used in Kawasaki disease, in children with severe rheumatoid arthritis and to limit
clot formation after cardiac surgery. The web commentary reviews aspects of safe use during
pregnancy and lactation.

Aspirin has been better studied in pregnancy than almost any other drug. Self-treatment to
relieve headache around the time of conception seems, as with all NSAIDs, to increase the risk
of miscarriage, but a 75 mg daily dose started shortly after conception reduces the risk of repeated
miscarriage in women with phospholipid antibodies. Early low-dose use also produces a 10%
reduction in the risk of pre-eclampsia and of perinatal death. Low-dose use for 3 days before and
on the day of any long-haul flight also probably reduces the risk of deep vein thrombosis. Even
high-dose use does not seem to be teratogenic, but sustained high-dose use may increase the risk
of bleeding and has been associated with premature duct closure and a rise in perinatal mortality.
Episodic use during lactation seems harmless because the baby only ingests ~3% of the weight-
related maternal dose, but little is known about continuous high-dose treatment. Ibuprofen
(q.v.) is a much safer alternative.

Kawasaki disease, first described in 1967, is a systemic vasculitis predominantly affecting chil-
dren under the age of 5 years (peak incidence at 9-11 months). It has a number of classic clinical
features required for diagnosis. Features include high fever for at least 5 days with a variable
rash, conjunctivitis, inflamed oral mucosa, swollen neck glands and redness and swelling of the
hands and feet with later desquamation. Other common features include abdominal pain, vom-
iting, diarrhoea, aseptic meningitis, arthritis and mild liver dysfunction.

The exact aetiology has not yet been established, but there is considerable support for it to be
due to an infectious agent. Mild cases may go unrecognised, but nearly a third of children with
overt disease develop serious inflammation of the coronary arteries, sometimes leading to
aneurysm formation, if treatment is not started early. A high platelet count during convales-
cence further increases the risk of coronary thrombosis and myocardial infarction. However,
90% respond to a single 2 g/kg dose of human immunoglobulin (q.v.) given intravenously over
12 hours, if this is given within a week of the onset of symptoms, and this greatly reduces the
risk of secondary complications. Aspirin is given, because of the drug’s antithrombotic prop-
erties. There is no clear evidence that high doses (80-100 mg/kg/day) are better than low doses.
Patients with severe or progressive vasculitis should be referred promptly to a paediatric
cardiologist.

Kawasaki disease: Give 8 mg/kg (neonatal patients) or 7.5-12.5mg/g (older children) by
mouth four times a day for 2 weeks to control acute symptoms and then 5mg/kg once daily for
6-8 weeks. If there is no evidence of coronary lesions after 8 weeks, it may be discontinued; if
coronary artery lesions persist, then the child should remain on treatment.

Thrombus prophylaxis: A dose of 1-5mg/kg is used after Fontan and Blalock-Taussig shunt
surgery and is also often given for 3 months after certain other forms of cardiac surgery to min-
imise the risk of clot formation until endothelial lining cells finally cover all post-operative scar
tissue.

Oral absorption can be variable during the acute inflammatory phase of Kawasaki disease.
Monitoring salicylate levels is not usually required unless the child is receiving high doses.

To obtain a 5mg/ml sugar-free solution for oral use, add one 75 mg tablet of dispersible aspirin

to 15ml of water, and use immediately. Tablets cost 3p each.
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Atosiban, a synthetic peptide and a competitive antagonist of oxytocin, is used to arrest preterm
labour. It is one of a number of drugs that are used for this purpose; other agents include beta-
mimetics (such as ritodrine), magnesium sulphate, prostaglandin inhibitors (e.g. indometacin),
calcium channel blockers (e.g. nifedipine and nicardipine) and nitrates (e.g. nitroglycerine).

Oxytocin and vasopressin (q.v.) are closely related nonapeptides secreted by the posterior part of
the pituitary gland. Oxytocin, secreted by the pituitary in a pulsatile manner, is also produced by
the ovaries, the placenta, the fetal membranes and the myometrium and has long been recog-
nised to have an important role in the initiation of labour. Binding of oxytocin to receptors on
uterine muscle is thought to initiate uterine contractility by increasing the myometrial intracel-
lular calcium. Oxytocin further stimulates uterine contractility and initiates cervical ripening by
stimulating the release of prostaglandins in the decidual and fetal membranes. Because of this,
attention was turned to synthesising compounds that structurally mimicked oxytocin and which
blocked the action of oxytocin on its receptors (having a so-called ‘tocolytic” effect).

Atosiban was introduced into use in 1998 and can inhibit labour at least as effectively as any
betamimetic. It can sometimes cause nausea and headache but seldom causes the tachycardia or
the other unpleasant maternal side effects associated with betamimetics. It has a large volume of
distribution (V, ~181/kg) and is cleared in a biphasic manner — the effective half-life being about
18 minutes. Despite its low molecular weight, relatively little seems to cross the placenta, and
there is no reason to think that its appearance in breast milk is of any clinical significance. The
European manufacturers have only been authorised, as yet, to recommend use when labour looks
likely to cause delivery at 24-33 weeks’ gestation, but a single intravenous (IV) 6.75 mg dose may
be useful in controlling the fetal distress that can be caused by uterine hyperstimulation.

The choice of tocolytic agent is not straightforward; the ideal agent should delay delivery by 48
hours, reduce neonatal mortality and neonatal respiratory distress syndrome and have few
maternal side effects. As a group, betamimetics have a high frequency of adverse effects. Two
randomised comparisons involving 207 women given either atosiban or nifedipine (q.v.) sug-
gested a marginal advantage for atosiban during the initial 48 hours but that babies born after
nifedipine tocolysis may have marginally better outcomes. That nifedipine is cheaper and can be
given orally was seen as an advantage for that drug. There are no head-to-head comparisons
between atosiban and prostaglandin inhibitors, and the effects of the latter on fetal renal function
and closure of the arterial duct are a concern. Unfortunately, while tocolytics have been shown
to delay labour, none has been shown to improve perinatal outcome; hence, their use remains
contentious and variable.

Although a number of drugs are capable of delaying delivery in mothers in early preterm labour
for long enough to give betamethasone (q.v.) and, if necessary, arrange hospital transfer, there
is no evidence that sustained treatment with any of these drugs is capable of delaying delivery for
more than a few days.

Give an initial 6.75mg IV dose of atosiban base over 1 minute. Then infuse a solution made up
as described below at a rate of 12ml/hour (18 mg/hour) for 3 hours; thereafter, continue the
infusion at a rate of 4ml/hour (6 mg/hour) for 45 hours. The total duration of treatment should
not exceed 2 days.

0.9ml vials of atosiban acetate (which contain 6.75mg of atosiban base) cost £19 and are used
to initiate treatment. 5ml vials containing 37.5mg of atosiban base cost £53; draw the contents
from two such vials into a syringe and dilute to 50ml with 0.9% sodium chloride or 5% glucose
to give a solution containing 1.5mg/ml, and infuse this as described earlier under ‘Treatment’.
Store vials at 4°C and use promptly once opened.
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Atracurium besylate is a relatively short-acting alternative to pancuronium (q.v.). In the United
Kingdom, suxamethonium (q.v.) is more commonly used when only brief paralysis is necessary.

Atracurium is a non-depolarising muscle relaxant that competes with acetylcholine at the
neuromuscular junction’s receptor site; thus, its action can be reversed with anticholinester-
ases such as neostigmine (q.v.). It is a mixture of 10 stereoisomers and was first developed as an
analogue of suxamethonium and patented in 1977. Atracurium was particularly popular in
anaesthetic practice because it has no vagolytic or sympatholytic properties and is eliminated by
non-enzymatic Hofmann degradation at body temperature independently of liver or kidney
function. It is non-cumulative and only effective for about 20 minutes (30 minutes in older chil-
dren). Weight-for-weight young children do not need as high a dose as adults. Little seems to
cross the placenta, and no concerns have been identified as a result of use during pregnancy,
delivery or lactation. Atracurium (400 micrograms/kg injected into the umbilical vein or 1 mg/
kg injected into the fetal buttock) has been shown to reliably abolish all fetal movement for
about half an hour.

The manufacturer has not yet endorsed the use of atracurium in neonates. As a tetrahydroiso-
quinolinium neuromuscular-blocking agent, atracurium, like most other drugs in this class, is
associated with histamine release upon rapid administration of a bolus intravenous (IV) injec-
tion. This has caused a number of allergic and anaphylactic reactions in adults and may be
responsible for four serious adverse reactions in neonates that were reported in 2000 after staff
gave atracurium while preparing babies for tracheal intubation. Three babies became so hyp-
oxic, bradycardic and unventilatable that they died.

Cisatracurium is a more potent single-isomer refinement of atracurium. It takes rather longer
(2-3 minutes) to cause muscle paralysis, but it is less likely to trigger histamine release. The
usual bolus dose is 150 micrograms/kg IV, but there is only limited experience of use in very
young children and even less in neonates.

Pre-intubation paralysis: A 300 micrograms/kg IV dose of atracurium causes almost complete
paralysis after 2 minutes. A 500 micrograms/kg dose will almost always provide sustained
muscle relaxation for 15-35 minutes in babies less than a year old. Always flush the bolus
through into the vein.

Continuous infusion: IV infusions of 300-400 micrograms/kg/hour of atracurium can provide
sustained neuromuscular blockade in neonates. Older patients may need 500 micrograms/kg/
hour. Babies requiring paralysis should always be sedated as well and provided with pain relief
where necessary.

A continuous infusion of atracurium can, if necessary, be given (terminally) into a line contain-
ing adrenaline, dobutamine, dopamine, fentanyl, heparin, isoprenaline, midazolam, milrinone
or morphine.

Most of the effects of atracurium can be reversed by giving a combination of 50 micrograms/kg
of neostigmine and either 10 micrograms/kg of glycopyrronium or 20 micrograms/kg of atro-
pine, although reversal is seldom called for given atracurium’s short half-life.

Atracurium: 2.5 ml ampoules containing 25mg (10 mg/ml) cost £1.70; larger ampoules are also
available. Multi-dose vials are available in North America but are best avoided in young children
because they contain benzyl alcohol. Store at 2-8°C. To give a bolus injection of atracurium,
take 0.5ml from a 10mg/ml ampoule and dilute to 5ml with 5% glucose or glucose saline to
obtain a preparation containing 1 mg/ml (1000 micrograms/ml) for accurate administration. To
give a continuous infusion of 500 micrograms/kg/ hour, draw 2.5 ml of atracurium besylate for
each kilogram the baby weighs from the ampoule into a syringe, dilute to 50ml with 0.9%
sodium chloride or 10% glucose in 0.18% sodium chloride, and infuse at 1 ml/hour. A less con-
centrated solution of glucose or glucose saline can be used. Make up a fresh solution daily.
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Cisatracurium: 10ml ampoules containing 20mg of cisatracurium cost £7.50. Both the
single dose and the multi-dose ampoules available in North America contain benzyl alcohol.
Store at 2-8°C.
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Atropine was once widely used as a premedication prior to surgery but is used less often these
days. It is still used during and after surgery to the eye. Atropine features in several drug combi-
nations used to premedicate infants undergoing elective intubation. It is sometimes used to treat
intra-operative bradycardia.

The medicinal properties of the Solanaceae group of plants have been known for many cen-
turies, and pure atropine was first isolated from deadly nightshade root in 1833. Venetians called
this plant ‘herba bella donna’ because ladies used water distilled from the plant as a cosmetic to
beautify the eye (by dilating the pupil). Linnaeus later gave the plant its Latin botanical name
Atropa belladonna in recognition of its toxicity and use as a poison (Atropos being the name of
one of the Greek fates who could ‘cut the slender thread of life’).

Atropine blocks the muscarinic effects of acetylcholine on the postganglionic autonomic nerve
fibres and produces a vagal block that can abolish the sudden bradycardia caused by operative
vagal stimulation. The half-life in adults is 4 hours but is longer in infants. While use prior to
anaesthesia reduces oropharyngeal secretions, it also reduces lower oesophageal sphincter tone
and does nothing, directly, to reduce the risk of laryngospasm. Bronchial secretions become
more viscid and less copious; gastrointestinal secretions and motility are reduced.

Atropine is moderately well absorbed by the small intestine (v, ~31/kg). It crosses the placenta
with ease and can affect the fetal heart rate. Small amounts are thought to appear in breast milk,
but no neonatal symptoms have ever been reported. It has a role in heart block due to digoxin
poisoning and in patients with serious reflex (vagal) bradycardia. Atropine eye drops are used to
achieve sustained dilatation of the pupil after ocular surgery (as described in the monograph on
eye drops), but excess usage can lead to ileus and other problems, especially when the standard
1% drops are used.

Atropine use to make surgery unnecessary in babies with pyloric stenosis merits evaluation
through properly conducted randomised trials; case series suggest atropine has a success rate of
less than 75% (surgery has at least a 95% success rate), longer hospital stays than when surgery
is used and the potential for children who fail to respond to be sicker when surgery is eventually
undertaken.

Oral premedication: Some doubt the need to use any drug prior to the induction of anaes-
thesia in most neonates as long as there is intravenous (IV) access. If a ‘premed’ is judged
appropriate, an intramuscular (IM) injection can be avoided by giving 20-40 micrograms/kg of
atropine by mouth 2 hours before induction as long as gut motility is normal.

Parenteral premedication: A 10 micrograms/kg IV bolus produces an effect within 30 seconds
and lasts at least 6 hours. A subcutaneous or IM dose will be maximally effective after 30-60
minutes.

Premedication for intubation: A 20 micrograms/kg bolus of atropine is given before the
sedation/analgesia and paralytic drugs used for non-emergency intubation.

Pyloric stenosis: A 10 micrograms/kg dose IV every 4 hours before feeds can often check the
contractile spasm of the pyloric muscle. Treatment should be continued for 3 weeks but can be
undertaken at home after a few days, once vomiting has stopped, using twice this dose by mouth
every 4 hours.

Reversing neuromuscular blockade: Give 20 micrograms/kg of atropine IV followed by a
40 microgram/kg dose of IV neostigmine.

Digoxin toxicity: Give 25 micrograms/kg IV for AV block. Ten times as much is occasionally
given.

Check the dose of atropine carefully — even a moderate overdose will cause tachycardia, flushing
and dilatation of the pupils. A severe overdose will cause respiratory depression, convulsions
and coma requiring sedation, ventilatory support for respiratory depression and steps to control
hyperpyrexia. Neostigmine (q.v.) will counteract some of the effects of a severe overdose.
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1 ml ampoules containing 600 micrograms cost 60p each. Dilute 0.1 ml of the ampoule with
0.9ml of 0.9% saline in a 1ml syringe to obtain a solution containing 60 micrograms/ml.
Prefilled disposable 5ml syringes of atropine are also available in different strengths: 100 micro-
grams/ml (cost £4.60), 200 micrograms/ml (cost £6.80), 300 micrograms/ml (cost £6.50) and
600 micrograms/ml (cost £6.80).
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web comment

Azithromycin is a macrolide antibiotic related to erythromycin and clarithromycin (q.v.) that is
increasingly used to treat neonatal Chlamydia, Mycoplasma and Ureaplasma infections and to
reduce whooping cough cross infection. A single dose can also speed up recovery in children
with severe cholera (Vibrio cholerae infection).

Azithromycin is an azalide developed in 1988 by structurally modifying the erythromycin mol-
ecule. It works by interfering with bacterial protein synthesis. Although it is slightly less potent
against Gram-positive organisms, it demonstrates superior in vitro activity against a wide variety
of Gram-negative bacilli, including Haemophilus influenzae. A single dose is a more effective way
of treating childhood cholera than a 3-day course of erythromycin and probably as effective as a
single dose of ciprofloxacin (c.v.). Azithromycin is moderately well absorbed when taken by
mouth (40% bioavailability) and better tolerated than erythromycin because it triggers fewer
gastrointestinal side effects. It has a very low peak serum level and a very high volume of distri-
bution (V, ~231/kg) consistent with data showing extensive tissue distribution and intracellular
accumulation. This makes it particularly effective against intracellular microorganisms such a
Chlamydia and Legionella. CSF levels are low but there is substantial penetration into brain tissue.
Much of the drug undergoes biliary excretion (terminal half-life ~ 5 days), and the rest is inacti-
vated in the liver — properties that make once a day treatment more than adequate, but can also
make it important to give a first loading dose. The interactions with other drugs sometimes seen
with erythromycin do not seem to occur with azithromycin. The manufacturers have not yet
recommended use in children less than 6 months old, and unconfirmed epidemiological evi-
dence suggests an increased risk of hypertrophic pyloric stenosis in exposed infants.

Like other macrolides, azithromycin has been used to treat Ureaplasma urealyticum infection in
the hope that it would reduce bronchopulmonary dysplasia in preterm infants, unfortunately
although the organism responds very well — and the drug is safe and well tolerated — there
appears to be limited effect on the lung disease.

There is little published information relating to use in pregnancy, but the macrolide antibiotics
are not, as a class, considered teratogenic. Less than 3% of maternally administered azithromy-
cin crosses the placenta, and no adverse effects have been reported in the human fetus. A breast-
fed baby only ingests ~5% of the weight-adjusted maternal dose.

A single 1g dose by mouth eliminates maternal genital infection due to Chlamydia trachomatis. A
2 g dose has been used as an alternative to intramuscular benzathine or procaine benzylpenicil-
lin in adults with early syphilis, but the efficacy of such an approach has not yet been assessed
in women who are pregnant.

Trachoma: Endemic disease can be much reduced in the whole community by giving all
children under 11 years a single 20 mg/kg dose, once every 3 months.

Pertussis prophylaxis: In neonates and young infants, give 10mg/kg orally once a day for 3
days.

Bacterial infection: Give a single 10 mg/kg dose once a day. Authorities in the United Kingdom
suggest that treatment should not be continued for more than 3 days, but those in North America
favour a 5-day course. There is almost no information on use in the first month of life. There is
limited experience of parenteral azithromycin in infants and most will tolerate oral medication.
Conjunctivitis: A single oral 20mg/kg dose is an effective treatment for chlamydial conjuncti-
vitis, including chronic follicular trachoma. Giving 1.5% eye drops twice a day for 3 days is also
very effective.

Small 600mg packs of powder costing £4 are normally reconstituted with 9 ml of water to give
15ml of a fruit-flavoured sucrose-sweetened oral suspension containing 40 mg/ml of azithromy-
cin which is stable for 5 days after reconstitution. Further dilution in order to give a very low
dose accurately should only be done just before use. Vials containing 500 mg of azithromycin

Continued on p. 97

96



powder for infusion costing £9.50 are available from Aspire Pharma Ltd. Add 4.8 ml of water for
injection to the 500 mg vial and shake to ensure the powder is dissolved. Make up the infusion
to a volume of 250ml by adding to 0.9% sodium chloride or 5% glucose/0.45% sodium chloride
to give a solution containing 2mg/ml. Infuse 5ml of this for every kilogram the infant weighs
over at least 60 minutes. Single use azithromycin dihydrate 1.5% eye drops (costing £1.20) are
available.

(See also the relevant Cochrane reviews)
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Bacillus Calmette-Guérin (BCG) vaccine is used to reduce the risk of tuberculosis (TB) in chil-
dren without evidence of cell-mediated immunity to Mycobacterium tuberculosis or M. bovis. TB is
a notifiable illness.

BCG vaccine contains a live-attenuated strain of M. bovis. It was developed after 13 years of
research involving 200 serial subcultures and was first used in France in 1921. Since then, it has
been widely used in the international control of TB. TB remains a severe illness, especially in
infants, and there is clear evidence that correctly administered neonatal BCG vaccination greatly
reduces the risk of serious infection in early childhood without obscuring the diagnosis of active
infection by intradermal testing. Immunity probably wanes after 10-15 years, but revaccination
is not considered appropriate. The protection conferred is not absolute, but a review of prospec-
tive studies shows a mean protective efficacy of 75% against serious early infection.

BCG vaccination forms part of the WHO'’s global immunisation programme, but it is not rou-
tinely offered in countries where the community prevalence is low. Recent studies have also
suggested that use in resource-poor countries may improve all-cause infant mortality in some
non-specific (as yet unexplained) way.

Babies being cared for in a family or household where there is a patient with active respiratory
TB under treatment should be given prophylactic isoniazid (q.v.) for 6 months from birth and
then vaccinated at 6 months if the Mantoux test remains negative.

Current policy in the United Kingdom is that BCG should also be offered to all children born
in (or likely to spend a considerable time in) an area where prevalence currently exceeds
40/100,000 and to any child whose parents or grandparents were born in a country where prev-
alence is that high. Information about a country’s prevalence can be obtained at www.who.int/
tb/country/data/profiles/en/index.html.

Prior tuberculin testing is not necessary before giving BCG to children less than 6 years old.
Tuberculin-negative children of any age should be offered BCG if there is a clear history of
contact exposure or a case in the family in the last 6 years, and vaccination should also be
offered, as opportunity permits, to those who were born in, or lived for several months in, a
country where the prevalence of TB is high. Vaccination is probably best delayed in the very
preterm baby until shortly before discharge, because this may improve conversion. However,
postponing it longer than this runs the risk that vaccination will never get offered until the
period of greatest vulnerability is past.

BCG can be given at the same time (but not into the same arm) as another vaccine. Leave a
4-week interval after giving any live vaccine before giving BCG. Do not give any other vaccine
into the arm into which BCG was given for 3 months to minimise the risk of lymphadenitis.

BCG vaccine should not be given to anyone who is immunodeficient, immunosuppressed or on
high dose corticosteroid treatment (any dose equivalent to more than 1 mg/kg of prednisolone
per day, as summarised in the monograph on hydrocortisone). In countries where the prevalence
of TB is low, BCG (unlike other live vaccines) should not be given to babies who are HIV positive
or to babies born to mothers who are HIV positive (in the latter group, BCG can be given if
required after two ‘negative’ PCR results are available). In high prevalence countries, the balance
of risk is very different. Avoid administration in any area of skin actively affected by eczema.

Infants should receive 0.05 ml intradermally; older children should receive 0.1 ml.

Strict attention must be paid to the technique used if ‘conversion’ is to be achieved and com-
plications are to be avoided. Injections are normally given into the left upper arm over the point
where the deltoid muscle is attached to the humerus to minimise the risk of scarring. This point
is only a little above the middle of the upper arm: vaccination is often inappropriately adminis-
tered higher than this (over the bulk of the deltoid muscle). The skin only needs to be cleaned
first if it is overtly dirty. It spirit is used, it must be allowed to dry. Soap and water is better.
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Do not use an antiseptic. Use a 1 ml syringe and a 10 mm long 26 gauge short-bevel needle (with
the bevel facing upwards). A separate syringe and needle must be used for each child to avoid
transmitting infection. Stretch the skin between the thumb and finger and insert the needle
parallel with the surface about 3 mm into the superficial layers of the dermis. The tip should
remain visible through the skin, and a raised blanched 3 mm bleb will appear if the injection has
been given correctly. If no resistance is encountered, the tip is almost certainly too deep and
needs to be repositioned. Give the injection slowly and leave the injection site uncovered to
facilitate healing. Successful administration will usually, but not invariably, cause a papule to
appear at the injection site after 2—4 weeks which may ulcerate before healing to leave a small
flat scar after 1-3 months. Babies should become tuberculin positive within 6 weeks if vaccina-
tion was effective (routine testing to confirm this is not generally thought necessary).

Early reactivity: A very early response to BCG administration that progresses to pustule
formation within 3-5 days (Koch phenomenon) strongly suggests that the subject has active TB.
Other problems: If the slow local reaction generally expected eventually turns into a discharg-
ing ulcer, this should be covered with a simple dry non-occlusive dressing (occlusive dressings
can delay healing). The lesion will still heal over 1-2 months and should still only leave a small
scar if the injection technique has been sound. Lymphadenitis may occur. More serious local
reactions should be referred to the doctor responsible for the local TB contact clinic. If dissemi-
nated infection does occur, anti-tubercular treatment may need to be given (the Danish strain of
BCG [1331] being sensitive in vitro to isoniazid and rifampicin). For the management of anaphy-
laxis (an extremely rare occurrence), see the monograph on immunisation (q.v.).

The identification of high-risk babies remains poorly organised in many UK maternity units at
present. Parents need to be approached in the antenatal period so that babies likely to benefit
can be identified before birth and an agreement reached regarding the need for early vaccina-
tion. Early post-delivery discharge and the fragmentation of postnatal care have further dam-
aged the systems that used to exist for delivering and documenting such prophylaxis reliably in
many Health Districts. Vaccination must be documented in the child’s personal health record (red
book) and in the computerised community child health record - failure to do this can render
later interpretation of the child’s tuberculin status very difficult. Make a note of the batch
number and the expiry date, as well as the date of administration.

Tuberculin (tuberculin PPD) is a purified protein made from sterile heat-treated products of the
growth and lysis of M. tuberculosis that produces induration of the skin after intradermal injec-
tion. The peak extent of any induration induced (ignoring any associated erythema or redness)
is documented to the nearest millimetre.

Testing for active tuberculosis: Inject 0.1 ml of tuberculin PPD containing 20 units/ml intra-
dermally into the middle third of the flexor surface of the previously cleaned forearm producing
a ‘bleb” about 7 mm in diameter (using the same technique as described earlier for giving BCG).
Induration on review 48-72 hours later that extends more than 5 mm indicates a positive
response, and induration extending 15 mm or more at this time is a strong reaction probably
indicative of active infection. Interpretation is unreliable after 96 hours.

Tests for cellular immunity: A more concentrated (100 unit/ml) preparation of PPD can be
used, in the same way, to document the existence of cellular immunity if the response to the
low-dose test is negative.

BCG: 1 ml vials of lyophilised material (containing enough vaccine for 7-8 children) are man-
ufactured by the Danish Statens Serum Institut (SSI). Supplies are distributed within the United
Kingdom by Farillon for the Department of Health. Vials should be stored at 2-8°C, protected
from light and used within 18 months. Do not allow the vaccine or associated diluent (in vials
labelled ‘Diluted Sauton SST’) to freeze. Reconstitute the vials using this diluent. Do not use
water for injection. Draw up 1 ml of the diluent using a long needle and transfer this to the
BCG vial without attempting to clean the rubber stopper with any antiseptic, detergent or
alcohol-impregnated swab. Invert the vial a few times but do not shake it. Swirl the vial round
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gently to resuspend the material before drawing up each dose. Discard any material not used
within 4 hours.

Tuberculin: 1.5 ml vials of tuberculin PPD (in 20 units/ml and 100 units/ml vials) are available
from SSI in Denmark. Store at 2-8°C, and protect from light. Do not freeze. A Patient Group
Direction cannot currently be used to authorise use because the product’s European marketing
authorisation does not cover the United Kingdom.

(see also the full UK website guidelines [EIIIEd)
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Betaine is used in the management of a number of metabolic diseases associated with
homocystinuria.

Homocysteine is an intermediate in the breakdown of the amino acid methionine. Homocysteine
has toxic effects on the brain (causing developmental delay, seizures and psychiatric disease) and
predisposes to lens dislocation, thromboembolism, osteoporosis and marfanoid habitus. Betaine
(N,N,N-trimethylglycine) is a small N-trimethylated amino acid that acts as a methyl group donor,
allowing hepatic methyltransferases to convert homocysteine to the less toxic methionine.

Homocystinuria is a heterogeneous group of disorders.

Classical homocystinuria: This autosomal recessive disorder results from cystathionine
B-synthase deficiency. A few patients are detected by neonatal screening programmes, but
most patients present with developmental delay, dislocated lenses, skeletal abnormalities or
thromboembolic disease. Betaine is used in patients who do not respond to pyridoxine (q.v.) and
who either cannot comply with or are inadequately controlled by a low-methionine and low-
protein diet. Betaine lowers plasma and urine homocysteine concentrations and usually improves
symptoms such as behaviour and seizures. Women with homocystinuria should continue with
treatment during pregnancy to minimise the risk of thromboembolic disease and, possibly, the
risk of fetal loss.

Other causes: Homocystinuria can also be caused by deficiency of methylenetetrahydrofolate
reductase (MTHFR) or disorders of cobalamin metabolism (which may be accompanied by
methylmalonic aciduria or megaloblastic anaemia). Patients with these rare disorders can
present in many different ways, including acute neonatal encephalopathy and developmental
delay. Betaine is the best available treatment for MTHEFR deficiency; such patients should also be
given 5 mg/day of folic acid. Betaine is also used in defects of cobalamin metabolism if homocys-
tinuria persists despite pharmacological doses of vitamin B , (q.v.).

Start by giving 50 mg/kg by mouth twice a day. The dose is then adjusted by monitoring the
plasma homocysteine level, but doses in excess of 150 mg/kg/day seldom confer additional benefit.

Plasma methionine concentrations rise during treatment in classical homocystinuria, and mon-
itoring is recommended to ensure that potentially toxic levels (>1000 pmol/l) do not develop.
Clinicians need to be aware that acute cerebral oedema has (very rarely) been reported a few
weeks after starting treatment.

A palatable strawberry-flavoured medicine is now available as a ‘special’ from Special Products
Ltd; 100 ml costs £40. Reconstitute the dry powder with 55 ml of purified water to obtain a
liquid containing 50 mg/ml, and use within 28 days.

A pharmaceutical product (Cystadane® powder) is available from Orphan Europe. It comes
with three spoons allowing measurement of 1 g, 150 mg or 100 mg of powder. The required
amount of powder is mixed with water, juice or milk (including formula milk) until completely
dissolved and taken immediately. The cost of 100 g from this supplier is £347.

(See also the Cochrane review of newborn
screening for homocystinuria)
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web comment

Maternal treatment with betamethasone accelerates surfactant production by the fetal lung,
reducing the incidence of neonatal respiratory distress syndrome, a property it shares with dexa-
methasone (q.v.).

The pharmacology of betamethasone and dexamethasone is very similar. See the website com-
mentary for a discussion of the relative merits of betamethasone and dexamethasone.

The seminal paper that first identified a strategy for preventing, rather than curing, surfactant
deficiency was published >40years ago. The first clue came from the observation that experi-
mental lambs delivered prematurely failed to develop the respiratory problems seen in control
animals if exposed to corticosteroids before delivery. A randomised placebo-controlled trial that
eventually recruited more than a thousand mothers from New Zealand soon confirmed that two
12mg intramuscular (IM) doses of betamethasone caused a significant reduction in the incidence
of respiratory distress in babies born >8 weeks early and a fall in neonatal mortality in all babies
born >3 weeks early. Doubling this dose brought about no further improvement in outcome. No
study has ever looked to see if a smaller dose might be equally effective.

It took 20 years for this strategy to gain general acceptance and, in the interim, a further 11
trials were mounted to replicate the original findings. The most recent Cochrane review of all
the 21 trials ever done shows that antenatal treatment with 24 mg of betamethasone or dexa-
methasone is associated with a 40-60% reduction in the risk of neonatal respiratory distress and
with a similar reduction in cerebroventricular haemorrhage, in necrotising enterocolitis and in
early systemic infection and that this, in turn, results in fewer deaths and in a reduction in the
cost and duration of neonatal care. Benefit ‘appears to apply to babies born at all gestational ages
at which respiratory distress syndrome may occur’, and one recent trial showed that it also
reduced problems for babies electively delivered at 37-38 weeks’ gestation. Babies delivered
<24 hours after prophylaxis is started derive only limited benefit, and it is now clear that benefit
wanes after a week. Twins seem to benefit just as much as singleton babies, but because they
were not separately identified in many trials, the available sample size is currently too small to
establish this. Giving one more dose once a week to women not delivered within 7 days further
reduced the number of babies troubled by respiratory problems after birth in the Australasian
trial (ACTORDS), and there were no detectable adverse effects in the 2-year survivors. Only
long-term follow-up will show if there are any late consequences. Giving more than this delivers
no additional benefit and may further retard fetal growth, while fortnightly repetition (as in the
MACS trial) delivered no benefit. Delaying further prophylaxis until delivery again seems immi-
nent can also work well (as long as delivery can then be delayed for at least 36 hours) as the
Obstetrix trial showed in March 2009.

No adverse late consequence of exposure to a single course of betamethasone could be detected
when the children of the mothers recruited into the first trial in New Zealand were recontacted
after 30 years. Women with hypertension and fetal growth retardation were excluded from many
early trials, but we now know that these babies benefit too. Use (under prophylactic antibiotic
cover) was also beneficial where there has been pre-labour rupture of membranes, but use in
mothers with diabetes remains less well established, since treatment could affect diabetic control.
Repetitive antenatal treatment slows fetal growth, but the effect was too small to be detectable at
discharge in most trials and non-existent in the most recent trial.

First course of treatment: Give 12mg of betamethasone base as a deep IM injection and a
second dose after 24 hours while trying to delay delivery for 48 hours. Oral treatment cannot be
recommended on the basis of the only small trials conducted to date. While prophylaxis is of no
proven benefit when delivery threatens before 24 weeks’ gestation, it should not be denied to
those at risk of delivery at 23 weeks if requested.

Repeat treatment: If delivery does not occur for 7 days and then again becomes likely in the
next 7 days, consider giving another 12mg dose and try to delay delivery for 24 hours, since
respiratory problems and their complications can be serious after delivery before 30 weeks’
gestation (and a reducible risk before 33 weeks).
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Celestone®, a product that contains both betamethasone sodium phosphate and the longer-act-
ing ester betamethasone acetate, was used in all the more important perinatal trials, but this
product is still not on sale in the United Kingdom. The only formulation routinely available in
the United Kingdom is a 1 ml ampoule containing 5.3 mg of betamethasone sodium phosphate
(4mg of betamethasone base) costing £1.20, and the ampoules provided by some manufacturers
contain sodium metabisulphite. 500 micrograms (5p) tablets are also available.

(See also the relevant Cochrane
reviews and UK guideline)
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Two rare, recessively inherited, metabolic diseases respond to biotin treatment.

Biotin is one of the water-soluble group B vitamins. It is found in a wide range of foods including
eggs, liver, kidneys and some vegetables. Nutritional deficiency is extremely rare. Biotin is a cofactor
for four carboxylases: propionyl-CoA carboxylase, pyruvate carboxylase, 3-methylcrotonyl-CoA
carboxylase and acetyl-CoA carboxylase. Holocarboxylase synthetase catalyses the covalent attach-
ment of biotin to these proteins. When carboxylases are degraded, biotin is liberated by the action
of biotinidase and recycled.

Deficiency of either holocarboxylase synthetase or biotinidase leads to ‘multiple carboxylase
deficiency’. Holocarboxylase synthetase deficiency is caused by mutations in the HLCS gene
(21922.1), and biotinidase deficiency is caused by one of >150 identified mutations in the BTD
gene (3p25). Both conditions are inherited as autosomal recessive traits.

Holocarboxylase synthetase deficiency: These children present as neonates or infants with
feeding problems, encephalopathy, metabolic acidosis and urinary organic acids compatible with
the four carboxylase deficiencies. Lymphocytes and fibroblasts can be used to confirm the enzyme
deficiency. Mothers of patients are sometimes given 10mg of biotin a day during any subsequent
pregnancy, although it is not clear whether such prenatal treatment is actually necessary.
Biotinidase deficiency: Children with this rare condition present in the first 2 years of life,
usually with seizures or developmental delay. Rashes and alopecia are common. Biotinidase can
be measured in blood.

In both conditions, there is a good response to pharmacological doses of biotin, but if treatment
is delayed, irreversible brain damage will often have occurred. Although screening at birth has
not yet been initiated in the United Kingdom (as it has in some countries), it does have the
potential to prevent most of these problems. Screening also brings to light cases of partial biotini-
dase deficiency. It is not yet clear whether these children benefit from routine supplementation,
but supplementation seems harmless enough in itself. There have been no convincing reports of
benefit from biotin in patients with an isolated carboxylase deficiency.

Patients with either holocarboxylase synthetase or biotinidase deficiency usually respond to
5-10mg of biotin a day (irrespective of weight or age), but doses of up to 100mg a day may be
needed in a few patients. Treatment can usually be given by mouth, but a parenteral preparation
is available.

The need for high-dose biotin treatment is so uncommon that there is no regular pharmaceutical
preparation on the market. It is possible for hospital pharmacies to get 5mg tablets in packs of
30 (cost £19) and ampoules containing 5mg/ml (cost £6.70) intended for intramuscular use
through John Bell and Croyden, 54 Wigmore Street, London W1H 0AU (telephone 020 7935
5555), by special request on a named-patient basis from Roche Products Ltd. A suspension can
be prepared on request. A 5mg/5 ml suspension of biotin is available from The Specials Laboratory
with a 14-day expiry date.
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Red cell concentrates, or ‘plasma-reduced cells’ (previously called ‘packed cells’), and red cell
suspensions are used to correct serious symptomatic anaemia.

Blood is not sterile, and viruses can be transmitted during transfusion, although the risk of cell-
associated virus transmission is now routinely minimised by prior leucodepletion (i.e. the
removal of virtually all white cells). Vigorous action has also been taken to minimise the risk
from variant Creutzfeldt-Jakob disease (vCJD). Each donation is screened for hepatitis B
(HBsAg), human immunodeficiency virus (HIV) (anti-HIV-1, anti-HIV-2 antibodies and HIV
nucleic acid testing), hepatitis C (anti-HCV antibodies and HCV nucleic acid testing), human
T-cell lymphotropic virus (anti-HTLV 1 and 2 antibodies) and syphilis (antibody test). Ill and
preterm babies born to mothers lacking cytomegalovirus (CMV) antibodies also face a significant
risk of neonatal CMV infection it given CMV-seropositive blood. Malaria and other blood-borne
parasites pose a significant risk in areas where these are endemic.

Whole blood donations (~470ml) are collected into 63 ml of citrate phosphate dextrose anti-
coagulant. They are then filtered to remove leucocytes. Such leucodepleted blood contains
<1x10° leucocytes per pack and carries a lower risk of vCIJD transmission, as well as causing
fewer febrile transfusion reactions and alloimmunisation. The main product now provided for
clinical use is a 230ml concentrate with a haematocrit of 55-75% made from this by removing
most of the plasma and replacing it with 100ml of saline, adenine, glucose and mannitol additive
solution (SAG-M). Not only are these packs leucodepleted, but they also contain virtually no
functional platelets. These packs can be stored for 5 weeks, but ideally, blood <7 days old should
be supplied for neonatal use because the potassium and acid load are less and there will be fewer
microaggregates. In addition, the oxygen-carrying capacity will be greater (the concentration of
2,3-diphosphoglycerate in the red cells falls with time). Most clotting factors remain relatively
stable during storage, but factor V and factor VIII levels fall by 75% within 10 days. Blood for
intrauterine and exchange transfusion is plasma reduced to a haematocrit of ~70% and prepared
from CMV-negative CPD-A blood. It is also irradiated if the baby is having, or has had, an
intrauterine transfusion.

When a ‘top-up’ transfusion proves necessary, a red cell suspension (usually in SAG-M) is issued.
Such suspensions, which contain no clotting factors, increasingly come in 40-45ml ‘paedipacks’
(one unit of donor blood usually being used to prepare four to six such packs). Such products can
be used for up to 5 weeks after preparation. Such suspensions should never be used for an exchange
transfusion.

The laboratory needs to check the recipient’s ABO, and Rh D blood group, and to test for the
existence of any irregular antibodies before donor blood is released. Maternal blood is still used
for detailed matching in some districts, as long as the mother’s and baby’s ABO groups are com-
patible, because infants <4 months old rarely make antibodies to red cells, and any neonatal IgG
antibody will usually be derived from the mother. If unmatched group O Rh D-negative blood
ever needs to be used in an emergency, an attempt should be made to discuss this with a consul-
tant haematologist first.

Allergic urticarial reactions are rare in the neonatal period. Symptomatic treatment with 1 mg of
chlorphenamine maleate intramuscularly (previously known as chlorpheniramine maleate) may
be appropriate. Intravascular haemolysis due to ABO incompatibility is rare but potentially fatal.
Immediate signs include flushing, dyspnoea, fever, hypotension and oliguria, with haemoglobi-
naemia and haemoglobinuria. Stop the transfusion at once, take specimens for laboratory anal-
ysis, and watch for renal failure, hyperkalaemia and coagulopathy. Rhesus, Kell, Kidd (Jk%) and
Dufty (Fy’) antibodies may cause late reticuloendothelial haemolysis with jaundice and anaemia.

Intravascular blood volume almost always falls significantly during the first few hours of life as
plasma leaves the intravascular compartment but soon stabilises at 80-90ml/kg with a haema-
tocrit that reflects the extent and direction of any placental transfusion at delivery. Umbilical
vein obstruction (as from a tight nuchal cord) can leave a baby hypovolaemic at birth. Replicate
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laboratory haemoglobin estimates from capillary samples can vary by 6 g/1, so apparent changes
of 10 g/l may merely reflect sampling error. A capillary haemoglobin may also exceed the venous
haemoglobin by 10g/l. Packed cell volume (PCV) measurements using a centrifuge provide a
more rapid and satisfactory way of screening for anaemia in the neonatal period. They are more
reproducible, require less blood and provide an immediate sideward answer.

Capillary haemoglobin and PCV (‘haematocrit’) values for term babies are shown in Figures 1
and 2. Babies born >8 weeks early have values that are about 5% lower than these at birth, and
the lower limit of the normal range 4-12 weeks after birth is also lower than in term babies (giving
a minimum PCV of 20% instead of 25%). Capillary values exceed venous values by at least 2%
(and often by 4-8% in the first few days of life). Such differences can be minimised if free-flowing
blood is collected from a warm, well-perfused heel. Micro-centrifuge measurement methods
always exceed particle counting estimates by 1-2%.

Symptomatic babies with a venous haematocrit of <40% at birth merit transfusion once a sample
of blood has been collected from both the baby and the mother for diagnostic purposes. Watch
for the hypovolaemic baby with a normal haematocrit immediately after birth; haematocrit
values normally rise in the first 12 hours of life, but in such babies, there will be a fall. Such
babies may have lost a quarter to a half of all their blood (20-40ml/kg). Acute loss is best
managed by a prompt rapid transfusion, but chronic anaemia at birth is better managed by
exchange transfusion. Since it is the fall in plasma volume rather than the fall in haemoglobin
that poses the immediate threat after acute blood loss, 0.9% sodium chloride can be given while
waiting for blood to arrive if the patient’s condition is critical.

Up to 80% of preterm babies who weighed <1500g at birth will receive at least one blood
transfusion during their neonatal ‘career’. Indications for transfusion in this group have largely
been based on the haemoglobin concentration combined with the cardiorespiratory status of the
baby (e.g. oxygen requirement or respiratory support) and factors such as weight gain; however,
the evidence base for such a strategy is, at best, weak. The British Committee for Standards in
Haematology (BCSH) Transfusion Guidelines for Neonates and Older Children suggest the trans-
fusion thresholds summarised below:

Postnatal age Suggested transfusion threshold Hb (g/I)

Ventilated On O, or CPAP Off oxygen

First 24 hours <120 <120 <100
1-7 days old <120 <100 <100
8-14 days old <100 <95

~15 days old <85 <75-85 depending on clinical situation

Continued on p. 109
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Treat anaemia with 20-25 ml/kg of blood over 3—4 hours. Multiple small transfusions from dif-
ferent donors are wasteful, and put the patient at increased risk. It is not usually necessary to
calculate a specific replacement volume or give a ‘covering’ diuretic. Give blood through a fresh
giving set with a 170-200 pm filter into a line previously set up and primed with 0.9% sodium
chloride. Terminal co-infusion into a line containing glucose is also safe and does not cause mea-
surable haemolysis, so it is better to do this than terminate the glucose infusion and precipitate
reactive hypoglycaemia when it is not practicable to erect a separate intravenous line. Check the
crossmatch particulars and the patient’s name, and record all the details in the case notes.

Crossmatched blood stored at 4 °C is available from the local blood bank. Group O rhesus-negative,
CMV-negative, plasma-reduced blood is available for emergency use. Use within 4 hours of
removal from the fridge. Use a ‘paedipack’ containing about 40-45ml of red cell concentrate
where possible, particularly if more than one transfusion is likely to be needed within the next
7 days, to conserve stocks and minimise the risk of exposure to several donors.

(See also the relevant Cochrane reviews and UK guideline DIV

Balegar VKK, Kluckow M. Furosemide for packed red cell transfusion in preterm infants: a randomized
controlled trial. J Pediatr 2011;159:913-8.el. [RCT]

Brotanek JM, Fosz J, Weitzman M, et al. Secular trends in the prevalence of iron deficiency among US toddlers,
1976-2002. Arch Pediatr Adolesc Med 2008;162:374-81.

Doctor A, Spinella P. Effect of processing and storage on red blood cell function in vivo. Semin Perinatol
2012;36:248-59.

Fergusson DA, Hébert P, Hogan DL, et al. Effect of fresh red blood cell transfusions on clinical outcomes in
premature, very low-birth-weight infants: the ARIPI randomized trial. JAMA 2012;308:1443-51.

Hosono S, Mugishima H, Fujita H, ef al. Umbilical cord milking reduces the need for red cell transfusions and
improves neonatal adaptation in infants born less than 29 weeks’ gestation: a randomised controlled trial.
Arch Dis Child Fetal Neonatal Ed 2008;93:F14-9. [RCT] (See also pp. F2-3.)

Jankov RP, Roy RND. Minimal haemolysis in blood co-infused with amino acid and dextrose solutions
in vitro. J Paediatr Child Health 1997;33:250-2.

Lacroix J, Hébert PC, Hutchison JS, et al. Transfusion strategies for patients in pediatric intensive care units.
N Engl J Med 2007;356:1609-19. [RCT]

Murray NA, Roberts IAG. Neonatal transfusion practice. Arch Dis Child Fetal Neonatal Ed 2004;89:F101-7.

Norfolk D, ed. Handbook of transfusion medicine, 5th edn. London: The Stationary Office, 2013.

van Rheenen PE Brabin BJ. A practical approach to timing cord clamping in resource poor settings. Br Med J
2006;333:954-8. [SR]

Venkatesh V, Khan R, Curley A, et al. How we decide when a neonate needs a transfusion. Br J Haematol
2013;160:421-33.

Venkatesh V, Khan R, Curley A, et al. The safety and efficacy of red cell transfusions in neonates: a systematic
review of randomized controlled trials. Br J Haematol 2012;158:370-85. [SR]

von Lindern JS, Brand A. The use of blood products in perinatal medicine. Semin Fetal Neonatal Med
2008;13:271-81.
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Bosentan is an oral dual endothelin-1 receptor antagonist that has been used to treat primary
pulmonary hypertension in adults and older children. The first clinical trial of this type of drug
in humans was published in 1995, and since then, endothelin-1 receptor antagonists have been
tested in clinical trials involving heart failure, pulmonary arterial hypertension, resistant arterial
hypertension, stroke and subarachnoid haemorrhage and various forms of cancer. The results of
most of these trials — except those for pulmonary arterial hypertension and scleroderma-related
digital ulcers — were either negative or neutral. This is reflected in the licensed use of bosentan
in adults. The manufacturer has yet to endorse use in children or in neonates.

Sporadic reports of use of bosentan to treat neonatal pulmonary hypertension, either with or
without congenital heart disease, first appeared in 2008 when it was used in infants who were
failing to respond to other, more widely used agents such as nitric oxide (q.v.), epoprostenol
(q.v.) and sildenafil (q.v.). In some cases, bosentan is used along with the other agent. To date,
only one small randomised placebo-controlled trial has been undertaken using bosentan as an
adjuvant therapy.

Bosentan is a competitive antagonist of endothelin-1 at the endothelin-A (ET-A) and endothe-
lin-B (ET-B) receptors. Endothelin-1 is a 21-amino-acid protein that is one of the most potent
vasoconstrictors in the pulmonary vasculature, and pulmonary hypertension is associated with
an increased expression of endothelin-1 in vascular endothelial cells.

Maximum plasma concentrations of bosentan are achieved within 3-5 hours after an oral
dose. Bioavailability is ~50% and is not affected by food. It is highly protein bound (>98%). In
adults, the elimination half-life is 5 hours. Bosentan undergoes hepatic metabolism via CYP2C9
and CYP3A4 (which it also induces) to three metabolites which are cleared by biliary excretion.
The pharmacokinetic protile of bosentan in older children appears to be similar to that in adults,
although pharmacokinetics in a neonatal population have yet to be studied. Bosentan can cause
liver damage, fluid retention and anaemia. Liver enzymes should be monitored before starting
therapy and monthly thereafter. If liver enzymes are elevated, therapy may need to be tempo-
rarily halted. Fluid retention may be a sign of worsening pulmonary hypertension or a side effect
of bosentan and requires a full cardiac assessment.

Bosentan is contraindicated during pregnancy with reports of higher fetal demise and terato-
genic effects. Because of induction of hepatic enzymes, hormonal contraceptives are unreliable.
Although the high protein binding should mean drug levels in milk are low, the potential for
side effects is such that breastfeeding is contraindicated.

Bosentan interacts with clarithromycin, fluconazole, rifampicin, sildenafil and warfarin.

The starting dose in most neonatal studies is 1-2mg/kg twice a day, increasing to 2-4 mg/kg after
4 weeks.

Bosentan is available as 62.5mg tablets costing £27 each. These may be split with a pill cutter
and are stable for up to 4 weeks if stored in the original manufacturer’s bottle. For children
unable to swallow tablets or who require smaller doses, the tablet can be placed in 5-25ml of
water and allowed to disintegrate. The resulting suspension can be used to prepare an aliquot
providing the correct dose. The suspension is stable at room temperature for up to 24 hours.

See also the relevant Cochrane reviews

Barst RJ, Ivy D, Dingemanse J, ef al. Pharmacokinetics, safety, and efficacy of bosentan in pediatric patients
with pulmonary arterial hypertension. Clin Pharmacol Ther 2003;73:372-82.

Carter NJ, Keating GM. Bosentan: in pediatric patients with pulmonary arterial hypertension. Paediatr Drugs
2010;12:63-73.

Goissen C, Ghyselen L, Tourneux P, et al. Persistent pulmonary hypertension of the newborn with transposition
of the great arteries: successful treatment with bosentan. Eur J Pediatr 2008;167:437-40.
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Haworth SG. The management of pulmonary hypertension in children. Arch Dis Child 2008;93:620-5.
Mohamed WA, Ismail M. A randomized, double-blind, placebo-controlled, prospective study of bosentan for
the treatment of persistent pulmonary hypertension of the newborn. J Perinatol 2012;32:608-13. [RCT]
Nakwan N, Choksuchat D, Saksawad R, ef al. Successful treatment of persistent pulmonary hypertension of
the newborn with bosentan. Acta Paediatr 2009;98:1683-5.

Radicioni M, Bruni A, Camerini P. Combination therapy for life-threatening pulmonary hypertension in a
premature infant: first report on bosentan use. Eur J Pediatr 2011;170:1075-8.

Wardle AJ, Wardle R, Luyt K, et al. The utility of sildenatil in pulmonary hypertension: a focus on broncho-
pulmonary dysplasia. Arch Dis Child 2013;98:613-7.
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Powdered and more recently liquid products have become available for modifying the nutritional
content of human breast milk when this is used to feed the very preterm baby. However, the ben-
efits have been modest to date, and the variability of expressed breast milk (EBM) does not make
‘tailored’ supplementation any easier. They are manufactured from processed cows’ milk protein
with additional nutritional supplements.

Human milk is the ideal food for almost every baby. Although the various artificial products
(q.v.) available seem to meet all the key nutritional needs of the term and preterm baby, feeding
with unpasteurised human milk still confers a number of unique, if poorly understood, immu-
nological advantages. While it is now recommended that all ‘donor” milk should be pasteurised
before use, mother’s own milk is best used without pasteurisation. Milk collected in the home is
safe for 8 days if kept at 4°C and is best given unfrozen.

In a hospital setting, EBM should be stored in accordance with local policy. EBM should only be
stored within a suitable fridge for up to 48 hours and, if not used, discarded. If there is any reason
why it may not be used within that time, it should be frozen directly after expressing. If EBM has
been fortified, it should only be stored in a suitable fridge for 24 hours. Use thawed milk at once.

Cells are damaged by storage and by freezing, but the immunoprotective constituents remain
stable when stored at 0—4°C for 3 days, when frozen at —20 °C for 12 months or when pasteurised
at 56 °C for 30 minutes.

Table 1 Composition (per 100ml) of preterm human milk before and after fortification.

Protein Fat Carbohydrate Energy Na Ca P Zn VitD VitK
(9) (@ (9@ (kcal) (mg) (mg) (mg) (mg) (ug) (ug)

Preterm human breast milk 1.5 35 6.9 65 285 254 142 0.3 0.18 0.83
Tsang et al. 2005

Cow & Gate (C&G) Nutriprem 2.6 3.5 96 80 63.5 914 522 09 5.18 7.23
fortifier®

Two sachets (4.4g) per 100 ml

SMA Breast milk fortifier® 2.8 4.16 9.4 84.6 48 112 60 0.66 >7.6 >11
Two sachets (4 g) per 100 ml

Abbott Similac® Human Milk 2.5 3.9 87 79 435 142 81 1.3 32 91
Fortifier

Four sachets (3.6 g) per 100 ml

Mead Johnson 2.4 52 7.8 84 43 113 64 1.07 39 63
Enfamil® Human Milk Fortifier

(powder)

Four sachets (2.8g) per 100 ml

Mead Johnson 3.8 58 7.9 97 55 141 78 133 5 7.7
Enfamil® Human Milk Fortifier

Acidified Liquid

Two sachets (4 g) per 100 ml

All these products are designed to enhance the nutritional value of human milk. Don't insist on
an arbitrary upper limit to oral intake — some preterm babies grow very well on a daily intake of
220ml/kg when 2 or 3 weeks old. The milk of a mother delivering a preterm baby usually has a
relatively high protein content in the first couple of weeks of life, and too high a protein intake
could, theoretically, be hazardous. Fortification is probably best not started, therefore, until
about 2 weeks after delivery. It seldom needs to be continued once breastfeeding is established
or the baby weighs 2kg. All the products listed in the table in this monograph enhance the pro-
tein, calorie and mineral content of the milk.

Continued on p. 113
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Human milk contains relatively little protein and a plasma urea lower than 1.6 mmol/l may be a
sign of suboptimal protein intake. Very preterm babies fed on fortified breast milk will benefit
from additional sodium in the first few weeks of life, until their obligatory renal sodium loss
decreases. Breastfed babies also almost certainly need additional vitamin K (q.v.) to prevent late
vitamin K deficiency bleeding once fortification ceases, unless they have been given a total
‘depot” supply of 1mg IM at birth, irrespective of their weight at delivery, and it is probably
easier to start such supplementation early. From about a month of age, all preterm breastfed
babies benefit from sustained supplementation with oral iron (q.v.), and a few need zinc (q.v.).
Whether it helps to give further vitamin A (q.v.) by mouth is still unclear.

Enfamil and Similac are widely used in the United States and other countries, but are not com-
mercially available in the United Kingdom. While the SMA product is not on general release, it
is available in boxes containing 50 x 2 g sachets to neonatal units stocking and using SMA Gold
Prem® low birthweight formula milk. C&G Nutriprem fortifier is supplied in boxes containing
50x2.2g sachets costing £44. The powder is best added just before the baby is fed.

Do not use any of these products to further fortify artificial formula milks.

(See also the relevant Cochrane reviews)

Breast Feeding Network (BIN). Expressing and storing breast milk. 2009. Downloadable leaflet available at
http://www.breastfeedingnetwork.org.uk/pdfs/BENExpressing_and_Storing.pdf

Geddes D, Hartmann P, Jones E. Preterm birth: strategies for establishing adequate milk production and success-
ful lactation. Semin Fetal Neonatal Med 2013;18:155-9.

Hands A. Safe storage of expressed breast milk in the home. MIDIRS Midwifery Digest 2003;13:278-85.

Jones E, King C, eds. Feeding and nutrition in the preterm infant. Edinburgh: Elsevier Churchill Livingstone,
2005.

Schanler RJ. Outcomes of human milk-fed premature infants. Semin Perinatol 2011;35:29-33.

Tsang RC, Uauy R, Koletzko B, et al., eds. Nutrition of the preterm infant: scientific basis and practical guidelines, 2nd
edn. Cincinnati, OH: Digital Educational Publishing, 2005.
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Inhaled steroids, like budesonide, are central to the management of asthma and useful in the
management of croup. Prophylactic use has little impact on the incidence of ventilator-induced
chronic lung disease.

Budesonide (patented in 1975) and beclometasone dipropionate (beclomethasone dipropio-
nate =USAN) are steroids of almost equivalent potency with strong glucocorticoid and negligible
mineralocorticoid activity. Fluticasone propionate is a related compound which is about twice as
potent on a weight-for-weight basis. They are widely used topically on the skin or by inhalation
into the lung (as in asthma) and have little systemic effect unless high-dose treatment is
employed. There is no contraindication to their use during pregnancy and lactation: indeed, it is
particularly important to keep asthma under stable control during pregnancy. Administration is
generally from an aerosol or dry powder inhaler. Suspensions of budesonide and fluticasone can
also be nebulised, but there seems to be no comparable preparation of beclometasone.

Early prophylactic use: A number of trials have demonstrated no benefit for inhaled steroids
in reducing the incidence of neonatal chronic lung disease. A major confounding factor is the
drug delivery and deposition in the lungs. Numerous factors affect drug delivery and deposition;
the number of particles in the respirable range, the delivery technique and the presence of an
endotracheal tube and studies have shown the amount of aerosol actually delivered varies from
0.4 to 14% depending on the technique used. Steroid-induced cataracts have been reported
after nebuliser use, and significant adrenal suppression is known to occur in some infants treated
in this manner. Routine use of prophylactic inhaled steroids is, therefore, not recommended in
VLBW infants.

One small study suggests that direct intra-tracheal co-instillation of liquid budesonide with

surfactant may be a more effective way of delivering steroids to the lungs, but this method is
restricted to the intubated baby.
Treatment of established disease: A recent overview of trial information suggests that while
aerosolised or nebulised budesonide or beclometasone can be of some help in weaning babies
from ventilator support, they are not as effective as systemic steroids. Use may, however, help to
reduce or abolish the need for systemic treatment with dexamethasone in a few babies with
chronic lung disease.

Croup (the sudden onset of hoarseness, a barking cough and distressing inspiratory stridor) is
common in young children. It is mainly viral in origin, though atopy plays a part in some children.
Symptoms often settle almost as fast as they arise. Brief steroid use can reduce admission, and only
1% of those admitted require intubation (once cases of bacterial epiglottitis are recognised for
what they are).

Managing ventilator-induced chronic lung disease: 200 (or 500) micrograms of budesonide
inhaled twice a day may occasionally aid extubation but is of no other demonstrable long-term
benefit. The drug has usually been given from a metered-dose aerosol inhaler into a rigid ‘aero-
chamber’ during hand ventilation. Mask administration using a jet nebuliser after extubation
can reduce the child’s ‘symptom score’, but trials have failed to show any more general clinical
benefit. It may be wise to protect the eyes during mask administration. Only a 10th of the
administered dose reaches the baby.

Use in croup: Giving a single 2mg dose (or two 1 mg doses 30 minutes apart) of nebulised
budesonide can reduce the need for hospital admission as effectively as a single 0.6 mg/kg oral
(or intramuscular) dose of dexamethasone (q.v.). The dose may be repeated 12 hours later.

500 micrograms (2 ml) Respules® of budesonide, designed for nebulisation, costs £1.30 each.
500micrograms (2ml) Nebules® of fluticasone propionate is also available (costing 90p) for
nebulisation.

Continued on p. 115
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(See also relevant Cochrane reviews) (—'f)

Berger WE, Qaqundah PY, Blake K, et al. Safety of budesonide inhalation suspension in infants aged six to
twelve months with mild to moderate persistent asthma or recurrent wheeze. J Pediatr 2005;146:91-5.
[RCT]

Kuo HT, Lin HC, Tsai CH, et al. A follow-up study of preterm infants given budesonide using surfactant as a
vehicle to prevent chronic lung disease in preterm infants. J Pediatr 2010;156:537-41. [RCT]

Ozkiraz S, Gokmen Z, Borazan M, et al. Bilateral posterior subcapsular cataracts after inhaled budesonide
therapy for bronchopulmonary dysplasia. J Matern Fetal Neonatal Med 2009;22:368-70.

Wilson TT, Waters L, Patterson CC, et al. Neurodevelopmental and respiratory follow-up results at 7 years for
children from the United Kingdom and Ireland enrolled into a randomized trial of early and late postnatal
corticosteroid treatment, systematic and inhaled (the Open Study of Early Corticosteroid Treatment).
Pediatrics 2006;117:2196-205. [RCT]

Yeh TE Lin HC, Chang CH, et al. Early intratracheal instillation of budesonide using surfactant as a vehicle to
prevent chronic lung disease in preterm infants: a pilot study. Pediatrics 2008;121:¢1310-8. [RCT]
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Bupivacaine is a widely used local anaesthetic. It takes rather longer than lidocaine (q.v.) to
become effective and is much more toxic, but the pain relief it provides lasts four times as long.

Bupivacaine is an amide local anaesthetic, like lidocaine, that blocks the conduction of nerve
impulses by decreasing the nerve membrane’s permeability to sodium ions. It was first devel-
oped in 1957. Sensory nerves are more readily affected than motor nerves. A small amount
(~6%) is excreted unchanged in the urine, but most is metabolised by the liver, the neonatal
half-life being about 8 hours (at least twice as long as in adults). Tissue levels exceed plasma
levels (neonatal steady state V, ~41/kg). All local anaesthetic drugs are potentially toxic. Most
are more toxic to the brain than the heart, causing tremor, restlessness, apnoea and fits before
they cause an arrhythmia, but the reverse is true of bupivacaine. Check the maximum dose for
the baby and do not put more than this in the syringe. Have an intravenous (IV) line in place.
Accidental injection into a blood vessel can be particularly dangerous, so aspirate before inject-
ing. Epidural bupivacaine (with or without an opioid) provides lumbar block before surgery and
during childbirth. Tissue infiltration can provide local sensory block.

Lidocaine becomes fully effective in adults within 2—4 minutes and blocks all local sensation
for about an hour. Bupivacaine, in contrast, takes up to half an hour to become fully effective
after infiltration but then blocks all sensation for 2-8 hours (and probably longer than this in the
neonate). Anaesthetists have used intra-operative bupivacaine nerve blocks and wound infiltra-
tion (in a dose not exceeding 2 mg/kg) to reduce post-operative pain. Epidural bupivacaine has
been used during abdominal surgery to avoid the need for morphine in young children, with its
attendant risk of respiratory depression. Low epidural blocks have been used, in the same way,
during the surgical treatment of inguinal hernia in the preterm baby, obviating the need for a
general anaesthetic. The subcutaneous infusion of up to 400 micrograms/kg of bupivacaine an
hour post-operatively for up to 3 days into the region of any major incision can also deliver
significant pain relief.

Ropivacaine, a related aminoamide anaesthetic first introduced in 1997, has now started to be
used to provide caudal and lumbar epidural block in children. Early experience suggests that it
is less toxic but also produces less motor block for a given degree of sensory block. The dose used
in infancy is 1 ml/kg of a 0.2% solution, followed by a continuous infusion of 200 micrograms/
kg/hour (or 400 micrograms/kg/hour in infants more than 6 months old) continued for not
more than 72 hours.

Maternal bupivacaine is systemically absorbed after epidural administration, crosses the pla-
centa readily and is detectable in the cord blood in a dose that is high enough to interfere tran-
siently with auditory brainstem evoked responses, but not high enough to induce any significant
neurobehavioral changes. The same probably goes for ropivacaine. The amount excreted in
human milk is negligible.

Infiltrative local anaesthesia: Do not exceed a dose of 2mg/kg (0.8 ml/kg of 0.25% bupiva-
caine), and do not repeat this dose for 8 hours. Use a pulse oximeter (and/or ECG monitor) to
detect any early adverse cardiorespiratory effect. It is essential to avoid accidental injection into
a blood vessel.

Epidural block: Give up to 0.8ml/kg of 0.25% bupivacaine slowly into the caudal epidural
space over 1-2 minutes, aspirating intermittently to check for the presence of blood or CSE. This
should produce adequate anaesthesia for inguinal or perineal surgery after about 15 minutes.

Apnoea or a change in heart rate is usually the first sign that too much drug has entered the
circulation. Immediate ventilatory support can minimise acidosis (which further augments the
drug’s toxicity). Hypotension may respond to dobutamine (q.v.). Thiopental sodium (q.v.) may
be needed if fits interfere with ventilation. Complete recovery can be anticipated unless an
arrhythmia develops that is resistant to these measures and to a 10 micrograms/kg bolus of
clonidine.

Continued on p. 117
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10ml ampoules containing 25 mg of plain bupivacaine hydrochloride (i.e., 0.25% bupivacaine)
cost 88p. Note that more concentrated ampoules (0.5%) are also marketed. In addition, bupiva-
caine is also available in ampoules that contain other drugs: 5mg/ml bupivacaine with 80 mg/ml
glucose is marketed as Marcain Heavy®, bupivacaine (both 2.5 and 5mg/ml) with 1 in 200,000
(5 micrograms/ml) adrenaline is available in non-proprietary formulations and two strengths of
bupivacaine with 2 micrograms/ml of fentanyl for epidural use are marketed as Bufyl®. Care
should be taken to ensure that the correct formulation is used.

Bosenberg AT, Thomas J, Cronje L, ef al. Pharmacokinetics and efficacy of ropivacaine for continuous epidural
infusion in neonates and infants. Pediatr Anaesth 2005;15:739-49.

de La Coiussaye JE, Bassoul B, Brugada J, et al. Reversal of electrophysiological and haemodynamic effects
induced by high dose bupivacaine by the combination of clonidine and dobutamine in anesthetised dogs.
Anesth Analg 1992;74:703-11.

Gallagher TM. Regional anaesthesia for surgical treatment of inguinal hernia in preterm babies. Arch Dis Child
1993;69:623-4.

Rapp HJ, Molnér V, Austin S, ef al. Ropivacaine in neonates and infants — a population pharmacokinetic eval-
uation following single caudal block. Paediatr Anaesth 2004;14:724-32.

Tirotta CE Munro HM, Salvaggio J, et al. Continuous incisional infusion of local anesthetic in pediatric
patients following open heart surgery. Paediatr Anaesth 2009;19:571-6. [RCT]

Wolf AR, Hughes D. Pain relief for infants undergoing abdominal surgery: comparison of infusions of IV mor-
phine and extra-dural bupivacaine. Br J Anaesth 1993;70:10-6.
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Bromocriptine, cabergoline and quinagolide are three dopamine receptor agonists that are used
to treat hyperprolactinaemic amenorrhoea and galactorrhoea. Due to a better side effect profile,
cabergoline is preferred to bromocriptine (see web archive) if it is necessary (or justified) to sup-
press lactation after childbirth. Quinagolide has not been used for this purpose.

