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Preface

Preface to the 5th edition

Unbelievably, it is now over 30 years since the publication of the first edition of A
Manual of Neonatal Intensive Care (1981). In that time, generations of residents
and neonatal nurses have come to rely on the book as a source of sound practical
advice with an explanation of the reasons behind the recommended course of action.
As before, we have aimed to distill the wisdom acquired from long experience into
a readable text supplemented with lists and tables. In a rapidly advancing field such
as this, some management strategies are controversial and lack an evidence base, and
in this situation we have suggested the course of action which we have found most
helpful while briefly outlining the alternatives. We hope that all who read and use the
book will find it helpful, and that it will stimulate their enthusiasm for neonatology,
a specialty which is challenging, varied and exciting. No working day on a neonatal
unit is ever the same; but an understanding of normal neonatal physiology and the
common response of the newborn to illness can help everyone who works in this
pressurized environment to respond and plan treatment appropriately. That has been
our aim in writing the book. We have referred to the baby as he and the mother as she
for simplicity, and hope that this does not offend the reader.
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Fpidemiology and neonatal
oufcomes

Key points

Around 7% of all births are of low birth weight (<2500g) or preterm (<37
completed weeks of pregnancy).

About 15 per 1000 pregnancies are twin pregnancies, but 25% of all babies with
very low birth weight (<1500g) are twins or higher multiples.

The outcome for babies born at 25 weeks of gestation or less has improved, but
there is still a high risk of death, with motor and/or learning difficulty in a high
percentage of the survivors.

M Epidemiology: definitions in perinatal medicine

Neonatologists need knowledge and understanding of current international, national
and local statistics in order to provide adequate information during the counselling of
parents when there is the expectation of a preterm or complicated birth. To make sense
of the published statistics it is first essential to define the terms that are commonly
used in perinatal medicine (Fig. 1.1).

Preterm: any baby born below 37 weeks’ completed gestation, i.e. less than
259 completed days of gestation, measured from the first day of the last normal
menstrual period. Extreme preterm is often used to describe delivery below 26
weeks” completed gestation.

Low birth weight: a baby with a birth weight of less than 2500¢g (up to and
including 2499 g).

Very low birth weight: birth weight of less than 1500g.

Extremely low birth weight (ELBW): birth weight of less than 1000 g.
Stillbirth: a stillborn baby is defined as a baby born after the 24th week of
pregnancy who did not show any signs of life at any time after being born. If there
are no signs of life at birth, a baby born before 24 weeks’ gestation is classed as a
miscarriage. The stillbirth rate (see below) is the number of stillbirths expressed per
1000 live births and stillbirths.

Live birth: a birth at any gestation (including below 24 weeks) where the baby
shows signs of life after delivery.

Neonatal death: the death of a neonate born with signs of life (see above) within
the first 28 days after delivery. It is often subdivided into early neonatal death
within the first 7 days of life and late neonatal death occurring after the 7th day
but before the completed 28th day of life.
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Fig. 1.1 Definition of stillbirth and infant mortality rates

m Infant mortality rate: the number of infants dying within the first year of life per
1000 live births.

m Perinatal mortality rate: the number of stillbirths and neonatal deaths in the first
week of life per 1000 total births (live and stillborn).

The Millennium Development Goal is to achieve a two-thirds reduction in mortality in
children younger than 5 years by 2015; there was a worldwide reduction of 3.1 million
neonatal deaths between 1990 and 2010. Most of the deaths still occur in sub-Saharan
Africa or south Asia, with less than 1% of the deaths in high-income countries.

The value of understanding the outcomes of babies born prematurely extends beyond
the counselling of parents and families. Such studies allow the guidance of health and
social care provision, both in the perinatal period and extending into childhood.

Around 7% of all births in the UK are of babies with birth weight <2500g, and
about 1.2% of all births are of babies <1500g. The percentage of ELBW babies
has risen considerably from 0.27% in 1983 to around 0.5% in 2009. Unfortunately
national data in England and Wales did not record gestational age until 2005, when
the linkage with the NHS numbers for babies was established. Data are available for
Scotland from the early 1970s and show a steadily rising trend with an increase in the
number of multiple preterm births.

The availability of gestational age-specific mortality data for England and Wales
shows that there is, as expected, a steadily declining mortality as gestational age
increases, with the exception of post-dates babies of 42 weeks (Fig. 1.2). Note the
logarithmic scale on the y-axis.

Within the UK, the mortality figures vary considerably by the ethnic origin of the
mother, and international comparisons of perinatal mortality data are often performed.
The World Health Organization has recommended that babies of gestational age below
22 weeks and birth weight below 500 g should be excluded from comparisons between
countries because of differences in incidence and reporting of births of such babies.

Valuable information about the outcome of extremely preterm babies born in
England and Wales is available from the two EPICure studies. These were prospective,
geographical studies which included all deliveries below 26 weeks, for 1995 and 2006.
The survival figures for babies admitted to the neonatal intensive care unit (NICU)
born below 26 weeks are shown in Fig. 1.3; improvement in survival is seen between
the 1995 and 2006 cohort, which is significant at 24 and 25 weeks’ gestation.
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Fig. 1.2 Infant mortality by gestational age, babies born in 2008, England and Wales.
Source: ONS childhood mortality statistics, unpublished data. Data from Office of National
Statistics, compiled by Allison Mc Farlane; from Rennie and Robertson (2012) with permission
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There are, however, limitations in the applicability of national geographical outcomes
due to small numbers of the most extreme preterm infants and changing patterns of
neonatal care with time (use of surfactant, antenatal steroids, temperature control,
increased use of non-invasive ventilation, centralization of care, minimal handling, etc.).

B Neonatal outcomes

In surviving infants born extremely preterm, a number of significant medical
morbidities are seen which appear largely unchanged across the 10 years between
EPICure 1 and 2 (Fig. 1.4). Although cerebral palsy (CP) has long been monitored as
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] Bl 2006 g

60 - s
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Fig. 1.4 Major neonatal morbidities at discharge in infants born
<26 weeks. abn, abnormal; ROP, retinopathy of prematurity; w, weeks

an adverse outcome of preterm birth, and there is no doubt that there is an increased
risk of CP in extremely preterm babies, far more survivors of preterm birth are disabled
by their learning problems.

Severe motor outcomes such as CP are relatively rare, affecting approximately
10% of very low birth weight babies. In EPICure 1, in infants born at less than 26
weeks, 14% of surviving babies showed moderate motor disability and 4% severe
motor disability. Cognitive outcomes appear to be a continuum of disability, with a
very significant fall away in cognitive outcomes in babies born at less than 32 weeks
of gestation (Fig. 1.5). However, when assessed by the requirement for special
educational needs provision in school, the effects of even mild degrees of prematurity
can be detected (Fig. 1.6).

120 -

n=
110 24 73 144 27 23 39 67 92 103 162 252397 414348 415465917 289 100

100 +

90

80 - M
70 1 Mean + SEM

—&— Bavarian Study 4.8 years

60 + —O— EPICure Study 6 years
adjusted for comparison GCA

Kaufman-ABC MPC

50 T T T T T T T T T T
22 24 26 28 30 32 34 36 38 40 42

Gestational age (weeks)

Fig. 1.5 Cognitive outcomes following preterm birth. ABC MPC, Assessment Battery for Children
Mental Processing Composite; GCA, general conceptual ability; SEM, standard error of the
mean. With permission from Marlow ¢t al. (2005)
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Fig. 1.6 Percentage of children with special educational needs (SEN) by gestation at delivery
(note the logarithmic scale). Redrawn from Mackay ¢z al. (2010). From Rennie and Robertson
(2012) with permission

It should also be recognized that the assessment of neurodisability following extreme
preterm birth varies dependent on the age of assessment. Although severe disability is
readily detectable early, some of the milder forms of disability are not detectable until
later childhood. In addition to adverse motor and cognitive outcomes, more detailed
follow-up has demonstrated significantly increased behavioural symptoms (especially
social, thought and attention difficulties), emotional disorders such as anxiety and
depression, and autistic-like disorders. Our understanding of how prematurity affects
individuals into adult life is currently very limited.

When discussing outcomes with families it is important to recognize that it takes
knowledge and experience to pitch the information at the right level, to include enough
detail to explain but not confuse; overall we aim to be ‘honest but not cruel’. Trainee
paediatricians are often asked about a baby’s prognosis, partly because they are present
on the neonatal unit at all hours of the day and night and partly because parents like
to canvass a second opinion. It cannot be stressed too often that much damage can
be done by inaccurate and ill-timed advice. As in any other area of neonatology, if in
doubt, ask! Encourage your consultants to document what they have already told the
parents and to let you sit in on the counselling sessions. Always remember that there is a
huge spectrum of disability, that there are always exceptions, and that quality of life is a
value judgement. Conflicting advice gives rise to anger and bitter resentment in parents.

In discussing the outcome after preterm birth, survival rates depend where you
start, e.g. survival of all /live born/admitted to NICU. As a rule of thumb, in surviving
infants the rates of serious impairments are currently:

m 23 weeks — 60% (mean IQ 72)
m 24 weeks — 60% (mean IQ 76)
m 25 weeks — 40% (mean IQ 80).

HOWCVCI’, I'CCOgHiZC that outcomes are:

1. individual and therefore quoting a mass of statistics is of limited value
2. different for boys and girls
3. related to birth weight, and birth weight for gestation as well as gestation alone.
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Organization of neonatal care

Key points

m Do not admit babies to neonatal units without a good reason; unnecessary routine
admissions include babies of diabetic mothers and babies delivered by instrumental
means.

B In-utero transfer of a baby expected to require intensive or specialist care is
preferable to ex-utero transfer, but safe transport ex utero is better than leaving a
sick baby in a unit which is not staffed or equipped to manage him.

m The current structure of neonatal services in the UK is via ‘networks’ with nationally
agreed quality standards, defined by the National Institute for Health and Clinical
Excellence.

B Definition of levels of care

More than half a million babies are born every year in the UK; less than 1%
of these babies will die. At least half the deaths occur in very premature babies
with a birth weight less than 1.5kg. About 10% of all babies are admitted to
UK neonatal units, with a wide range between hospitals from 4% to 35% (Audit
Commission 1992). Most of these admissions are for ‘special care’, for example
jaundice requiring phototherapy or blood glucose monitoring. Maternity units
which provide ‘transitional care’, usually on postnatal wards staffed with midwives
with experience and expertise in the care of the well small baby, have reduced
admissions to their special care nurseries to 5%. About 2% of babies need full
intensive care, mainly because they are born very prematurely and need ventilatory
support for respiratory distress syndrome. The definitions of levels of care are
given in Table 2.1.

For the purpose of this book we will refer to all units as neonatal units (NNUs)
rather than intensive care or special care units, and readers will no doubt have a
clear — if not altogether unbiased — opinion of what level of care their own units
provide. Neonatal units in the UK are now organized into 23 networks. The NHS
has published a framework for Neonatal Intensive Care, found at www.dh.gov.
uk/en/Publicationsandstatistics /Publications /PublicationsPolicyAndGuidance /
DH_107845. This comprehensive document identifies important regional
organization to support NNUs and includes a set of quality standards for the
audit of neonatal practice. NNUs within a network usually operate with common
protocols and take part in benchmarking and audit, often via contributions
to national minimum datasets. The National Institute for Health and Clinical
Excellence (NICE) has set quality standards for specialist neonatal care (Table 2.2).




Table 2.1 Categories of babies requiring neonatal care (BAPM 1992, 2001, 2010)

Intensive care

Owing fo the complex needs of both the baby and his/her family the ratio of neonatal nurses to
baby should be 1 nurse: 1 baby. This nurse should have no other managerial responsibiliies during
the time of clinical care but may be involved in the support of a less experienced nurse working
alongside her in caring for the same baby. Babies in this category include those:

1. receiving any respiratory support via a fracheal tube and in the first 24 hours after
its withdrawal;

2. receiving nasal continuous positive airway pressure (NCPAP) for any part of the day and
less than 5 days old;

3. below 1000 g current weight and receiving NCPAP for any part of the day and for
24 hours after withdrawal;

4. less than 29 weeks gestational age and less than 48 hours old;

5. requiring major emergency surgery, for the pre-operative period and postoperatively for 24 hours;

6. requiring complex clinical procedures:

o full exchange transfusion;

e peritoneal dialysis;

e infusion of an inotrope, pulmonary vasodilator or prostaglandin and for 24 hours
afferwards;

7. any other very unstable baby considered by the nurse-in-charge to need 1:1 nursing;

8. a baby on the day of death.

High-dependency intensive care

The ratio of neonatal nurses qualified in specialty responsible for the care of babies requiring
high-dependency care should be 1 nurse: 2 babies. Babies in this category include those:

1. receiving NCPAP for any part of the day and not fulfilling any of the criteria for
intensive care;

. below 1000g current weight and not fulfilling any of the criteria for infensive care;

. receiving parenteral nufrition;

. having convulsions;

. receiving oxygen therapy and below 1500g current weight;

. requiring freatment for neonatal abstinence syndrome;

N| oo | MW IN

. requiring specified procedures that do not fulfil any criteria for intensive care:

® care of an intra-arterial catheter or chest drain;

e partial exchange fransfusion;

e fracheostomy care unfil supervised by a parent;

8. requiring frequent stimulation for severe apnoea.

Special care

A nurse should not be responsible for the care of more than four babies receiving special or
normal care.

Special care is provided for all other babies who could not reasonably be expected to be looked
after at home by their mother.
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Table 2.2 Specialist neonatal care quality standard (NICE 2010)

In-utero and postnatal transfers for neonatal special, high-dependency, intensive and surgical care
follow perinatal network guidelines and care pathways that are integrated with other maternity and
newborn network guidelines and pathways.

Networks, commissioners and providers of specialist neonatal care undertake an annual needs
assessment and ensure each network has adequate capacity.

Specialist neonatal services have a sufficient, skilled and competent multidisciplinary workforce.

Neonatal transfer services provide babies with safe and efficient transfers to and from specialist
neonalal care.

Parents of babies receiving specialist neonatal care are encouraged and supported fo be involved
in planning and providing care for their baby and regular communication with clinical staff occurs
throughout the care pathway.

Mothers of babies receiving specialist neonatal care are supported fo start and continue breast
feeding, including being supported to express milk.

Babies receiving specialist neonatal care have their health and social care plans coordinated to help
ensure a safe and effective transition from hospital to community care.

Providers of specialist neonatal services maintain accurate and complete data, and actively
participate in national clinical audits and applicable research programmes.

Babies receiving specialist neonatal care have their health outcomes monitored.

B Provision of intensive care facilities

UK neonatal units have evolved into a three-tier structure (Department of Health
2008), similar to the structure in the USA and Australia:

Level 1: Special care units provide special care for their own local population.
Depending on arrangements within their neonatal network, they may also
provide some high-dependency services.

Level 2: Local neonatal units provide neonatal care for their own catchment
population, except for the sickest babies. They provide all categories of neonatal
care, but they transfer babies who require complex or longer-term intensive care
to a neonatal intensive care unit, as they are not staffed to provide longer-term
intensive care. The majority of babies over 27 weeks of gestation will usually
receive their full care, including short periods of intensive care, within their local
neonatal unit.

Level 3: Neonatal intensive care units are sited alongside specialist obstetric
and feto-maternal medicine services. They provide the whole range of medical
(and sometimes surgical) neonatal care for their local population, along with
additional care for babies and their families referred from the neonatal network.

The British Association of Perinatal Medicine (BAPM) (1996, 2010) recommends
1-1.9 intensive care cots per 1000 births and suggests that prolonged intensive care
(level 1 care) should be undertaken only by those units providing more than 500 days
of intensive care per year. While a three-tier system has much to commend it, and
similar systems have evolved in other specialties which are ‘high-cost low-volume’, it
does require an organized transport structure. There are disadvantages in transferring
small, sick babies long distances after delivery, although careful management during
transfer (see p. 62) can reduce the risks. Peaks in demand, unanticipated preterm



birth and unexpected severe neonatal illness such as meconium aspiration syndrome
or overwhelming group B beta-haemolytic Streptococcus sepsis mean that postnatal
transport will never be entirely avoided. The alternative is éz-utero transport, which
has its own drawbacks. One is that mothers may remain, undelivered, in the accepting
institution for some weeks.

. R f Dependency Care, 2nd edition. London:
ren
elerences BAPM, RCPCH.

Audit Commission (1992) Children First:  BAPM  (2010) Service Standards for
A Study of Hospital Services. Audit Hospitals Providing Neonatal Care, 3rd
Commission Services report no. 7. edition. London: BAPM, RCPCH.

London: HMSO. Department of Health (2008) Toolkit
BAPM (1992) Categories of babies for High Quality Neonatal Services.

requiring neonatal care. Awchives of London: DH.

Disease in Childhood, 67: 868-9. National Institute for Health and Clinical
BAPM (1996) Standards for Hospitals Excellence (2010) Quality Standards

Providing  Neonatal Care. London: Programme: Specialist Neonatal Care.

BAPM, RCPCH. Available from www.nice.org.uk and

BAPM (2001) Standards for Hospitals www.ic.nhs.uk.
Providing Neonatal Intensive and High
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Clinical governance, risk

management and legal aspects of
neonatal practice

Key points

m All neonatologists should strive to produce excellence in care of babies and support
for families.

m The processes of benchmarking, clinical governance and risk management can help
ensure excellence in health care provision.

® In England, medical negligence claims are administered through the Clinical
Negligence Scheme for Trusts. Individual Trusts can reduce their financial
contribution to the scheme by adhering to a series of standards of care.

m Deaths of babies in neonatal units often occur as a result of redirection of care from
‘preservation of life at all costs’ to a package of ‘comfort care’. This should not be
considered as ‘withdrawal of care’.