Cabergoline is an ergot derivative with selective inhibitory activity on prolactin secretion by
binding to dopamine receptors. It is well absorbed when given by mouth, metabolised in the
liver with a half-life of 2-4 days and excreted largely in the bile. A single dose twice a week will
restore ovulation in most women with hyperprolactinaemic amenorrhoea. The manufacturers
recommend that treatment is stopped before women try to conceive; in reality, this is sometimes
not practical; there is a real possibility that withdrawal could prevent ovulation or result in a
vision-threatening increase in size if the tumour is already large. First trimester use in humans
is not associated with teratogenicity in humans. While high-dose treatment can cause fibrotic
heart valve changes, such changes seem rare with low-dose treatment (although a constrictive
pericarditis has been reported).

Milk formation during late pregnancy occurs under the combined stimulus of oestrogens, pro-
lactin (placental lactogen) and progesterone. Insulin and cortisol may also have a role. Oestrogens
antagonise the effects of prolactin, and lactation is stimulated when oestrogen levels fall after
delivery.

Oestrogens were once used widely to suppress lactation in the puerperium, but they were
found to be relatively ineffective and to increase the risk of potentially life-threatening throm-
boembolism. Trials undertaken between 1972 and 1984 showed 2.5mg of bromocriptine twice
a week for 2 weeks to be a more effective alternative. However, most drug trials only looked at
the immediate effect of drug treatment, and there is some evidence that although bromocriptine
reduces pain, engorgement and milk production 1 week after delivery more than a breast binder,
the situation is reversed 2 weeks later.

Over the next 10 years, reports started to appear of mothers having seizures, strokes, heart
attacks and sudden severe hypertension while taking bromocriptine to suppress lactation. While
it is difficult to know whether these symptoms were caused by bromocriptine, problems were
reported with sufficient frequency for the manufacturers to stop recommending its use to sup-
press lactation in 1994. Since discomfort is only a transient problem, there can seldom be a case
for using any drug to suppress lactation in most mothers, but drug use can still be justified in
certain situations. Continued milk production may cause additional anguish to some mothers
coping with a stillbirth or early neonatal death.

The dose to completely suppress physiological lactation is given in this monograph. In women
with prolactinoma who wish to breastfeed, it is possible to reduce the dose to a level that con-
trols prolactin levels but is still high enough to maintain lactation. On a weight-related basis, the
breastfed infant receives less than 1% of the maternal dose. It is also often possible to stop
treatment during pregnancy and during lactation because prolactinomas usually only grow
slowly at this time.

A single 1 mg dose of cabergoline by mouth is usually enough to suppress lactation immediately
after delivery. If lactation has already been established, give 250 micrograms in four doses at 12
hourly intervals.

500 microgram scored tablets of cabergoline are available (costing £4 each).
(See also the relevant Cochrane reviews)
Bhattacharyya S, Shapira A, Mikhailidis DP, et al. Drug-induced fibrotic valvular heart disease. Lancet
2009;374:577-85. [SR]
Caballero GA, Caballero DJL. Caberbolina: Nuevo dopaminérgico a dosis tinica en la inhibicién de la
lactacion. Acta Ginecoldgica 1996;53:172-9. [RCT]
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Caballero-Gordo A, Lopez-Nazareno N, Calderay M, et al. Single-dose inhibition of puerperal lactation.
J Reprod Med 1991:36:717-21.

Colao A, Abs R, Barcena DG, et al. Pregnancy outcomes following cabergoline treatment: extended results
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hyperprolactinemia: a systematic review of randomized controlled trials and meta-analysis. Pituitary 2011;
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Rains CP, Bryson HM, Fitton A. Cabergoline. Drugs 1995;49:255-79. [SR]

Stalldecker G, Mallea-Gil MS, Guitelman M, et al. Effects of cabergoline on pregnancy and embryo-fetal
development: retrospective study on 103 pregnancies and a review of the literature. Pituitary 2010;13:
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web comment

Caffeine reduces apnoea and speeds extubation, so decreasing the time very preterm babies
spend ventilated and in supplemental oxygen. Use also seems to decrease the number of survi-
vors with disability.

Caffeine is a general stimulant which increases metabolic rate, central chemoreceptor sensitivity
to CO, and inspiratory drive. It crosses the placenta easily, and a daily intake greater than 300 mg
(equivalent to eight cups of tea or three cups of strong coffee) probably increases the risk of mis-
carriage and stillbirth (see web commentary). The amount in the breast milk of mothers on a
normal diet is of no clinical significance, even though the neonatal half-life (60-140 hours) is 16
times as long as it is in adults. Caffeine is well absorbed orally, and intravenous (IV) treatment is
seldom necessary. It is mostly excreted, unchanged, in the urine in the first month of life, but
clearance rises and approaches the rate found in adults in infants over 4 months old. Use
marginally reduces weight gain for a few weeks and does not increase the risk of necrotising
enterocolitis. Benefit is most marked in the ventilator-dependent baby started on treatment
within 3 days of birth. Tachycardia and agitation are the first signs of toxicity, while a 10-fold
overdose may cause hyperglycaemia, hypertonia and heart failure.

Caffeine is preferred to theophylline (q.v.) when managing apnoea, once sepsis, hypoglycaemia,
seizures and respiratory exhaustion have been excluded, but medication is no substitute for a
sensible nursing strategy. Doxapram (q.v.) may on occasion be useful, but stimulants seldom
help when obstructive apnoea is due to reflex glottic closure, or sleep-associated pharyngeal
hypotonia, and caffeine can make reflux worse. Continuous positive airway pressure (CPAP) or
high flow oxygen may help especially in those babies whose apnoea has an obstructive
component.

Serious apnoea is most common in the very preterm baby and becomes more troublesome a
few days after birth. It is uncommon in babies with a post-menstrual age of more than 33 weeks,
so treatment can usually be stopped 2 weeks before discharge and any monitor removed a week
after treatment ceases. Developmental delay is more common when serious apnoea persists
longer than this.

There is 1 mg of caffeine base in 2mg of caffeine citrate. Most neonatologists worldwide have,
for the last 25 years, quoted the amount of caffeine citrate used when prescribing this drug, but
until recently, the UK drug regulator said that prescribers should state the amount of caffeine
base to be given. Fortunately, this advice has been reversed and any prescription should now be
written as caffeine citrate.

Neonatal apnoea: Give a loading dose of 20 mg/kg of caffeine citrate IV or by mouth, followed
by a maintenance dose of 5mg/kg (or very occasionally 10mg/kg) IV or by mouth once every 24
hours. In the few babies who merit treatment at a post-menstrual age of more than 52 weeks, it
is sometimes necessary to give a maintenance dose of 5mg/kg of caffeine citrate four times a day.
Facilitating extubation: The dose used to control neonatal apnoea (see earlier) will usually
suffice. A higher loading dose of 80 mg/kg IV followed by 20 mg/kg once a day may further speed
tracheal extubation in a few babies of less than 30 weeks gestation, but it often causes quite
significant tachycardia (170-190bpm).

Measurement seldom influences management. While the usual target plasma level is 10-20 mg/1,
a few babies respond better to a level of 25-35mg/l1. Signs of toxicity only occur when the level
exceeds 50mg/l (1 mg/1=5.14 pmol/l). Samples do not need to be collected at any set time.

IV products: 1 ml non-proprietary vials containing 10 mg of caffeine citrate that cost £4.90 are
available. Care must be taken to avoid confusion as there are also 1 ml vials of proprietary caffeine
citrate (Peyona®) containing 20mg (costing £17).

Continued on p. 121
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Oral products: Both IV preparations may be given orally. Non-proprietary 5ml vials containing
50mg of caffeine citrate (10 mg/ml) and costing £24 are available. Many centres in America, and
some in the United Kingdom, continue to make a more easily used (and cheaper) sugar-free
preparation ‘in-house’ with a 1-year shelf life that is useable for a month once opened.

(See also the relevant Cochrane reviews)
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Calcium gluconate can be given orally or intravenously (IV) to control symptomatic neonatal
hypocalcaemia, but intramuscular (IM) magnesium sulfate (q.v.) may be preferable in babies
presenting 4-10 days after birth.

Calcium increases myocardial contractility and ventricular excitability. It can also be used to con-
trol cardiac hyperexcitability in severe neonatal hyperkalaemia (as outlined in the monograph
on the polystyrene sulfonate resins). Dietary supplementation during pregnancy has been
shown to reduce the risk of maternal hypertension and pre-eclampsia in high-risk women.
Calcium is no longer routinely used during the management of cardiopulmonary resuscitation
and is not required for the mild transient hypocalcaemia caused by citrate administration during
exchange transfusion.

A degree of ‘physiological’ hypocalcaemia is common in the first 2 days of life with apathy and
hypotonia especially if there is intrapartum asphyxia or respiratory distress. Late hypocalcaemia
on the other hand is usually associated with increased tone, jitteriness and multifocal seizures
4-10 days after birth in an otherwise well child. Seizures are usually associated with a serum
calcium <1.7 mmol/l (and more specifically an ionised calcium <0.64 mmol/l). Hypomagnesaemia
is also often present (<0.68 mmol/l). Most such babies have a QTc of >0.2 seconds on their ECG.

There is no evidence that hypocalcaemia causes permanent neurological damage, and there is
little evidence that an asymptomatic baby with transient hypocalcaemia requires any treatment.
Calcium gluconate is probably the treatment of choice for early symptomatic hypocalcaemia, but
extravasation can cause severe permanent tissue damage with IV administration and has even
made partial limb amputation necessary on occasion. A strategy for the early treatment of tissue
extravasation is described in the monograph on hyaluronidase (q.v.).

IM magnesium sulfate (q.v.) may be preferable in the first-line management of transient late
neonatal hypocalcaemia. Calcium gluconate can also be given orally, but calcium glubionate and
lactobionate (Calcium-Sandoz®) is a cheaper and more convenient formulation for sustained
oral use. Phenobarbital (q.v.) is effective in controlling seizures but should not be allowed to
mask symptoms in the rare baby in whom hypocalcaemia does not resolve within 48 hours.
Look for evidence of parathyroid disturbance in mother and/or baby, or maternal vitamin D
deficiency, if problems persist.

Urgent IV correction: Correct serious hypocalcaemia by giving 2 ml/kg (0.46 mmol/kg) of 10%
calcium gluconate slowly IV over 5-10 minutes if oral correction does not seem appropriate. This
is more than the dose recommended in most British texts but conforms to practice in North
America. Watch for arrhythmia and extravasation, and avoid intra-arterial and IM administration.
Routine IV supplementation: 2.5 ml/kg of 10% calcium gluconate can be given IV each day
for the next 2-3 days, either as a continuous infusion or as four slow bolus doses, while investiga-
tions continue into the cause of any persisting abnormality if oral administration is not possible.
Rapid oral correction: Give 4 ml/kg of Calcium-Sandoz syrup (~2 mmol/kg of calcium) a day in
divided doses. This more than doubles the calcium intake provided by most artificial infant milks.
Routine oral supplementation: Give 0.5 ml/kg of the Calcium-Sandoz syrup (~250 micromol/
kg of calcium) four times a day.

Do not add calcium to any solution containing bicarbonate, sulphate or phosphate, and do not
let any IV fluid containing calcium come into even brief contact with any other IV administered
drug. An insoluble salt precipitates out on contact with ceftriaxone, and the same may be true
of some other drugs.

One 10 ml ampoule of 10% calcium gluconate contains 1 g of calcium gluconate (or 89 mg of
calcium) and costs 60p. This stock preparation, designed primarily for intravenous use, contains
225 micromol (0.46 mEq) of calcium per millilitre. The product should not be used to supple-
ment the calcium content of parenteral nutrition because of its high aluminium content.
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An orange-flavoured oral syrup (Calcium-Sandoz) contains calcium glubionate and calcium
lactobionate in sucrose (containing 22 mg [0.54 mmol] of calcium per millilitre) is available (cost
£4.10 for 300 ml). This product should be avoided in patients with galactosaemia, because the
glubionate is hydrolyzed by lactase in the small intestine into galactose and gluconic acid.

(See also relevant Cochrane reviews)
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Captopril may be used in the management of babies with congestive cardiac failure. It is also
used to control hypertension in older children, but intravenous (IV) labetalol followed by oral
nifedipine (q.v.) offers a more reliable strategy for controlling serious hypertension in infancy.
Captopril is also used to reduce proteinuria in nephrotic syndrome.

A range of drugs used to treat heart failure and hypertension work by inhibiting the angiotensin-
converting enzyme (ACE) responsible for converting angiotensin I to the potent vasoconstrictor,
angiotensin II. These drugs, and the related angiotensin II receptor antagonist group of drugs
which share many properties, are fetotoxic in pregnancy causing, in some cases, irreversible
renal impairment. This may not be apparent until after the development of oligohydramnios.
They are, however, generally safe during breastfeeding since the baby only gets about 0.1% of
the maternal dose (on a weight-for-weight basis).

Hyperkalaemia is a hazard in patients co-treated with potassium-sparing diuretics (like spi-
ronolactone) or on potassium supplements. The half-life of captopril is only 1-2 hours, but the
clinical effect persists much longer than this, possibly because of reconversion of inactive metab-
olites back to active drug. The half-life of the related ACE inhibitor enalaprilat (and its prodrug
enalapril) is 1-2 days.

Because the neonatal response to treatment with an ACE inhibitor is very variable, and some
babies become profoundly hypotensive with even a small dose, it is essential first to give a small
test dose and then increase the dose cautiously. This seems particularly true in babies under a
month old. Reversible adverse effects (including apnoea, seizures and renal failure as well as
severe unpredictable hypotension) have been unacceptably common when these drugs were
used to control hypertension in the first few months of life. What is more worrying, such epi-
sodes have sometimes occurred unpredictably in small babies on maintenance treatment. ACE
inhibitors may, however, be of help in infants with chronic congestive failure by decreasing the
afterload on the heart, although babies with a left-to-right shunt seldom seem to benefit.

Neonatal use: In preterm infants (<37 weeks), start by giving a ‘test” dose of 10 micrograms/kg
of captopril by mouth and monitor blood pressure carefully. If there are no adverse effects, give
10 micrograms/kg of captopril every 8 hours. This dose can then be increased progressively, as
necessary, to no more than 100 micrograms/kg once every 8 hours.

In term neonates, the initial (‘test’) dose is 10-50 micrograms/kg. The same dose is given 8-12
hourly in the absence of adverse effects and can be increased, if required, to a maximum of 2
mg/kg/day.

Older infants: Start by giving a 100 microgram/kg test dose and monitor blood pressure every
15 minutes for at least 2 hours. Start treatment by giving this dose once every 8-12 hours, and
increase the dose cautiously to a total daily dose of no more than 4 mg/kg/day.

Enalapril maleate is an alternative oral prodrug which is hydrolyzed in the liver to the even
more potent ACE inhibitor enalaprilat (enalaprilat itself being available as an IV preparation in
North America, but not in the United Kingdom). The oral bioavailability of enalapril is approxi-
mately 60% in adults but variably less than this in neonates. The neonatal response is very var-
iable, as is the duration of action. As a result, the starting dose in neonates is 10 micrograms/kg
once a day, whereas a starting dose of 100 micrograms/kg is probably safe in older children. Oral
doses as high as 1 mg/kg once a day are occasionally used later during the first year of life. The
dose should be titrated up slowly as required, watching for possible signs of early renal failure.
The drug’s main advantage over captopril is the longer half-life and the availability of an IV for-
mulation. The manufacturers have not endorsed the use of this drug in children. Liver failure is
a rare hazard.

Captopril is available as both 5 mg/5 ml and 25 mg/5 ml oral solutions from Martindale Pharma
and costs £95 for 100 ml. Captopril and enalapril both come in tablet form (and are only stable
when so formulated). Various strengths are available, some costing as little as 5p each. The

Continued on p. 125

124



tablets dissolve easily in water so a 25 mg tablet dissolved in 25 ml of tap water gives a 1 mg/ml
sugar-free solution that is stable for 24 hours.
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Carbamazepine has been in use for generalised tonic—clonic (grand mal) and partial (focal) epi-
lepsy since 1963. It is a valuable first-line drug in the sustained, long-term control of epilepsy in
infancy and later childhood. It can only be given by mouth or per rectum.

Carbamazepine is well but slowly absorbed from the digestive tract and extensively metabolised
in the liver before being excreted in the urine along with carbamazepine-10,11-epoxide (one of
its primary active metabolites). Peak absorption is delayed when the drug is given as a tablet
rather than as a liquid or chew tab. The amount offered should also be increased to 25% when
the drug is given into the rectum because of incomplete absorption. Drug clearance is low at
birth (half-life 24 hours) but higher in infancy (3-15 hours) than in adult life. The volume of
distribution in neonates is 1.5 1/kg.

Start by giving a low dose and increase this gradually. Use should probably be avoided in chil-
dren with cardiac conduction defects, and caution is appropriate in children with a history of
cardiac, hepatic or renal disease. Use frequently exacerbates myoclonic and absence seizures.
Side effects are rare but include leucopenia, dystonia and hyponatraemia, and an overdose can
cause drowsiness, respiratory depression and convulsions. Babies may also manifest vomiting,
urinary retention, tachycardia and dilated pupils. It is not widely used in neonates; limitations
include low activity of cytochrome CYP3A4 at birth (activity increases ~20% of adult values at
1 month) and of epoxide hydrolase enzymes as well as reduced renal elimination.

Maternal use during pregnancy is associated with a slightly increased risk of microcephaly
and spina bifida. Women are advised to take a folic acid supplement (5 mg daily) prior to, and
for 12 weeks after, conception. Serious malformation is otherwise uncommon, and although
some mild dysmorphic features are often detectable, there is no evidence that exposure before
birth has any impact on the child’s later cognitive development. The baby may be hypopro-
thrombinaemic at birth, but this bleeding tendency is corrected by giving the baby at least 100
micrograms/kg (usually 1 mg) of intramuscular vitamin K (q.v.) at birth. Small amounts of the
drug appear in breast milk, but maternal treatment is not a contraindication to breastfeeding
because the baby will only receive 5% of the maternal dose on a weight-for-weight basis.

Concurrent treatment with erythromycin, isoniazid, lamotrigine or valproate (q.v.) causes a rise
in the serum level of carbamazepine. The use of two anticonvulsants always increases the risk of
drug toxicity.

Experience in neonates is limited. Give 5 mg/kg every 12 hours. A larger dose may be necessary
in babies over 2 weeks old (maximum intake 15 mg/kg every 12 hours), but larger doses should
be introduced slowly. Where oral treatment is not possible, a slightly larger dose of the oral
suspension can be given into the rectum after dilution with an equal volume of water to mini-
mise the laxative effect of the standard suspension’s high osmolarity (a dose that can probably
be repeated if the baby passes a stool within 2 hours of administration).

The optimum anticonvulsant plasma concentration is 4-12 mg/l (1 mg/1=4.23 micromol/l).
Levels should be taken shortly before treatment was due. It is, however, important to realise that
the drug level in a young baby can take a week to stabilise. Levels above 30 mg/l cause severe
toxicity.

100 ml of a 20 mg/ml caramel-flavoured, sugar-free carbamazepine suspension costs £2 (it also
contains 25 mg/ml of propylene glycol). 125 mg suppositories (equivalent to 100 mg orally) cost
£1.60 each.
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(see also the Cochrane review on common antiepileptic drugs in pregnancy) G—)
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Carglumic acid is primarily used to treat N-acetylglutamate synthase (NAGS) deficiency, a rare
urea cycle disorder. It may also reduce ammonia in some patients with branched-chain organic
acidaemias.

N-Acetylglutamate is the natural activator of carbamoyl phosphate synthetase (CPS I), which
is the first step in the urea cycle. Patients with NAGS deficiency present with hyperammonae-
mia in the neonatal period or later in life. Carglumic acid (N-carbamoyl-L-glutamic acid or
N-carbamylglutamate) is a synthetic analogue of N-acetylglutamate and has been used since the
early 1980s to control hyperammonaemia in patients with NAGS deficiency. After starting car-
glumic acid, most patients with this disorder tolerate a normal protein intake when they are
well, although other measures may be needed, particularly when they are ill. A few patients
with partial CPS I deficiency may also respond to carglumic acid.

In branched-chain organic (methylmalonic, propionic and isovaleric) acidaemias, hyperam-
monaemia is thought to result, at least partly, from inhibition of NAGS, and carglumic acid
reduces the ammonia concentration in some, but not all, children with one of these disorders.

Plasma ammonia levels do not normally exceed 150 pmol/l, and levels above 200 pmol/I strongly
suggest the presence of an inborn error of metabolism. Further investigations should include
analysis of plasma amino acids, urine organic acids and urine orotic acid. NAGS is a rare cause
of hyperammonaemia and is hard to distinguish from CPS deficiency. A rapid response to car-
glumic acid strongly suggests the diagnosis: if the drug is available, it can be given while other
forms of treatment are being set up.

Specialist advice on a range of inborn errors of metabolism is available from the British Inherited
Metabolic Disease Group (BIMDG) via their website (www.bimdg.org.uk).

Note: Treatment with this product should only be initiated after consultation with a
specialist centre.

Trial of responsiveness: A trial dose of 200 mg/kg (oral or nasogastric) has been recommended
in patients with hyperammonaemia, followed by monitoring of the plasma ammonia
concentration every 2 hours; further doses may be given if there is a partial response. It is, how-
ever, important not to delay other treatment of hyperammonaemia by promptly administering
sodium benzoate, sodium phenylbutyrate and arginine (q.v.) and, in severe cases, beginning
haemodialysis.

Long-term management of NAGS deficiency: The total daily dose is usually between 10
and 100mg/kg a day. It should be given in divided doses two to four times a day before food.
During illness, it may be helpful to double the dose; no intravenous preparation is available.

Plasma ammonia and amino acids should be monitored, as in other urea cycle disorders, aiming
to keep the plasma ammonia concentration below 60pmol/l and the plasma glutamine level
below 800 pmol/l while maintaining a normal essential amino acid profile.

Supplies of carglumic acid (Carbaglu®) are available from Orphan Europe. This product was
awarded EU marketing authorisation in 2003 and was also identified by the FDA in America for
‘fast track” approval as an orphan drug in 2007. The product is currently only available in 200 mg
tablet form and in packs of 5 or 60 tablets. The tablets currently cost £60 each.
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L-Carnitine is a naturally occurring substance that is required for the transport of fatty acids into
mitochondria. It is used in the management of a range of inborn errors of metabolism associated
with carnitine deficiency.

Carnitine (f-hydroxy-y-trimethylaminobutyric acid) is a small water-soluble molecule. Most of
the body’s carnitine is found in skeletal and cardiac muscle. It may be synthesised in the body
from lysine and methionine, although synthetic pathways are relatively immature at birth. Most
is usually provided by dietary red meat and dairy produce. Human milk and whey-based for-
mula milks all contain 1-carnitine; soya-based preparations are usually, but not always, supple-
mented. Dialysis and defects of renal tubular reabsorption (Fanconi syndrome) may cause
secondary deficiency.

Primary systemic carnitine transporter deficiency is a rare autosomal recessive condition
resulting from a defect in the uptake of carnitine across cell membranes. It usually presents with
hypoketotic hypoglycaemia, cardiomyopathy or myopathy and is generally associated with a
total plasma carnitine level of less than 10 pmol/l. In countries with expanding newborn screen-
ing, it may be diagnosed by tandem mass spectrometry.

Secondary systemic carnitine deficiency occurs in organic acidaemias and fatty oxidation
defects. In these conditions, carnitine binds to accumulating intermediate metabolites and is
excreted with them in the urine. Organic acidaemias usually present with encephalopathy, often
within a few days of birth. Fatty acid oxidation (FAO) defects present in the neonatal period or
later with hypoglycaemic encephalopathy or with a cardiac or skeletal myopathy. All these con-
ditions are recessively inherited, and their management should, wherever possible, be guided by
a consultant experienced in the management of metabolic disease.

Carnitine is of proven value in primary carnitine deficiency. Use also forms part of the stan-
dard strategy for managing organic acidaemias (such as isovaleric, methylmalonic and propionic
acidaemias and glutaric aciduria type I). Use in FAO defects is more controversial, although it is
often used in the decompensated patient to detoxify acyl-CoA intermediates and replenish the
intramitochondrial carnitine pool; long-term supplementation has been questioned in long-chain
FAO defects due to accumulation of long-chain fatty acylcarnitines that may cause cardiac
arrhythmias. Reports of supplementation in patients on dialysis, on valproate (q.v.) or with
Fanconi syndrome have suggested only variable or equivocal benefit. Treatment should always
be with the naturally occurring L isomer and not the racemic (DL) mixture. The main dose-
related adverse effects of oral treatment are nausea, vomiting, abdominal cramp, diarrhoea and
a fish-like smell. Controlled trials in preterm babies (either orally or parenterally fed) have failed
to show that routine supplementation reduces apnoea, makes episodic hypoglycaemia less
common or improves growth. Women requiring carnitine supplementation should not stop
treatment during pregnancy or lactation.

Urgent intravenous (IV) treatment: Give 4mg/kg/hour (0.2ml/hour of the solution made
up as described in ‘Supply and administration’) as a continuous IV infusion during acute meta-
bolic decompensation. An initial loading dose is no longer generally considered necessary, but if
required could be given by infusing 5ml of the same solution over 30 minutes.

Oral treatment: The usual dose is 25 mg/kg four times a day.

While formal compatibility tests do not seem to have been undertaken, problems have not been
encountered when carnitine is terminally co-infused with arginine, sodium benzoate and sodium
phenylbutyrate.

A cherry-flavoured oral paediatric solution dispensed in single-dose bottles of 20ml (containing
300mg/ml of L-carnitine) is available commercially costing £21 per bottle. It contains sorbitol and
sucrose. A sugar-free oral solution is available in some countries. For IV use, 5ml ampoules con-
taining 1g (200mg/ml) of r-carnitine, which costs £12 each, are available. Take 1ml of this
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preparation for each kilogram that the baby weighs, dilute to 10ml with 0.9% sodium chloride
and infuse at a rate of 0.2ml/hour. The product is stable at room temperature for 24 hours after
reconstitution in this way.

(See also the relevant Cochrane reviews)
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Caspofungin is expensive, but it is sometimes the antifungal drug of choice when systemic infec-
tion with a Candida organism is resistant to fluconazole (q.v.) and when Aspergillus infection is
resistant to high-dose amphotericin B (q.v.).

Caspofungin was first licensed for clinical use in 2001 and was the first of a new class of antifun-
gals called echinocandins. Since then, two other members, micafungin (q.v.) and anidulafungin,
of the class have emerged. Caspofungin works by inhibiting the synthesis of p-(1,3)-p-glucan, an
integral component of fungal cell walls. It demonstrates in vitro and in vivo activity against
Aspergillus and a range of Candida species, including C. albicans, C. parapsilosis, C. tropicalis and
C. glabrata, and in a controlled trial published in 2002, adults with invasive candidiasis responded
to caspofungin better than they did to amphotericin. There were also fewer side effects. It is not
effective in cryptococcal infection.

There are, however, very few published reports as yet of this drug’s use in very young chil-
dren, and the manufacturer is not yet ready to recommend use in children less than 3 months
old. Caspofungin was found to be embryotoxic and to interfere with fetal bone formation at
standard doses in pregnant rodents, but nothing, understandably, is yet known about the effect
of its use in women during pregnancy or lactation (although poor oral bioavailability should
limit exposure in the breastfed infant).

Caspofungin blood levels decline in a polyphasic manner, the brief a-phase in adults being
followed by a 9-11 hour p-phase and a 40-50 hour y-phase as widespread tissue redistribution
is followed by slow hydrolysis, acetylation and chemical degradation before the resultant metab-
olites are finally excreted in the urine and faeces. Little pharmacokinetic data in neonates has yet
been published, but the volume of distribution in infancy would seem to be even higher than it
is in adult life while the p-phase half-life is shorter, making a rather higher dose necessary.
Penetration of caspofungin into the CSF is poor in children and adults, but adequate levels in
neonatal CSF have been reported when used to eradicate shunt-associated Candida meningitis.

Patients taking any of the hepatic enzyme-inducing drugs, such as carbamazepine, dexametha-
sone, nelfinavir, nevirapine, phenytoin and rifampicin, probably need to be given a rather higher
daily dose because of enhanced drug elimination.

Relatively little is known about treatment in the first year of life and even less in the neonatal
period. The most appropriate dose in the neonate and infant less than 3 months is probably
25mg/m? once daily as an infusion made up as described under ‘Supply and administration” and
given over 1 hour. The dose is increased to 50mg/m? once daily in infants between 3 and
12 months.

Treatment was continued for 2-3 weeks in most reports published to date with fungal
clearance from blood being seen within the first few days of treatment. The dose given does not
normally need to be reduced in patients in renal failure, but it is probably not wise to continue
giving high-dose treatment to patients showing signs of liver failure.

Caspofungin comes as a powder ready for reconstitution in 50 mg vials that cost £330 each. Vials
are stored at 4°C but brought to room temperature before use. The powder is dissolved in
10.5ml of 0.9% sodium chloride. For accurate low-dose administration, further dilute the resul-
tant solution to 25 ml with more 0.9% sodium chloride to obtain a solution containing 2 mg/ml
of caspofungin, and use this within 24 hours. Caspofungin is incompatible with glucose and has
to be given into a line that only contains 0.9% sodium chloride or compound sodium lactate.

Belet N, Ciftci E, Ince E, et al. Caspofungin treatment of two infants with persistent fungaemia due to Candida
lipolytica. Scand J Infect Dis 2006;38:559-62.

Dodds AES, Lewis ES, Lewis LJS. Pharmacology of systematic antifungal agents. Clin Infect Dis
2006;43:529-39.
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Cefalexin is one of the few cephalosporin antibiotics that can be given orally. It should only be used
in the neonatal period when the sensitivity of the organism under treatment is known. Cefuroxime
(q.v.) is a closely related antibiotic with slightly different sensitivities suitable for intravenous (IV)
or intramuscular (IM) use.

Stimulated by the discovery of penicillin, many other moulds were soon studied to see if they had
antimicrobial properties. This soon led Giuseppe Brotzu, Professor of Hygiene at the University of
Cagliari, to discover Acremonium chrysogenum (formerly called Cephalosporium acremonium) in 1948 in
a sewage outlet in Sardinia. Extracts of the fungus were soon shown to be active against a range of
Gram-negative, as well as Gram-positive, bacteria. However, it took 12 years of further work before
the team working with Howard Florey in Oxford had a product (called cephalosporin C, because it
had been isolated as a pure crystalline sodium salt) that was ready for clinical use. Its structure was
similar to that of penicillin, but it was not destroyed by fp-lactamase-producing bacteria. Plans to
market cephalosporin C were thwarted when Beechams brought methicillin onto the market in
1960, but a wide range of semi-synthetic analogues were developed over the next 20 years.

Cefalexin was one of the first cephalosporins that appeared in 1967. Various ‘second-genera-
tion” products, including cefoxitin and cefuroxime (q.v.) with a wider spectrum of antibiotic
activity, arrived 5 years later, and a third generation of very broad-spectrum cephalosporins,
including cefotaxime, ceftazidime and ceftriaxone (q.v.), followed between 1976 and 1979.
Fourth-generation cephalosporins are now being used in adults but have yet to find much of a
role in neonates.

Cefalexin is reasonably active against nearly all Gram-positive cocci (including group B strepto-
cocci) and most Gram-negative cocci other than enterococci. Gram-positive rods are relatively
resistant. While the drug is relatively resistant to staphylococcal p-lactamase, it has no useful
activity against methicillin-resistant strains. It should not be used for infections in which
Haemophilus influenzae is, or is likely to be, implicated or used as an alternative to penicillin for
syphilis. Although most Bacteroides species are susceptible to cefalexin, this is not true of
Bacteroides fragilis. Cefalexin has no useful activity against Listeria, Citrobacter and Enterobacter or
against Serratia and Pseudomonas species, and it only penetrates CSF poorly.

Cefalexin, unlike most cephalosporins, is acid resistant and well absorbed when taken by
mouth, although absorption is delayed and incomplete when the drug is taken on a full stomach.
The dose recommended here takes this into account. Oral treatment usually only has a modest
effect on the balance of other bacteria in the gut. Cefalexin is actively excreted by the kidney, the
plasma half-life falling from 5 hours at birth to about 2'2 hours at 4 weeks. Children more than
a year old clear cefuroxime from their plasma almost as fast as adults (t/2=0.9 hours). Dosage
intervals should be extended in babies with severe renal failure.

Problems associated with treatment are uncommon but the same as for all cephalosporins, as
discussed in the monograph on ceftazidime (q.v.). Only modest amounts cross the placenta, and
there is no evidence of teratogenicity. The baby ingests less than 1% of the weight-related
maternal dose when the mother takes this drug while breastfeeding.

Give 25 mg/kg by mouth once every 12 hours in the first week of life, every 8 hours in babies
1-3 weeks old and every 6 hours in babies older than this.

Cefalexin is available as a 25 mg/ml oral suspension. Reconstitute the granules or powder with
water and use the resultant suspension within 10 days. 100 ml of the sugar-free non-proprietary
product costs £1.40. There are no parenteral formulations available.

Boothman R, Kerr MM, Marshall MJ, et al. Absorption and excretion of cephalexin in the newborn infant.
Arch Dis Child 1973;48:147-50.

Chen AE, Carroll KC, Diener-West M, et al. Randomized controlled trial of cephalexin versus clindamycin for
uncomplicated pediatric skin infections. Pediatrics 2011;127:¢573-80. [RCT]
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Cefotaxime is a broad-spectrum cephalosporin largely reserved for empirical use in the
management of meningitis and sepsis. It should not be used on its own if Listeria or Pseudomonas
infection is a possibility.

Cefotaxime is a bactericidal antibiotic introduced into clinical use in 1976 with the same range of
activity against Gram-positive organisms as most other third-generation cephalosporins and
exceptional activity against most Gram-negative organisms. It is not active against Listeria monocy-
togenes, enterococci or Pseudomonas. Tissue penetration is good, and CSF penetration is usually
more than adequate when there is meningeal inflammation. Maternal use presents no problem
during pregnancy. Use during lactation exposes the baby to considerably less than 1% of the
weight-adjusted maternal dose. The neonatal half-life (2-6 hours) varies with gestation and with
postnatal age. The drug’s primary metabolite, desacetylcefotaxime, which also displays antibiotic
activity, has a neonatal half-life twice as long as this. Most of the drug is renally excreted.

Cefotaxime is widely considered to be the antibiotic of choice in the management of most
cases of Gram-negative neonatal meningitis at present although, for most infections, there is
probably little to choose between cefotaxime and ceftazidime (q.v.). Ceftriaxone (q.v.) is some-
times used in this situation when there is no risk of jaundice because it only has to be given once
a day. There is some evidence to suggest that the neurological outcome in proven bacterial men-
ingitis other than that caused by Neisseria meningitidis may be improved by the simultaneous early
administration of dexamethasone (q.v.).

Neonatal use of the third-generation cephalosporins such as cefotaxime and ceftazidime
should probably be limited to the management of proven Gram-negative septicaemia and men-
ingitis because several units have reported the emergence of resistant strains of Enterobacter
cloacae when cefotaxime is used regularly in the first-line management of possible neonatal
sepsis (including coagulase-negative staphylococcal infection). The same potential exists with
other organisms (e.g. Serratia and Pseudomonas species) where inducible p-lactamase production
is a possibility.

The signs of meningitis are seldom as clear cut in the neonatal period as they are in later
childhood and (since babies with meningitis do not always have a positive blood culture) the
organism may be missed if a lumbar puncture (LP) is not done when blood is obtained for
culture. Even if it is delayed until the baby has been stabilised, an LP should still be done (and
done within 2 hours of initiating antibiotic treatment to be sure of isolating the organism), since
diagnosis will often influence decisions regarding treatment. Flex the hips and knees, but do not
bend the neck to limit respiratory embarrassment. A Gram stain will usually reveal meningitis,
but the cell count seen in normal babies overlaps with that seen in babies with early meningitis.
The same is true of CSF protein and glucose levels. A combination of benzylpenicillin and an
aminoglycoside is widely used in early-onset meningitis of uncertain origin, but cefotaxime
should replace benzylpenicillin if Gram-negative organisms are seen (ceftazidime being more
appropriate if Pseudomonas infection is suspected). Meropenem (q.v.) should be held in reserve
for use when a p-lactamase-resistant organism is suspected. Penicillin can replace ampicillin in
group B streptococcal infection. Vancomycin should be reserved for proven staphylococcal infec-
tion. Viral culture should always be undertaken if no bacteria are seen. Confirm sterility with a
second LP after 24-48 hours if the response is uncertain. Meningitis (whatever its cause) remains
a notifiable condition in the United Kingdom.

Severe neonatal infection should be treated with 50 mg/kg slowly intravenous (IV) (or
intramuscular (IM)) once every 12 hours in the first week of life, every 8 hours in babies 1-3
weeks old and once every 6 hours in babies older than this. The dosage interval should be
increased in babies with severe renal failure. A single 100 mg/kg IV or IM dose can be used
(instead of ceftriaxone) to treat neonatal gonococcal eye infection.

Stock 500 mg vials, which should be protected from light, cost £2.25. The dry powder should be
reconstituted with 2.3 ml of water for injection to give a solution containing 200 mg/ml.
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Ceftazidime is used in the management of Gram-negative (including Pseudomonas aeruginosa)
infection, although cefotaxime (q.v.) is more often used for Gram-negative meningitis. The fre-
quent use of any third-generation cephalosporin may rapidly lead to many babies becoming
colonised by resistant organisms and can also increase the risk of invasive candidiasis in babies
weighing less than 1kg at birth.

Ceftazidime is a valuable third-generation bactericidal cephalosporin first patented in 1979. It is
resistant to most p-lactamase enzymes and has good in vitro activity against a wide range of
Gram-negative bacteria, including P. aeruginosa. It is reasonably active against group A and group
B streptococci and against Streptococcus pneumoniae but only has limited efficacy with most other
Gram-positive organisms. Ceftazidime is not effective against enterococci, Listeria, Helicobacter or
Bacteroides fragilis. The widespread regular use of this (or any other) cephalosporin can result in
an increasing proportion of babies becoming colonised with enterococci and with other poten-
tially dangerous organisms. Generalised fungal infection is also a potential hazard. Ceftazidime
should not, therefore, be used on its own in the management of neonatal infection due to an
unidentified organism. Ceftazidime is widely distributed in most body tissues including
respiratory secretions, ascitic fluid and cerebrospinal fluid (CSF), although CSF penetration is
rather variable unless the meninges are inflamed. There is no clear evidence that aminoglyco-
sides are synergistic.

Ceftazidime crosses the placenta freely, but there is no evidence of teratogenicity. Treatment
during lactation is equally acceptable since this exposes the baby to less than 1% of the maternal
dose on a weight-adjusted basis. The drug is not absorbed when taken by mouth and is excreted
unchanged in the urine. The half-life is 4-10 hours at birth, but half this in babies more than a
week old.

Adverse effects are not common with any of the cephalosporin antibiotics in the neonatal
period but can occur. Hypersensitivity reactions are occasionally seen in older patients (some-
times overlapping with hypersensitivity to penicillin). Rashes, phlebitis and leucopenia have all
been reported. Diarrhoea can progress to pseudomembranous colitis, due to an overgrowth of
antibiotic-resistant bowel organisms, such as Clostridium difficile, and if this is not recognised and
treated with metronidazole (q.v.), this could prove fatal. A very high blood level, usually because
of a failure to reduce dose frequency when the patient is in renal failure, can cause CNS toxicity
and fits (as is true of all the pB-lactam antibiotics). Bleeding due to hypoproteinaemia (easily
reversed by giving vitamin K) has been associated with the prolonged use of cephalosporins in
malnourished patients. Ceftriaxone is, on theoretical grounds, the cephalosporin most likely to
cause such a problem of the products listed in this compendium.

Some 5% of patients given a cephalosporin develop a transient positive Coombs test (and this
can interfere with the crossmatching of blood), but frank haemolytic anaemia is extremely
uncommon. Tests may wrongly suggest that there is glucose in the urine because of interference
with the alkaline copper reduction test, and interference with the Jatfé reaction may affect the
measurement of creatinine (giving a false high reading that can be particularly misleading when
renal failure is a concern).

Give 25 mg/kg of ceftazidime intravenous (IV) or deep intramuscular (IM) once a day in the first
week of life, once every 12 hours in babies 1-3 weeks old and once every 8 hours in babies older
than this. Doses of 50mg/kg should be used in the treatment of suspected or proven meningitis.
The dosage interval should be increased in babies with renal failure.

Ceftazidime is supplied as a powder in 500mg vials under reduced pressure costing £4.40 each.
For IM administration, add 1.6 ml of water to provide a solution containing 250 mg/ml. The bub-
bles of carbon dioxide will disappear after 1-2 minutes. Reconstitute for IV use with 4.6 ml of
water for injection to produce a solution containing 100mg/ml. Ceftazidime should not be put
in the same syringe, or administered in a giving set at the same time, as vancomycin or an
aminoglycoside.
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web comment

Ceftriaxone is a versatile and useful ‘third-generation’ cephalosporin that only needs to be given
once a day. It should only be given with great caution to any baby with a high unconjugated
bilirubin level.

Ceftriaxone is a p-lactamase-resistant cephalosporin first patented in 1979 that is active, like
cefotaxime and ceftazidime (q.v.), against some important Gram-positive and most Gram-
negative bacteria. Because of good CSF penetration, even when the meninges are not inflamed,
it is now often used as a simpler alternative to cefotaxime in the treatment of meningitis due to
organisms other than Listeria monocytogenes and faecal streptococci (enterococci). It is also used to
treat Salmonella typhi infection in countries where this organism is becoming resistant to chlor-
amphenicol (q.v.) and to treat gonorrhoea (Neisseria gonorrhoeae infection).

The drug is excreted unaltered almost equally in the bile and urine, so treatment does not
normally require adjustment unless there are both renal and hepatic failures. It has a longer
half-life than other cephalosporins; the plasma half-life falls from 15 hours at birth to a value
only a little in excess of that found in adults (7 hours) over some 2—4 weeks. It crosses the pla-
centa and also appears in amniotic fluid. There is no evidence of teratogenicity in animals, but
only limited information regarding its safety during human pregnancy. Very little appears in
breast milk: the baby of any mother treated during lactation would be exposed to less than 1%
of the maternal dose on a weight-adjusted basis, and little of this would be absorbed.

Ceftriaxone can displace bilirubin from its plasma albumin binding sites, thereby increasing
the amount of free unconjugated bilirubin. This initially made many clinicians reluctant to rec-
ommend its use in babies less than 6 weeks old, and the drug should only be used in babies at
risk of developing unconjugated hyperbilirubinaemia if a lower than usual threshold is adopted
for starting phototherapy. High doses often cause a transient precipitate to form in the biliary
tract, and small asymptomatic renal stones occasionally form with sustained use. Ceftriaxone has
very occasionally caused severe neonatal erythroderma (‘red baby’ syndrome). Severe, poten-
tially lethal haemolysis is another very rare complication. Other problems are very uncommon
but the same as for all cephalosporins, as discussed in the monograph on ceftazidime.

The incidence of this sexually transmitted disease, which can cause vaginal discharge, dysuria
and heavy or inter-menstrual bleeding, varies greatly in different parts of the world, and a single
250 mg intramuscular (IM) dose of ceftriaxone is now widely used to treat maternal infection.
If it is not possible to test for possible co-infection with Chlamydia, it may be appropriate to give
a single 1 g dose of azithromycin (q.v.) as well by mouth. There is also a high risk of reinfection
unless sexual partners are also seen and treated. Babies run a 30-50% risk of becoming infected
at birth and a 4% chance of developing of serious eye infection in the absence of prompt pro-
phylaxis. The presence of intracellular Gram-negative diplococci on a conjunctival Gram stain is
virtually diagnostic. The eyes become increasingly purulent and inflamed, and sight can be put
at risk if treatment is not started promptly. Untreated discharge from the eye can also cause cross
infection. Generalised septicaemia can occur, and this can cause a destructive septic arthritis if
early signs are not sought with diligence.

Never give ceftriaxone intravenous (IV) to any child who is being, or who has recently been,
given any IV fluid (such as TPN or Ringer lactate) that contains calcium — precipitation could be
potentially lethal. Use cefotaxime instead.

Neonatal gonococcal eye infection: A single 125 mg IM dose was shown to be a simple and
very effective treatment strategy in one African trial (use 40 mg/kg in any low birthweight
baby). Consider giving oral azithromycin or erythromycin (q.v.) as well if there is a possibility of
chlamydial co-infection.

Other sepsis: Give 50 mg/kg IM or, preferably, IV once a day for 7 days. Use with great caution
in young babies with unconjugated jaundice. Use a 75 mg/kg dose for meningitis in babies over
4 weeks old.
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250 mg vials cost £2.40. They contain 0.9 mmol of sodium. Dissolve the powder in this vial in
4.8 ml of water for injection to obtain a 50 mg/ml solution for IV administration. Infuse this
slowly over an hour if the infant is jaundiced; otherwise, it may be given by injection over 2—4
minutes. To make the IM (but not IV) injection less painful, dissolve the 250 mg of powder with
0.9 ml of plain 1% lidocaine hydrochloride to make a 250 mg/ml solution.

(see the Cochrane review of gonococcal infection in pregnancy)

Duke T, Michael A, Mokela D, et al. Chloramphenicol or ceftriaxone, or both, as treatment for meningitis in
developing countries? Arch Dis Child 2003;88:536-9.

Laga M, Naamara W, Brunham RC, ef al. Single-dose therapy of gonococcal ophthalmia neonatorum with
ceftriaxone. N Engl J Med 1986;315:1382-5. [RCT]

Lamb HM, Ormrod D, Scott LJ, et al. Ceftriaxone. Drugs 2002;62:1041-89. [SR]

Nathan N, Borel T, Djibo A, et al. Ceftriaxone as effective as long-acting chloramphenicol in short-course
treatment of meningococcal meningitis during epidemics: a randomised non-inferiority study. Lancet
2005;366:308-13. [RCT]

Steadman E, Raisch DW, Bennett CL, ef al. Evaluation of a potential clinical interaction between ceftriaxone
and calcium. Antimicrob Agents Chemother 2010;54:1534-40.

Wadsworth SJ, Suh B. In vitro displacement of bilirubin by antibiotics and 2-hydroxybenzoylglycine in new-
borns. Antimicrob Agents Chemother 1988;32:1571-5.

141

O



This non-toxic broad-spectrum cephalosporin is one of the few available in both parenteral and
oral forms.

Cefuroxime is a p-lactamase-resistant ‘second-generation’ cephalosporin first patented in 1973.
It is active against most Gram-positive organisms (including group B streptococci and penicillin-
resistant staphylococci) and a wide range of Gram-negative organisms. It is reasonably active
against Haemophilus influenzae and Neisseria gonorrhoeae but inactive against Listeria, enterococci,
Bacteroides and Pseudomonas species. It has sometimes been used prophylactically in neonates
undergoing abdominal surgery. It penetrates the CSF only poorly, and coagulase-negative staph-
ylococci are increasingly resistant to this antibiotic. It was once advocated for use (on its own) in
asymptomatic babies at birth who were thought to be at risk as a result of prolonged rupture of
membranes, maternal pyrexia or meconium aspiration because of its broad spectrum and low
potential toxicity for some years. However, controlled trial evidence to support this strategy does
not yet exist, and such use has declined in recent years.

Standard cefuroxime is ineffective when given by mouth (<1% is recovered in the urine), but
about a third of the administered dose is absorbed when the drug is given as the lipophilic ace-
toxyethyl ester, cefuroxime axetil. This prodrug is hydrolysed releasing cefuroxime. There are no
published reports of the use of this formulation in children less than 3 months old, but it has
been widely used to treat otitis media and other respiratory infections in older children. It is just
as effective as treatment with co-amoxiclav (q.v.) and less likely to cause troublesome loose
stools. Alternative oral cephalosporins include cefalexin (q.v.) and cefixime.

Cefuroxime is largely excreted by the kidney. Little crosses the placenta and only negligible
amounts are found in breast milk. On a weight-for-weight basis, the baby will be exposed to less
than 1% of the maternal dose. The plasma half-life falls from 6 hours at birth to about 3 hours
at 2 weeks. Babies more than a month old clear cefuroxime from their plasma almost as fast as
adults (half-life of 1 hour), but dosage intervals should be extended in babies with severe renal
failure. Toxic adverse effects are rare, but oral treatment does sometimes cause nausea and vom-
iting and a change in stool frequency, and pseudomembranous colitis has occasionally been
reported. Other problems, as with cephalosporin in general, are uncommon.

Lyme disease is caused by a spirochete (Borrelia burgdorferi), and human infection is caused by
the bite of an infected animal tick. Illness is rare in the United Kingdom, but not uncommon in
much of Europe and North America. While a migrating annular skin lesion (erythema migrans)
is the classic presentation, symptoms are very variable. Fetal infection was first recognised in
1985, and it is now realised that the risk to the fetus is comparable to that from congenital syph-
ilis. Amoxicillin and cefuroxime axetil are the antibacterials of choice for early Lyme disease in
young children (a macrolide may be used if the patient is allergic to penicillin). Intravenous
ceftriaxone, cefotaxime or benzylpenicillin is recommended if there are cardiac or neurological
complications. The duration of treatment is usually 2—4 weeks.

Systemic: Give 25mg/kg intramuscular (IM) or intravenous (IV) once every 12 hours in the
first week of life, every 8 hours in babies 1-3 weeks old and every 6 hours in babies older than
this. Double this dose when treating Lyme disease in a baby less than 4 weeks old. The dosage
interval needs to be increased if there is serious renal failure.

Oral: Give 15mg/kg of cefuroxime axetil by mouth once every 12 hours for severe infection.
There is no experience of use in babies under 3 months old.

250mg vials of the dry powder (costing 94p) should be reconstituted by adding 2.4 ml of sterile
water for injection to the vial to get a solution containing 100 mg/ml. A 25 mg/ml oral suspension
of cefuroxime axetil containing sucrose is available as a powder for reconstitution with water;
70ml costs £5.20.
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web comment

Chloral hydrate has been widely used as a short-term sedative and hypnotic drug for more than
a century. It is of no use in controlling pain. The web commentary reviews strategies for safe use
in the first year of life.

Chloral hydrate was synthesised in 1832 and first used as a hypnotic in 1869. Its chemical
resemblance to chloroform led early workers to believe that it might work by liberating chloro-
form in the bloodstream. It is rapidly and effectively absorbed from the stomach and then metab-
olised by liver enzymes to trichloroacetic acid and the active hypnotic metabolite trichloroethanol
(TCE). Further conjugation results in the eventual excretion in the urine as a glucuronide. The
half-life of TCE shows wide variability and is at least three times as long in early infancy (10-50
hours) as it is in toddlers and in adult life. It is even longer in the preterm baby and in babies
with hepatic or renal disease, making drug accumulation a potential hazard with repeated
administration. Hypotension and respiratory depression have been described, and even a low
dose may increase the frequency of brief, self-correcting bradycardia.

Chloral hydrate may be used, along with other drugs, to help with symptoms in neonatal
abstinence syndrome; however, long-term use has, on occasion, been thought to cause jaundice
and worsening of a metabolic acidosis in the neonate. The main adverse effects of oral
administration (nausea, vomiting and gastric irritation) can be minimised by giving the drug
with a small amount of milk or fruit juice, and this also serves to disguise the drug’s unpleasant
taste. An overdose can cause coma and a potentially dangerous arrhythmia, probably best con-
trolled using propranolol (q.v.).

Chloral hydrate is a good short-term nocturnal sedative for adult patients who find it difficult to
sleep while in hospital, and it seems less potentially addictive than benzodiazepines. Long-term
use is strongly discouraged. Chloral hydrate is not known to be teratogenic, and while it passes
into breast milk, published studies show the breastfed baby ingests only approximately 5% of
the weight-related maternal dose.

Single-dose treatment: A 45mg/kg oral dose of chloral hydrate usually produces about 1
hour’s deep sleep after about 45 minutes. In term babies, a 75mg/kg dose is occasionally used
prior to CT or MRI scanning, echocardiography, etc., but such babies should be monitored
because this dose can produce mild hypoxaemia. Rectal administration is sometimes used. A
single 100mg/kg dose is probably safe in infants more than a month old, but only if a pulse
oximeter is employed and the child is kept under close surveillance. Staff must also be aware
that it can take a very variable time for the sedative effect to wear off.

Sustained sedation: 30mg/kg oral dose of chloral hydrate given once every 6 hours for 1-2
days has been used as an alternative to 400 micrograms/kg of diazepam once every 6 hours in
the management of babies with cerebral irritation. It has also been used in some centres to
sedate babies requiring respiratory support, but drug accumulation is known to occur especially
with repeated use in ill and preterm babies.

Flumazenil (as described in the monograph on midazolam) may be of some value in the
management of an overdose, but propranolol may be needed to control any arrhythmia.

An oral elixir of chloral hydrate (Welldorm®) containing just under 30 mg/ml (143.3 mg in 5ml)
is available and costs approximately 6 p/ml. Stocks may be stored at room temperature (5-25°C).
25, 50, 100 and 200 mg suppositories of chloral hydrate can be obtained from ‘special-order’
manufacturers or specialist importing companies.

(see also the UK guideline on the safe care of any sedated child [PIIIES)

Allegaert K, Daniels H, Naulaers G, ef al. Pharmacodynamics of chloral hydrate in former preterm infants. Eur
J Pediatr 2005;164:403-7.

American Academy of Pediatrics Committee on Drugs and Committee on Environmental Health. Use of
chloral hydrate for sedation in children. Pediatrics 1993;92:471-3.

Continued on p. 145
144



Donovan KL, Fisher DJ. Reversal of chloral hydrate overdose with flumazenil. Br Med J 1989;298:1253.

Esmaeili A, Keinhorst AK, Schuster T, et al. Treatment of neonatal abstinence syndrome with clonidine and
chloral hydrate. Acta Paediatr 2010;99:209-14.

Jacqz-Aigrain E, Burtin P. Clinical pharmacokinetics of sedatives in neonates. Clin Pharmacokinet
1996;31:423-43.

Litman RS, Soin K, Salam A. Chloral hydrate sedation in term and preterm infants: an analysis of efficacy and
complications. Anesth Analg 2010;110:739-46.

Mason KP, Sanborn P, Zurakowski D, et al. Superiority of pentobarbital versus chloral hydrate for sedation in
infants during imaging. Radiology 2004;230:537-42.

Napoli KL, Ingrall CG, Martin GR. Safety and efficacy of chloral hydrate sedation in children undergoing
echocardiography. J Pediatr 1996;129:287-91.

Pershad J, Palmisano P, Nichols M. Chloral hydrate: the good and the bad. Pediatr Emerg Care
1999;15:432-5.

Sury MRJ, Hatch DJ, Deeley T, et al. Development of a nurse-led sedation service for paediatric magnetic res-
onance imaging. Lancet 1999;353:1667-71.

145



web comment

Chloramphenicol is used for typhoid and paratyphoid fever and occasionally used to control
meningitis and ventriculitis (because of good CSF penetration). It is also used for sepsis and
pneumonia in some countries because oral absorption is good and most alternatives remain
expensive.

Chloramphenicol came into widespread neonatal use in 1949. Then, in 1959, came a report
describing three babies who suffered a ‘fatal cardiovascular collapse’ (so-called grey baby syn-
drome). It was not, however, until the result of a prospective controlled trial was published in
December 1959 that the potential toxicity of treatment with 100-150mg/kg/day (the dose then
normally recommended) was generally accepted. That most babies had only been given antibi-
otics to prevent infection only added to the anguish. Sadly, the potential toxicity of this drug
seems to be a lesson that each new generation of clinicians had to learn afresh, because more
deaths from dosing errors were reported in 1983.

Chloramphenicol kills Haemophilus influenzae and Neisseria spp. and stops the growth of rickett-
siae and most bacteria. It penetrates all body tissues well: the CSF concentration averages 60 %
of the serum level, while brain levels are said to be nine times higher because of high lipid solu-
bility. Despite this, cefotaxime (q.v.) has now become the drug of choice in the management of
suspected or proven Gram-negative meningitis (partly because 2-5% of all strains of H. influenzae
are now resistant to chloramphenicol). The parenteral drug (chloramphenicol succinate) only
becomes biologically active after hydrolysis, and because this can be delayed in the neonate,
levels of the active antibiotic can be very unpredictable.

The oral drug (chloramphenicol palmitate) also requires prior hydrolysis by pancreatic
enzymes that makes it unwise to give the drug by mouth when first starting treatment in early
infancy. Much of the inactive ester is excreted by the renal tubules (especially in children), and
most of the active drug is first metabolised to the inactive glucuronide, so the dose does not usu-
ally need to be modified in renal failure. Excretion and metabolic inactivation are, however,
influenced by postnatal age. The half-life decreases from a mean of 27 hours in the first week of
life to 8 hours by 2-4 weeks and 4 hours in children over 4 months old.

Maternal treatment does not seem to pose a hazard to the baby at any stage of pregnancy. The
breastfed baby receives only approximately 5% of the weight-related maternal dose, so the only
reason to discourage breastfeeding is the small (~1:40,000) risk of aplastic anaemia — something
that applies to the mother at least as much as it does to the baby. There are a few reports of hae-
molysis in patients with G6PD deficiency.

Co-treatment with phenobarbital or rifampicin tends to lower the plasma chloramphenicol
level. The effect of phenytoin is more variable, but chloramphenicol can slow the elimination of
phenytoin.

Neonatal treatment: Give a loading dose of 20mg/kg intravenous (IV) and then 12mg/kg
orally or IV once every 12 hours in babies less than a week old. Babies 1-4 weeks old should
have further doses every 8 hours in the absence of renal failure or liver damage. Check the dose
given carefully: an overdose can be fatal.

Older children: Children over 4 weeks old can usually be started on 25 mg/kg every 8 hours.
The first doses should be given IV or IM in any child who is ill, but further treatment can then
be given by mouth.

Eye drops: See the eye drop monograph (q.v.).

Levels should be monitored where facilities exist when this drug is used in babies less than 4
weeks old. Aim for a peak serum concentration of 15-25mg/1 (1 mg/1=3.1pmol/l). Levels over
35mg/l may cause transient marrow suppression. Levels over 50mg/l can cause cardiovascular
collapse.
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1 g vials of chloramphenicol succinate cost £1.40. Add 9.2 ml of water for injection to give a solu-
tion containing 10mg in 0.1ml. Oral suspensions of the palmitate salt are no longer commer-
cially available in the United Kingdom, but a sugar-free suspension with a 4-week shelf life can
be obtained from ‘special-order’ manufacturers or specialist importing companies.

Duke T, Poka H, Dale F, et al. Chloramphenicol versus benzylpenicillin and gentamicin for the treatment of
severe pneumonia in children in Papua New Guinea: a randomized trial. Lancet 2002;359:474-80. [RCT]
Mulhall A, de Louvois J, Hurley R. Chloramphenicol toxicity in neonates: its incidence and prevention.
Br Med J 1983;2:1424-7.
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1982;101:1018-21.
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Weber MW, Gatchalian SR, Ogunlesi O, et al. Chloramphenicol pharmacokinetics in infants less than three
months of age in the Philippines and The Gambia. Pediatr Infect Dis J 1999;18:896-901.
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Chloroquine was, for a long time, the world’s most widely used antimalarial drug, but the most
common and virulent parasite, Plasmodium falciparum, is now increasingly resistant. Chloroquine
can still be used, however, when P. ovale and P. malariae infection needs treatment, and P, vivax is
also usually still sensitive.

Chloroquine (a 4-aminoquinoline developed during World War 1) is well absorbed, widely
distributed in body tissues, slowly metabolised by the liver and only very slowly cleared from the
body. There is no evidence that standard-dose treatment during pregnancy is hazardous, and
there is good evidence that weekly prophylaxis is not just safe but also advisable where disease
is endemic. Use during lactation exposes the baby to less than 5% of the weight-adjusted
maternal dose, which is probably not enough to protect the baby from infection.

In 2010, there were an estimated 219 million cases of malaria resulting in 660,000 deaths. Most
cases (approximately two-thirds) occur in children. In sub-Saharan Africa, maternal malaria is
associated with up to 200,000 estimated infant deaths yearly. Although the incidence of malaria
has declined in recent years — largely as a result of the widespread use of insecticide-treated nets
and artemisinin-based combination therapies — it remains a significant global problem.

Residents in endemic areas develop considerable immunity over time, but pregnancy makes
women more vulnerable, and infection during pregnancy increases the risk of anaemia, miscar-
riage, stillbirth and prematurity. Transplacental spread is uncommon, but infection sometimes
occurs during delivery, although florid symptoms (including fever, jaundice, an enlarged liver
and spleen and low platelet count) usually only manifest themselves 2-8 weeks later. Diagnosis
of infection, however acquired, depends on recognising the intracellular parasite in a thick
smear of stained blood on a microscope slide. Infection is considered severe if there is shock,
acidosis, hypoglycaemia or cerebral symptoms or more than 5% of red cells are involved. In
P, vivax and P. ovale infections, treatment with chloroquine can leave some organisms dormant in
the liver unless primaquine is given as well (see following text). There are a few areas where
even P. vivax has now become resistant to chloroquine, and here, it can still be appropriate to
treat overt infection with mefloquine (15 mg/kg by mouth followed, after 12 hours, by a second
10mg/kg dose) or artemether (q.v.) where this is available.

Chloroquine prophylaxis is still appropriate in the Middle East and Central America. The UK
advice on prophylaxis can be obtained from the Public Health England Malaria Reference
Laboratory (www.malaria-reference.co.uk), and the WHO advice on travel and the prevalence
of drug resistance can be found at http://www.who.int/topics/malaria/en/index.html. Go to
http://www.cdc.gov/malaria/ for up-to-date advice from the CDC in America.

Prevention in visitors: Offer children 5mg/kg of chloroquine base by mouth once a week in
areas where sensitive parasites are endemic. Start 1 week before entering the area and stop 4
weeks after leaving. Consider giving proguanil (q.v.) as well.

Cure: Give a 10mg/kg loading dose of chloroquine base intravenous (IV) or by mouth and then
three 5mg/kg doses (given at 24 hour intervals) starting 6 hours after the loading dose was
given. In P. vivax or P. ovale infections, there may be a case for giving primaquine after this to
eliminate any dormant liver parasites.

Giving 300 micrograms/kg of primaquine once a day by mouth for 2 weeks will usually kill
residual organisms. A higher dose may occasionally be necessary but increases the risk of hae-
molysis in those with the Mediterranean and Asian variants of G6PD deficiency. Use in young
children has not been well studied.

Excess chloroquine is toxic to the heart and the CNS. Prompt high-dose diazepam (2mg/kg
daily) and ventilation seem beneficial. Gastric lavage may be appropriate once the airway has
been protected, and activated charcoal may reduce gut absorption. IV adrenaline helps control
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hypotension. Correct any acidosis. Phenytoin or a beta-blocker can be used to treat arrhythmia.
Dialysis is not helpful.

Chloroquine base: There are two formulations: a 10mg/ml syrup containing 13.6mg/ml of
chloroquine sulphate costing £4.60 for 100ml and a 10mg/ml syrup containing 16 mg/ml of
chloroquine phosphate costing £11 for 75 ml.

Primaquine base: 7.5 and 15 mg tablets are available from specialist importing companies and
cost about 70 p each. A 3 mg/ml suspension can be prepared which retains its potency for a week
if stored at 4°C.

(see also the relevant Cochrane reviews)
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Chlorothiazide is a thiazide diuretic used to treat the pulmonary oedema seen in preterm babies
with chronic ventilator-induced lung disease. It is also used in the control of fluid retention in
congestive heart failure, usually in combination with spironolactone (q.v.). Furosemide (q.v.) is
a useful short-term alternative in both conditions when either oral treatment is not possible or
a rapid response is required.

Chlorothiazide was first developed commercially in 1957. It crosses the placenta but shows no
definite evidence of teratogenicity, although there is one study suggesting some increased risk
associated with use in the first trimester of pregnancy. Diuretic use is, nevertheless, generally
considered unwise in pregnancy, except in women with heart disease, because it may further
decrease placental perfusion in pre-eclampsia.

Chlorothiazide is moderately well absorbed when taken by mouth and is excreted unchanged
into the lumen of the proximal straight tubule where it acts by inhibiting the absorption of
sodium and chloride from the urine in the distal tubule, doubling the excretion of potassium and
causing a fivefold increase in sodium excretion. The plasma half-life (about 5 hours in the pre-
term baby) is much shorter than the functional half-life. It increases when there is renal failure,
making drug accumulation possible. Kernicterus is a theoretical possibility in the very jaundiced
baby because the drug competes with bilirubin for the available plasma albumin binding sites.

Hydrochlorothiazide is an alternative, closely related, thiazide. It is only available in combina-
tions for use in adults and through specialist importing companies. Both chlorothiazide and
hydrochlorothiazide pass into breast milk, but the baby receives less than 2% of the maternal
dose on a weight-for-weight basis. Reports that use during lactation can cause thrombocyto-
penia are unsubstantiated, as are suggestions that thiazide diuretics suppress lactation.

Diuretics are routinely used in patients with heart failure. They can also improve lung compli-
ance in babies with chronic lung damage and pulmonary oedema, but further studies are needed
to confirm whether sustained thiazide treatment really reduces the need for supplemental
oxygen (as suggested by one small trial). Diuretics often stimulate increased aldosterone secre-
tion, and the addition of spironolactone, which counteracts the sodium-retaining and potas-
sium-excreting effect of aldosterone on the distal tubule, is thought to enhance the response to
thiazide use. Combined treatment with spironolactone does, however, cause urinary calcium
loss of a magnitude similar to that incurred by furosemide use, and this can cause serious bone
demineralisation in the preterm baby. It can also cause nephrocalcinosis detectable on ultra-
sound (but not, usually, on X-ray); however, this appears to resolve without any sequelae in
later infancy when treatment is stopped.

Due to its effect on glucose metabolism (thiazides are known to impair glucose tolerance in
adults), chlorothiazide may be used in conjunction with diazoxide (q.v.) to treat severe persis-
tent hyperinsulinism, although its main role is to counter the fluid retention that diazoxide
causes.

Heart failure: Give 10mg/kg of chlorothiazide and 1 mg/kg of spironolactone twice a day by
mouth. Babies that fail to respond to a standard dose sometimes respond to twice this dose.
Potassium supplements are not usually necessary with such combined treatment.

Chronic lung disease: Babies with chronic ventilator-induced lung damage may benefit from
a similar dose of chlorothiazide. Whether they should also receive spironolactone requires
further study.

Persistent hyperinsulinism: Give 4mg/kg of chlorothiazide two to three times a day by
mouth to minimise the fluid retention caused by diazoxide (q.v.).

Chlorothiazide is available commercially, to special order, as a suspension containing 50 mg/ml
(costing about £12 for 100ml), but this formulation has to be imported from America at present.
This formulation contains sucrose and saccharin. A sugar-free suspension could also be prepared
from powder on request, but this suspension is known to have a reduced shelf life. A similar oral
suspension of hydrochlorothiazide could be prepared if required.
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(see also the relevant Cochrane reviews) G—)

Albersheim SG, Solimano AJ, Sharma EK, et al. Randomised double blind trial of long term diuretic therapy
for bronchopulmonary dysplasia. J Pediatr 1989;115:615-29. [RCT]

Atkinson SA, Shah JK, McGee G, et al. Mineral excretion in premature infants receiving various diuretic ther-
apies. J Pediatr 1988;113:540-5.

Engelhardt B, Blalock A, DanLevy S, et al. Effect of spironolactone-hydrochlorothiazide on lung function in
infants with chronic bronchopulmonary dysplasia. J Pediatr 1989;114:619-24. [RCT]

Fafoula O, Alkhayyat H, Hussain K. Prolonged hyperinsulinaemic hypoglycaemia in newborns with
intrauterine growth retardation. Arch Dis Child Fetal Neonatal Ed 2006;91:F467.

Hussain K, Aynsley-Green A. Hyperinsulinaemic hypoglycaemia in preterm neonates. Arch Dis Child Fetal
Neonatal Ed 2004;89:F65-7.

Kao LC, Durand DJ, McCrea RC, et al. Randomised trial of long-term diuretic therapy for infants with oxy-
gen-dependent bronchopulmonary dysplasia. J Pediatr 1994;124:772-81. [RCT]

Wells TG. The pharmacology and therapeutics of diuretics in the pediatric patient. Pediatr Clin North Am
1990;37:463-504.

151



Chlorphenamine is a first-generation histamine H1 receptor antagonist used in allergy, allergic
reactions and anaphylaxis. It also features in a number of over-the-counter antihistamine and
decongestant or antitussive combinations available for purchase without prescription.
Chlorphenamine has also been used to overcome the resistance to treatment encountered with
some antimalarials and is sometimes used to ameliorate the symptoms of itch in children with
eczema and with chickenpox (varicella) rash.

Chlorphenamine maleate, first used in 1951, is one of a number of stable, lipid-soluble amines
that all have the ethylamine side chain of histamine. Like most other first-generation antihista-
mines, it causes sedative, anti-emetic and anticholinergic effects that are exploited in a number
of conditions. It is, nonetheless, reported to cause less sedation than most first-generation
antihistamines.

Chlorphenamine is well absorbed after oral administration, but because of a relatively high
degree of metabolism in the intestinal mucosa and the liver, only 25-60% of the drug is available
to the systemic circulation. Chlorphenamine and its two metabolites (monodesmethyl- and
didesmethyl-chlorphenamine) are excreted by the kidneys. The elimination half-life is approxi-
mately 14-25 hours in adults, but is shorter in children (~10hours). However, the duration of
action is only 4-6 hours. Chlorphenamine has, to date, not been implicated in the causation of
any fetal malformations, and while it does cross the blood—brain barrier, it is not known whether
chlorphenamine crosses the placenta. Like other antihistamines, it passes into breast milk but is
probably compatible with breastfeeding although the manufacturers advise against use during
lactation. Despite its long history of use, little, if any, published information is available on chlor-
phenamine pharmacokinetics in neonates, and the manufacturers have yet to endorse its use in
children under the age of 12 months.

Chlorphenamine significantly restores the antimalarial efficacy of chloroquine in a setting of
almost universal chloroquine resistance. Exactly how it does this is not yet known but may be
linked to inhibition of the malarial parasite calmodulin functions.

Relief of allergic symptoms and pruritus: Oral treatment with chlorphenamine may be
used to bring about relief from the symptoms of hay fever, urticaria, food allergy and drug
reactions as well as the relief of itch associated with chickenpox and eczema.

Severe allergic reactions and anaphylaxis: Although high-quality evidence for its use in this
situation is sparse, chlorphenamine is given by intravenous (IV) (or occasionally IM) injection in
cases of severe allergic reactions and anaphylaxis. Administration should only take place after
the initial resuscitation. While such reactions are rare in neonates, the manufacturer has not
endorsed use of the parenteral preparation in this age group.

Oral: A dose of 1 mg may be given twice daily to relieve the symptoms of allergy and itch.
Parenteral: 250 micrograms/kg (or 250myg if the child is older than 6 months) is given either by
slow IV injection (over 1 minute) or by IM injection after the immediate resuscitation in a severe
allergic reaction or anaphylaxis. Up to four further doses may be given in a 24 hour period.

100ml of a sugar-free oral suspension containing 2mg/5ml of chlorphenamine maleate costs
£1.70. The prescriber must specify ‘sugar-free’ in the prescription.

A 1 ml ampoule containing 10mg of chlorphenamine maleate costs £2.80. Further dilution to
10ml with 0.9% sodium chloride to a solution containing 1 mg/ml will facilitate administration
of small doses. This dilute solution should be used immediately.

(see also the Cochrane review and guidelines for the management of anaphylaxis)
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Chlorpromazine hydrochloride is a widely used antipsychotic or ‘neuroleptic’ drug. It was first
used in 1952 in the treatment of schizophrenia but has also been widely used in the short-term
management of severe anxiety. It is still used as a short-term tranquilliser in patients of all ages.

Chlorpromazine is a phenothiazine used to reduce agitation without causing respiratory depres-
sion. Phenothiazines have an antihistaminic effect and are sometimes used to combat nausea.
They have also been used to reduce peripheral and pulmonary vascular resistance. For this
reason, they were used for a few years in the 1980s in the management of neonatal respiratory
distress. While chlorpromazine was initially widely offered to psychiatric patients, it soon became
even more widely used in the 1950s as an adjunct in preoperative medication and as a joint
agent in sedation/anaesthesia because of the way it potentiates the hypnotic, narcotic and anal-
gesic effects of other drugs. Such use has now diminished.

Chlorpromazine is well absorbed orally (although this can occasionally be unpredictable). Deep
intramuscular (IM) injection is generally considered preferable to intravenous administration
though this is sometimes painful. It is metabolised by the liver into a wide number of different
breakdown products with a half-life of about 30 hours in adults and a half-life twice as long as this
at birth. Attempts to correlate plasma levels with the clinical effects of treatment have been largely
unsuccessful probably because tissue drug levels greatly exceed those in plasma (V, >81/kg).

Chlorpromazine crosses the placenta, and while unpredictable maternal hypotension has
been reported following use during labour, there is no evidence of teratogenicity. Extrapyramidal
signs have occasionally been suspected for a few days after delivery in babies born to mothers on
long-term high-dose antenatal treatment. The breastfed baby only receives approximately 3% of
the weight-related maternal dose, and there is a single report of this making the baby drowsy.

Use in babies less than 1 year old has not yet been endorsed by the manufacturer, and very
few reports have been published relating to use in the neonatal period. It is, however, sometimes
used in the management of babies born to non-opioid drug-abusing mothers. It is also very good
at sedating babies with chronic respiratory problems who become seriously agitated and dis-
tressed after weeks of care on a ventilator. There is one unconfirmed report of naloxone (q.v.)
being an effective antidote after an overdose.

Many drugs provoke withdrawal symptoms in the baby after birth. Restlessness, irritability and
excessive wakefulness are the most common problems seen. Autonomic dysfunction can include
sneezing, yawning, sweating and temperature instability. Feeding can prove difficult. Symptoms
can be very unpleasant and occasionally, if particularly severe, dangerous. Those that persist
after feeding, swaddling and the use of a dummy or pacifier should be managed with a tapering
dose of methadone or morphine (q.v.) if the mother has been taking a narcotic (opioid) drug, but
chlorpromazine is an understudied alternative that may achieve weaning faster than a tapering
dose of morphine. Using phenobarbital (q.v.) as well may sometimes help where there is a
mixed dependency. With amfetamine and most opiate abuse, serious symptoms usually present
within 1-2 days, peak early and subside fairly rapidly, because these drugs have a fairly short
half-life. Symptoms present more insidiously with other drugs, such as diazepam and the barbi-
turates, with a longer half-life. Some illicit drugs, such as marijuana (cannabis), seldom cause
symptoms. For a fuller discussion, see the methadone website commentary.

Start by offering 1 mg/kg by mouth every 8 hours. Most authorities suggest that the fotal daily
dose should not exceed 6 mg/kg.

An oral syrup containing 5 mg/ml of chlorpromazine hydrochloride (costing £2.35 for 150ml) is
available. It can be diluted 10-fold for accurate administration by the pharmacy on request, but
the diluted preparation only has a 2-week shelf life. A 1 ml ampoule containing 25 mg of chlor-
promazine hydrochloride (costing 60 p) is available for IM use.
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web comment

Ciprofloxacin is a broad-spectrum bactericidal antibiotic with activity against a wide range of
infectious organisms that can be given by mouth. A single 20mg/kg dose can be used to treat
cholera. Ciprofloxacin is now the first-choice antibiotic for protection after contact with a case of
meningococcal infection.

Ciprofloxacin is a fluoroquinolone, first patented in 1982, with broad-spectrum activity against
many Gram-positive and Gram-negative bacteria and against other organisms such as Chlamydia
and rickettsiae (although gonococci are becoming progressively more resistant). It is particularly
useful in the management of enterobacter and other infections resistant to all cephalosporins
and all the widely used aminoglycosides. Because it can be given by mouth (oral bioavailability
70%), it is particularly useful in the treatment of pulmonary infection with Pseudomonas aeruginosa
and Salmonella. Intravenous (IV) administration can be painful and cause local erythema and
phlebitis unless infused slowly. Ciprofloxacin crosses the placenta and diffuses into most body
fluids well, including CSF (adequate levels, >1.0mg/l, have been documented in the CSF of
infants with ventriculitis). It is partly metabolised in the liver but largely excreted unchanged in
the urine (where crystalluria may occur if fluid intake is not maintained). The steady-state
half-life does not seem to have been studied in babies less than a month old, but the half-life in
children and adults is not dissimilar (3—-4 hours). Dosage only requires review where there is
serious renal or liver dysfunction.

Although the use of this drug was initially discouraged in children because studies had shown
lasting damage to the cartilage of weight-bearing joints during growth in animals, no reports of
any such complication have appeared following its use in childhood, although transient
arthralgia and other musculoskeletal events may occur in about 1.5%. There is one isolated
report which suggested that the drug may stain the primary dentition green. Nevertheless, while
the drug should not be used in the neonatal period where other alternative treatment strategies
are available, use has sometimes proved extremely effective in the treatment of severe septicae-
mia or meningitis, and P. aeruginosa infection, even though the manufacturers have never for-
mally recommended its use children less than 6 years old.

The only pharmacokinetic study performed in septic preterm neonates concluded that a dose
of 20mg/kg/day in two divided doses would be effective for common Gram-negative infections
except for P. aeruginosa infections. There is some suggestion that the drug can cause seizures in
patients with an underlying epileptic tendency and some risk of haemolytic anaemia in babies
with G6PD deficiency. Maternal treatment only exposes the breastfed baby to about 3% of the
maternal weight-related dose.

Ciprofloxacin treatment increases the half-life of theophylline and (to a lesser extent) caffeine.
Ciprofloxacin can cause prolongation of the QT interval and should be avoided in those with
congenital long QT syndrome.

Dose: Give 10mg/kg IV over 30-60 minutes when treating severe infection. A higher dose (15 mg/
kg) allows continuation of treatment. Use 20mg/kg when treating P. aeruginosa infection.
Timing: Give one dose every 12 hours in the first month of life and every 8 hours in babies older
than this (unless the plasma creatinine is over twice the normal value). Treatment is usually
continued for 10-14 days.

Meningococcal prophylaxis: Give a single dose of 30mg/kg (up to a maximum of 125mg) orally.

Ciprofloxacin lactate for IV use is available in 50ml bottles (cost £7.60) containing 100mg of
ciprofloxacin. A 10mg/kg dose contains 0.76 mmol/kg of sodium. Bottles must be discarded
promptly after they have been opened; capped syringes can be prepared for IV use by the phar-
macy on request to minimise drug wastage. 100 ml of sugar-free oral suspension of ciprofloxacin
hydrochloride containing 50 mg/ml costs £19.80.
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L-Citrulline may be used instead of L-arginine (q.v.) as an essential nutritional supplement for
patients with proximal urea cycle disorders, carbamoyl phosphate synthetase (CPS) deficiency
and ornithine carbamoyl transferase (OTC) deficiency, and also in the treatment of deficiency of
the ornithine translocase transporter protein. Citrulline is more palatable, but more expensive,
than arginine, and facilitates nitrogen excretion (which is the aim of the treatment of urea cycle
disorders), together with sodium phenylbutyrate and sodium benzoate (q.v.). It is also used in
lysinuric protein intolerance which presents with a secondary urea cycle derangement due to
impaired transport of cationic amino acids.

CPS deficiency is a rare autosomal recessive disorder. It has two distinct clinical phenotypes:
neonatal onset (usually severe) and late onset. The time of presentation is dependent on the
levels of enzymatic activity which can itself vary within the same family.

OTC deficiency is an X-linked disorder that may occur in males and females. It may occur as a
severe neonatal-onset disease in males and as a late-onset disease in both genders. The timing of
presentation relates to the level of enzyme activity. Many heterozygous females remain
asymptomatic throughout life, but others have problems of variable severity, depending on the
X-inactivation pattern as well as the mutation.

Ornithine translocase deficiency (also called hyperornithinaemia-hyperammonaemia—
homocitrullinuria or HHH syndrome) is a rare autosomal recessive urea cycle disorder where
there is an absence of a transporter protein rather than an enzyme. It results in diminished
ornithine transport into the mitochondria.

Lysinuric protein intolerance is a rare autosomal recessive disorder caused by defective
cationic amino acid transport which mainly affects intestinal absorption and renal
reabsorption.

A high-protein diet or period of catabolic stress can result in the release of amino acids which
are then broken down releasing nitrogen which circulates in the body as ammonia. Ammonia is
converted into urea via the urea cycle and excreted in the urine. Any enzymatic block of the
urea cycle results in the accumulation of excess ammonia which has toxic effects. Citrulline is a
naturally occurring amino acid but it is non-structural (i.e. it is not incorporated into proteins).
Like arginine, it is normally formed in the urea cycle but this is prevented in the proximal urea
cycle disorders. This allows the therapeutic use of L-citrulline in these disorders as a substitute
for arginine, and because citrulline occurs in the urea cycle before aspartate is incorporated, it
allows the excretion of nitrogen from this amino acid. This does not happen with arginine
treatment; thus it can be a significant advantage in severely affected patients. Treatment with
L-citrulline needs to be combined with a low-protein diet and supervised by a consultant and
dietitian experienced in the management of metabolic disease. Treatment with oral sodium
phenylbutyrate and/or sodium benzoate is also usually necessary.

Specialist advice on a range of inborn errors of metabolism is available from the British Inherited
Metabolic Disease Group (BIMDG), and detailed guidance on the management of hyperam-
monaemia is available on this group’s website (www.bimdg.org.uk). Start by clicking on the red
box to access a range of emergency protocols.

NOTE: Treatment with L-citrulline should only be initiated after consultation with a spe-
cialist metabolic diseases centre.

CPS, OTC and ornithine translocase deficiencies: Begin with 150mg/kg daily in three to four
divided doses when the child is able to tolerate enteral feeds. Adjust the dose according to response.
Lysinuric protein intolerance: 100 mg/kg daily (or less) in three to four divided doses. Aim to
keep the plasma citrulline levels in the normal range.
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web comment

Clarithromycin, like erythromycin and azithromycin (q.v.), can be used to treat neonatal
Chlamydia, Mycoplasma and Ureaplasma infections. It is used widely in upper and lower respiratory
tract, ear and skin infections in infants. It is also used as prophylaxis in ‘at-risk” individuals who
are exposed to pertussis.

This broad-spectrum macrolide antibiotic was the result of research directed towards development
of macrolide antibiotics with increased stability in gastric acid and, consequently, better oral
absorption and an improved side effect profile. The antibacterial spectrum is the same as
erythromycin, but clarithromycin is also active against Mycobacterium avium complex (MAC),
M. leprae and other atypical mycobacteria. There is a rapid first-pass hepatic metabolism, but the
main metabolite, 14-hydroxyclarithromycin, is almost twice as active and has a half-life of
7 hours compared to 5 hours for clarithromycin. The drug and metabolite are extensively
distributed throughout the body with tissue concentrations well above peak serum values.

Clarithromycin is used in combination therapy with a proton pump inhibitor and amoxicillin
(q.v.) to treat Helicobacter pylori in older children and adults. Clarithromycin crosses the placenta
in greater amounts than other macrolides, but there do not appear to be any teratogenic effects.
It also enters breast milk, reaching levels of up to 75% of maternal concentrations, but seems
safe with few reported neonatal effects.

Like other macrolides, clarithromycin has been used to eradicate Ureaplasma urealyticum in
infants at risk from chronic lung disease (CLD), and in one single centre study to reduce CLD,
when started in the first 3 days of life, in preterm infants with U. urealyticum isolated from
nasopharyngeal swabs.

The manufacturer has yet to endorse intravenous (IV) treatment in children less than 12 years.

When a diagnosis of pertussis has been made and there is a vulnerable individual (i.e. an
unimmunised or partially immunised child under 1 year of age) in close contact with the index
case, the family and the ‘at-risk’ child should be given clarithromycin. Unfortunately, the
immunity imparted by childhood pertussis immunisation wanes within 10 years, and staff
working in neonatal units may pose a risk to a large cohort of unimmunised neonates. See web
commentary for full details.

Clarithromycin is a potent inhibitor of the hepatic cytochrome, CYP3A4, and increases the
half-life of a number of drugs such as midazolam, theophylline and carbamazepine producing
potential toxicity. It also prolongs the QT interval, and this effect can be dangerously potentiated
by interaction with other drugs.

Pertussis prophylaxis: In neonates and young infants, give 7.5 mg/kg orally twice a day. Once
the child reaches 8kg, give 62.5mg twice daily, until they reach 11kg when the dose is 125mg
twice a day. Give the antibiotic for 7 days.

Treatment of infection: In neonates and young infants, give 7.5mg/kg orally twice a day.
Once the child reaches 8kg, give 62.5mg twice daily, until they reach 11kg when the dose is
125 mg twice a day. Treatment is normally for 7 days but may be extended to 14 days. In severe
infections or where oral dosing is not possible, clarithromycin 7.5mg/kg (made up as described
below) may be given intravenously every 12 hours into central or large proximal veins.

70ml of the oral suspension of clarithromycin (25mg/ml) costs £5 and can be kept for up to
2 weeks after being reconstituted from the dry powder. This solution contains 2.4g of sucrose
per 5ml. Clarithromycin lactobionate for IV injection is available in 500mg vials (cost £9.50).
Vials should first be reconstituted with 10 ml water for injection, before further dilution with 5%
glucose or 0.9% sodium chloride to a concentration of 2mg/ml. The required dose should be
infused over 1 hour into a central or large proximal vein.
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Clindamycin hydrochloride is a lincosamide antibiotic related to lincomycin and is used in the
prophylaxis and treatment of anaerobic infections. It can also be used to protect against bacterial
endocarditis in penicillin allergic individuals, and neonatal group B streptococcal infection if the
mother is allergic to penicillin.

Clindamycin has a mainly bacteriostatic effect on Gram-positive aerobes and a wide range of
anaerobic bacteria. It acts by inhibiting protein synthesis in much the same way as erythromycin.
Lincomycin was originally isolated from the bacterium Streptomyces lincolnensis, found in a soil
sample, but was later superseded by clindamycin which was first synthesised in 1967. It is rapidly
absorbed when given by mouth and penetrates most tissues well, although CSF penetration is poor.
Clindamycin is metabolised by the liver with a half-life in adults of 2-3 hours. The dose given
does not normally need to be changed when there is renal failure because only a little is excreted
unmetabolised in the urine. The half-life is long and extremely variable 3-15 hours in the
preterm baby, falling to adult values by 2 months, and the manufacturers do not recommend
intravenous (IV) use in babies less than 4 weeks old. The risk of diarrhoea, and of occasionally
fatal antibiotic-related pseudomembranous colitis (characterised by bloody diarrhoea and
abdominal pain), has limited the neonatal use of this antibiotic. Treatment must be stopped at
once if this adverse reaction is suspected. Oral vancomycin (15mg/kg every 8 hours) and paren-
teral nutrition are often used to treat this colitis which seems to be due to Clostridium difficile
toxin. Other adverse effects include skin rashes and other hypersensitivity reactions, blood dys-
crasias and disturbances of hepatic function. The drug is still sometimes used as an alternative to
sodium fusidate (q.v.) in the management of resistant staphylococcal osteomyelitis and to control
the anaerobic sepsis associated with necrotising enterocolitis (although the only controlled trial
raised the possibility that clindamycin might increase the risk of late stricture formation).
Clindamycin is occasionally used in the management of protozoal infection (including malaria
and toxoplasmosis). It is now also being increasingly used to treat overt bacterial vaginosis, and
some also advocate screening for asymptomatic vaginosis in early pregnancy if vaginal pH
exceeds 4.5. There is no evidence of teratogenicity, and treatment during lactation only exposes
the baby to about 3% of the maternal dose on a weight-for-weight basis. There is just one anec-
dotal report of a baby who passed two bloody stools while being breastfed by such a mother.

Bacterial vaginosis: Clindamycin (5 g of the 2% vaginal cream once a day for 7 days or 300 mg
twice daily by mouth for 5 days) reduced the risk of very preterm birth in two trials when given
to women with a clearly abnormal vaginal flora or frank bacterial vaginosis in early pregnancy
(before 20 weeks).

Maternal group B streptococcal carriage: Clindamycin (900mg IV once every 8 hours) can
be used, like penicillin (q.v.) or erythromycin, to reduce the risk of the baby becoming infected
during delivery.

In children with heart defects: Short courses of clindamycin are still sometimes given during sur-
gery involving a site where infection is suspected to reduce the risk of endocarditis in patients who
are allergic to penicillin. Give 20mg/kg of clindamycin by mouth 1 hour before the procedure is due.

Neonates (age under 14 days): Give 5mg/kg by mouth or (slowly) IV once every 8 hours for
7-10 days to manage severe staphylococcal infection or the septicaemia associated with necrotis-
ing enterocolitis.

Infants (more than 2 weeks old): Give 5mg/kg by mouth or (slowly) IV once every 6 hours.

300mg (2ml) ampoules of clindamycin phosphate (containing 0.9% w/v benzyl alcohol) cost
£6.20. To obtain a solution containing 5mg/ml for accurate administration, first dilute the con-
tents of the 300mg ampoule to 15ml with 5% glucose, and then take 0.25ml (5mg) of this
solution for each kilogram that the baby weighs, dilute this with 0.75ml/kg of 5% glucose, and
infuse over at least 10 minutes. Clindamycin palmitate could also be made available as an oral
suspension. This is stable for 2 weeks at room temperature after reconstitution. A 40g pack of
the 2% vaginal cream costs £10.86.
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Note: Very immature babies may be at risk from the effects of benzyl alcohol, which is an
excipient of the IV product.
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Clonazepam, like lorazepam (q.v.), is sometimes used in the neonatal period to control severe
continuous seizure activity resistant to routine anticonvulsant treatment, despite increasing
concern that its sedative effect may sometimes mask the fact that cortical seizure activity has not
been suppressed.

Clonazepam is a benzodiazepine which is completely and readily absorbed from the gastrointestinal
tract, peak plasma levels occurring after 60-90 minutes. Steady-state tissue levels exceed plasma levels
(V,,~31/kg). Clonazepam is extensively metabolised to inactive compounds, but the neonatal half-life
is 2448 hours. It may be given by intravenous (IV) injection if rapid onset of action is required.

Clonazepam has been used since the mid-1970s as an anticonvulsant in various types of
epilepsy but is now mostly used in the management of panic attacks and some movement
disorders, including hyperekplexia (‘exaggerated surprise’), and in the treatment of myoclonic
and absence seizures. It crosses the placenta but no adverse fetal effects have been noted. It has
also been used in late pregnancy without causing any obvious sedation of the infant after birth.
It appears in breast milk like other benzodiazepines. Breastfed babies need to be monitored for
drowsiness, and apnoea is a theoretical possibility.

Clonazepam has often been given as a slow, continuous IV infusion in the neonatal period, but
this approach is of no particular benefit since clonazepam is only slowly cleared from the brain
(unlike diazepam). In addition, its onset of action will be seriously delayed if an initial loading
dose is not given. There is no good controlled trial data on the use of clonazepam in the control of
neonatal seizures. Drug tolerance becomes a problem if treatment is continued for any extended
period, and increasing seizure activity may occur if the serum level exceeds 125 micrograms/I.

Clonazepam pharmacokinetics during therapeutic hypothermia have not been established,
but as the drug is metabolised extensively by hepatic cytochrome P450 enzymes, the
already long half-life is likely to be extended further in cooled infants.

Major adverse effects are drowsiness, ataxia and behavioural changes. Bronchial hypersecre-
tion and salivation are said to be a problem in infancy, particularly if there is neurological
dysfunction with impaired swallowing. As with all benzodiazepine anticonvulsants, withdrawal
of clonazepam should be gradual — over at least 6 weeks if medication has been used for any
length of time - in order to reduce the risk of withdrawal (rebound) seizures.

Concurrent treatment with phenytoin or carbamazepine reduces the half-life of clonazepam.

Neonates: Give 100micrograms/kg IV as a slow bolus injection once every 24 hours for 2-3
days in seizures resistant to routine anticonvulsant medication.

Infants (1-12 months): In status epilepticus, give 50 micrograms/kg repeat after 10 minutes if
necessary.

Flumazenil is a specific antidote (as described in the monograph on midazolam).

Plasma levels are usually 30-100micrograms/1 (1 micrograms/l=3.16 nmol/l), but levels do not
always correlate with clinical efficacy.

Stock ampoules containing 1 mg of clonazepam in 1 ml of solvent (cost 63p) are supplied with a
further 1 ml ampoule of water for injection. The content of both ampoules should be drawn into
a syringe immediately before use and then diluted to 10ml with 10% glucose saline to give a
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solution that contains 100 micrograms/ml suitable for slow bolus IV administration. Such a
solution should not be used to give a continuous IV infusion. Each 1 ml ampoule contains 30 mg
of benzyl alcohol and a significant (but otherwise unspecified) amount of propylene glycol.

André M, Boutroy MJ, Bianchetti G, et al. Clonazepam in neonatal seizures: dose regimes and therapeutic
efficiency. Eur J Clin Pharmacol 1991;40:193-5.

André M, Boutroy MJ, Dubrruc C, et al. Clonazepam pharmacokinetics and therapeutic efficacy in neonatal
seizures. Eur J Clin Pharmacol 1986;30:585-9.

Boylan GB, Rennie JM, Chorley G, et al. Second-line anticonvulsant treatment of neonatal seizures: a
video-EEG study. Neurology 2004;62:486-8. [RCT]

Dhahar E, Raviv R. Sporadic major hyperekplexia in neonates and infants: clinical manifestations and
outcome. Pediatr Neurol 2004;31:30—4.

Rivera S, Villega F de Saint-Martin A, et al. Congenital hyperekplexia: five sporadic cases. Eur J Pediatr
2006;165:104-7.

Slaughter LA, Patel AD, Slaughter JL. Pharmacological treatment of neonatal seizures: a systematic review.
J Child Neurol 2013;28:351-64.

van Rooij LG, van den Broek MP, Rademaker CM, et al. Clinical management of seizures in newborns:
diagnosis and treatment. Paediatr Drugs 2013;15:9-18.

165



Co-amoxiclav was developed in response to the increasing numbers of p-lactamase-producing
bacteria that were formerly treated with amoxicillin (q.v.). It is a combination of the sodium salt
of amoxicillin and potassium salt of clavulanic acid in various ratios. These ratios are expressed
in the form X/Y where ‘X" and ‘Y’ are the strengths in milligrams of amoxicillin and clavulanic
acid, respectively.

Discovered in 1974, clavulanic acid is produced naturally by the Gram-positive bacterium
Streptomyces clavuligerus. It was found to have almost no antimicrobial activity, despite sharing the
B-lactam ring characteristic of p-lactam antibiotics. Instead, the similarity in its chemical struc-
ture allows it to covalently interact with and then inactivate the p-lactamase molecule. This, in
turn, renders the bacteria susceptible to p-lactam antibiotics. The pharmacokinetics of clavulanic
acid and amoxicillin are very similar. Both are rapidly absorbed after oral administration and
have similar half-life of 1-1.5hours in older children. Both are excreted by the kidney.

Both the amoxicillin and clavulanic acid components cross the human placenta, but use has
not been associated with teratogenicity in either animal or human studies. Its use in women
with preterm prolonged rupture of membranes may increase the risk of necrotising enterocolitis,
and for this reason, it is no longer widely used in the later stages of pregnancy. Other than
allergic reactions, the main concern with co-amoxiclav is its association with cholestatic jaundice
that can occur either during or shortly afterwards. The risk of acute liver toxicity is about six
times greater with co-amoxiclav than with amoxicillin alone; however, these reactions are very
rare in children and if they do occur are usually self-limiting and rarely fatal.

Co-amoxiclav is rarely used in a neonatal intensive care setting; group B streptococcus remains
susceptible to penicillin, making this (with or without gentamicin) the first-line treatment for
early-onset sepsis. Co-amoxiclav is widely used in the primary and secondary care settings for
the treatment of infants and children with infections, particularly of the respiratory tract and
middle ear (acute otitis media) where amoxicillin alone is not appropriate.

Controversy continues about how best to manage acute otitis media, not all children require
antibiotics, but the prevalence of p-lactamase-producing strains of Haemophilus influenzae and
Moraxella catarrhalis in middle ear fluid isolates means that co-amoxiclav remains a useful choice.
Many children respond to simple analgesia only.

Intravenous (IV) therapy: Give 30mg/kg (0.5ml/kg of a solution made up as described in the
section ‘Supply and administration’) of co-amoxiclav by slow intravenous injection over 3-4
minutes) twice daily in neonates and infants up to the age of 3 months. For infants of 3-12
months, give co-amoxiclav 8 hourly. Alternatively, it may be infused over 30 minutes.

Oral therapy: Co-amoxiclav sugar-free oral suspension is available in a number of different
combinations of amoxicillin and clavulanic acid; any prescription needs to specity the amount of
co-amoxiclav (in 5ml of the suspension) as well as the volume per dose.

Oral suspension strength 125/31in 5ml 400/57 in 5ml
Neonate 0.15ml/kg three times a day Not recommended

1 month-1year 0.25ml/kg three times a day =

2 months-2 years — 0.15ml/kg twice daily
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Vials containing co-amoxiclav 500/100 (amoxicillin 500 mg as sodium salt and clavulanic acid
100mg as potassium salt) powder for reconstitution cost £1.20. Add 10ml of water for injec-
tion to give a solution containing 60 mg/ml. Give 0.5ml of this for every kilogram the infant
weighs.

Various strengths of oral suspension are available and are not interchangeable. Sugar-free
co-amoxiclav 125/31 (costing £2.10 per 100ml) contains 125mg of amoxicillin and 31 mg of
potassium clavulanate in 5 ml. Sugar-free co-amoxiclav 400/57 (costing £4.10 for 35 ml) contains
400mg of amoxicillin and 57 mg of potassium clavulanate in 5ml. The reconstituted suspension
should be stored in a refrigerator (at 2-8°C) and used within 7 days.

(See the relevant Cochrane reviews)
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web comment

Codeine is an opioid analgesic frequently given by mouth to adults together with aspirin or
paracetamol. Use in adults is being discouraged because of evidence that it is becoming a drug of
addiction. In Europe, but not North America, paediatric codeine use is restricted to its use in
acute pain relief in children over the age of 12 years. Paracetamol or ibuprofen (q.v.) is used to
provide oral analgesia in young children.

Codeine was first isolated from the opioid juices left over after morphine had been extracted
from poppy juice in 1832. The name chosen came from the Greek word codeia, meaning a poppy
capsule. Codeine is only a mild narcotic but it is probably as effective an antitussive (cough
suppressant) as morphine. When given by mouth, its analgesic effect starts to become apparent
after 30 minutes and peaks at 2 hours. Absorption is as rapid but less complete after rectal
administration, making a larger dose necessary.

Few pharmacokinetic studies have yet been done in early infancy. Tissue levels exceed plasma
levels (V, ~31/kg). The drug is partly metabolised by the liver (morphine being one of the
metabolites), and it is increasingly thought that metabolism to morphine probably explains
much of the drug’s analgesic effect. The extent to which this occurs depends on which genetic
variant of the CYP2D6 cytochrome P450 enzyme the individual has inherited, making the exact
analgesic effect of any given dose hard to predict. People can be classified as poor, intermediate,
extensive or ultra-rapid metabolisers. Poor metabolisers convert very little codeine into morphine
and therefore obtain little or no pain relief with codeine; in contrast, ultra-rapid or extensive
metabolisers may quickly produce excessive amounts of morphine, which can lead to severe side
effects due to its effects on the brain and on respiration.

Codeine causes as much nausea, vomiting, constipation and ileus as a dose of morphine of
similar analgesic potency. It also causes as much respiratory depression and hypotension (due to
histamine release). Much is finally excreted after conjugation with glucuronic acid in the urine,
making repeated, or high-dose, administration hazardous where there is renal or liver failure.
Little has been published relating to the use of codeine in babies less than 3 months old.

Codeine is also an ingredient of many of the compound analgesic preparations routinely
available (including a range of preparations that are available ‘over the counter’) even though it
is a schedule 2 controlled drug — a fact that those travelling abroad need to bear in mind. Codeine
crosses the placenta, but there is no evidence of teratogenicity. Tolerance develops with repeated
use, and withdrawal symptoms have been documented, even in infancy. Heavy maternal usage
in the period immediately before delivery can even, occasionally, cause neonatal symptoms of
opiate withdrawal 1-2 days after delivery.

Codeine and its active metabolite, morphine, are excreted into breast milk. While the highest
blood level usually achieved is less than a third of the lowest therapeutic blood level, a minority
of babies inherit a gene that results in their metabolising very much more of the codeine into
morphine, and there is one recent report where this may have caused death from opiate toxicity.
In the United Kingdom and Europe, codeine is now contraindicated during breastfeeding. Some
other countries still allow use, and the breastfed baby of any mother taking codeine for more
than 1-2 days must, therefore, be monitored for lethargy and somnolence.

Overdose causes drowsiness, pinpoint pupils and hypotension and can cause dangerous
respiratory depression. Naloxone (q.v.) is a specific antidote for all the opiate drugs.

Because it is contraindicated in children less than 12 years, no dosing is given here.

Staff caring for mothers should be aware that some tablets of co-codamol, still widely used
as an analgesic after childbirth, contain as much as 30mg of codeine as well as 500mg of
paracetamol.
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Co-trimoxazole is used to treat cholera (Vibrio cholerae infection) and to prevent and treat
Pneumocystis jiroveci (formerly carinii) infection. It is an effective treatment for two important
protozoan intestinal infections (isosporiasis and cyclosporiasis). It has also been used to treat
uncomplicated falciparum malaria and is sometimes used in the management of neonatal
meningitis because of good tissue and CSF penetration.

Co-trimoxazole is a 5:1 mixture of two different antibiotics that inhibit folic acid synthesis in
protozoa and bacteria (and, to a lesser degree, in man). It was first marketed in 1969. The bacte-
riostatic effect of the long-acting sulphonamide (sulfamethoxazole) is augmented by the syner-
gistic effect of trimethoprim (q.v.). The two drugs in combination are active against most
common pathogens except Pseudomonas and Mycobacterium tuberculosis. Both drugs are well
absorbed by mouth and actively excreted by the kidney with half-lives of about 12 hours. They
also cross the placenta with ease. CSF levels approach half those in the plasma, while levels in
the urine and in bronchial and vaginal secretions exceed those in plasma. Use during lactation
only exposes the baby to about 3% of the weight-adjusted maternal dose.

Because both drugs are folate antagonists, the manufacturers still caution against their use
during pregnancy, but teratogenicity has only been encountered in folate-deficient animals, and
the drug has now been in widespread clinical use for more than 30 years. The manufacturers
have also declined to recommend use in babies less than 6 weeks old, but there is no specific
reason for this caution other than the risk of haemolytic anaemia in babies with G6PD deficiency
and the risk of kernicterus (although sulfamethoxazole competes for the protein binding sites
usually available to bilirubin in babies with jaundice less than most of the other sulphonamide
antibiotics). Caution is understandable however given the unnecessary deaths caused by the
prophylactic use of sulphonamide drugs in the early 1950s (as outlined in the monograph on
sulfadiazine).

Rapid intravenous (IV) administration can cause an allergic reaction or anaphylaxis. Other
adverse effects, which can be fatal, are usually only seen in elderly patients or following
high-dose treatment in patients with AIDS. Nevertheless, since the problems (including rashes,
erythema multiforme and marrow depression) are almost certainly due to the sulphonamide
component, trimethoprim is now increasingly prescribed on its own.

Treatment with co-trimoxazole increases the plasma half-life of phenytoin.

Specify the fotal amount of active drug in milligrams. Thus, 20mg/kg of sulfamethoxazole and
4mg/kg of trimethoprim are prescribed as 24 mg/kg of active drug.

Immunodeficiency: Give a single dose as detailed in the table by mouth once a day 3 days a
week to babies with possible combined immunodeficiency, or HIV, to reduce the risk of bacterial
infection and of P. jiroveci pneumonia.

Measles: Complications in a resource-poor country can be reduced by giving co-trimoxazole for
7 days.

Surface area (m?) Dose (mg)
<0.25 120
0.25-0.39 240
0.4-0.49 360
0.5-0.75 480
0.76-1 720
>1 960
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Dose: Treat severe systemic infection with 24 mg/kg of active drug by mouth (or 1V, if oral
treatment is impracticable). Avoid in babies with limited renal function, unless the plasma sulfa-
methoxazole trough level is kept below 120mg/l (1mg/l=3.95mmol/l), and in babies with
serious unconjugated jaundice.

Timing: Give once a day in the first week of life and once every 12 hours after that. Treat
Pneumocystis once every 6 hours in babies over 4 weeks old, even if the blood level exceeds
120mg/L

A sugar-free paediatric oral suspension containing 48 mg of active drug per ml (240mg/5 ml)
costs £1.10 per 100ml. 5ml ampoules for IV use containing 96 mg/ml (costing £1.60 per
ampoule) are also available: to give the standard neonatal dose (24 mg/kg), dilute 0.25 ml/kg of
the contents of the ampoule into at least 15 times the same volume of 10% glucose in 0.18%
sodium chloride and then infuse this over 2 hours. The IV preparation contains 45% w/v
propylene glycol. Avoid IM use in small children. More concentrated solutions have been given
using a central line.

(See also the relevant Cochrane reviews)
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Dalteparin sodium is a fractionated, low molecular weight derivative of heparin (q.v.) with most
of the properties similar to the parent drug, but with a longer duration of action, and is given
subcutaneously rather than by intravenous (IV) injection.

Dalteparin is prepared by nitrous acid degradation of unfractionated heparin from porcine
intestinal mucosa. It is composed of strongly acidic sulphated polysaccharide chains with an
average molecular weight of 5000 and about 90% of the material within the range of 2000—
9000. As with all other LMWHs, it has a more predictable response, a greater bioavailability and
a longer anti-Xa half-life than unfractionated heparin. Dalteparin is eliminated through the
kidneys, and the half-life of 3-5 hours after subcutaneous injection is substantially extended in
patients with renal impairment.

Dalteparin can also be safely used in most pregnant women. Like other LMWHs and
unfractionated heparin, it does not cross the placenta. If required during lactation, the molecular
weight makes significant transfer into breast milk very unlikely, and in any case, drug entering
the milk would be inactivated in the baby’s gut before absorption. Reports of use in children and
infants are rare (most experience of LMWHs in this age group has been with enoxaparin).

Prophylaxis: High-risk obstetric patients with thrombophilia, immobility, obesity, pre-eclampsia
or a past history of deep vein thrombosis should be assessed for their risk factors and considered
for prophylactic LMWH. The daily dose depends on the patient’s weight (see table). Doses of
7500 units or higher may be given as two smaller doses, but otherwise, once daily dosing is
appropriate.

Weight (kg) at booking Total daily dose of dalteparin
<50kg 2500 units

50-90kg 5000 units
91-130kg 7500 units
131-170kg 10,000 units

>170kg 75 units/kg

Experience indicates that monitoring of anti-Xa levels is not required during thromboprophy-

laxis with LMWH. Stop 24 hours prior to any planned operative (or epidural) delivery until 4
hours after the procedure is over. Women receiving antenatal LMWH should be advised that, if
they have any vaginal bleeding or once labour begins, they should not inject any further LMWH.
There is no need to monitor platelets routinely unless there has been exposure to unfractionated
heparin.
Treatment: Give a 100 unit/kg dose of dalteparin by subcutaneous injection once every 12
hours. Start treatment promptly, as soon as a clot or embolus is seriously suspected, after first
taking blood for a full thrombophilia screen and confirm that renal and liver function are normal.
Routine measurement of peak anti-Xa activity is not usually indicated unless the woman weighs
less than 50kg or more than 90kg. As with prophylaxis, LMWH should be stopped at the onset
of labour or 24 hours before any planned operative delivery or an epidural.

Bear in mind that experience is extremely limited.
Prophylaxis: 100 units/kg once every 24 hours.
Treatment: 100 units/kg every 12 hours. Adjust the dose according to the peak anti-Xa level.

Take blood 3-4 hours after subcutaneous injection to assess the peak anti-Xa level, and adjust
the dose to achieve a level of 0.6—1.0 units/ml during treatment and 0.35-0.7 units/ml during
prophylaxis. Activated partial thromboplastin time (APTT) or thrombin time should not be used
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because these tests are relatively insensitive to the activity of dalteparin. Increasing the dose of
dalteparin in an attempt to prolong APTT may result in bleeding.

Protamine sulphate will usually stop overt haemorrhage as summarised in the monograph on
heparin.

The drug is available in a range of pre-filled syringes (0.2—-0.72 ml) containing 12,500 units/ml of
dalteparin sodium; syringes cost from £1.90 to £10 each. Avoid the use of the 4ml multi-dose
vial (contains 100,000 units) which contains benzyl alcohol. To make a more dilute 1250 unit/
ml preparation for accurate neonatal use, draw 0.1 ml into a 1 ml syringe and make up to 1 ml
with water for injection just before use.

(See also the UK guideline on thromboprophylaxis in pregnancy RIS

Merli GJ, Groce JB. Pharmacological and clinical differences between low-molecular-weight heparins:
implications for prescribing practice and therapeutic interchange. P T 2010;35:95-105.
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Rey E, Garneau P, David M, et al. Dalteparin for the prevention of recurrence of placental-mediated
complications of pregnancy in women without thrombophilia: a pilot randomized controlled trial. J Thromb
Haemost 2009;7:58-64.
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web comment

The use of a single 2-day course of dexamethasone or, preferably, betamethasone (q.v.) to
accelerate surfactant production in the fetal lung before birth is known to be safe, but the safety
of sustained high-dose use in the weeks after birth remains extremely uncertain.

Dexamethasone, a potent glucocorticoid that is well absorbed by mouth, was developed in 1958.
It crosses the placenta and has a half-life of about 3 hours. It appears as effective as betamethasone
in accelerating surfactant production by the preterm fetal lung, reducing the risk of death from
respiratory distress. Maternal treatment alters fetal heart rate and its variability and marginally
enhances renal maturation. Treatment can control virilisation in fetuses with congenital adrenal
hyperplasia, and 4mg a day may improve the outcome if maternal lupus erythematosus causes
fetal heart block (with salbutamol if the heart rate is <55bpm). Dexamethasone is excreted into
breast milk, but it would require prolonged courses of high doses to produce effects in the
breastfed infant.

Dexamethasone can speed extubation in a minority of babies with laryngeal oedema. It can also
reduce the amount of time that preterm babies with acute lung injury due to some combination
of mechanical ventilation, low-grade infection and oxidative stress (so-called bronchopulmonary
dysplasia or BPD) need to spend in oxygen before being discharged home. Steroids should not
be given lightly, however, because their use is associated with a 50% increase in the risk of
secondary infection, while protein catabolism also affects growth. The associated rise in blood
pressure and blood glucose rarely calls for intervention, and the hypertrophy of the ventricular
myocardium seen in a minority is reversible, but steroid use increases the risk of nephrocalcinosis
in babies on diuretics. Gastrointestinal haemorrhage and perforation can occur, while continuous
treatment for over 10 days can also cause adrenal suppression for 2—4 weeks. If steroids are going
to be beneticial, some improvement will almost always be seen within 48 hours.

Increased survival rather than time in oxygen is, however, what matters. Improved survival
free from evidence of chronic lung disease at 36 weeks postmenstrual age has only been seen
when treatment is limited to babies who are still ventilator dependent and in substantial oxygen
7-14 days after birth. Intervention outside this ‘time window’ seems to have no measurable
impact on survival. Even more worryingly, the combined results from 11 trials involving 1388
children followed after discharge show more disability among the steroid-treated children
(although frequent ‘open-label” steroid use in controls in some studies complicates meaningful
analysis). Perhaps, as with all drugs, dexamethasone has the potential to do good and do harm.

Unfortunately, despite two decades of widespread use, we still know little about the best dose
to use or the optimum length of treatment. Inhaled steroids have not proved as effective as was
hoped, as the monograph on budesonide makes clear. Neither have short, 3-day ‘pulses’ of
treatment proved an advance. However, Durand’s low-dose regimen (see the section on ‘Treating
chronic lung disease’) has been shown to improve pulmonary function in the first week of
treatment as effectively as the regimen used in the past while reducing corticosteroid exposure
by two-thirds, and the short-term outcome of the Australian DART trial which had to close early
for lack of support (see web commentary) has now confirmed this. In the end, however, any
short-term benefit seen may only be worth having if the long-term outcome is equally reassuring
—an issue still unaddressed by any large study. In so far as use reduces BPD, it may achieve this
largely by facilitating earlier extubation.

One study has suggested that treating established BPD with a tapering 3-week course of
hydrocortisone (75mg/kg in total) may be as effective as standard high-dose dexamethasone
treatment (6 mg/kg in total) and generate fewer adverse effects. Many will take this as evidence
that the use of a different corticosteroid is worth more study; others that this just shows that the
early studies used too high a dose of dexamethasone, even though one recent meta-analysis has
suggested that a high dose might be better.

Each 1mg dose of dexamethasone base is equivalent to 1.2mg of dexamethasone phosphate or
5mg of dexamethasone sodium phosphate. Minimise confusion by prescribing the amount of
base to be given.
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Congenital adrenal hyperplasia: Giving the mother 7 micrograms/kg of dexamethasone base
once every 8 hours, preferably before the eighth week of pregnancy, reduces virilisation in the
affected female fetus but may have some impact on working memory in children treated
unnecessarily. Reduce the dose in the third trimester to minimise side effects. Hydrocortisone
(q.v.) is used once diagnosis is confirmed after birth.

Fetal lung maturation: Give 12mg of dexamethasone base by intramuscular (IM) injection to
the mother and repeat once after 24 hours if there is a risk of preterm delivery. Oral treatment
(four 6mg doses once every 12 hours) is sometimes preferred, although one small trial has
suggested that the outcome is marginally less satisfactory. One important observational study
suggests that betamethasone (q.v.) may be better.

Early BPD: Early postnatal steroid use can no longer be justified except as part of a formal
controlled trial.

Meningitis: 150 micrograms/kg of dexamethasone base given six hourly by intravascular (IV)
injection, IM or by mouth for 2 days started early can reduce the risk of subsequent deafness in
young children with early Haemophilus or pneumococcal meningitis (possibly by moderating
toxins from rapid bacterial lysis caused by treatment with cefotaxime).

Ventilated preterm babies who are still seriously oxygen dependent 7-10 days after birth are at
serious risk of developing chronic lung disease. While parents may understandably want
treatment with dexamethasone tried if it is starting to look as though progressive lung disease
may jeopardise survival, it remains uncertain which - if any — of the following treatment strat-
egies is best. Low-dose strategies are now favoured.

DART trial regimen: 60 micrograms/kg of dexamethasone base twice a day IV (or orally) on
days 1-3, 40 micrograms/kg twice a day on days 4-6, 20 micrograms/kg twice a day on days 7-8
and 8 micrograms/kg twice a day on days 9-10 (a total of 712 micrograms/kg over 10 days).
Repeat once if necessary.

Durand trial regimen: 100 micrograms/kg of dexamethasone base IV twice a day for 3 days
and then 50 micrograms/kg twice a day for 4 days (a total of 1 mg/kg over 7 days).
Traditional regimen: 250 micrograms/kg of dexamethasone base orally or IV twice a day for 7
days was, until about 10 years ago, the most widely used regimen. Some babies were also offered
a second course.

Hypotension: One 100 micrograms/kg dose followed, if necessary, by 50 micrograms/kg IV
twice a day for 1-2 days often ‘cures’ inotrope-resistant neonatal hypotension. Low-dose
hydrocortisone is also effective.

Facilitating extubation in the preterm baby: Even if the DART regimen (see preceding text)
does not reduce chronic lung damage, it does facilitate extubation, and less than half this dose
seemed to help in one small study. The Minidex study used a dose of microgram per kilograms
per day for 10 days followed by alternate-day doses for 6 days. The effects of this very low dose
have not yet been reported in a randomised trial.

Treatment for post-intubation laryngeal oedema: Three 200 micrograms/kg doses of
dexamethasone base orally or IV at 8 hourly intervals (started at least 4 and preferably 12 hours
before the endotracheal tube is removed) may aid extubation in babies and in older children
with an oedematous or traumatised larynx.

Croup: Viral croup responds to a single 150 micrograms/kg dose of oral dexamethasone base as
well as it does to an IM dose. Effects are seen within 30 minutes of administration. The dose can
be repeated after 12 hours if necessary. Inhaled budesonide and oral prednisolone (q.v.) are
alternatives with comparable efficacy.

Surgical stress: To cover possible adrenal suppression, babies on dexamethasone or who last com-
pleted a course of dexamethasone lasting more than 1 week less than 4 weeks ago should receive
1 mg/kg of hydrocortisone IV prior to surgery and then every 6 hours IV or IM for 24-48 hours.

Several products exist and care must be taken to avoid the confusion caused by different
labelling. 1ml vials are available containing either 3.3mg dexamethasone base or 4mg of
dexamethasone phosphate (depending on the supplier — these are equal amounts of the drug).
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Vials cost 91 p—£1.10. Avoid products with a sulphite preservative (for reasons outlined in the website
commentary). Draw 0.3ml of fluid from the vial into a syringe and dilute to 10ml with 5%
glucose to get a solution containing 100 micrograms/ml of base for IV or oral use. Scored 500
micrograms tablets are available (costing 2p each). So is a sugar-free 0-4mg/ml oral solution
(costing £42.30 for 150ml) with a 3-month shelf-life which can be further diluted if necessary
just before use (although this contains propylene glycol).

(See also the relevant Cochrane reviews)
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Diamorphine has been used to control neonatal pain, but morphine (q.v.), which has been more
fully evaluated in neonates, is equally effective.

Diamorphine hydrochloride is a potent semi-synthetic opioid analgesic. Because it is all con-
verted, within minutes, to morphine and 6-monoacetylmorphine in the body, almost all the
drug’s properties and adverse effects, including reduced peristalsis, urinary retention and
respiratory depression, are essentially the same as for morphine. It is well absorbed by mouth,
but bioavailability is reduced by rapid first-pass liver metabolism. Some enters the CNS after
bolus intravenous (IV) administration causing intense euphoria, and it is this that probably
makes the drug so addictive. Clearance is very variable, inversely related to gestational age and
essentially the same as for morphine. High solubility is the drug’s only clinical advantage,
because this makes it possible to give a large intramuscular dose in a small-volume injection, but
this is of no relevance to its use in infancy.

There are no good pharmacological reasons for using diamorphine rather than morphine in
young children, and parents can be very disconcerted to discover, possibly by chance, that their
child is ‘on heroin’. It was first manufactured on a commercial basis in 1898 but eventually
banned in America in 1924 after its full addictive potential became apparent. Many other coun-
tries have since introduced similar bans. Placental transfer is rapid, but there is no reason why a
mother given diamorphine in labour should not breastfeed, although the baby may be too
drowsy to suckle vigorously for several hours, unless offered naloxone (q.v.).

While there have been suggestions that diamorphine could be teratogenic, the malformations
reported conform to no discernible pattern, and all the mothers in the studies reported had been
taking heroin of uncertain purity as well as other drugs during pregnancy. Fetal growth is often
reduced, and there may be an increased risk of fetal death. Most mothers in the United Kingdom
admitting to opiate addiction are now placed on methadone (q.v.) during pregnancy to minimise
these problems. Even so, babies exposed to any opiate drug in pregnancy, including methadone,
show slight (but significant) developmental delay when 2-3 years old.

While morphine is still widely used to control any symptoms of withdrawal that appear in the
baby after delivery, methadone may be used as an alternative. Some babies seem to benefit from
being given phenobarbital (q.v.) as well, and there is a belief that chlorpromazine (q.v.) can be
helpful if an opiate is not the only illicit drug that the mother is taking. The use of paregoric
(a variable cocktail of opium, glycerine, alcohol and benzoic acid) lacks rational justification.
Some assessment scales have the perverse effect of suggesting that an increasingly sedated baby
is improving, but the main aim of treatment must be to improve the baby’s ability to feed nor-
mally as well as sleep normally, and an unnecessarily complex weaning strategy merely serves
to delay discharge. Mothers are sometimes discouraged from breastfeeding, but lactation can be
used as part of a controlled weaning strategy as long as the mother is not also taking other
serious drugs of abuse, since the baby only receives, on a weight-for-weight basis, about 5-10%
of the maternal dose.

Give ventilated babies in serious pain a loading dose of 180 micrograms/kg IV followed by a
maintenance infusion of 15 micrograms/kg/hour (or 6 ml/hour for 1 hour followed by 0.5ml/
hour of a solution made up as described under ‘Supply and administration’) accepting that this
can depress any respiratory activity that may allow the baby to ‘trigger’ the ventilator. Sedation
only requires 9 micrograms/kg/hour IV (0.3ml/hour). Intra-nasal administration gives good
relief after approximately 20 minutes.

Naloxone is a specific antidote for all the opioid drugs.

10mg ampoules of diamorphine cost £3.10. The ampoule should be reconstituted with 1ml of
water to give a solution containing 10 mg/ml. To set up a continuous infusion, dilute this recon-
stituted liquid to 10 ml with 0.9% sodium chloride; place 1.5ml of this diluted preparation for
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each kilogram the baby weighs in a syringe, dilute to 50ml with 10% glucose saline, and infuse
at arate of 0.5ml/hour in order to provide a continuous infusion of 15 micrograms/kg/hour. The
drug is stable in solution, so it is not necessary to change the infusate daily.

(See also the relevant Cochrane reviews)
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Diazepam is a sedative and anxiolytic. Its effect as a muscle relaxant is used in the management
of neonatal tetanus. Seizures are better controlled using other benzodiazepines such as loraze-
pam or midazolam (q.v.).

Diazepam, first marketed in 1963, has also been used to control status epilepticus. It has a long
half-life (20-60 hours), and both the parent drug and its pharmacologically active metabolite
N-desmethyl diazepam both accumulate in maternal and fetal tissues (V,~1.31/kg). The neo-
natal half-life is even longer, and a maternal dose of 30mg or more in the 15 hours before
delivery (once commonly used to manage toxaemia) can cause severe hypotonia, respiratory
depression, temperature instability and feeding difficulty particularly in babies of short gestation.
Some (but not all) reports suggest that high-dose exposure in early pregnancy could be terato-
genic. Withdrawal symptoms with jitteriness and hypertonia are common in babies born to
women using this drug in an addictive way during pregnancy. Use during lactation only exposes
the baby to a tenth of the maternal dose (on a weight-for-weight basis), but there are reports of
sedation and poor weight gain, particularly in babies who had also been exposed to diazepam
before delivery.

Tetanus (lockjaw), due to infection with Clostridium tetani, was recently estimated by WHO to be
causing the death of up to 6% of all newborn babies in some parts of the world. This anaerobic,
spore-forming, Gram-positive bacillus typically gains access to the body through a wound or area
of damaged tissue contaminated by dirt or faecal material, giving off a neurotoxin with an effect
similar to strychnine that last several weeks. Ear drops, if contaminated, can cause tetanus in
young children with chronic otitis media. Umbilical infection must be suspected immediately in any
baby starting to develop increasingly frequent, stimulus-triggered muscle spasms and sympathetic
overactivity 4-14 days after birth. Start high-dose metronidazole (q.v.) or, if that is unavailable,
intravenous (IV) or intramuscular (IM) penicillin, and debride any gangrenous tissue. Give a
150mg/kg IM dose of human (or equine) tetanus immunoglobulin at once to neutralise systemic
toxins, and consider one intrathecal dose (1000 units of the preservative-free IV product diluted to
2ml with sterile water) in patients presenting early. Give 0.5ml of tetanus toxoid into a different
limb. Minimal handling, care in a quiet dark room, tube feeding and sedation, followed by regular
oral (or IV) diazepam, can minimise the painful spasms. A continuous IV infusion of magnesium
sulfate (q.v.) reduced the need for other medication in one recent trial in adult patients. Some
babies need respiratory support. Prior maternal immunisation (two 0.5ml doses of vaccine a
month apart) and appropriate cord care could completely eliminate this painful, costly illness.

Tetanic muscle spasm: A titration of 0.5mg/kg/hour IV will usually control spasm, but a few
need double this dose. Switch to oral (or rectal) treatment and then reduce the dose used over
2-4 weeks. Depression of the swallowing reflex can render oral secretions hazardous. Monitor
respiration.

Seizures: A 300micrograms/kg dose IV will stop most seizures for several hours. A 500 micrograms/
kg rectal dose is usually, but not always, equally effective. Other anticonvulsants, such as lorazepam
or midazolam, provide more sustained control.

Flumazenil is a specific antidote (as described in the monograph on midazolam).

Diazepam: Use the emulsified IV preparation (Diazemuls®) for the neonate; 2ml (10mg)
ampoules cost 91p. Dilute any continuous infusion in 10% glucose, and use within 6 hours.
Other IV formulations contain potentially toxic benzyl alcohol (15-55% w/v), and some also
contain 40% w/v propylene glycol. A 1 mg/ml oral solution is available in some countries. A
rapidly absorbed rectal preparation (Stesolid®) is also available in 2.5ml tubes containing 2.5, 5
or 10mg of diazepam per tube (costing £1.13-£1.37 each). Avoid the IM route — it is painful, and
absorption is slow and incomplete.
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Tetanus immunoglobulin: Human anti-tetanus immunoglobulin (HTIG) is available for IM
use in 250 unit ampoules. It is available from Bio Products Laboratory Limited, Elstree, Herts.
Store at 4°C.

Tetanus vaccine: Five doses of tetanus vaccine are sufficient to provide lifelong protection;
these are currently provided by the three infant immunisations, the preschool booster and a
final booster before leaving school. Unimmunised individuals should be given three doses of the
combined adsorbed diphtheria, tetanus and inactivated poliomyelitis vaccine.

(See also the relevant Cochrane reviews and the UK Guideline
on tetanus immunisation |RIZIVES)
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Diazoxide is used to treat intractable hypoglycaemia in the neonate when this is being caused by
persisting excessive insulin production (hyperinsulinism).

Diazoxide was once quite widely used to control hypertension in pregnancy, but high-dose
(75 mg) bolus use can cause dangerous hypotension, while use during labour can affect uterine
tone and delay labour unless oxytocin is prescribed as well. Use in labour can also have a
transient impact on neonatal glucose homeostasis. Use during lactation has not been studied,
but because of the drug’s low molecular weight, it probably appears in breast milk. Diazoxide is
now most commonly used to control the hypoglycaemia caused by hyperinsulinism. Insulin
secretion by pancreatic beta cells is controlled by ATP-sensitive potassium (K, ,) channels. In the
presence of glucose, the channels close, leading to depolarisation of the cell membrane, an influx
of calcium ions and insulin secretion. Diazoxide inhibits insulin secretion by opening these
channels.

Neonatal hyperinsulinism sometimes resolves within 1-2 days of birth (as it does in infants of
diabetic mothers) making drug treatment quite unnecessary. In other babies, hyperinsulinism
can persist for some weeks (usually following intrauterine growth retardation or perinatal
asphyxia), and diazoxide can be helpful in these patients. More persistent hyperinsulinaemic
hypoglycaemia (‘nesidioblastosis’) is a heterogeneous condition, but most cases appear to result
from genetic defects and many cases respond to treatment with diazoxide. However, an IV line
for giving glucose must remain in place until a management regimen has been established that
eliminates all risk of damaging symptomatic hypoglycaemia. If this proves difficult, there must
be no delay in arranging prompt tertiary referral. Some severe cases require partial pancreatec-
tomy (for focal adenomatous islet cell hyperplasia) or subtotal pancreatectomy (for diffuse beta
cell hyperfunction).

Diazoxide is well absorbed by mouth and has a long half-life (10-20 hours), so it can usually
be given by mouth. In patients only thought to have transient hyperinsulinism, fasting tolerance
should be monitored for about 5 days after diazoxide is withdrawn, to ensure that there is no
longer a risk of hypoglycaemia. Complete resolution is less likely in cases of hyperinsulinism
persisting beyond the neonatal period, but the severity of the problem decreases with time, and
in most children, it is possible to withdraw treatment after 5-6 years. Excessive hair growth is
almost inevitable if treatment is continued for more than a few months, and leucopenia and
eosinophilia are also seen on occasion. Although diazoxide is a thiazide derivative, it has an
antidiuretic effect: giving chlorothiazide (q.v.) prevents fluid and salt retention and helps to raise
glucose concentrations. A few patients who do not have the K, , channel defect benefit (for rea-
sons that are not very clear) from being given 100-800 micrograms/kg of oral nifedipine (q.v.)
once every 8 hours. The management of children who cannot be stabilised with diazoxide is
outlined in the monograph on octreotide (q.v.).

Any baby who is persistently found to need more than 9mg/kg of IV glucose a minute to main-
tain a normal blood glucose level is almost certainly displaying at least transient evidence of
hyperinsulinism.

Diazoxide: Start by giving 5mg/kg once every 8 hours (orally rather than IV where possible) as
soon as it is clear that there is hyperinsulinaemia. Doses higher than this are seldom necessary,
but a few babies derive optimum benefit when given 20mg/kg a day. If the baby is going to
respond, some benefit will be seen within 48 hours. The dose can then be reduced gradually
once normoglycaemia has been achieved, but care must be taken not to let the blood glucose
level fall below 3.5 mmol/l. Treatment can usually be stopped once a child only seems to need a
1.5mg/kg dose, but ‘weaning’ should only be attempted in a hospital setting.

Hypoglycaemia is particularly dangerous when caused by a high insulin level because, in this
situation, fatty acid and ketone body formation is reduced. Give 0.5-1mg of glucagon IM (q.v.)
if IV access is not immediately available, but get IV glucose started after this to counteract the
rebound in insulin this will cause.

Continued on p. 182
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Ampoules of diazoxide (300mg in 20ml) cost £30 each. Protect from light. A sugar-free oral
suspension that is stable for a week can be made from a powder provided by Idis World Medicine,
and a 50mg/ml oral suspension (Proglycem®) containing 7.25% alcohol is available in America.
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Dichloroacetate has been used to reduce lactic acid levels in congenital lactic acidaemias; how-
ever, it has not been shown to improve long-term outcomes. It is generally well tolerated, but
continued administration is associated with an increased frequency of peripheral neuropathy.

Lactic acidosis can occur in many different circumstances; the most common is a secondary lactic
acidosis due to hypoxia, hypoperfusion and shock which can be seen in a number of disease
states. It is important to exclude and treat these before considering a metabolic cause for the
lactic acidosis. Lactic acidosis may also be seen in other metabolic disorders as a secondary com-
plication of the metabolic disease (e.g., propionic acidaemia, methylmalonic acidaemia, fatty
acid oxidation defects, etc.) particularly during periods of acute illness.

Congenital lactic acidaemias are a group of inherited disorders that have variable clinical fea-
tures such as progressive neuromuscular deterioration and in which there is accumulation of
lactate in blood, urine and cerebrospinal fluid. In most patients, there are defects of the mito-
chondrial respiratory chain or the pyruvate dehydrogenase complex (PDH). The prognosis for
these conditions is largely poor. Various approaches have been used to provide alternate dietary
substrate fuels and/or vitamins and other cofactors that might stimulate residual enzyme activity
or circumvent the enzyme defect.

Dichloroacetate indirectly stimulates the activity of PDH. This catalyses the conversion of
pyruvate to acetyl-CoA and CO,, thus determining whether glucose is metabolised oxidatively
or is converted into lactate. Randomised study showed that the blood lactate levels were lowered
in treated individuals, regardless of the underlying defect, but treatment with dichloroacetate,
even in patients where PDH activity is increased by treatment, had little effect on actual disease
progression.

Specialist advice on a range of inborn errors of metabolism is available from the British Inherited
Metabolic Disease Group (BIMDG) via their website (www.bimdg.org.uk).

Note: Treatment with dichloroacetate should only be initiated after consultation with a
specialist metabolic diseases centre.

Neonate: Begin with 12.5mg/kg in four divided doses. The dose should be adjusted according
to response (up to 200 mg/kg daily has been used).

Infant >28days: Begin with 12.5mg/kg in four divided doses. The dose should be adjusted
according to response (up to 200mg/kg daily may be required).