At the centre of all neonatal practice is the desire to deliver excellence in the care
of newborn infants and appropriate support for their families. The Department of
Health published a framework for Neonatal Intensive Care in 2009 (www.dh.gov.
uk/en/Publicationsandstatistics /Publications /PublicationsPolicyAndGuidance /
DH 107845). This ‘toolkit’ includes a set of quality standards for neonatal care
and sets standards for staffing and family-centred care, including advice on network
clinical governance. The British Association of Perinatal Medicine and the Royal
College of Obstetricians and Gynaecologists also have useful publications which set
standards. All neonatal units should collect basic data, including the number of cot
days, together with information about critical incidents and serious untoward events,
infection rates, complaints, transfers refused, and details of staff compliance with
training requirements such as neonatal life support. Units in England contribute data
to the National Neonatal Audit Programme (NNAP) (hosted by the Royal College
of Paediatrics and Child Health (RCPCH), www.rcpch.ac.uk). Units can benchmark
their standards using the NNAP or internationally via the Vermont Oxford Network
(www.vtoxford.org) or EuroNeoNet (www.euroneostat.org). All NHS providers
are registered with the Care Quality Commission (which replaced the Healthcare
Commission in April 2009), which has powers to enforce standards, such as standards
of documentation and hygiene.



M Clinical governance

Clinical governance is a quality assurance process designed to ensure that standards of
care are maintained and improved and that any specific Trust (and the entire NHS)
is accountable to patients. Clinical governance is traditionally based on seven key
pillars:

1. Clinical effectiveness and research.
a. Evidence-based medicine; changing practice where appropriate.
b. Implementing relevant guidelines, e.g. National Institute for Health and Clinical
Excellence guidelines.
. Audit.
. Risk management.
a. Complying with protocols.
b. Learning from incidents and near misses (After Action Review, Critical Incident
Reports).
. Education and training.
. Patient and public involvement.
. Using information and IT.
. Staff management.

W N
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M Serious untoward incident reporting
and investigation

All Trusts have a system in place for reporting untoward incidents and it is the duty of
all clinicians to use these systems. Any incident which is deemed to be serious enough
triggers a serious untoward incident investigation, which involves collecting statements
from all those involved and writing a report with a ‘root cause analysis’, which is
shared with the parents and is a disclosable document in any civil litigation which may
ensue. If you are involved in such an investigation it is your duty to cooperate with any
request to write a statement. Any such statement should be limited to fact and is not
the place for opinion. If the matter goes to litigation, the only people who are allowed
the luxury of expressing an opinion are any expert witnesses called by the court.

The National Patient Safety Agency (NPSA, www.nrls.npsa.nhs.uk) published
important alerts so that the wider community could learn from mistakes occurring
elsewhere in the NHS. The NPSA declared ‘never events’, some of which are
particularly relevant to neonatal cases, such as misplaced nasogastric tubes and failure
to respond to oxygen desaturation. The NPSA was formed in 2001 and was closed
in 2012, although many of its functions (such as training in root cause analysis) will
apparently continue in other forums.

B Medical negligence

The NHS funds clinical negligence claims at a national level via the NHS Litigation
Authority (NHSLA, an organization established in 1995). The NHSLA administers
the Clinical Negligence Scheme for Trusts (CNST). Trusts which meet particular
standards are granted a discount (10%, 20% or 30%) from their contributions to the
national costs. This system provides a strong financial incentive for Trusts to comply
with CNST quality standards and gives these standards more impact.

Medical negligence claims have increased considerably since 1990, and in April
1999 new civil procedure rules were established, following Lord Woolf’s report into
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civil justice published in 1996 (www.dca.gov.uk). The total cost of funding claims via
the NHSLA is around £800million a year, although the NHSLA is liable for at least
£16.9billion in ‘forward claims’. Claims involving maternity services form the largest
single portion of the NHSLA’s budget. This is because the average successful cerebral
palsy claim currently costs around £8 million. Claims specifically aimed at neonatal
care are less common, but the maternity/neonatal service generally is a high-risk
area for any Trust. Common ‘high-risk’ situations leading to litigation in neonatal
medicine are:

carly neonatal encephalopathy associated with intrapartum hypoxic ischaemia;
complications of procedures;

hypocarbia associated with periventricular leukomalacia;

extreme hyperbilirubinaemia;

hypoglycaemia;

meningitis.

B Consent

Consent has to be given by someone with parental responsibility. Parents have the
right to decide what treatment their children should receive, and doctors should act
in partnership with parents wherever possible. Consent does not have to be in writing
to be valid, but it is common practice to use a consent form for major procedures in
order to document what the procedure entails, and that the risks and benefits have
been explained.

A mother automatically has parental responsibility for her child from birth. A father
has parental responsibility only if he is married to the mother when the child is born
or has acquired legal responsibility for his child through one of these routes:

m by jointly registering the birth of the child with the mother;
m by a parental responsibility agreement with the mother;

m by a parental responsibility order, made by a court;

® by marrying the mother of the child.

Living with the mother (even for a long time) does not give a father parental
responsibility. In an acute emergency or when the parents refuse to consent to
treatment that is immediately necessary for the preservation of the life or long-term
health of the child, doctors are empowered to act and should carry out such immediate
treatment as they deem necessary.

Very young mothers

Women under the legal age of consent (16) can give consent for procedures on
themselves and their baby if they are deemed ‘Gillick competent’; that is, able to
understand and make decisions. The term arose from a case in which the mother of
young teenage girls campaigned against a circular which stated that contraception
could be prescribed to young girls without their parent’s consent (Gillick v West
Norfolk and Wisbech Area Health Authority [1985] 3 All ER 402 (HL)).

Very ill mothers

Occasionally an unmarried mother becomes so ill at the time of birth that she requires
admission to intensive care herself (examples we have encountered include stroke,



serious infection, and hypertension, elevated liver enzymes and low platelets (HELLP)
syndrome). In this situation it is good practice to involve her partner and parents, if
they are available.

Psychiatrically ill mothers

The starting point in secking consent in such cases is the mother’s consultant
psychiatrist. Occasionally, as with mothers who are themselves too ill to give consent,
it is necessary to involve social services in order to obtain valid consent for operative
procedures.

B Death

From April 2008 all child deaths in England have been reported to Child Death
Overview Panels, as part of child safeguarding. These panels have a statutory
responsibility to review and investigate child deaths. Neonatal deaths form the largest
group of cases — almost 1800 deaths in the year ending March 2011. Only a small
number were deemed to have had potentially modifiable factors. National data can
be obtained from the Office for National Statistics. National statistical information
on perinatal deaths was formerly reported and analysed by CESDI (Confidential
Enquiry into Stillbirth and Death in Infancy), which was established in 1992 and
superseded by CEMACH (Confidential Enquiry into Maternal and Child Health) in
2003. The future of CEMACH is under review, with a new service provider promised
from April 2012.

When to inform the coroner
Neonatal deaths that should be referred to the coroner include cases in which:

m cause of death is unknown, or sudden and unexpected;

m death occurred during an operation or before recovery from the effects of an
anaesthetic;

m the deceased infant was not seen by the certifying medical practitioner, either after
death or within 14 days of death;

m death may have been caused by violence or neglect;

m death may have been due to an accident;

® death may have been in any other way unnatural or there are suspicious circumstances.

Once the coroner has completed the investigation, samples taken as part of the autopsy
fall under the Human Tissue Act (see below) and should be handled according to
parents’ wishes. If there is a potential issue of litigation due to neglect by hospital
staff, the case should always be discussed with HM Coroner.

All tissue samples taken during a coroner’s autopsy are done so under the authority
of HM Coroner. According to the Coroners (Amendment) Rules (2005), only
samples that have a bearing on the cause of death, or help to establish the identity of
the deceased, may be taken during a coronial autopsy. These samples remain under
the coroner’s jurisdiction until the investigation has been concluded, after which the
tissue samples are subject to the Human Tissue Act and require parental consent
for further handling. Parents then have the same options as if the autopsy had been
conducted by the hospital (i.e. retention and use for research or other purposes,
disposal by the hospital, or return to the family), but it is noteworthy that if no
communication has been received by the family within 3 months of the coroner’s
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function having ceased, the tissue samples, including all blocks and slides, must be
disposed of by the hospital according to current legislation in the UK (HTA Code of
Practice 5, 2009).

Scaling down intensive care to ‘comfort care’

Many deaths on a neonatal unit are the result of withdrawing full intensive care support,
which is not the same as withdrawing all care. In our view, babies should always receive
a package of care which involves warmth, hygiene, analgesia (if required), love and
nutrition. This package of care is often termed ‘comfort care’, and if full intensive care
appears futile, or the outlook for the baby’s quality of life is considered by all those
involved to be grim, it is appropriate to re-orientate the goals of care towards comfort
care. Sometimes babies who have appeared desperately ill do not in fact die when
care is redirected in this way, and parents should be warned that death is not always
inevitable in this situation.

Redirecting care towards comfort care should be done only after full consultation
with staff and the baby’s family. It is unrealistic to expect to achieve complete
consensus and the aim is to achieve as much common ground as possible. The
RCPCH document ‘Witholding or withdrawing life sustaining treatment in children’
(2nd edition, 2004, www.rcpch.ac.uk) is a useful resource, as is the 2006 Nuffield
Council report (www.nuffieldbioethics.org). When discussing redirection of care it
is essential to document that appropriate discussions have been held, and it is always
wise to involve a senior colleague. It goes without saying that these discussions should
be initiated and chaired by a consultant.

RCPCH framework

The RCPCH put forward five situations in which it may be ethical and legal to consider
withholding or withdrawing life-sustaining medical treatment in children. These have
been tested in the courts on a number of occasions and are widely accepted. They are:

. The “brain dead’ child.

. The ‘permanent vegetative state’.

. The ‘no chance’ situation where disease is so severe that life-sustaining treatment
simply delays death without significant alleviation of suffering, rendering medical
treatment inappropriate.

4. The ‘no purpose’ situation where there may be survival with treatment but the
degree of impairment will be so great that it is unreasonable to expect the patient
to bear it.

5. The ‘unbearable’ situation where, in the face of progressive or irreversible illness,

the child or family feel that further treatment is more than can be borne.

W -

In neonatal practice most decisions regarding redirection of care relate to criteria 3
and 4.

Dealing with conflict

On rare occasions there is no unanimity of view about treatment (or withdrawal of
intensive care) among the team, or between the parents, or between the team and
the parents. Reports of ‘miracle survivors’ do not help, and the usual situation is that
parents ‘want everything to be done’ when the treating team feel that continuing
intensive care is futile, painful and likely to result in death or survival of a seriously
disabled individual. Some parents want a guarantee of success before agreeing to
treatment for their child, and this, too, can cause conflict if the team perceive the



prospects of treatment (for example, resuscitation and intensive care at 26 weeks of
gestation) to be reasonably good. In this situation, secking an independent second
opinion can be extremely helpful, but on occasion there will have to be recourse to
the law.

Landmark legal cases

Tracing cases which have reached litigation provides an interesting perspective on the
way that attitudes have changed. In 1981 the court was faced with the case of a baby
with Down syndrome; neither the parents nor the baby’s consultant paediatrician
wanted him to live. In 2012 this attitude towards such a baby appears arcane. Other
legal cases show similar shifts, with the courts supporting the view that it is not always
appropriate to offer full cardiopulmonary resuscitation to a baby with irrevocable
and serious brain injury. In general courts have supported the medical view, with
occasional findings in favour of the parents.

M Further reading
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Maternal-fetal medicine
for the neonatologist

Key points

m Babies whose mothers were hypothyroid as a result of auto-antibody disease should
be reviewed at around 2 weeks of age, with thyroid function tests, because they are
at risk of thyrotoxicosis.

m Twin-twin transfusion syndrome diagnosed before 26 weeks carries a significant
risk of demise of one twin and brain damage in the survivor.

m Women with preterm membrane rupture should be treated with oral erythromycin
and there is an approximately 50% chance that they will deliver within a week, so
preparation for preterm delivery should be made.

M Prenatal diagnosis of fetal disease

Screening

In the UK the National Screening Committee (NSC) (www.nsc.nhs.uk and www.
screening.nhs.uk) manages the programme, evaluating new tests and ensuring that
screening tests do more good than harm at reasonable cost. Antenatal screening is
optional and the tests which are offered are under constant review. Informed consent
is vital and the NSC has a range of information available.

The current recommendations for pregnancy screening in the UK are shown
in Fig 4.1. A ‘fetal anomaly’ ultrasound scan is performed at 18-20 weeks of
pregnancy and this is supplemented by an earlier fetal nuchal translucency scan
and/or estimation of serum markers. Tests are aimed at the detection of Down
syndrome and other fetal abnormalities which can be diagnosed with ultrasound
imaging. Tests for syphilis, HIV, hepatitis B, maternal blood group, sickle cell and
thalassaemia are offered. Testing for rubella susceptibility is offered in order that
women with low antibody levels can seek vaccination; this test does not detect
congenital rubella.

Laboratory tests on maternal serum used in screening

High levels of alpha-fetoprotein (AFP) (above 2.5 multiples of the median) are
present in maternal serum at 15-22 weeks of pregnancy when the fetus has an open
neural tube defect. Once fetal abnormality is excluded, a high AFP level is linked to
adverse outcomes of pregnancy, including low birth weight and placental abruption.
Interpretation is dependent on gestational age and the presence of a single fetus.
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In the first trimester the currently recommended screening test for Down
syndrome includes tests of free beta-human chorionic gonadotrophin (beta-hCG)
and pregnancy-associated plasma protein A (PAPP-A), measured between 11 weeks
0 days and 13 weeks 6 days of pregnancy, combined with nuchal translucency (see
below). In the second trimester (15-20 weeks) AFP and free beta-hCG is used to
screen for Down syndrome. An integrated test combines the results of PAPP-A in
the first trimester and beta-hCG, unconjugated oestriol and AFP between 15 and
20 weeks. This test requires two visits and the results can be combined with nuchal
translucency measurement.

Ultrasound tests used in screening

Nuchal translucency (NT) describes the measurement of the depth of fluid at the back
of the fetal neck (Fig. 4.2). The measurement is made between 11 and 14 weeks of
pregnancy, and is increased in fetuses with Down syndrome and other conditions. NT
can be combined with results from first-trimester serum screening and maternal age
to produce a composite risk for Down syndrome.

Nuchal translucency tests are conducted between 11 and 14 weeks of pregnancy.

Diagnostic tests used in the diagnosis of fetal
abnormality

Chorionic villus sampling

Chorionic villus sampling (CVS) is a test which can be used to sample placental tissue
between 11 and 13 weeks of pregnancy. CVS earlier in pregnancy was found to increase
the risk of limb abnormalities and has been abandoned. This test is usually estimated to
have a 1% risk of miscarriage, which makes it unacceptable for some women.

Amniocentesis

Amniocentesis is used to obtain amniotic fluid, which contains fetal skin cells that
can be analysed for their chromosome make-up. Amniocentesis can be performed
via either the trans-abdominal or the vaginal route. When the procedure is used
for diagnostic testing it is usually carried out at around 15-20 weeks of pregnancy,
although it can be performed from 10 weeks. The test has a 1% risk of miscarriage.

Fig. 4.2 Ultrasound estimation
of nuchal translucency
(callipers shown by ++)



Percutaneous umbilical blood sampling of fetal blood

Fetal blood can be obtained from the umbilical cord, with the needle guided by
ultrasound, from the second trimester onwards. Direct sampling of fetal blood allows
special cytogenetic, immunological and other tests to be performed, and blood can
be assessed for viral load in cases of maternal HIV and possible cytomegalovirus
infection. Percutaneous umbilical blood sampling has a 1-2% risk of fetal loss, with
a 5% risk of preterm delivery.

Free fetal DNA in the maternal circulation

This test is not yet routine clinical practice, but in future extraction of the small
amounts of fetal material present in the maternal circulation should allow genetic
studies to be carried out without invasive testing.

Diagnostic imaging of the fetus with ultrasound and MRI

The quality of fetal ultrasound imaging has improved considerably over the last
decade. Ultrasound is used to estimate fetal growth and can reveal a vast range
of abnormalities, from congenital cardiac disease to exomphalos. Fetal magnetic
resonance imaging (MRI) has also advanced, owing to faster data-acquisition times.
The indications for fetal MRI are not yet agreed or standardized, but many centres
ofter MRI of the fetal brain if there is significant ventriculomegaly or a posterior fossa
abnormality. Agenesis of the corpus callosum is the most common additional finding
in cases of ventriculomegaly diagnosed with ultrasound imaging.

B Maternal conditions affecting the fetus

Maternal health can have a major impact on fetal wellbeing. Maternal problems
which can affect the fetus include infectious disease, chronic maternal illnesses and
occasionally trauma. A summary is given in Table 4.1. For the management of
perinatal infections affecting both mother and baby, see Chapter 16.