Sodium dichloroacetate is available as powder from Special Products Ltd. which when reconsti-
tuted with water provides 200ml of a solution containing 50 mg/ml.
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Digoxin immune fragmented antibodies (Fab) are indicated for the treatment of patients with
life-threatening or potentially life-threatening digoxin toxicity or overdose associated with
either ventricular arrhythmias or bradyarrhythmias that are unresponsive to atropine and when
measures beyond the withdrawal of digoxin and correction of any electrolyte abnormalities are
considered necessary. The original commercially available digoxin immune fragmented antibody
preparation (Digibind®) was discontinued in the United Kingdom in 2011; it has been replaced
by a similar preparation (DigiFab®) which has been used in North America since 2002.

The most common symptoms of digoxin toxicity in adults and older children are cardiac
arrhythmias (e.g., ventricular extrasystoles, ventricular fibrillation, AV blockade, sinus brady-
cardia). Extra-cardiac symptoms can occur, and gastrointestinal (GI) symptoms (nausea, vomit-
ing, diarrhoea and abdominal pain) are the most predominant and frequently observed in
infants. ECG signs may appear when the neonatal serum level exceeds 2 nanograms/ml; clinical
symptoms (with partial AV block or a PR interval of >0.16 seconds) only appear when the level
exceeds 3 nanograms/ml. Serum levels are not the best way to define toxicity as hypokalaemia
can potentiate the toxic effects.

Digoxin immune Fab are monovalent immunoglobulin fragments obtained from the blood of
healthy sheep given a digoxin analogue, digoxin dicarboxymethoxylamine, which contains the
functionally essential cyclopentaperhydrophenanthrene:lactone ring. The antibody fragments
have a higher affinity for digoxin than the drug has for its sodium pump receptor. As a result, the
antibody fragments reduce free digoxin levels and reduce the receptor binding and the cardio-
toxic effects. Antibody—-digoxin complexes are then cleared by the kidney and reticuloendothelial
system. The half-life of the digoxin immune Fab in adults is 15-20 hours (prolonged in renal
failure). No data exist for neonates.

The safety of digoxin immune Fab in pregnancy has not been established; however, use of such
an antidote and the health of the mother are likely to take precedence. Use during lactation is
unlikely to result in any adverse effects as the antibody fragments, even if they are excreted in
the mother’s milk, are likely to be digested in the breastfed infant’s GI tract.

Treat any hyperkalaemia with salbutamol (q.v.). Give atropine for AV block. Give lidocaine (q.v.)
or, if this fails, phenytoin (q.v.) for tachyarrhythmia. Severe bradycardia or block may require
transvenous pacing. Ventricular fibrillation will only respond to a DC shock.

Consider intravenous (IV) digoxin immune Fab in severe toxicity. Improvement in signs and
symptoms should occur 2-30 minutes following IV infusion of digoxin immune Fab.

Acute ingestion of known amount: First, calculate the body load of digoxin by multi-
plying the amount of digoxin ingested (in mg) by 0.8, and then for each mg body load of
digoxin, give 20mg of digoxin-specific antibody fragments as described under ‘Supply and
administration’.

Based on steady-state digoxin level: Multiply the babies weight (in kg) by the serum digoxin
level (in nanograms/ml). Further multiply this by 0.4 to give the dose of digoxin-specific antibody
fragments (in mg) to be given.

Vials containing 40mg of lyophilised digoxin-specific antibody fragments (DigiFab) cost £750.
Vials should be stored at 2-8 °C. Reconstitute the contents of the vial with 4ml sterile water for
injection to give a 10 mg/ml solution. This reconstituted solution is best further diluted for ease
of administration in small infants to a 1 mg/ml solution using 0.9% saline. Administer by IV
infusion over 30 minutes. If an infusion-related reaction occurs, stop the infusion and restart at
a slower rate.

Continued on p. 185

184



Hastreiter AR, van der Horst RL, Chow-Tung E. Digitalis toxicity in infants and children. Pediatr Cardiol
1984;5:131-48.

Husby P, Farstad M, Brock-Utne JG, ef al. Immediate control of life-threatening digoxin intoxication in a child
by use of digoxin-specific antibody fragments (Fab). Paediatr Anaesth 2003;13:541-9.

Johnson GL, Desai NS, Pauly TH, et al. Complications associated with digoxin therapy in low-birth weight
infants. Pediatrics 1982;69:463-5.

Nybo M, Damkier P. Gastrointestinal symptoms as an important sign in premature newborns with severely
increased S-digoxin. Basic Clin Pharmacol Toxicol 2005;96:465-8.

Presti S, Friedman D, Saslow J, ef al. Digoxin toxicity in a premature infant: treatment with Fab fragments of
digoxin-specific antibodies. Pediatr Cardiol 1985;6:91-3.

Ward SB, Sjostrom L, Ujhelyi MR. Comparison of the pharmacokinetics and in vivo bioaffinity of DigiTAb
versus Digibind. Ther Drug Monit 2000;22:599-607.

185



Digoxin is still sometimes used to manage supraventricular tachycardia (SVT) and occasionally
heart failure.

William Withering’s 1785 description of the foxglove leaf as a herbal remedy for ‘dropsy’
(or cardiac failure) is well known. The active ingredient, digoxin, is still sometimes given to
women (250micrograms, three times a day) to control fetal tachycardia, because placental
transfer is relatively brisk after maternal digitalisation. Aim for a level at the top of the therapeutic
range. It is by no means universally effective, especially in the hydropic fetus, and flecainide
(q.v.) is considered a better option. Quinidine sulfate (starting with 200mg every 6-8 hours) has
occasionally been of benefit in fetuses with atrial flutter after prior digitalisation. Adenosine
(q.v.) is the most appropriate first-line treatment for SVT after birth.

Digoxin is present in breast milk, but this excretion can be ignored when considering clinical
management. Digoxin is largely eliminated by the kidney without prior degradation (clearance
exceeding GFR). Marked tissue binding occurs, the myocardial levels being linearly related to (and
some 20 times) the serum concentration and twice as high in infancy as in adults, while the neo-
natal serum half-life (55-90 hours) is nearly three times as long as in adults (V, ~91/kg). Clearance
is unaffected by the serum level, so doubling the dose will double the serum concentration.

Patients on amiodarone will need, and those on indometacin may need, alower dose. Occasionally,
the same is true with erythromycin. Arrhythmias have been reported when digitalised patients
are given pancuronium or suxamethonium.

The conventional starting dose in microgram per kilogram is:

Total slow IV Total oral Daily oral
Weight loading dose loading dose maintenance dose
<1.5kg 20 25 5
1.5-2.5kg 30 35 7.5
>2.5kg 35 45 10

Seek consultant advice. Give half the total loading dose immediately, and a quarter of the total
dose after 8 and 16 hours. Digoxin is rather erratically absorbed intramuscularly and bioavail-
ability when given by mouth only 80% of that achieved by intravenous (IV) administration (as
reflected above). Use a reduced dose in babies with renal failure and monitor the blood level.
Check each dose carefully. Overdose can cause serious arrhythmia and a life-threatening
reduction in cardiac output without warning.

While ECG signs may appear when the neonatal serum level exceeds 2nanograms/ml, clinical
symptoms (with partial AV block or a PR interval of >0.16 seconds) only appear when the level
exceeds 3nanograms/ml. Serum levels are not the best way to define toxicity. Control hyperka-
laemia with salbutamol (q.v.). Give atropine for AV block. Give lidocaine (q.v.) or, if this fails,
phenytoin (q.v.) for tachyarrhythmia. Severe bradycardia or block may require transvenous
pacing. Ventricular fibrillation will only respond to a DC shock. Control severe toxicity with IV
digoxin immune Fab antibody fragments (q.v.).

Levels can take 10 days to stabilise because of the 2-4 day half-life. Collect at least 0.2ml of
serum or plasma six or more hours after the last dose was administered. The therapeutic range
of digoxin is 0.9-2nanograms/ml (1 nanogram/ml=1.28 nmol/l).
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Iml (100micrograms) ampoules cost 70p. The oral syrup (Lanoxin PG®) containing
50 micrograms/ml costs £5.35 for 60ml. Both products contain 10% v/v ethanol; the ampoules
contain 43% and the syrup 5% v/v propylene glycol. Do not give digoxin intramuscularly.

(See also the relevant Cochrane reviews) G)
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Deciding to use an inotrope and then choosing the right inotrope requires an understanding not
only of the physiological and pathological processes occurring in the baby but also of how var-
ious inotropes work. While dopamine (q.v.) appears to result in a better blood pressure, dobuta-
mine seems to be better at improving systemic blood flow, and there is a growing consensus that
although it is harder to measure, cardiac output and systemic tissue perfusion usually matter
more than blood pressure. Milrinone (q.v.) could be tried if dobutamine proves ineffective,
although there also may be an argument for using adrenaline (q.v.) or noradrenaline (q.v.).

Neonatal hypotension is defined as a clinical condition of abnormally low arterial blood pressure
affecting perfusion. While few would disagree that inadequate perfusion should be treated,
defining neonatal hypotension itself is difficult; there is no single accepted value that defines low
blood pressure, and while imminently measurable, blood pressure on its own is only part of the
equation. Different gestational norms, different pathophysiologies and the transition from fetal
to ex utero circulation all compound the difficulties in making an informed choice about which
inotrope to use (or, in some cases, whether one is required in the first place). See the website
commentary for a detailed discussion of this topic.

Common misconceptions in neonatology are that normal blood pressure, however this is
defined, equates to normal systemic blood flow and that improving blood pressure means that
blood flow must also improve. Unfortunately, simply treating a low blood pressure without
consideration for which inotrope best suits the situation to use might worsen both systemic
blood flow and tissue perfusion.

Dobutamine hydrochloride is a synthetic inotropic catecholamine developed in 1973 by the
systemic alteration of isoprenaline with a view to reducing some of the latter’'s unwanted
adrenergic effects (i.e. chronotropism, arrhythmias, vascular constriction). It has to be given
intravenously because of rapid first-pass metabolism. Dobutamine is a 1 agonist like dopamine,
but in high doses, its p2 effects can decrease rather than increase peripheral resistance. For a brief
summary of how drug receptors act, see the monograph on noradrenaline. It is about four times
as potent as dopamine in stimulating myocardial contractility in low concentration, and of
proven value in increasing left ventricular output in the hypotensive preterm neonate, but has
less effect than dopamine on blood pressure because it has little effect on systemic vascular resis-
tance. The right dose to use needs to be individually assessed because clearance is very variable in
children; the drug’s short half-life means that this assessment can be made as soon as 10-15
minutes. Tachycardia may occur, and increased pulmonary blood pressure leading to pulmonary
oedema has been reported. In general, however, side effects are rare as long as the dose does not
exceed 15 micrograms/kg/minute. Extravasation seldom causes the sort of tissue damage seen
with dopamine. Note that manufacturers have still not formally endorsed the use of dobutamine
in children.

Start with 5 micrograms/kg/minute (0.5ml/hour of a solution made up as described under
‘Supply and administration’). Adjust this dose if necessary after approximately 20 minutes
because of the drug’s variable half-life accepting that a few babies need twice as much as this.
Prepare a fresh solution every 24 hours.

Compatible with noradrenaline and the same drugs as dopamine (q.v.). Do not mix with sodium
bicarbonate.

20ml vials of dobutamine hydrochloride costing £5.20 each contain 12.5mg/ml of dobutamine.
To give 10 micrograms/kg of dobutamine per minute, place 2.4ml (30mg) of this solution for
each kilogram that the baby weighs in a syringe, dilute to 50ml with 10% glucose or glucose
saline, and infuse at a rate of 1 ml/hour. Less concentrated solutions of glucose or glucose saline
can be employed.
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This drug is, at present, quite widely used across Europe to treat children with gastro-oesophageal
reflux, although there is little evidence of efficacy and some evidence that it could increase the
risk of arrhythmia. It has sometimes been used to manage post-operative gastrointestinal stasis
although, in infancy, erythromycin (q.v.) is a better studied alternative. Severe nausea and
vomiting is best treated with ondansetron (q.v.).

Domperidone is a dopamine D,-receptor antagonist used to relieve nausea and vomiting. It stim-
ulates gastric and upper intestinal motility and also acts on the chemoreceptor trigger zone. Like
metoclopramide (q.v.), it seems to increase gastro-oesophageal, and decrease pyloric, sphincter
tone. It first came into clinical use in 1978 largely as a potent anti-emetic.

Because of its effect on prolactin excretion, it has sometimes been used as a galactogogue to
stimulate lactation although the manufacturers have never endorsed its use for this purpose.
Several studies have suggested that use can augment (without altering the composition of) the
milk supply of some mothers who were expressing their milk following the birth of a preterm
baby. Use in pregnancy is little studied, but the drug is not teratogenic in animals. Maternal use
during breastfeeding is not contraindicated because the baby will receive less than 1% of the
maternal dose when intake is calculated on a weight-for-weight basis.

Dystonic and extrapyramidal reactions can occur but are much rarer than with metoclo-
pramide, probably because only a little of the drug crosses the blood-brain barrier. Domperidone
is rapidly metabolised by the liver after absorption into the portal vein following oral
administration, and because of this ‘first-pass’” metabolism, systemic bioavailability is quite
low (15%). Rectal bioavailability is much the same, but the blood level only peaks after an
hour (rather than 30 minutes) when the drug is given rectally. The volume of distribution in
adults is high (v, ~5.51/kg), and the elimination half-life about 7 hours, most of the drug
being excreted in the bile and the urine, mainly as inactive metabolites. The only intravenous
formulation was withdrawn after high-dose use was occasionally found to cause arrhythmia
and even sudden death, and a serious oral overdose could, conceivably, be equally dangerous.
Very few pharmacokinetic studies seem to have been undertaken into the drug’s use in infancy
or childhood. Sustained use for more than 12 weeks is not recommended even in adults, and
the manufacturers have not, as yet, made any recommendation as to use in children, except
to control the nausea and vomiting caused by cytotoxic drugs and by radiotherapy. Although
the drug has a licence for use in Canada, it has not been approved for use in the United States,
and the US authorities have previously taken steps to try and stop its illegal importation and
unapproved use.

Very few formal studies have been undertaken into the use of domperidone in children, and
the only trials done to date suggest that domperidone does little for babies with gastro-oesoph-
ageal reflux. Since it has now been shown to interfere with cardiac conduction, causing QT
prolongation, this risk should be assessed in any infant so treated because cisapride was even-
tually withdrawn from sale in Europe and North America after it was found to cause similar
problems.

Mother: A 10mg (or 20mg) dose three times a day for 1-2 weeks may help initiate lactation in
the mothers of babies too premature to be put to the breast. Use for longer than this has not yet
been studied.

Baby: The usual dose is 200-400 micrograms/kg by mouth, repeatable every 4-8 hours as
necessary. There is relatively little experience of sustained use, and no published data on the
drug’s use in babies less than 1 month old. It is probably wise to do a paired ECG test to see if
treatment significantly prolongs the QT time.

Domperidone is available as a 1 mg/ml sugar-free suspension (100ml costs £6.30). Small quan-
tities (packs containing not more than twenty 10mg doses) are available ‘over the counter’ in
the United Kingdom to treat flatulence, epigastric discomfort and heart burn in adults, but it has
never been licensed for use in the United States.
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Dopamine is widely used to treat neonatal hypotension, but it has a variable, unpredictable dose-
dependent impact on vascular tone, and use too often fails to recognise that adequate tissue
perfusion, rather than supply pressure per se, should be the aim of treatment. Hydrocortisone
(q.v.) may work better, and a dobutamine (q.v.) or adrenaline infusion (q.v.) is a more logical
strategy if low cardiac output is the primary problem.

Hypotension is currently over-diagnosed (see web commentary), and the ‘rule of thumb’ that so
classifies any baby with a mean arterial pressure (in mmHg) that is less than gestation (in weeks)
can often result in a quarter of all day-old babies being classed as hypotensive. In addition, an
apparent response to treatment may simply reflect the rise in pressure that normally occurs
anyway during the first 2 days of life.

Dopamine hydrochloride is a naturally occurring catecholamine precursor of noradrenaline
(q.v.) that was first synthesised in 1910 and shown to be a neurohormone in 1959. Low-dose
infusion (2 micrograms/kg/minute) normally causes dopaminergic coronary, renal and mesen-
teric vasodilatation, but there is little evidence that this is clinically beneficial, and there is good
controlled trial evidence that such treatment does not protect renal function, although it does
cause some increase in urine output. High doses cause vasoconstriction, increase systemic
vascular resistance and eventually decrease renal blood flow. While a moderate dose increases
myocardial contractility and cardiac output in adults and older children, a dose of more than 10
micrograms/kg/minute can cause an increase in systemic resistance, a fall in gut blood flow and
a reduction in cardiac output in the neonate especially in the first few days of life.

Correct any acidosis first, and look to see if there is a reason why the baby is hypotensive
rather than just treating the symptom alone. Use high-dose treatment with caution after cardiac
surgery or where there is coexisting neonatal pulmonary hypertension, because the drug can
cause a detrimental change in the balance between pulmonary and systemic vascular resistance.
High doses can also cause tachycardia and arrhythmia in adults. Lack of response may suggest
vasopressin exhaustion (q.v.). Side effects are easily controlled by stopping the infusion because
the half-life is only 5-10 minutes. There are no known teratogenic effects. Dopamine causes
suppression of serum TSH, T4 and prolactin levels in VLBW infants, which reverses after cessa-
tion of treatment; however, it is not known if this short-term iatrogenic pituitary suppression
has any longer-term consequences.

There are reports of phenytoin and tolazoline causing severe hypotension in patients on
dopamine.

Start by giving 3 micrograms/kg/minute (or 0.3ml/hour of a solution made up as described
under ‘Supply and administration’), and increase this every half an hour as necessary because
the response (like the drug’s blood level) is known to vary greatly. Always use ultrasound to
check the haemodynamic response when using a dose of more than 10 micrograms/kg/minute.
Prepare a fresh infusion daily, and stop high-dose treatment slowly.

Dopamine is inactivated by alkali but can be added (terminally) to a line containing fentanyl,
lignocaine, midazolam, milrinone, morphine or standard TPN (with or without lipid).

Supply: One stock 5ml (200mg) ampoule (pH2.5-4.5) costs £3.90. To give an infusion of 10
micrograms/kg/minute of dopamine, place 0.75ml (30mg) of the concentrate for each kilogram
the baby weighs in a syringe, dilute to 50 ml immediately before use with 10% glucose or glucose
saline, and infuse at a rate of 1 ml/hour (a less concentrated solution of glucose or glucose saline
can be used where necessary).

Administration: Extravasation can cause serious tissue damage, and the management of this
is discussed in the monograph on hyaluronidase. Indeed, serious blanching along the line of the
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vein can, in itself, be enough to cause tissue ischaemia. Any dopamine infusion is always best
given through an umbilical venous catheter or percutaneous ‘long line’.

(See also relevant Cochrane reviews)
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Oral or intravenous (IV) doxapram can sometimes be useful in preterm babies who continue to
have troublesome apnoea despite treatment with caffeine citrate (q.v.). The effects of caffeine
and doxapram appear to be additive.

Doxapram (first developed commercially in 1964) stimulates all levels of the cerebrospinal axis,
and respiration appears to be stimulated at doses that cause little general excitation. A plasma
concentration of 2mg/l doubles minute volume in healthy adults, but there is no evidence of
any additive benefit from raising the plasma level above 1mg/l in babies. High doses cause con-
vulsions, and subconvulsive doses can still cause tachycardia, hypertension, hyperpyrexia, jitter-
iness, laryngospasm and vomiting.

Oral caffeine is usually considered the drug of choice in the management of idiopathic neo-
natal apnoea, but adding doxapram can sometimes bring additional benefit. The drug is usually
given as a continuous infusion, but oral treatment is often very effective as long as the dose is
doubled to compensate for poor absorption. Developmental delay is not uncommon in survi-
vors, and while severe apnoea may merely be the first sign of some existing cerebral dysfunction
that later manifests as developmental delay, a drug-related effect cannot be ruled out until an
appropriately designed trial is done. Nasal continuous positive airway pressure (CPAP) or high
flow oxygen may make tracheal intubation and ventilation unnecessary.

Doxapram is metabolised by the liver, the half-life in babies (about 7 hours) being double that
seen in adults. It is longer still in the first week of life. Significant tissue accumulation occurs
(V,~61/kg), and some of the metabolic breakdown products are also potentially metabolically
active. The optimum respiratory response is usually seen with a plasma level of 2-4 nanograms/
ml, but the dose needed to achieve this plasma level varies.

Adverse effects are increasingly common when the level exceeds 5 nanograms/ml. The dose
recommended in certain neonatal texts (2.5mg/kg/hour) is almost certainly potentially toxic in
some babies (especially if there is evidence of a parenchymal cerebral bleed or an existing seizure
disorder). Watch for adverse effects (including hyperexcitability, AV heart block, hypokalaemia
and a rise in blood pressure if more than 1 mg/kg/hour has to be infused for more than 36-48
hours). Use of doxapram in children has not yet been endorsed by the manufacturers.

IV administration: Start with 2.5mg/kg as a loading dose over at least 5-10 minutes followed
by a maintenance infusion 300 micrograms/kg/hour (0.3 ml/hour of a solution made up as
described under ‘Supply and administration’), and increase the dose cautiously as required.
Babies over a week old sometimes only respond to a continuous infusion of 1 or even 1.5mg/
kg/hour. Tissue extravasation can cause skin damage.

Oral administration: Babies who respond to IV doxapram can usually be transferred onto oral
maintenance treatment. Take half the total daily dose found effective IV and give this once every
6 hours by mouth diluted in a little 5% glucose. High-dose oral treatment sometimes slows
gastric emptying. Such problems can usually be resolved by reverting to IV treatment.
Post-anaesthetic use: A single 1 mg/kg IV bolus will sometimes rouse the post-operative preterm
baby.

Doxapram can probably be added (terminally) into a line containing standard TPN (but not lipid)
when absolutely necessary.

5ml (100mg) ampoules cost £3. To give an infusion of 1 mg/kg/hour of doxapram, place 2.5 ml
of the concentrate for each kilogram the baby weighs in a syringe, dilute to 50ml with 10%
glucose or glucose saline, and infuse at 1 ml/hour (a less concentrated solution of glucose or
glucose saline can be used where necessary). Doxapram is stable in solution, so IV lines do not
require changing daily. Nor does IV material made available for oral use. The US formulation
contains 0.9% benzyl alcohol.

Continued on p. 195

194



(See also the relevant Cochrane reviews) (—'f)

Barbé F, Hansen C, Badonnel Y, et al. Severe side effects and drug plasma concentrations in preterm infants
treated with doxapram. Ther Drug Monit 1999;21:547-52.

Dani C, Bertini G, Pezzati M, et al. Brain hemodynamic effects of doxapram in preterm infants. Biol Neonate
2006;89:69-74.

De Villiers GS, Walele A, Van der Merwe P-L, et al. Second-degree atrioventricular heart block after doxapram
administration. J Pediatr 1998;133:149-50.

Fischer C, Ferdynus C, Gouyon JB, et al. Doxapram and hypokalaemia in very preterm infants. Arch Dis Child
Fetal Neonatal Ed 2013;98:F416-8.

Huon C, Rey E, Mussat P, et al. Low-dose doxapram for treatment of apnoea following early weaning in very
low birthweight infants: a randomised double-blind study. Acta Paediatr 1998;87:1180-4. [RCT]

Malliard C, Boutroy M, Fresson J, et al. QT interval lengthening in premature infants treated with doxapram.
Clin Pharmacol Ther 2001;70:540-5.

Poets CE Darraj S, Bohnhorst B. Effect of doxapram on episodes of apnoea, bradycardia and hypoxaemia in
preterm infants. Biol Neonate 1999;76:207-13.

Sreenan C, Etches PC, Demianczuk N, et al. Isolated developmental delay in very low birth weight infants:
association with prolonged doxapram therapy of apnea. J Pediatr 2001;139:832-7. (See also 2002;141:296-7.)

195



A Gastrografin® enema can be both diagnostic and therapeutic in a baby with low intestinal
obstruction. Macrogols (polyethylene glycols), which act by enhancing the water content of
stool in the colon, are the best way to relieve and to control constipation in later infancy.

Once X-rays and clinical examination have rendered a diagnosis of atresia, volvulus or an
obstructing hernia unlikely and the possibility that the failure to pass stool is an iatrogenic com-
plication of opiate sedation has been ruled out, a range of other diagnostic possibilities require
consideration.

Meconium plug syndrome: All that may be required to relieve a ‘plug’ of hard dried gelati-
nous meconium in the distal colon in the term baby after birth is a 1 mg glycerin suppository
plus, on occasion, a rectal washout. Similar problems in the absence of an obvious ‘plug’ are not
uncommon in the preterm baby.

Meconium ileus: Obstruction in the terminal ileum makes meconium ileus a more likely pos-
sibility. A dis-impacting Gastrografin enema may be all that is needed to deal with the sticky
viscid meconium, but a minority require the resection of 20-40cm of the small bowel and a
primary re-anastomosis. Many of these children will be found to have cystic fibrosis, requiring
treatment with pancreatin (q.v.) and access to long-term, high-quality care to try and minimise
the inevitable complications of this recessively inherited condition.

Milk curd obstruction: Early milk feeding can sometimes result in undigested milk curds reach-
ing the far end of the small bowel and impacting there. A Gastrografin enema carried out skilfully
can be both diagnostic and therapeutic, but some cases come to surgery especially if there has been
a focal perforation. The problem, if recognised promptly, should have no long-term consequences
and can be distinguished from necrotising enterocolitis (NEC) because there is no intramural gas
on X-ray and histology fails to reveal any bacterial invasion of the gut wall.

Faecal constipation: Serious constipation is rare in infancy. When it does occur, it is probably
best treated (once Hirschsprung'’s disease has been excluded), as in older children, by using an
osmotic agent to increase the water content of the stool. There is good evidence that the best
approach is to use a macrogol (polyethylene glycol) first to dis-impact the rectum and then, in a
lower dose, for a sustained period until bowel tone returns to normal. Delay can cause behav-
ioural problems to develop, and the longer the problem is left unaddressed, the longer it will
take for function to recover. Chronic idiopathic pseudo-obstruction is an extremely rare cause of
very severe intestinal dysmotility due to an as yet poorly understood disorder of the enteric
neuromusculature that can present with intractable constipation from a very early age.

Bowel impaction in the neonate: A Gastrografin enema, administered under fluoroscopic
control, has been widely used to disimpact the lower bowel in babies without resort to surgery
ever since Helen Noblett first described this approach in 1969. A rectal biopsy to exclude
Hirschsprung’s disease is called for if the stool pattern does not become normal after this.
Constipation in later infancy: Give 600 mg/kg of macrogol once a day by mouth. More may
sometimes be needed, especially at first. Manufacturers have not recommended use in children
less than 1 year old.

Macrogols: Non-absorbed polymers of high molecular weight (such as polyethylene glycol 3350)
are usually used. Movicol® Paediatric Plain (which contains supplementary electrolytes) is the
commercial product most often used in Europe. Dissolve one 6.5 g sachet of powder (costing 15p)
in 65ml of water immediately before use to obtain a 100mg/ml solution. An identical generic
product is available in America, but here, an electrolyte-free product (MiraLAX®) in 17 g packs is
most commonly used to treat constipation.

Gastrografin: 100ml of this iodinated monomeric contrast medium (sodium and meglumine
amidotrizoate) costs £14.70. It should be diluted 15-30ml with five times as much 0.9% sodium
chloride and then given slowly into the rectum using a plain 8 FG catheter while screening the
enema’s progress into the colon.

Glycerol: Pre-moistened 1g suppositories (costing 7p each) are often given to preterm babies.
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Enoxaparin is a low molecular weight derivative of heparin (q.v.) with most of the same prop-
erties as the parent compound but with a longer duration of action and given subcutaneously
rather than by intravenous (IV) injection.

Enoxaparin was first prepared by the depolymerisation of porcine heparin in 1981. A range of
other low molecular weight heparins (LMWHs) are now available, including certoparin, dalte-
parin sodium (q.v.), reviparin sodium and tinzaparin sodium. All have very similar properties,
although the recommended dose of the various products can vary. Enoxaparin has been the
most widely studied of LMWHs in pregnancy and the neonatal period, although the manufac-
turers have yet to recommend use in children in the United Kingdom or in the United States.

LMWHs have a longer half-life, cause less osteoporosis and thrombocytopenia and have a
more predictable pharmacodynamic (anticoagulant) effect than heparin. Despite this, the effec-
tive dose varies widely and needs to be individually titrated. Neonates also generally need a high
dose (as with heparin). Administration by subcutaneous rather than IV injection makes
treatment much easier but also makes an overdose less easily treatable. There is no evidence of
teratogenicity and placenta transfer does not occur. Lactation during treatment is also safe; the
molecular weight makes significant transfer into breast milk very unlikely, and any drug entering
the milk would be inactivated in the gut before absorption.

Prophylaxis: High-risk obstetric patients with thrombophilia, immobility, obesity, pre-eclamp-
sia or a past history of deep vein thrombosis should be assessed for their risk factors and consid-
ered for prophylactic LMWH. The daily dose depends on the patient’s weight (see table). Doses
of 60mg or higher may be given as two smaller doses, but otherwise, once daily dosing is
appropriate.

Weight (kg) at booking (kg) Total daily dose of enoxaparin

<50 20mg (2000 units)
50-90 40mg (4000 units)
91-130 60mg (6000 units)
131-170 80mg (8000 units)
>170 0.6 mg/kg (600 units/kg)

Experience indicates that monitoring of anti-Xa levels is not required during thromboprophy-

laxis with LMWH. Stop 24 hours prior to any planned operative (or epidural) delivery until 4
hours after the procedure is over. Women receiving antenatal LMWH should be advised that, if
they have any vaginal bleeding or once labour begins, they should not inject any further LMWH.
There is no need to monitor platelets routinely unless there has been exposure to unfractionated
heparin.
Treatment: Give a 1mg/kg subcutaneous injection once every 12 hours. Start treatment
promptly, as soon as a clot or embolus is seriously suspected, after first taking blood for a full
thrombophilia screen and confirming that renal and liver functions are normal. Then adjust
treatment for maintenance purposes to optimise the peak anti-Xa level. As with prophylaxis,
treatment should be withheld at the start of labour or 24 hours before any planned operative
delivery or epidural.

Prophylaxis: Experience is extremely limited. Try 750 micrograms/kg once every 12 hours
(or 500 micrograms/kg in babies over 2 months old).

Treatment: A subcutaneous dose of 1.5-2mg/kg once every 12 hours normally produces an
anti-Xa level of 0.5-1.0 units/ml, but all treatment needs to be individualised. Preterm babies
sometimes need over 2mg/kg, while babies over 2 months old usually only need about 1 mg/kg
every 12 hours.
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Take blood 3-4 hours after subcutaneous injection to assess the peak anti-Xa level, and adjust
the dose to achieve a level of 0.6-1.0 units/ml during treatment and 0.35-0.7 units/ml during
prophylaxis.

Protamine sulphate will usually stop overt haemorrhage as summarised in the monograph on
heparin.

The drug is available in a range of pre-filled syringes (0.2-1.0ml) containing 100mg/ml (10,000
units/ml) of enoxaparin; syringes cost from £2.30 to £8 each. Avoid the use in neonates of the
300mg (0.3 ml) ampoules which contain benzyl alcohol. To make a more dilute 10 mg/ml prep-
aration for accurate neonatal use, draw 0.1 ml into a 1ml syringe and make up to 1 ml with
water for injection just before use.

(See also the UK guideline on thromboprophylaxis in pregnancy EXIINEA)
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Enzyme replacement therapy (ERT) using recombinant DNA technology allows treatment of an
increasing number of conditions that are caused by a specific congenital enzyme deficiency.
While treatment, which may need to be lifelong unless stem cell transplantation is an option, is
both burdensome and expensive, use can be justified for some seriously disabling conditions.
There is now more evidence about early treatment, and while not all conditions are suitable for
early use, a few are. If the diagnosis is made at birth (or antenatally), treatment may be started
in the neonatal period as earlier treatment tends to give a better prognosis. Newborn screening
programmes for some conditions are beginning to appear.

A variety of animal, transformed human and even plant cell lines are now genetically engineered
to secrete the missing enzyme which is then given intravenous (IV) infusion every 1-2 weeks
after careful purification. All ERTs can cause an antibody response that in some patients means
premedication may be required for transfusion reactions.

Gaucher’s disease: In this autosomal recessively inherited lysosomal storage disorder (LSD),
sphingolipid accumulation occurs because of acid p-glucosidase deficiency. Manifestations are
highly variable, and the diagnosis is seldom obvious at birth. It presents with anaemia, throm-
bocytopenia and a bleeding tendency, noticeable hepatosplenomegaly and progressive skeletal
problems. There is extensive experience of using imiglucerase in type I disease (where there is
no neurological involvement). Treatment, if sustained, can render patients almost symptom-
free. However, because the enzyme does not cross the blood-brain barrier, this is of little help to
the minority with early progressive neurological involvement (type II disease). Treatment should
not be stopped during pregnancy or lactation. Velaglucerase alfa is a newer ERT with an iden-
tical amino acid sequence to the naturally occurring enzyme (imiglucerase has a single amino
acid substitution) that is equally effective but with, it seems, fewer hypersensitivity reactions and
fewer antibodies than imiglucerase. Many patients, including infants and younger children in
whom there is increasing experience, were switched to velaglucerase alfa during shortage of
imiglucerase, but there does not appear to be any evidence to support superiority of one product
over the other. A further ERT, taliglucerase, has been approved as a treatment for adult Gaucher’s
disease by the FDA in the United States, but this is not available in Europe due to a 10-year
market exclusivity that had been granted by the EMEA for velaglucerase alfa.

Hurler’s syndrome (MPS type I): A recessively inherited deficiency of a-L-iduronidase causes
the accumulation of mucopolysaccharides in this condition. Patients with severe symptoms are
classed as having Hurler’s syndrome, and those with only minor symptoms as having Scheie dis-
ease. Laronidase can contain symptoms, but because it does not cross the blood-brain barrier,
stem cell transplantation is usually offered to younger patients, despite the risk involved, once a
match is found.

Hunter’s syndrome (MPS type II): An X-linked deficiency of iduronate-2-sulphatase leads
to the accumulation of heparan and dermatan sulphates. Although the mean age at diagnosis is
3—-4 years, symptoms begin during the first year of life but may not be immediately recognised
as due to Hunter’s syndrome. Eventually, distinctive coarse facial features appear and multi-
organ involvement (particularly the heart, lungs, airway and skeletal and nervous system)
follows. Idursulfase may be used to prevent or treat non-CNS manifestations, but because the
enzyme does not cross the blood-brain barrier, this is of little benefit to those with neurological
manifestations.

Maroteaux-Lamy syndrome (MPS type VI): This recessively inherited LSD is caused by
deficiency of the enzyme N-acetylgalactosamine-4-sulphatase. As with other mucopolysacchari-
doses, most individuals are normal at birth, and symptoms and signs of short stature, hepato-
splenomegaly, dysostosis multiplex, corneal clouding, cardiac abnormalities and facial
dysmorphism appear as glycosaminoglycans accumulate; however, there is usually no CNS
involvement. Galsulfase may be used to prevent manifestations and treatment is usually life-
long (stem cell transplantation is now rare in MPS VI).

Pompe’s disease: In this LSD, a recessively inherited a-glucosidase enzyme deficiency causes
excess glycogen to accumulate in muscle. Expression is variable. In the infantile form, cardiomy-
opathy and profound myopathy used to cause death within 18 months. Alglucosidase alfa has
been successful when started early, although some skeletal myopathy may remain.
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Note: Treatment with any of these products should only be initiated after consultation
with a specialist centre.

Most treatment schedules were designed with older children and adults in mind and may not
be suitable for neonates and young infants. The following rates and infusions are suitable for
infants greater than 6 months; for neonates and infants less than 6 months, seek additional
advice from the specialist centre. Prematurity is not usually a contraindication to treatment.
Infusions are usually started at a low rate which is then increased as the infusion progresses.

Imiglucerase: Give 60 units/kg IV slowly over 1-2 hours once every two weeks. Dose is adjusted
according to response, and in some children, doses of 30 units/kg every 2 weeks may be effective.
Velaglucerase alfa: Give 60 units/kg IV slowly through a 0.2 pm filter over 1-2 hours once
every 2 weeks. Dose is adjusted according to response. In some children, doses of 30 units/kg
may be effective.

Laronidase: Give 100 units/kg (0.58 mg/kg) as a slow IV infusion through a 0.2 pm filter over 4
hours once a week.

Idursulfase: Give 500 micrograms/kg as a slow IV infusion over 3 hours once a week.
Galsulfase: Give 1 mg/kg as a slow IV infusion through a 0.2 um filter over 4 hours once a week.
Alglucosidase alfa: Give 20mg/kg as a slow IV infusion through a 0.2pm line filter over
approximately 4 hours once every 2 weeks.

Keep all vials at 2-8°C, but let these come to room temperature for 20 minutes before
reconstitution.

Imiglucerase: 200 unit vials cost £535; 400 unit vials cost £1070. Reconstitute the powder with
water for injection (5.1 ml of water for the 200 unit vial, 10.2ml for the 400 unit vial) to obtain
a 40 units/ml solution. Take 1.5ml/kg (60 units/kg) of the reconstituted imiglucerase and dilute
this with 0.9% sodium chloride to a total volume of 100-200ml. Slowly infuse this solution at a
rate not exceeding 0.5 units/kg/minute (for the initial dose only, subsequent doses may be given
at a rate up to 1 unit/kg/minute) within 3 hours of reconstitution.

Velaglucerase alfa: 400 unit vials cost £1400. Reconstitute the powder with 4.3 ml water for
injection to obtain a 100 units/ml solution. Take 0.6 ml/kg (60 units/kg) of the reconstituted
velaglucerase and dilute this with 0.9% sodium chloride to a total volume of 100 ml. Infuse this
solution over 1 hour.

Laronidase: 500 unit (5ml) vials cost £460. Take 1ml/kg and dilute this with 0.9% sodium
chloride to a total volume of 100ml. Infuse initially at a rate of 2 units/kg/hour, and then
increase gradually every 15 minutes to max. 43 units/kg/hour.

Idursulfase: 6 mg (2 mg/ml) vials cost £1985. Take 0.25 ml/kg and dilute this with 0.9% sodium
chloride to a total volume of 100 ml. Infuse this solution over 3 hours. Subsequently, the infu-
sion duration can be gradually reduced to 1 hour if there are no transfusion reactions.
Galsulfase: 5mg (1 mg/ml) vials cost £980. Take 1 ml/kg and dilute this with 0.9% sodium chlo-
ride to a total volume of 100ml. Infuse this over at least 4 hours.

Alglucosidase alfa: 50mg vials cost £360. Reconstitute the powder by allowing 10.3ml of
water for injection to run slowly down the side of the vial to obtain a 5mg/mL solution. Check
that this solution is colourless and clear (a few colourless strands may persist). Draw 4 ml/kg into
large syringe, and add enough 0.9% sodium chloride to achieve a concentration of 0.5-4 mg/ml.
Infuse this at an initial rate of 1 mg/kg/hour, increasing by 2mg/kg/hour every 30 minutes to a
maximum of 7mg/kg/hour.

Anderson H, Kaplan P, Kacena K, et al. Eight-year clinical outcomes of long-term replacement therapy for 884
children with Gaucher disease type 1. Pediatrics 2008;122:1182-90.
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Epoprostenol (PGIL,) is used in the treatment of adults and children with severe, sustained
pulmonary arterial hypertension. Treatment, involving continuous intravenous (IV) infusion, is
expensive and ‘high maintenance’, demanding an ongoing commitment by the parents/carers
and co-operation of the child. There have been a few reports of IV (or nebulised) administration
improving oxygenation in the term baby even when treatment with nitric oxide (q.v.) has
proved ineffective.

Epoprostenol is a prostaglandin-like substance first discovered in 1976. It is an extremely pow-
erful inhibitor of platelet aggregation sometimes used during renal dialysis and in the management
of haemorrhagic meningococcal purpura. Epoprostenol produces rapid dose-related decreases in
pulmonary arterial pressure and pulmonary vascular resistance and came to be used experimen-
tally, therefore, in the management of babies with persistent pulmonary hypertension or cya-
nosis due to a persisting transitional circulation. The drug is not metabolised during passage
through the lung, but only has a 3 minute half-life, making continuous infusion necessary. The
drug’s rapid action makes efficacy easy to judge but can also leave the baby very drug dependent.
Systemic hypotension can also be a serious problem because of marked systemic vasodilatation.

More recently, there have been reports where aerosolised prostacyclin improved oxygenation
without affecting systemic blood pressure. A reduction in intrapulmonary shunting seemed to
account for much of the improvement. Iloprost is a synthetic analogue of prostacyclin that has
been approved for inhalation but not IV use. Concerns exist, however, due to airway irritation
and damage of mechanical ventilator valves from the alkaline nature of the solution, condensa-
tion and loss of medication and alteration of mechanical ventilation characteristics due to added
gas flow during nebulisation.

Intravenous epoprostenol: Begin the infusion at a rate of 2nanograms/kg/minute and adjust
according to response up to a maximum of 20 nanograms/kg/minute (may be increased up to
40nanograms/kg/minute).

Inhaled iloprost: The inhaled dose has not been established in neonates. Studies report starting
at 1 micrograms/kg every 2 hours and titrating according to response.

Vials containing 500 micrograms of epoprostenol powder (costing £22), with 50ml of glycine
diluent buffer for reconstitution, are available. Vials and diluent must be stored at 2-8°C, pro-
tected from light and discarded promptly after use. To prepare epoprostenol for use, draw 10ml
of sterile diluent (pH 10.5) into a syringe, inject into the epoprostenol vial, and dissolve the con-
tents completely. Draw the epoprostenol back into the syringe and reunite the contents of the
syringe with the residue of the original 50ml of diluent (giving a solution of 10 micrograms/ml).
Then choose which instructions to follow according to the baby’s weight:

Weight <2 kg: Take 15ml (150 micrograms) of the reconstituted solution for every kilogram the
baby weighs and dilute to a final volume of 50ml with 0.9% saline. An infusion rate of 0.1 ml/
hour provides a dose of 5 nanograms/kg/minute.

Weight >2kg: Take 6 ml (60 micrograms) of the reconstituted solution for every kilogram the
baby weighs and dilute to a final volume of 50 ml with 0.9% saline. An infusion rate of 0.1 ml/hour
provides a dose of 2 nanograms/kg/minute.

Make up a fresh supply once every 24 hours (the manufacturer recommends once every 12 hours,
but potency only falls 5% in this time). Watch for tissue extravasation, and tail off any infusion
over a number of hours. Iloprost is available in 1 ml vials containing 10 micrograms (cost £13).
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web comment

Erythromycin, like azithromycin (q.v.), is used to treat neonatal Chlamydia, Mycoplasma and
Ureaplasma infections. Azithromycin is now more widely used to reduce whooping cough cross
infection. Erythromycin marginally, but usefully, delays delivery in a few women with preterm
pre-labour rupture of membranes (pPROM) and helps some babies with gut motility problems.

This broad-spectrum macrolide antibiotic, first isolated in 1952, does not enter the CSFE. Only
small amounts cross the placenta, and the amount ingested in breast milk exposes the baby
(weight for weight) to only 2% of the maternal dose. There is no evidence of teratogenicity.
Erythromycin may be given in labour to mothers allergic to penicillin where there is a risk of
group B streptococcal infection. Giving mothers with pPROM 250 mg by mouth four times a day
reduced delivery within 48 hours by 15% in the ORACLE trial but delivered no long-term
benetit and only delivered a significant reduction in neonatal problems in singleton pregnancy
(which was not a pre-specified trial outcome). More significantly, pre-delivery use in preterm
labour not associated with pre-labour membrane rupture was associated with a greater risk of
cerebral palsy.

Erythromycin is well absorbed orally and intravenous (IV) treatment is seldom necessary. The
oral preparation (erythromycin ethylsuccinate) has to be hydrolysed to the active base after
absorption, and the ester occasionally causes reversible liver toxicity. Sudden arrhythmia has
occurred with rapid IV administration, and vomiting and diarrhoea (occasionally caused by
pseudomembranous colitis) have been reported in older children, but the drug is, in most
respects, one of the more innocuous antibiotics in current use. The serum half-life is short (2-4
hours), is unaffected by renal function and changes little during the neonatal period. Some of
the drug appears in the bile and urine, but most is unaccounted for. Erythromycin is a motilin
receptor agonist; its value in speeding up full enteral feeding and reduction of TPN-associated
cholestasis must be balanced against a knowledge that pyloric stenosis can occur after high-dose
use. Low-dose regimes (3mg/kg per dose) seem to be effective, and high-dose (12.5mg/kg per
dose) regimes are best reserved for ‘rescue’ treatment.

Chlamydiae are small intracellular bacteria that need living cells to multiply. Genitourinary
infection is particularly common among young women who have had a new sexual partner in
the last 12 months if they are not using barrier contraception. Some 5% of women of child-
bearing age are infected (two-thirds are asymptomatic) and at risk of tubal infertility and tubal
pregnancy. Screening should be offered to all women requesting termination of pregnancy and
to all under 25 booking for antenatal care. Babies often develop conjunctivitis at delivery, and a
few develop an afebrile pneumonitis. Failure to recognise that this is due to Chlamydia, and to
refer as appropriate, exposes the mother to all the risks associated with progressive unchecked
pelvic inflammatory disease. Chronic eye infection (trachoma) causes progressive damage to the
upper eyelid, and the resultant corneal scaring is the most common cause of preventable blindness
in many countries.

Erythromycin increases the half-life of midazolam, theophylline and carbamazepine producing
potential toxicity. It also prolongs the QT interval and this effect can be dangerously potentiated by
interaction with other drugs. Increased oral bioavailability can also cause toxicity in a minority of
patients on digoxin. Erythromycin also seems to potentiate the anticoagulant effect of warfarin.

Systemic infection: Give 12.5mg/kg every 6 hours by mouth, or infuse 10-12.5mg IV over 1
hour (to avoid the risk of arrhythmia) as described under ‘Supply and administration’. There is
no satisfactory intramuscular preparation.

Conjunctivitis: See the monograph on eye drops (q.v.), but where chlamydia is suspected, the
most effective choice is almost certainly a single 20 mg/kg oral dose of azithromycin (q.v.).

Gut dysmotility: Try 3 mg/kg by mouth once every 6 hours (12.5mg/kg if TPN-associated
cholestasis is a concern).
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The IV (lactobionate) salt is available in 1g vials (cost £11). When made up with 20 ml of water
for injection (not saline), the resultant stock solution contains 50 mg/ml. Individual doses con-
taining 5mg/ml can be prepared by drawing 5 ml of the stock solution into a syringe and diluting
this to 50ml with non-buffered 0.9% saline (or with buffered glucose previously prepared by
adding 5ml of 8.4% sodium bicarbonate to a 500 ml bag of 10% glucose or glucose saline). Give
IV doses within 8 hours of preparation. 100 ml of the sugar-free oral suspension of erythromycin
ethylsuccinate (25mg/ml) costs £2.50 and can be kept for up to 2 weeks after being reconsti-
tuted from the dry powder if stored at 4°C.

(See also the relevant Cochrane reviews)
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web comment

Erythropoietin stimulates red blood cell production but has little impact on the need for blood
transfusion if blood sampling is kept to a minimum, and use within a week or so of birth seems
to increase the risk of serious retinopathy of prematurity (ROP). High-dose use also increases
mortality in adults in renal failure.

Recombinant EPO (r-EPO) has a variety of glycosylation patterns giving rise to alfa, beta,
delta, theta and omega forms. In addition, darbepoetin alfa, a long-acting analogue, is avail-
able which has two additional glycosylation sites. This modification gives a longer half-life and
thereby enables less frequent dosing.

Erythropoietin is a natural glycoprotein produced primarily in the kidneys which stimulates red
blood cell production, particularly when there is relative tissue anoxia. During fetal life, it is
mostly produced in the liver. Two commercial versions (epoetin alfa and epoetin beta), synthe-
sised using recombinant DNA technology, became available in 1986. They have identical amino
acid sequences but different glycosylation patterns. Since then, further versions have become
available. The prescriber must specify which of these biosimilar products is to be given. Epoetin
beta is the only product the manufacturer has been authorised to recommend for use in
treatment of anaemia of prematurity in Europe. Progressive hypertension and severe red cell
aplasia are the most serious adverse effects seen in adults, but they have not been reported in
neonates to date. The platelet count may rise. Erythropoietin does not seem to cross the human
placenta, and the amount absorbed from breast milk is not enough to effect haemopoiesis
(although it could enhance gut maturity), so women should not be denied treatment just
because they are pregnant or breastfeeding.

Numerous randomised and blinded, or placebo-controlled, trials have now shown that early
and sustained treatment with erythropoietin can stimulate red cell production in the very pre-
term baby, as long as supplemental iron is also given. Perhaps among the most important find-
ings of the first randomised controlled trials of r-EPO was that implementing standard criteria for
RBC transtusion alone safely reduced the number of transfusions administered, even for patients
in the control group.

However, large doses have to be given because clearance and the volume of distribution are
both three to four times as high as in adult life. Treatment certainly has a place in the early care
of vulnerable babies born to families who are reluctant to sanction blood transfusion on religious
grounds. Nevertheless, although early treatment reduces the need for replacement transfusion,
especially in the smallest babies, it seldom eliminates it, and no response to treatment is gener-
ally seen for 1-2 weeks. The benefits of r-EPO on the need for early transtusion are modest and
must be weighed against other benefits (such as a reduction in chronic lung disease, possibly due
to anti-inflammatory and antioxidative actions) and disadvantages (an increase in significant
ROP and the numbers of infantile haemangiomas). There does appear to be a slighter larger
effect of r-EPO on the need for late transfusions, which, given the association between these and
the subsequent development of necrotising enterocolitis (NEC), may argue in favour of r-EPO
treatment. Darbepoetin alfa has been shown in one randomised trial to be as effective as epoetin
in reducing transfusion need, but the manufacturer has yet to endorse use in young children.

Epoetin beta: Give 250 units/kg by subcutaneous injection into the thigh three times a week,
starting within 3 days of birth and continuing for 6 weeks.

Darbepoetin alfa: Give 10 micrograms/kg by subcutaneous injection once a week, starting
within 3 days of birth and continuing for 6 weeks.

Erythropoietin seems equally effective given as a continuous (but not as a bolus) infusion in par-
enteral nutrition (q.v.), together with 1 mg/kg a day of parenteral iron if oral iron cannot be given.

500 unit and 2000 unit pre-filled syringes of epoetin beta cost £3.50 and £14, respectively. The
large multi-dose vials, which require water for reconstitution, should not be used when treating
babies because they contain benzyl alcohol. Supplies should be stored at 4°C. Pre-filled syringes
containing 10 micrograms of darbepoetin alfa (25 micrograms/ml) cost £14.70.
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[SR] (See also pp. 346-50.)
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web comment

Eye drops are necessary to treat a number of neonatal conditions; antibiotic eye drops are used
to treat acute infective conjunctivitis, and saline eye drops (or fresh tap water) are used to treat
chemical conjunctivitis seen in the early days. Mydriatic eye drops dilate the pupil, while cyclo-
plegics paralyse the ciliary muscle, allowing diagnostic or therapeutic procedures. Proxymetacaine
provides surface anaesthesia. Hypromellose eye drops (‘artificial tears’) are used to moisten the
cornea when tear production is inadequate or the baby is paralysed or unconscious. Steroid
drops are sometimes prescribed after surgery to the eye.

Because penetration is limited and rather variable when antibiotics are prescribed topically as
drops, a systemic antibiotic should always be given as well if there is deep-seated infection. High
doses of mydriatics can cause adverse systemic side effects (including ileus). Many eye drops also
contain antimicrobial preservatives; one of the most common is benzalkonium chloride; how-
ever, these are best avoided due to their propensity to cause problems with the tear film, cornea
and conjunctiva with long-term use (see commentary).

Conjunctival inflammation during the first month of life (ophthalmia neonatorum or neonatal con-
junctivitis) occurs in up to a quarter of neonates. The most serious infections are those caused by
Neisseria gonococcus and Chlamydia trachomatis. Chloramphenicol eye drops are still widely used to
deal with low-grade conjunctivitis (especially where this seems to be due to staphylococcal or
coliform infection). Gonococcal infection is probably best treated with a single large intravenous
or intramuscular dose of ceftriaxone or ceftazidime (q.v.), while overt Chlamydia infection, which
can cause inclusion conjunctivitis (or very rarely, if not treated, trachoma), is best managed with
oral azithromycin (g.v.). The mother should always be seen and treated as well when venereally
acquired neonatal gonococcal or chlamydial infection is encountered. It may also be important
to trace the mother’s contacts too. Pseudomonas infection, which is potentially very dangerous,
should be treated with gentamicin eye drops and appropriate systemic antibiotics under the
supervision of a consultant ophthalmologist. Look for keratitis or a corneal ulcer using fluores-
cein if in any doubt after first anaesthetising the cornea. Herpes conjunctivitis as a first manifes-
tation of generalised neonatal herpes infection requires equally expert management with topical
and systemic aciclovir (q.v.). A chronic watery discharge is usually due to congenital naso-
lacrimal duct obstruction (a very common condition that almost always cures itself and seldom
needs treatment unless overt infection supervenes).

Steroid eye drops should only be used under the supervision of a consultant ophthalmologist
and after the exclusion of herpetic eye disease. They may be used to reduce inflammation after
eye surgery, including laser treatment of retinopathy of prematurity.

Various antimuscarinic and sympathomimetic drops are available to bring about mydriasis
(dilatation of the pupil) or cycloplegia (paralysis of the ciliary muscle of the eye) making exam-
ination easier. Antimuscarinics dilate the pupil and paralyse the ciliary muscle; they vary in
potency and duration of action. The action of tropicamide lasts about 4-6 hours, that of cyclo-
pentolate up to 24 hours, and that of atropine up to 7 days. Phenylephrine causes mydriasis
that lasts up to 5-7 hours.

Oxybuprocaine and proxymetacaine are widely used topical local anaesthetics. Proxymetacaine
causes less initial stinging. The BNF and BNF for Children continue to assert that use of topical
anaesthetics is ill-advised in the preterm baby because of the immaturity of the enzyme system which
metabolises the ester type local anaesthetics in premature babies. The original statement reflected a
theoretical concern, and there is no published evidence that use has actually proved hazardous.
Gentle pressure on the duct in the inner corner of the eye may stop the drops draining into the
nose and into the blood.
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Hypromellose and a number of other ‘artificial tears” are available and should be considered
where the eye does not close. Some formulations, however, contain benzalkonium chloride.

Anti-infective eye preparations: Azithromycin dihydrate 1.5% single-dose solution in
container costs £1.20. It may be used in simple bacterial conjunctivitis but may also be used to
treat trachomatous conjunctivitis in conjunction with oral azithromycin (q.v.). Single use
(Minims®) chloramphenicol 0.5% costs 51p each; 10ml of chloramphenicol 0.5% costs
£1.50; both are used in simple mild bacterial conjunctivitis. Fusidic acid 1% in gel basis (which
liquefies on contact with eye) costing £2.70 for a 5g tube may be used in simple mild bacterial
conjunctivitis but is especially useful in staphylococcal conjunctivitis. This contains benzalko-
nium chloride. Gentamicin sulfate 0.3% drops (suitable for aural or ocular use) are available
in 10ml bottles (cost £2.10) which contain benzalkonium chloride. A stronger 1.5% preparation
is available as a manufactured special from Moorfields Eye Hospital. Aciclovir 3% ointment
(cost £9.30 for 4.5g) is available to treat herpes infections of the eye (along with systemic
aciclovir).

Steroid eye drops: Various preparations are available, and some combined with antibiotics.
Betamethasone sodium phosphate 0.1% drops costing £2.30 for 10ml and prednisolone
sodium phosphate 0.5% drops costing £2 for 10ml are among those used (both preparations
contain benzalkonium chloride). Avoid the stronger prednisolone drops (Pred Forte®).
Cycloplegics and mydriatics: Atropine sulfate 0.5% costs £19 for 10ml. Cyclopentolate
hydrochloride (in a solution containing benzalkonium chloride) is available in 0.5% and 1%
strengths costing £6.70 for 5ml. Single use (Minims) cyclopentolate 0.5% and 1% drops are
preservative-free and cost 48p. Tropicamide is available in two strengths: 0.5% costing £1.30
and 1% costing £1.60 for 5ml (these contain benzalkonium chloride). Single use (Minims)
tropicamide 0.5% and 1% drops are preservative-free and cost 50p, and Minims of phenyl-
ephrine hydrochloride 2.5% costs 53p.

Topical anaesthetics: Single use (Minims) of oxybuprocaine hydrochloride 0.4% costs
47p, while proxymetacaine hydrochloride 0.5% costs 53p per Minims. They provide corneal
anaesthesia in half a minute.

Miscellaneous: Hypromellose 0.3% costs £1.10 for 10ml (some preparations contain benzal-
konium chloride). Single use drops are available but vary considerably in price. Saline (0-9%
sodium chloride) eye drops (as Minims) do not need a prescription. However, they cost 25p each
and their use is hard to justify in babies with a mild (probably chemical) conjunctivitis. Such
eyes merely need to be bathed periodically with clean fresh tap water.

(See also the relevant Cochrane reviews)

Baudouin C, Labbé A, Liang H, et al. Preservatives in eyedrops: the good, the bad and the ugly. Prog Retin Eye
Res 2010;29:312-34.

Darling EK, McDonald H. A meta-analysis of the efficacy of ocular prophylactic agents used for the prevention
of gonococcal and chlamydial ophthalmia neonatorum. J Midwifery Womens Health 2010;55:319-27. [SR]
Isenberg SJ, Apt L, Del Signore M, et al. A double application approach to ophthalmia neonatorum prophylaxis.

Br J Ophthalmol 2003;87:1449-52.
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torum. N Engl J Med 1995;332:562—-6. [RCT] (See also pp. 600-1.)
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Fentanyl is used to provide perioperative pain relief. Remifentanil (q.v.) is a very short-acting
alternative. A continuous infusion will cause tolerance to develop and exposes babies to symp-
toms of opiate withdrawal.

Fentanyl citrate is a synthetic fat-soluble opioid developed as an analogue of pethidine and hal-
operidol in 1964. It is used to provide rapid short-lived pain relief during surgery and during
epidural anaesthesia in childbirth. Administration, particularly if rapid, can sometimes cause
muscle rigidity and seizure-like activity. Few haemodynamic effects are seen, and the drug
seems to be good at inhibiting the haemodynamic and metabolic effects of surgical stress. It is
well absorbed from the gastrointestinal tract, but bioavailability is limited by rapid liver metabo-
lism. Transdermal patches are useful for chronic pain in older children.

While fentanyl is a short-acting narcotic, it has a prolonged elimination half-life. Significant
doses rapidly cause respiratory depression. The peak effect occurs within 5 minutes (4-8 times
sooner than morphine) but may only last 30-60 minutes due to rapid and cumulative redistri-
bution into fat and muscle (neonatal V] 6-121/kg). Fentanyl is primarily metabolised by
cytochrome P450 3A4. Elimination is controlled by N-dealkylation and hydroxylation in the
liver and is dose dependent. The half-life, like that of morphine, is very variable in the neonate
(6-30 hours) and only slightly influenced by gestation but seems to approach that seen in adult
life (2-7 hours) within 2-3 months of birth.

Fentanyl pharmacokinetics during therapeutic hypothermia have not been established,
but as the drug is metabolised by hepatic cytochrome P450 enzymes, the half-life is likely
to be longer in cooled infants. In a hypothermic pig model, there was a 25% increase in
plasma fentanyl concentrations during hypothermia that persisted for 6 hours after
re-warming.

Tolerance is more likely if fentanyl is used for more than 3 days, whereas this is seen with
morphine after a couple of weeks. Higher plasma levels (and higher doses) become necessary.
An unpleasant and potentially alarming withdrawal can then occur, with irritability and hyper-
tonia, unless the drug is gradually withdrawn. Alfentanil might, on theoretical grounds, be a
useful alternative, because less tissue accumulation occurs, but muscle rigidity is even more
common, and the shorter half-life seen in adults is not replicated in infancy.

Embryotoxic, but not teratogenetic, effects are seen in rodents; however, use in humans has not
revealed any malformations. Long-term use during pregnancy (e.g. through transdermal patches)
can lead to neonatal abstinence. Short-term maternal analgesic use appears to have no effect on
the fetus or newborn infant. Although it rapidly crosses the placenta, fetuses should always be
given a 15 micrograms/kg injection (based on estimated fetal weight) if undergoing paintul proce-
dures in utero. There is some evidence that epidural use (together with bupivacaine) during
childbirth may make lactation rather harder to establish, but breastfed babies only ingest about
3% of the maternal dose on a weight-for-weight basis. Even then, the bioavailability is limited by
the rapid liver metabolism, and no adverse effects have been reported in breastfed infants.

Short-term use: Smaller doses (1-3 micrograms/kg), given over 30 seconds, may be used to pro-
vide analgesia in the spontaneously breathing infant, but a 5 micrograms/kg intravenous dose will
abolish respiration while providing good brief analgesia; twice this dose is effective for an hour.
Sustained use: Give 5micrograms/kg and then infuse at a rate of 1.5 micrograms/kg an hour.
Adjust according to response.

Use during therapeutic hypothermia: There are currently insufficient data from hypo-
thermic newborns to recommend any specific dosing schedule; however, it would seem sensible
to begin by halving the ‘normothermic” doses (i.e. by giving 5micrograms/kg and then infusing
at 0.75micrograms/kg/hour) and titrating according to the response of the infant.
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Fentanyl at a dose of 2-3 micrograms/kg is used as premedication for intubation in a number of
combinations with suxamethonium (q.v.) and atropine (q.v.) or similar.

Bradycardia after excess fentanyl administration may respond to atropine. Muscle rigidity will
respond to muscle relaxants. Naloxone (q.v.) is an effective fentanyl antidote.

Fentanyl can be added (terminally) to a line containing midazolam, milrinone or standard TPN
(including lipid).

2ml and 10ml ampoules containing 50 micrograms/ml cost 30p and 75p, respectively. Take 0.2ml
(10micrograms) and dilute to 1 ml with 5% glucose to obtain a solution containing 10micrograms/
ml for accurate low-dose administration.

Arnold JH, Truog RD, Scavone JM, et al. Changes in the pharmacodynamic response to fentanyl in neonates
during continuous infusion. J Pediatr 1991;119:639-43. (See also pp. 588-9.)

Fahnenstich H, Steffan J, Kau N, ef al. Fentanyl-induced chest wall rigidity and laryngospasm in preterm and
term infants. Crit Care Med 2000;28:836-9.

Fisk NM, Gitau R, Teixeira JM. Effect of direct fetal opioid analgesia on fetal hormonal and hemodynamic
stress response to intrauterine needling. Anesthesiology 2001;95:828-35.

Frank LS, Vilardi J, Durand D, et al. Opioid withdrawal in neonates after continuous infusions or morphine
or fentanyl during extracorporeal membrane oxygenation. Am J Crit Care 1998;9:364-9.
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Fibrin sealants (also known as tissue adhesives or glues) are used in a wide range of surgical pro-
cedures to rapidly arrest bleeding and assist in wound healing. They can be applied by dripping
the solution or by spraying the solution using a pressure regulator onto a bleeding tissue where
they form a fibrin clot. They have been used in a few, largely, preterm infants with an intractable
pneumothorax in order to achieve pleurodesis.

Fibrin sealants are two-component products made from fibrinogen and thrombin. The thrombin
converts the fibrinogen to fibrin within 10-15 seconds depending on the concentration of
thrombin employed. While both extrinsic and intrinsic coagulation pathways are bypassed, the
sealant mimics the final common coagulation pathway. A variety of preparations are available.
The older fibrin sealants were largely of bovine origin, but more recently, human products have
become available. They are theoretically better than collagen-, cellulose- and gelatin-based hae-
mostats that relied on intact clotting mechanisms and that may also produce foreign body
reactions. The use of products containing human fibrinogen and thrombin brings with it theo-
retical hazards associated with the use of a non-sterilised human product.

Fibrin sealants must not be injected or allowed to enter a large blood vessel because it could
cause extensive, potentially lethal, intravascular clotting. Sprays have been reported to cause
life-threatening or fatal air embolism and are best avoided in young children. They can some-
times be used with surgical meshes to fill defects.

Pulmonary air leaks usually respond to drainage and expectant management within 2-3 days,
but high-frequency ventilation, selective ventilation of a single lung and surgical exploration are
occasionally called for. As a last resort, if all else fails, approximately 2ml of reconstituted
thrombin can be instilled into the pleural cavity followed, after 2 minutes, by 2ml of fibrinogen.
The pleural drains need to be clamped for 3-5 minutes during this procedure. Such a strategy
should not be adopted without first discussing the case with a paediatric or thoracic surgeon.

Congenital chylothorax usually resolves with conservative management but carries a high
mortality. Pleurodesis has occasionally been used and octreotide (q.v.) has also been used with
apparent success when other measures fail. An intravenous infusion (1-3 micrograms/kg/hour)
sustained for several days was used in the 12 reports published to date.

Various fibrin sealants are available; EVICEL® Fibrin Sealant (Human) contains only human
products and is available in a number of different size kits (1, 2 and 5ml) consisting of one vial
each of fibrinogen (55-85mg/ml) and thrombin (800-12001U/ml human thrombin) in frozen
solutions. It thaws within 10 minutes at room temperature and is usable within 1 minute.
TISSEEL® is available as a freeze-dried kit or as pre-filled frozen syringes (total volumes, 2, 4 and
10ml). While both the fibrinogen (67-106 mg/ml) and thrombin (400-625 units/ml) are of
human origin, the product contains synthetic aprotinin, which delays fibrinolysis but which can
cause anaphylaxis even with first time use. ARTISS® Fibrin Sealant (Human) comes as frozen
solution and lyophilised powder for solution for topical application. It is used primarily for skin
grafts rather than haemostasis; the fibrinogen content (67-106 mg/ml) is the same as TISSEEL®,
but the thrombin content is lower (2.5-6.5 units/ml). It also contains aprotinin.

Atrah HI. Fibrin glue. Topical use for areas of bleeding large and small. Br Med J 1994;308:933—4.

Berger JT, Gilhooly J. Fibrin glue treatment of persistent pneumothorax in a premature infant. J Pediatr
1993;122:958-60.

Brissaud O, Desfrere L, Mohsen R, et al. Congenital idiopathic chylothorax in neonates: chemical pleurodesis
with povidone-iodine (Betadine). Arch Dis Child Fetal Neonatal Ed 2003;88:F531-3.