Table 4.1 Important maternal conditions affecting the fetus (excluding infectious disease,
see Chapter 16)

Maternal condition | Effect on fetus and neonate

Asthma Usually little, but occasionally mothers with severe asthma can
deteriorate significantly during pregnancy, requiring infensive care
and consideration of delivery

Cardiac disease Usually little effect on the fetus, but mothers can require close
monitoring, somefimes leading to a preterm delivery, and
anticoagulation can be a problem for some. Increased risk of

CHD in fetuses of mother with CHD

Diabetes mellitus Increased risk of congenital abnormality and macrosomia, neonatal

hypoglycaemia [see Chapter 18). Outlook for the fetus is poor if the
mother develops kefoacidosis

Drug/alcohol dependency | Risk of fetal alcohol syndrome. Possible link between crack cocaine
and fefal stroke; for management of neonatal abstinence syndrome
see Chapter 28

Epilepsy Need for additional folate in mothers taking antiepileptic drugs which
are folate antagonists. Risk of fetal valproate and other syndromes

[conitnued)
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Table 4.1 (Continued)

Maternal condition | Effect on fetus and neonate

Hypertension

Risk of placental insufficiency, labetalol can cause neonatal
hypotension and hypoglycaemia

Liver disease

Risk of stillbirth in cholestasis, acute fatty liver of pregnancy. Hepatitis
B carriage requires appropriate vaccination of the baby (Chapter 16)

Myasthenia gravis

Anticholinesterase antibodies can cause transient neonatal myasthenia

Psychiatric disease

Maternal selective serofonin reuptake inhibitors can cause a neonatal
withdrawal syndrome, and antipsychotics can cause extrapyramidal
reactions in babies. Lithium can be feratogenic and cause neonatal
toxicity

Rheumatoid arthritis

Aspirin can cause neonatal bleeding, and possibility of high levels of
morphine acquired via breast milk in babies whose mothers are slow
metabolizers of codeine

Systemic lupus erythematosus

High miscarriage rate, and anfi-Ro antibodies can cause fefal heart

block

Thrombocytopenia -
idiopathic thrombocytopenic
purpura

Usually no serious effect on the fetus, which may have a low platelet
count (for neonatal alloimmune thrombocytopenic purpura see

Chapter 23)

Thrombophilia and

thromboembolic disease

Common cause of maternal death and morbidity. Warfarin is
contraindicated in pregnancy, especially in the first timester, because

it is teratogenic and can cause fetal intracranial bleeding. Genetic
thrombophilic tendencies, e.g. factor V Leiden, can be associated
with stroke in affected fetuses

Risk of neonatal thyrotoxicosis if mother has thyrotrophin receptor
stimulating antibodies, which can cross the placenta

[see Chapter 19)

Thyroid disease

CHD, congenital heart disease.

Epilepsy

Most women with a seizure disorder are already receiving treatment before they become
pregnant and many will have attended pre-pregnancy counselling. From the fetal point
of view, the problems centre around the teratogenic effect of several commonly used
antiepileptic drugs, and both fetal phenytoin and valproate syndromes are described.
High-dose folic acid (5 mg/day) is indicated from before conception to reduce the
risk of neural tube defects and cleft palate, and vitamin K (10 mg/day) from 36 weeks.
The latter is indicated to prevent early-onset vitamin K deficiency bleeding (Chapter
23). Occasional maternal seizures are not usually a problem for the fetus, but status
epilepticus presents a high risk of fetal hypoxia with a 50% risk of fetal loss.

Diabetes

Screening for diabetes in pregnancy is currently recommended in women who have a
body mass index more than 30 kg/m? at booking, who have delivered a baby weighing
more than 4.5 kg, who come from an ethnic group with a high prevalence, who have
had diabetes in a previous pregnancy or who have a first-degree relative with diabetes.



Women with diabetes remain at high risk of having a fetus with a congenital
malformation. The aim of treatment, maintaining tight control with a haemoglobin
Alc of below 6.1% before conception and in the first trimester, is to achieve a perinatal
mortality close to the norm. Babies of diabetic mothers (whether gestational or not)
require screening for neonatal hypoglycaemia (see Chapter 18).

Thyroid disease

Thyroid disease may be diagnosed for the first time during pregnancy, and there is a
condition of transient gestational hyperthyroidism.

Graves’ disease is the most common cause of hyperthyroidism in young women
in the UK, being responsible for about 85% of cases. However, not all women
with thyrotoxicosis have Graves’ discase, defined as hyperthyroidism caused by
thyrotrophin receptor stimulating antibodies (TRAbs). Pregnancy outcome is
worse in the presence of maternal thyroid disease, and 1-5% of neonates whose
mothers have Graves’ disease develop hyperthyroidism as a result of transplacental
passage of TRAbs. TRAb concentrations should be measured in early pregnancy in
women with a history of Graves’ disease even if they have been effectively treated
with surgery or radioiodine, and fetuses whose mothers have high levels should
be monitored carefully, with particular reference to growth and fetal heart rate
(FHR) estimation. Drugs are the mainstay of management in symptomatic mothers,
aiming to use the lowest dose possible to achieve a euthyroid state. ‘Block and
replace’ regimens are not recommended in pregnancy because of the risk of fetal
hypothyroidism.

Maternal hypothyroidism is usually secondary to Hashimoto’s thyroiditis, when
the mother is usually producing thyroid-inhibiting antibodies. Thyroid-stimulating
hormone (TSH) receptor antibody titres do not distinguish between the stimulating
and blocking types of antibody; babies are at risk of hypothyroidism but rarely can
become thyrotoxic. In mothers with hypothyroidism in whom the TSH receptor
antibody status is elevated or unknown, it is advisable to review the baby around
2 weeks after birth, measuring TSH and free thyroxine. In mothers who are
hypothyroid as a result of hypoplasia of the gland, the routine Guthrie card screen
of TSH should suffice because the risk of disease in the baby is low (about 5%).

See Chapter 19 for further information about the management of neonatal
thyrotoxicosis and hypothyroidism.

Liver disease

Cholestasis of pregnancy presents with itching and jaundice, with an elevation of
bile acids. There is a risk of sudden fetal death and induction of labour is usually
recommended at 37 weeks, although the itching can be controlled for a time with
ursodeoxycholic acid. Acute fatty liver of pregnancy is a much more serious disease
with a high mortality and the woman requires urgent delivery whatever the gestation.
HELLP (hypertension, elevated liver enzymes and low platelets) syndrome is an
aggressive form of pre-eclampsia and may be part of the spectrum of acute fatty liver
of pregnancy. HELLP syndrome is a very serious obstetric emergency, with a high
perinatal mortality.

Screening bloods taken at booking sometimes reveal previously unsuspected
chronic hepatitis B carriage, in which case the woman’s partner should be offered an
evaluation and vaccination of the newborn baby is indicated, with immunoglobulin
where appropriate (Chapter 16).
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M Hypertension in pregnancy

Between 10% and 15% of all pregnant women are hypertensive. Some have pre-existing
hypertension and some (7%) become hypertensive during pregnancy as a result of
either pregnancy-induced hypertension (PIH) or pre-eclampsia. PIH is defined as new
hypertension appearing after 20 weeks and resolving after delivery, with a diastolic
blood pressure of at least 90 mmHg on two occasions, whereas pre-eclampsia is
new hypertension with significant (>300 mg/24h) proteinuria. Pre-eclampsia is an
important cause of prematurity; the most effective (sometimes life-saving) treatment is
delivery. Magnesium sulphate is the drug of choice for severe pre-eclampsia, HELLP
syndrome and eclampsia, and can produce neonatal hypotonia.

B Multiple pregnancy

The spontancous twinning rate varies considerably between populations, being
very low in Japan and high in some African populations. The prevalence of multiple
pregnancies has risen steadily since the early 1980s, although there has been a
recent decline in triplets and higher-order multiples. Currently, about 15 per 1000
babies born in the UK are one of twins. Dizygotic (DZ) twins are formed when
two ova are released and fertilized, whereas monozygotic (MZ) twins form from
division of a single zygote. About two-thirds of twins in the UK are dizygotic, and
the diagnosis is obvious when the twins are of different sex. Determination of the
pattern of placentation is important, but MZ twins whose zygote division occurs early
can have two chorions. Like-sex DZ twins can only be distinguished from the one-
third of MZ twins with dichorionic placentas by DNA analysis. For practical purposes,
demonstration of a monochorionic placenta means that the twins are MZ, although
there are rare exceptions. About 1% of MZ twins are monoamniotic and this carries
the special and serious risk of fetal death from cord entanglement, leading to debates
about the timing of elective preterm delivery.

Twin pregnancies are at high risk and require special monitoring; discordant
growth is common whether or not there is twin—twin transfusion syndrome (TTTS).
Following demise of one twin, the risk of preterm delivery before 34 weeks is 65%,
and there is an incidence of neurological abnormality in survivors of 9% (higher if the
pregnancy is monochorionic).

Twin-twin transfusion syndrome

Monochorionic placentas have vascular anastomoses allowing inter-twin transfusion,
and when this exchange becomes unbalanced TTTS arises. The old criteria of more than
a20% discrepancy in weight and at least a 5 g/dL difference in haemoglobin in same-
sex twins have been abandoned. Diagnosis now depends on finding polyhydramnios,
cardiac hypertrophy and sometimes hydrops in the recipient twin; the donor twin
develops oligohydramnios and can become a ‘stuck’ twin. The diagnosis of TTTS,
particularly before 26 weeks, is very serious and there is a high risk of demise of one
twin, with brain damage in the survivor. Current options include serial amniodrainage
and laser ablation of the anastomotic vessels, of which the latter has been shown to
have a better outcome in comparative studies. Even with laser ablation, there is a
risk of severe cerebral lesions of around 16%, rising to 30% in those delivered before
30 weeks. If one MZ twin dies, the brain of the surviving twin should be monitored
with serial ultrasound, with consideration of fetal MRI 4-6 weeks after the event
because of the high risk (probably around 30%) of a significant cerebral lesion.



M Immunological conditions

Rhesus haemolytic disease
See Chapter 23.

Neonatal alloimmune thrombocytopenic purpura
See Chapter 23.

M Placental insufficiency

The use of Doppler ultrasound in combination with other tests to monitor fetal
wellbeing is now an established and evidence-based practice, shown to reduce
perinatal mortality. A poorly functioning placenta has an increased resistance to
flow, which has an effect on the fetal umbilical blood flow velocity, particularly in
diastole. Appropriate use of a combination of tests, including cardiotocogram (CTG),
ultrasound imaging, measurement of liquor pools, and Doppler evaluation of blood
flow in the umbilical artery and major fetal arteries including the middle cerebral
artery, enables a distinction to be made between fetuses which are small because of
placental insufficiency and those which are small for other reasons.

Absent or reversed end-diastolic flow (EDF) in the umbilical artery is seen in
the worst-affected cases and is a predictor of adverse outcome, including neonatal
necrotizing enterocolitis (see Chapter 21). This specific risk is sufficiently well
established that most neonatologists would delay enteral feeds in intra-uterine growth
restriction (IUGR) babies who were known to have reversed EDF in the umbilical
artery before birth. Babies with placental insufficiency often have increased flow in the
middle cerebral artery — a ‘brain-sparing’ effect — and middle cerebral artery flow is
also increased in the presence of fetal anaemia.

M Preterm membrane rupture

Preterm premature rupture of the membranes (PPROM) complicates ~2% of
pregnancies butis associated with 40% of preterm deliveries and can result in significant
neonatal morbidity and mortality. The three causes of neonatal death associated with
PPROM are prematurity, sepsis and pulmonary hypoplasia. PPROM is diagnosed on
the basis of maternal history, evidence of liquor in the vagina and ultrasound evidence
of oligohydramnios. After diagnosis and the exclusion of infection the management
is usually expectant; the mother has careful monitoring to look for signs of infection
and delivery is planned for after 34 weeks, as below this the risks of prematurity are
greater than those of the most common complication, chorioamnionitis. Maternal
administration of oral erythromycin is associated with delayed delivery and decreased
respiratory, cerebral and infective morbidity, and oral erythromycin is now routinely
given to women with PPROM. Once the membranes have ruptured preterm, about
50% of women will go into labour within a week.

M Prelabour rupture of the membranes at term

Women who suspect that their membranes have ruptured are offered an examination
with a speculum in order to determine whether or not the fluid is indeed liquor, but
those in whom the diagnosis is not in doubt do not need this examination. If the
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diagnosis is confirmed then 60% will go into labour within 24 hours; the risk of serious
neonatal infection is estimated as 1%. Women who do not labour after 24 hours are
usually offered induction, and in the interim are advised to check their own temperature
every 4 hours while awake and to report change in the colour or smell of their vaginal
loss. The National Institute for Health and Clinical Excellence (NICE) does not
recommend that antibiotics be given to the mother or the baby, if both are well or that
the baby should have blood/cerebrospinal fluid tests; it does recommend frequent
observations of the baby’s colour, temperature, respiration, feeding pattern and heart
rate for 12 hours. Antibiotics are recommended if there is clinical chorioamnionitis;
maternal pyrexia is usually defined as a temperature of more than 38°C on one occasion
or more than 37.5°C on two occasions more than 2 hours apart.

B Induction of labour

About 20% of labours are induced. Current NICE recommendations are to offer
an induction of labour after 41 weeks in uncomplicated pregnancies. Women with
prelabour rupture of the membranes at term are offered a choice of immediate
induction or expectant management. The full guideline contains recommendations
about the use of vaginal prostaglandins, monitoring and the dose of oxytocin.
Induction of labour is easiest in women whose cervix is already ‘ripe’ and this is
a gradual process in nature. The Bishop score is used to assess cervical ripening.
Induction of labour is an uncertain process and has only around a 66% chance of
ending with a normal vaginal delivery.

M Intrapartum monitoring

The main method for assessing fetal wellbeing in labour is by assessing FHR. This
can be done in three ways: by intermittent auscultation, counting the heart rate over
a period of a minute at intervals, or by continuous estimation via a CTG using a
Doppler transducer applied to the maternal abdomen, or via a fetal scalp electrode
collecting a fetal electrocardiogram (ECG).

Current NICE guidance recommends intermittent auscultation every 15 minutes
in the first stage and every 5 minutes in the second stage for low-risk women, with
continuous CTG in those defined as ‘high risk’. This category includes meconium-
stained liquor, prior detection of a FHR abnormality, significant vaginal bleeding or
maternal hypertension. CTG analysis can be supplemented with estimation of the
fetal pH via fetal scalp sampling.

Cardiotocography

The FHR can be detected through the maternal abdomen via a Doppler
transducer, basically a movement detector (Fig. 4.3). Alternatively a fetal ECG
can be recorded directly via an electrode fixed onto the skin of the presenting
part, usually the scalp. The latter is a more reliable method, although both are
subject to artefact, either from inadvertent interrogation of the maternal aorta or
because the scalp clip is dislodged and becomes affixed to the maternal cervix or
vaginal wall. The FHR is averaged and displayed on one channel, with the other
channel being used to show the uterine contractions recorded via a strain gauge
(the tocograph). The conventional paper speed is 1 cm per minute. The main
features are described below and the recommended categorization is given in
Tables 4.2 and 4.3.



Table 4.2 Categorization of fetal heart rate traces (NICE guideline 2007)

Fig. 4.3 Doppler transducer
applied to the maternal abdomen,
detecting movement of the fetal
heart and estimating fetal heart rate

Category | Definition

Normal CTG with all four features in the reassuring category

Suspicious CTG whose features fall info one of the non-reassuring categories with the
remainder of the features reassuring

Pathological CTG whose features fall info two or more non-reassuring categories or one or
more abnormal categories

CTG, cardiotocogram.

Table 4.3 Categorization of fetal heart rate features (NICE guideline 2007)

Feature | Baseline bpm | Variability bpm | Decelerations | Accelerations
Reassuring 110-160 25 None Present
Nonreassuring | 100-109
161-180 <5 for 40-90 | Early deceleration The absence of
minufes accelerations
Variable deceleration | With an otherwise
- normal CTG
Single prolonged is of :
is of uncertain
deceleration up to 3 | . "
i significance
minutes
Abnormal <100 <5 for more than | Atypical variables
Q0 minutes
>180 Late decelerations
Sinusoidal pattern Single prolonged
=10 minufes deceleration for more
than 3 minutes

bpm, beats per minute

; CTG, cardiotocogram.
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CTG assessment includes observation of the following four features:

1 heart rate (normally 110-160 beats per minute);

2 variability of baseline heart rate (normally 5-25 beats per minute);

3 the presence of accelerations (defined as a rise of baseline of more than 15 beats
for more than 15 seconds);

4 whether or not there are decelerations (defined as a reduction in baseline of more
than 15 beats over 15 seconds).

Decelerations are classified as:

m carly — a slowing of the baseline FHR with onset early in the contraction and return
to baseline at the end of the contraction;

m late — a slowing of the FHR with onset mid to end of the contraction and nadir
more than 20 seconds after the peak of the contraction, returning to baseline after
the end of the contraction;

m variable — intermittent periodic slowing of the FHR with variable relationship to
the contraction cycle;

m atypical variable — variable decelerations with additional components, such as slow
return to baseline at the end of the contraction, or loss of variability during the
deceleration.

Fetal scalp pH estimation

The specificity of an abnormal CTG trace for fetal hypoxia is poor and hence on occasion
it is necessary to sample fetal blood to check for the presence of acidosis. A result of
pH >7.25 is considered reassuring, but should be repeated if the CTG abnormality
persists. A result between 7.21 and 7.24 is borderline and should be repeated in 30
minutes, with consideration of delivery if there has been a fall since the last sample. A
fetal scalp pH of <7.20 is an indication for urgent delivery.

Umbilical cord pH sampling

Many units routinely sample both the umbilical artery and vein at birth for the
estimation of pH, but this is not recommended by NICE. The best quality results
are obtained if a section of cord is ‘double clamped’. Although the cord pH results
are poor predictors of death or cerebral palsy, a normal paired cord gas result (with
sufficient difference between the paired samples to show that two vessels were
sampled) is strong evidence against intrapartum hypoxic ischaemia. The normal range
is shown in Table 4.4.

B Mode of delivery

Caesarean section

The rising caesarean section rate in developed countries has been the subject of
much debate. The current caesarean section rate in the UK is between 15% and 30%
depending on the population served by the reporting unit. The indications for an
elective caesarean section include breech presentation and previous caesarean section.
Many caesarean sections are emergency operations performed in the first or second
stage of labour for indications such as suspected fetal compromise or failure to
progress.



Table 4.4 Normal umbilical blood gas results; range derived from mean and two standard
deviations (from Pomerance 2004)

pH 7.25-7.45 7.18-7.38

(H*) concentration 56-36 64-43

PCO, [mmHg) 26.8-49.2 32.3-65.8

(kPa) 3.57-6.56 4.30-8.77

PO, (mmHg) 17.2-40.8 5.6-30.8

(kPa) 2.29-5.44 0.74-4.1

HCO, (mmol/I] 15.8-24.2 17-27

Base excess 8100 8100

Instrumental delivery

The ventouse is the currently favoured method for assisted vaginal delivery, with
approximately 8% of babies being delivered this way in the UK. Rotational forceps
(Kjelland’s forceps) have largely vanished from use. Ventouse is associated with a
lower chance of successful vaginal birth than forceps.

From the neonatal point of view the rise in vacuum-assisted deliveries is important
because the method involves the formation of an artificial caput, or chignon. This
is associated with an increased risk of cephalhaematoma, and of bleeding into the
subaponeurotic or subgaleal layer of the scalp, a large potential space into which
more than 200 mL of blood can drain. This can have disastrous consequences for
the baby unless the diagnosis is rapidly appreciated and blood transtused. Subgaleal
haematoma, discussed on p. 224, can lead to difficulties in resuscitation (see p. 44).
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Genetic disease

Key points

In any odd-looking baby:

m Compare his appearance with his next of kin.

m Carefully list his dysmorphic features and consult the computerized
databases.

m Send blood for cytogenetic analysis.

m Consult an expert in dysmorphology if the suspicion remains high.

About 2-3% of babies are born with a malformation and malformation sequences
are still a common cause of neonatal death. The diagnosis of genetic disease requires
a high index of suspicion in the neonatal period, although some disorders, such as
Down syndrome, are well known and easily recognized. Fetal medicine has changed
the pattern of malformations which present in the neonatal period; for example, Patau
syndrome (trisomy 13) and Edward syndrome (trisomy 18) are now rare because
cases are diagnosed carly in pregnancy and most parents choose termination. Some
conditions are known to result from submicroscopic deletions of the genome, so that
a specific request is required before the laboratory can help, by using fluorescent in-
situ hybridization (FISH). If one of these conditions is suspected (e.g. a microdeletion
of chromosome 22 in a child with congenital heart disease and an absent thymus —
Di George syndrome or ‘catch-22’) it is always worth repeating a chromosome test
which was thought to be normal antenatally. FISH-ing generally for microdeletions is
not possible and a specific request is required.

The first clue to possible genetic disease is usually the appearance of the infant, who
does not ‘look right” — in other words, he is dysmorphic. This instant recognition,
which is based partly on the examiner’s experience, is often called ‘gestalt’ recognition,
from the German word meaning shape or form. Infants appear dysmorphic for any of
the following three reasons:

1 Malformation. A malformation is present when there is an anomaly in an organ
or part of an organ. Examples include polydactyly, craniosynostosis, cleft lip,
congenital heart disease or microcephaly. More subtle but equally important
malformations are findings such as micropenis, hypertelorism, accessory nipples
and misshapen digits. Multiple minor malformations are always suspicious.

2 Deformation. Deformation exists when the anatomy is normal but has been
distorted by intra-uterine forces. The most common example is talipes secondary
to oligohydramios.

3 Disruption. This is rare, but it occurs when there is an alteration of the normal
process of development, such as from an amniotic band. Disruptions are non-
genetic in nature.



When examining a baby with a possible malformation, always remember that any
mention of a deviation from normal will be devastating to the parents. Sensitive
handling is obviously essential, as is the provision of accurate information. Parent
support groups are often excellent sources of information and support once a specific
diagnosis has been made. The internet is another source (see the list of useful websites
at the end of this chapter).

Experienced help from a clinical geneticist is required when considering the
diagnosis of a baby who may have a genetic disorder. Once the baby has been
examined thoroughly and carefully, and a detailed family history has been prepared,
the combination of malformations can be entered into a computer program or looked
up in a book with the appropriate tables to see whether a specific ‘syndrome’ diagnosis
can be made. The number of ‘hits’ can be optimized by using a small number of the
best ‘handles’. This means choosing the abnormal features which are not common,
such as imperforate anus, rather than those which are common in the general
population (e.g. clinodactyly). Measurements, cranial imaging and X-rays may all
contribute to a diagnosis.

Remember that apart from autosomal dominant and recessive inheritance, and
X-linked disorders, genetic disease can be transmitted via mitochondrial DNA
(exclusively from the female line, although both males and females can be affected) or
by genetic imprinting. An imprinted gene has been marked during meiosis, to indicate
the parent from whom it comes. For some genes it appears to be important not only
to inherit two copies of that gene but also to inherit one from ecach parent. A good
example is the presence of a small deletion of chromosome 15q, which has a different
effect depending upon which chromosome 15 is deleted. If the deletion occurs
on the chromosome inherited from a child’s normal father, the child will develop
Prader-Willi syndrome. If the deletion occurs on the chromosome inherited from a
child’s normal mother, the child will develop a completely difterent clinical condition,
Angelman syndrome. Other conditions that show imprinting effects include Russell-
Silver syndrome, Beckwith—-Wiedemann syndrome, and the rare condition of transient
neonatal diabetes mellitus.

Ophthalmological examination can be invaluable. One or two genetic diseases can
be diagnosed with serum biochemical tests, perhaps the best-known example being
Smith-Lemli-Opitz syndrome in which there is an elevated 7-dehydrocholesterol
concentration. Some genetic disorders only ever occur as mosaics (e.g. Pallister—
Killian syndrome), so that a skin biopsy has to be done to make the diagnosis because
white cell chromosomes will be normal.

Malformations can result from fetal exposure to teratogens (e.g. fetal alcohol
syndrome, rubella) and the cause of many malformations remains unknown.
Photographs should be taken as a record because in many cases it is just not possible
to reach a diagnosis in the nursery and follow-up and discussion with experts will be
required.

B Good ‘handles’ for genetic diagnosis

Microcephaly
Macrocephaly
Polydactyly
Syndactyly
Cataract
Hypertelorism
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m Cleft lip and/or palate
® Small mandible

m Very short limbs

m Absent radius

® Anal atresia

m Skin abnormalities.

M Further reading

B Web links

Baraitser, M, Winter, RM (1996) Colour
Atlas  of  Congenital  Malformation
Syndromes. London: Mosby-Wolfe.

Jones, KL (1997) Swmith’s Recognizable
Patterns of Human Malformation, 5th
edition. Philadelphia: WB Saunders.

Wiedemann, H-R, Kunze, J, Dibbern, H
(1992) An Atlas of Clinical Syndromes.
London: Wolfe.

www.ncbi.nlm.nih.gov/omim
http:/ /rarediseases.info.nih.gov/
http://www.rarediseases.org,/
www.cafamily.org.uk/



Neonatal resuscitation and
stabilization

Key points

® Most babies do not need any resuscitation or suction.

m Most babies who are depressed at birth respond to ventilation given properly.

m Babies who are not responding quickly to ventilation (by 3 minutes) should be
intubated and help will be required.

m Babies <30 weeks’ gestation are at risk from respiratory distress syndrome, and
unless they are vigorous at birth should be intubated for resuscitation and given
surfactant prophylaxis as early as possible.

m ‘Blind’ drug therapy should not be given during resuscitation except in asystolic babies.

m Preparation and anficipation are the keys to successful resuscitation and
stabilization.

M Physiological adaptation at birth

During the final stages of labour and during the first few minutes of life a significant
number of physiological adaptations have to occur in the baby to support the transition
from fetal to neonatal life. An understanding of these changes helps to underpin our
practices of neonatal resuscitation and to explain why sometimes ‘things go wrong’.
During fetal life gas exchange occurs in the placenta, the lungs are full of fluid and the
fetal circulation diverts blood away from the lungs and through the placenta. During
the transition to postnatal life the fluid in the lungs must be reabsorbed, gas exchange
must transfer to the lungs, and the fetal circulation must change to that of the neonate.
In the fetal lung the functional residual capacity (FRC) is maintained by lung liquid
which is secreted by type II pneumocytes. This liquid is essential for prenatal growth
and development of the respiratory system. In the late stages of a normal pregnancy,
increasing glucocorticoid levels prepare the fetal lung, by increasing compliance,
stimulation of surfactant production and preparation for lung liquid reabsorption.
During labour there is a rise in the stress-related hormones adrenaline (epinephrine)
and arginine vasopressin, which suppress fetal lung liquid production and stimulate
its reabsorption. Normal babies take their first breath within a few seconds of delivery.
Prior to the first breath the lungs are collapsed and have minimal FRC. The first two
or three breaths expand the lungs and establish the normal FRC of approximately
30 mL/kg. To achieve this, extraordinarily high transpulmonary pressures are required
to overcome the surface tension of the collapsed lung. Pressures of upwards of
60 cmH, O are generated, compared with normal tidal breathing, which requires a
peak transpulmonary pressure of approximately 10-15 cmH,O.
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A number of changes also need to occur in the circulatory system to help the
newborn infant adapt to extra-uterine life. In the fetus blood is diverted away from
the lungs through the patent foramen ovale (connection between the two atria) and
the ductus arteriosus (connection between the aorta and the pulmonary trunk).
In the fetal lung vasoconstriction results in high vascular resistance and hence high
pressures within the pulmonary circulation. As this pressure exceeds that of the
systemic circulation, blood moves across the foramen ovale and ductus arteriosus from
‘right to left’, that is, from the right to left atrium, and from the pulmonary trunk to
the aorta. Following birth, as the lungs expand and the pulmonary arteries dilate, a
fall in the pulmonary vascular resistance leads to increased blood flow into the lungs.
The resultant increase in pulmonary venous return increases the pressure within the
left atrium, which causes a functional closure of the foramen ovale. As respiration is
established and the oxygen levels within the blood increase, there is a closure of the
ductus arteriosus, which is mediated in part by a fall in local prostaglandin levels.

B Neonatal resuscitation

Neonatal resuscitation involves facilitation of the changes described above. It is reassuring
that only a small percentage of newborn babies are not pink, vigorous and howling by
1-2 minutes of age. Furthermore, only about 5% of all babies born are still apnoeic at
1 minute of age, and only 0.5-1.0% will need intubation in the delivery room. Around
70% of babies requiring resuscitation at birth can be predicted from complications of
pregnancy or labour. A skilled neonatal resuscitator should always be present at such
deliveries (Table 6.1). This results in a neonatal attendance at 37% of all deliveries (Primhak
et al. 1984 ). However, it follows that 20-30% of babies who require resuscitation at birth
are unexpected. The implication of these data for those undertaking delivery without
neonatal support, such as in isolated maternity units or at home, is clear.

B Resuscitation equipment

The following equipment is required for neonatal resuscitation:

1. An adequate surface on which to resuscitate the baby, with an overhead radiant
heat source and sides to minimize the convective and radiant heat losses.

2. A gas supply of up to 5 L/min. Ideally both air and oxygen should be
available with a blender to achieve different oxygen concentrations. It is now
clear that most babies can be resuscitated adequately with air, and air is the

Table 6.1 Deliveries which should be attended by an experienced neonatal resuscitator

Gestation less than 36 weeks

Instrumental or surgical deliveries (excluding ‘lifrout’ forceps or elective caesarean section under
epidural anaesthesia)

Malpresentations

Twins and higher multiple deliveries

Evidence of fefal compromise on cardiotocogram or fetal scalp pH

Meconium staining of the liquor

Antenatal diagnosis of fetal malformation

Antenatal diagnosis of blood group incompatibility, e.g. rhesus

The attending obstetrician requests the presence of a paediatrician




first-choice gas for resuscitation in order to avoid ‘free radical” damage.
However, oxygen is sometimes required and must always be available. A bag and
mask system can deliver air if not connected to an oxygen supply, 40% oxygen

if attached to an oxygen supply at 5 L/min and 60-70% oxygen if a reservoir

is also used (Hermansen and Prior 1993). Whichever method of administering
positive pressure ventilation is used, the gas must be passed through a suitable
pressure-reducing system and via a blow-off valve set at 30 cmH,O. Gas
supplied at high pressure (the standard ‘hospital’ supply) must never, ever be
used directly to resuscitate a baby.

3. Adequate suction with a soft end on the sucker. The suction should not exceed
200 mmHg and, for routine use, should be set at 100 mmHg (= 136 cmH,0)
to prevent damage to the oropharyngeal mucosa. FG3—4 suction tubes are
needed to clear the endotracheal tube (ETT) and FG8-10 tubes to clear the
airway and occasionally to empty the stomach.

4. A clock with a second timer, since time passes very quickly in any emergency
procedure.

5. A face mask to administer ambient oxygen to the cyanosed but breathing baby.

6. Varying sized face masks for administration of mask ventilation. Round, soft and
flexible semitransparent autoclavable face masks are ideal.

7. A device for administering positive pressure ventilation. Traditionally a bag/
valve system which can connect either to a mask or an ETT has been used.
Increasingly, T-piece systems are used which allow the administration of a
prolonged inspiratory time, and the provision of positive end expiratory pressure.

8. A selection of baby-size oropharyngeal airways (sizes 00 and 000).

9. At least two laryngoscopes (since one may fail at the crucial moment). Which blade
to have on the laryngoscope is a matter of individual preference, but generally
speaking a straight-bladed Wisconsin, Magill or Oxford Infant type are the best.

10. A selection of ETTs (2.0-3.5 mm), with an introducer as appropriate. The use
of straight/shouldered oral tubes or nasal tubes is personal preference; however,
if nasal intubation is to be performed, a set of Magill forceps is also needed.

11. Appropriate devices for ETT fixation.

12. A stethoscope.

13. Equipment for emergency cannulation of the umbilical vessels and
thoracocentesis.

14. A selection of syringes, needles and specimen bottles.

The only drugs currently included in neonatal life support algorithms can be
remembered by the mnemonic BAD (and things are indeed bad if these are required):

m 4.2% sodium Bicarbonate;
®m Adrenaline 1:10,000 (100 pg/mL);
= 10% Dextrose, 0.9% saline.

Additionally, volume in the form of both normal saline and O-negative emergency
blood should be available.

Preparation

The key to any successful resuscitation is preparation. This includes ensuring that
both the appropriate personnel and equipment are available. Essential to this is to
always ask for help: do not be proud. If a very sick baby or several babies are expected,
call for help before the baby is born. When preparing for resuscitation, wherever
possible run through the following checklist:
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1. Introduce yourself to the mother and her partner; the sudden arrival of an
unknown crowd of people into the delivery room after a long day in labour can
be unnerving for the mother.

2. Read the mother’s notes or get a history from the midwife or obstetrician about
her medical /obstetric past, including the reasons for any interventional delivery
and what drugs she has received during labour.

3. Send for help straight away if you assess the situation as being likely to result in a
severely depressed or malformed baby.

4. Turn on and test equipment, including heater and oxygen /air. Test positive

pressure device: if using a bag, check that the blow-off pressure is set at
30 cmH, O; if using a T-piece check peak and end expiratory pressures. Check that
the suction is working at appropriate pressure and a suction catheter is attached.

. Go round and close all the doors and windows and turn off fans near the
resuscitation trolley. The labour ward staff will hate you, but it is important to
do this to prevent the baby becoming profoundly hypothermic, particularly if
premature. The ideal room temperature is 25°C, uncomfortable for most adults.

6. Make sure there are warmed, dry towels to wrap the baby in during resuscitation
and a plastic bag/wrap and hat for premature babies.

. Wash hands and put on gloves (plus goggles for high-risk cases).

921
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Physiology of neonatal resuscitation

Fundamental to an understanding of the physiology of neonatal resuscitation is an
appreciation of what makes the neonate different:

m Neonates are small and wet and they therefore get cold very quickly.

m Neonatal lungs are not expanded and are filled with fluid.

m Neonates, like children, have primary respiratory arrests with cardiac arrest
occurring as a secondary phenomenon, so management of airway and breathing is
usually all that is required for a successful resuscitation.

The strategy for resuscitation of the newborn follows the familiar A, B, C, D or ‘airway,
breathing, circulation, drugs’ algorithm which is taught for resuscitation at all ages.

To understand the rationale for the interventions in neonatal resuscitation it
is important to have an appreciation of the sequence of events that occur in acute
asphyxia. This sequence of events was demonstrated in experimental animals in the
early 1960s. When placental oxygen supply is interrupted, the fetus attempts to breathe.
Should these attempts fail to inflate the lung with air (for example if this occurs i utero
or with an obstructed airway), the baby will lose consciousness. Continued hypoxia
of the respiratory centre within the brain results in the cessation of breathing usually
within 2—-3 minutes; this is termed primary apnoea (Fig. 6.1). After 1-2 minutes of
primary apnoea most animals start to gasp with increasing frequency and vigour, and
then decreasing frequency and vigour until they literally reach the last gasp. Gasping
lasts for 5-10 minutes, after which the animal is again apnoeic (Fig. 6.1) — terminal
apnoea. The whole process lasts about 20 minutes. The accompanying changes in
blood pressure and blood gases are also illustrated in Fig. 6.1.