Dhillon S. Fibrin sealant (evicel® [quixil®/crosseal™]): a review of its use as supportive treatment for hae-
mostasis in surgery. Drugs 2011;71:1893-915.
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Flecainide is increasingly replacing digoxin (q.v.) in the control of fetal and neonatal supraven-
tricular arrhythmia. Amiodarone (q.v.) will usually work where flecainide does not. Because the
manufacturer has not yet endorsed the use of either of these in children, they should only be
used under the direct supervision of a paediatric cardiologist.

Flecainide is a class I antiarrhythmic agent that functions as a sodium channel blocker. It is a
fluorinated derivative of procainamide, first synthesised in 1975. The drug is well absorbed
orally. It is extensively metabolised in the liver to a number of inactive metabolites as well as
being partly excreted by the kidney. There is one isolated report suggesting that diarrhoeal illness
may actually cause blood levels to rise due to altered absorption. The half-life in adults is about
14 hours, and such evidence as there is suggests that the half-life is shorter than this in infancy.
Tissue levels greatly exceed plasma levels (V, ~101/kg).

The drug crosses the placenta and can be used to control any fetal supraventricular arrhythmia
that does not respond to digitalisation. It is increasingly being used from the outset where there
is fetal hydrops. It suppresses most re-entry tachycardias and is also effective in atrial ectopic and
His bundle tachycardias.

Most children with tachycardia first manifesting itself in the perinatal period become asymp-
tomatic within a year. Where problems persist or return 5-8 years later, radiofrequency catheter
ablation of the offending pathways is becoming a progressively more effective long-term
solution.

Teratogenic effects have been reported with high-dose treatment in laboratory animals: the
relevance of this to the drug’s use in early pregnancy remains to be established. The drug causes
slowing of atrial, AV nodal and infra-nodal conduction, increasing the atrial and ventricular
muscle’s refractory period. The drug exerts little effect on sinus node function, but it increases
the PR interval and the duration of the QRS complex. Few extra-cardiac adverse effects have
been noted to date. Some caution should be exercised when the drug is used during lactation
because the baby will receive 5-10% of the maternal dose when intake is calculated on a weight-
for-weight basis. Overdose is rare but sodium bicarbonate may be benetficial in overcoming the
sodium channel blockade.

The B-blocker sotalol (q.v.) has sometimes been used as an alternative for controlling supra-
ventricular arrhythmia, but such comparative information as there is suggests that flecainide is
probably the better drug to use both before and after birth. Sotalol may, however, be a better
drug to use in the management of atrial flutter (a rare, and potentially lethal, fetal arrhythmia
with an excellent long-term prognosis if identified in time).

Oral treatment: Start by giving 2mg/kg by mouth once every 8 hours, and monitor the ECG
for at least the first 48 hours because, in one child in 20, this will trigger a slower but incessant
form of supraventricular tachycardia. A broad P wave, widened QRS and prolonged PR interval
provide early signs of toxicity.

Intravenous (IV) treatment: Where other strategies fail, a single 1-2mg/kg dose given IV over
about 10 minutes may successfully arrest a dangerous arrhythmia, but this should only be
attempted by someone experienced enough to recognise and deal with any unexpected response.
Oral treatment should then be started promptly.

The therapeutic plasma range in children is 0.25-0.75mg/l, lower than the level needed in
adults (1 mg/1 of flecainide acetate=2.10 pmol/l).

15ml ampoules containing 10mg/ml of flecainide acetate cost £4.40 each. An oral liquid con-
taining 5mg in 1ml is available for ‘named’ patients from Penn Pharmaceutical Services. It
should not be refrigerated.
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Flucloxacillin is the drug of choice for penicillinase-resistant staphylococcal infection (unless the
strain has also become methicillin resistant).

Flucloxacillin is a non-toxic, semi-synthetic, acid-resistant, isoxazolyl penicillin first developed
in 1964. It has a side chain that protects the p-lactam ring from attack by staphylococcal (and
some other) penicillinases, giving it properties similar to meticillin (known in the United States
as methicillin). Cloxacillin, nafcillin and oxacillin are closely related products, less well absorbed
orally but given in the same parenteral dose as flucloxacillin. Cloxacillin is generally available in
most parts of the world, but flucloxacillin is the only product available in the United Kingdom.
Dicloxacillin (differing from flucloxacillin with the substitution of chlorine for a fluorine atom)
is the product available in the United States with virtually identical properties.

Flucloxacillin and dicloxacillin are both well absorbed orally and mostly inactivated within the
body, although a third may appear in the urine. Because they are very non-toxic, the dose only
needs to be reduced when there is profound renal failure. Bioavailability approaches 50% when
the drug is given by mouth both in babies and in adults, although the presence of food in the
stomach delays absorption. The half-life is only 1 hour in adults. It is five times longer than this
at birth but falls rapidly during the first month of life. Drug penetration into the meninges and
into the bone is limited, but because of its lack of toxicity, high-dose treatment can be used safely
in these situations. Anaphylaxis (extremely uncommon in the neonatal period) can occur and
patients who are allergic to one of the penicillins are often sensitive to others.

Placental transfer is poor and teratogenicity is not seen. Very little drug appears in breast milk
(1 mg/l). Transient diarrhoea is quite common with oral flucloxacillin. While severe, delayed and
occasionally lethal cholestatic jaundice has occasionally been seen in adults treated with flu-
cloxacillin for more than 2 weeks, no such problem has yet been recognised with neonatal use.

The main problem, especially in the early days, is usually local engorgement. This can be over-
come by relieving the obstruction and ‘emptying’ the breast. Recurrent trouble is almost always
due to poor positioning, as is confirmed by the fact that the affected breast is nearly always on
the side the mother less instinctively holds her baby. A red, swollen, tender area is not always a
sign of bacterial infection, even if the temperature and pulse are up or rigors appear, although
this possibility always merits treatment if symptoms persist. Since infection is almost always
staphylococcal in origin, the most appropriate treatment is oral flucloxacillin (250 mg once every
6 hours by mouth). Cefalexin (q.v.) is a widely used alternative. Antibiotics are, however, no
substitute for dealing with the engorgement and reviewing the mother’s feeding technique.
Never stop feeding just because antibiotics have been started. Instead, advise the mother to feed
more often, offering the affected breast first. Ibuprofen (q.v.) may help both the pain and the
inflammation. Localised nipple pain is usually traumatic but can be due to Candida infection (see
the monographs on fluconazole and nystatin).

Dose: Use a dose of 100mg/kg by intravenous (IV) or intramuscular (IM) injection when treat-
ing staphylococcal osteomyelitis, meningitis or cerebral abscess. Otherwise, a dose of 50 mg/kg is
adequate for most other purposes. These doses are higher than those usually recommended. A
dose of 25mg/kg by mouth is more than adequate when managing most minor infections.
Timing: Give one dose every 12 hours in the first week of life, one dose every 8 hours in babies
1-3 weeks old and one dose every 6 hours in babies four or more weeks old. Treatment should
be sustained for 2 weeks in proven septicaemia, for at least 3 weeks in babies with infections of
the central nervous system and for 4 weeks in babies with osteitis or proven staphylococcal
pneumonia. Oral medication can often be used to complete a course of treatment, and the dos-
age recommended here allows for the fact that treatment may well need to be given to a baby
who has recently been fed.

Stock 250mg flucloxacillin vials cost £1.20 each. Add 2.3 ml of sterile water for injection to get
a solution containing 100 mg/ml. There is no published evidence to suggest that IV doses need
to be injected slowly over more than 3—4 minutes. Vials should be discarded after use and never
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kept for more than 24 hours after reconstitution. A 100 mg/kg dose contains 0.23 mmol/kg of
sodium. Sustained IV treatment can cause a reactive phlebitis. The stock oral suspension (25 mg/ml)
costs £21.40 for 100ml; a ‘sugar-free’ version may be prescribed.
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web comment

Fluconazole is commonly used both to prevent and to treat invasive neonatal Candida albicans
infection.

Fluconazole is a potent, selective, triazole inhibitor of the fungal enzymes involved in ergosterol
synthesis. The drug is reasonably effective against most Candida species, other than C. krusei and
C. glabrata. Tt is also of value in the treatment of cryptococcal infection (although treatment
needs to be sustained for several weeks). It was first synthesised and patented in 1982. It is water
soluble, well absorbed by mouth even in infancy and largely excreted unchanged in the urine.
Penetration into the CSF is good. While high-dose systemic exposure (400 mg/day) in the first
trimester of pregnancy can produce a constellation of serious fetal abnormalities, there are, as
yet, no reports of teratogenicity with a single 150mg dose in the first trimester or with topical or
oral use later in pregnancy. Fluconazole is probably the best antifungal to use when Candida
infects the mother’s milk ducts during lactation, even though the manufacturers have never
endorsed such use, because the baby only gets approximately 10% of the weight-adjusted
maternal dose.

Fluconazole is increasingly used in the treatment of invasive (systemic) C. albicans infection.
Studies suggest that it is less toxic and at least as effective as amphotericin B. Liver function tests
sometimes show a mild self-correcting disturbance, and rashes can occur, but serious drug erup-
tions have only been seen in immunodeficient patients. The half-life is 40-60 hours at birth but
doubles within 2 weeks. It is 20 hours throughout infancy and childhood but 30 hours in adults.
There is no good reason to give amphotericin B as well as high-dose fluconazole, but there is evi-
dence that effective treatment of all Candida species with a minimum inhibitory concentration of
<8micrograms/ml requires a higher dose than many reference texts currently quote (Wade et al.,
2009). In vitro modelling also suggests that high-dose treatment makes the emergence of resistant
strains less likely. Oral fluconazole is widely used to treat superficial (topical) infection in adults
and is now starting to be used for this purpose in babies. Prophylactic use has been widely studied
in the last ten years (see web commentary), but some prefer to use nystatin (q.v.), which is not
systemically absorbed, to minimise the risk of fluconazole-resistant strains proliferating.

Systemic candidiasis is difficult to diagnose, but not rare in colonised ill babies. The isolation of
Candida from blood should never be ignored. Unfortunately, blood cultures may take days to
reveal evidence of infection and can be misleadingly negative. The presence of budding yeasts or
hyphae in freshly voided urine should lead to an immediate search for further evidence of infec-
tion. A suprapubic tap can be used to collect urine for microscopy and fungal culture to clinch
any diagnosis and prove that treatment has been effective. Treatment should not necessarily
await the outcome of laboratory studies. Congenital infection from ascending vaginal infection
can occur. Tracheal colonisation frequently precedes systemic infection.

Give the mother a 150-300mg loading dose by mouth and then 100-200mg once a day for at
least 10 days. Treat the baby as well, and take steps to minimise the risk of reinfection as outlined
in the web commentary.

Age under 2 weeks: Give 6 mg/kg of fluconazole on day 1 and then a further 6 mg/kg every
third day.

Age 2-4 weeks: Give 6 mg/kg of fluconazole on day 1 and then a further 6 mg/kg every second
day.

Age under 2 weeks: Give 6-12mg/kg of fluconazole every third day.

Age 2-4 weeks: Give 6-12mg/kg of fluconazole every second day.

Age 4 weeks to 1 year: Give 6-12mg/kg of fluconazole every 24 hours.

A loading dose of 25 mg/kg has sometimes been recommended and shortens the time to achieving
therapeutic levels. Double the dosage interval after the first two doses if there is renal failure.

Continued on p. 220
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25ml bottles for intravenous use containing 2 mg/ml of fluconazole cost £7.30. A 12mg/kg dose
contains 0.92mmol/kg of sodium. A powder for oral use which, when reconstituted, provides
35ml of a 10mg/ml solution costs £16.60. It contains 5.6g/ml of sucrose. Do not dilute this
further or keep more than 2 weeks after reconstitution. 50, 150 and 200 mg capsules for adult
use cost between £2.40 and £9.50 each.

(See also the relevant Cochrane reviews)

Driessen M, Ellis JB, Copper PA, et al. Fluconazole vs. amphotericin B for the treatment of neonatal fungal
septicaemia: a prospective randomised trial. Pediatr Infect Dis J 1996;15:1107-12. [RCT]

Long SS, Stevenson DK. Reducing Candida infections during neonatal intensive care: management choices,
infection control, and fluconazole prophylaxis. J Pediatr 2005;147:135-41.

Manzoni P, Stolfi [, Pugni L, et al. A multi-center randomized trial of prophylactic fluconazole in preterm neo-
nates. N Engl J Med 2007;356:2483-95. [RCT]

Piper L, Smith PB, Hornik CP, ef al. Fluconazole loading dose pharmacokinetics and safety in infants. Pediatr
Infect Dis J 2011;30:375-8.

Schwarze R, Penk A, Pittrow L. Administration of fluconazole in children below 1 year. Mycoses 1998;42:3-16.
[SR]

Wade KC, Benjamin CK, Kaufman DA, et al. Fluconazole dosing for the prevention or treatment of invasive
Candidiasis in young infants. Pediatr Infect Dis J 2009;28:717-23.
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web comment

Flucytosine has been used, with amphotericin B (q.v.), to treat respiratory and systemic fungal
infection. This combination is used to treat aspergillosis, coccidioidomycosis and cryptococcosis
and is also often used to treat systemic Candida infection, although many now prefer to use flu-
conazole (q.v.). Nystatin or miconazole (q.v.) is more appropriately used to treat superficial
Candida infection.

Flucytosine (previously called 5-fluorocytosine) is a fluorinated pyrimidine first developed in
1957 which acts as a competitive inhibitor of uracil metabolism. The drug is well absorbed by
mouth and more than 90% is excreted unchanged in the urine. Renal clearance is about three-
quarters that achieved for creatinine. The half-life in the neonatal period is very variable but
usually about 8 hours. The drug is distributed widely through body tissues including the CSF.

Synergy with amphotericin (q.v.) means they are frequently used together and flucytosine
makes up for the lack of CSF penetration by amphotericin. While flucytosine has been used on
its own to treat Candida renal tract infection, resistant strains have been reported. Co-treatment
with either amphotericin or fluconazole is now universally recommended to reduce the emer-
gence of drug resistance. Candida species are usually said to be resistant to flucytosine when the
minimum inhibitory concentration (MIC) exceeds 60 micrograms/ml, and Cryptococcus when this
MIC exceeds 12.5micrograms/ml.

Sustained use can cause leucopenia and thrombocytopenia. Because co-treatment with
amphotericin and the underlying fungal infection can both cause renal impairment, monitoring
the trough blood level is important if the plasma creatinine level exceeds 40 pmol/l. Vomiting
and diarrhoea can occur, and reversible liver function changes have been reported. Flucytosine
has been given in pregnancy without seeming to cause any apparent harm to the baby, but the
risk of teratogenicity cannot be discounted (in part due to its conversion to 5-fluorouracil). It is
not known whether the drug appears in breast milk.

Neonatal use: Give 50mg/kg by mouth or intravenous (IV) injection once every 12 hours for
at least 10 days. Start with 50mg/kg once every 24 hours if there is evidence of renal failure.
Any 1V infusion is probably best given using a 15 pm in-line filter to trap any possible drug crys-
tals. The manufacturers also recommend slow infusion over at least 20 minutes, although they
offer no reason for this recommendation.

Older children: A dose of 50mg/kg every 6 or 8 hours is normally used in older children.
Always check the blood level after 1-2 days if a dose as high as this is used in a young baby.

Marrow toxicity can occur when the blood level exceeds 100mg/1 for any length of time, so it is
advisable to check the serum level when the fourth dose is due if renal function could be
impaired. Most large hospitals now have access to a laboratory that can measure this, given at
least 0.5ml of whole blood. Peak levels occur a variable time after oral administration in young
babies, so it is probably better to monitor the trough level, aiming for a level of 25-40mg/1
(1mg/1=7.75pmol/l) because lower levels are sub-therapeutic.

250ml bottles of a 10 mg/ml IV formulation cost £30. This can be infused (terminally) into a line
containing glucose or glucose saline. It can also be given by mouth. A 50mg/kg dose contains
0.69 mmol/kg of sodium. This must be kept at room temperature and should be protected from
light. Crystals of flucytosine may precipitate out if the temperature falls below 18°C (these will
be trapped by the 15 pum filter if used). If precipitation is suspected, the bottle can be heated to
80°C for 30 minutes to redissolve the precipitate, but decomposition (and 5-fluorouracil
formation) occurs with sustained storage at temperatures over 25 °C.

Baddley JW, Pappas PG. Antifungal combination therapy: clinical potential. Drugs 2005;65:1461-80.
Baley JE, Meyers C, Klegmann RM, et al. Pharmacokinetics, outcome of treatment, and toxic effects of
amphotericin B and 5-fluorocytosine in neonates. J Pediatr 1990;116:791-7.
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web comment

Folic acid is necessary to prevent megaloblastic anaemia. Supplementation prior to conception
can also reduce the risk of several fetal defects especially anencephaly or spina bifida. Several
uncommon conditions, including primary and secondary cerebral folate deficiency and folinic
acid-responsive seizures, result in progressive neurological deterioration.

Folic acid was first synthesised in 1945, but it is tetrahydrofolic acid, the metabolically active
form, that participates in DNA synthesis and red cell maturation. Peas, beans, green vegetables,
yeast extract, Bovril and fortified cereals are all good dietary sources. Excessive intake does not
seem to be dangerous. Liver is a rich source of folate, but this should be avoided in pregnancy
because of its high vitamin A content.

Serum and red cell folate levels are higher in the newborn infant than the mother; defi-
ciency is only seen if the mother is grossly deficient. Folate is actively excreted in breast milk and
well absorbed in the duodenum and jejunum. Human milk contains 3—6 micrograms/100ml.
Term formula milks contain 11-13micrograms/100ml and preterm formula milks contain
30-35micrograms/100ml. It is often claimed that folate requirements in infancy are as high as
20-50micrograms/day (4-10 times the adult requirement). This is more than most babies get by
mouth for some months after birth. Despite this discrepancy and that both serum and red cell
folate levels fall after delivery, especially in LBW babies, symptomatic deficiency has not been
observed in the absence of chronic infection, malabsorption (e.g. coeliac disease) or diarrhoea.
Supplementary folic acid fails to produce any rise in haemoglobin in the absence of megaloblastic
anaemia, even in babies with severe haemolytic disease. Many units still offer a routine supple-
ment of 50 micrograms/day to every preterm baby, but there is no evidence that this is necessary.

In countries that have not adopted a policy of food supplementation, women should take
400 micrograms once a day before conception and for the first 12 weeks of pregnancy to mini-
mise the risk of neural tube defects. Suitable tablets are available ‘over the counter’ in the United
Kingdom without prescription. Three months of Preconceive® costs £4.50, but the free ‘Healthy
Start” product (cf. vitamin D monograph) is only available to those already pregnant. Women at
high risk (i.e. if there has been a previously affected pregnancy, if either parent is affected, if the
mother is taking an anticonvulsant or has coeliac disease) should take 5mg once a day. Diabetes
UK also recommends that women with diabetes should also use this dose.

Cerebral folate deficiency: This rare neurological disorder, due to diverse metabolic pathways
and unrelated processes, is characterised by decreased CSF but normal serum 5-methyltetrahy-
drofolate (5-MTHF) levels that affect development after 4-6 months. Further deterioration can
be arrested by starting folinic acid at a dose of 0.5-1mg/kg a day. Increase this slowly to no
more than 2.5mg/kg a day under guidance from a paediatric neurologist. Folic acid should not
be given; this may exacerbate the CSF 5-MTHF deficiency.

Folinic acid-responsive seizures: This condition is due to mutations in the ALDH7A1 (antiquin)
gene giving a-aminoadipic semialdehyde dehydrogenase (a-AASA) deficiency and is identical to
the major form of pyridoxine-dependent epilepsy. Treatment with 2.5mg/kg of folinic acid twice
a day stops the seizures, but developmental delay persists. The optimum maintenance dose has
not yet been established. The addition of pyridoxine has been suggested together with a lysine-
restricted diet.

Megaloblastic anaemia: In the absence of vitamin B , deficiency, infants are usually treated
with 1mg of folic acid daily by mouth. If this is due to dietary deficiency rather than malabsorp-
tion or disorders of folate metabolism, then they should respond rapidly to physiological doses
of folic acid (50 micrograms/day). Symptoms develop insidiously during the first months of life,
and deficiency can have permanent consequences unless the diagnosis is made before growth
has already been affected.

Folic acid: 150ml of a 50 micrograms/ml sugar-free oral suspension costs £9. For maternal use,
400 micrograms tablets (which need no prescription) and 5mg tablets cost approximately 2p each.

Continued on p. 224
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Folinic acid: The product usually dispensed is calcium folinate (known as leucovorin in
America). 30mg (10ml) vials suitable for intravenous, intramuscular or oral administration cost
£4.60, and 15 mg tablets cost £4.50. Levofolinic acid, the levo-isomer of folinic acid, is also avail-
able but is considerably more expensive (175 mg vials cost £85).

(See also the relevant Cochrane reviews) (—'f)

Cheriajn A, Seena S, Bullock RK, et al. Incidence of neural tube defects in the least-developed area of India:
a population-based study. Lancet 2005;366:930-1. (See also pp. 871-2.)

De Wals P, Tairou F, Van Allen MI, ef al. Reduction in neural-tube defects after folic acid fortification in
Canada. N Engl J Med 2007;357:135-42.

Djukic A. Folate-responsive neurological diseases. Pediatr Neurol 2007;37:387-97.

Gallagher RC, Van Hove JL, et al. Folinic acid-responsive seizures are identical to pyridoxine-dependent
epilepsy. Ann Neurol 2009;65:550-6.

Hyland K, Shoffner J, Heales SJ. Cerebral folate deficiency. J Inherit Metab Dis 2010;33:563-70.

Ramaekers VT, Rothenberg SP, Sequeira JM, et al. Autoantibodies to folate receptors in the cerebral folate
deficiency syndrome. N Engl J Med 2005;352:1985-91.
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web comment

While breastfeeding remains the ideal source of nutrition for babies, a number of those who are
formula fed develop symptoms of intolerance or allergy. Specialised infant formula milks with
modified protein, carbohydrate or fat content are available to treat a range of conditions. Advice
from a paediatric dietitian may ensure the most appropriate feed choice.

Lactose intolerance may be congenital, primary (including congenital) or secondary. Secondary
lactose intolerance is usually temporary and due to loss of lactase enzyme expression in the brush
border of intestinal villi following inflammatory or structural damage (e.g. after gastroenteritis).
Symptoms (flatus, diarrhoea, abdominal distension and discomfort) are due to the osmotic
effects of lactose and its fermentation by intestinal bacteria. The similarity to non-IgE-mediated
cow’s milk protein allergy (CMPA) means that the two may be mistaken for each other. While
babies who are receiving breast milk should continue to do so, formula-fed babies who are intol-
erant of lactose should receive lactose-free formula milk. The enzyme lactase (Colief®) may
sometimes be given to breastfed babies to help with their symptoms.

Cow’s milk is the most common food allergen in infants. It can be IgE mediated (usually causing
urticaria, wheezing, rhinitis, eczema and anaphylaxis) or non-IgE mediated. Non-IgE-mediated
CMPA presents with predominantly abdominal symptoms (gastro-oesophageal reflux, repetitive
vomiting, with or without diarrhoea, abdominal pain and bloody stools) and develops several
hours after ingestion of the offending food. While breast milk and most formula milks contain
whole protein, hydrolysed formula milk contains peptide chains or amino acids. The extent of
protein hydrolysis and protein source varies between products (see table). Amino acid-based
formula milks are required only by 5-10% of babies with the most severe cow’s milk protein
sensitivity. An extensively hydrolysed milk formula is otherwise suitable for most others with
this condition. Soy-based formula milk should be avoided wherever possible in babies <6 months
with either CMPA or lactose intolerance due to theoretical risks of phytoestrogens and possible
soya sensitisation.

Hydrolysed formula milks are sometimes used after gut surgery or trauma and/or in liver dis-
ease. They are sometimes used in the absence of the mother’s own breast milk (or banked
milk) during the initiation of feeds in preterm babies, but they do not meet the long-term
nutritional needs of the growing preterm baby. They may also be used, with dietetic input, in
some malabsorption states. While they may be effective in infantile colic, they should be used
only as a last resort.

These formula milks are not designed for premature infants and do not meet their nutritional
requirements. They should only be used when breast milk is not available and the clinical ratio-
nale is justified. Most babies can accept an oral intake of over 200ml/kg a day once feeding is
fully established. However, babies with malabsorption are unlikely to tolerate such large vol-
umes. In some babies <2 kg, growth can be enhanced by increasing the concentration of the feed
or by supplementation to achieve an adequate protein, energy, sodium, vitamin, mineral and
LCP content (see Formula milks for preterm babies).

Lactase (Colief) is available in a 7ml bottle containing 50,000 units/g (cost £8.40). Four drops
should be mixed with expressed breast milk and given to the baby before the feed.

See the monograph on Formula milks for preterm babies for information about subsidising of the
cost of formula milk supplied to hospitals and risks of infection with pathogenic bacteria such as
Salmonella and Enterobacter sakazakii.

Continued on p. 226
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Typical costs are shown below.

Approximate prices (United Kingdom)

Aptamil Lactose Free®

Mead Johnson Enfamil O-Lac®
SMA Lactose Free®

Abbott Similac Alimentum®

Mead Johnson Nutramigen AA®
SHS Neocate LCP®

Mead Johnson Nutramigen Lipil 1°
Mead Johnson Nutramigen Lipil 2®
Mead Johnson Pregestimil Lipil®
Aptamil Pepti 1©

Aptamil Pepti 2®

Cow & Gate Pepti-Junior® with MCT

£5 per 4009 tin*
£4.50 per 4009 tin”
£5 per 4004 tin”

£9 per 4004 tin
£25 per 4004 tin
£27.50 per 4004 tin
£10 per 4004 tin
£10 per 4004 tin
£11 per 40049 tin
£9.50 per 4004 tin/£21.50 per 9009 tin
£20.50 per 90049 tin
£12 per 4509 tin

*The cost of lactose-free milks is similar to that of standard formula milks. Thus, it is hard to
justify prescribing them.

While some of these milks are available for parents to buy over the counter, most are available
in the United Kingdom on prescription and carry Advisory Committee on Borderline Substances
(ACBS) approval for treatment of specific conditions. Such prescriptions should be issued in
accordance with the Committee’s advice and endorsed ‘ACBS’. Thus, for example, Neocate LCP
should only be prescribed for proven whole protein intolerance, short bowel syndrome, intractable
malabsorption or other gastrointestinal disorders where an elemental diet is indicated.

Agostoni C, Axelsson I, Goulet O, et al. Soy protein infant formulae and follow-on formulae: a commentary
by the ESPGHAN Committee on Nutrition. J Pediatr Gastroenterol Nutr 2006;42:352-61.

American Academy of Pediatrics. Committee on Nutrition. Hypoallergenic infant formulas. Pediatrics
2000;106:346-9.

American Academy of Pediatrics. Committee on Nutrition. Iron fortification of infant formulas. Pediatrics
1999;104:119-23.

British Dietetic Association. Paediatric group position statement on the use of soya protein for infants. J Fam
Health Care 2003;13:93.

Committee on Toxicity. Phytoestrogens and health. Committee on Toxicity of Chemicals in Food, Consumer
Products and the Environment. The Food Standards Agency, London, 2003 (available at http://cot.food.
gov.uk/pdfs/phytoreport0503).

du Toit G, Meyer R, Shah N, et al. Identifying and managing cow’s milk protein allergy. Arch Dis Child Educ
Pract Ed 2010;95:134-44.

Elizur A, Cohen M, Goldberg MR, et al. Mislabelled cow’s milk allergy in infants: a prospective cohort study.
Arch Dis Child 2013;98:408-12.

Fiocchi A, Brozek J, Schiinemann H, et al. World Allergy Organization (WAO) Diagnosis and Rationale for
Action against Cow’s Milk Allergy (DRACMA) Guidelines. World Allergy Organ J 2010;3:57-161.

Lomer MC, Parkes GC, Sanderson JD. Review article: lactose intolerance in clinical practice-myths and real-
ities. Aliment Pharmacol Ther 2008;27:93-103.

Ludman S, Shah N, Fox AT. Managing cows’ milk allergy in children. Br Med J 2013;347:{5424.

Tsang RC, Uauy R, Koletzko B et al. eds. Nutrition of the preterm baby: scientific basis and practical guidelines, 2nd
ed. Cincinnati, OH: Digital Educational Publishing, 2005.

Vandenplas Y, Koletzko S, Isolauri E, et al. Guidelines for the diagnosis and management of cow’s milk protein
allergy in infants. Arch Dis Child 2007;92:902-8.

Venter C, Pereira B, Voigt K, et al. Prevalence and cumulative incidence of food hypersensitivity in the first 3
years of life. Allergy 2008;63:354-9.
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Artificial milks for healthy term infants (called ‘breast milk substitutes’ although they cannot
hope to achieve anywhere near the short- or long-term beneficial effects that breastfeeding
brings) have been commercially available for 40 years. Modified formulae designed for use in
preterm babies have been developed more recently. Breast milk fortifiers (q.v.) are available to
supplement breast milk when it is used to feed the preterm baby. These should not be mixed
with formula milk.

Most milk formulae are made from demineralised protein-enriched whey, skimmed milk, vege-
table oils and milk fat, glucose, lactose and/or maltodextrin, with mineral and vitamin supple-
ments. While breast milk is the food of choice for almost every baby (including those born
prematurely), most will grow very well on 130-150kcal/kg/day of any formula milk in the neo-
natal period. Most babies can accept an oral intake of over 200ml/kg a day once feeding is fully
established. In some babies of <2kg, growth can be enhanced by using a nutrient-enriched pre-
term formula.

Formula milk for preterm babies can be, somewhat artificially, divided into those used while
in hospital (low-birthweight formulae) and those for use after discharge (post-discharge nutri-
ent-enriched formulae). These differ slightly in their nutritional contents and are designed to
address the needs of the baby at different stages.

All have a potassium content of between 1.4 and 2.0 mmol/100ml. With the exceptions of the
substances noted in the following paragraphs, formula milks contain adequate quantities of all
the nutrients, trace elements and vitamins known to be necessary for growth in the neonatal
period. In particular, there is no evidence that babies ever need further supplemental vitamin K
(q.v.) once established on an artificial milk formula. Nor do babies need more folic acid (q.v.)
than is provided by every one of the artificial infant milk products currently on sale in the United
Kingdom, even when born preterm.

Sodium: Most babies of <30 weeks’ gestation require further routine sodium with their milk to
bring their total intake up to between 4.5 and 6.0 mmol/kg/day. This high requirement is caused
by the immature kidney’s limited ability to conserve sodium. The extra sodium is best provided
by adding a further 2mmol of sodium chloride to every 100 ml of preterm milk formula or breast
milk fed to all babies of <30weeks’ gestation (for details, see the monograph on sodium chlo-
ride). Loss should also be monitored intermittently, because some very preterm babies require
more supplemental sodium than most, especially in the first 2 weeks of life. If the sodium
content of a ‘spot” urine sample is high, something is limiting renal tubular reabsorption, unless
intake has been abnormally high.

Vitamin D: Babies are known to require 10 micrograms of vitamin D a day irrespective of their
weight. The vitamin D content of most artificial milk only averages 1 microgram/100ml (with
an agreed maximum of 5 micrograms/100ml because of the risk associated with excessive
intake). For further details, see the monograph on vitamin D (q.v.).

Iron: All babies have reasonable iron stores at birth even if born prematurely, but dietary iron
becomes necessary within 2-3 months of birth to provide the additional iron needed by the
child’s growing red cell mass. Repeated blood sampling may further reduce available body iron
if the blood taken is not replaced by transfusion. All standard artificial UK milk formulae contain
enough iron to provide for the needs of babies born at term, being formulated to contain much
more iron than breast milk in order to compensate for poor iron absorption. The same is not true
in all countries.

The preterm formulae available in the United Kingdom contain similar supplements of iron,
but there is no evidence that babies absorb this iron in the first month of life, even when they
are offered it, and there are theoretical reasons for limiting early supplementation because this
interferes with the antimicrobial activity of lactoferrin in the gut.

Phosphate: Human milk is capable of sustaining excellent bone growth in the full-term baby,
but bone growth and increased bone mineralisation are so rapid in the preterm baby that babies
weighing <1.3kg at birth are at serious risk of osteopenia and of spontaneous pathological
fractures in the second and third month of life if not offered further supplementation. Both
calcium and phosphorus are usually provided, and all artificial preterm milk formulae provide
some supplementation. Calcium and phosphorus absorptions are linked and a calcium/phos-
phorus ratio of between 1.4:1 and 2:1 seems to optimise absorption and minimise the risk of late

Continued on p. 229
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neonatal hypocalcaemia. Phosphorus is well absorbed and its availability seems to limit calcium
absorption. It is now thought that optimum phosphorus intake in the growing preterm baby is
probably provided by a milk containing between 1.3 and 2.3 mmol of phosphorus per 100 ml.
Human milk only contains a third of this and requires regular supplementation (see the mono-
graph on phosphate). Additional calcium is probably not necessary if adequate phosphorus is
provided. Most commercial preterm milks contain at least the minimum amount of phosphorus
now recommended.

Bicarbonate: Some preterm babies develop a late metabolic acidosis on formula feeds due to the
neonatal kidney’s limited ability to excrete acid. Oral bicarbonate will relieve this, improving
weight gain and nitrogen retention, as described in the monograph on sodium bicarbonate (q.v.).

Manufacturers are banned from subsidising the cost of formula milk supplied to hospitals or
from providing free samples in an attempt to increase their share of the market with newly
delivered mothers (the practice has been shown in nine controlled trials to reduce the number
of mothers achieving a sustained lactation).

Infant formulae and modular feeds are a food source and therefore an excellent medium for
bacterial and microbial proliferation. Powdered infant formula is a non-sterile product, and
there is an inherent risk of infection with pathogenic bacteria such as Salmonella and Enterobacter
sakazakii in neonates, preterm, low-birthweight and immunocompromised infants who are most
at risk. For this reason, most of the low-birthweight and post-discharge milks are available as
ready-made bottles (for use in hospitals), and the post-discharge milks are available as either
powder or ready-made in cartons.

(See also the relevant Cochrane reviews)
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Fresh frozen plasma (FFP) and cryoprecipitate can be used to treat symptomatic vitamin K defi-
ciency, bleeding in disseminated intravascular coagulation (DIC) and coagulation factor defi-
ciency (when specific coagulation factor concentrate is unavailable, e.g. factor V deficiency).

Standard 200-250ml packs of fresh plasma containing albumin, immunoglobulin and stable
clotting factors are prepared and frozen at —30°C within 6 hours of collection from a single
donation of whole blood. Cryoprecipitate, which is the precipitate formed during controlled
thawing of fresh pooled frozen plasma, contains an eightfold concentrate of fibrinogen together
with a range of other coagulation factors (especially factor VIII) in 20ml packs. Solvent-/deter-
gent-treated (virally inactivated) packs of FFP are now becoming available that make HIV and
hepatitis B and C transmission unlikely, but human parvovirus B19 and hepatitis A virus trans-
mission could still occur — especially as most supplies come from pooled donors. The UK
Department of Health now requires that children under 16 years of age requiring FFP should
receive pathogen-reduced FFP of non-UK origin to minimise the risks of vCJD.

Neonatal FFP transfusions should be considered in the clinical context of bleeding (e.g. vitamin
K dependent), disseminated intravascular coagulopathy and very rare inherited coagulation
factor deficiencies. Abnormalities of standard coagulation tests should not be interpreted in iso-
lation, but alongside reference ranges for gestational age and postnatal age and other haemo-
static markers, such as platelet count. There is no evidence to support the prophylactic use of
FFP to prevent intraventricular haemorrhage, as a volume expander or to manage either sepsis
or thrombocytopenia.

Healthy babies have values in the range shown below at birth. The normal prothrombin and
activated partial thromboplastin times both decrease by about 10% in the first month of life.
While D-dimer levels are usually below 250micrograms/l, normal babies occasionally have
values as high as 1000 micrograms/1.

Coagulation screening tests (95% confidence intervals)

Gestation (weeks)

Test 24-29 30-36 37-41

Prothrombin time (seconds) 12.2-21.0 10.6-16.2 10.1-15.9
International normalised ratio (INR) - 0.61-1.70 0.53-1.62
Activated partial thromboplastin time (seconds) 43.6-101 27.5-79.4 31.3-54.5
Thrombin clotting time (seconds) - 19.2-30.4 19.0-28.3
Fibrinogen (g/l) 0.69-4.12 1.50-3.73 1.67-3.99
Platelets (x10%1) 150-350 150-350 150-350

Infuse 10-20ml/kg of blood group compatible FFP over 30-60 minutes. Use material from a
group AB rhesus-negative donor or, failing this, blood of the same ABO group as the baby. Each
millilitre of undiluted plasma contains 11U of each coagulation factor; thus, 10-20ml/kg of FFP
is expected to sufficiently correct a factor-deficient patient by approximately 30%.

Cryoprecipitate may be of more use in the bleeding patient with low fibrinogen levels (<1 g/1)
where there are concerns about volume overload.

Stocks of FFP and cryoprecipitate are held in local blood banks, and some also stock 50-70ml
‘minipacks’. The packs should be thawed by the blood bank staff immediately prior to issue and
used within 6 hours. Hold the material at 2—6 °C if there is any unavoidable last-minute delay in
administration. A filter is not necessary.

Continued on p. 232
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Furosemide is a valuable, powerful and rapidly acting diuretic that is particularly useful in the
management of acute congestive cardiac failure. Alternatives (such as chlorothiazide with or
without spironolactone) are cheaper and preferable for maintenance treatment.

Furosemide was first marketed in 1962. It is both filtered by the glomerulus and also actively
excreted by the proximal renal tubule. It then inhibits active chloride reabsorption and, as a
result, passive sodium reabsorption from the ascending limb of the loop of Henle and distal
tubule (hence the term ‘loop’ diuretic). While this can result in a sixfold increase in free water
clearance in adults, its efficacy in the preterm baby (and fetus when the drug is given to the
mother) remains less clearly quantified.

Furosemide is protein bound in plasma, but does not significantly influence bilirubin binding.
Sustained use increases urinary sodium and potassium loss and can cause hypokalaemia. Urinary
calcium excretion triples in the preterm baby, causing marked bone mineral loss, and renal and
biliary calcium deposition. It crosses the placenta, and while it has been used to treat fetal
hydrops, the effects are variable. The response of the fetal kidney appears to be poor and diuresis
is not seen. There is no good evidence that it is teratogenic. It is excreted into breast milk, but no
adverse effects have been reported.

Furosemide stimulates renal synthesis of prostaglandin E,, thus enhancing, and modifying,
renal blood flow. Early use is associated with some increase in the incidence of symptomatic
patent ductus in babies requiring ventilation for respiratory distress, and this might be due to
increased prostaglandin production. Furosemide also has a direct effect on lung fluid reabsorp-
tion, but does not speed the resolution of transient tachypnoea of the newborn. Aerosol
administration can transiently improve lung function, and sustained intravenous (IV) or oral use
can improve oxygenation in babies over 3 weeks old with chronic lung disease, but there is no
evidence, as yet, of sustained clinical benefit.

The half-life is ~8 hours in the term newborn baby but approaches adult values (2hours)
within a few months. It may be as long as 24 hours in the very preterm baby, making progressive
accumulation possible with repeated use, and this may be a factor in the increased risk of serious
late-onset deafness seen in neonates exposed to sustained diuretic treatment. The related diuretic
bumetanide may be less ototoxic, but neonatal use has not yet been fully evaluated; it might
also be more effective in renal failure, because entry into the tubular lumen is less dependent on
glomerular filtration and clearance less dependent on renal excretion. The dose of bumetanide
in neonates is 10-50 micrograms/kg orally, IV or intramuscular (IM) injection once every 24-48
hours in preterm infants, increasing to once every 12-24 hours in term infants.

Concurrent furosemide use significantly increases the risk of aminoglycoside ototoxicity.

Use as a diuretic: Try 1 mg/kg of furosemide IV or IM, or 2mg/kg by mouth, repeatable after
12-24 hours. Do not give more than once a day to babies with a post-menstrual age <29 weeks.
Patients on long-term treatment with furosemide may require 1 mmol/kg/day of oral potassium
chloride (q.v.) to prevent hypokalaemia.

Renal failure: Give a single 5 mg/kg dose of furosemide IV as soon as renal failure is suspected
to lower the metabolic activity of the chloride pump, minimise the risk of ischaemic tubular
damage and reduce the shutdown in glomerular blood flow that follows from this.

Chronic lung disease: 1 mg/kg of the IV preparation of furosemide added to 2ml of 0.9%
sodium chloride and given by nebuliser every six hours may temporarily improve lung compli-
ance in ventilator-dependent babies without affecting renal function.

Furosemide: 2ml (20mg) ampoules cost 35p. Precipitation can occur when mixed with any IV
fluid (such as glucose and glucose saline) with a pH <5.6, so it should a/ways be separated by a
1 ml ‘bolus’ of 0.9% sodium chloride when given IV. The IV preparation can be given orally after
dilution, but a sugar-free oral solution containing 4 mg/ml is available (150ml costs £14). Some
preparations contain 10% alcohol.

Bumetanide: 4ml (2mg) ampoules of bumetanide cost £1.80. An oral liquid containing
200 micrograms/ml costs £128 for 150ml.

Continued on p. 234
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Parenteral ganciclovir is used to treat cytomegalovirus (CMV) infection in neonates and AIDS
patients when sight is threatened by CMV retinitis. Valganciclovir is an r-valine ester prodrug of
ganciclovir that can be given orally.

Ganciclovir, developed in 1980, is a synthetic nucleoside with properties similar to aciclovir
(q.v.). It accumulates after phosphorylation in CMV-infected cells inhibiting virus replication. It
is much more toxic than aciclovir, frequently causing neutropenia and thrombocytopenia.
Treatment should be suspended (or the dose reduced) if the neutrophil count is <0.5x 10°/1.
Concurrent treatment with zidovudine (q.v.) increases the drug’s toxicity. Both ganciclovir and
valganciclovir are rapidly excreted by the kidney with an average half-life of 3 hours. Both drugs
may affect fertility, and animal studies suggest that both these drugs are not only fetal teratogens
but also potential mutagens and carcinogens. Despite this, limited case reports of use during
human pregnancy largely report good outcomes. Breastfeeding is inadvisable due to the marrow
toxicity.

Approximately 50% of women of childbearing age have already had an asymptomatic infection
before the start of pregnancy (often in early childhood), but primary or reactivated infection is
thought to cause congenital or perinatal infection in about 1 in every 300 UK pregnancies. Most
babies are asymptomatic, but ~5% develop disseminated cytomegalic inclusion disease with
thrombocytopenic petechiae, hepatitis, chorioretinitis, intracranial calcification and/or micro-
cephaly. Severe progressive deafness may sometimes develop in asymptomatic babies especially
when infection occurred in the first trimester. Overt cytomegalic inclusion disease may also
result from neonatal cross infection or exposure to CMV-infected blood or human milk; such
babies often develop pneumonia as well as many of the symptoms listed earlier. Hand washing
is important to prevent congenitally infected babies causing iatrogenic cross infection. There is
limited evidence that any antiviral agent can alter the course of congenitally acquired infection,
but ganciclovir can temporarily eradicate virus excretion and sustained use after birth seems to
reduce the risk of later progressive hearing loss. Valaciclovir (a prodrug of aciclovir) given to the
mother at a dose of 2 g four times a day may reduce fetal damage. Alternatively, 200 units/kg of
hyperimmune globulin may be of benetit. CMV-specific immunoglobulin is available in some
countries.

Seek expert advice — treatment is only recommended for symptomatic babies. Explain that use
seldom eliminates the virus and that the manufacturer has not yet endorsed use in children.
Watch for neutropenia, and increase the dosage interval if there is renal impairment. Treatment
is usually for 6 weeks, of which the majority should be given intravenously. Monitor progress by
measuring the viral load in blood.

Intravenous (IV) treatment: Give 6 mg/kg IV of ganciclovir (5ml of the solution made up as
described under ‘Supply and administration’) over 1 hour once every 12 hours until oral
treatment is possible. Maintain hydration during IV use.

Oral treatment: Start by giving a 16 mg/kg dose of valganciclovir twice a day.

Undiluted ganciclovir is very caustic (pH~11). Both products are potential teratogens and car-
cinogens, so gloves and goggles should be used during reconstitution. Wash at once to limit acci-
dental contact with skin.

Ganciclovir: 500mg vials cost £30 each. The freeze-dried powder must be reconstituted with
9.7ml of water for injection to give a solution containing 50mg/ml (water containing a bacterio-
static such as para-hydroxybenzoate may cause precipitation). Shake to dissolve, and use promptly.
Do not use the vial if there is any particulate matter still present. To give 6 mg/kg of ganciclovir,
take 1.2ml of this solution for each kilogram the baby weighs, dilute to 50ml with 10% glucose
or glucose saline, and infuse 5ml over 1 hour.

Valganciclovir: 450mg tablets are available (cost £18 each) as is a powder which, when
reconstituted, gives an oral suspension containing 50 mg/ml (cost £230 for 100 ml).

Continued on p. 236
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Gentamicin is widely used to treat Gram-negative bacterial infection, but it is of variable efficacy
(and not the treatment of choice) for known staphylococcal sepsis. It has to be given intravenous
(IV) or intramuscular (IM) (or occasionally nebulised).

Gentamicin is a naturally occurring substance produced by the environmental Gram-positive
bacteria Micromonospora. It was first isolated in 1963 and is a mixture of related compounds. It crosses
the placenta, producing fetal levels that are about half the maternal level, but it has never been
known to have caused ototoxicity in utero. Absorption from the gut is too limited to disallow maternal
use during lactation (although the baby’s gut flora could be altered). Gentamicin is passively filtered
unchanged by the glomerulus and concentrated in the urine. As a result, in healthy babies, the
half-life decreases by more than 50% in the first 7-10 days after birth. Corrected gestational age also
affects the half-life to a lesser extent. Renal tubular damage is progressive with time and can even
produce a Bartter-like syndrome. Co-treatment with vancomycin can exacerbate these problems,
which are usually reversible on cessation of treatment and seldom severe. Cochlear impairment is
uncommon in young children, but gentamicin can cause balance problems as well as high-tone
deafness, and these can become permanent if early symptoms go unrecognised. Blood levels should
always be measured in order to minimise this risk where facilities exist. It is af least as important to
avoid simultaneous treatment with furosemide and to try to stop treatment after 7-10 days.

Aminoglycosides are only effective against many bacteria when the serum level is high enough
to be potentially toxic. A high peak level (at least eight times the minimum inhibitory dose)
enhances the drug’s bactericidal effect. Gram-negative organisms stop taking up the drug after
an hour and only do so again 2-10 hours later (‘adaptive resistance’); therefore, repeat treatment
during this time is ineffective. Serious toxicity is predominantly seen with treatment longer than
7-10 days where there are sustained high trough serum levels and/or co-exposure to other oto-
toxic drugs. In patients with normal renal function, treatment is optimised, and adverse effects
are minimised, by following a once a day (‘high peak, low trough’) policy. An increasing number
of studies have now suggested that this is the right strategy to adopt in babies and children.
When aminoglycosides are given more than once a day in children, the serum level will remain
sub-therapeutic for many hours if an initial loading dose is not given (because of the large V).

Dose: Give 5mg/kg IV or IM to babies less than 4 weeks old and 7 mg/kg to children older than this.
Timing: Give a dose once every 36 hours in babies less than 32 weeks gestation in the first week
of life. Give all other babies a dose once every 24 hours unless renal function is poor.
Individualised treatment: A strategy to individualise treatment in very immature infants
(<28 weeks gestation) may be followed by measuring the gentamicin level 22 hours after a single
dose of 5mg/kg. The timing of the next dose is then calculated according to the level.

Level at 22 hours Dosing interval

<1.2g/ml 24 hourly

1.3-2.6g/ml 36 hourly

2.7-3.5g/ml 48 hourly

>3.6g/ml Withhold the next dose. Repeat level 24 hours later and

base dosing interval on the time to achieve a level <2 g/ml

Gentamicin is frequently used in babies undergoing therapeutic hypothermia. These
babies typically have renal impairment, close monitoring is mandatory, and dose adjust-
ments are frequently needed. A 4mg/kg dose and a 36 hourly regime is reported as best
for these babies.

Continued on p. 238
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CSF penetration is poor so it can sometimes be appropriate to give 1-2mg of the intrathecal
preparation once every 24-48 hours as a direct intraventricular injection and to monitor the
CSF drug level (aim for 5-10mg/l) when treating chronic ventriculitis, especially when this
complicates shunt surgery. Ceftazidime, cefotaxime, co-trimoxazole and chloramphenicol (q.v.)
all achieve better CSF penetration than gentamicin when given IV.

Measure trough levels just before the fourth dose (or, preferably, before the third dose in babies
<7 days old and in babies with poor renal function) aiming for a level of about 1 mg/1. Extend the
dosing interval if this level exceeds 2 mg/l. The peak level only needs to be measured when using
a non-standard treatment.

A 2ml (20mg) vial costs £1.40 and a 1 ml (5mg) intrathecal ampoule costs 74p.
(See also the relevant Cochrane reviews)
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Glucagon can be useful in the management of neonatal hypoglycaemia and may be useful in
neonates with symptoms of p-blockade after maternal treatment.

Glucagon is a polypeptide hormone produced by a cells of the pancreatic islets. It has a natural
half-life of 5-10 minutes. It was formerly extracted from animal pancreatic islet cell tissue, but a
recombinant 29-amino-acid product, identical to human glucagon, is now the main product
available. Glucagon mobilises hepatic glycogen and increases hepatic glucose and ketone pro-
duction, causing increased amino acid uptake and free fatty acid flux. It is also known to stimu-
late growth hormone release. Glucagon activates the adenyl cyclase system even when the
B-adrenoreceptors are blocked, and a continuous infusion is of proven value in the management
of unintentional overtreatment with fB-blockers such as atenolol, labetalol and propranolol
(q.v.). Isoprenaline (q.v.) may be of value if glucagon is not effective.

Glucagon does not appear to cross the placenta. Rodent teratogenicity studies are reassuring.
It is not known whether glucagon enters breast milk; however, as a peptide, glucagon will be
digested within the GI tract. There is no evidence why glucagon cannot be used for the treatment
of severe hypoglycaemia during pregnancy and lactation.

In hypoglycaemia, a single bolus injection of glucagon can sometimes increase the blood glucose
level enough to make further treatment unnecessary. It is not clear how this effect is achieved, but
glucagon may act by inducing key gluconeogenic enzymes in the period immediately after birth.
A subcutaneous or intramuscular (IM) injection is sometimes used to counteract accidental hyper-
insulinism in patients with diabetes. An IM injection can also be used as a temporary expedient to
reduce the risk of reactive hypoglycaemia in an infusion-dependent baby when an intravenous
(IV) drip suddenly ‘tissues’” and proves difficult to resite. Continuous infusions are not recom-
mended by the manufacturer, but have sometimes been used in growth-restricted babies with
persisting neonatal hypoglycaemia despite a substantial infusion of IV glucose (q.v.). They have
also been used in the initial short-term management of babies with endogenous hyperinsulinism,
sometimes in conjunction with octreotide (as outlined in the monograph on diazoxide), since glu-
cagon can itself stimulate insulin production. High-dose infusion can cause nausea and vomiting.

Single-dose treatment: Give 200 micrograms/kg of glucagon subcutaneously, IM or as a bolus
IV. This can sometimes raise the blood glucose level permanently out of the hypoglycaemic
range in the first few days of life (sometimes even making it unnecessary to erect an IV drip).
Continuous IV infusion: Start with 300 nanograms/kg/minute (0.3 ml/hour of a solution
made up as described under ‘Supply and administration’) and increase this, if necessary, to a
dose of not more than 900 nanograms/kg/minute. Prepare a fresh solution if treatment needs to
be continued for more than 24 hours.

Vials containing 1 mg of powder (I1mg=1 unit), suitable for single-dose administration, are
available costing £11.50 each. Reconstitute with the diluent provided to obtain a solution con-
taining 1 mg/ml. To give an infusion of 100 nanograms/kg/minute, take 300 micrograms (0.3 ml)
of this reconstituted material for each kilogram the baby weighs, dilute this to 5ml with further
5% glucose to obtain a solution containing 60 micrograms/kg/ml, and infuse this at a rate of
0.1ml/hour.

Vials should be stored at 4°C and reconstituted immediately before use. The fluid has a pH of
2.5-3.0. Avoid co-infusion with any fluid containing calcium (to avoid immediate precipitation),
and do not use the reconstituted solution if it is not clear.
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Glucose is among the most frequently used (and abused) drugs in the neonatal setting. It is a key
component of parenteral nutrition (q.v.).

Dextrose is the naturally occurring p-isomer of glucose. A 5% solution is isotonic with blood.
More concentrated solutions can cause thrombophlebitis due, in part, to the fact that autoclaved
solutions have a relatively low pH. A correctly placed ‘long line’ is the best way to deliver any
solution stronger than 10-12.5%.
Hypoglycaemia: Few subjects provoke such controversy as does the measurement of blood
glucose in an otherwise healthy newborn baby; the widespread adoption of 2.6 mmol/l as a cut-
off for defining ‘neonatal hypoglycaemia’ has led to many such babies receiving interventions
which they did not require. Early blood glucose concentration changes in these babies reflect
simply the change from placental to enteral supply of food, a process for which most are well
prepared because the brain is protected by a range of alternative fuels. There are, however, groups
of babies who are at risk of more profound or prolonged fall in blood glucose or more importantly
a failure to mount the normal metabolic responses. To avoid unnecessary treatment, suggested
thresholds for intervention in healthy term babies may be adopted (in the following table).
Subsequently, a laboratory whole-blood glucose of <2.5mmol/l (45mg/dl) is very unusual in
any baby being maintained on a sustained infusion of 9 mg/kg/minute (~130ml/kg/day) of 10%
glucose within 48 hours of birth, and hyperinsulinism should be suspected if this level can only
be sustained by giving more than 12 mg/kg/minute.

Suggested blood glucose thresholds for intervention in healthy term babies
(from Cornblath et al., 2000).

Clinical picture Blood glucose

Healthy well baby Any single value <1.0mmol/I

Baby with abnormal clinical signs Any single value <2.5mmol/I

‘At-risk’ baby without clinical signs Any single measurement <2.0mmol/l and

still <2.0mmol/l at next measurement

Most asymptomatic hypoglycaemia is caused by delayed feeding, compounded by an inade-

quate (and frequently interrupted) glucose infusion rate. Milk is the best prophylaxis, and the
best treatment, for any well baby since it contains 50% more calories than 10% dextrose. Mild
asymptomatic hypoglycaemia may respond to oral dextrose gel or intramuscular glucagon (q.v.),
making intravenous (IV) glucose unnecessary. Sustained hypoglycaemia due to hyperinsulinism
may respond to diazoxide or octreotide (q.v.).
Hyperglycaemia: Although most healthy babies can metabolise at least 14 mg/kg of glucose per
minute, babies of <1kg are often relatively intolerant at first, and all babies may show small
amounts of glycosuria for several days especially after any period of stress. Uptake saturation is
best dealt with by reducing the rate of glucose infusion by 75% for 6-12 hours. Insulin (q.v.) is
seldom needed. Levels measured using any blood specimen taken from a line containing glucose
will always be misleadingly high, even if a vigorous attempt was made to clear the ‘dead space’
first. Sudden hyperglycaemia in a previously stable baby may be caused by pain, infection,
necrotising enterocolitis or an intracranial bleed.

Feed the otherwise well asymptomatic baby. 200mg/kg (0.5ml/kg) of 40% dextrose gel mas-
saged into the buccal mucosa may aid the process and avoid the need for IV dextrose.

Starting a 5ml/kg/hour (120ml/kg/day) infusion of 10% glucose will raise the blood sugar
level out of the hypoglycaemic range within 10 minutes in 90% of babies. A loading dose of
2.5ml/kg over 5 minutes will speed the control of hypoglycaemic stupor or fits. The infusion
must then be continued at a steady rate and only reduced slowly as the milk intake is increased.
Avoid ‘bolus’ injections of any strength — they only destabilise the body’s regulatory mechanisms.
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A maintenance infusion containing more than 10% glucose may be necessary where water
intake has to be kept below 100ml/kg/day.

500ml bags containing 5, 10 and 15% glucose, 4% glucose in 0.18% sodium chloride and 10%
glucose in 0.18% sodium chloride are available as stock and cost 48p to 158p each. The web page
associated with this entry shows how to calculate commonly used strength of dextrose if these
are not available.

Cornblath M, Hawdon JM, Williams AF, ef al. Controversies regarding definition of neonatal hypoglycemia:
suggested operational thresholds. Pediatrics 2000;105:1141-5.

Coulthard MG, Hey EN. Renal processing of glucose in well and sick neonates. Arch Dis Child Fetal Neonatal Ed
1999;81:F92-8.

Harris DL, Weston PJ, Signal M et al. Dextrose gel for neonatal hypoglycaemia (the Sugar Babies Study): a
randomised, double-blind, placebo-controlled trial. Lancet 2013;382:2077-83. [RCT]

Hawdon JM, Modder J, eds. Glucose control in the perinatal period. Semin Fetal Neonat Med 2005;10:305-400.
[The whole issue.]

Hawdon JM, Ward Platt MP, Aynsley-Green A. Patterns of metabolic adaptation for preterm and term infants
in the first neonatal week. Arch Dis Child 1992;67:357-65.

Lilien LD, Grajwer LA, Pildes RS. Treatment of neonatal hypoglycaemia with continuous intravenous glucose
infusions. J Pediatr 1977; 91:779-82. (See also 1980;97:295-8.)

Rozance PJ, Hay WW. Hypoglycemia in newborn infants: features associated with adverse outcomes. Biol
Neonat 2006;90:74-86. (See also PP. 87-8.)
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The main neonatal use of glyceryl trinitrate (GTN) is in the management of low-output cardiac
failure. It may be used topically to counteract tissue ischaemia caused by vasoconstrictive inotro-
pes like dopamine (q.v.).

The main use of GTN is in the treatment of coronary heart disease. When first used for angina in
1879, it was presumed that it had a direct effect on the coronary arteries, but it is now recognised
to have other systemic effects that help to reduce cardiac oxygen requirements:

Low doses (between 0.5 and 3 micrograms/kg/minute) decrease ventricular filling pressure
(‘preload’) by reducing venous tone, thus decreasing pulmonary artery pressure and increasing
cardiac output. It also improves coronary artery perfusion and decreases myocardial oxygen
consumption making secondary cardiac ischaemia less likely.

Moderate doses (4-6 micrograms/kg/minute) cause pulmonary and systemic arteriolar
dilatation.

High doses (7-10 micrograms/kg/minute) cause hypotension and secondary tachycardia.

GTN is taken up avidly by vascular smooth muscle. Nitric oxide (q.v.) is then liberated causing
a marked decrease in venous and arterial tone. It is also quickly metabolised (half-life 1-4
minutes) by glutathione-organic nitrate reductase in the liver and must, therefore, be given by
continuous infusion. Therapy can be complicated by methaemoglobinaemia (an oxidation
by-product of the reaction between nitric oxide and haemoglobin), but this has been described
in only one paper where there were prolonged infusions and concomitant use of sodium nitro-
prusside. It can also produce raised intracranial pressure although this has not been described in
the newborn either.

There is no evidence of teratogenicity, and there is growing evidence that it can be used as a safe,
rapid onset, short-acting, tocolytic agent (one 100 micrograms ‘bolus’ IV) to manage placental
retention, or fetal entrapment during caesarean section or vaginal twin delivery, or to control
uterine tone during external cephalic version. Transdermal patches have recently been used to
control preterm labour, but such treatment often causes headache. It is not known if GTN enters
breast milk. However, considering the indication, dosing and rapid clearance, infrequent GTN use
is unlikely to pose a significant risk to the breastfed infant.

Intravenous use: Continuous infusions have been used in the management of patients with
systemic or pulmonary venous congestion due to poor ventricular function. Start with a low
dose of between 0.5 and 3 micrograms/kg/minute and increase as necessary. It is important to
exclude hypovolaemia, and sometimes use an inotrope as well.

Topical use: Serious catheter-related vasospasm can sometimes be corrected by the application
of 2% GTN ointment or topical spray. Papaverine (q.v.) may be an equally effective way of
controlling vasospasm.

Glyceryl trinitrate can be added (terminally) to an IV line containing atracurium, dobutamine
and/or dopamine, midazolam, milrinone or nitroprusside.

Check the strength of the ampoule carefully before use. Several strengths exist: 1 mg/ml (in 5,
10 and 50ml ampoules costing £1.80, £5.90 and £15.90 respectively) and 5mg/ml (in 5 and
10ml costing £6.49 and £12.98). Most formulations contain some propylene glycol (a maximum
of 30% v/v).

To give an infusion of 1 microgram/kg/minute, draw up 15mg of GIN for each kilogram the
baby weighs, dilute to 25 ml with 10% glucose or glucose saline, and infuse at a rate of 0.1 ml/
hour (a less concentrated solution of glucose or glucose saline can be used if necessary).
Ampoules should be protected from strong light, discarded if the fluid is discoloured and dis-
posed of promptly after use. Glyceryl trinitrate is absorbed by polyvinyl chloride and should only
be given using syringes and tubing made of polyethylene. A fresh solution should be prepared
every 24 hours.
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An ointment containing 2% GTN (60g costing £11) can be obtained on request. Transdermal
patches and sprays are used in adults with coronary heart disease.

(See also relevant Cochrane reviews)
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Glycine is used in the management of isovaleric acidaemias. This rare, autosomal recessive,
inborn error of metabolism is caused by a deficiency of isovaleryl-CoA dehydrogenase, an
enzyme on the catabolic pathway of leucine. Treatment is aimed at reducing production of iso-
valeric and increasing its removal. The patients are treated with a low-protein diet, glycine and
L-carnitine (q.v.).

Glycine is a naturally occurring amino acid. In isovaleric acidaemia, the administration of addi-
tional glycine greatly speeds the conversion of isovaleryl-CoA to isovalerylglycine, which is then
excreted in the urine. Aspirin should be avoided as it is a competitive substrate for one of the
essential metabolic steps involved.

Deficiency of isovaleryl-CoA dehydrogenase causes a range of metabolites, including isovaleric
acid, to accumulate. Glycine and carnitine are conjugated to isovaleric acid and then excreted in
the urine. Some patients present soon after birth (often within 3-6 days) with poor feeding,
vomiting and drowsiness. Tremor, twitching and seizures may be seen before the child lapses
into coma and death. Other patients present for the first time when rather older with similar
symptoms precipitated by intercurrent illness. Symptoms are often accompanied by acidosis,
ketosis and a high blood ammonia level (sometimes >500 pmol/l). There can often be neutrope-
nia, thrombocytopenia and hypo- or hyperglycaemia when the condition first presents in the
neonatal period. High isovaleric acid levels may give rise to a characteristic unpleasant odour,
which has been likened to that of ‘sweaty feet’. Patients present, very occasionally, with progres-
sive generalised developmental delay.

The condition is most easily diagnosed by detecting excess isovalerylglycine (and 3-hydroxy-
isovaleric acid) in the urine or abnormal acylcarnitines in the blood. Patients are generally
treated with glycine and carnitine, a low-protein diet and measures to minimise catabolism dur-
ing intercurrent illnesses. The prognosis can be good with early diagnosis, but many patients
suffer neurological damage prior to diagnosis. Symptomatic disturbance becomes less common
in later childhood, and the condition is compatible with normal adult life (including a normal
uneventful pregnancy). There is no reason to think that lactation would be unwise while the
mother herself remains well. Carnitine may become depleted in isovaleric acidaemias, and levo-
carnitine (q.v.) is also given routinely by mouth (or intravenously if a metabolic crisis occurs).

Acute illness: Withdraw all protein from the diet, and give IV glucose to minimise catabolism.
Start treatment with oral glycine (see under ‘Maintenance care’). Haemodialysis, exchange
transfusion or the use of sodium benzoate or sodium phenylbutyrate may be indicated if there
is severe hyperammonaemia (>500 pmol/l) when the patient first presents.

Maintenance care: The usual maintenance dose is 50mg/kg of glycine three times a day
although, during acute illness, the amount given can be increased to 100 mg/kg six times a day.
The normal maintenance dose may need to be modified if there is liver or kidney impairment
and stopped if there is anuria. Long-term management involves dietary protein restriction
supervised by someone experienced in the management of metabolic disease.

Glycine is available as a powder from SHS International, and a stable solution containing 50 or
100mg/ml can be provided on request. 100g of power costs £5. No IV preparation is available,
but glycine can be given by nasogastric tube, and the likelihood of vomiting can be reduced by
giving small frequent doses.

Cohn RM, Yudkoff M, Rothman R, et al. Isovaleric acidemia: use of glycine therapy in neonates. N Engl J Med
1978;299:996-9.

de Baulny HO, Dionisi-Vici C, Wendel U. Branched-chain organic acidurias/acidemias. In: Saudubray J-M,
van den Berghe G, Walter JH. eds. Inborn metabolic diseases. Diagnosis and treatment, 5th ed. Berlin:
Springer-Verlag, 2012: pp. 297-96.
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Glycopyrronium, like atropine (q.v.), can be used to combat vagal bradycardia and to control
salivation and tracheal secretions during general anaesthesia and elective intubation. It is given
to control the muscarinic effects of neostigmine (q.v.) when this is used to reverse the effect of a
non-depolarising muscle relaxant.

Glycopyrronium bromide is a quaternary ammonium drug with peripheral antimuscarinic
effects similar to those of atropine that is rapidly redistributed into the tissues after intravenous
(IV) or intramuscular (IM) injection. It was first introduced into clinical use in 1960. The full
effect of IM administration is only seen after 15 minutes, and vagal blockade lasts about 3 hours.
The plasma half-life is only 5-10 minutes during childhood and adult life, with almost half the
drug being excreted in the urine within 3 hours. The way that babies handle this drug when less
than a month old has not yet been studied. Many anaesthetists prefer glycopyrronium to atro-
pine and the other belladonna alkaloids, partly because very little crosses the blood—brain barrier.
Transplacental passage is also less than for atropine, and the amount detected in umbilical cord
blood following use during caesarean delivery is small. Rapid plasma clearance makes it
extremely unlikely that use during lactation would pose any problem. Oral absorption is poor,
but a 50 micrograms/kg oral dose has been used with some success to control drooling in older
children with severe cerebral palsy.