The animal studies demonstrate that it is possible to survive for more than 20 minutes
of complete asphyxia. This is due to the large stores of glycogen in the brain, liver and
myocardium, which can produce energy by anaerobic glycolysis, and also to the ability
of the neonatal brain to metabolize lactate and ketones rather than glucose during
hypoxia (Volpe 2008), although, in the same experiments, brain damage affecting
primarily the basal ganglia and brainstem appears within 10-12 minutes.
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Fig. 6.1 Figure reproduced from Dawes et al (1963) (Dawes et al., 1963), showing the response
of an asphyxiated monkey fo asphyxia and resuscitation. Reproduced from the Journal of
Physiology with permission.

The response to removing the airway obstruction during the above experiment
depends on the state of asphyxia. In primary apnoea, the apnoea will persist until some
stimulus provokes gasping, when the animal will inhale air or oxygen and soon develop
regular respiration. If the animal is gasping when the obstruction is removed, air or
oxygen enters its lungs and a regular respiratory pattern develops. If the obstruction is
removed in terminal apnoea, respiration will never occur. To resuscitate such an animal,
positive pressure ventilation must be used. Furthermore, if the heart rate is very low (or
has stopped), external cardiac massage will be necessary. There is no reason to suppose
that the human neonate will respond to asphyxia differently to experimental animals.

The animal experiments have also demonstrated that the onset of gasping, and
therefore regular respiration, can be expedited in primary apnoea by peripheral
stimulation, including rubbing the baby with a warm towel or giving him an
intramuscular injection. Additionally, drugs administered to the mother, including
all commonly used sedatives, analgesics and all anaesthetics, can pass to the fetus and
may prolong primary apnoea to such an extent that the acidaemia becomes severe
and the phase of gasping may never occur. In babies resuscitated from terminal
apnoea, the time from the onset of artificial ventilation to either the first gasp or
regular respiration is proportional to the severity of the asphyxia before ventilation
was started. If artificial ventilation is started before the pH becomes too depressed,
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the baby may be expected to gasp and start regular respiration after 3—4 minutes of
intermittent positive pressure ventilation (IPPV), whereas if resuscitation is started
well into terminal apnoea when the arterial pH is <6.8, gasping may be delayed for
20 minutes and regular respiration for more than half an hour.

B Practice of neonatal resuscitation

Assessment of the newborn

Assessment of the neonate involves evaluation of the respiratory activity, heart rate,
colour and muscle tone. The most commonly used assessment tool is the Apgar score
described by Virginia Apgar in 1952 (Table 6.2). It is usual to assign a score at 1, 5 and
10 minutes. In the practice of neonatal resuscitation, assessment of respiration, heart
rate, colour and tone is made immediately and after every 30 seconds of resuscitation.

It should be remembered that factors other than asphyxia can result in a depressed
Apgar score (Table 6.3) and that several of these may be present in a single baby. It
is crucial to recognize that even if the failure of regular respiration is zot the result of
asphyxia, adequate resuscitation must nevertheless be carried out or all the biochemical
and clinical consequences of asphyxia will develop very quickly.

Cord blood gas analysis

Another way of assessing whether or not a baby is asphyxiated at the moment of birth
is to measure the blood gases and pH in a sample drawn from the umbilical artery

Table 6.2 Apgar score

| Score | (0] | 1 | 2
A Appearance (colour) Pale or blue Body pink but Pink
exfremities blue
P Pulse rate Absent <100 >100
G Grimace (response to Nil Some Cry
suction catheter)

A Activity (muscle tone) Limp Some flexion Well flexed
R Respirafory effort Absent Hypoventilation Good

Table 6.3 Factors other than asphyxia which may depress the Apgar score after birth

Drugs depressing the CNS

Trauma — especially of the CNS

Prematurity — in particular surfactant-deficient, stiff lungs

Sepsis — classically early-onset group B streptococcal sepsis (see p. 197)

Maternal or neonatal hypocapnia from overbreathing

Muscle weakness, due to prematurity or primary muscle disease

Anaemia (e.g. fetal haemorrhage)

Previous neurological damage in ufero

Congenital malformations affecting the airway or preventing lung expansion

CNS, central nervous system.



in a section of the umbilical cord clamped immediately after delivery. These data are
usually available within 5-10 minutes and then can be extremely useful in guiding the
baby’s subsequent management. Umbilical vein gases are less accurate than umbilical
arterial pH. The umbilical vein pH is 0.01-0.1 pH points better than the umbilical
artery result (see Table 4.4 ), and in acute cord occlusion the umbilical venous pH may
be normal, representing blood leaving the placenta, but the fetus distal to the cord
obstruction may be severely acidaemic.

Initial assessment

m Whatever the problem, first make sure the cord is securely clamped. In sick and
preterm infants where catheterization of the umbilical vessels can be anticipated,
leaving a short length of cord (approximately 5-10 cm) facilitates catheter insertion.

m In term infants, dry with a towel, then remove the wet towel and cover the baby
with fresh dry towels. Drying the baby will provide significant stimulation and will
allow time to assess colour, tone, breathing and heart rate. In infants suspected of
having had a severe hypoxic ischaemic insult, e.g. still requiring active resuscitation at
10 minutes, it may be prudent to switch offany radiant heating device before considering
total body cooling once the initial resuscitation and stabilization have occurred.

m Reassess colour, tone, breathing and heart rate regularly (particularly the heartrate) -
every 30 seconds or so throughout the resuscitation process. The first sign of any
improvement in the baby will be an increase in heart rate. At all stages consider the
need for help and if in doubt request support immediately.

m A healthy baby will be born blue but will have good tone, will cry within a few
seconds of delivery, will have a good heart rate (the heart rate of a healthy newborn
baby is about 120-150 beats/min) and will rapidly become pink during the first
90 seconds or so. A less healthy baby will be blue at birth, will have less good
tone, may have a slow heart rate (less than 100 beats/min) and may not establish
adequate breathing by 90-120 seconds. An ill baby will be born pale and floppy,
not breathing and with a slow or very slow heart rate.

m The heart rate of a baby is best judged by listening with a stethoscope, or attaching
a pulse oximeter.

Airway
Before the baby can breathe effectively the airway must be open.

m The best way to achieve this is to place the baby on his back with the head in the
neutral position, i.e. with the neck neither flexed nor extended. Most newborn
babies have a relatively prominent occiput, which will tend to flex the neck if the
baby is placed on his back on a flat surface. This can be avoided by placing some
support under the baby’s shoulders, but be careful not to overextend the neck.

m If the baby is very floppy it may also be necessary to apply chin lift or jaw thrust.

m A resuscitator skilled in intubation may elect to intubate early in resuscitation to
achieve rapid control of the airway, e.g. immediately in a baby born with no heart
rate or in a very preterm infant. To intubate a baby, lie him flat or slightly extend
his neck. Even moderate flexion pushes the larynx into a very anterior position that
makes it difficult to visualize. Insert the blade of the laryngoscope into the vallecula
and pull the epiglottis forward to reveal the larynx. Press lightly on the cricoid
cartilage (with the fifth finger of the hand holding the laryngoscope) and the view
of the larynx is improved. See Procedures (p. 358) for more detail.
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Fig. 6.2 Correct position and size of face mask. Source: Resuscitation Council Neonatal Life
Support Guidelines 2005

Breathing

m If the baby is not breathing adequately by about 90 seconds, give five inflation
breaths. Until now the baby’s lungs will have been filled with fluid. In a term
baby, initial acration of the lungs is likely to require sustained application of
pressures of about 30 cmH,O for 2-3 seconds — termed ‘inflation breaths’. For
mask ventilation to be effective there must be a tight seal between the mask and
the baby’s face. Use the correct size of face mask and position it over the baby’s
mouth and nose (Fig. 6.2). Slightly extend his neck (chin lift) and hold his jaw
forward (‘jaw thrust’). An oropharyngeal airway may help but will not substitute
for incorrect positioning.

m Growing evidence suggests that initial resuscitation should be with air if available.
The fraction of inspired oxygen should be increased if the baby does not respond
rapidly to adequate inflation breaths with air.

m Ifthe heart rate was below 100 beats/min initially then it should rapidly increase
as oxygenated blood reaches the heart. If the heart rate does increase then
you can assume that you have successfully acrated the lungs. If the heart rate
increases but the baby does not start breathing for himself, continue to provide
regular breaths at a rate of about 30-40/min until the baby starts to breathe
on his own.

m If the heart rate does not increase following inflation breaths, then either you have
not aerated the lungs or the baby needs more than lung aeration alone. By far the
most likely reason is that you have failed to aerate the lungs effectively. If the heart
rate does not increase and the chest does not passively move with each inflation
breath, you have not aerated the lungs. Consider:

Is the baby’s head in the neutral position?

Do you need jaw thrust?

Do you need a longer inflation time or higher pressure?

Do you need a second person’s help with the airway?

Is there an obstruction in the oropharynx (laryngoscope and suction)?

e What about an oropharyngeal (Guedel) airway?

m Check that the baby’s head and neck are in the neutral position, that your inflation
breaths are at the correct pressure (30 cmH, O for a term infant) and applied for the
correct time (2-3-second inspiration) and that the chest moves with each breath.
If the chest still does not move, ask for help in maintaining the airway and consider
an obstruction in the oropharynx, which may be removable by suction under direct
vision. An oropharyngeal (Guedel) airway may be helpful.



Fig. 6.3 Technique of
encircling the chest to
give cardiac massage

m If the heart rate remains slow (less than 60 beats/min) or absent following five
inflation breaths, despite good passive chest movement in response to inflation
efforts, start chest compression.

Chest compression

Almost all babies needing help at birth will respond to successful lung inflation with
an increase in heart rate followed quickly by normal breathing. However, in some
cases chest compression is necessary.

m Chest compression should be started only when you are sure that the lungs have
been aerated successfully.

m In babies, the most efficient method of delivering chest compression is to grip the
chest in both hands in such a way that the two thumbs can press on the lower third
of the sternum, just below an imaginary line joining the nipples, with the fingers
over the spine at the back (Fig. 6.3).

m Compress the chest quickly and firmly, reducing the anteroposterior diameter of
the chest by about one-third.

m The ratio of compressions to inflations in newborn resuscitation is 3:1.

m Chest compressions move oxygenated blood from the lungs back to the heart. Allow
enough time during the relaxation phase of each compression cycle for the heart to
refill with blood. Ensure that the chest is inflating with each breath. In a very few
babies, inflation of the lungs and effective chest compression will not be sufficient
to produce an effective circulation. In these circumstances drugs may be helpful.

Drugs

Drugs are needed only if there is no significant cardiac output despite effective lung
inflation and chest compression. The drugs used are adrenaline (1:10,000), sodium
bicarbonate (ideally 4.2%) and dextrose (10%). They are best delivered close to the
heart, usually via an umbilical venous catheter (UVC).

® The recommended dose for adrenaline is 10 pg/kg = 0.1 mL/kg of 1:10,000
solution). If this is not effective, a dose of up to 30 pg,/kg (0.3 mL/kg of 1:10,000)
may be tried.

m The dose for sodium bicarbonate is between 1 and 2 mmol of bicarbonate /kg (2—4
mL/kg of 4.2% bicarbonate solution).

m The dose of dextrose recommended is 250 mg/kg (2.5 mL/kg of 10% dextrose).
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Dry the baby Birth AT

Remove any wet towels and cover
Start clock or note the time

* .
Open the airway
Give 5 inflation breaths
Consider SpO, monitoring
ASK:

If gasping or not breathing: 60's I STAGES

If chest not moving
Recheck head position
Consider 2-person airway control
and other airway manoeuvres

Repeat inflation breaths
Consider SpO, monitoring

Look for a response

DO

When the chest is moving :

If the heart rate is not detectable '
or slow (<60/min) ; YOU

start chest compressions i

3 compressions to 1 breath ;

NEED

Fig. 6.4 Neonatal
HELP? resuscitation algorithm.
Reproduced with the

kind permission of the
Resuscitation Council, UK

@ Resuscitation Council (UK)

m Very rarely, the heart rate cannot increase because the baby has lost significant
blood volume. If this is the case, there is often a clear history of blood loss from
the baby, but not always. Blood loss should be replaced with uncross-matched
O-negative blood. If this is not available, isotonic crystalloid rather than albumin is
preferred for emergency volume replacement. A bolus of 10 mL/kg of 0.9% saline
or similar given over 10-20 seconds will often produce a rapid response and can be
safely repeated if needed.



Babies who are active, breathing easily and pink by 10 minutes can go to the
postnatal ward with their mother unless there was a long history of fetal distress or a
very low cord pH, when a period of observation on the neonatal intensive care unit is
wise in case hypoxic ischaemic encephalopathy develops (see p. 220). Early feeds and
glucose monitoring are important.

Conversely, if there is no response at all without any cardiac output by 15 minutes of
continuous and adequate resuscitation, consideration should be given to stopping the
resuscitation. If there are no regular respirations by 30 minutes, the outlook is poor.

M Special situations in neonatal resuscitation

Meconium staining

It has now been demonstrated that intrapartum suctioning, i.e. with the head on the
perineum, does not prevent meconium aspiration syndrome and this practice is no
longer recommended.

Equally, attempts to remove meconium from the airways of vigorous babies is also futile.
However, if babies who are born through thick meconium are unresponsive or not vigorous
at birth, the oropharynx should be inspected and cleared of meconium. If intubation skills
are available, the larynx and trachea should also be cleared by direct suctioning.

Preterm

The basics of assessment and resuscitation, i.e. ABC, are similar, but a number of
important differences require highlighting:

m When the birth of a significantly preterm infant is expected, provisions should be
made to ensure an experienced neonatologist attends the delivery.

m At birth, preterm babies 30 weeks and below should be placed under a radiant heater,
a hat should be applied and, without drying the body, place the baby immediately into
a food-grade plastic bag to keep them warm during resuscitation and /or stabilization.

m Babies <30 weeks’ gestation are at risk from respiratory distress syndrome. Unless
they are vigorous at birth they should be intubated immediately for resuscitation
and given surfactant prophylaxis as early as possible.

m When giving positive pressure ventilation, the lowest possible pressures should
be used to avoid damage to the lungs. You should not expect to see large chest
excursions, and if these are present the peak inspiratory pressure should be reduced.
Similarly, the minimum pressures possible should be used on the transport incubator
when transferring from the delivery room to the neonatal unit (NNU).

m It is generally accepted that the use of drugs in the resuscitation of babies at the
threshold of viability is not appropriate. Continued resuscitation of babies who fail
to respond to appropriate airway management, positive pressure ventilation and
possibly a short period of cardiac massage is not appropriate.

B Problems with resuscitation

The baby who goes pink but does not start to breathe

If, by 20 minutes of age, the baby has made no spontaneous respiratory effort — despite
adequate oxygenation and correction of acidaemia and hypoglycaemia — further therapy
should be delayed until the baby is transferred to the NNU. Once there, further blood
gas analysis, blood glucose measurements and a chest X-ray should be carried out.
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If these tests show some persisting abnormality, appropriate therapy can be given. If they
are normal, yet apnoea persists, this suggests profound asphyxia with severe neurological
damage and a grave prognosis. Alternatively, if the evidence for pre-delivery asphyxia
is unimpressive, consider some underlying neurological disorder such as cervical cord
transection, zz-utero neurological damage or a primary muscle disease (see p. 231).

The baby with no response to intermittent positive
pressure ventilation

A few babies will remain blue, apnoeic and bradycardic. In some cases the reasons will
be obvious (e.g. severe skeletal abnormalities in thanatophoric dwarfism). However,
in babies who look normal, the reason for the poor response is commonly some
technical error in resuscitation. Therefore check the following:

1. If a bag and mask system is being used, is there a poor seal around the face and is
the baby’s chest moving?

2. If the baby is intubated, is the endotracheal tube in the trachea and not in the
oesophagus?

3. Is the endotracheal tube too small (a common mistake)? A 3.0 or 3.5 mm tube
should always be used except in babies <1 kg. Smaller tubes have a big internal
resistance, allow a big air leak and very easily get pushed in too far so that they
lodge in a main-stem bronchus. This is not only bad for overall ventilation but
carries the risk of rupturing the lobe and causing a pneumothorax.

4. Is an adequate inflation pressure being applied? The blow-off valve may have
become inadvertently reset at a low pressure.

5. Is enough oxygen being given? Has the supply been disconnected or the reservoir
removed from a bag and mask system? Should 80-100% oxygen be given by
using a T-piece or connecting the baby to a ventilator or continuous positive
airways pressure (CPAP) device?

If technical errors can be excluded, check the following:

1. Is the asphyxia more severe than the initial clinical assessment suggested? Check
blood gases and blood glucose and intervene further based on the results. It may
be appropriate to transfer the baby to the NNU for further evaluation.

2. Is the baby premature and developing severe respiratory distress syndrome
(RDS), or could he have congenital group B beta-haemolytic Streptococcus
pneumonia? Increase the inflating pressure to 35 cmH, O if possible, give high
FiO, and surfactant, and increase the ventilation rate. This virtually always
improves the baby enough to allow transfer to the NNU.

3. Has the baby developed a pneumothorax during resuscitation?

4. Is the baby very pale? Consider fetal haemorrhage (p. 306). Such babies may have lost
more than half their blood volume. If the history is suggestive and the pallor seems due
to anaemia, give 15-20 mL/kg of fresh uncrossmatched O-negative blood at once over
10 minutes; repeat this if necessary. Blood is much better than saline because blood
carries oxygen. This will usually improve the baby enough for him to be transferred to
the NNU where a more accurate assessment of the anaemia can be made (see p. 307).

The vigorous but cyanosed baby

A few babies are fairly vigorous and active with a normal heart rate, often marked respiratory
distress, yet remain very cyanosed. This situation strongly suggests some underlying
structural problem in an (initially) unasphyxiated baby. Consider the following;:



1. Is there a diaphragmatic hernia, suggested by mediastinal shift, poor air entry on
the left side (the usual side of the hernia) and a scaphoid abdomen? Intubate the
baby, transfer him to the NNU and X-ray him.

2. Is there a pneumothorax? This can be spontancous, or the result of overvigorous
positive pressure respiration, especially with bag and mask systems or if too
small an endotracheal tube has been pushed down into a segmental bronchus.
The clinical signs are given on p. 157. There is rarely time to confirm the
diagnosis radiologically, but a cold (fibreoptic) light source may help. If the baby
is deteriorating quickly, insert a wide-bore needle into the second intercostal
space in the mid-clavicular line. If you are right, there will be a gratifying hiss of
escaping air, the baby’s condition will improve and the needle can be followed by
insertion of a chest drain.

3. Is there lung malformation or pulmonary hypoplasia? Airway, lung or cardiac
malformations which make it impossible to resuscitate the baby are rarely
surgically correctable and therefore are usually fatal.

B First-hour care after resuscitation

It is not possible to overemphasize the importance of the ‘golden hour’, especially in
the premature baby at risk from RDS, in whom failure to control clinical, biochemical
and physiological abnormalities results in severe surfactant depletion and clinical
deterioration. Put simply, sloppy first-hour care can convert mild RDS into severe
or fatal RDS, or a treatable case of septicaemia into a fatal one. Equally important is
the immediate care of the baby who has required resuscitation for birth depression.
Not all babies with low Apgar scores have suffered in-utero hypoxia (Table 6.2),
but some will develop hypoxic ischaemic encephalopathy requiring close monitoring
(see p. 220); others need investigation to exclude sepsis, myopathy or some other
pre-existing central nervous system disorder.

Preparation

Good communication between obstetric and paediatric teams allows preparation
to be made for an admission and prevents ghastly and life-threatening delays while
appropriate staff and equipment are found. Having an intensive care cot kitted out
and ready is ideal but not always possible in busy units running at full capacity. When
an admission can be anticipated, such as the expected preterm delivery or a surgical
case, e.g. congenital diaphragmatic hernia, the setting up of appropriate equipment
prior to delivery can save valuable time once the baby is born. For example, laying
out the equipment for umbilical lines, peripheral canulation and collecting the blood
bottles required for initial tests can all potentially be completed prior to the delivery.
Additionally, the maternal notes can be reviewed and the maternal medical, obstetric
and pregnancy details can all be documented before the birth of a baby, saving valuable
time in the postnatal period.

Transfer from the labour ward

This is where the control and care of the sick neonate often starts to go awry. It is
essential that the neonate has been adequately and appropriately resuscitated prior
to transfer to the NNU. The exact nature of transfer from delivery room to NNU
will depend on the individual hospital, but in general the baby should be placed in a
warmed transport incubator and transferred with appropriate ventilatory support and
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monitoring. Usually, if intubation has been needed for resuscitation, it is sensible to
keep the baby intubated and ventilated during transport and until baseline blood gases
have been obtained after admission to the NNU. The baby must be accompanied on
transfer by the neonatologist responsible for resuscitation and a trained neonatal nurse
who will also ensure that the baby is labelled. A copy of the maternal notes or a good
history is vital so that important diagnoses such as maternal HIV or hepatitis are known
and appropriate treatment can be commenced without delay.

Admission routine

Immediate care is then usually provided by the nursing staff and it is important not to
get in their way while the following occur:

m As soon as an ill baby arrives in the NNU, he should be weighed and placed in a
warmed incubator or under a suitable radiant heater.

m If he was ventilated during transfer, this should be continued. Unventilated babies
with respiratory distress should be given CPAP or oxygen as appropriate. Attach a
pulse oximeter and give enough oxygen (by IPPV if necessary) to keep the SpO, >
90% in a term infant and 85-92% in a preterm.

m The baby should be connected to appropriate monitoring, which may include an
electrocardiogram monitor, an apnoea monitor and transcutaneous monitoring of
oxygen and carbon dioxide.

m A bascline set of observations should be taken, including heart rate, four-limb
blood pressure and admission temperature.

m It is usual practice to obtain surface swabs for culture from ear and throat.

m Organize vitamin K if it was not given in the labour ward.

Once the baby is safely in an incubator and the nursing staff have completed their initial
care, quickly and accurately examine the baby and measure the head circumference.
A decision should then be made as to the type of intravenous and arterial access that is
required. In a very preterm infant, and if sufficient skill is present to obtain umbilical
arterial and venous access quickly, it may be preferable to site these immediately
without first obtaining peripheral venous access.

Immediate care

All ill babies admitted directly from the delivery suite should have the following
investigations set in train within 30 minutes of admission:

. Arterial blood gases.

. Blood glucose.

. Haemoglobin (packed cell volume), full blood count with differential white

blood cell count.

. Blood culture.

5. Group and crossmatch.

6. C-reactive protein. Urea and electrolytes are often sent but will reflect maternal
values immediately after birth. It may therefore be sensible to delay this until
4-6 hours.

7. One spot on the Guthrie card.

PN -

™

A chest X-ray will be required but can wait if the baby is clinically stable, especially
if arterial lines are to be inserted. Coagulation studies may be indicated and should
be taken from the umbilical arterial line before the heparinized saline is connected.



Once heparin has been commenced, coagulation samples must be obtained
peripherally. Also think about collecting blood for chromosomes if you need to give
a blood transfusion urgently.

An indwelling umbilical artery catheter (UAC) provides the most satisfactory
way of monitoring sick babies with RDS (p. 127). Umbilical catheterization should
be attempted in all very low birth weight babies requiring ventilation, in any other
ventilated baby requiring more than 30% oxygen and not rapidly weaning, and
in any shocked or very ill baby of any gestation. The risk of complications is low
(p- 357). The catheter can always be removed later if it is not needed and the chance
of success is high if you try while the cord is fresh. A UVC should be inserted in babies
<1 kg at the same time as the UAC. This helps to achieve minimal handling and can
be replaced with a silastic ‘long’ line after a few days when the baby is more stable.
If insertion of the UAC fails, consider peripheral arterial cannulation (p. 355). If all
attempts fail, obtain the first blood gas by arterial puncture; capillary blood gases from
sick underperfused babies at any gestation are often misleading.

On the basis of the initial investigations, a working differential diagnosis must be
made and appropriate treatment started without delay. If RDS is present, surfactant
should be given if not already administered in the delivery room (p. 137). On the
basis of the first set of blood gases, appropriate changes in the ventilator settings or
inspired oxygen concentration can be made. Although large vigorous babies have a
considerable capacity for correcting metabolic acidaemia spontaneously, small sick
ones do not, and acidaemia depresses surfactant synthesis and function. Base deficits
above 8-10 mmol/L present in symptomatic babies less than 60 minutes old often
need correction by infusing an appropriate dose of base.

All sick babies should be started on intravenous dextrose at once through a
peripheral line or UVC. The rate of infusion is dependent on the gestation and clinical
situation. Term babies require 40-60 mL/kg/day of 10% dextrose; extreme preterm
infants lose copious amounts of fluid and may need 100 mL/kg/day (which may
need to be 5% dextrose to avoid hyperglycaemia). Babies with hypoxic ischaemic
encephalopathy should be restriced to 40 mL/kg/day with close monitoring of
blood glucose. Anaemia should be corrected by transfusion, urgently if appropriate.

Hypotension accompanied by poor capillary refill and/or an acidosis should always
be treated. A useful rule of thumb is that the mean blood pressure roughly equates
to the baby’s gestational age in weeks, but what matters most is any evidence of
poor tissue perfusion. In babies with continuous arterial pressure monitoring, gentle
pressure over the liver will result in a rise in blood pressure in the hypovolaemic
neonate due to increased venous return. This can be a useful bedside test to guide
the treatment of hypotension. If hypotension is accompanied by anaemia, packed red
cells should be transfused (10-15 mL/kg). However, if the haematocrit is greater
than 45%, then infuse 10-15 mL/kg of normal saline. If the hypotension persists
despite correction of hypovolaemia, acidaecmia and hypoxia, or if there are signs of
heart failure, ionotropic support is required.

Since it is impossible to exclude serious infection — especially with group B
Streptococcus — as the cause of any illness presenting in the first hour, start the baby on
antibiotics after taking cultures. Give penicillin and an aminoglycoside to all seriously
ill babies, including any baby requiring IPPV. Consider a lumbar puncture if there is
a high index of suspicion of sepsis, for example prolonged rupture of membranes or
known maternal infection.

As a standard of care, all infants admitted to intensive care should have a cranial
ultrasound scan as soon as possible after admission to the unit. This allows timing of
intracranial haemorrhage (p. 224-230) and early identification of other intracranial
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pathology. In infants suspected of having experienced a hypoxic ischaemic insult, the
ultrasound should include assessment of the resistance index in the anterior cerebral
artery (p. 222). Such infants should commence cerebral function monitoring as
early as possible and be considered for therapeutic hypothermia to minimize brain

injury.

The baby will now be an hour old. If the above routines have been carried out
correctly, even the sickest baby should now be in the optimal condition possible.
At this stage make detailed notes, see the parents, explain what is happening and
encourage them to visit the ward. If possible, take a photograph of the baby for the
mother to keep with her on her bedside table.
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7

Nursing, monitoring and
transport of the sick neonate

Key points

Under normal circumstances babies should be kept in the thermoneutral range, with
a core body temperature as close to 37°C as possible.

Respiration (apnoea), heart rate (electrocardiogram), blood pressure and blood
gases should be monitored in critically ill neonates on ventilatory support.

Arterial PaO, is the gold standard method to avoid hyperoxaemia and minimize the
risk of retinopathy of prematurity; capillary samples and intermittent arterial puncture
are useless.

Fluid balance must be monitored by daily weighing, continuous records of fluid
input and output, and frequent estimations of the serum sodium and creatinine.

In very low birth weight babies in intensive care, blood electrolytes, creatinine

and full blood count should be monitored daily, with more frequent estimations in
extremely low birth weight babies in the first few days.

B Thermal control

In the era of sophisticated incubators and complex infant care centres with overhead
radiant heaters, it should not be assumed that the control of a premature infant’s
thermal environment is either unimportant or easy. The neonate has a huge surface
area to volume ratio and therefore loses heat rapidly. The smaller the baby, the greater
this loss, particularly if he is naked. Heat is lost in four ways:

1

w

. Conductive losses should be small. However, placing a baby in a cold incubator

will lead to rapid heat loss through conduction. Conversely, self-heating gel-filled
mattresses can be useful for thermoregulation, particularly during transport.

. Evaporative heat loss is due to the latent heat of evaporation of water on the

baby’s skin and is dependent on how wet the baby is, how immature and water
permeable is the skin, and exposure to drying factors such as air movement
or radiant heaters. Babies are often nursed in a closed incubator in which it
is possible to attain a high level of humidification; however, it is essential to
remember that these levels drop rapidly when incubator doors are opened.

. Convective heat loss is due to the cooling effect of air currents around the baby

and is normally small, unless the baby is in a cool draught.

. The baby also loses heat by radiation onto nearby objects. When this is the

incubator wall, the effective temperature is a function of the temperature inside
and outside the incubator. To obtain the ‘operative’ temperature, 1°C needs to
be deducted from the incubator temperature for every 7°C the room temperature
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falls below the incubator temperature. This form of heat loss is much greater
when the baby, particularly if naked, is outside an incubator and is radiating heat
onto the walls and windows of a labour ward or a neonatal unit (NNU).

Clinical effects of cold

The deleterious effects of cold on the premature baby are listed in Table 7.1. Even
without the neonate’s temperature falling, cooling can cause problems, but once
his physiological responses to cold are overcome and his body temperature falls, the
effects of a cool environment become much more serious. The most dramatic effect
of allowing babies to get cold is the increase in morbidity and mortality. Blackfan and
Yaglou (1933) showed that keeping babies warmer significantly reduced mortality,
and this has since been reconfirmed in a number of studies.

Clinical effects of overheating

There are also dangers from overheating (Yashiro ez al. 1973). Although the exact

mechanisms are not clear, the various associations which have been reported are listed
in Table 7.1.

Management of temperature control

Since babies who get cold or who are overheated have a much higher morbidity and
mortality, it is essential to make every effort to keep their core temperature as close
to 37°C as possible. The following five practices should be routine in all maternity
hospitals and all NNUs:

1. Keep labour wards as warm and as draught-free as possible, and make special
efforts when a premature baby is being delivered. Ideally the room should be
warmed to 23-25°C. The resuscitation area must be draught-free, away from

Table 7.1 Deleterious effects of thermal stress on low birth weight babies

 Surfactant synthesis T Fluid loss [evaporative, sweating)
 Surfactant efficacy T Postnatal weight loss

{pH Hypematraemia (hyperosmolarity)
1 PO, T Jaundice

Hypoglycaemia Recurrent apnoea

T O, consumption T NEONATAL MORTALITY

Diversion of cardiac output fo brown fat

T Utilization of calorie reserves

T Postnatal weight loss

{ Later weight gain

Neonatal cold injury (2sclerema)

! Blood coagulability

T NEONATAL MORTALITY




windows and air conditioning, and the resuscitation must be carried out under an
overhead radiant heater.
2. Dry all term babies after delivery with a warm towel and thereafter keep them
either wrapped up or under the radiant heat source. Very small or preterm
infants should not be dried but placed immediately after delivery into a food-
grade plastic bag, leaving just their head exposed — to which a bonnet should be
applied. They should remain in the bag until safely in a humidified incubator. It is
often useful to maintain them in the bag until after any umbilical lines have been
sited as this is often a time when babies get cold. Small holes can be made in the
bag to allow access to limbs or the umbilicus for cannulation.
3. Keep nurseries and NNUs hot enough (26-28°C) to minimize radiant heat loss.
4. Nurse babies in incubators and minimize radiant, evaporative and convective heat loss.
5. Warm and humidify all medical gases administered to babies.

Pyrexial babies

A temperature of 37.5°C, or sometimes even higher, in a baby in an NNU or on a
postnatal ward is usually due to:

1. incubator/room temperature being too high;

2. lying in direct sunlight or phototherapy — effectively a radiant heat source;
3. overswaddling the babys;

4. some combination of all three (common).

These simple errors should be remedied, and, if the temperature falls rapidly, no
further action is usually required. However, if none of them is present and the baby
looks unwell, or if he is still febrile 60 minutes later, the following three important
conditions should be considered:

1. Infection (see Chapter 16). A full infectious disease workup should be carried
out. The normal core—peripheral temperature difference is 2°C and a higher
difference suggests sepsis.

2. Dehydration fever (usually a term baby who has fed poorly and lost more than
10% of his birth weight). His serum osmolarity will exceed 300 mOsmol/
kg water, and rehydration with milk or intravenous or oral glucose electrolyte
solution rapidly restores the temperature to normal.

3. Brain damage with injury to hypothalamic centres.

B Minimal handling

An extremely important basic tenet of neonatal intensive care is that handling and
disturbing a sick neonate in any way may cause their condition to deteriorate, usually
by making them hypoxic. Anything that makes an infant cry, by making respiration
irregular, will compromise ventilation (even if ventilated), increase pulmonary artery
pressure, increase the right to left shunt (pp. 162-165) and thus lower the PaO,.
Complex manoeuvres, such as a chest X-ray or a lumbar puncture, disconnecting the
oxygen supply when sucking out the endotracheal tube, or giving chest physiotherapy,
are other potent causes of hypoxia.

Many spontaneously breathing low birth weight babies, when handled or made to
cry, start to writhe about, take a deep inspiration, stop breathing, remain apnoeic and
become cyanosed with a bradycardia.
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Points to remember

The less you touch a baby, the less likely you are to transmit infection. Always wash
and gel your hands before and after handling a neonate.

Heel pricks, venous and arterial punctures are painful and make infants cry. This
not only gives incorrect results for blood gases but causes clinical deterioration.
If blood sampling for biochemistry, blood gases or haematology is going to be
frequent, an intra-arterial sampling line is essential.

Electrocardiogram (ECGQG), respiration, temperature, blood pressure, oxygen
saturation and blood gases should be monitored continuously by electronic means.
Continuous monitoring is, in any case, always superior to intermittent monitoring.
Getting arterial lines and monitors in place does mean one intense period of activity
and interference immediately after admission. Do these procedures within the
incubator or under a radiant heat source, and ensure that the infant’s oxygenation
is sustained throughout.

Use analgesic for painful procedures; there is no doubt that neonates feel pain.
Oropharyngeal suction, and in particular suction down an endotracheal tube
(ETT) during assisted ventilation, is notorious for causing deterioration. ETT
suction is overdone and with rare exceptions is not indicated at all in the first
24 hours of ventilation, and then not more than 12 hourly unless there is infection
or bronchorrhoea. If the PaO, falls below 6.6 kPa (50 mmHg), stop suctioning at
once and reconnect the intermittent positive pressure ventilation.

If a lumbar puncture needs to be done or an intravenous line resited, do it as
expeditiously as possible without moving the infant from his incubator and
interfering with oxygen administration.

It anyone fails on any procedure more than twice, stop. Let the infant recover, then
get someone else to try.

X-rays involve major handling of the infant if the incubator does not have a film
cassette. A member of the medical or nursing staft must always help the radiographer.
Take great care to sustain oxygenation during the procedure.

If you are doing an X-ray to exclude pneumothorax or to ensure that an ETT is
properly sited — and if the X-ray gives you that information even if it is blurred,
rotated, expiratory or overpenetrated — do not repeat it. A surfeit of technically
poor films may stop the X-ray department sending inexperienced staff to take
X-rays on very sick infants!