Glycopyrronium, given with neostigmine, achieves an excellent controlled reversal of the neuro-
muscular blockade seen with the competitive muscle relaxant drugs such as pancuronium (q.v.),
but it may take at least 30 minutes to effect the full reversal of deep blockade. A 1:5 drug ratio seems
to minimise any variation in heart rate. The risk of dysrhythmia is lower with glycopyrronium, and
the lack of any effect on the central nervous system speeds arousal after general anaesthesia.

Premedication: The usual dose is 5 micrograms/kg IV shortly before the induction of anaes-
thesia. Oral premedication with 50 micrograms/kg 1 hour before surgery is not as effective as a
20 micrograms/kg oral dose of atropine at controlling the bradycardia associated with anaes-
thetic induction.

Reversing neuromuscular block: 10 micrograms/kg of glycopyrronium and 50 micrograms/
kg of neostigmine (0.2ml/kg of a combined solution made up as described under ‘Supply and
administration’), given IV, will reverse the muscle relaxing effect of pancuronium (and, where
necessary, atracurium, rocuronium and vecuronium).

Drooling: 50 micrograms/kg by mouth two to three times a day may help control drooling in
cerebral palsy.

Neuromuscular blockade can be reversed just as effectively with atropine and neostigmine if
glycopyrronium is not available. Give 20 micrograms/kg of atropine IV followed by a 40 micro-
grams/kg dose of IV neostigmine.

Plain 1 ml ampoules simply containing 200 micrograms of glycopyrronium bromide cost 54p. A
combination of neostigmine metilsulfate (2.5mg) and glycopyrronium bromide (500 micro-
grams) is available in 1ml ampoules (cost £1.15). Take the contents of one of these 1ml
ampoules, dilute to 10 ml with 0.9% sodium chloride, and give 0.2ml/kg of this diluted solution
to reverse the neuromuscular block caused by non-depolarising muscle relaxant drugs.

Dispersible 1 and 2mg tablets for oral use are available on a ‘named-patient’ basis from specialist
importing companies. Alternatively, the injection solution may be given by mouth.

(See also relevant Cochrane reviews)
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rhea in children with cerebral palsy. Clin Pediatr 1998;37:485-90.
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Granulocyte colony-stimulating factor (G-CSF) and granulocyte-macrophage colony-stimulating
factor (GM-CSF) are naturally occurring proteins involved in proliferation and differentiation of
myeloid precursors. Purified recombinant factors are commercially available; filgrastim (unglyco-
sylated rhG-CSF) and lenograstim (glycosylated rhG-CSF) have similar effects and can promote
the production of neutrophils in a variety of neutropenic states. Sargramostim (rhGM-CSF) is
marketed in the United States, but it is not generally available in the United Kingdom. The current
preparations no longer contain EDTA which was reported to be the reason for adverse events that
occurred with some of the early formulations.

Neutrophils play an essential role in the body’s defence against bacteria. After leaving the bone
marrow pool, they remain in circulation for ~6 hours before entering other body tissues. Birth
causes a transient increase in the number in circulation, especially when this is stressful. Neonatal
sepsis can rapidly decrease the number in circulation, because production is already close to its peak
at birth. This and functional immaturity of the baby’s immune system make them vulnerable to
infection. Very low birthweight babies often have very low counts soon after birth and again at
2-4 weeks of age when the marrow mounts its first response to the growing post-delivery anaemia.

Marrow colony-stimulating factors are naturally occurring glycoprotein growth promoters
(cytokines) that stimulate the proliferation and differentiation of red and white blood cell bone
precursors in bone marrow. A number of these factors, including erythropoietin (q.v.), have
been produced by recombinant DNA technology in the last 20 years. Both filgrastim and leno-
grastim enhance the production and release of neutrophil white blood cells from bone marrow,
and filgrastim is widely used to prevent chemotherapy-induced neutropenia and speed neutro-
phil recovery after bone marrow transplantation.

Subcutaneous rather than intravenous (IV) use doubles the elimination half-life to about 3
hours and is believed to increase therapeutic efficacy while minimising the risk of toxicity asso-
ciated with high peak blood levels. Adverse effects, including fever, dyspnoea, nausea and
vomiting, have been very uncommon with neonatal use. Use during pregnancy is associated
with increased fetal death in primates. Use during lactation has not been studied but seems
unlikely, on theoretical grounds, to pose any serious risk.

The early postnatal and sepsis-induced neutropenia (<1.5x10°/1) often seen in the preterm
baby can frequently be prevented by giving rhG-CSE but while studies in vitro and in animal
models and early trials showed encouraging improvements in neutrophil counts, larger trials
and systematic reviews have identified no substantial evidence that treatment reduces mortality.
Accordingly, the current role of rhG-CSF in neonates does not include prevention of infection or
treatment of suspected or proven infection, but does include cases of severe chronic neutrope-
nia, where it can be very helpful or even life-saving.

Administer 1 million units/kg (10 micrograms/kg) of filgrastim or lenograstim subcutaneously
(or IV over 30 minutes) once a day for 3 days. This equates to 0.1 ml/kg of either of the products
made up as described under ‘Supply and administration’.

Almost all the neonatal studies reported to date have used filgrastim, but the related product,
lenograstim, comes in low-dose vials that can be more economical to use. The manufacturers
have not yet endorsed the use of lenograstim in children <2 years old or the use of filgrastim in
neonates.

Filgrastim: Add 2ml of 5% glucose to the 300 micrograms (30 million unit) 1 ml vials of filgras-
tim (costing £53) to obtain a preparation containing 100 micrograms/ml. Store all vials at 4°C,
and do not keep material more than 24 hours once the vial has been opened, even if it is still
stored at 4°C.

Lenograstim: 105 micrograms (13.4 million unit) 1 ml vials cost £40. Dissolve the lyophilisate
with 1 ml of water for injection (as supplied). Agitate gently, but do not shake. Vials can be stored
at room temperature. Reconstituted material should not be kept for more than 24 hours even if
stored at 4°C.
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(See also the relevant Cochrane reviews) (—'f)
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This vaccine, made from protein-conjugated polysaccharides, provides moderately well-
sustained protection from Haemophilus influenzae type b (Hib) infection. Serious adverse
reactions are rare.

H. influenzae can be differentiated into six capsulated serotypes (Hia—Hif) and non-capsulated
(ncHi) strains. Before immunisation, serotype b (Hib) accounted for >80% of invasive disease,
mainly in children under five, causing meningitis (60%), epiglottitis (15%), septicaemia (10%),
septic arthritis, osteomyelitis, cellulitis and pneumonia. Hib vaccination, introduced to the
United Kingdom in 1992, resulted in a rapid and sustained reduction in Hib disease.

Hib cases increased between 1999 and 2003, but since the introduction of a routine 12-month
Hib booster in 2006, the incidence of Hib disease is very low. Other types of H. influenzae are now
relatively more common. In 2008, only 20 cases of invasive Hib disease in children were
reported, compared with 65 ncHi and 15 non-type b encapsulated H. influenzae cases. In the
newborn, ncHi infections have a 10-fold higher incidence than Hib. They can be associated with
septicaemia in the mother, increased complications during labour and preterm delivery. Invasive
ncHi infection usually develops within the first 48 hours of life, follows a fulminant clinical
course and is associated with significantly higher case fatality than Hib infections. After the neo-
natal period, ncHi usually cause non-invasive respiratory tract infections, while invasive ncHi
infection occurs mainly in children with significant co-morbidities. All invasive H. influenzae
infections are notifiable in England and Wales, whereas since 2010 only the Hib organism is
notifiable in Scotland.

All children should be offered immunisation against Haemophilus (Hib) as part of their routine
immunisations.

Immunisation should be delayed in any child who is acutely unwell and not be offered if a
previous dose triggered an anaphylactic reaction. A minor non-febrile infection is no reason to
delay immunisation, and the contraindications associated with the use of a live vaccine (cf. mea-
sles) do not apply.

Children under a year old: The Hib vaccine is given as part of the routine childhood
immunisations as one of two combined products; the diphtheria toxoid, tetanus toxoid,
5-component acellular pertussis, inactivated polio vaccine and H. influenzae type b (DTaP/IPV/
Hib) vaccine given at 2, 3 and 4 months; and the Hib/MenC conjugate vaccine given at 12-13
months of age.

Older children: Children between 1 and 10 years of age who have not been immunised or not
completed a primary course of diphtheria, tetanus, pertussis or polio vaccination should receive
the outstanding doses of DTaP/IPV/Hib vaccination at monthly intervals. Children of the same
age but who have completed a primary course of diphtheria, tetanus, pertussis or polio should
have Hib/MenC conjugate vaccine.

The management of anaphylaxis (which is very rare) is outlined in the monograph on
immunisation.

Pediacel® manufactured by Sanofi Pasteur MSD, is the currently used product in the United
Kingdom for the primary DTaP/IPV/Hib immunisations and Menitorix (Hib/MenC) conjugate
vaccine, manufactured by GlaxoSmithKline is used at 12—13 months.
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Heparin can help maintain catheter patency and is used during and after cardiovascular surgery.
Low molecular weight heparins (LMWHs), such as enoxaparin and dalteparin (q.v.), are now
generally used to prevent and manage venous thromboembolism, but there is, as yet, little expe-
rience of their use in the neonate.

Heparin is an acid mucopolysaccharide of variable molecular weight (4,000-40,000 Da). It was
first obtained from the liver (hence its name) in a form pure enough to make clinical trials pos-
sible in 1935. While it has some thrombolytic action, it is mostly used to prevent further blood
clot formation rather than to lyse those that have already formed. The higher molecular weight
heparins also inhibit platelet activity. It works in vitro by activating plasma antithrombin inhibitor,
which then deactivates thrombin and factor Xa. It is metabolised by N-desulphation after intra-
venous (IV) administration and then rapidly cleared from the body. The half-life of conventional
unfractionated heparin is dose dependent, increasing as the plasma level rises. It averages 90
minutes in adults, but may be less at birth.

LMWHs weigh 4,000-6,000 Da and have a much longer half-life. Unlike unfractionated hep-
arin, they do not cause osteopenia during long-term use, show much greater bioavailability
when given subcutaneously and are mostly excreted by the kidneys. All products occasionally
cause an immune-mediated thrombocytopenia, most commonly 5-10days after the start of
treatment. Because this can, paradoxically, cause a major thromboembolic event, the platelet
count must be monitored. Stop treatment at once if thrombocytopenia develops, and do not give
platelets. Heparin does not cross the placenta, is not teratogenic and can be given with complete
safety during lactation (very small amounts of the LMWHs can appear in breast milk when these
are used, but there is no effect on the baby).

Women at high risk of thromboembolism because of immobility, obesity, high parity, previous
deep vein thrombosis or an inherited thrombophilia are now increasingly given LMWH during
pregnancy and, more particularly, operative delivery and the early puerperium. Warfarin (q.v.)
continues to be used to anticoagulate women with pulmonary vascular disease and patients with
an artificial heart valve or atrial fibrillation, but time may show that they, too, can be protected
with LMWH.

Although one small study has suggested that full heparinisation may reduce the formation of
arterial thrombi, the effect of any such approach on the risk of intraventricular haemorrhage
remains uncertain. Three observational studies even suggest a correlation between total heparin
exposure and the risk of intraventricular haemorrhage in babies of <1500¢ in the first week of
life. However, this may merely mean that some babies got more heparin because they were
already less well. No adequate sized trials have ever been performed, and neonatal use has never
been subjected to serious study. However, while adverse effects of heparin are rare, heparinised
babies can bleed unpredictably, so it is probably unwise to use heparin in babies with intracranial
or gastrointestinal haemorrhage. Uncorrected thrombocytopenia (<50 x 10°/1) is also a contrain-
dication, and intramuscular injections should not be given to any heparinised patient. Lumbar
puncture can also be hazardous. Alteplase and streptokinase (q.v.) are almost certainly better at
removing clots that have already formed. Prophylactic low-dose use to maintain catheter patency
is much better established (see under ‘Monitoring lines’ — pp. 17-21).

Monitoring lines: Intravascular catheters are often used to monitor blood pressure and to
make blood sampling possible without disturbing the patient. A steady 0.5 or 1.0 ml/hour infu-
sion containing 1-2 units of heparin for each ml of fluid prolongs catheter patency. Glucose
shortens the line’s life and makes it impossible to monitor blood glucose levels. The use of
0.45% rather than 0.9% sodium chloride reduces the risk of sodium overload. Clear the 1ml
catheter ‘dead space’ carefully after sampling and consider using water rather than dextrose or
saline for this in order to avoid sudden swings in blood glucose and the infusion of further
unmeasured quantities of sodium chloride. Any water or saline used to ‘flush’ the dead space
does not need to contain further heparin and should not, when treating a small baby, come from
an ampoule containing a bacteriostatic for the reasons outlined in the archived monograph on
benzyl alcohol.
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‘Stopped-off” lines and cannulas: ‘Normal’ saline containing 10 units/ml of heparin is com-
monly flushed through and left in ‘stopped-off’ cannulas after use, but the addition of heparin
does little to prolong patency. Central venous long lines are often left primed with a fluid con-
taining 5000 units/ml of heparin, but a solution containing 1 mg/ml of alteplase (q.v.) seems to
be a better way of keeping the catheter patent.

Cardiac catheterisation: A 100 unit/kg IV bolus at the start of the procedure greatly reduces
the risk of symptomatic thromboembolism.

Intravascular infusions: Neonatal trials have shown that adding heparin to the infusate pro-
longs the patency, not only of arterial catheters, but also of peripherally inserted central venous
lines. The most recent trial in babies with a central venous line in place used a dose of 0.5 unit/
kg/hour. Such use caused a fivefold reduction in the number of catheters needing replacement
because of blockage, but it did not reduce the number needing replacement because of extrava-
sation or suspected sepsis (an equally common reason for replacement) or the risk of a clot form-
ing close to where the tip of the catheter was (or had been). Only two small trials have yet been
done (involving just 200 children) to see whether the use of a heparin-bonded catheter helps to
sustain catheter patency.

The indications for this in the neonate remain unclear. There is no good evidence that antico-
agulation reduces the risk of an existing clot enlarging, fragmenting and shedding emboli or
reforming after lysis. If treatment is indicated, start by giving a loading dose of 75 units/kg IV
over 10 minutes (a loading dose of 50 units/kg may be safer in babies with a post-menstrual age
of <37 weeks). Maintenance requirements vary; start with a continuous IV infusion of 25 units/
kg/hour (1 ml/hour of a solution made up as described in the following text) and assess the
requirement by measuring the activated partial thromboplastin time (APTT) after 4 hours.
Monitor the platelet level weekly.

The anticoagulant dose used during extracorporeal membrane oxygenation (ECMO) and to lyse
thrombi is one that raises the APTT to 1.8-2.0 times the normal level. Never take blood for this
test from an intravascular line that has contained heparin: sufficient heparin will remain to
invalidate the result even if the line is flushed through first. Normal neonatal APTT times are
given in the monograph on fresh frozen plasma.

Protamine sulphate is a basic protein which combines with heparin to produce a stable complex
devoid of anticoagulant activity. The effect of heparin can, therefore, be neutralised by giving
1 mg of protamine sulphate IV over about 5 minutes for every 100 units of heparin given in the
previous 2 hours. Excess protamine is dangerous because it binds platelets and proteins such as
fibrinogen, producing, in itself, a bleeding tendency.

It is known that adrenaline, atracurium, fentanyl, glyceryl trinitrate, insulin, isoprenaline, lido-
caine, midazolam, milrinone, morphine, nitroprusside, noradrenaline, propofol, prostaglandin
E , ranitidine, streptokinase, TPN (the standard formulation with or without lipid) and urokinase
can be added (terminally) to a line containing heparin. So can plain amphotericin (but not the
liposomal formulation because of concern that this may destabilise the colloid). So, too, can
dopamine, but there are reports suggesting that although heparin is compatible with dobutamine
when suspended in 0.9% sodium chloride, precipitation may occur (somewhat unpredictably)
when the two drugs are mixed, even briefly, in a glucose solution.

Care should be taken with use of heparin; vials which differ in strength by 100- or even 1000-
fold are routinely stocked together, with little or no visible differentiation in packaging.

There are three strengths of standard, unfractionated heparin sodium - 1,000, 5,000 and
25,000 units/ml — and all are available in volumes (vials or ampoules) of 1 and 5ml. The 1,000
units/ml strength is also available in 10 and 20ml ampoules, and the 25,000 units/ml strength
in a 0.2ml ampoule. Vials can be stored at room temperature (5-25°C) for 18 months, but are
best not kept more than 28 days once open. These may contain up to 50 mg of benzyl alcohol.
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Small 5ml preservative-free ampoules of Hep-Lock® and Hepsal® flush solution contain
0.75 mmol of sodium and 50 units of unfractionated heparin.
Full anticoagulation: To give 25 units/kg of heparin per hour, draw 1250 units for each kilo-
gram the baby weighs into a syringe, dilute this to 50 ml with 0.9% sodium chloride, and infuse
at a rate of 1 ml/hour.
Flush solution: Accurate dilution is best achieved by making any syringe containing 1 unit/ml
of heparin ‘flush’ solution up from a 500 ml bag of 0.9% (or 0.45%) IV sodium chloride freshly
prepared by the addition of 500 units of heparin. Heparin is stable in solution, so IV lines do not
need to be replaced after some set time on these grounds.
Protamine sulphate: 5ml ampoules containing 10mg/ml cost £1.15 each.

(See also the relevant Cochrane reviews and UK guideline
on thromboembolic disease in pregnancy [EIIIVEH)
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Hepatitis B vaccine provides active immunity to the hepatitis B virus (HBV); hepatitis B specific
immunoglobulin (HBIg) can be used to provide immediate short-lasting passive immunity.
Maternal treatment with lamivudine (q.v.) is sometimes used to prevent vertical transmission of
this virus.

Hepatitis B is a major worldwide problem. Illness starts insidiously and is of variable severity.
Infection can result from sexual contact, from contaminated blood or from a blood-contami-
nated needle. Some 2-10% of the adults so infected become chronic carriers, and nearly a
quarter of these eventually develop chronic disease (with possible cirrhosis or hepatocellular
carcinoma). Infection can also pass from mother to child. Transplacental passage is rare, but 80%
of babies become infected during delivery, and 90% of those so infected become chronic carriers.
Universal early immunisation is the policy recommended by WHO, and the approach is now
being adopted in most parts of the world. Maternal screening and selective neonatal immunisa-
tion remains the approach still being adopted in Scandinavia and the United Kingdom, but this
is only going to be effective if robust steps are taken to make sure that the babies so identified do
get the treatment they need. The present vaccines contain 10 or 20 micrograms/ml of hepatitis
B surface (Australia) antigen (HBsAg) adsorbed on an aluminium hydroxide adjuvant. Hepatitis
B, like any form of hepatitis, is a notifiable infection.

Babies born to mothers with the HBsAg need prompt active immunisation. Babies born to
mothers developing hepatitis B during pregnancy or born to mothers who are both surface and
hepatitis B core (e) antigen (HBeAg) positive are at particularly high risk and need immediate
bridging protection with specific HBIg as well. Where the mother’s ‘e’ marker status is unknown
or the baby weighs <1.5kg at birth, the baby should be treated as if it were at high risk. The
United Kingdom'’s current policy of selective immunisation can only be made to work if the
policy of universal antenatal screening is fully implemented, and there is a fail-safe callback
system so that those identified get all the treatment recommended. Active immunisation is also
offered to all healthcare staff and to all children on haemodialysis, requiring frequent or large
blood transfusions or repeated factor concentrates.

Side effects of immunisation (other than local soreness) are rare, and contraindications to immun-
isation almost non-existent (although vaccination should be delayed in the face of intercurrent
illness). Vaccination should not be withheld from a high-risk woman because she is pregnant
since infection in pregnancy can result in severe illness and chronic infection in the baby.

Universal vaccination: Doses are usually given at 0-2, 1-4 and 6-18 months. Premature
babies given their first dose within a month of birth benefit from a fourth dose. Protection wanes
over time.

Selective vaccination: At-risk babies need a first 0.5ml intramuscular (IM) injection of
hepatitis B vaccine within 24 hours of birth and booster injections 1, 2 and 12 months later. A
preschool booster is also advised at 4 years. High-risk babies (as defined earlier) also need 200
units of hepatitis B specific immunoglobulin (HBIg) IM into the other thigh within 24 hours of
birth (irrespective of birthweight). Breastfeeding can safely continue. This provides 95% protec-
tion, but it is prudent to check the baby’s surface antigen (HBsAg) status at 12 months.

Vaccine: Give a 0.5ml injection irrespective of which product is used. The SmithKline Beecham
(Engerix B®) vaccine comes in 0.5ml (10 micrograms) vials; Aventis Pasteur produces an inter-
changeable product (HBvaxPRO Paediatric®) in 0.5ml (5 micrograms) vials. Both cost £9.10 each.
Store at 2-8°C but do not freeze. Shake before use. Always record administration in the child’s
personal health record.

Immunoglobulin: Ampoules containing 200 or 500 units of HBIg prepared by the Bio Products
Laboratory are available in the United Kingdom from most Health Protection Agency laboratories.
HBIg is expensive and only limited supplies are available. Store all ampoules at 4 °C.
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Extravasation can cause severe tissue injury when irritant fluid leaks from a vein during infu-
sion, and hyaluronidase can, if started within 2 hours of the injury, potentially limit such
damage. It can also be used to aid subcutaneous rehydration (‘hypodermoclysis’) when venous
access proves difficult.

Hyaluronidase is a naturally occurring

enzyme that has a temporary and

reversible depolymerising action on the

polysaccharide hyaluronic acid present

in the intercellular matrix of connective

P tissue. It can be used to enhance the

T\ permeation of local anaesthetics, sub-

: cutaneous infusions and intramuscular

injections into the body tissues. It can

also aid the resorption of excess tissue

fluid. The product widely used since

1980 is a purified extract of sheep

semen. The dose recommended here

(the dose usually employed in the

United Kingdom) is five times the dose

generally used in the United States.

Hyaluronidase was initially used on its

own in an attempt to disperse damaging

extravasated fluid, but immediate saline

Reproduced with permission from Davies et al. (1994). irrigation (with or without prior infil-

tration with hyaluronidase) with a view

to washing away any irritant fluid is probably a much more effective strategy. There is still,

regrettably, almost no good controlled trial evidence on which to base the management of
extravasation injury.

o

Clean the damaged area of skin and then infiltrate it immediately with a 0.3 ml/kg of 1% lido-
caine (q.v.). Bupivacaine (q.v.) could, alternatively, be used to provide a more sustained pain
relief although it takes longer to become effective. Then inject 500-1000 units of hyaluronidase
into the subcutaneous tissues under the area of damaged skin. The simplest approach is merely
to inject some hyaluronidase into the cannula through which extravasation occurred (if this is
still in place), but it is said to be better, especially with large lesions, to make three or four small
‘incisions’ into the skin with a sharp scalpel round the edges of the area to be treated (Davies
et al., 1994), insert a blunt Veress needle into each incision in turn, inject the hyaluronidase and
then irrigate the damaged tissue with 25-100ml of 0.9% saline using the needle and three-way
tap (i.e. a total of 100-400ml of irrigating fluid in all, depending on the size of the lesion). Saline
should flow freely out of the other incisions. Excess fluid can be massaged out of the incisions by
gentle manipulation. The damaged area is probably then best kept reasonably moist. Dressings
are a very poorly researched topic. Options include hydrocolloids, silicones or paraffin gauze
(tulle gras). These dressings should aid autodebridement.

It has been traditional to manage the dangerous ischaemia and the dermal necrosis that can
result from the extravasation of fluid containing vasoconstrictive drugs such as adrenaline,
dopamine and noradrenaline (q.v.) by prompt infiltration with not more than 5mg of phentol-
amine mesilate in 5ml 0.9% sodium chloride using a fine needle. There is, however, some evi-
dence that the application of 25 mm (16 mg) of topical 2% glyceryl trinitrate ointment (q.v.) may
prove a simpler and equally effective strategy. Peripherally administered infusions of dopamine
in particular seem capable of causing ischaemic tissue damage even when there has been no
visible extravasation. It may be necessary to stop the infusion if there is blanching along the side
of the vein.
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A similar initial dose of hyaluronidase can be used to speed the subcutaneous delivery of any
isotonic fluid.

Hyaluronidase: Ampoules containing 1500 units of hyaluronidase cost £7.60 each. Dissolve
the contents in 3ml of water for injection to give a solution containing 500 units per ml just
before use.

Phentolamine mesilate: 1 ml ampoules containing 10 mg of phentolamine mesilate are avail-
able from ‘special-order’ manufacturers or specialist importing companies.

Needles: Veress needles are widely used to insufflate air during laparoscopy. They are available
through NHS supplies from a number of supply companies.

(See also the relevant Cochrane reviews IS
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Hydrocortisone has been in use to manage congenital adrenal abnormality and adrenal insuffi-
ciency due to hypopituitarism since 1949. Hypotension in the preterm baby often responds to
low-dose intravenous (IV) hydrocortisone. Trials of use to prevent bronchopulmonary dysplasia
(BPD) have not delivered much consistent benetfit.

The adrenal cortex normally secretes hydrocortisone (cortisol) which has glucocorticoid activity
and weak mineralocorticoid activity. It also secretes the mineralocorticoid aldosterone.
Physiological replacement in adrenal insufficiency is best achieved by a combination of hydro-
cortisone and the artificial mineralocorticoid fludrocortisone, but where the problem is secondary
to pituitary failure, mineralocorticoid replacement is not required because aldosterone produc-
tion is primarily controlled by the renin-angiotensin system.

Various recessively inherited enzyme deficiencies can cause congenital adrenal hyperplasia,
but nearly 95% are due to 21-hydroxylase deficiency, and most of the others to 11-hydroxylase
deficiency. Diagnosis is relatively easy in girls because of virilisation and sexual ambiguity, but
less easy in boys until the child presents with vomiting, failure to thrive and (ultimately)
circulatory collapse: some boys are initially misdiagnosed as having pyloric stenosis. Pelvic
imaging, urgent karyotyping, 17-hydroxyprogesterone (17-OHP) measurement and a urinary
steroid profile confirm the diagnosis. Congenital adrenal hypoplasia can also present in a similar
manner, or with hypoglycaemia. It is diagnosed by the presence of salt wasting in the presence
of normal urinary tract, the lack of a significant cortisol response to tetracosactide (q.v.) and a
normal 17-OHP level.

Equivalent activity (mg)

Biological
Drug Glucocorticoid Mineralocorticoid Half-life (hours)
Fludrocortisone 0 20 -
Cortisone acetate 25 0-8 8-12
Hydrocortisone 20 1 8-12
Prednisolone 5 <1 12-36
Betamethasone 0.75 0 36-54
Dexamethasone 0.75 0 36-54

Early neonatal hypotension: Hydrocortisone often increases blood pressure as effectively as
dopamine (qg.v.) and may work when a catecholamine does not. 2.5mg/kg IV every 6 hours is
usually enough to reduce the need to use other vasopressor drugs. Try and withdraw treatment
within 2—-4 days, because steroid use increases the risk of fungal infection and also seems to
increase the risk of focal gut perforation, especially if the baby is also given ibuprofen or
indometacin.

Preventing BPD: Low-dose trials (0.5mg/kg IV twice a day for 12 days and half this for 3 days)
delivered no benefit except to a subgroup with chorioamnionitis. Later development was not
affected by such treatment.

Treating BPD: 2.5mg/kg twice a day for 7 days, and a reducing dose for a further 2 weeks, was
as effective as dexamethasone in one study and did not appear to have the latter’s detrimental
effect on development.

Congenital adrenal hyperplasia: 3-5mg/m? of hydrocortisone once every 8 hours, plus at least
200 micrograms of fludrocortisone once a day, provides a good starting point for neonatal care.
Babies with 21-hydroxylase deficiency usually need an additional 2-4 mmol/kg of sodium a day.
Adrenal hypoplasia: Production of cortisol normally averages 6-9 mg/m?/day, and making
allowance for absorption, 8-10mg/m? of hydrocortisone daily in three divided doses given by
mouth will meet normal replacement needs (although need may rise severalfold during any
acute illness). Give a higher dose in the morning than at other times.
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Addisonian crisis: This requires IV glucose and a 10 mg bolus followed by a continuing 100 mg/
m?* a day infusion of hydrocortisone. Rapid fluid replacement may be necessary with 0.9%
sodium chloride. The high serum potassium almost always corrects itself, but 2ml/kg of 10%
calcium gluconate and/or an infusion of glucose and insulin (q.v.) may be needed if a cardiac
arrhythmia develops. In infants of 1-12 months, give IV glucose and an initial 2-4mg/kg slow
IV bolus injection and then 2-4mg/kg every 6 hours.

Steroid-induced adrenal suppression: See the monograph on dexamethasone.

100mg vials of hydrocortisone (as the sodium succinate powder) cost 92p each. Reconstitute
with 2ml of water. An oral suspension can also be provided. Scored 100 microgram fludrocorti-
sone tablets cost 5p each, and small doses can be given with relative ease because the tablets
disperse readily in water.

(See also the relevant Cochrane reviews)

Ng PC, Lee CH, Bnur FL, et al. A double-blind, randomized, controlled study of a “stress dose” of hydrocorti-
sone for rescue treatment of refractory hypotension in preterm infants. Pediatrics 2006;117:367-75. [RCT]
(See also pp. 516-8.)

Noori S, Friedlich P, Wong P, ef al. Hemodynamic changes after low-dosage hydrocortisone administration in
vasopressor-treated preterm and term neonates. Pediatrics 2006;118:1456—66.

Rademaker KJ, de Vries LS, Uiterwaal CSPM, et al. Postnatal hydrocortisone treatment for chronic lung dis-
ease in the preterm newborn and long-term neurodevelopmental follow-up. Arch Dis Child Fetal Neonatal
Ed 2008;93:F58-63. [SR]

261

O



web comment

Ibuprofen is an effective alternative to indometacin (see archived monograph), in the management
of patent ductus arteriosus, and now widely used instead of paracetamol (q.v.) to control fever in
babies and children.

Ibuprofen (first patented in 1964) seems, in general, to be the NSAID associated with the fewest
reported adverse effects when used in adults with rheumatoid arthritis. Using ibuprofen in a
child who is dehydrated can cause acute severe renal failure. Gastrointestinal complications are,
however, the most common problem, making NSAID treatment inappropriate in any patient
with a history of peptic ulceration.

Ibuprofen is generally well absorbed when taken by mouth and excreted in the urine part
metabolised. The half-life is extremely variable at birth (10-80 hours) but is similar to that seen
in adults (~90 minutes) within 3 months. Oral ibuprofen has a useful role in the management of
post-operative pain in childhood. Its interference with bilirubin binding to albumin and variable
half-life precludes its use as a neonatal analgesic. Ibuprofen is the most widely used NSAID in
children with rheumatoid arthritis.

All NSAIDs inhibit prostaglandin synthesis to some degree. There is, therefore, at least a theo-
retical risk that high-dose use in the third trimester of pregnancy could cause premature closure
of the ductus arteriosus before birth, could prolong or delay labour or could affect post-delivery
pulmonary vascular tone (see website commentary). Use around the time of conception doubles
the risk of miscarriage, and there may be a marginal increase in the risk of malformation.
Manufacturers remain reluctant to recommend the use of any NSAID in pregnancy, and
information on recently introduced products is limited. The amount present in breast milk is
undetectably small, and there is no contraindication to maternal use during lactation.

Indometacin has for a long time been used to induce ductal closure in preterm babies, because
of its ability to inhibit prostaglandin synthesis. However, indometacin also causes a more marked
fall in cerebral, renal and gut blood flow than other NSAIDs. While there is no evidence that these
changes are of any clinical significance, ibuprofen rather than indometacin is now widely used to
effect duct closure in Europe. Indometacin is no longer manufactured in an intravenous (IV)
preparation, and supplies were for a time imported at high expense from North America, ironi-
cally from the company that made ibuprofen. Like indometacin, early prophylactic ibuprofen
reduces the number of very preterm babies eventually undergoing duct ligation. However, there
is no evidence that early prophylactic use of either drug improves the long-term prognosis for
survivors.

Babies given steroids while on ibuprofen are at increased risk of focal ischaemic gut
perforation.

Patent ductus: 10mg/kg IV, traditionally infused over 15 minutes, should be followed by 5mg/
kg 24 and 48 hours later. Some studies suggest that oral treatment is just as effective. A second
course of treatment may be effective when the first course is not.

Fever: An oral dose of 5-8 mg/kg, repeatable after 6 hours, is widely used to control fever in
children over 3 months old (and slightly more effective than paracetamol). Avoid use in any
child who is dehydrated.

IV preparations vary greatly in price. The 10mg/ml preparation used in all the early trials was
obtained by asking a local pharmacy to reconstitute one of the 300mg vials of the lysine salt mar-
keted by Merckle in Germany for intramuscular use with 23.4ml of water for injection. Such vials
cost £1.75 each. Formulations containing lidocaine cannot be substituted for this product. Recordati
Rare Diseases (RRD) Inc. markets an IV product (ibuprofen lysine) in America. Orphan Europe
markets an IV product, which has a UK licence, dissolved in trometamol, although a trial of pro-
phylactic use raised safety issues. The 10mg (2ml) ampoules cost £72. A sugar-free 20 mg/ml oral
suspension is available from community pharmacists without prescription (100ml costs £1.60).
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(See also the relevant Cochrane reviews and UK guideline [EIIINES) G)
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Imipenem is a useful reserve antibiotic that is active against a very wide range of bacteria.
Cilastatin is always administered as well. Meropenem (q.v.) is more appropriate where meningitis
is suspected, has fewer adverse effects and is easier to give, but little information on neonatal use
is yet available.

This p-lactam antibiotic, developed in 1983, is active against a very wide range of Gram-positive
and Gram-negative aerobic and anaerobic bacteria. Some methicillin-resistant staphylococdi,
group D streptococci and Pseudomonas species are resistant to imipenem. The drug acts synergis-
tically with the aminoglycosides in vitro and is sometimes prescribed with an aminoglycoside in
the treatment of Pseudomonas infection in order to prevent emergence of drug resistance. Like all
carbapenems, imipenem is a valuable reserve antibiotic that should only be used on the advice
of a consultant microbiologist.

Because imipenem can cause renal toxicity and because it is partially inactivated within the
kidney, it is always given in combination with cilastatin, a specific dehydropeptidase enzyme
inhibitor that blocks imipenem’s renal breakdown. Imipenem is widely distributed in many body
tissues and crosses the placenta, but CSF levels are low, and the drug is not recommended for
CNS infection. Both imipenem and cilastatin are rapidly eliminated by a combination of glomer-
ular filtration and tubular secretion into the urine in adults, the plasma half-life being under 1
hour. Less is known about drug handling in the neonatal period; the half-life of imipenem is
increased threefold, but that of cilastatin increases 11-fold in the first week of life. As a result,
any dose regimen that is appropriate for the bactericidal ingredient imipenem will result in the
progressive accumulation of cilastatin when the standard product containing equal amounts of
both products is used. Whether this matters is not known. A 4:1 imipenem/cilastatin formula-
tion might be better. In its absence prolonged, or high dose, treatment should be employed with
caution. Both drugs are rapidly cleared from the body during haemodialysis.

Adverse effects include localised erythema and thrombophlebitis. Neurotoxic reactions
including a progressive encephalopathy with seizures have been seen, sometimes preceded by
myoclonic twitching, especially in patients with an existing CNS abnormality. For this reason, it
is best avoided in meningitis. Meropenem (q.v.) has not been shown to cause seizures in infants
with meningitis and so a better alternative in cases with multi-resistant organisms. Rapid infu-
sion may cause nausea and vomiting. Diarrhoea can occur, and this may, on occasion, be the first
sign of pseudomembranous colitis.

The manufacturers have advised against the use of imipenem with cilastatin in pregnancy
because of increased embryonic loss in animal studies and have not, as yet, been ready to rec-
ommend their use in children <3 months old. Substantial placental transfer occurs, but there is
no evidence of teratogenicity. Treatment during lactation also seems safe since the baby receives
<1% of the weight-related maternal dose and the drug is largely inactivated in the gut.

The drug should technically be referred to as ‘imipenem with cilastatin’, but omitting the words
‘with cilastatin’ is unlikely to cause misunderstanding, since all commercial preparations contain
both drugs. Thus, the dose should be expressed in terms of the amount of imipenem.

Give 20mg/kg of imipenem by intravenous (IV) infusion over 30 minutes once every 12 hours
in the first week of life, every 8 hours in babies 1-3 weeks old and every 6 hours in babies 4 or
more weeks old. Use with caution in patients with any suspected CNS abnormality. Dosage fre-
quency should be reduced if there is any evidence of renal failure, and treatment stopped alto-
gether if there is anuria unless dialysis is instituted.

Vials suitable for IV use contain 500mg of imipenem monohydrate, with an equal quantity of
the sodium salt of cilastatin, as a powder ready for reconstitution. Vials cost £12 each. Dilute the
content of the 500 mg vial with 100ml of 10% glucose or glucose saline immediately before use
to obtain a solution containing 5mg/ml. (The drug can be prepared using a less concentrated
solution of glucose or glucose saline where necessary.) Shake the vial well until the powder is all
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dissolved and then infuse the prescribed dose slowly over 30 minutes. Discard the remaining
unused solution promptly. Avoid intramuscular use in young children. A 20 mg/kg dose contains
0.07 mmol/kg of sodium.
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National policies exist in most countries to provide protection against a range of potentially
serious infectious illnesses. Separate monographs are available for BCG vaccination (against TB)
and for immunisation against Haemophilus influenzae; hepatitis B; measles, mumps and rubella
(MMR); meningococcus C; pneumococcus; polio; and diphtheria, tetanus and pertussis (DTP).
All the above products (other than the hepatitis B vaccine) are available free of charge in the
United Kingdom and in many other countries.

UK schedules were simplified in 2004 with the introduction of a new five-in-one vaccine, and
augmented in 2006 with the addition of the pneumococcal vaccine, and again in 2013 with the
introduction of the rotavirus vaccine. Immunisation should never be delayed because of prema-
turity or low body weight. Whilst most live vaccines should be avoided in a neonatal unit setting
because of a theoretical risk to other infants, rotavirus (q.v.) can be given. This and the other
routine vaccinations described below should always be started before discharge in babies
spending more than 7 weeks in hospital after birth.

Birth Give selected babies BCG, and start hepatitis B
vaccination in at-risk babies (q.v.)
8weeks DTaP/IPV/Hib (one injection) and pneumococcal Pediacel®
vaccine (separate injection) and rotavirus (orally) Prevenar 13®
Rotarix®
12 weeks DTaP/IPV/Hib vaccine (second dose) and MenC Pediacel®
(separate injection) and rotavirus (orally) NeisVac-C® or Meningitec®
Rotarix®
16 weeks DTaP/IPV/Hib (third dose) and pneumococcal vaccine Pediacel®
(separate injection) Prevenar 13®
Between 12 Hib/MenC (one injection) and MMR (separate Menitorix®

and 13 months

injection) and pneumococcal vaccine
(third dose — in a separate injection)

Priorix® or MMR 1I®
Prevenar 13®

2-17 years Seasonal influenza vaccine (intranasal) — if this is Fluenz®
(annually) the child’s first dose, a second dose is given 4 weeks
after the first
3%-5years DTaP/IPV or dTaP/IPV and MMR vaccine Repevax® or Infanrix-IPV®
Priorix® or MMR 1I®
12-13 years Human papillomavirus vaccination (HPV 6,11,16,18) Gardasil®
(girls only) Given in three injections: the second injection is given
1-2 months after the first. The third is given at least 3
to 6 months after second
13-18 years Td/IPV vaccine and MenC (booster dose) Revaxis®

in a separate injection NeisVac® or Meningitec®

DTaP/IPV/Hib, combined diphtheria, tetanus, pertussis, inactivated polio and Haemophilus vaccine; MenC,
meningococcal C vaccine; Hib/MenC, combined Haemophilus and meningococcal C vaccine; MMR, combined
measles, mumps and rubella vaccine;

DTaP/IPV, diphtheria, tetanus, pertussis and polio; Td/IPV, tetanus, diphtheria and inactivated polio vaccine.

Advice for families on immunisation prior to foreign travel is available from pharmacies, general
practice surgeries, post offices and travel agents and the Internet (www.nhs.uk/Conditions/
Travel-immunisations/Pages/Introduction.aspx and www.fitfortravel.nhs.uk). A sister website,
www.travax.nhs.uk (registration required), has information aimed at healthcare professionals.
More detailed advice on this and on malaria prophylaxis is also given in the British National
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Formulary for Children. Professionals can also get advice from the National Travel Health Network
and Centre in the United Kingdom by ringing 0845 602 6712 during normal office hours.

Most reactions to immunisation are not serious. Older children sometimes faint, and a few
hyperventilate. Even quite young infants sometimes respond to pain or sudden surprise with a
syncopal attack. Blue breath-holding attacks, in which a child cries and then stops breathing,
turning limp and unconscious can occur, and can end with a seizure. Attacks of stiffness and
pallor, with self-limiting bradycardia or asystole (reflex anoxic seizures), are less common but
well documented. Infants prone to these may also have a seizure if they become feverish after
immunisation. Sudden brief loss of consciousness and body tone a few hours after vaccination
for pertussis is another well-described, but poorly understood, clinical entity (the hypotonic—
hyporeflexic episode [HHE] syndrome). Such events should 7ot be interpreted as anaphylactic or
encephalopathic. Loss of consciousness should only last 5-10 minutes, and recovery is complete
without treatment. Such episodes should be managed as though they were a fainting attack.

Anaphylaxis in children under one: True anaphylactic reactions after immunisation are very
rare and seldom severe. A single 10 micrograms/kg dose of adrenaline (q.v.) given by deep intra-
muscular (IM), not subcutaneous, injection serves to contain most reactions and is all that can
realistically be made available in most community settings. Only a rough estimate of weight
is ever needed when giving adrenaline — a standard 150 micrograms dose, repeatable once
after 5 minutes, is widely recommended. This is the smallest dose available in the adrenaline
auto-injectors (EpiPen® Jr Auto-Injector 0.15mg, Anapen® 150 and Jext® 150 micrograms). A 1
microgram/kg dose can be given as an intravenous (IV) bolus.

Where urticaria or slowly progressive peripheral oedema is all that develops, it can help to give
250 micrograms/kg of the H, histamine antagonist chlorphenamine (q.v.) promptly IM or by
slow IV injection (even though the manufacturers have not yet endorsed its use in children).

If there is serious stridor, breathing difficulty or progressive angio-oedema, some advocate
giving 0.4ml/kg of a 1 mg/ml (1:1000) solution of r-adrenaline by nebuliser after administering
a first IM dose. Then give 250 micrograms/kg of chlorphenamine IM or preferably IV diluted in
5ml of 0.9% sodium chloride. Give oxygen, and take whatever steps are necessary to ensure
that the airway can be secured should this become necessary. The dose of nebulised adrenaline
can be repeated after 30 minutes.

Wheeze and bronchospasm (seen particularly in patients with a past history of asthma)
respond best to nebulised salbutamol (q.v.); 25mg of IM or IV hydrocortisone (q.v.) may also be
of benetit. Use 0.9% sodium chloride rather than colloid if circulatory collapse makes volume
expansion appropriate. Lay the child flat, raise the legs, and send for help, but never leave the
patient unattended. While severe anaphylactic shock can cause death, there has not been a
single death using any of these products in the United Kingdom since formal monitoring began
25 years ago. Notify all untoward events in the United Kingdom to the Medicines and Health
Products Regulatory Agency (http://yellowcard.mhra.gov.uk).

Irrespective of weight or gestation at birth, a course of primary immunisation should be started
in every baby after 8 weeks. While this seems to trigger a marginal increase in self-limiting apnoea
for the next 2-3 days, no such increase could be detected in a recent controlled trial involving
190 babies. Although very preterm babies mount a less vigorous antibody response (especially
those on dexamethasone for chronic lung disease), immunisation should not be delayed, because
such children are likely to become seriously ill if they encounter whooping cough infection in
the first year of life. The suggestion that the most vulnerable children should be given a fourth
dose of the DTP vaccine at a year has now been discounted, except in countries where diphtheria
still occurs with any frequency. The United Kingdom’s JCVI advocates immunisation of stable
hospitalised infants at the appropriate time, stating that, provided standard infection control pre-
cautions are maintained, even administration of the live attenuated rotavirus vaccine to hospi-
talised infants would be expected to carry a low risk for transmission.

Although giving prophylactic paracetamol (three 15mg/kg doses over 24 hours) reduces the risk
of fever after immunisation, high fever (<39°C) is very uncommon, and such treatment often
reduces the antibody response.
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In communities where measles is still prevalent, a case can be made for offering two doses of the
combined measles (MMR) vaccine 4 months apart to all at serious risk once they are 4-5 months
old. If an unimmunised child>6 months old does come into contact with a case of measles (and
infectivity lasts from 4 days before to 4 days after the rash appears), a single dose of MMR or
measles vaccine will usually prevent overt illness if given within 3 days of exposure. These
babies should still be given two further doses of the MMR vaccine at the normal time. Babies less
than 6 months old are probably best offered 250 mg of normal human immunoglobulin (q.v.).

Babies with suspected or proven human immunodeficiency virus (HIV) infection need protec-
tion from diphtheria, tetanus and whooping cough and from Haemophilus, pneumococcal and
meningococcal infection like any other child. Consider annual vaccination against the influenza
virus. These children should be given the inactivated, rather than the live (oral), polio vaccine
and only given the MMR vaccine if the CD4 count is greater than 500 cells/pl. See the mono-
graph on rotavirus vaccine (q.v.) for advice about that vaccine. Babies in the United Kingdom
are not routinely given BCG.

Babies with situs ambiguus and certain cardiac syndromes are often born without a spleen, mak-
ing them dangerously prone to infection. While haematological features (Howell-Jolly bodies,
target cells, etc.) are suggestive, imaging is essential for diagnosis. Give amoxicillin (q.v.) (125 mg
twice a day) until the baby is immunised against H. influenzae and a similar dose of phenoxy-
methylpenicillin (penicillin V) once immunised. They benefit from being offered the influenza
vaccine and should eventually receive both the available pneumococcal vaccines (q.v.) and all
the other usual vaccines. Do the same for children with homozygous (SS or Sb0Thal) sickle cell
disease.

Time must be taken to ensure that parents have had all their questions answered. A record of
any issues raised, and of any verbal consent given, should then be placed in the case notes. Prior
written consent implies general agreement to the child’s inclusion in an immunisation
programme, but does not address the issue of current fitness and is no substitute for the presence
and involvement of a parent when any vaccine is given.

Record the batch number and the site of vaccination in the case notes, and also record what has
been done in the family copy of the child’s personal health folder. Always tell the family doctor
of every vaccination undertaken in a hospital setting as well, in the United Kingdom, as those
who maintain the community child health register.

(See also the RCPCH 2002 guideline on immunising
the immunocompromised child [EXIIEE)

AAP. Red book. 2012 report of the committee on infectious diseases, 29th edn. Elk Grove Village, IL: American
Academy of Pediatrics, 2012.

Collinson A. Safety in numbers: anaphylaxis risk in childhood immunisation. Arch Dis Child 2012;97:485-6.

Klein NP, Massolo ML, Greene J, et al. Risk factors for developing apnea after immunisation in the neonatal
intensive care unit. Pediatrics 2008;121:463-9.

Manillavasagan G, Ramsay M. Protecting infants against measles in England and Wales: a review. Arch Dis
Child 2009;94:681-5.

Pourcyrous M, Korones SB, Arheart KL, ef al. Primary immunisation of premature infants with gestational
age <35weeks: cardiorespiratory complications and C-reactive protein responses associated with
administration of single and multiple separate vaccines simultaneously. J Pediatr 2007;151:167-72.

Prymula R, Siegrist C-A, Chlibek R, et al. Effect of prophylactic paracetamol administration at time of vacci-
nation on febrile reactions and antibody responses in children: two open-label, randomised controlled
trials. Lancet 2009;374:1339-50. [RCT] (See also pp. 1305-6.)

Tse Y, Rylance G. Emergency management of anaphylaxis in children and young people: new guidance from
the Resuscitation Council (UK). Arch Dis Child Educ Pract Ed 2009;94:97-101.

268



Pooled human immunoglobulin (Ig) can modify the effects of several severe alloimmune ill-
nesses and is also used in a number of infectious diseases. Disease-specific Ig are active against
only the disease for which use is intended and are used in certain circumstances.

Babies produce few antibodies until they are 3-4 months old, although they acquire maternal
IgG transplacentally in the last 3 months of pregnancy. Preterm babies have low levels at birth
which can decline further, and this may be one reason why they are at risk of nosocomial
(hospital-acquired) infection in the first few weeks of life. A systematic review of 19 trials (with
>5000 preterm or LBW infants) suggested that prophylactic use of intravenous (IV) Ig (often
700mg/kg IV every 2 weeks) reduced the rate of late-onset infection by 3-4% but had no impact
on overall mortality. In contrast, however, another systematic review and one of the largest
randomised neonatal trials suggested that when used in the treatment of suspected or proven
infection, Ig had no benefit.

Human Ig contains IgG prepared from pooled plasma collected during blood donation. It is
screened for hepatitis B surface antigen and for antibodies against hepatitis C virus and HIV types
1 and 2. The final product contains antibodies against a range of common infectious diseases
including measles, mumps, varicella, hepatitis A and other common viruses and can be used to
provide immediate but short-lasting passive immunity to a range of viral and bacterial illnesses.
Donor and PCR screening, heat treatment and alcohol fractionation combine to make HNIG
safer than fresh frozen plasma (q.v.) or cryoprecipitate. The process also removes IgM, the main
source of anti-T antibody that some have claimed could be a cause of haemolysis in patients with
necrotising enterocolitis and Clostridium difficile infection. Infusion not infrequently causes a
headache and generalised discomfort. Disease-specific Ig for the treatment of hepatitis B (q.v.),
rabies, tetanus and varicella zoster (q.v.) as well as anti-D (Rh) Ig for use in rhesus-negative
pregnancies. Use of anti-D (Rh,) Ig can lead to a weakly positive Coombs test in the baby.

Fetal thrombocytopenia: Some treat severe alloimmune disease by giving the mother 1g/kg
of IV human Ig weekly. Very severe disease may make fetal platelet transfusions necessary.
Neonatal thrombocytopenia: Babies with immune thrombocytopenia who fulfil the criteria
given in the monograph on platelets should be given 400mg/kg (or even 1g/kg) of human Ig IV
once a day for 1-3 days. Some give oral prednisolone (2mg/kg every 12 hours for 4-6 days)
instead.

Neonatal haemochromatosis: Give women with a previously affected child 1 g/kg IV weekly
from 18 weeks to prevent liver damage caused by a materno-fetal alloimmune reaction.
Exchange transfusion followed by 1g/kg of Ig IV may improve the prognosis for babies diag-
nosed at birth.

Rhesus haemolytic disease: 500mg/kg IV given over 2 hours reduces the need for photo-
therapy and exchange transfusion but increases the likelihood that the baby will need a ‘top-up’
transfusion.

A range of IV preparations are available, but all UK use has to be registered because preparations
of reliable quality are currently in short supply. A 2.5 or 3g pack typically costs about £100;
other pack sizes are also produced. Storage at 4°C is recommended for some products.
Preparations designed for intramuscular use, though cheaper, must not be given IV.

Reconstitute where necessary by adding 20ml of 0.9% sodium chloride or diluent (as
provided) to each gram of lyophilisate immediately before use to obtain a preparation containing
50mg/ml. Do not shake. Wait until the solution is clear. Start to infuse at a rate of 30 mg/kg/
hour (i.e. at 0.6 ml/kg/ hour when using the 50 mg/ml solution), and double the rate twice at
half-hourly intervals to a maximum rate of 120 mg/kg/hour, unless there is a systemic reaction
(usually vomiting or hypotension). Discard all unused material.

Antibody titres can vary widely between preparations from different manufacturers, and
formulations are not interchangeable. Any patient requiring long-term treatment should be
maintained on the same formulation throughout.
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(See also relevant national guidelines and the Cochrane reviews) (—'f)
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The influenza virus is an important worldwide cause of serious upper and lower respiratory tract
infection which can occur at any time of year but peaks in the winter months. It is a rare cause
of CNS infection.

Epidemics of influenza, or flu, occur every winter, and the most prevalent subtype varies from
year to year, making annual immunisation the only way to provide near-certain protection.
Currently available vaccines are trivalent, containing two subtypes of influenza A plus one type
B virus. These have provided 70-80% protection, after 10-14days, from strains that are well
matched for those in the vaccine in recent years and provided protection that lasts about a year.
Children under 5 (and especially under 2) years old are the most likely to become infected, but
it is adults over 65 who are more likely to become seriously ill if they do become infected — the
risk being 18-fold higher for those over 85. Women are at slightly more risk during pregnancy
and can occasionally become rapidly unwell. A live attenuated intra-nasal vaccine is now
incorporated into the UK immunisation schedule for children from the age of 2 years. Vaccination
is not contraindicated during lactation.

Pregnant women: There is good evidence that vaccination is safe during pregnancy and can
also provide the baby with significant short-term protection from infection by viral strains
against which the vaccine is active.

Children at least 6 months old: These children can be offered the current trivalent inactivated
vaccine just before each annual epidemic begins. Ideally, two 0.5ml doses should be given at
least 4 weeks apart the first year that vaccination is offered. A single dose is adequate in
subsequent years.

Children over the age of 2 years: Children of 2-3 years of age, irrespective of clinical risk, and
children of any age in clinical risk groups should be offered the live attenuated intra-nasal
vaccine unless it is unsuitable. Young children in the ‘at-risk” groups are given two doses in the
first year. At other times and in other children, a single dose is sufficient.

Flu vaccine can be given at the same time as other live or inactivated vaccines, but preferably
into a different limb, and certainly at least 2.5cm away from any other injection site.
Anaphylactic reactions are rare, but a mammalian cell-based, and not a hens’ egg-based,
product must be used if there is a history of egg allergy or of an adverse reaction to any earlier
vaccine product.

Record the batch number and the site of vaccination in the case notes, and inform the family
doctor of any vaccination undertaken in a hospital setting.

The manufacturer has not yet sought permission to advocate use in children less than a year old,
but there is growing experience of its use in the most vulnerable 6-12-month-old babies. Efficacy
is likely to be progressively more limited in babies younger than this. Maternal vaccination
during pregnancy does provide some short-term protection. The most effective oral antiviral
drug currently available is oseltamivir (q.v.), the usual adult dose being one 75 mg capsule twice
a day for 5 days, to be started just as soon as there are clear symptoms. Pregnancy is not a
contraindication. If the aim is to offer treatment, start this within 48 hours of the onset of
symptoms regardless of vaccination status, and give a dose twice a day for 5 days, the generally
recommended dose being 2mg/kg (often simplified to 12mg in children less than 3 months old,
18 mg in babies 3—5 months old and 24 mg at 6-12 months). Reduce the dose in renal failure.
There is also some limited support for prophylactic use in particularly vulnerable unvaccinated
babies who are known to have been exposed to the virus. Give these babies the same dose of
oseltamivir once a day for 10 days.
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A range of trivalent and tetravalent inactivated vaccines become available annually (cost £5-£6)
in 0.5ml pre-filled syringes. Tetravalent products are not licensed for use in children <3 years.
Shake well before use, and give by deep intramuscular (IM) injection into the anterolateral
aspect of the thigh (or deltoid in adults). Store all products in the dark at 2-8°C.

A trivalent live attenuated vaccine for intra-nasal administration is available in 0.2 ml applica-
tors. 0.1 ml is given via each nostril.

(See also the relevant Cochrane reviews and UK guidelines [PIIVLS)
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Insulin, first isolated from f cells in the islets of the pancreas in 1922, is used to treat diabetes
mellitus. It can also be used to correct unusually high blood glucose levels (hyperglycaemia) in
the neonate and to counteract any dangerous rise in the blood potassium level
(hyperkalaemia).

Inadequate insulin production and abnormal resistance to its secretion cause type 1 and type 2
diabetes respectively. All women with diabetes need to optimise glucose homeostasis during
conception and pregnancy, aiming for a glycated haemoglobin (HbA ) level <60 mmol/mol to
minimise the risk of congenital malformation and miscarriage. Since insulin does not cross the
placenta or appear in human milk, it is the treatment of choice for diabetes during pregnancy
and lactation. Some women also become less able to stabilise their blood glucose levels during
pregnancy (‘gestational’ diabetes), and insulin, metformin or a sulphonylurea drug such as glib-
enclamide will reduce the risk of fetal macrosomia (usually defined as a >4 kg baby) if dietary
advice alone does not suffice.

Newborn babies are relatively intolerant of glucose, and the pancreatic response to an
intravenous (IV) load is relatively sluggish. Giving 10% glucose at a rate appropriate to normal
fluid and calorie needs may sometimes exceed the very preterm child’s ability to metabolise
glucose or turn glucose into glycogen, and a glucose uptake of more than 14 mg/kg/minute is
not called for in the first week of life. While in one trial, use of a continuous IV infusion of
insulin in babies receiving parenteral nutrition did result in babies getting 20% more glucose
without increasing the incidence of hyperglycaemia, there were more episodes of hypoglycaemia
and more neonatal deaths, so this strategy cannot be endorsed.

Nevertheless, although high levels usually fall quickly if less glucose is given for 6-12 hours,
it can be appropriate to give insulin for a time to correct high blood levels (>12mmol/l) if they
persist once sepsis or some other intercurrent illness has been ruled out. Note that glucose in the
urine (glycosuria) will not cause excess water loss until the blood glucose level exceeds 15 mmol/I.

Arrhythmia due to sudden unexplained neonatal hyperkalaemia (K*>7.5mmol/l) is
occasionally seen in very preterm babies especially in the first 3 days of life. A continuous
infusion of glucose and insulin can be used to control this and will usually work quicker than a
polystyrene sulphonate resin enema (q.v.). Salbutamol (q.v.) and correction of acidosis with
sodium bicarbonate (q.v.) may also help.

Hyperglycaemia: Giving an IV infusion of 0.02-0.125 units/kg of insulin per hour, adjusted
according to blood glucose levels, can be used to bring down persistently high blood glucose
levels (>12mmol/l).

Hyperkalaemia: Infuse 0.5 units/kg of insulin per hour IV in 10% glucose — watch glucose
levels closely.

Neonatal diabetes: This rare condition, which presents with acidosis, dehydration and
hyperglycaemia (usually >20mmol/l), but little ketosis, responds to a very low dose of insulin.
Giving 0.5-3.0 units/kg/ day is usually adequate. Try giving this subcutaneously instead of 1V if
problems persist for more than 2 weeks. Treatment can usually be tailed off within 4-6 weeks,
and if evidence of type 1 diabetes does re-emerge, this can usually be controlled by giving
0.1-0.4mg/kg of glibenclamide by mouth twice a day.

Insulin can be added (terminally) to a line containing TPN (with or without lipid) or containing
dobutamine (but not dopamine), glyceryl trinitrate, heparin, midazolam, milrinone, morphine,
nitroprusside or propofol.

10ml multi-dose vials of human soluble insulin containing 100 units/ml cost approximately £7
each. They are best stored at 4°C but contain m-cresol as a preservative and can be kept for a
month at room temperature. Do not freeze. Any short-acting soluble product (such as Humulin S®)
can be used for IV or subcutaneous administration. These products should not be used if they
appear hazy or coloured. Long-acting slow-release products, containing a cloudy zinc suspension,
are only suitable for subcutaneous use.
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Take 0.05ml (5 units) from the vial and dilute to 50ml with 0.9% sodium chloride to obtain
a preparation containing 0.1 unit/ml. An infusion rate of 0.1 ml/kg/hour will give a dose of 0.01
units/kg/hour. The IV solution is stable and does not need to be changed daily, but insulin
adheres to plastic, and consistent IV delivery will not be achieved for several hours unless the
delivery tubing is first flushed with at least 20ml of fluid. It is also more consistent if the set is
left standing with fluid in it for an hour before it is flushed through. While this is less essential
when treatment is first started because the response will determine the initial infusion rate,
failure to prime any replacement set could well destabilise glucose control.

Pharmacies can provide an oral suspension of glibenclamide on request.

(See also the relevant Cochrane reviews)
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Ipratropium is an anticholinergic drug used for the treatment of asthma and is frequently
prescribed in the wheezy infant including those with bronchiolitis. Ipratropium blocks
muscarinic acetylcholine receptors which results in decreased contractility of bronchial
smooth muscle.

Ipratropium is a synthetic quaternary ammonium compound that is structurally similar to
atropine but with an isopropyl group at the N atom. Systemic availability is limited to 6.9%
when inhaled and 2% when taken orally. This latter aspect is important as ~90% of any inhaled
dose tends to be swallowed. The half-life is 3.2-3.8 hours.

There are five muscarinic receptor subtypes (designated M1 through M5), all belonging to the
family of transmembrane G-protein-coupled receptors. In the human lung, bronchoconstriction
is brought about by stimulation of the M3 receptors on smooth muscle. Ipratropium blocks all
muscarinic receptor subtypes with equal affinity which is a potential drawback as blocking M2
receptors significantly potentiates vagally induced bronchoconstriction. This had led to the
development of ‘selective’ muscarinic receptor antagonists like tiotropium which dissociates
from the M2 receptor more rapidly than the M3 receptor. Tiotropium has yet to be tested in
older children, let alone infants.

The doses of ipratropium used in the treatment of wheeze may be inadequate; although not
extensively studied in children, the maximal dilating dose of ipratropium in adult COPD patients
is 500 micrograms, yet the dose in each actuation of the metered-dose inhaler is 20
micrograms.

Ipratropium is sometimes used to treat wheeze in infants with established bronchopulmonary
dysplasia where they provide some symptomatic relief. The effects of any bronchodilator in
acute viral infections (viral-induced wheeze) are highly variable and do not impact on overall
hospitalisation rates or length of stay; they may however improve symptoms. Likewise,
bronchodilators do not appear to have any major benefits in bronchiolitis. It is not surprising,
therefore, that there is considerable variation in practices in treating the wheezy infant (with or
without RSV infection).

Maternal use, either during pregnancy or lactation, is usually limited to those women with
severe asthma, and because of the poor systemic absorption, it is unlikely to result in either the
fetus or breastfed infant being exposed to clinically relevant amounts.

Metered-dose inhaler: 20 micrograms three to four times daily via an appropriate spacer.
Nebuliser: 125 micrograms three to four times daily.

Unlike atropine (q.v.), systemic toxic effects are rare; however, use, particularly of the nebulised
drug, may result in unilateral (or sometimes bilateral) mydriasis which can alarm parents.

A 200 dose inhaler providing 20 micrograms of ipratropium bromide per inhalation costs £5.00.
A variety of spacers are available, not all of which are compatible with the ipratropium inhaler;
one that works is the AeroChamber® plus. This is available in infant (orange) and child (yellow)
sizes with a mask and costs £7.40.

Ipratropium bromide nebuliser solution (250 micrograms/ml) is available in 1ml unit dose
vials costing 22p; the solution can be further diluted with 0.9% sodium chloride to make
administration easier.

(See also the Cochrane review)
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Routine supplementation of iron is probably no longer warranted in mothers and infants who
receive adequate quantities through their diets, but is essential in countries where maternal
nutritional status is poor. In the United Kingdom and most developed countries, the main
requirement for oral iron supplements during infancy is in prevention of iron deficiency anaemia
during growth in breastfed babies who weighed <2.3kg at birth. It is also used after birth to
correct the iron loss that a few babies suffer as a result of chronic fetal blood loss before birth.

Iron is a major constituent of the haemoglobin molecule, and routine supplementation was
traditional in pregnancy, although the scientific basis for this is far from convincing and the
practice is now actively discouraged except in developing countries where the nutritional status
of many women is poor. Here, the baby clearly benefits if the mother takes a regular daily
supplement (60mg of iron and 400 micrograms of folic acid) during pregnancy. Maternal iron
deficiency has to be very severe before it causes neonatal anaemia or iron deficiency during
infancy. All babies need a further 0.4-0.7 microgram of iron a day to maintain their body stores
because the circulating blood volume triples during the 12 months, and this requires a diet
containing 1-2mg/kg of iron a day.

Newborn babies normally have substantial iron stores even when born prematurely (and even
in the face of severe maternal iron deficiency). These stores start to become depleted unless
dietary intake is adequate by the time the child’s blood volume has doubled. Microcytosis
(MCV <96 um?) at birth is never a sign of iron deficiency but can be due to a haemoglobinopathy
(most commonly some form of thalassaemia).

While there is relatively little iron in breast milk, it is extremely well absorbed (as long as the
baby is not also being offered solid food). Absorption from formula milks is only one-fifth as
good, and the use of unmodified cow’s milk in the first 12 months of life is particularly likely to
cause iron deficiency anaemia. It was thought that this might be due to iron loss as a result of
occult gastrointestinal bleeding, but recent studies have failed to confirm this. It is possible that
the high phosphate content of whole cows’ milk may interfere with iron absorption.

Most iron deficiency in the first year of life is iatrogenic; early cord clamping can potentially
deprive the baby of 20% of the elemental iron normally present in the body after an
intervention-free delivery. The most common cause of anaemia in the neonatal unit is also
iatrogenic, from people taking blood for laboratory analysis. These babies, if they become
symptomatic, should be offered a top-up transfusion: they do not respond to supplemental iron.

Fortification of artificial feeds with 0.6 mg iron/100ml is enough to prevent iron deficiency in
babies of normal birthweight, and it is now reasonably clear, despite official advice to the
contrary, that this is also enough for the preterm baby. Almost all the commonly used formula
milks in current use contain at least as much iron as this, making the widespread practice of
further supplementation quite unnecessary. Breastfed babies weighing less than 2.3 kg at birth
are, however, at risk of developing iron deficiency anaemia 2—-3 months after birth due to the
rapid expansion of their circulating blood volume with growth. These babies benefit from
supplemental iron started within 4-6 weeks of birth. There is no good reason for starting
supplemental iron before this because there is some doubt whether the gut absorbs iron in
excess of immediate requirement, and there is some reason for believing that the iron-binding
protein lactoferrin, present in milk (and particularly in breast milk), only inhibits bacterial
growth when not saturated with iron. Some think that early supplementation of breast milk
with iron might also unmask latent vitamin E deficiency.

A serum ferritin <20 micrograms/I is considered diagnostic of iron deficiency in a 4-month-old
infant, especially if the transferrin saturation is <10%. A 10micrograms/l ‘cut-off’ can be used
after 6 months. Anaemia in young children is very seldom due to iron deficiency, and most
babies who are iron deficient are not anaemic.