Does the infant’s incubator really need a spring clean and does he really mind
that small amount of meconium in his nappy or the crusted blood on his scalp?
The nursing staff may feel that a clean baby in a clean incubator is a healthy baby,
but the neonate will not share their enthusiasm if they make him hypoxic and
apnoeic.

Does the baby perhaps need a rest? Studies have shown that infants in intensive
care are never left alone for more than a few minutes. They certainly do not often
get the chance to sleep without someone stuffing a suction tube up their nose,
a thermometer under their armpit or a needle into their skin.

Analgesia
Opioids
Morphine and fentanyl are the most commonly used opioids in the UK. All can

cause ventilatory depression, urinary retention and decreased intestinal motility,
leading to delayed feeding after abdominal surgery. Fentanyl provides intense



analgesia and relative cardiovascular stability. Morphine has both slower onset and
offset than fentanyl after a single dose, but after long-term infusion this effect is
reversed. While initial doses of opioid infusions needed for analgesia and sedation
are low, the dose requirements increase rapidly as babies become tolerant. In long-
term use, withdrawal can become a problem if infusions are stopped too rapidly
(see Chapter 28).

Paracetamol

Paracetamol is a widely accepted treatment for moderate pain in neonates. Current
data suggest that its short-term use in term and preterm neonates is safe and efficacious.
Intravenous paracetamol is available, although the dose regimens for neonates vary
throughout the world.

Local anaesthetics

The use of local and regional anaesthesia/analgesic techniques has a significant role
in the treatment of neonatal pain. Single-dose local anaesthetic is especially useful for
painful procedures such as insertion of chest drains. Topical anaesthetic creams have
not been found to be effective for reducing pain from heel-pricking.

Environmental and behavioural interventions

There is a growing body of evidence that environmental, behavioural and non-
pharmacological strategies can reduce the behavioural and physiological indicators
of pain and stress in the newborn. These principles are encompassed in the concepts
of developmental care and minimal handling. Minimizing painful procedures to
those absolutely necessary and clustering them together can reduce the frequency of
noxious stimuli. Oral sucrose and sweet compounds are safe and effective in reducing
pain scores during invasive procedures.

B Monitoring

Even the most sophisticated monitor is no substitute for a good intensive care nurse.
The equipment outlined in this chapter is there to assist minimal handling (p. 53).
Equipment can achieve these aims only if it is maintained and used properly.

Respiration monitoring

Apnoea monitoring

Various systems are available for monitoring respiration. They all have the problem
that, if the baby gasps or moves when apnocic, they fail to alarm. Nevertheless,
some form of apnoea monitor should be attached to all spontaneously breathing
babies at risk of apnoea. The most widely used device (Valman ez a/l. 1983) consists
of a pressure-sensitive capsule (Graseby monitor) which is attached to the baby’s
abdominal skin, close to the umbilicus or on the lower abdomen. The movements
of the abdominal wall distort a membrane which is covering the capsule, producing
pressure changes. Modern multichannel monitors have built-in impedance monitors,
detecting respiration by using a high-frequency oscillator to send a small current
across conventional ECG electrodes on the chest wall. The volume alterations during
breathing produce tiny changes in electrical resistance, which are detected and
recorded electronically.

Buriojiuopy

55I




Nursing, monitoring and transport of the sick neonate

L
O
o

Dual monitoring of heart rate and oxygen saturation for apnoea

The best and most widely used method to detect apnoea in routine clinical care is to
use the Graseby monitor plus heart rate, detected by ECG, or oxygen saturation by
pulse oximetry. This allows detection of the two consequences of apnoea which may
be harmful: bradycardia and hypoxaemia.

Respiratory pattern and waveform

A large number of devices are now commercially available which, in addition to
detecting apnoea, display the baby’s respiratory rate and combine this with a visual
display of the respiratory waveform and trend recording.

Blood gases

The target range for PaO,, PaCO, and pH, and the physiological justification for the
tight control required, is given in Chapter 13.

To monitor blood gases adequately it is necessary to have an indwelling arterial
line and ideally some device for continuous oxygen (and occasionally CO,)
monitoring. It must be emphasized that only arterial blood gases can be relied on
to give accurate analysis of the baby’s oxygenation, particularly in those babies at
risk from retinopathy of prematurity (ROP). An indwelling arterial line also enables
the neonatologist to take frequent samples without contravening the minimal
handling rule.

Arterial blood gases must be measured at least 4—6 hourly during the acute phase
of any respiratory illness, even in the presence of continuous oxygen monitoring.
Arterial sampling is also necessary to calibrate the continuous PaO, or transcutaneous
PO,(TcPO,) monitoring device and to measure the PaCO, and acid-base status.
If continuous PaO, catheters or TcPO, monitors are being used, are found to be
accurate in an individual baby and the neonate is otherwise stable, the frequency
of direct blood gas sampling can be reduced to 6-8 hourly after 2—-3 days of age or
sooner if the baby is in less than 30% oxygen.

Umbilical arterial catheters

The umbilical arteries are easily cannulated for 4-5 days after birth (Chapter 29). The
catheter should be FG3.5 or FG4.0 for babies <1500 g and FG5.0 for larger ones. The
Cochrane Review concludes that the evidence is strongly in favour of a high catheter
position and all agree that the area of T12-1L.3 /4 should be avoided (Fig. 7.1, derived
from Phelps et al. 1972) as this is where the renal, coeliac and mesenteric vessels arise
from the aorta. The optimal position is with the tip opposite T7-9; a ‘low’ catheter
should have the tip opposite L3-5. The accuracy of positioning has been shown to
be improved, so reducing significantly the need for further manipulation of the line,
using the formula (Wright ez al. 2008):

insertion length (cm) = (4 x birth weight [kg]) + 7

Once in situ, blood can be taken from the umbilical artery catheter (UAC) as
required for PaO,, PaCO, and acid-base estimations as well as other laboratory
investigations: even blood cultures can be taken from them under appropriate
circumstances (Pourcyrous et al. 1988). Only coagulation studies present a problem;
because of heparinization of the fluid infused through the catheter, more accurate
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Fig. 7.1 Positions of important branches of the abdominal aorta which should be avoided by
umbilical artery catheter tips. Reproduced with permission from Rennie and Robertson (2012)

data are obtained from a peripheral venous sample. Blood pressure can be measured
continuously via a transducer connected to the catheter.

Peripheral arterial cannulae

If a UAC cannot be inserted (and the success rate is more than 90% in experienced
hands) then a peripheral site should be cannulated to allow for frequent arterial
sampling without disturbing the baby. These cannulae can be used for continuous
measurement of blood pressure, and withdrawing samples for biochemical and
haematological monitoring, but they must not be used for infusions, other than
the 0.5-1 mL/h of heparinized saline used to keep them patent. The preferred
arteries are the radial and posterior tibial since they have good collateral supplies.
The ulnar artery should not be cannulated unless the radial artery is patent (and
vice versa).

Horrific complications from arterial cannulation have been reported (Chapter
29). The complication rate with UACs is no greater than that with peripheral
arterial lines. Umbilical catheters can be left in situ for at least 2 weeks, whereas
peripheral arterial lines rarely last for more than 6-7 days. The complications of
cither type of cannula can be reduced to a minimum if the following rules are
observed:

® maintain a continuous infusion of heparinized saline with 1 unit of heparin/mL;

m remove all arterial lines immediately if they show signs of partial or complete
blockage (i.e. if there are other than transient vascular changes in the area
supplied);

m remove all central lines (venous or arterial) if septicaemia is not responding rapidly
to treatment.
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Capillary blood gases

Capillary PO, cannot be relied on to detect hyperoxaemia, and in the first few days
after birth capillary acid-base values are also less reliable, tending to read high for
PCO, and low for pH. Therefore babies requiring significant ventilatory support,
especially if this includes supplemental oxygen, should ideally by monitored using
arterial gases, as above. Capillary gas analysis is of greatest value in babies with chronic
lung disease. In such babies, who are usually sufficiently mature not to be at risk from
ROP, oxygenation is effectively monitored by oximetry. However, it is important to
know the degree of carbon dioxide retention in such cases and capillary blood gas
analysis achieves this.

Continuous transcutaneous monitoring

Transcutaneous monitoring for PO,(TcPO,) and PCO,(TcPCO,) is possible using
appropriately adapted electrodes accurately applied to the skin. Transcutaneous
devices work on the principle that the partial pressure of oxygen and carbon dioxide
diffusing from the capillaries through skin heated to 44°C is very close to true arterial
PO,,. Great care has to be taken with the in-vitro calibration of these devices and with
how they are attached to the skin. To ensure accuracy and to prevent skin damage
from prolonged exposure to the temperature of 44°C, the electrode site should be
changed every 4 hours.

Transcutaneous devices give an instantaneous measure (x15%) of PaO, in most
babies. However, in routine clinical use they are not predictably accurate, particularly
at higher PaO, values, or in ill hypotensive neonates following vasodilator therapy, or
in mature babies with a thick skin. The accuracy of Tc PO, monitors must always be
checked by intermittent arterial blood gas analysis. Continuous Tc PO, monitoring,
used in association with blood gas analyses on blood drawn from an indwelling arterial
line, is an acceptable way of monitoring the critically ill neonate. TcPCO, monitors
are useful when adjusting ventilator settings in critically ill ventilated babies and may
give early warning of a blocked ETT or pneumothorax.

Continuous pulse oximetry

The correct shorthand for a pulse oximeter reading is SpO,. Pulse oximetry is easy
to use, requires no calibration and gives immediate information. The technique has
revolutionized oxygen monitoring and is extremely valuable during resuscitation.
Oximetry estimates the percentage oxygen saturation of haemoglobin in arterial
blood (8pO,), not the partial pressure of oxygen (Pa0,); it is not the same as true
saturation ($a0,) measured in vitro with a co-oximeter. The technique of oximetry
is dependent on the differential absorption of red (circa 660 nm) and infra-red (circa
940 nm) light by deoxyhaemoglobin and oxyhaemoglobin, respectively.

The SpO, in pulse oximeters has a standard error of about +2-3% from true S0,
in the range of saturation between 70% and 100%. Thus at a SpO, read-out of 92%,
the true saturation (820,) could be anywhere between 88% and 96% (+2 standard
errors). It has been shown that, at a $pO, of 92%, the arterial oxygen tension can
be anywhere between 5.3 and 13 kPa; the errors get bigger with underperfusion
(Clayton et al. 1991). The results are not affected by racial pigmentation of the skin
or staining from bilirubin, but extraneous light can affect the reading.

Pulse oximetry must never be relied upon to prevent hyperoxaemia in at-risk babies
since Pa0O, values may be unacceptably high even at a saturation of 95%. Pulse oximetry
is invaluable in the very preterm infant, in whom it is not possible to maintain arterial



access during the many weeks of oxygen therapy many require to treat their chronic
lung disease. The Support study reported the outcome of 1316 babies between 24
and 27 weeks’ gestation nursed to achieve oxygen saturation targets of either 85-89%
or 91-95%. There was no difference in the composite outcome of severe retinopathy
or death, but the group in the lower saturation range had significantly less retinopathy
but there was evidence of a higher mortality (p=004) (Support Study Group 2010).

Oximeters are popular because they are easy to use. Oximetry can be very helpful
in confirming or refuting hypoxia in babies suspected of having cyanotic congenital
heart disease, although the proposal that it should be used as a screening tool has not
yet reached acceptance. The non-invasive nature of the sensors means that two can
be applied easily to measure pre- and post-ductal oxygen saturation in pulmonary
hypertension (pp. 162-165). Table 7.2 gives our current guidance for oximeter alarm
settings.

Heart rate monitoring

As part of intensive care an ECG should be continuously recorded and displayed. Small
pre-gelled electrodes suitable for use in the preterm neonate are widely available. Some
thought should be given to positioning the electrodes to minimize the effect of the
inevitable shadow they will cause on a chest X-ray. The pattern of the ECG may alert
the clinician to electrolyte disturbances, myocardial hypoxia or even a pneumothorax.
Regularity of the heart rate is a sign of severe respiratory disease. A fixed slow heart
rate is a sign of central nervous system depression. Tachycardia can be an early
warning sign of haemorrhage, inadequate analgesia or drugs, e.g. methylxanthines.
Bradycardia can be an early sign of a blocked ETT or raised intracranial pressure.

Blood pressure monitoring (normal ranges
in Appendix 3)

Oscillometry

Oscillometry detects movement (oscillations) within the limb caused by the inflow of
blood. A small plastic sphygmomanometer-type cuft’is inflated and automatically deflated

Table 7.2 Guidance for oximeter alarm settings

Gestation at birth | Postmenstrual age | Status Target saturation % | Alarm limits
<32 weeks <36 weeks In oxygen 91-93 88-95
<32 weeks <36 weeks In air 91-93 88-100
<32 weeks >36 weeks In oxygen 91-93 88-95
<32 weeks >36 weeks In air >91 88-100
<33 weeks Any Ventilated for significant | >94 94-100
lung disease

>33 weeks Any In oxygen Q1-97 88-97
>33 weeks Any In air >91 88-100

Cyanotic congenital heart disease: seftings to be individualized and agreed with cardiologists, alarm limits sef at 4%
above and below agreed target.

Pulmonary hypertension: seffings o be individualized and agreed with neonatologist, generally target >95%, alarm

seftings 94-100. Pre-ductal and postductal saturations o have a difference of less than 10%.
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at regular intervals. When the air pressure within the cuff is above systolic pressure, no
movement is detected; when the cuff pressure is reduced, blood enters the limb, increasing
the limb volume and compressing the cuff, thus oscillating the pressure within it. These
devices can be relied upon only if a suitably sized cuff is carefully applied (two-thirds of
the length of the upper arm), the baby weighs more than 1 kg and the blood pressure is
reasonable. In the shocked extremely low birth weight baby these devices overestimate
systolic blood pressures in the 3545 mmHg range by as much as 5-10 mmHg.

Invasive blood pressure monitoring

Direct recording from an indwelling arterial cannula is the preferred method of
monitoring blood pressure in sick very low birth weight neonates. It is important
to avoid common mistakes in using pressure transducers, in particular ensuring that
the apparatus is at the same level as the neonate’s heart and that there is no damping
due to bubbles in the connecting lines. Having a visual display of the blood pressure
waveform which should show a good pulse pressure and a dichrotic notch is a check
on the presence of damping, as well as on the state of the cardiac output in the patient.

Central venous pressure monitoring

Although widely used in babies and older children, central venous pressure (CVD)
monitoring has not caught on in neonatology. Yet it is clear that ventilated neonates
with low CVP do badly (Skinner ez . 1992). The pressure in the inferior vena cava
does give clinically useful information (Lloyd et al. 1992). To monitor CVP the
transducer should be attached to the end of the umbilical venous catheter and the
techniques used are identical to those of blood pressure monitoring.

Temperature monitoring

Temperature can be monitored either by 4-hourly use of a rectal or axillary
thermometer, or by the use of a rectal or skin thermistor left in place to minimize
handling. Measuring the central /peripheral temperature difference can provide useful
information about the state of the circulation, particularly circulating blood volume.
Continuous skin or core temperature monitoring will need to be used if the incubator
or radiant heat cradle is used in servo mode.

M Clinical and laboratory monitoring

Fluid balance

A fluid balance chart is an integral part of the monitoring of all ill babies, although it
is difficult to record accurately all the fluid infused, including that given as drugs or
for flushing catheters after sampling. Boluses of saline, blood and bicarbonate must
always be included. Urine output should be checked regularly. Critically ill neonates
should have an absolute measure of urine output daily, together with urinalysis for
protein, blood and glucose. Since catheterization carries the risk of infection, and
adhesive urine bags frequently damage the thin, frail skin of preterm newborns, the
most effective way of measuring urine output is to weigh disposable nappies (or cotton
wool balls placed within them). These items must be weighed as soon as possible after
voiding to avoid evaporative loss.

Weighing is the single most important investigation in assessing fluid balance in
the critically ill neonate and should be done at least once a day. In very preterm
babies who have an enormous transepidermal water loss, 12-hourly weighing may be
indicated.



Bacteriological monitoring

As part of the workup to exclude infection, all neonates with respiratory distress
will have a full set of swabs and a blood culture taken. Thereafter we find surface
swabs once per week useful. Such surveillance enables identification of colonization
with serious pathogens and can help to target therapy should such babies develop
a deteriorating chest X-ray, a rise in C-reactive protein and/or white cell count.
Surveillance also helps monitoring of the NNU flora, including MRSA.

Biochemical monitoring (Table 7.3)

It is impossible to predict hypo- or hyperglycaemia, hypo- or hypernatraemia,
hypo- or hyperkalaemia, hypocalcaemia or hypoalbuminaemia in ill babies despite
meticulous attention to the content and volume of the intravenous fluid therapy. It
is more difficult when total parenteral nutrition is used. Bilirubin must be checked
frequently in jaundiced babies (see Chapter 20).

Haematological monitoring (Table 7.3)

11l babies, in particular those <1.50 kg, tolerate anaemia badly and are also subject to
large blood losses from monitoring. Such babies should have regular haemoglobin
and packed cell volume estimation. The white cell count should always be checked as
part of the initial evaluation when a baby is admitted to the NNU. Thereafter daily
white cell counts in acutely ill babies can help in the detection of early sepsis and in
the evaluation of antibiotic therapy in established sepsis.