Healthy term babies: Breastfed babies benefit from supplementation if no other source of iron
is introduced into the diet by about 6 months. Term babies fed standard milk formulae do not
require further supplementation.
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Preterm babies: A daily dose of 5mg of elemental iron as prophylactic iron supplementation
for babies of low birthweight who are solely breastfed is recommended. 1 ml of sodium feredetate
(Sytron®), 0.5ml of ferrous fumarate (Galfer®) or 0.3 ml of ferrous sulphate (Ironorm®) given
once daily should provide this recommended amount. Prophylaxis is most logically started 6-8
weeks after birth (or, more simply, at discharge) and sustained until mixed feeding is established.
There is no good evidence that formula-fed preterm babies benefit from further supplementa-
tion after discharge, and excess can have disadvantages.

Babies with anaemia at birth (Hb <120g/1): Babies who have suffered cironic blood loss from
feto-maternal bleeding or twin-to-twin transfusion may benefit once their initial deficit has been
corrected by transfusion. Iron supplements are not needed in anaemic babies after acute blood
loss at birth or in haemolytic anaemia.

Babies on parenteral nutrition: Babies unable to tolerate even partial enteral feeding by 3
months benefit from 100 micrograms/kg of iron a day intravenously (most conveniently given
as iron chloride). Babies on erythropoietin (q.v.) also need intravenous (IV) supplementation if
they cannot be given oral iron.

Get the stomach emptied and organise prompt lavage if oral ingestion is suspected. Activated
charcoal is of no value, but an attempt should be made to identify the amount ingested, and
treatment started by giving 15mg/kg of desferrioxamine mesilate (deferoxamine mesilate
[PINNM]) per hour IV for 5 hours if the ingested dose is thought to exceed 30mg/kg. No
universally agreed treatment protocol exists, and advice should be sought from the local poisons
centre. Acute toxicity is likely if the serum iron level exceeds 90 pmol/l 4 hours after ingestion.
A leucocytosis of over 15x 107/, or blood glucose of over 8.3 mmol/l, suggests serious toxicity.
Early symptoms include diarrhoea and vomiting followed, after 12-48 hours, by lethargy, coma,
convulsions, intestinal bleeding and multi-organ failure. Intestinal strictures may develop 2-5
weeks later.

It is best to choose a sugar-free preparation requiring no further dilution. Sodium feredetate
(previously known as sodium ironedetate) is widely used in the United Kingdom. Each ml of the
commercial elixir (Sytron) contains 5.5mg of elemental iron (38 mg of sodium feredetate).
100ml bottles cost £1. Ferrous fumarate is one alternative for those concerned that Sytron
contains 96 % ethanol. Each ml of the commercial syrup (Galfer) contains 9 mg of elemental iron
(28 mg of ferrous fumarate). 300 ml of sugar-free syrup costs £5.30. Ferrous sulphate (still widely
used in North America) is a second alternative; one widely used commercial formulation
(Ironorm) contains 25mg/ml of iron (15ml costs £28). Parents can obtain all these similarly
priced products from any community pharmacist without a doctor’s prescription.

Three IV iron preparations (iron dextran, iron sucrose and ferric carboxymaltose) are available,
but none of the manufacturers have endorsed their use in children. Vials containing 500 mg of
desferrioxamine mesilate powder (costing £4.30) suitable for reconstitution with 5ml of water
for injection are available.

(See also the relevant Cochrane reviews)
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web comment

Isoniazid is used, with pyrazinamide (q.v.), in the primary treatment and re-treatment of
tuberculosis (TB) which remains a serious notifiable disease. Guidance on dosing in children
varies widely (see website commentary). Babies who come into contact with a case of active TB
also merit prophylaxis.

Isoniazid was first isolated in 1912 and found 40 years later to be bacteriostatic and, in high
concentrations, bactericidal against Mycobacterium tuberculosis. It is active against both intracellular
and extracellular bacilli, but because resistance develops when given on its own, when active
infection is suspected, at least one other drug is always given as well. A 9-month course of
isoniazid monotherapy has long been the standard approach for /atent infection, but studies in
adults and children now suggest that a 3- or 4-month course of isoniazid and rifampicin (q.v.)
may be better tolerated and better adhered to.

There is no evidence that isoniazid is teratogenic, but treatment increases the excretion of
pyridoxine (vitamin B), and to counter the risk of peripheral neuropathy, women should take
10mg of pyridoxine (q.v.) once a day if pregnant or breastfeeding. During lactation, the baby
receives up to 20% of the maternal dose, and of the main metabolite, on a weight-for-weight
basis, although toxicity has not been seen. In many countries, breastfeeding is discouraged if the
mother is still infectious (sputum smear ‘positive’). This is unnecessary; any baby so exposed
should receive prophylactic isoniazid and pyridoxine for 3 months, once active TB is excluded.

Isoniazid is well absorbed by mouth and excreted in the urine after inactivation in the liver.
The half-life is long at birth but is substantially shorter in early childhood than it is in adult life
(2-5 hours). However, inactivation is by acetylation, the speed of which is genetically determined
(fast acetylators eliminating the drug twice as fast as slow acetylators). Liver toxicity is not
common in children but appears related to high-dose treatment and to combined treatment with
rifampicin (q.v.). It is probably more common in slow acetylators, but this has yet to be
established. Haemolytic anaemia and agranulocytosis are rare complications, while a lupus-like
syndrome, liver damage and gynaecomastia have been reported in adults. Treatment should be
stopped and reviewed if toxicity is suspected. Use is usually contraindicated in patients with
drug-induced liver disease and porphyria.

Malnourished children also benefit from prophylactic pyridoxine, especially in the first year of life.

Mothers found to have TB during pregnancy need expert management: they usually get a
10-month course of isoniazid and rifampicin, along with 6 months of pyrazinamide. Some may
need 2 months of ethambutol. Fetal infection is only likely if the mother has an extra-pulmonary
infection, but the baby is vulnerable to infection after birth from any caregiver with open
untreated pulmonary disease and remains at risk of serious generalised (‘miliary’) infection.
Patients are not likely to pass infection to others after they have been on effective treatment for
at least 2 weeks, so babies born into such a household only need prophylactic isoniazid as
indicated under ‘Neonatal prophylaxis’. Where there is a real possibility that the baby has
become infected, give both isoniazid and 10mg/kg of rifampicin (q.v.) once a day for at least 6
months. Pyrazinamide (q.v.) should also be given for the first 2 months under expert supervision
(30mg/kg once a day), especially if there is a possible non-pulmonary focus of infection. Possible
meningeal involvement calls for at least a year’s expert treatment using four drugs.

Isoniazid can potentiate the effect of carbamazepine and phenytoin to the point where toxicity
develops.

Neonatal prophylaxis: Give babies exposed to infection 5mg/kg once a day by mouth. Dose
adjustment is not necessary for poor renal function. If the baby is tuberculin negative at
3 months, treatment can be stopped and BCG (q.v.) given. Treat for 6 months if the tuberculin
test is positive.

Treating latent infection: Give 10mg/kg of isoniazid and 10mg/kg of rifampicin once a day
for 3 months.

Treating overt infection: Give babies over a month old 10mg/kg once a day by mouth.
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Treat any encephalopathy due to an overdose by giving 1 mg of pyridoxine preferably by intra-
venous (IV) injection, or by mouth, for every milligram of excess isoniazid ingested. Control
seizures, acidosis and respiration as necessary.

An inexpensive sugar-free oral elixir of isoniazid containing 10 mg/ml is available. 2 ml ampoules
containing 50mg (costing £24 each) are suitable for intramuscular or IV injection.

Adhikari M. Tuberculosis and tuberculosis/HIV co-infection in pregnancy. Semin Fetal Neonatal Med
2009;14:234-40.

Bright-Thomas R, Nandwani S, Smith J, et al. Effectiveness of 3 months of rifampicin and isoniazid chemo-
prophylaxis for the treatment of latent tuberculosis infection in children. Arch Dis Child 2010;95:600-2.
Joint Tuberculosis Committee of the British Thoracic Society. Control and prevention of tuberculosis in the

United Kingdom: code of practice 2000. Thorax 2000;55:887-901.

National Institute for Health and Clinical Excellence. Tuberculosis: clinical diagnosis and management of
tuberculosis, and measures for its prevention and control (clinical guideline 117). NICE; 2011. http://
guidance.nice.org.uk/CG117

Page KR, Sifakis F Montes de Oca R, ef al. Improved adherence and less toxicity with rifampin vs isoniazid for
treatment of latent tuberculosis. Arch Intern Med 2006;166:1863-70.

Roy V, Tekur U, Chopra K. Pharmacokinetics of isoniazid in pulmonary tuberculosis — a comparative study at
two dose levels. Indian Pediatr 1996;33:287-91.

Schaaf HS, Parkin DP, Seifart HI, et al. Isoniazid pharmacokinetics in children treated for respiratory
tuberculosis. Arch Dis Child 2005;90:614-8. (See also pp. 551-2.)

Spyridis NP, Spyridis PG, Gelseme A, et al. The effectiveness of a 9-month regimen of isoniazid alone versus
3- and 4-month regimens of isoniazid plus rifampin for treatment of latent tuberculosis infection in
children: results of an 11-year randomized study. Clin Infect Dis 2007;45:715-22. [RCT]

281


http://guidance.nice.org.uk/CG117
http://guidance.nice.org.uk/CG117

Ivermectin has revolutionised the treatment of several chronic parasitic infections. Little is
known about use in babies weighing <15kg because the manufacturer has never supported such
use, but there is no good reason to suppose use would be hazardous if called for. Use is currently
being explored in treatment of bedbug (Cimex lectularius) infestation.

Ivermectin was isolated in 1980 from a mixture of macrolide antibiotics found in Streptomyces
avermitilis. It is well absorbed when taken orally and was found to prevent the reproduction of
the nematode worm that causes ‘river blindness’. The plasma half-life is ~12hours, and the
metabolites are eventually excreted in the stool over the next 2 weeks. It is only teratogenic in
animals in near toxic doses. Whole communities have been treated with the drug every 6-12
months for over two decades, and no adverse effect has been detected after unintended exposure
during pregnancy. The drug appears in breast milk, but despite a milk/plasma ratio of 0.5, the
baby is unlikely to ingest more than 2% of the weight-adjusted maternal dose.

The filariform larvae of three relatively common tropical nematode roundworms can cause
human infection.

Onchocerciasis: Infection caused by the larvae of Onchocerca volvulus transmitted between
individuals by the black flies that are common round many fast flowing rivers in Africa and in
Central and South America can, if untreated for long enough, eventually cause blindness (‘river
blindness’). Some 15 million are currently affected and several hundred thousand have been
rendered blind. Ivermectin kills the larvae but cannot kill adult worms (which can live for a
decade), so repeat dosing is often needed every 6 months.

Filariasis: The larvae of the nematodes Wuchereria bancrofti, Brugia malayi and B. timori are
transmitted between individuals by mosquito bites. Chronic infection is often unnoticed until it
causes lymphadenopathy. Ivermectin only kills the larvae, so a cure requires treatment with
diethylcarbamazine citrate (1 mg/kg three times a day for 1-2 weeks, starting with a lower dose
because larval death can trigger a hypersensitivity reaction).

Strongyloidiasis: Infection by larvae of the nematode Strongyloides stercoralis is usually
asymptomatic. Larvae in infected soil can enter the skin before migrating elsewhere, even
eventually turning into adult worms (sometimes called threadworms in America) in the small
intestine — so maintaining the life cycle by auto-reinfection. Treatment with ivermectin may
need to be repeated more than once.

The generally recommended treatment for all the aforementioned conditions is a single 150-200
micrograms/kg dose of ivermectin, but in babies weighing 15-25kg, it seems to be acceptable, in
practice, to give a single 3mg dose. The WHO campaign funded by Merck since 1987 has done
much to eliminate ‘river blindness’, but the parasite’s extermination still seems a long way off
even though man seems to be the parasite’s only host.

The Sarcoptes scabiei mite can only survive in contact with man. Covering the whole body
overnight with 5% permethrin cream (a potent but poorly absorbed insecticide) will nearly
always eradicate infection and seems safe even in the neonate (even though the manufacturer
does not recommend use in children less than 2 months old). It can also be used to kill head lice,
although wet combing should suffice in a small child. Ivermectin should be used, along with
topical treatment, to treat hyperkeratotic ‘crusted” scabies — severe infection may need several
doses at weekly intervals as the drug is not ovicidal.

Ivermectin is available in America as a 3mg tablet. Supplies can be imported into the United
Kingdom on request, although the manufacturers have not sought permission to market the
product in the United Kingdom. A 30g tube of 5% permethrin cream is available without
prescription for £8.

Continued on p. 283

282



(See also the relevant Cochrane reviews) G)
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web comment

Ketamine given by intravenous (IV) or intramuscular (IM) injection produces a short-lasting
trance-like state with profound analgesia and amnesia.

Ketamine was first developed in 1970, but its mode of action is complex and still unclear. IV
administration produces an immediate feeling of dissociation followed, after 30 seconds, by a
trance-like state that lasts 8—10 minutes. It produces marked amnesia but is devoid of hypnotic
properties. The eyes often remain open, and nystagmus may develop. Functional and
electrophysiological dissociation seems to occur between the brain’s cortical and limbic systems.
Respiration is not depressed, but salivation may increase and laryngeal stridor is occasionally
encountered. Muscle tone increases slightly, and random limb movements occasionally require
restraint. Serious rigidity is sometimes seen in adults. Tachycardia, systemic hypertension and
increases in pulmonary vascular resistance have been reported in adults, but such problems
have not been encountered in children. Analgesia persists for a sustained period after the
anaesthetic effect has worn off. These characteristics make ketamine a particularly useful drug
to give during painful but short-lasting procedures that do not require muscle relaxation. Full
recovery can take 2-3 hours, and signs of distress and confusion are sometimes seen in adults
during this time. Nightmares and hallucinations have been reported. Midazolam (q.v.) may help
if this happens, but these problems are uncommon in children, and there is no evidence that
they are common enough to make routine combined use appropriate. Nausea and vomiting are
the most common problems. Excessive salivation is only common in children more than a year
old. The IV anaesthetic propofol (q.v.) provides an alternative strategy and is also associated with
quicker recovery.

Oral administration has been used in older children needing many invasive procedures, but
plasma levels only peak after 30 minutes and a 10 mg/kg dose is necessary because bioavailability
is low (~16%) because of first-pass liver metabolism. Ketamine is rapidly redistributed round the
body (V, ~2.51/kg) after an IV dose and then cleared from the plasma with a terminal half-life of
3 hours. Clearance is slightly faster in children than adults. Neonatal clearance has not been
studied. Ketamine undergoes extensive metabolism in the liver before excretion in the urine,
and the metabolic product norketamine has analgesic properties. Overdose may make respiratory
support necessary, but has no adverse long-term consequences. Doses lower than those quoted
here are adequate when a volatile anaesthetic is also used. Ketamine crosses the placenta, but
when given in induction doses prior to caesarean delivery it does not sedate the baby. There are
no clear reports of teratogenicity or suggestions that use is incompatible with lactation.

‘Bolus’ IV administration: A 1-2mg/kg IV dose administered over at least 1 minute will
provide about 10 minutes of surgical anaesthesia after about 30 seconds. Have either atropine or
glycopyrronium (q.v.) available for prompt IV use because excessive secretions can occasionally
become troublesome.

Sustained IV administration: Give a loading dose of 0.5-2mg/kg IV followed by an infusion
of 500 micrograms/kg/hour (2ml of the dilute preparation described under ‘Supply and
administration’, followed by 1ml/hour). Four times this dose can be used to produce deep
anaesthesia when few other options exist.

IM administration: 4 mg/kg given IM will provide dissociative anaesthesia for about 15 minutes
after a latent 5-10 minute period. Recovery will usually be complete after 2-3 hours.

There are few reports of neonatal use (see web commentary). Complications are uncommon in
older children, but stridor and laryngospasm can be encountered especially in response to
pharyngeal or laryngeal stimulation. Prolonged apnoea has also been encountered. Because of
this, ketamine should only be given by an experienced intensivist who is ready and equipped to
take immediate control of the airway if necessary (and any such clinician might prefer some
other anaesthetic option). Monitoring is essential until recovery is complete. Use is not unwise
in patients with head injury as was once thought.

Continued on p. 285

284



Ketamine is available in 20 ml vials containing 10 mg/ml costing £5.10 each. To give a continuous
infusion of 500 micrograms/kg of ketamine per hour, take 0.5ml of the 10 mg/ml preparation for
each kilogram the baby weighs, dilute to 10ml with 5% glucose or glucose saline, and infuse at
a rate of 1 ml/hour. Multi-dose vials containing 50 and 100mg/ml are also manufactured.

(See SIGN guideline on sedation of children for procedures [PIZIEd)
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web comment

Labetalol is used to achieve urgent but safe control over high blood pressure in infancy.

Judge the need for treatment by measuring the systolic blood pressure in a quiet baby, using a
Doppler flow probe or stethoscope, a close fitting cuff that is as wide as possible and an inflatable
section that more than surrounds the arm. Resting systolic pressure at 2 weeks varies with
gestation at birth; thereafter, 95% of babies have a systolic pressure of between 72 and 112 mmHg
throughout the first year of life once they reach a post-menstrual age of 46 weeks.

Serious hypertension in any young child is an emergency. It can be difficult to treat, and
overtreatment can cause dangerous hypotension and potentially lethal p-blockade. Treatment
should always be discussed with a paediatric nephrologist where possible, because the cause is
often renal.

Labetalol, patented in 1971, is a non-selective a-blocker (causing some decrease in peripheral
vascular tone) with additional p-blocking properties like propranolol (q.v.). It is rapidly effective
but is soon metabolised by the liver (adult half-life 4-8 hours), so any reactive hypotension
quickly corrects itself once the infusion is stopped even though tissue levels exceed plasma levels
(V,~91/kg). The neonatal half-life may be rather longer making reactive hypotension more
hazardous. The benefit achieved from controlling hypertension usually outweighs the risk of use
in cardiac failure. Glucagon (q.v.) may be of help following an overdose. Hydralazine (q.v.), with
or without propranolol, used to be given once the acute situation was under control, but oral
nifedipine (qg.v.) is now more commonly given.

Oral labetalol is sometimes used to control severe maternal hypertension although it can
sometimes make the baby mildly hypotensive, hypoglycaemic and even bradycardic if used
shortly before delivery. Use during lactation only exposes the baby to ~1% of the maternal dose
on a weight-for-weight basis, although there is one isolated report of this appearing to cause
sinus bradycardia. The manufacturers have not yet endorsed the drug’s use in children.

Initiating treatment: Start by giving 0.5 mg/kg of labetalol per hour (0.5ml/hour of the dilute
solution described under ‘Supply and administration’). Measure systolic pressure at least once
every 15 minutes, and double the dose given once every 3 hours until an acceptable reduction
in pressure has been achieved (aiming for no more than a 25% reduction in a given 24 hour
period). The maximum safe dose is 4mg/kg/hour (4 ml/hour). Once pressure has been reduced
as much as seems immediately safe, write down the dose currently being given (X mg/kg) and
the pressure limits currently considered acceptable, and initiate a flexible graded maintenance
schedule for the next 24 hours using the strategy summarised in the box below.

¢ Define, once a day, what range of systolic pressure is judged acceptable and
write these limits down on the care chart.

e Continue to measure systolic blood pressure twice an hour.

e Continue to give X ml/hour (=X mg/kg) of labetalol IV while systolic pressure
remains within the preset target range.

e Double the dose if systolic pressure goes above, and halve the dose if systolic
pressure goes below, this range.

¢ Stop the infusion if systolic pressure falls below the lower preset limit and the
baby is only getting 0.5 ml/hour of labetalol.

e (all for senior review at once if systolic pressure goes more than 10 mm Hg
above or below the day’s defined target range.
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Lowering blood pressure gradually: Modify the defined target range daily, aiming to take
3 days to bring the pressure down to normal unless hypertension is known to be of very recent
onset. Start an oral drug and wean from labetalol as soon as practicable.

20ml ampoules containing 5mg/ml of labetalol cost £4.90. Take 10ml of labetalol for each
kilogram the baby weighs from several such ampoules and dilute to 50ml with 10% glucose or
glucose saline to give a solution containing 1mg/kg/ml of labetalol. Piggyback this into an
IV glucose infusion. The drug is stable in solution and does not need to be prepared afresh every
24 hours. Undiluted labetalol is irritant to veins.

(See also relevant Cochrane reviews)
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Lamivudine is used, in combination with other antiviral drugs, in the control of human immu-
nodeficiency virus (HIV) infection. Short-term use, together with zidovudine and nevirapine
(q.v.), in women who are infected but not on any long-term treatment can minimise vertical
HIV transmission. Lamivudine is also emerging as one of a number of antivirals showing promise
in preventing vertical transmission of hepatitis B in chronically infected women (although
vaccination of the newborn baby currently remains the mainstay of prevention — see monograph
on hepatitis B vaccine).

Lamivudine (or 3TC) is an antiviral drug first introduced in 1992 which works, like zidovudine,
after intracellular conversion to the triphosphate form, as a nucleoside reverse transcriptase
inhibitor (NRTI) to halt retroviral DNA synthesis. Resistance quickly develops if it is used on its
own to treat HIV infection, and it is unclear whether sustained low-dose treatment is any better
than interferon alfa (q.v.) in the management of chronic hepatitis B infection. Indeed, there is
no good information on the use of this drug in young children with hepatitis B infection.

Oral uptake is good and is not reduced (although it is delayed) by ingestion with food.
Bioavailability seems, nevertheless, to be rather lower in children than in adults. Most of the
drug is rapidly excreted (the half-life is ~2hours in children) unchanged in the urine, making
dosage reduction necessary when there is serious renal failure. It is usually well tolerated though
adverse effects include nausea, vomiting and diarrhoea, malaise, muscle pain and a non-specific
rash. All the NRTI drugs occasionally cause liver damage with hepatomegaly, hepatic steatosis
and potentially life-threatening lactic acidosis. Neuropathy and pancreatitis are only common in
children with advanced disease on many other drugs. Lamivudine crosses the placenta. It does
not seem to be teratogenic, but there is not enough information to exclude the possibility that it
could be embryotoxic if taken at the time of conception. Lamivudine can be detected in breast
milk; however, breastfeeding is not recommended in HIV-infected women where formula is
available to reduce the risk of neonatal transmission. The low doses used in management of
hepatitis B are not expected to cause any serious adverse effects in breastfed infants.

New information on optimum management becomes available so frequently that commu-
nication with a paediatric HIV/infectious diseases specialist is essential. The diagnosis and
management must also be discussed with, and supervised by, someone with extensive
experience of this condition.

Treatment will be influenced by any prior treatment that the mother has received, but will
normally include zidovudine and lamivudine together with either a protease inhibitor (such as
lopinavir or nelfinavir) or nevirapine. Other drug strategies can be difficult to use in young
babies because no suitable liquid formulation exists.

An untreated woman presenting in labour at term should be given an immediate dose of
nevirapine 200mg (q.v.). She should be started on one tablet a day of the fixed-dose zidovudine
with lamivudine combination tablets and raltegravir (400mg twice daily). Intravenous zidovu-
dine should be infused for the duration of labour and delivery.

Give the baby 4mg/kg of zidovudine and 2mg/kg of lamivudine by mouth once every 12
hours for at least one and preferably 4 weeks. Give the baby 2mg/kg of nevirapine once a day
for 1 week and then 4mg/kg once a week for 1 week as well.

The standard dose is 4mg/kg by mouth twice a day alone if appropriate or with two or more
other antiviral drugs. In the rare situation where treatment is called for in the first month of life,
give 2mg/kg twice a day.
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150 mg lamivudine tablets cost £2.40 each. The fixed-dose zidovudine (300mg) with lamivudine
(150mg) combination tablets costs £1.20 each.

Stable, oral solutions (banana and strawberry flavoured) containing 10 mg/ml of lamivudine
are available costing £16 per 100ml. The oral syrups contain 0.2 g/ml of sucrose and also contain
propylene glycol. Lamivudine cannot be given by intravenous or intramuscular injection.
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Lamotrigine is used either as sole treatment or as an adjunct to other anti-epileptics, but
experience with use in young children is still limited. That treatment has to be introduced
gradually is often seen as something of a disadvantage.

Lamotrigine is a phenyltriazine and structurally unrelated to any other established anti-epileptic
drug. It first came into clinical use in 1987 and may work as a sodium channel blocker or by
inhibiting excitatory (glutamate) neurotransmitter release. It is well absorbed when taken by
mouth and mostly metabolised by the liver. The half-life in adults taking no other drug is 24-36
hours, but it is shorter than this in pregnancy and in children. Tissue levels are high (V, >1.21/
kg). A measles-like skin rash is the most common adverse effect. It is usually seen if the dose is
too high or is increased too quickly and usually occurs within a few weeks of starting treatment.
Combined use with valproate also makes it more likely. More serious toxic skin changes may
make it necessary to stop treatment quickly. Fulminant hepatic failure is a further rare hazard.

Lamotrigine has only been formally approved for ‘adjunctive’ use in young children with
refractory partial and general tonic—clonic seizures who are also taking some other anticonvulsant,
but it may occasionally be effective in controlling infantile spasms and absence seizures. It is also
effective in Lennox—Gastaut syndrome (a severe form of epilepsy in early childhood associated
with multiple seizure types in which the waking EEG shows inter-ictal slow spike-wave activity).
Lamotrigine is now increasingly thought to be the first anticonvulsant to try when managing
partial (focal) epilepsy not only in adults but also in children five or more years old. It may
reduce seizure activity in juvenile myoclonic epilepsy, but is of no help in severe myoclonic
epilepsy of infancy (Dravet syndrome).

Lamotrigine crosses the placenta (F/M ratio ~1). While anticonvulsants generally double the
risk of birth defects, both rodent studies and registry data of lamotrigine monotherapy are
reassuring. Combination therapy with other anticonvulsants increases the risk, and use of
lamotrigine with valproate is particularly teratogenic. Lamotrigine passes into breast milk, and
plasma concentrations in the breastfed infant are ~30% of those in their mother. Few adverse
effects are reported, but there is the potential for infant serum levels to reach ‘therapeutic ranges’
it the maternal dose is high. Apnoea has been reported in one breastfed infant whose mother
was receiving high doses.

All the drugs that increase liver enzyme activity (such as carbamazepine, phenobarbital and
phenytoin) greatly speed the elimination of lamotrigine. The dose given often needs to be
increased as a result. Combined treatment with carbamazepine may increase the risk of toxicity.
Combined treatment with valproate, in contrast, (which may confer synergistic benefit) doubles
the half-life, probably because both drugs compete for glucuronidation in the liver. A lower dose
needs to be used in consequence, especially when treatment is first started. The valproate dose
will also need to be lowered by 25-35%.

Monotherapy: Start by giving 300 micrograms/kg once a day by mouth for 2 weeks and then
twice a day for a further 2 weeks. Treatment can then be further ‘titrated” upwards as necessary,
to maximise seizure control, to a dose that should not, initially, exceed 2 mg/kg twice a day.
Adjunctive (combined) therapy: Children taking other enzyme-inducing drugs (see ‘Drug
interactions’) often require double the usual dose, while those on valproate usually only need a
third to a half the usual dose.

Knowledge of the blood level does not help to optimise management, but may reveal failure to
take medicine as prescribed. Effective levels are usually 1-4mg/1 (1 mg/l=3.9 pmol/l) but can be
higher.

Scored dispersible 5 mg tablets of lamotrigine cost 7p each. Although they are only semi-soluble,
small doses can be given with reasonable accuracy by adding a tablet to 10ml of tap water;
one ml of liquid will then contain ~500 micrograms of lamotrigine as long as the particulate
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matter is kept in suspension. The same dose can also be given into the rectum if oral treatment
is not possible. A stable suspension with a 4-week shelf life can be prepared, but it has a very
unpleasant taste.

(See also the relevant Cochrane reviews)
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Levetiracetam is an anticonvulsant commonly used off label in neonates with difficult-to-treat
seizures. It is a pyrrolidone derivative and is chemically unrelated to other currently available
anticonvulsants. Although the exact mechanism of action is unclear, it has been shown to
regulate glutamate release and NMDA receptor-mediated excitatory synaptic transmission.
Unlike other anticonvulsants, it does not induce cell death in the developing brain which might
offer a theoretical benefit over older established anticonvulsants.

Levetiracetam has a broad antiepileptic activity across different seizure types and syndromes
and is licensed in many countries as add-on treatment for partial-onset seizures in children
>4years. In children and adults, the most common side effects are somnolence and behavioural
side effects. Case studies and pharmacokinetic studies in newborn babies have suggested that
levetiracetam is also safe in this age group, but randomised controlled trials have yet to be
published.

Levetiracetam has linear pharmacokinetics, is mainly excreted unchanged by the kidneys and is
metabolised via enzymatic hydrolysis by a plasma esterase. A number of case series suggest that
levetiracetam may be safe in the treatment of neonatal seizures. Pharmacokinetic studies in
newborns have shown not only longer half-life than in adults and older children but one that
changes within the first few days; on day 1, the half-life is ~16-18 hours; however, this decreases
during the first week of life to 8-9 hours. There are limited data for dosing in the neonatal
population, but levetiracetam may be administered intravenously or orally, and limited data
suggest the doses described under ‘Treatment’.

There are no studies of levetiracetam in therapeutic hypothermia, although ‘cooled” asphyxi-
ated newborns are included in the populations of some of the case studies. The predominantly
renal excretion of levetiracetam (two-thirds is eliminated unchanged in the urine and the
remaining one-third is hydrolysed in the blood) should mean that hypothermia per se should not
impact on dosing; however, excretion is affected by renal impairment which is commonly seen
in ‘cooled’ infants as a result of their initial hypoxic insult.

Levetiracetam appears to be a much safer alternative during pregnancy than sodium valproate
with a reported low risk of major congenital malformations following first trimester use.
Clearance of levetiracetam increases significantly during pregnancy, and serum concentrations
may fall as low as 40% of baseline. Serum levels return to normal within the first week after
pregnancy. Levetiracetam is excreted into breast milk in considerable amounts, and the mean
milk/maternal serum concentration ratio is 1.00; however, serum concentrations in the breastfed
infant seem to stay <10-15pumol/l, and no adverse effects in breastfed infants have been reported.

Intravenous (IV): May be given with or without a loading dose depending on the urgency with
which seizure control is needed. Without a loading dose: start with 10mg/kg twice daily,
increasing by 10mg/kg/day over 3 days to 30mg/kg twice daily. With loading dose: 40 mg/kg
loading dose followed by 10mg/kg once daily (note: the authors of this study suggested from
their pharmacokinetic studies that a maintenance dose of 10mg/kg eight hourly results in better
maintenance of serum levels towards the end of the first week of life).

Oral/enteral: 10 mg/kg/day in one to two divided doses, increase daily by 10 mg/kg over 3 days
to 30mg/kg/day (further increases in doses have been reported up to 60 mg/kg/day).

Levetiracetam may increase the effects of methadone and SSRIs. One report in adults suggests
phenytoin plasma levels may be increased by up to 52%, but this has not been seen in other
studies or in children.

Levetiracetam is available as an oral sugar-free solution containing 100mg/ml and in 5ml
vials for IV use containing 100 mg/ml. The IV solution must be mixed prior to administration
with 0.9% sodium chloride or dextrose 5%. The manufacturer recommends dilution to
100ml to give a 5mg/ml solution for administration; however, a 1:1 dilution of the drug from
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the vial with 0.9% sodium chloride or dextrose 5% has been reported without adverse effects in
older children and adults. The infusion is given over 15 minutes. Bioavailability is almost 100%
after oral administration; there is no need to alter the dose or the dosing frequency when switch-
ing between parenteral and enteral routes.
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Animal-derived thyroid extracts have been used to treat deficiency since 1890. Synthetic
thyroxine was first produced in 1926. Both synthetic- and animal (usually porcine)-derived
products are available, although the former are hard to obtain, have variable thyroxine content
and are not licensed.

Thyroid-stimulating hormone (TSH) produced by the pituitary regulates the release of
levothyroxine (T,) and (to a lesser extent) liothyronine (T,) from the thyroid gland. T, is then
converted to T, in the tissues. About a third of maternal T, (but not TSH and T,) crosses
the placenta, thus explaining why even the fetus that lacks a thyroid gland is asymptomatic
at birth.

Subclinical maternal hypothyroidism in early pregnancy may increase the risk of spontaneous
abortion and has a deleterious effect on the child’s neurodevelopment; the aim of treatment
should therefore be to keep maternal TSH <2.5mU/l. Anti-thyroid drugs and maternal thyroid
receptor antibodies can cross the placenta causing fetal hypo- and hyperthyroidism. Fetal goitre
may be detected by antenatal ultrasound. The mother can be offered an anti-thyroid drug if the
fetus is thyrotoxic, while hypothyroidism has, occasionally, been managed by inserting
250-500 micrograms of thyroxine into the amniotic cavity once every 10-14 days (so it can be
swallowed by the fetus). Mothers taking thyroxine may breastfeed; small amounts are found in
breast milk (but these are too low to treat the hypothyroid baby).

Congenital hypothyroidism occurs in about 1 in 3500 babies and is due to thyroid dysgenesis
(~85%) and dyshormonogenesis (~15%). There is considerable clinical and biochemical
heterogeneity, but treatment should be started within 2 weeks of birth if outcome is to be
optimised. Babies in the United Kingdom are screened for hypothyroidism using the newborn
bloodspot screening (‘Guthrie’) card at 5-7 days of age. Confirmation requires the demonstration
of a high TSH and, usually, also a low T, in a serum sample. This programme has been very
successful, but thyroid function should still be measured if hypothyroidism is suspected because
false negatives can occur and because hypothyroidism can evolve.

The normal TSH surge and the rise in the T, and T, after birth are less marked in the preterm
infant. These babies often have low thyroid hormone levels, a trend that may be exacerbated
by exposure to the iodine in antiseptics and X-ray contrast media. The risk of developmental
delay and cerebral palsy also seems to be increased in preterm babies who had transient
low thyroxine levels after birth, but trials have not shown that correction improves long-
term outcome.

TSH screening for hypothyroidism is generally performed on dried blood samples. Quantitative
TSH assays are undertaken by the UK Supra-Regional Assay Service on 200pul of serum (ca.
600l of whole blood). T, assays can normally be undertaken on 50pl of serum (ca.150pl of
whole blood).

Neonatal treatment: The usual starting dose is 10-12 micrograms/kg of levothyroxine by
mouth once a day. Smaller doses may be needed in babies with significant endogenous thy-
roid hormone production. Monitor the thyroid hormone and TSH levels after 2 and 4 weeks
and then every 1-2 months during the first year of life, aiming for a TSH in the normal range
and a free T, level in the upper part of the normal range. Because hypothyroidism is occa-
sionally transient, it is usual to reassess the requirement for continued treatment when the
child is 2 or 3 years old.

Older children: In older children, a starting dose of 50-100micrograms/m?/day has been
suggested.

Early levels vary, but serum TSH levels >10mU/I are rare after the first week of life. Free T, levels
are higher in neonates than in adults (something not always reflected in local laboratory
reference ranges).
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Age Free T, FreeT, TSH

1-30 days 4.5-7.8 12.4-27.4* 1.08-11.8*
31-60 days 5.2-8.0 12.4-21.75 0.68-12.56
61 days—1year 4.1-7.9 10.8-19.5 0.62-7.3
1-5 years 4.2-7.6 11.7-19.0 0.75-6.57

Values for thyroid hormones from Strich et al. (2012).
*T, and TSH may exceed this in the first 3 days of life.

Anticonvulsants, iron preparations and antacids all reduce effect by binding to thyroxine or by
delaying or preventing absorption. Soy-based milks and simethicone (Infacol®) which may be
started by parents in the absence of medical input may also interfere with thyroxine absorption.

25, 50 and 100 micrograms tablets of levothyroxine cost between 6 and 9p each. Solutions con-
taining 25, 50 and 100 micrograms/5 ml (costing between £51 and £54 for 100 ml) are available.
If treatment has to be given by intravenous or intramuscular injection and no suitable T, product
is available (as in the United Kingdom), treatment with a 2micrograms/kg dose of liothyronine
(T,) twice a day should be considered (although experience with such an approach is very
limited).
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Lidocaine is a widely used local anaesthetic. A short infusion can sometimes stop neonatal fits
resistant to phenobarbital and the benzodiazepines and is occasionally used to control arrhythmia.

Systemic and subcutaneous use: Lidocaine hydrochloride is a local anaesthetic of the amide
group with effects on the central nervous system (where it acts as a sedative in low doses and a
stimulant in high doses), on peripheral nerves (where it decreases conduction) and on the heart
(where it shortens the duration of the action potential). It was first marketed in Sweden in 1948.
Lidocaine is metabolised by the liver cytochromes P450 1A2 and 3A4, but some of the
intermediary breakdown products are metabolically active as well as potentially toxic; up to a
third is excreted unchanged by the neonatal kidney. Oral administration fails to produce
adequate blood levels because of rapid first-pass liver metabolism. The terminal half-life is about
100 minutes in adults and at least twice this in the newborn. Intravenous infusion produces high
drug concentrations in those organs with a high blood flow, with later redistribution throughout
the body. This volume of distribution is particularly high in the neonatal period (V,>11/kg).

Lidocaine has different effects at different serum concentrations: in adults, antiarrhythmic
effects are seen at concentrations of 1.5-6mg/l, and anticonvulsant properties are seen at levels
slightly higher than this. Toxic effects are seen at concentrations >9mg/l, and lidocaine, itself,
causes seizures at concentrations >15mg/l.

That lidocaine is metabolised by the hepatic cytochrome system means that when used during
neonatal therapeutic hypothermia, clearance is reduced by almost a quarter; thus, a modified
dosing scheme is required to prevent accumulation and adverse effects.

Lidocaine rapidly crosses the placenta. Maternal lidocaine, used to infiltrate the perineum

prior to delivery, can be detected in the infant’s serum 48 hours later. There are no reports of
malformations and rodent teratogenicity studies are reassuring. Lidocaine passes into breast
milk, but it is unlikely that breastfed infants ingest clinically relevant amounts.
Analgesic cream: Plain (30%) lidocaine ointment is ineffective when applied to the skin, but a
eutectic mixture of local anaesthetics (EMLA®) cream, containing 2.5% lidocaine and 2.5%
prilocaine, provides good surface anaesthesia for 1-2 hours in children if applied under an
occlusive dressing at least 1 hour in advance of venepuncture but seems less effective in babies
(possibly because of rapid skin clearance). Tetracaine gel (q.v.) may provide quicker and
marginally better pain relief for venepuncture in infancy. The manufacturers have been reluctant
to endorse the use of EMLA cream in children less than a year old, but the prilocaine it contains
does not seem to cause significant methaemoglobinaemia (at least in babies of 30 or more weeks’
gestation with a reasonably mature epidermis) as had once been feared.

Surface anaesthesia: Apply 1g of EMLA cream to a 2 x2cm area of undamaged skin, and cover with
an occlusive dressing for 1 hour. Keep away from the eyes. Tetracaine gel may be a better alternative.
Mucosal anaesthesia: Use no more than 0.1 ml/kg of a 4% lidocaine spray or 0.3 ml/kg of a 2%
lidocaine gel on mucosal surfaces. Experience with the spray in small children is limited, and a
randomised study showed that use did not reduce the distress displayed by 1-5-year-olds during
nasogastric tube insertion.

Infiltrative local anaesthesia: 0.3 ml/kg of 1% plain lidocaine provides excellent anaesthesia for
1-2 hours after 1-2 minutes. Take care not to inject anything into a blood vessel and give no further
lidocaine for 4 hours. A 0.6 ml/kg dose of 1% lidocaine in adrenaline will offer pain relief for 3 hours.
Bupivacaine (q.v.) can provide pain relief for at least 6 hours but only after a half hour latent period.
Fits and arrhythmia: Dosing depends on prematurity and the presence of therapeutic
hypothermia.

A ‘traditional’ regime for normothermic infants has been:

Loading phase Maintenance phase #1 Maintenance phase #2
10minutes  6hours 12hours 12hours
Term infants 2mag/kg 6 mg/kg/hour 4mg/kg/hour 2 mg/kg/hour
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However, modified regimes (aiming to keep plasma concentrations below 9 mg/1) for both normo-
thermic and hypothermic patients, and which may be better, were recently described as follows:

Maintenance

Maintenance

Loading phase phase #1 phase #2
Normothermia 10 minutes 4hours 12hours 12hours
Weight 0.8-2.0kg 2mg/kg 5mg/kg/hour 2.5mg/kg/hour 1.25mg/kg/hour
Weight 2.0-2.5kg 6 mg/kg/hour 3mag/kg/hour 1.5 mg/kg/hour
Weight >2.5-4.5kg 7 mg/kg/hour 3.5mg/kg/hour 1.75mg/kg/hour
Maintenance Maintenance
Loading phase phase #1 phase #2
Hypothermia 10 minutes 3.5hours 12hours 12hours
Weight 2.0-2.5kg 2mg/kg 6 mg/kg/hour 3mg/kg/hour 1.5mg/kg/hour
Weight >2.5-4.5kg 7 mg/kg/hour 3.5mg/kg/hour 1.75mg/kg/hour

Accidental infiltration of the fetal scalp during the injection of lidocaine into the maternal
perineum can cause toxic apnoea, bradycardia, hypotension and fits — a cluster of features that can
be mistaken for intrapartum asphyxia. Some babies have required ventilatory support, but most
have made a complete recovery. Management is as discussed in the monograph on bupivacaine.

Compatibility with other continuously infused drugs is noted, where known, in the monograph
for the second product. It can also be added (terminally) to TPN and lipid. It is not compatible
with phenytoin.

A 0.1% (1mg/ml) solution of lidocaine for infusion in 500ml of 5% dextrose is available. The
initial loading dose can be given using 2ml/kg of this infusion given at a rate of 12ml/kg/hour
for 10 minutes only; thereafter, the numerical value for the infusion rate (in ml/hour) is equal
to the numerical value of the dose (in mg/kg/hour).

Various size (2-20ml) ampoules of adrenaline-free 1% (10 mg/ml) lidocaine are available and
cost between 28p and 83p each. This can be used to give the loading dose if fluid restriction is
necessary; give 0.2ml/kg of this at a rate of 1.2ml/kg/hour for 10 minutes only.

20ml ampoules of 1% lidocaine with adrenaline (10mg of lidocaine and 5 micrograms of
adrenaline per ml) cost £1.90.

5g tubes of EMLA cream cost £2.25. Lidocaine as a 5% ointment is available in 15g tubes
costing £6.10 each. A 4% lidocaine jet-spray delivery system for use during laryngoscopy costs £5.

(See also the relevant Cochrane reviews)
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This antibiotic should be kept in reserve and only used, on microbiological advice, to treat
methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococcal
infection. There is little published information on neonatal use and even less on use in the
preterm baby.

Linezolid is an oxazolidinone antibiotic, first marketed in 2000, which inhibits bacterial protein
synthesis. It is active against a range of Gram-positive bacteria, including both MRSA
and glycopeptide intermediate-resistant S. aureus (GISA). Linezolid is also active against
vancomycin-resistant enterococci, strains of Streptococcus pneumoniae resistant to a range of
other antibiotics and some anaerobes, including Clostridium perfringens, C. difficile and Bacteroides
fragilis. Linezolid has no clinically significant effect on most Gram-negative bacteria; thus,
Enterobacteriaceae and Pseudomonas aeruginosa are not susceptible to linezolid, but it has occa-
sionally been used to treat multi-drug-resistant TB.

Linezolid is rapidly and completely absorbed when given orally, and it penetrates the
meninges well when these are inflamed. Thirty per cent is excreted unchanged in the urine;
the remainder is excreted as inactive metabolites (which could accumulate in severe renal
failure). The half-life in children aged 1 week to 10 years old (2-3 hours) is half that seen at
birth and again in adults. Reversible myelosuppression (including anaemia, neutropenia and
thrombocytopenia) has been reported; thus, a full blood count should be performed weekly if
treatment becomes necessary for longer than this. Optic, peripheral and auditory nerve neu-
ropathies and lactic acidosis have also been reported with sustained use. There is also concern
that prolonged low-dose use could lead to the development of bacterial resistance (especially
with Enterococcus faecium).

Linezolid is a weak, reversible, non-selective monoamine oxidase (MAO) inhibitor and can
cause hypertension and CNS excitability when used at the same time as (or within 2 weeks of
treatment with) a MAO antidepressant. Combined use with a range of other antidepressants could
cause a ‘serotonin syndrome’ with hyperpyrexia and cognitive dysfunction. Very limited
information is available on use during pregnancy. Placental transfer is to be expected due to the
drug’s low molecular weight. It should only be used during pregnancy when the benefit outweighs
the potential fetal risks because, although there is no evidence of teratogenicity, increased embryo
death, decreased litter size, decreased fetal weight and costal cartilage abnormalities were reported
during drug testing in mice. Linezolid enters breast milk. Limited data indicate that the amounts
received through breast milk are less than infant doses. If linezolid is required, it is not a reason to
discontinue breastfeeding. Manufacturers have not yet recommended use in children under 18.

Use with care, and monitor blood pressure, during co-administration with any sympathomimetic
drug (such as dopamine or dobutamine).

Dose: Give 10mg/kg by slow intravenous (IV) injection. Oral absorption is good in adults and
adolescents, but has not yet been studied in young children and infants. Treatment is usually
continued for 2 weeks.

Timing: Give once every 12 hours in infants less than a week old (changing to 8 hourly if the
clinical response is inadequate) and once every 8 hours after that.

300 ml bags containing 2mg/ml of linezolid suitable for IV administration cost £44 each. Do not
mix linezolid with, or infuse it into the same line as, any other drug. Do not dilute further before
administration. The manufacturers say that adults should receive any IV infusion over at least
30 minutes, but that is because the volume of fluid involved is considerable. Bags should be
stored at room temperature, protected from light during storage in the foil overwrap provided
and inverted gently two to three times before use. The fluid slowly turns yellow with time, but
this does not affect potency. No intramuscular preparation exists. Granules to make up 150ml of
an oral suspension containing 20 mg/ml are available (costing £222). Mix with 123 ml of water
to produce 150ml.
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For parenterally fed neonates, lipid emulsions are the only source of the essential fatty acids,
linoleic acid and a-linolenic acid. The earliest lipid emulsions, developed in the 1960s, were
soybean oil based. Intralipid® is the most widely studied of these lipid products and has been
widely used in infants and children requiring parenteral nutrition (q.v.). Subsequent development
of lipid emulsions has focused on reducing the amount of soybean oil by replacing it with other
oils including coconut oil, olive oil and fish oil.

Intralipid is an emulsion of soybean oil stabilised with egg phospholipid. It is approximately iso-
tonic and is available as a 10% solution providing 1.1kcal/ml and as a 20% solution providing
2 kcal/ml. It contains 52 % linoleic acid, 22% oleic acid, 13 % palmitic acid and 8% «-linolenic acid.
Lipofundin® is a mix of soybean oil and medium-chain triglycerides in equal amounts, and like
Intralipid, it is available in 10% (just over 1.0kcal/ml) and 20% (2 kcal/ml) solutions. It contains
27% linoleic acid, 12% oleic acid, 5% palmitic acid and 4% a-linolenic acid.

ClinOleic® is an 80:20 mixture of olive and soybean oils. It is available as a 20% (2kcal/ml) solu-
tion containing 18.5% linoleic acid, 59.5% oleic acid, 10.8% palmitic acid and 2% a-linolenic acid.
SMOFlipid® is a mixture of soybean oil (30%), olive 0il (25%), medium-chain triglycerides
(30%) and fish oil (15%). The fish oil contributes omega-3 fatty acids, and early experience has
suggested that they may be of benefit in the prevention and treatment of total parenteral
nutrition (TPN)-induced cholestasis. SMOFlipid is available as a 20% solution. It contains 18.7 %
linoleic acid, 27.8% oleic acid, 9.2% palmitic acid and 2.4% a-linolenic acid.

When lipid emulsions were first introduced, they were often only infused for 4-20 hours a
day, so that lipaemia could ‘clear’, but continuous infusion has been shown to improve tolerance
and seems more ‘physiological’. The 20% products are better tolerated than 10% ones
(if available), possibly because the phospholipid content is lower. Infection with Malassezia furfur
can occur, and this lipid-dependent fungus may escape detection if specific culture techniques
are not used, but the fungaemia usually clears if administration is stopped.

The use of lipid emulsion enhances protein utilisation and considerably increases calorie provision
in babies receiving TPN. The co-infusion of 0.8 ml/kg of a 20% lipid emulsion per hour with an
infusion of 6 ml/kg/hour (i.e. 144ml/kg/day) of an amino acid solution containing 10% glucose
increases total calorie intake from 60 to 100kcal/kg/day. By way of comparison, 160ml/kg/day of
one of the high-calorie preterm milk formulae provides an intake of 130kcal/kg/day (if no allow-
ance is made for incomplete intestinal absorption). An infusion of 0.1 ml/kg/hour (0.5 g/kg/day)
is the minimum needed to meet essential fatty acid needs. Gluconeogenic metabolic pathways
also seem to utilise the glycerol generated to make glucose and improve glucose homeostasis.

Policies still vary widely, but it seems safe to start infusing at least 0.4 ml/kg of 20% lipid emulsion
(0.08 ¢ of fat) per hour through a peripheral, central or umbilical line within a day or two of
birth once it is clear that the baby is stable. There is no evidence that stepped introduction
improves tolerance, but there is good evidence that many babies will develop hyperlipidaemia
when intake exceeds 0.8 ml/kg/hour (3.8g/kg of fat a day). Babies less than a week old, or
<28 weeks’ gestation at birth, may be marginally less tolerant. Septic, acidotic and post-operative
babies should probably not be offered more than 2 g/kg/day.

1.2 pm lipid filters exist, but lipid emulsions cannot be infused through the 0.2 pm filters normally
used for amino acid solutions, so lipid is best only allowed to mix just before it enters the baby.
Protection from light may limit hydroperoxide production, but this has not yet been shown to
deliver clinical benefit. Some units change the syringe and giving set daily because of concern
that lipid emulsion can leach the chemical plasticiser out of syringes.

Serum triglycerides higher than 2mmol/l (the highest level seen in the breastfed baby) suggest
early lipid overload. Plasma turbidity is a much less satisfactory test. Re-emergent lipaemia may
suggest early sepsis.
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100ml bags of 20% emulsions of Intralipid cost £7.30, those of ClinOleic cost £6.30, and those of
Lipofundin cost £12.50. SMOFlipid is available in 500 ml bags costing £20.50. Never add anything
to lipid emulsions other than compatible vitamin solutions (e.g. Vitlipid®) or co-infuse it with a
fluid containing any drug other than heparin, insulin or isoprenaline. Discard all open bags.

(See also the relevant Cochrane reviews)
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Protease inhibitors are used with other drugs to control human immunodeficiency virus (HIV)
infection. Neonatal use (in both preterm and term infants) of the lopinavir (LPV)/ritonavir
(RTV) combination has been associated with reports of adverse cardiac, renal, metabolic and
neurological effects thought to primarily be due to the alcohol and propylene glycol. However,
a direct effect of the drugs cannot be excluded; as a result, the LPV with RTV combination is best
avoided in routine infant post-exposure prophylaxis and should only be prescribed to preterm
neonates in exceptional circumstances.

LPV and RTV are protease inhibitors that bind to HIV protease, causing the formation of
immature viral particles that are incapable of infecting other cells. Both came into general
clinical use in the late 1990s. Giving a low (and sub-therapeutic) dose of RTV with LPV boosts
the effectiveness of LPV. Both drugs are well absorbed orally, especially when given with food.
They are metabolised by hepatic cytochrome P450 3A4 (CYP3A4) enzymes and excreted in the
faeces. The half-life in adults is 5-6 hours but approximately 3.6 hours in infants.

Both LPV and RTV cross the placenta, and there is some evidence of embryonic and fetal toxicity
in animal studies. Registries of use in human pregnancies have yet to find any consistent effects.
Diabetes can develop or be exacerbated in patients taking a protease inhibitor; thus, close attention
should be paid to women at risk of gestational diabetes. While there is some suggestion of an
association with adrenal dysfunction in babies exposed in utero, this appears to be confined to those
individuals who are also given postnatal treatment. Breastfeeding is not recommended in HIV-
infected women where formula is available to reduce the risk of neonatal transmission. In countries
where formula is not readily available or safe, ongoing use during breastfeeding is used to reduce
transmission. Small amounts of LPV pass into breast milk, and low (sub-therapeutic) levels can be
detected in babies, which have the potential nonetheless to cause anaemia in the exposed baby.

The protease inhibitors are best given with food, but didanosine is best given on an empty
stomach. Since LPV and RTV are part metabolised by CYP3A4, their clearance is increased by a
wide range of other drugs including carbamazepine, dexamethasone, phenobarbital, phenytoin,
rifampicin and theophylline. Protease inhibitors also inhibit the clearance of other drugs;
co-treatment with drugs that have a narrow therapeutic range (e.g. antihistamines,
benzodiazepines, rifampicin, amiodarone and flecainide) is discouraged because of a variable
and unpredictable reduction in clearance of these drugs. Digoxin levels are variably affected.
(See www.hiv-druginteractions.org.)

New information on optimum management becomes available so frequently that commu-
nication with a paediatric HIV/infectious diseases specialist is essential. The diagnosis and
management must also be discussed with, and supervised by, someone with extensive
experience of this condition.

LPV with RTV should not be used in any baby less than 14 days old (or if they are premature,
before they reach 42 weeks post-menstrual age) unless there are good reasons for doing so due
to adverse effects thought to primarily be due to the alcohol and propylene glycol the liquid
formulation contains.

At ages 14 days to 12 months, a starting dose of 300/75mg/m?* (i.e. 300mg of the LPV
component and 75 mg of the RTV component) twice a day seems to offer adequate serum levels.
Older children are usually given 230/57.5mg/m? of LPV with RTV twice a day, using a higher
dose of 300/75mg/m? when there are issues with resistance.

These drugs cannot be given intravenously or intramuscularly and are best taken with a little
food to minimise gastric irritation.
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A solution of LPV with RTV (Kaletra®) is available containing 80 mg/ml of LPV and 20 mg/ml
of RTV (100ml costs £45). It contains 43% alcohol, 15% propylene glycol and fructose corn
syrup. The bitter taste can be disguised by giving it with chocolate-flavoured milk. It must #ot be
mixed with water and is best kept at 4°C, but is stable at room temperature for a month.
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Several benzodiazepines have been used to arrest seizure activity, and lorazepam is the drug of
choice in most guidelines once venous access is established.

The success of the first benzodiazepine, chlordiazepoxide (Librium®), in 1960 triggered the
development of a number of related products including diazepam (licensed in 1963) and lorazepam
(licensed a year later). They were widely, and liberally, used to treat anxiety, before it came to be
accepted that such use should always be limited to the lowest possible dose for the shortest possible
time. Dependence can become a serious problem, even with careful prescribing.

Lorazepam readily crosses the placenta, but there is no clear evidence of teratogenicity.
Maternal use, particularly if high doses are used, in the third trimester or during labour may
cause hypothermia, lethargy, poor feeding or neonatal withdrawal. Lorazepam is excreted into
breast milk in small amounts (~5-10% of the maternal dose). Breastfeeding may further sedate
an already affected baby in the immediate postnatal period, but sustained use during lactation
does not seem to cause noticeable drowsiness.

The drug is well absorbed when taken by mouth, conjugated to an inactive glucuronide in the
liver and then excreted in the urine by glomerular filtration. The half-life in the neonatal period
is 30-50 hours (two to three times as long as in adults). Tissue drug levels slightly exceed plasma
levels (V, ~1.31/kg).

Most benzodiazepines are of limited value in long-term treatment of epilepsy but have an
important role in the management of prolonged seizures. Diazepam was the first to be widely
used. Clonazepam, lorazepam and midazolam (q.v.) have all been used. There is, however,
continuing concern that while the benzodiazepine may well abolish the physical signs of the
seizure, electrical seizure activity may still sometimes persist.

Rapid intravenous (IV) administration in the neonate can sometimes precipitate hypotension,
respiratory depression and abnormal seizure-like movements, especially in response to the first
dose given. Withdrawal symptoms are also very common after sustained use (as they are with
midazolam) even if the dose given is lowered slowly.

Dose: A single 100 micrograms/kg dose will usually stop all visible seizure activity within 10
minutes. While this can be repeated after 10 minutes, the long half-life in early infancy increases
the risks of sedation and respiratory depression.
Route of administration: Lorazepam is normally given IV. Buccal and intra-nasal routes,
while not well studied, do seem to be almost equally effective (at least in babies more than a few
weeks old). Lorazepam can also be given by mouth, but intramuscular administration is painful
and best avoided.

Sustained infusion can cause a progressive accumulation of the potentially toxic excipient
propylene glycol.

Flumazenil is a specific antidote (as described in the monograph on midazolam).

1 ml ampoules containing 4mg of lorazepam cost 35p each. These contain 1ml of propylene
glycol and 0.02ml of benzyl alcohol, should be protected from light and are best stored at 4°C.
For accurate neonatal administration, it is best to draw the content of the ampoule into a large
syringe immediately before use and then dilute this to 40ml with 0.9% sodium chloride
(producing a solution that contains 100 micrograms/ml). For intra-nasal use, dilution to 8 ml is
more appropriate (producing a 500 micrograms/ml solution). Absorption after IM administration
is not only slow and painful but also rather unpredictable.
A sugar-free oral suspension can be provided.

(See also the relevant Cochrane reviews)
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Magnesium sulfate is used for a variety of reasons in the perinatal setting. It is now widely used
in acute severe asthma (including during pregnancy). It is encountered more frequently in
prevention or control of eclampsia in the mother. While it does not appear to be particularly effec-
tive as a tocolytic, maternal administration can reduce the risk of cerebral palsy in babies of less
than 30 weeks gestation. In the neonate, it has been used to treat neonatal hypomagnesaemia
and late neonatal hypocalcaemia. Other reported uses include treatment of persistent pulmonary
hypertension and the prevention of further neurological damage in perinatal asphyxia.

Magnesium sulfate is the treatment of choice for the mother if she has eclampsia and for pre-
eclampsia severe enough for urgent delivery to be contemplated. Use reduces the risk of maternal
seizures and probably lowers maternal mortality, but it does nothing to lower blood pressure or
reduce perinatal mortality. Treatment with magnesium sulfate is still widely used to inhibit
preterm labour in North America, although there is no controlled trial evidence of benefit and
there is increasing evidence that high-dose treatment may have adverse consequences for the
baby. Even short-term use increases fetal magnesium levels, and high serum levels (>4 mmol/l)
can cause hypotonia, reduced gastrointestinal motility and respiratory depression after birth.
Several trials have, however, now found that brief use reduces the risk of severe cerebral palsy
when given for just 12-24 hours to mothers in strong well-established preterm labour. While
not well studied during pregnancy, magnesium is an effective bronchodilator in acute severe
asthma in the emergency department. It should not be withheld during pregnancy. Breastfeeding
should not be discouraged because of maternal treatment.

Symptomatic neonatal hypocalcaemia (serum calcium <1.7mmol/l) is now rare and usually
associated with hypomagnesaemia. Empirical data suggest that treatment with intramuscular
(IM) magnesium sulfate improve things more quickly than calcium gluconate (q.v.).

Magnesium is a smooth muscle relaxant and can cause significant pulmonary and systemic
vasodilatation. A number of relatively small non-randomised observational studies, most
preceding the introduction of inhaled nitric oxide (q.v.), had shown continuous infusions to be
effective when other treatments had failed. In the only randomised comparative trial, magnesium
was less effective than inhaled nitric oxide, which should be the treatment of choice when it is
available. Magnesium is a natural antagonist of N-methyl-p-aspartate (NMDA) glutamate
voltage-dependent channels and can reduce the excessive intracellular Ca?* influx following
glutamate stimulation following asphyxial injury. Although therapeutic hypothermia has now
become a standard of care in developed countries, it is not universally available, and magnesium
is a cheap alternative that has shown some benefit in one randomised trial. There is also the
suggestion from an animal focal stroke model that there is an additive benefit when magnesium
is used with mild hypothermia.

Preventing or treating eclampsia: Give 4 g intravenously over 15 minutes followed by an IV
infusion of 1-2g/hour (according to local guidelines) for up to 24 hours if no seizures. If an
eclamptic seizure occurs while on treatment, then give another bolus dose of 2g and continue
the infusion. In countries where sustained intravenous (IV) treatment could be problematic,
give 5g IM once every 4 hours.

Reducing the risk of cerebral palsy: Mothers facing an imminent delivery before 30 weeks
gestation should be given a 4g IV loading dose and then a 1 g/hour infusion until delivery (but
for no more than to 24 hours). This has no impact on perinatal mortality, but does significantly
reduce the risk of the baby developing serious cerebral palsy. Aim to complete at least 4 hours of
infusion prior to delivery, but it should still be given even if delivery is anticipated sooner.
Infusion can be repeated at a later date if delivery does not occur.

Acute severe asthma: Consider giving a single 1.2-2g IV infusion of magnesium sulfate over
20 minutes in patients with acute severe asthma who have not had a good initial response to
inhaled bronchodilator therapy or who have life-threatening or near-fatal asthma.

Hypocalcaemia: Giving 100 mg/kg of magnesium sulfate (0.2ml/kg of a 50% solution) by deep
IM injection on two occasions 12 hours apart will control most cases of symptomatic late
neonatal hypocalcaemia.
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Hypomagnesaemia: The same dose every 6-12 hours can also be used to treat primary
neonatal hypomagnesaemia irrespective of the cause (normal plasma level: 0.75-1.0 mmol/l).
This is usually given IV or IM because it is a purgative (like Epsom salts) when given by mouth.
Persistent pulmonary hypertension: If inhaled nitric oxide is not available, consider giving
a loading dose of 250mg/kg of magnesium sulfate IV over 10-15 minutes. If a clinical response
is obtained once the serum magnesium level exceeds 3.5 mmol/l, give between 20 and 75 mg/kg
an hour for 2-5 days while maintaining a blood level of between 3.5 and 5.5 mmol/l.
Intrapartum asphyxia: If therapeutic hypothermia is not available, consider a 250 mg/kg dose
IV once a day for 3 days. Watch for respiratory depression.

Magnesium sulfate is conventionally prescribed as the heptahydrate. 50% magnesium sulfate
contains 0.5 g (4.1 mmol) of magnesium in every millilitre. It is available in 2 and 4 ml ampoules
costing £1.05 and £1.50, respectively (pre-filled syringes are available in 4, 5 and 10 ml sizes but
cost considerably more). To give a baby a 250mg/kg IV ‘stat” dose, draw 1 gram of magnesium
sulfate (2ml of the 50% solution) for each kilogram the baby weighs into a syringe, dilute to
20ml with 10% glucose saline to obtain a solution containing 50 mg/kg/ml, and give 5ml of this
solution slowly over 10-15 minutes. To then continue delivering 20 mg/kg/hour, give 0.4ml/
hour of the same solution.
20ml (4g) ampoules of a 20% solution costing £17 are available for use in adults.

(See also relevant Cochrane reviews and UK guideline on pre-eclampsia [EIIKEd)
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Mebendazole (methyl 5-benzoyl-1H-benzimidazol-2-yl carbamate) is a broad-spectrum
benzimidazole used to treat a variety of parasitic infestations including threadworms,
roundworms, hookworms and whipworms (described in the monograph on albendazole). It was
developed and patented by Janssen in 1971 but later superseded by albendazole (q.v.) which
was thought to have fewer side effects. Mebendazole features in the 18th WHO Model List of
Essential Medicines published in 2013.

Mebendazole is poorly soluble in both water and organic solvents. Absorption after oral
administration is very limited in man (although it may be improved by co-administration of the
drug with a fatty meal). It undergoes extensive first-pass metabolism in both the intestinal wall
and the liver, and almost none of the parent drug is excreted unchanged. Clearance is
predominantly as metabolites in the bile and urine, but the majority of the drug is excreted
unchanged in faeces. The limited amounts absorbed are rapidly metabolised by the liver’s
cytochrome system to inactive metabolites. Mebendazole shows little toxicity in animals but is
rapidly lethal to most nematode worms because of tubulin binding. It is, however, embryotoxic
in rats, but there are no reports of teratogenicity in man, and treating serious intestinal helminth
infection can improve pregnancy outcome. Very limited data suggest that mebendazole is poorly
excreted into breast milk and coupled with the poor absorption orally it is unlikely to adversely
affect the breastfed infant. Nonetheless, the manufacturer advises that use is avoided both during
pregnancy and lactation. Likewise, they have also yet to endorse use in children under the age
of 2 years.

Co-administration with cimetidine can lead to increased plasma levels of mebendazole, probably
due to inhibition of hepatic first-pass cytochrome P450-mediated metabolism.

Community-based studies in an area where severe anaemia from hookworm infection is
extremely common have shown that treatment with either albendazole or mebendazole
(especially if given with supplemental iron) given in the second and the third trimester can
reduce the incidence of severe anaemia, boost birthweight and improve infant survival. The
WHO recommends antenatal deworming for pregnant women in areas where the prevalence of
hookworm infection exceeds 20-30%.

A single 100mg oral dose of mebendazole will effectively ‘deworm’ children infected with
threadworm (pinworm). The same dose, given twice daily for 3 days, will treat children with
roundworms, hookworms and whipworms. Children less than a year old should only be treated
if symptomatic because there is, as yet, no evidence on the safety of treatment in children
<6 months old.

30ml of an oral suspension containing 20 mg/ml of mebendazole costs £1.60. Chewable 100 mg
tablets cost 23p each.
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Spaced doses of sulphadoxine and pyrimethamine (q.v.) have been shown to reduce the risk of
an overt attack of malaria in countries where young children are at high risk, but mefloquine,
given the same way, is probably more effective in areas where resistance to this drug combination
is now high. Visitors to areas of high resistance to chloroquine (q.v.) are also now, similarly,
advised to take a weekly dose of mefloquine.

Mefloquine hydrochloride is an amino alcohol with a half-life of 2—-3 weeks that is concen-
trated in the red cells. It was developed by the US military as an antimalarial in the 1960s
and became generally available in 1986. High-dose treatment can provoke nausea, vomit-
ing, loose stools, headache, abdominal pain and somnolence — symptoms that can be hard
to distinguish from malaria itself. At high doses, mefloquine is teratogenic (and sometimes
embryotoxic) in rodents. High-dose use should probably be avoided during pregnancy, but
prophylactic use (where lower doses are employed) during early pregnancy is not associated
with an increased risk of malformations. If indicated, mefloquine should not be withheld
as the maternal and fetal risks from untreated malaria are far greater. Little of the drug
seems to appear in breast milk, and the baby is unlikely to be exposed to more than 10%
of the weight-adjusted maternal dose during lactation, even after allowance is made for the
drug’s long half-life. However, the amount ingested from breast milk is certainly not
enough to reduce the risk of the child becoming infected, and if indicated, the breastfed
child should also receive appropriate prophylaxis. It should be noted, however, that the
manufacturer has not yet recommended use during pregnancy or in children less than
3 months old.

UK advice on prophylaxis can be obtained from the Public Health England Malaria Reference
Laboratory (www.malaria-reference.co.uk). WHO advice on travel and the prevalence of drug
resistance can be found at http://www.who.int/topics/malaria/en/index.html. Go to http://
www.cdc.gov/malaria/ for up-to-date advice from the CDC in the America.

Mefloquine antagonises the anticonvulsant effect of anti-epileptic drugs and interacts with a
number of cardiac drugs, causing in some cases cardiac arrhythmias.

Intermittent prevention: A single dose every 2—4 months in the first year of life (as, e.g. when
seen for vaccination) can substantially reduce the risk of overt infection. A 125mg dose at
2 months, or 250mg at 9 months, seems safe.

Sustained prevention: Visitors to any area where malaria is endemic should take 5 mg/kg of
mefloquine by mouth once a week. Start treatment ideally 3 weeks before entering any
endemic area (since most adverse effects will manifest themselves within 3 weeks of starting
treatment), and continue treatment for 4 weeks after leaving. There is little experience with
sustained use for more than a year, and use is not advised in children with a history of
seizures.

Treatment: Mefloquine is now rarely used for the treatment of falciparum malaria because of
increased resistance. It is rarely used for the treatment of non-falciparum malaria because better
tolerated alternatives are available. Mefloquine should not be used for treatment if it has been
used for prophylaxis. If it is used, give 15 mg/kg of mefloquine by mouth followed, after 12 hours,
by one further 10mg/kg dose.

Scored 250mg tablets of mefloquine cost £1.80 each. They have a bitter taste, making
administration difficult in small children (although the crushed tablet can be mixed with honey
jam or other food). No low-dose tablet or liquid formulation exists, making accurate
administration to a small baby extremely problematic. Protect from sunlight and humidity once
removed from the foil wrapping.
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Vaccines offer protection from some, but not all, forms of meningococcal meningitis and
septicaemia.

Meningococcal infection is a notifiable illness caused by the Gram-negative diplococcus Neisseria
meningitidis. There are at least 13 serogroups of N. meningitidis; groups B, C and Y were historically
the most common in the United Kingdom. Other less common serogroups included A, W135,
29E and Z. Before the introduction of the conjugate vaccine, the group C strain accounted for
40% of all meningococcal infection in the United Kingdom but a much higher proportion of all
meningococcal deaths. Up to 34% of the population carry meningococci in their nasopharynx.

Group A strains are common in sub-Saharan Africa, where it causes epidemics, and the Indian
subcontinent. Serogroup B causes endemic disease in Western Europe, North America and
Australasia. Since the introduction of vaccines against serogroup C meningococcus in these
areas, it now contributes approximately 80% of total disease burden, at least half of which
occurs in children under the age of 2 years. Travel to the Hajj caused the group W135 strain to
be seen more widely. Hajj visas will not be issued without proof of vaccination and a valid
International Certificate of Vaccination or Prophylaxis; thus, all adults and children (>2 years)
must have received a single dose of the quadrivalent A/C/Y/W-135 vaccine between 10 days and
3 years before the date of travel.

Meningococcal infection is spread by droplet and direct contact, the incubation period being
2-7 days. Babies usually present with pyrexia, irritability, vomiting, limpness, pallor and cold
extremities: older children with headache, drowsiness and limb pain. The petechial or purpuric
rash, which does not blanch on pressure, is seldom an early feature. Infection is most common
in children <4years old, with a second small peak at 15-20 years. Prevention (chemoprophy-
laxis) is important in close contacts who should normally be given ciprofloxacin (q.v.), or
rifampicin (q.v.) when they are known to have ciprofloxacin hypersensitivity. Ceftriaxone (q.v.)
can be given to the pregnant woman who is known to be hypersensitive to ciprofloxacin.

MenC conjugate vaccine: This vaccine, first introduced in 1999, is made from capsular
polysaccharide that has been extracted from cultures of N. meningitidis serogroup C. The polysaccharide
is linked (conjugated) to a carrier protein to increase the immunogenicity. This vaccine is given as
part of the child’s routine vaccinations at 3 months with a booster during adolescence.

Hib/MenC conjugate vaccine: This vaccine is made from capsular polysaccharides of H. influ-
enzae type b (Hib) and N. meningitidis group C both conjugated to tetanus toxoid. It boosts the
responses to both Hib and MenC when given at 12-13 months of age to children who have
received Hib and MenC conjugate vaccines.

Quadrivalent (ACWY) polysaccharide vaccine: This plain vaccine generates little response
to the groups C, W135 and Y polysaccharides in infants <18 months old or to the group A
polysaccharide in babies <3 months old. In most people, the conjugate MenACWY is now the
vaccine of choice.

Quadrivalent (ACWY) conjugate vaccine: The MenACWY vaccine contains capsular
polysaccharides from serogroups A, C, W135 and Y. The conjugation improves immunogenicity
in young children and older people. Although not yet licensed for children, it is recommended
over the plain vaccine in children <5years because data show a better and longer-lasting
antibody response.

4-component meningococcus B (4CMenB) vaccine: The 4-component meningococcus B
(4CMenB) vaccine contains four immunogenic components: three recombinant proteins
combined with outer membrane vesicles derived from meningococcal NZ98/254 strain. It
provides protection against N. meningitidis group b, and while licensed for this use in Europe, it
has yet to be incorporated into national immunisation schedules due to the cost of the vaccine
and absence of cost-effectiveness data, a move that is attracting some criticism.

Immunisation should not be offered to any child who is acutely unwell or has had a severe,
proven reaction to a previous injection. Minor infections without fever are not a reason to delay
immunisation.
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MencC for children: In the United Kingdom, 0.5 ml of the MenC vaccine is given as part of the
second of the primary immunisations (q.v.). A booster is provided in the 12—13-month-old child
by giving combined Hib/MenC conjugate vaccine, and a further dose of MenC vaccine during
adolescence.

Quadrivalent (ACWY) conjugate vaccine: Children (>2 months old) who have not previously
received the ACWY conjugate vaccine should be given a dose if they are travelling to an area
that puts them at risk from meningococcal infection. The timing of a booster dose has not been
ascertained.

Quadrivalent (ACWY) polysaccharide vaccine: This provides protection against the same
serogroups as the quadrivalent (ACWY) conjugate vaccine but offers a less robust and
shorter-term protection in children.

4-component meningococcus B (4CMenB) vaccine: The 4CMenB vaccine has yet to be
incorporated into any national immunisation schedules. In the United Kingdom, the Joint
Committee on Vaccination and Immunisation (JCVI) has advised that the MenB vaccine should
be made available free of charge to people with medical conditions that put them at high risk of
getting meningococcal disease, including people with asplenia, splenic dysfunction or
complement deficiency. Otherwise, it is available privately. In infants under 6 months, it can be
given at 2, 3 and 4 months with a booster in the second year of life. In infants of 6-12 months,
two doses are given at least 2 months apart. A booster is again given during the second year of
life as long as it is at least 2 months after the second dose.

The MenC conjugate vaccine is available either as a lyophilised powder for reconstitution with a
diluent (Menjugate Kit®) or as a suspension in a syringe (NeisVac-C®). After the lyophilised
powder is reconstituted, the vaccine must be used within one hour. A third MenC vaccine,
Meningitec®, is not recommended in children under 12 months of age because it provides inad-
equate protection when administered as a single dose in infancy.

Hib/MenC is supplied as a vial of white powder and 0.5ml of diluent in a pre-filled syringe
(Menitorix®). These must be stored at 2-8 °C. Do not freeze.

The meningococcal groups A, C, W135 and Y conjugate vaccine is available in two forms as
powder for reconstitution with a vial or syringe of diluent that delivers a 0.5ml dose (cost £30).
The capsular polysaccharide antigens of N. meningitidis groups A, C, W135 and Y are conjugated
to Corynebacterium diphtheriae protein (Menveo®) or to tetanus toxoid protein (Nimenrix®).

0.5ml vials of the lyophilised ACWY polysaccharide vaccine (ACWY Vax®) with diluent for
reconstitution cost approximately £17 each.

The 4CMenB vaccine is available as a pre-filled syringe with 0.5 ml of a suspension for injection
(cost £75).

(See also the relevant Cochrane reviews and UK guidelines [PIIVLE)
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Mercaptamine is used to reduce the intracellular levels of cystine in cystinosis.

Cystinosis, first described by Aberhalden in 1903, is a rare autosomal recessive metabolic
disorder. The responsible gene, CTNS, encodes cystinosin, an integral membrane protein that
transports cystine out of the lysosome. Three clinical types of this disorder are described based
on the age at diagnosis and degree of cellular cystine deposition: infantile onset, adolescent onset
and adult onset. Patients with infantile cystinosis (the most common and most severe) become
symptomatic at 3—18 months of age with polyuria, followed by poor growth, photophobia and,
if not diagnosed and treated, renal failure by age 6 years. Although most individuals are not
diagnosed until after infancy, occasionally family history hastens postnatal diagnosis or allows
prenatal diagnosis based on elevated cystine in amniocytes or chorionic villus samples.

The renal tubular dysfunction leads to classic renal Fanconi syndrome with impaired
reabsorption of glucose, phosphate, amino and organic acids and minerals. Renal phosphate
losses lead to vitamin D-resistant rickets; chronic losses of sodium bicarbonate and potassium lead
to chronic acidosis and hypokalaemia. With ongoing glomerular damage, there is a progressive
renal impairment and an end-stage renal disease. There are a variety of ophthalmic abnormalities
of which the pathognomonic birefringent refractile corneal deposits are the first to appear.

Mercaptamine is an amino thiol that depletes lysosomal cystine in a disulphide exchange
reaction with cysteine. This results in the formation of a mixed disulphide and cysteine. The
mixed disulphide exits lysosomes via a ‘system ¢’ transporter, while the remaining cysteine exits
via a cysteine carrier. Mercaptamine postpones, and in some cases, even prevents the deteriora-
tion of renal function and the development of extra-renal complications. Treatment should be
started as soon as the diagnosis of cystinosis is made and continued lifelong, even after renal
transplantation, to protect the extra-renal organs.

Sadly, therapy is not straightforward; the free thiol smells (of rotten eggs) and tastes awful, it
also needs to be given regularly every 6 hours (although modified-release preparations allow
older children and adults to have twice-daily treatment), and gastrointestinal side effects can
make tolerance difficult — it causes a threefold increase in gastric acid production and a 50% rise
ofserum gastrin levels. Excessively high doses can cause skin lesions due to angioendotheliomatosis
(these disappear if the dose is reduced). The oral drug has no effect on the corneal cystine crystal
accumulation, most likely due to inadequate intraocular levels; thus, an ophthalmic preparation
is also required.

The best outcomes are obtained by (1) making an early diagnosis, (2) administering
mercaptamine every 6 hours and (3) performing frequent assays of leucocyte cystine.

Note: Treatment with these products should only be initiated after consultation with a
specialist nephrology advisory centre. Regular monitoring is essential.

Oral treatment: Begin with one-sixth to one-quarter of the expected maintenance dose,
increased gradually over 4-6 weeks. The maintenance dose is 1.3 g/m?/day (~50mg/kg/day) in
four divided doses. Best results are obtained from 6 hourly dosing, but a pragmatic approach is
to medicate as soon as the child wakes and before the parents go to bed, with the other two doses
given at intermediate times to spread out the medication as close to every 6 hours as possible.
Eye drops: Mercaptamine eye drops are instilled into each eye four to six times a day (at least
2-4 hours apart).

Leucocyte cystine levels are used to determine dosing and compliance once the maintenance
dose is achieved and every 3 months thereafter. Blood is obtained 5-6 hours after mercaptamine
treatment with the aim to achieve levels <1 nmol/half-cystine/mg protein.
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Mercaptamine capsules are available in 50mg (cost £70.00 for 100 capsules) and 150mg
strengths (cost £190.00 for 100 capsules). The contents of the capsules can be sprinkled on food
(milk, potatoes or starch-based foods) or added to formula milk. Mercaptamine eye drops are
available in 0.11 and 0.55% strengths. These are available from ‘special-order’ manufacturers or
specialist importing companies.
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Meropenem is a valuable broad-spectrum antibiotic. In many units it is held in reserve, and only
used in consultation with a microbiologist or in a research context, when no other satisfactory
alternative exists.

Meropenem is a carbapenem p-lactam antibiotic active against a very wide range of Gram-positive
and Gram-negative aerobic and anaerobic bacteria that first came into general clinical use in
1985. Methicillin-resistant staphylococci and Enterococcus faecium are resistant to meropenem, as
are some strains of Pseudomonas aeruginosa. Meropenem is excreted in the urine, mostly
unchanged, but partly as an inert metabolite. The elimination half-life in adults is only 1 hour,
but a little longer in children 2—-6 months old. The initial half-life in the term baby is 2 hours and
in the preterm baby 3 hours, but the half-life falls significantly, irrespective of gestation, within
10-14 days of birth.

Meropenem has many of the same properties, and most of the same adverse effects, as
imipenem (q.v.), but it seems to cause less nausea. It is also stable to the renal enzyme that
inactivates imipenem and does not need, therefore, to be given with cilastatin. It has not been
in use as long as imipenem and has not been as extensively studied, but the evidence to date
suggests that meropenem is less likely to induce seizures than imipenem with cilastatin (c.v.).
Meropenem can also be given as a standard slow intravenous (IV) bolus injection. It penetrates
the CSF of patients with bacterial meningitis, and most other body fluids, well.

The limited amounts of meropenem that cross the placenta are insufficient to treat infection in
the fetus. Teratogenicity studies and limited reports of use in human pregnancies are largely reas-
suring. Meropenem passes into breast milk, but there is no reason to withhold breastfeeding.

Give 20mg/kg by slow IV infusion over 15-30 minutes once every 12 hours in the first week of
life and once every 8 hours for babies older than this. The dose may be given as an IV injection
over 5 minutes if required. Double the dose to 40 mg/kg in children where meningitis, serious
infection or P. aeruginosa infection is suspected. Intramuscular use is not recommended. Dosage
frequency should be halved if there is evidence of renal failure, and treatment stopped altogether
if there is anuria unless dialysis is instituted.

Vials suitable for IV use, containing 500mg of meropenem as a powder, cost £8. Reconstitute
with 9.6ml of water for injection to give a solution containing 50 mg/ml. The manufacturers
recommend prompt use after reconstitution and say that vials are for ‘single use only’, but they
also say that the preparation can be kept for up to 24 hours after reconstitution if kept at 4°C. A
20mg/kg dose contains 0.08 mmol/kg of sodium.
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Methadone is widely used in the management of maternal opioid addiction and to control the
more severe withdrawal (‘abstinence’) symptoms seen in some babies born to mothers with
such an addiction.

Methadone hydrochloride is a synthetic opioid analgesic developed in Germany during the
1939-1945 war that is capable of providing sustained pain relief. It is usually taken orally and is
less sedating than morphine. Opiate addiction may be associated with reduced fetal growth, but
there is no evidence of teratogenicity. Many women who receive methadone continue to abuse
other drugs.

Methadone is well absorbed when taken by mouth (90% bioavailability) and largely
metabolised by the liver through cytochromes CYP3A4, CYP2B6 and CYP2D6. The elimination
half-life of methadone shows substantial inter-individual variability but in most neonates is
about 20 hours.

Tissue levels exceed plasma levels (V, ~61/kg). Arrhythmia due to the long QT syndrome is a
rare complication and has been seen in the newborn baby of a mother stabilised on methadone.
Excessive doses can cause ileus and respiratory depression. However, there appears to be no
correlation between the maternal dose at delivery and the baby’s risk of neonatal abstinence
syndrome, and weaning the maternal dose in the hope that this lessens the fetal and neonatal
risks simply increases the likelihood that illicit drugs will also be used.

Use during lactation results in the baby receiving ~3% of the weight-adjusted maternal dose,
so in the absence of HIV infection, breastfeeding should be encouraged as there is some evidence
that breastfed babies show fewer symptoms of withdrawal and seem less likely to require
medication irrespective of the nature of the mother’s addiction.

Mothers with an opiate addiction are often placed on methadone before delivery in an attempt
to reduce illicit opioid usage. Methadone is useful because it can be taken orally, only needs to
be taken once or twice a day and has a long-lasting effect. Maternal blood levels are more stable,
reducing some of the intoxicating (and potentially damaging) ‘swings’ to which the fetus of an
addicted mother is otherwise exposed. Weaning should not be attempted during pregnancy. In
some cases, because of increased clearance, the dose may need to be increased in the last
3 months of pregnancy.

Babies typically start to show some signs of an abstinence syndrome 1-3 days after birth, with
restlessness, irritability, rapid breathing, vomiting and intestinal hurry. Feeding problems may
exacerbate weight loss. Swaddling and the use of a dummy or pacifier should be enough to
control the symptoms in up to half the babies of drug-dependent mothers, but a rapidly reducing
dose of methadone or morphine (q.v.) can be given to babies with severe symptoms. Fits are
uncommon, seldom seen in the first few days, and more suggestive of a non-opiate drug
dependency. Symptoms coming on before 214 days are more typically seen where the mother is
dependent on a hypnotic or sedative (barbiturates, diazepam, etc.). A mixed picture due to the
abuse of several drugs is not uncommon and may justify giving phenobarbital (q.v.) as well as
methadone (or morphine). Chlorpromazine (q.v.) is an understudied alternative.

Achieving control: Give one dose every 6 hours by mouth. Start with 100 micrograms/kg, and
increase this by 50 micrograms/kg each time a further dose is due until symptoms are controlled.
Maintaining control: Calculate the total dose given in the 24 hours before control was
achieved, and give half this amount by mouth once every 12 hours.

Weaning: Once control has been sustained for 48 hours, try and reduce the dose given by
10-20% once each day. Treatment can usually be stopped after 7-10 days although mild
symptoms may persist for several weeks.

Naloxone (q.v.) is effective but may unmask withdrawal symptoms in an opiate-dependent
patient.
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A clear yellow-green non-proprietary oral mixture of this controlled drug, containing 1 mg/ml
of methadone hydrochloride, can be provided on request (100ml costs £2.10). A more dilute
solution (100 micrograms/ml) with a month shelf life can sometimes be provided by pharmacies
for neonatal use on request.

(See also the Cochrane reviews on opiate withdrawal)
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Of all the antihypertensive drugs used in pregnancy, methyldopa is the best studied. It was
previously used to treat resistant neonatal hypertension but is now rarely used in children.

Methyldopa interferes with the normal production of noradrenaline (norepinephrine), but also
seems to have direct effects on arterioles and on the central vasomotor centre. Methyldopa was
first used in the management of hypertension in 1960. It reduces blood pressure and total
peripheral vascular resistance without any change in cardiac output or renal blood flow. It has
been widely used in the management of maternal hypertension and in patients with pre-eclamp-
tic toxaemia. It readily crosses the placenta, but fetal side effects have not been identified, and the
only neonatal effects ever noted have been occasional transient tremor and an equally transient
lowering of blood pressure. Neither is there any known contraindication to use during lactation
because the baby receives less than 5% of the maternal dose on a weight-for-weight basis.

Oral absorption is variable and incomplete, much of the drug is eliminated by the kidney, and
there is some evidence that treatment should be modified in the presence of serious renal failure.
The way drug elimination varies with age has not been well studied, but is known to have a
biphasic profile: the initial half-life is only about 2 hours, but there is a much more prolonged
second phase. The drug’s therapeutic action is not, however, related to this half-life: even with
intravenous (IV) use, the full effect only becomes apparent after 4 hours, and some effect can
still be detected for 10-15 hours, while with oral administration twice a day, the drug’s ability to
lower blood pressure may not become fully apparent for 2-3 days. Long-term medication
induces salt and water retention unless a diuretic is prescribed. Side effects include haemolytic
anaemia, thrombocytopenia and gastrointestinal disturbances. Large doses have a sedative
effect. If treatment is stopped suddenly, there may be a hypertensive rebound crisis.

The management of a woman already on treatment for hypertension prior to conception does
not usually need to be changed, because none of the commonly used drugs are teratogenic. The
exception to this is the woman who is on an ACE inhibitor (e.g. captopril) or an angiotensin II
receptor antagonist (e.g. losartan and valsartan) as these drugs can cause irreversible fetal renal
failure during the third trimester. Diuretic treatment can also be continued if considered appro-
priate, although continued use does carry disadvantages should pre-eclampsia supervene. If
serious hypertension (a blood pressure of 170/110mmHg or more) is found at booking, it merits
immediate treatment, but there is no evidence that early pre-emptive intervention in women
with hypertension less serious than this does anything to reduce the eventual incidence of super-
imposed pre-eclampsia. Hydralazine and, more recently, nifedipine (q.v.) have been the drugs
most often used when other symptoms of proteinuric pre-eclampsia become apparent. Short-
term atenolol use does not inhibit fetal growth. Labetalol (q.v.), given 1V, is probably the drug of
choice when it becomes necessary to lower blood pressure in a rapid but controlled way, while
magnesium sulfate (q.v.) can be given to minimise the risk of an eclamptic seizure. The only
definitive treatment for severe pre-eclampsia is delivery, and even after delivery, blood pressure
often continues to rise for another 3-5 days before finally returning to normal 2-3 weeks later.

Use in pregnancy: Start by giving 250mg two or three times a day and increase the dose
incrementally as necessary not more frequently than once every 3 days. A first 1 g oral loading
dose can be given when hypertension needs to be controlled quickly. Doses as high as 1g four
times a day have been used on occasion. Nifedipine is sometimes used as well in patients with
pre-eclamptic hypertension.

5ml (250mg) ampoules of methyldopate for IV use are still available in North America and in
some other countries but are no longer immediately available from any UK pharmaceutical
company (although the product could be imported on request). In order to ensure accuracy,
dilute 1 ml (50mg) from the ampoule with 9ml of 5% glucose to provide a solution containing
5mg/ml prior to oral or IV administration. 125, 250 and 500mg tablets (costing 10-85 p each)
remain widely available, and a low-dose oral suspension could be prepared, on request, with a
7-day shelf life.
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Methylthioninium chloride is used to treat methaemoglobinaemia. It has also been used
experimentally to treat the refractory hypotension sometimes associated with septic shock.

Methaemoglobin is the oxidised (ferric) form of the haemoglobin molecule, lacking the normal
molecule’s ability to carry oxygen to the tissues. The condition can be inherited (as a recessive
reductase enzyme deficiency or as a dominantly inherited haemoglobinopathy) or occur briefly
as a result of drug exposure. Babies are at particular risk because reductase enzyme levels are
initially low. Nitric oxide is rapidly inactivated by the haemoglobin molecule forming
nitrosylhaemoglobin, which is then converted to methaemoglobin. It is for this reason that excess
inhaled nitric oxide (q.v.) can cause methaemoglobinaemia. Aniline dyes (even when absorbed
through the skin) can have the same effect, as can the local anaesthetic prilocaine. Excess nitrates
in drinking water were once a common cause. If a drop of suspect blood turns chocolate brown
rather than red over 30 seconds, when compared to a control sample, as it dries on a filter paper,
the suspect specimen almost certainly contains more than 10% of methaemoglobin.

Methylthioninium chloride is a basic dye first synthesised in 1876. Histologists have used it for
more than a century to dye living nerve tissue. It is reduced in the red cell to leuco-
methylthioninium (leucomethylene blue) where it then acts to convert methaemoglobin back to
haemoglobin. It is therefore used in the treatment of both congenital and acquired
methaemoglobinaemia. It has also been used as a dye to monitor reflux, trace fistulas, position
tubes, identify premature rupture of membranes and ‘mark’ the different amniotic sacs in
multiple pregnancy, although this last use can cause serious haemolytic anaemia and neonatal
jaundice and is claimed to be associated with a high risk of jejunal atresia. Recently, there has
been experimental interest in the use of the same drug to control the severe hypotension seen in
septic shock when this fails to respond to inotropes and hydrocortisone (q.v.) because this
condition seems to be mediated, at least in part, by excess tissue nitric oxide synthesis. Nitric
oxide causes vasodilatation by activating soluble guanylate cyclase in smooth muscle cells to pro-
duce cyclic guanosine monophosphate, and methylthioninium chloride inhibits this activation.

Methylthioninium chloride is moderately well absorbed when given by mouth and slowly
excreted in the urine, after partial conversion to leuco-methylthioninium. Repeated use may be
hazardous if renal function is poor. Intravenous (IV) administration can cause a number of adverse
reactions including pain, nausea, vomiting, confusion, dizziness, sweating and hypotension.
Repeated treatment, or an overdose, can actually cause methaemoglobinaemia, haemolysis and
hyperbilirubinaemia, and there is no effective treatment for this other than exchange transfusion.
Infants with G6PD deficiency are at particular risk in this regard. Long-term treatment has been
known to cause haemolyticanaemia. Heinzbody formation hasalsobeen reported. Methylthioninium
chloride turns urine, stools and body secretions blue. The skin also becomes discoloured.

Little is known about the safety of giving IV treatment to a mother during pregnancy or
lactation. It crosses the human placenta after intra-amniotic injection and is excreted in the
maternal urine. Neonates with G6PD deficiency exposed in utero may experience severe haemolysis
and hyperbilirubinaemia requiring exchange transfusion. There is some evidence to suggest it can
be safely used for lymphatic mapping in breast cancer when this is diagnosed during pregnancy.

Give 1 mg/kg IV (1 ml of a solution made up as described under ‘Supply and administration”)
over 1 hour. A repeat dose can be given if necessary after a few hours. Also seek advice from
National Poisons Information Service.

Oral treatment has occasionally been used to manage serious congenital methaemoglobinae-
mia, even though this tends to make the cyanosed patient blue for a different reason! Doses of
up to 2 mg/kg once a day by mouth have been used. Oral ascorbic acid (500 mg once a day) may
also be effective.

Methylthioninium chloride is available as a 5 mg/ml solution in 10 ml ampoules costing £39
each; to give 1 mg/kg IV, take 2 ml from the ampoule for each kilogram the baby weighs, dilute
to 10 ml with 5% glucose immediately before use, and infuse 1 ml of the resultant solution over
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1 hour. More rapid infusions have been given with apparent safety on occasion. Take care to
avoid tissue extravasation as this can cause necrotic ulceration.

Allergaert K, Miserez M, Naulaers G, et al. Enteral administration of methylene blue in a preterm infant.
[Abstract] Pediatr Perinat Drug Ther 2004;6:70.

Crook J. Haemolytic jaundice in a neonate after intra-amniotic injection of methylene blue. Arch Dis Child
1982;57:872-86.

Driscoll W, Thurin S, Carrion V, et al. Effect of methylene blue on refractory neonatal hypotension. J Pediatr
1996; 129:904-8. (See also pp. 790-3.)
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web comment

Metoclopramide provides symptomatic relief from nausea and vomiting in pregnancy when
first-line treatment with antihistamines (e.g. diphenhydramine, meclizine, dimenhydrinate) has
failed. There are conflicting reports as to its effectiveness as a galactogogue. Although there is
some evidence that it reduces symptomatic gastro-oesophageal reflux (GOR) in children a few
months old, no neonatal studies have been published, and the risk of neurological effects such
as extrapyramidal disorders and tardive dyskinesia has led to it being contraindicated in children
<12 months old.

Metoclopramide hydrochloride is a substituted benzamide related to procainamide. It stimulates
motility in the upper gastrointestinal tract without affecting gastric, biliary or pancreatic secretion.
It was being evaluated as a possible antiarrhythmic agent when its anti-emetic properties came to
light in 1964. It is rapidly absorbed from the intestinal tract, but a variable first-pass metabolism
leads to unpredictable plasma levels. Metoclopramide possesses parasympathomimetic activity.

It has been used to control some forms of nausea and vomiting (particularly in patients
undergoing cytotoxic treatment or radiotherapy) and in the management of gastric stasis and
GOR, but there is good evidence that ondansetron (q.v.) is a better drug to use to control nausea
and vomiting in young children.

Metoclopramide is a dopamine receptor antagonist, and idiosyncratic dystonic and dyskinetic
extrapyramidal signs are not infrequently seen in children, even at the normally recommended
dose. For these reasons, the manufacturers only recommend use in patients under 20 years old
to prevent post-operative vomiting, to control the nausea caused by chemotherapy and as an aid
to passage of a gastric or similar feeding tube. Domperidone (q.v.) is a related drug which causes
fewer dystonic problems. Erythromycin (q.v.) is sometimes used in the neonatal period to
stimulate gastrointestinal motility.

Metoclopramide has also been used to treat the severe nausea and vomiting that occasionally
occur during pregnancy (hyperemesis gravidarum), and a study of the outcomes of these
pregnancies found no evidence of teratogenicity. It has also been given to speed gastric emptying
during labour or as a pre-anaesthetic medication to reduce the risk of vomiting. Metoclopramide,
like domperidone, stimulates prolactin secretion from the anterior pituitary, but there are
conflicting reports as to its ability to enhance lactation (see website commentary). It does not
work in all women (possibly because they already have raised prolactin levels), and side effects,
such as cramp and diarrhoea, sometimes limit compliance. The drug accumulates in breast milk,
but ingestion by the baby would be unlikely to exceed 50 micrograms/kg/day — one-tenth the
maximum dose used for medicinal purposes.

Mother: Giving 10 (or even 15) mg to the mother by mouth three times a day stimulated milk
production in some studies. Taper treatment off over 5-10 days to limit the risk of milk pro-
duction declining again later.

Baby: Not recommended in children under the age of 12 months due to the risk of neurological
effects.

The therapeutic dose is only slightly less than the toxic dose in children. Tachycardia, agitation,
hypertonia, feeding problems and diarrhoea have all been reported following a neonatal
overdose, together with methaemoglobinaemia which responded to treatment with methylthio-
ninium chloride (q.v.).

2 ml ampoules containing 10 mg of metoclopramide (costing 27p) are also available for intrave-
nous (IV) or intramuscular use. For IV use, take 1 ml of the liquid formulation in the ampoule,
dilute to 50 ml with 0.9% sodium chloride to provide a solution containing 100 micrograms/ml,
and give as a slow bolus infusion. Discard discoloured ampoules. Tablets are available in 10 mg
strengths costing 3 p each. Metoclopramide is also available as a liquid containing 1 mg/ml (100
ml costs £10) which must be protected from light. This can be further diluted with an equal
quantity of pure water but should be used within 2 weeks of being dispensed. A sugar-free
formulation can be provided on request.
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web comment

Metronidazole is used in the management of anaerobic bacterial infection (including meningitis)
and in the treatment of a range of protozoal infections such as amoebiasis, giardiasis and
trichomoniasis. It is also widely used in the United Kingdom after intestinal surgery and in the
management of necrotising enterocolitis.

Metronidazole, a 5-nitroimidazole derivative, is a unique bactericidal antibiotic that first came
into clinical use in 1960. It is particularly useful in the treatment of dental, surgical and
gynaecological sepsis because of its activity against obligate anaerobes such as Bacteroides and
Clostridium species and facultative anaerobes such as Gardnerella and Helicobacter. It seems rare for
bacterial resistance to develop.

Both partners should be treated when Trichomonas vaginalis infection is suspected. Short
prophylactic courses, with or without ampicillin, are frequently given during abdominal and
pelvic surgery in Europe, but cefoxitin (q.v.) is more often used for this purpose in North America
(where metronidazole is still seldom used in children). A reversible sensory neuropathy has
been seen in adults after prolonged treatment. Mild gastrointestinal symptoms can occur.

Metronidazole can be given by intravenous (IV) injection but is well absorbed both orally and
rectally. The drug has a large volume of distribution (V, ~0.8 1/kg), penetrates most body fluids
(including CSF and ascitic fluid) well and is excreted in the urine after partial breakdown to a
product that also has some antimicrobial activity. The plasma half-life is long and inversely
related to gestational age at birth. It soon approaches that seen in adults (7-10 hours). The dos-
age interval may need to be increased where there is hepatic failure, but does not usually require
modification in renal failure although some metabolites may accumulate.

Use in pregnancy was long considered controversial because the drug readily crosses the
placenta. It is mutagenic in bacteria and carcinogenic in rodents although neither of these effects
has been proved in humans. Nor is there any evidence to suggest it is a teratogen, although it
can increase the fetotoxic and teratogenic effect of alcohol in mice.

More recently, it has been widely used with apparent safety to treat trichomonal and bacterial
vaginitis both during pregnancy and during lactation. While the increased vaginal discharge and
the characteristic odour (vaginosis) caused when anaerobic bacteria replace lactobacilli may
merit treatment, the PREMET trial suggested treatment with metronidazole might actually
increase the risk of preterm birth. Oral or vaginal clindamycin (q.v.) seems to be a better
alternative. The breastfed baby of any mother on 400 mg twice a day for 7 days will end with a
blood level about a quarter of that seen during treatment. While this is said to affect the milk’s
taste, it seems otherwise harmless. Women can, however, suspend lactation for 24 hours and
request an alternative treatment strategy — a single high (2 g) oral dose of metronidazole.

Asymptomatic infection is common. It can be difficult to distinguish Entamoeba histolytica, which
is a worldwide tissue-invasive pathogen, from E. dispar, a mere commensal. Intestinal amoebiasis
can cause abdominal pain and bloody diarrhoea, while invasive infection can affect the liver,
chest or brain. Metronidazole for 5-10 days will treat invasive infection, but diloxanide is
necessary to clear the bowel (6.6 mg/kg by mouth three times a day for 10 days) even though
the manufacturer has yet to endorse use in young children or during pregnancy.

Concurrent barbiturate use can decrease the half-life in children, making a higher daily dose
necessary. Steroids and rifampicin may have a similar but less marked effect.

Give a 15 mg/kg IV loading dose. Then give 7.5 mg/kg, orally or IV, once every 24 hours in
babies with a post-menstrual age <26 weeks, once every 12 hours in babies with a post-menstrual
age of between 26 and 34 weeks, and every 8 hours in babies with a post-menstrual age >34
weeks. Treat infants up to 2 months old using the same regime as neonates with a post-menstrual
age >34 weeks. Higher doses have been used in meningitis. Slow IV administration is only
necessary in older children and adults because of the volume of fluid involved.
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A 20 ml (5 mg/ml) IV ampoule of metronidazole costs £1.60. A 7.5 mg/kg dose contains 0.2
mmol/kg of sodium. Limited solubility precludes intramuscular use as the volume involved
would be too large. A 40 mg/ml oral suspension in sucrose is available (100 ml costs £25), and a
more dilute suspension can be prepared with a 2-week shelf life. 500 mg tablets of diloxanide
cost £3.10, and an oral suspension can be prepared from these.
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Micatungin, like caspofungin (q.v.), is an echinocandin with established in vitro and in vivo
concentration-dependent fungicidal activity against most Candida species. In the European Union
and Japan, micafungin is approved for children including neonates for treatment of invasive
candidiasis; however, in the United States, approval is for use in children older than 4 months
only. Micafungin may be used both prophylactically and to treat established infection.

Micafungin is a non-competitive inhibitor of p-(1,3)-p-glucan synthase which is necessary for
the synthesis of an essential component of the fungal cell wall, p-(1,3)-p-glucan. Fungal cells
unable to synthesise this polysaccharide cannot maintain their shape and lack adequate rigidity
to resist osmotic pressure, which results in fungal cell lysis. It demonstrates in vitro and in vivo
activity against Aspergillus and a range of Candida species, including C. albicans, C. parapsilosis,
C. tropicalis and C. glabrata. Micafungin is not effective in Zygomycetes or Cryptococcus infection.

Oral absorption is poor and the drug has to be given intravenously. It is highly protein bound
and thus is unlikely to penetrate cerebrospinal fluid, intra-vitreal fluid or urine in clinically
significant amounts unless used in high doses. Micafungin was found to be embryotoxic and to
interfere with visceral organ formation at high doses in pregnant rodents, but nothing,
understandably, is yet known about the effect of its use in women during pregnancy or lactation.
With a high molecular weight and significant protein binding, it is unlikely that significant
amounts will cross the placenta. In the breastfed infant, poor oral bioavailability should further
limit exposure.

Micafungin is extensively metabolised in the liver to several metabolites: an M-1 (catechol
form), an M-2 (methoxy form of M-1) and an M-5 (hydroxylation at the side chain). These are
excreted in an inactive form into bile and to a lesser extent into urine (<1% is in urine in an
unchanged form). Although the M-5 part of the metabolism is by cytochrome P450 3A4 (of which
micafungin is a weak inhibitor), this is fairly minor, and few drug interactions are described.
Clearance in the newborn and premature infants is faster than in older children and adults, and
it is believe that age-dependent serum protein binding of micafungin might be responsible for its
higher clearance. Side effects include disturbances of liver enzymes, hypokalaemia, hyperbiliru-
binaemia and hypertension; however, all are rare even at doses up to 15 mg/kg.

Micafungin increases plasma concentration of amphotericin, itraconazole and nifedipine.
Micafungin is not induced by the same drugs that affect caspofungin.

Prophylaxis: Give an intravenous (IV) infusion of 1 mg/kg over 60 minutes once daily.
Treatment is continued for at least 7 days after the neutrophil count reaches the desirable range.
Treatment: Give an IV infusion of 2 mg/kg over 60 minutes once daily (the dose may be
increased to 4 mg/kg daily if the response is inadequate) for at least 14 days.

CNS involvement: In vivo-to-clinical bridging studies suggest that dosages greater than those
previously mentioned may be required to ensure effective antifungal effect in the CNS. A dose
of 10 mg/kg is thought adequate to provide CNS penetration in premature and term neonates.
Given that invasive candidiasis usually involves the CNS in premature infants, some argue that
this should be the standard dose for all neonates.

Micafungin comes as a powder ready for reconstitution in 50 mg vials that cost £196 each. The
powder is dissolved in 5 ml of 0.9% sodium chloride or 5% glucose. For accurate low-dose
administration, further dilute the resultant solution to a concentration of 0.5-2 mg/ml. Infuse
over 60 minutes and protect the infusion from light.

Ascher S, Smith PB, Benjamin DK Jr. Safety of micafungin in infants: insights into optimal dosing. Expert Opin
Drug Saf 2011;10:281-6.

Benjamin DK Jr, Smith PB, Arrieta A, et al. Safety and pharmacokinetics of repeat-dose micafungin in young
infants. Clin Pharmacol Ther 2010;87:93-9.
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Miconazole and nystatin (q.v.) are both widely used in the treatment of topical Candida infection.
There is good controlled trial evidence that miconazole is better than nystatin at eliminating oral
thrush.

Miconazole is an artificial imidazole agent first developed in 1969 which is active against a wide
range of pathogenic yeasts and dermatophytes, as well as a range of Gram-positive bacteria
(staphylococci and streptococci). These properties make it particularly useful in the treatment of
oral and vaginal thrush, candida nappy rash, intertrigo, paronychia, ringworm and athlete’s
foot. It works by interfering with ergosterol synthesis, damaging fungal cell wall permeability. It
is moderately well absorbed when given by mouth (unlike nystatin) and then inactivated by the
liver before excretion in the urine, but much of any oral dose is excreted unchanged in the stool.
It was, for some years, given by intravenous injection or by mouth in the treatment of a range
of systemic fungal infections but is now only used topically to treat infection of the skin, gut or
mucous membranes. Miconazole seems to eliminate vaginal candidiasis in pregnancy better
than nystatin, and while it is systemically absorbed in very small amounts after vaginal applica-
tion, there is no evidence that topical use by the mother during pregnancy or lactation poses any
hazard to the baby at least when used properly.

Candida can be found in the vagina of a quarter of pregnant women, and a fifth of their babies
become colonised at birth, and more over the next month. Candida proliferates in moist skin, but
overt infection is seldom seen except in babies with excessive intestinal colonisation. It is not
surprising, therefore, that overt skin damage (dermatitis) usually starts in the perianal region,
especially if the skin is already damaged. Prior prolonged and broad-spectrum antibiotic use
makes overt infection more likely.

Gentian violet (also known as “crystal violet’), a triarylmethane antiseptic dye, is an old-fashioned
treatment for Candida infection of the skin that is also active against a range of Gram-positive
organisms including staphylococci. While it is effective despite its alarming colour, it is no longer
used in the United Kingdom (especially on broken skin or mucous membranes) because of
theoretical concern about carcinogenicity in mice. The 0.5% aqueous solution is still sometimes
used to treat Candida infection of the skin elsewhere in the world and is often thought to be the
most effective topical product currently available because of its deep penetration. It is probably
not wise to apply the solution to mucosal surfaces more than twice a day for 3—4 days. It stains
everything it touches, including clothing and skin. It is worth treating the gut with miconazole
or nystatin at the same time. Little is known about use during pregnancy or lactation.

The combination of ora/ miconazole and cisapride (now withdrawn) carried a high risk of
arrhythmia. Oral miconazole can affect the anticoagulant effect of warfarin and increase the
serum concentrations of carbamazepine and phenytoin.

Oral thrush: Smear 1.25ml of miconazole oral gel round the mouth and gums with a finger
after feeds four times a day, and take steps to prevent reinfection as outlined in the monograph
on nystatin. Continue treatment for at least 2 days after all the signs of infection have gone
(usually 7-10 days in all).

Candida (Monilia) dermatitis: Use miconazole nitrate as a cream twice a day for at least 10 days,
even if the rash improves quickly. There is a real risk of the problem recurring if treatment is stopped
too soon. It may be advisable to treat the gastrointestinal tract as well as the skin if there is evidence
of stubborn infection (and nystatin may be better at eradicating Candida from the lower bowel).

One 30g tube of miconazole skin cream (2% w/w) costs £1.80. A 15 g tube of sugar-free oral gel
(24mg/ml) costs £3 and is also available in the United Kingdom without prescription. The
manufacturer does not recommend use in babies less than 4 months old because excessive
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administration could cause the baby to choke. The cream and a dusting powder are also available
‘over the counter’ without prescription.

Inexpensive crystal violet paint (as a 0.5% aqueous preparation) is dispensable on request.
Avoid the use of alcoholic solutions and solutions that are more concentrated than this, especially
when treating the mouth and tongue.

(See also relevant Cochrane reviews)
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Midazolam is an effective sedative and a useful first-line anticonvulsant, but it does not relieve
pain.

Midazolam hydrochloride is a short-acting benzodiazepine with hypnotic, anxiolytic, muscle
relaxant and anticonvulsant activity. Bioavailability is about 35% when given as a syrup and
50% when absorbed through the nasal or buccal mucosa. Midazolam is metabolised by
cytochromes CYP3A4 and CYP2C9 in adults, but these are immature in neonates. Additionally,
the main metabolite, 1-hydroxymethyl midazolam, which is also pharmacologically active, is
eliminated through the kidney; thus, while the half-life is only 2 hours in adults, it is 12 hours
in the neonate. An intravenous (IV) bolus dose in a preterm baby is not recommended as it
frequently causes respiratory depression, hypotension and a fall in cerebral blood flow. Myoclonic
jerking, not associated with EEG abnormality, and paradoxical agitation have been reported.
Sustained use causes drug accumulation, with tissue levels that variably exceed plasma levels
(V, 1-31/kg), and withdrawal symptoms have been reported in up to a quarter of all children.
Severe encephalopathic features of drowsiness, dystonic posturing and choreoathetosis are
sometimes reported 1-2 days after stopping treatment. The manufacturer does not recommend
use as a sedative in any child <6 months old, and the Cochrane overview found inadequate evi-
dence to support neonatal use.

Maternal use during the third trimester of pregnancy or during labour may cause neonatal
withdrawal or the infant to be hypotonic. However, the drug’s rapid clearance means that very
little appears in breast milk. Midazolam is now widely used to stop prolonged seizures in children
with the rapidity of mucosal absorption from the nose or mouth (‘buccal’ administration)
making IV administration less necessary.

Midazolam pharmacokinetics during therapeutic hypothermia have not been established,
but as the drug is metabolised extensively by hepatic cytochromes P450 3A4 and 3A5, the
half-life is likely to be extended further in cooled infants. Use in hypothermic adults is
associated with a fivefold increase in serum levels.

Short-term sedation: A 500 micrograms/kg dose by mouth is often used to premedicate chil-
dren prior to anaesthesia. A 300 micrograms/kg into the nose can provide sedation during inves-
tigational procedures, and 500-700 micrograms/kg into the nose (monitored with an oximeter)
relieves stress during suturing.

Continuous sedation: Some units give 60 micrograms/kg/hour to sedate the ventilated baby,
but this strategy is now increasingly questioned. The rate of infusion must be halved after 24
hours in babies of <32 weeks’” postmenstrual age to prevent drug accumulation.

Controlling seizures: A 150-200 micrograms/kg dose given IV over 2 minutes stops most fits
in infancy. However, 300 micrograms/kg of the buccal preparation given into the nose or under
the tongue will usually achieve this just as quickly (and this can be done outside hospital).

All benzodiazepines cause hypotonia, hypotension and coma in excess, but these effects can be
reversed by flumazenil, a competitive antagonist with a relatively short (50 minute) half-life.
High-dose use may cause respiratory depression. Give one (or two) 10 micrograms/kg IV dose
over 15 seconds and assess the effect. If there is a definite but unsustained response, start a
continuous IV infusion at 2-10 micrograms/kg/hour for 6-12 hours. Adjust the dose according
to response. Use may unmask fits suppressed by benzodiazepines.

Compatibility with other continuously infused drugs is noted, where known, in the monograph
for the second product. Midazolam can also be added (terminally) to an IV line containing
standard TPN (but not lipid).
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Midazolam: 5ml ampoules containing either 5 or 10mg of midazolam cost about 60p. To give
30micrograms/kg of midazolam per hour as a continuous IV infusion, place 15mg/kg of mid-
azolam in a syringe, dilute to 50ml with 10% glucose or glucose saline, and infuse at a rate of
0.1ml/hour. (A less concentrated solution of dextrose or dextrose saline can be used where
necessary.) The drug is stable in solution so it is not necessary to change the infusate daily. Many
North American products contain 1% benzyl alcohol.

An oromucosal solution (Buccolam®) containing 5mg/ml is available in 0.5, 1, 1.5 and 2ml
pre-filled syringes (cost £20-22). The syringes do not need to be refrigerated.
Flumazenil: 5ml ampoules of flumazenil containing 500 micrograms cost £13.50. Dilute with
5% glucose.

(See also the relevant Cochrane reviews)
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de Wildt SN, Kearns GL, Hop WC, et al. Pharmacokinetics and metabolism of oral midazolam in preterm
infants. Br J Clin Pharmacol 2002;53:390-2.

de Wildt SN, Kearns GL, Hop WCJ, et al. Pharmacokinetics and metabolism of intravenous midazolam in
preterm infants. Clin Pharmacol Ther 2001;70:525-31.

335

O



Gastro-oesophageal reflux is one of the most common gastrointestinal complaints in infancy, with a
reported incidence of 20-40%. Therapeutic options include dietary interventions (smaller, more fre-
quent feeds), positioning (elevating the head of the cot), drugs and, in extreme cases, surgery.
Thickened formulae are increasingly being used to treat infants with reflux, driven in large part by
the baby food industry. There is no good evidence, as yet, that this approach is of any value in
reducing the apnoeic episodes attributed to reflux in the preterm baby. In some babies, it is important
to exclude and treat cow’s milk protein allergy as the cause of the reflux (see web commentary).

A number of thickeners, designed to be added to the milk at the point of use, are available; rice
cereal (more popular in North America), carob bean gum, carob seed flour, starches and sodium
carboxymethylcellulose are often used. Infant Gaviscon® (q.v.) probably also works in the same
way, rather than forming the alginate ‘raft’ as seen with ‘adult” preparations. Care must also be
taken to ensure that any products used are designed for use in babies and not older children.

Carob seed flour is a galactomannan refined from the seeds of the carob (or locust) bean tree,
Ceratonia siliqua. The gum is widely used as a thickening agent and stabiliser in the food industry.
Cow & Gate (C&G) Instant Carobel® (a similar product is marketed in some countries as Karicare
Aptamil® Feed Thickener) is made from carob seed flour. The powder also contains calcium
carbonate, iron sulphate, zinc sulphate and maltodextrin. It is probably wise to monitor the red
cell galactose-1-phosphate level in babies with known galactosaemia if using these products.
Nestlé Nestargel® is a similar product (available in some countries) but which has less metabolis-
able carbohydrate and slightly more calcium carbonate. Although these products contain some
carbohydrate, they do not add significantly (<1%) to the overall calories of the milk and thus do
not replace a high-energy supplement if this is required.

Thin formulafeeds: Thicken 90 ml (~3 fl.oz) of formula milk with half scoop (1% concentration).
Thicker formula feeds: Thicken 60ml (~21fl.oz) with 1 scoop=1.7g (3% concentration).

The product requires heat to thicken, so make up the infant formula and immediately add the
Instant Carobel. Add gradually and shake vigorously to prevent lumps from forming. Leave to

Composition (per 100ml) of human milk and anti-reflux formula milks.

Protein Fat CHO Energy Na Ca P Zn VitD VitK
(9) (9 (@ (keca) (mg) (mg) (mg) (mg) (ug) (ug)
Typical mature 1.4 4.0 6.6 67 25.3 25 13 0.34 <0.1 0.2

human breast milk

Potato starch thickened

Nestlé NAN AR® 1.5 3.1 8.2 67 31 77 48 0.5 1.1 5.0
Novalac AR®* 1.7 3.1 7.4 64 221 65 50.1 0.5 1 3.9
Rice starch thickened

Mead Johnson 1.7 3.4 7.6 67 27 53 43 0.7 1.0 6.0
Enfamil AR®

Gelatinised maize starch thickened

SMA Staydown® 1.6 3.6 7 67 22.2 56 44 0.6 1.2 6.7
Carob bean gum thickened

C&G Anti-reflux® 1.6 3.5 6.8 66 23 77 44 0.59 1.2 4.5
Aptamil Anti-reflux® 1.8 3.6 6.8 66 17.6 56 44 0.6 1.1 6.7
Infacare Anti-reflux® 1.6 3.5 6.8 66 23 77 44 0.59 1.2 4.5

*Note: Novalac Digest AR © is similar but contains hydrolysed proteins.
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thicken for 3-4 minutes. Shake again and feed straight away. A teat with a larger hole, for
example, ‘fast flow’, will be required due to the increased thickness of the formula.
Breastfeeding: Mix one scoop of Instant Carobel and 20ml warm, previously boiled water.
Leave to thicken for 3—4 minutes and feed immediately, using a baby spoon.

Anti-reflux formula milks are marketed by a number of different companies. As with the
‘thickeners’, the agent used to thicken these milks varies from company to company (see table).
These milks are designed to meet the nutritional needs of otherwise healthy term babies and are
not suitable for preterm infants. They should not be used with Gaviscon Infant.

There is no evidence to suggest that any one of these formula milks is superior to any other.

Manufacturers are banned from subsidising the cost of infant formula milks supplied to hospitals
or from providing free samples in an attempt to increase their share of the market with newly
delivered mothers. The practice has been shown in nine controlled trials to reduce the number
of mothers achieving a sustained lactation.

Infant formula milks and modular feeds are a food source and therefore an excellent medium
for bacterial and microbial proliferation. Powdered infant formula is a non-sterile product, and
there is an inherent risk of infection with pathogenic bacteria such as Salmonella and Enterobacter
sakazakii in preterm, low birthweight and immunocompromised infants who are most at risk.
For this reason, most standard term and all preterm infant formula milks are available as
ready-made bottles (for use in hospitals) and as either powder or ready-made in cartons for
home use. Pre-thickened formula milks are currently not available in a ready-to-feed form.

Corvaglia L, Ferlini M, Rotatori R, ef al. Starch thickening of human milk is ineffective in reducing the
gastroesophageal reflux in preterm infants: a crossover study using intraluminal impedance. J Pediatr
2006;148:265-8. [RCT]

du Toit G, Meyer R, Shah N, et al. Identifying and managing cow’s milk protein allergy. Arch Dis Child Educ
Pract E4 2010;95:134-44.

Horvath A, Dziechciarz P, Szajewska H. The effect of thickened-feed intervention on gastroesophageal
reflux in infants: systematic review and meta-analysis of randomized, controlled trials. Pediatrics
2008;122:¢1268-77. [SR]

Khoshoo V, Edell D, Thompson A, et al. Are we overprescribing antireflux medications for infants with
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Ludman S, Shah N, Fox AT. Managing cows’ milk allergy in children. Br Med J 2013;347:f5424.

Peter CS, Wiechers C, Bohnhorst B, et al. Influence of nasogastric tubes on gastroesophageal reflux in preterm
infants: a multiple intraluminal impedance study. J Pediatr 2002;141:277-9.

Renfrew MJ, Ansell P, Macleod KL. Formula feed preparation: helping reduce the risks; a systematic review.
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The Special Feed Working Group of the Paediatric Group of the British Dietetic Association. Guidelines for
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Early Hum Dev 2005;81:1011-24.
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placebo-controlled crossover study using intraluminal impedance. Pediatrics 2003;111:¢355-9. [RCT]

Xinias L, Mouane N, Le Luyer B, et al. Cornstarch thickened formula reduces oesophageal acid exposure time
in infants. Dig Liver Dis 2005;37:23-7. [RCT]
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Milrinone lactate has been most commonly used in the post-operative care of patients with
congenital heart disease to treat low cardiac output state and in near-term and term neonates with
persistent pulmonary hypertension of the newborn (PPHN) as an adjunct to nitric oxide (q.v.).

First developed in 1981, milrinone is a selective inhibitor of type 3 cAMP phosphodiesterase (PDE3)
isoenzyme in cardiac and vascular muscle. By increasing cAMP concentrations, it enhances myo-
cardial contractility, promotes myocardial relaxation and reduces vascular tone in both systemic
and pulmonary vascular beds. There is some evidence that combined short-term use with adrena-
line or dobutamine (q.v.) can reduce systemic vascular resistance and increase cardiac output in
babies suffering septic shock. A trial of long-term oral use in adults with heart failure in 1991 found
an unexpected, and unexplained, increased mortality in those taking milrinone. Sustained use has
been avoided ever since, although recent studies have reported safe intravenous (IV) use for up to
8 weeks both in children and in adults with end-stage heart failure awaiting a heart transplant.
Neonatal use, other than during recovery from cardiac surgery, has shown no convincing benetfits,
but there is some suggestion that it may have a role along with inhaled nitric oxide in difficult cases
of PPHN. It is thought that milrinone restores the cAMP levels, countering any cAMP-lowering
effects of exogenous inhaled nitric oxide as it upregulates PDE3 in the pulmonary vasculature.

Milrinone is actively excreted (largely unmetabolised) by the kidney, the half-life being rather
variable (usually 1-2 hours) but five times as long as this immediately after birth. The volume of
distribution in young children (V) >11/kg) is substantially more than in adults, making it important
to administer an initial loading dose if an early response to treatment is required. An optimal
response seems to be achieved when the blood level is ~200nanograms/ml. Mild thrombocyto-
penia is common when milrinone is infused for more than 24 hours. Other complications, such as
arrhythmia, are rare in children. In animal studies, milrinone crosses the placenta, but there is no
evidence of teratogenicity. There are no published reports relating to use during human pregnancy
or lactation, and the manufacturers have not yet endorsed the use of milrinone in children.

Population pharmacokinetic modelling in preterm infants suggests using a loading infusion of
0.75 micrograms/kg/minute for 3 hours and then a maintenance infusion of 0.2 micrograms/kg/
minute for 18 hours to sustain stable blood levels.

In term neonates (and older children), give a loading dose of 50-75micrograms/kg over 30-60
minutes and then a continuous IV infusion of 30—45 micrograms/kg/hour for 2-3 days (usually for
12 hours after cardiac surgery). Hypotension may occur while the loading dose is being given
because the drug causes some vasodilation. Volume expansion and/or low dose dopamine will usu-
ally counteract this.

Milrinone can be added (terminally) to a line containing adrenaline, atracurium, dobutamine,
dopamine, fentanyl, glyceryl trinitrate, heparin, insulin, isoprenaline, midazolam, morphine,
nitroprusside, noradrenaline, propofol, ranitidine or standard TPN (but not furosemide).
Compatibility with IV lipid has not been assessed.

10ml ampoules containing 10 mg of milrinone (as lactate) cost £19.90. Take 0.6 ml (0.6 mg) of
milrinone for each kilogram the baby weighs, and dilute this to 20ml with 10% glucose or
glucose saline. To give 0.5 micrograms/kg/minute, infuse this dilute solution at a rate of 1 ml/
hour. Less concentrated solutions of dextrose or dextrose saline can be used. The drug is stable
in solution, so a fresh infusion does not need to be prepared every 24 hours.

Bailey JM, Hoffman TM, Wessel DL, ef al. A population pharmacodynamic analysis of milrinone in pediatric
patients after cardiac surgery. J Pharmacokinet Pharmacodyn 2004;31:43-59.

Barton P, Garcia J, Kouatli A, et al. Hemodynamic effects of IV milrinone lactate in pediatric patients with
septic shock. A prospective, double-blinded, randomized, placebo-controlled, interventional study. Chest
1996;109:1302-12. [RCT]
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Although gastric ulcer prevention is currently the only marketed indication for misoprostol in
most countries, it is also widely used to terminate pregnancy and is a valuable alternative to
oxytocin (q.v.) in the control of serious post-partum bleeding. It also has a role (if the dose is
kept low) in the induction of labour.

The only officially recognised use of misoprostol, an orally active prostaglandin E analogue first
synthesised in 1973, is to prevent and treat the gastric ulcers that are sometimes caused by
non-steroidal anti-inflammatory drug (NSAID) use. The drug’s manufacturer has never
recommended use for any other purpose or supported the studies needed to evaluate any other
use and only makes the drug available in 100 and 200 micrograms tablets (a higher dose than
this is usually appropriate when attempting to induce labour in late pregnancy). A 400 micrograms
vaginally administered dose of misoprostol is an effective way of preparing the cervix for suction
termination, and an 800 micrograms dose given 48 hours after a 200mg dose of oral mifepris-
tone will effect non-surgical termination of pregnancy during the first trimester. Nausea, abdom-
inal pain, diarrhoea, shivering and fever are the most common transient, dose-dependent side
effects. Much lower doses (50 micrograms) usually suffice to induce labour at term, and dan-
gerous uterine hyperstimulation was a common problem with the higher doses before this was
recognised. Uterine rupture was frequently reported after use of higher doses in women with a
previous caesarean section scar.

The active metabolite, misoprostol acid, is rapidly cleared by the liver, and the half-life with
oral administration is less than an hour. Placing a tablet in the posterior fornix of the vagina
increases the drug’s bioavailability and its half-life. Most women prefer oral treatment, and
while the optimum oral dose still requires further study, a recent systematic review found the
two approaches to be of comparable efficacy. Because misoprostol is inexpensive, stable at room
temperature and available in more than 80 countries, the WHO has incorporated recommenda-
tions for misoprostol into its four reproductive health guidelines focused on induction of labour,
prevention and treatment of post-partum haemorrhage and management of spontaneous and
induced abortion.

Misoprostol should never be used for other reasons during pregnancy, not just because it
stimulates uterine activity, but because high-dose first trimester use can cause fetal deformity.
Orally administered misoprostol can be detected in colostrum within 1 hour, becoming unde-
tectable by 5 hours. Misoprostol use during established lactation has not been reported. Due to
the potential risk of severe drug-induced diarrhoea, the manufacturer advises against use during
lactation, although this has not been seen in the breastfed baby.

Inducing labour: One approach is to give up to three 25 micrograms oral (or sublingual) doses
once every 2 hours, doubling the dose to 50 micrograms every 2 hours if necessary after 6 hours.
Treatment is stopped once the uterus is contracting regularly (three 30 second contractions
every 10 minutes). An alternative strategy has been to give up to five 100 micrograms doses at
four hourly intervals. The existence of a uterine scar is a contraindication to either of these strat-
egies, as is the simultaneous use of intravenous (IV) oxytocin.

Post-partum haemorrhage: While IV oxytocin is the drug of choice to control early
post-partum bleeding, 600 micrograms of oral (or sublingual) misoprostol is (once absorbed)
extremely effective at controlling serious, sustained and life-threatening post-partum bleeding
because of its longer half-life.

The only product currently available in the United Kingdom is a 200 micrograms tablet which
costs 17p. Smaller doses can however be given by crushing the tablet and dissolving it in tap
water. Any such solution must then be used within 12 hours. Misoprostol has not yet been
licensed for obstetric use, but unlike oxytocin, it does not have to be stored in the dark, or kept
at 4°C, to maintain its potency. It is also much cheaper than dinoprostone vaginal gel.
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(See also the relevant Cochrane reviews and
UK guideline on induction of labour |DIZIVES)
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Mivacurium is a useful, quick-acting alternative to atracurium (q.v.) when short-term muscular
paralysis is required. It does not blunt the perception of pain.

Mivacurium is a non-depolarising muscle relaxant that works by competing with acetylcholine
at the neuromuscular junction’s receptor. Thus, reversal, if required, can be achieved with
anticholinesterases such as neostigmine (q.v.). Mivacurium was developed as an analogue of
atracurium and introduced into clinical use in 1988. The drug is a mixture of three stereoisomers;
only two seem to cause much neuromuscular blockade, but all three are inactivated by plasma
cholinesterase. Paralysis is dose related but, after a single bolus dose, seldom lasts >20 minutes
(30minutes in older children). Activity is, however, prolonged by volatile anaesthetics such as
isoflurane. Recovery can be prolonged to 2—4 hours in those patients who have pseudocholines-
terase deficiency (~0.04% of the population) — a problem not encountered with atracurium. The
manufacturers have not yet endorsed the use of mivacurium in children <2months old, partly
because of concern about possible increased sensitivity. Extensive clinical experience suggests
that such caution may be unnecessary. There is no contraindication to use during pregnancy or
labour, and use during lactation is also almost certainly safe given the drug’s short half-life and
poor oral absorption.

Atracurium and mivacurium are benzylisoquinolinium non-depolarising muscle relaxants. All
drugs in this class (other than cisatracurium) can cause histamine release with flushing, tachy-
cardia, hypotension and (very rarely) an anaphylactoid reaction. Such problems seem less
common in children. The risk can also be minimised by avoiding unnecessarily rapid administration.

Single-dose administration: A 200 micrograms/kg intravenous (IV) injection provides almost
complete muscle relaxation after 1-2 minutes that lasts for about 10-15 minutes. Flush this
bolus dose through into the vein slowly over a period of ~30seconds to minimise the risk of his-
tamine release. A smaller dose is often enough to achieve relaxation prior to tracheal intubation.
Paralysis can be sustained longer if necessary by giving further IV doses once every 5-10
minutes.

Continuous infusion: Sustained paralysis generally requires a continuing infusion of about
10micrograms/kg/minute in early infancy (only slightly more than the amount generally
needed in adult life), but some older children require almost twice as much as this. The amount
needed is not always predictable and may require individual titration. Recovery is usually rapid
once the infusion is stopped.

Most of the effects of mivacurium can be reversed by giving 10 micrograms/kg of glycopyrronium
(or 20micrograms/kg of atropine) and 50 micrograms/kg of neostigmine as outlined in the glyco-
pyrronium monograph, but reversal should seldom be called for given mivacurium’s short half-life.

5ml ampoules containing 10 mg of mivacurium chloride (2mg/ml) cost £2.80. Multi-dose vials
are available in North America, but these should be avoided when treating infants because they
contain benzyl alcohol. Store all products below 25 °C, but do not freeze. Protect from light.
Bolus administration: Take 1 ml of mivacurium from the 2 mg/ml ampoule and dilute to 10ml
with 5% glucose or glucose saline to obtain a preparation containing 200 micrograms/ml.
Continuous infusion: To give 10 micrograms/kg/minute, draw 6 mg (3 ml) of mivacurium for
each kilogram the baby weighs from the ampoule into a syringe, dilute to 10ml with 5% dex-
trose in 0.18% sodium chloride, and infuse at 1 ml/hour. A less concentrated solution of dex-
trose or dextrose saline can be used if appropriate.

Atherton DPL, Hunter JM. Clinical pharmacokinetics of the newer neuromuscular blocking drugs. Clin
Pharmacokinet 1999;36:169-89.
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Morphine is the best studied neonatal analgesic.

Morphine, the principal alkaloid of opium, has been used for over 2000 years, and a pure extract
was obtained from poppy heads in 1805. It is well absorbed when taken by mouth but undergoes
rapid first-pass metabolism in the liver (bioavailability ~30%). The half-life in the preterm baby is
6-12 hours but is very variable and inversely related to gestational age at birth. Some tissue
accumulation occurs with sustained use (V,, ~21/kg). Elimination is more rapid in babies older than
2 months, and the half-life in 1-6-year-old children (about 1 hour) is less than in adults. Ordinary
doses cause constipation, urinary retention and respiratory depression, and an overdose can cause
hypotension, bradycardia and even (rarely) fits. One study suggests that neonatal pain relief may
require a blood level of ~120nanograms/ml, while adverse effects start to appear at levels exceeding
300nanograms/ml. Lower levels (20-40nanograms/ml) seem adequate in older children. The high
levels required in the newborn may reflect drug receptor differences, and low morphine-6-
glucuronide (M6G) metabolite levels. Tolerance may develop with prolonged treatment, and with-
drawal symptoms can also occur. Addiction has not been seen with neonatal use for pain relief, but
there are concerns that long-term opiate exposure may impact on visual function.

Morphine readily crosses the placenta although maternal clearance shortens the fetal
exposure. While there is no evidence morphine is a human teratogen, uncontrolled retrospec-
tive studies of neonates chronically exposed to opioids report reduced brain volume at birth.
Infants born to opioid-abusing mothers are more often small for gestation and have increased
risk of sudden unexpected death in infancy. Neonatal abstinence due to opiate withdrawal pro-
duces sleep/wake abnormalities, feeding difficulties, weight loss and seizures. Rodent studies
suggest in utero exposure causes long-term alterations in the brain and behaviour. Morphine
passes into breast milk (M/P ratio ~2.5:1). Although it has poor oral bioavailability, the decreased
clearance of morphine during the first few 