Monitoring infusion pressures

Modern infusion pumps are fitted with devices which continuously monitor the
pressure required to deliver the infusion and these can be set to alarm. Accuracy of
delivery at small volumes is now taken for granted, but there is little information
on which to base a decision regarding setting pressure alarm limits for infusions
in neonatal intensive care units. The UK Department of Health standard of

Table 7.3 Routine monitoring of the ill neonate

4-hourly | Daily

Temperature, pulse and respiration rafe Haemoglobin, packed cell volume, white blood

Clucose * cells, platelets

Bilirubin * ANa, K, creatinine, calcium, phosphate,

Blood gases [see p. 146) Glucose, C-reactive profein

2 or 3 times per week | Weekly

Albumin Liver enzymes (when on TPN)

Surface swabs Triglycerides (when on TPN)
Alkaline phosphatase (for osteopenial
Reticulocytes (for anaemia of prematurity)

* In babies with appropriate diagnoses. In stable babies glucose need only be checked daily. Bilirubin need not be
measured in the absence of clinical jaundice.

A Electrolytes may need to be measured two or three times per day in exireme preferm/very low birth weight or very

sick babies.

TPN, total parenteral nutrition.
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300 mmHg is well above the operating pressure of most neonatal infusions. For
peripheral venous infusions and silastic ‘long lines’, 40 mmHg is a suitable choice
for general purposes. This provides an acceptable compromise between the number
of nuisance alarms from self-clearing occlusions and detecting genuine blockages
quickly. Suitable settings for UACs are 100 mmHg.

B Neonatal transport

Neonatal transport forms a vital component of the network system of neonatal
intensive care delivery used in the UK. Recent changes in the UK have seen the
evolution of dedicated transport teams to improve the retrieval and repatriation of
sick neonates. The process of transport has the potential to cause further disruption
of the neonate’s physiological balance, at a time when they are often critically ill. In an
attempt to minimize these changes, transport needs to be undertaken with care. The
process of transport can be divided into various phases:

®m Handover 1: on arrival of the transport team a detailed handover of the
history and clinical condition of the baby is essential. This should, ideally,
be a joint handover between both medical and nursing staff, to aid good
communication.

m Stabilization: a variable period is required to optimize the infant’s condition prior
to transport. The baby’s stability should be assessed systematically, evaluating
respiratory, cardiovascular, gastrointestinal, renal, metabolic, neurological,
septic, haematological and biochemical parameters as well as checking fluid
status and the adequacy of vascular access. Particular care must be taken with
temperature management in premature or low birth weight infants. It can be
difficult to know how long to continue stabilization at the referring hospital
and when to ‘scoop and run’. However, much of this decision-making is based
on communication with the receiving unit and an assessment of whether stability
may be achieved only on instigation of treatments not available in the referring
unit.

m Transfer: the baby will generally need to be moved from his own incubator to
a transport incubator while maintaining appropriate physiological monitoring
(heart rate, oxygen saturation, blood pressure and temperature). A final checklist
of physiological parameters prior to leaving the referring unit can be valuable.
During the transfer itself the health and safety of the staft, as well as the baby,
are essential. Although ‘on transport’ incidents are minimized by pre-transfer
stabilization, a rapid troubleshooting approach is required for solving problems.
Any intervention or evaluation necessitating unfastening of staff seatbelts
requires the ambulance to be stopped. All emergency equipment and drugs
should be kept close to hand to deal with emergencies such as displaced tubes,
pneumothorax or cardiac arrest.

m Handover 2: on arrival at the receiving unit a second, joint, detailed handover of
the baby’s history and condition and the transport itself is required.

m Careful consideration must be given to parents already facing distress over their
baby’s illness. Here again good communication is essential. An assessment should
be made as to whether allowing parents to travel in the ambulance is safe and
appropriate. Alternatively, where appropriate the parents should be helped with
transport to the receiving unit.
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Physical examination
of the newborn

Key points

m All babies should have a routine head to toe examination by a sufficiently qualified
health professional within 72 hours of birth.

® Measurement of head circumference at birth is a crucial part of firsthour care.

The postnatal examination of the newborn is an important routine screening tool
carried out to identify any problem or abnormality that the newborn infant may
exhibit. Despite it being a comprehensive examination there are some abnormalities
that are not possible to detect immediately after birth and some may not be
apparent until the infant is several days or weeks old. During the examination
problems can be identified and, if appropriate, referral made for investigation,
specialist assessment and treatment and the findings can be fully discussed with
the parents. Helpful information can be obtained from the UK Newborn and
Infant Physical Examination (NIPE) website (http://newbornphysical.screening.
nhs.uk/).

The purposes of the newborn examination include:

m review of any problems arising or suspected from antenatal screening, family history
or the events in labour;

m ascertaining whether or not the family have any worries about the baby and trying
to address them;

® initiating appropriate treatment and following up where indicated (e.g. hepatitis
vaccination, phototherapy for jaundice, special teat for cleft palate);

m screening for the four specific NIPE target conditions including developmental
dysplasia of the hips, cataract and retinoblastoma, undescended testes in boys, and
congenital heart disease;

m diagnosing congenital malformations and common neonatal problems, and giving
advice about management;

m detecting the occasional baby who is obviously ill and requires urgent
treatment;

m collecting baseline information about weight and head circumference;

m identifying parents who may have problems in caring for their baby due to
substance abuse, mental health problems, learning difficulties or very poor housing
and alerting the appropriate professional groups;

® beginning to provide health education advice, e.g. regarding breastfeeding, cot
death prevention, safe transport in cars.



M Timing of the examination

An examination should be carried out by trained personnel before 72 hours of age, and
ideally before the baby leaves hospital. Early discharge, combined with an increasing
number of home births, makes it more difficult to organize routine examination of the
newborn. As a result there is a need to involve other professional groups in this task,
and studies have shown that advanced neonatal nurse practitioners and midwives with
special training can be effective in this role. A baby who is well can be allowed to leave
the hospital prior to a full examination being carried out; however, an arrangement
must be made for the baby to be examined by a sufficiently competent practitioner
within 72 hours of birth. Criteria for early discharge may include the following:

m Mother has no medical complications in pregnancy, e.g. diabetes, epilepsy, heart
condition, mental health concerns.

®m Mother s fit for discharge, is supported at home and received all appropriate treatment.

m Singleton, 37—42 weeks of gestation with an appropriate weight for gestation
(i.e. between 2.5 kg and 4 kg) and not clinically growth restricted.

m Baby well at birth without the need for resuscitation.

m No thick meconium (grade 2 or 3) in the liquor requiring a period of respiratory
observations.

m Norisk factors for infection requiring observation (premature rupture of membranes,
fetal tachycardia, group B beta-haemolytic Streptococcus (GBS) on maternal swabs,
previous infant with GBS sepsis).

m Not at risk of hypoglycaemia (see Chapter 18).

m Axillary temperature >36.7°C without additional thermoregulatory support.

m Initial physical examination and fetal history reveals no abnormalities that require
continued investigations or treatment.

m Baby pink in air with a respiratory rate of <60 breaths/min, no respiratory distress
and has a heart rate of 100-160 beats/min and with normal tone.

m No suspicion of jaundice or family history of early jaundice in siblings.

m Completed at least one effective feed.

m No unresolved issues regarding safeguarding the baby.

The mother must have been told where and how to access help and there must be a
follow-up plan in place. Babies born at home also require a full examination within
72 hours of birth. This can be performed by the midwife present at birth if she has the
relevant training or arrangements must be made with the GP or with the local hospital
for the examination to be carried out.

The examination should take place in a safe, warm, private environment, and the
findings should be documented appropriately including in the parent-held, child health
record. All new parents should receive an ‘NHS Antenatal and Newborn Screening
Programmes’ booklet. This gives information about the reason for the examination
and its extent. The person undertaking the examination should also explain to
the parents the rationale for the examination of the baby and gain verbal consent.
Communication should be clear and appropriate throughout the examination and
findings explained afterwards, including appropriate information and advice. Time
should always be included for the parents to ask questions.

B The examination

There are no absolute standards that define what should be included within the
examination; however, a top to toe approach is helpful and guidance can be found on
the NIPE website and in the chapter by Rennie (2012).
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9.

10.

11.

12.

14.

15.
16.

17.

. The weight and head circumference of the baby should be documented.
. Throughout the consultation observations of the general appearance, colour,

position, respiration, behaviour, activity and posture of the baby should be made.
It may be advantageous to listen to the heart while the baby is quiet and settled.

. Examine the scalp, head, face, nose, mouth (including visualizing the hard and

soft palate), ears, neck and general symmetry of head and facial features.

. Check the eyes with an ophthalmoscope and test for the ‘red reflex’.

. If exposed, the hands, feet, limbs and digits can be examined at this point.

. The baby should then be fully undressed and the rest of the examination performed.
. Cardiovascular system — this includes colour, heart rate (normal 100-160 beats/

min), rhythm and femoral pulse volume as well as listening to the heart for a
murmur. The cardiovascular assessment should also include palpation of the
abdomen to identify any organomegaly. If there is any concern about cardiac
disease then check saturation with a pulse oximeter.

. Respiratory effort should be assessed in conjuction with other signs of

respiratory problems such as tachypnoea at rest, retraction, grunting and nasal
flaring. Observe the rate (normal 30-60 breaths/min) and pattern of chest
movement. Auscultate to check for crackles and stridor.

Clavicles and upper limbs — observation, palpation and examination to identify
any abnormalities, e.g. Erb’s palsy.

Abdomen — observe colour and shape and palpate to identify any organomegaly.
The condition of the umbilical cord should be assessed and the number of cord
vessels should be included in the notes.

Renal area — bimanual palpation of the renal area should be performed to
identify any masses.

Genitalia and anus — assess gender and appearance of genitalia. Patency of the
anus is examined.

. Spine — with the baby prone inspect for completeness of bony structures and skin.

Observe the coccygeal area and note any abnormal pigmentation or sacral dimples.
Skin — the examination of the skin will include any variations from normal skin
colour, e.g. jaundice and cyanosis, and also any birthmarks, e.g. Mongolian blue
spots, café au lait spots or rashes.

Reflexes — the Moro, grasp, rooting and sucking reflexes are assessed.

Hips — the proportions and symmetry of the lower limbs and skin folds are
examined before testing hip stability. It is important to view the skin creases
from the posterior aspect of the thigh. The hips are then tested using both the
Barlow and Ortolani tests to ensure they are neither dislocated nor dislocatable.
Feet — observe and examine to identify postural abnormalities, e.g. talipes.

advanced neonatal nurse practitioner.
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Congenital anomalies and
common postnatal problems

Key points

m Isolated minor anomalies are common and many are of no clinical significance.

m Neonatologists have a golden opportunity fo be the first to identify important problems.

m It is vital to consider gender, race, family history and number of minor abnormalities
before investigating.

m Some apparently minor abnormalities can be the clue to underlying serious disease.

An anomaly is a structural defect which deviates from normal. Congenital refers to
something which is present at birth; it does not necessarily imply either that there
is a known cause or that there is an underlying genetic diagnosis. Isolated minor
anomalies are common and are usually incidental findings (as long as they are truly
isolated). Common minor anomalies are shown in Table 9.1.

However, there are some minor anomalies that do need further attention:

m more than three café au lait spots in Caucasians, or more than five in black African babies;
multiple haemangiomas, or strawberry naevi in specific places, e.g. midline over the
spine or on the face in the region supplied by the maxillary division of the facial
nerve — associated with Sturge-Weber syndrome;

oedema of feet associated with Turner syndrome;

asymmetric crying facies (congenital heart disease);

microcephaly /macrocephaly;

micrognathia;

midline skin defects over the spine.

Table 9.1 Common minor anomalies

Folded-over ears Umbilical hemia, especially in African Caribbean
babies

Hyperextensible thumbs Hydrocele

Syndactyly of second and and third foes Undescended fesfes in newborn period

Single palmar crease Accessory nipples

Polydactyly especially if familial Capillary haemangioma

Fifth finger clinodactyly Simple dimple above the natal cleft

Third fontanelle Single café au lait spot (up to 3 in Caucasian

Ear pits and tags (if hearing normdl] babies, 5 in African Caribbean babies)




Fifteen to twenty per cent of babies have one minor anomaly, and this carries a 3%
risk of an associated major anomaly; 0.8% of babies have two minor anomalies, which
is associated with a 10% risk of a major anomaly; 0.5% of babies have three minor
anomalies, which has a 20% risk of a major anomaly. The prevalence of the more
common major congenital anomalies is shown in Table 9.2.

B Common findings in day-to-day practice

To aid the busy neonatal resident on the front line of the postnatal ward we provide
our approach to some of the common findings and conundrums encountered in day-
to-day practice. The list is not exhaustive and other conditions will be detailed in
other chapters of the book but this approach has proved valuable to our residents. On
encountering multiple minor or a major congenital anomaly you should examine the
baby thoroughly and record all features. Do not give parents a diagnosis unless you are
absolutely sure; always involve a senior member of the medical staft to help make the
diagnosis and inform the parents. Once parents are informed of the diagnosis, support
their relationship with the baby; review the baby frequently and offer information
leaflets if appropriate.

Accessory auricles/ear pits/ear tags

Ear tags are common with isolated tags occurring in up to 1.7 per 1000 births,
6% of theses are bilateral. Isolated ear pits affect 1-5% of babies. These can be
autosomal dominant in inheritance. With the advent of universal neonatal hearing
screening in the UK no additional management is required (in areas without neonatal
hearing screening the hearing should be tested in both ears). The previous practice of
referral for renal scans is not indicated. If there are cosmetic concerns a referral to a
plastic surgeon may (rarely) be indicated.

Accessory digits

These are a common finding and are often autosomal dominant. The previous practice
of tying a suture around the pedicle of a loosely attached nubbin of an accessory digit
is no longer acceptable practice. All accessory digits should be referred to a plastic
surgeon for further management.

Table 9.2 Common major anomalies (Source: Office for National Statistics)

| Prevalence (per 1000 live births)

Congenital heart disease -8
Developmental dysplasia of the hip 1.5
Talipes 1.5
Down syndrome 1.5
Cleft lip/palate 1.2
Urogenital anomalies (e.g. hypospadias) 1.2
Spina bifida/anencephaly 0.5
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Cleft lip and palate

All infants must have their entire palate inspected visually using a light and tongue
depressor as part of the routine examination of the newborn. Otherwise it is easy
to miss a cleft of the soft palate, which presents later on with feeding difficulties.
Immediate referral to the local cleft lip and palate team is essential. In our region a
clinical nurse specialist will usually come on day 1 to see the baby. We always attempt
to keep baby with mother on the postnatal ward to help establish breast feeding,
which is often achievable with support. Early involvement of speech and language
therapists either in house or from the regional cleft team may help facilitate this. They
can advise on and provide special feeding bottles where appropriate.

Developmental dysplasia of the hip

See p. 344. All babies should be examined using the Ortolani and Barlow tests
postnatally and at 6 weeks. Babies with risk factors should be referred for an ultrasound
scan (USS). Babies who have suspected developmental dysplasia of the hip should be
referred for an urgent opinion from the orthopaedic surgeons.

Down syndrome

Babies with suspected Down syndrome should be examined by a senior member
of medical staff. As a general rule if the diagnosis has been considered a karyotype
should be sent to confirm or refute the clinical suspicion. A rapid fluorescent in-situ
hybridization test can often confirm a diagnosis within a few days.

In addition to genetic diagnostic tests, remember:

m to test thyroid function at around a week of age;

to check full blood count (including platelets) and serum bilirubin before discharge;

m that an echocardiogram should be performed as soon as possible after birth to look
for associated congenital heart disease;

m that inpatient support is often helpful from a breast-feeding support/speech and
language therapist; support from a counsellor or clinical psychologist may also be
appropriate and excellent leaflets are available;

m that outpatient referrals should be made for ophthalmology review, hearing
screening including brainstem responses (automated auditory brainstem response),
and a hip ultrasound scan;

m to ensure that letters are sent to the GP, health visitor and child development centre, and
that Down syndrome growth charts and inserts are placed in the parent-held records.

Brachial plexus palsy, including Erb’s palsy

Erb’s palsy results from an injury to the brachial plexus nerve roots, and has an incidence
of around 1 in every 2000 births in the UK (unchanged for over 40 years) (Evans-
Jones et al. 2003). The injury can involve the whole plexus, occasionally including the
phrenic nerve (with diaphragmatic palsy) and resulting in a flail arm. More commonly
the roots of C5-7 are involved, resulting in the characteristic posture of the upper limb
which is internally rotated with flexion at the wrist (waiter’s tip position). Klumpke’s
palsy (C8-T1) can occur but is rare in the newborn. Typically, there is a history of
shoulder dystocia in a macrosomic baby. On examination an incomplete or absent
Moro reflex is seen on the affected side. The baby should be carefully examined for
the co-existence of a fractured clavicle (with X-ray if suspected or uncertain). There can



be an associated Horner syndrome. Babies benefit from assessment from and follow-
up with an experienced physiotherapist. Many cases are due to neuropraxia and in
general the prognosis for recovery is good although only about 50% of babies had fully
recovered by 6 months in the recent UK survey. Refer for specialist orthopaedic opinion
at 2-3 months if there is no recovery of biceps function, because the best results are
obtained with early nerve grafting in appropriately selected cases.

Extracranial haemorrhage

Extracranial bleeding is uncommon and is often associated with Ventouse extraction.
The important distinction is between the common and harmless condition of
cephalohaematoma and the potentially serious and occasionally life-threatening
subgaleal (sometimes termed subaponeurotic) haemorrhage. The features are shown
in Table 9.3. If the neonatologist is concerned that there may be a subgaleal bleed the
baby needs careful assessment and monitoring (on a neonatal unit (NNU)). Measure
the head at hourly intervals and watch for signs of significant blood loss; especially take
note of tachycardia which may be the only initial sign. This may herald cardiovascular
collapse if not managed appropriately.

Facial nerve palsy

This affects around 0.3% of births and is usually recognized with asymmetrical
crying. In severe cases the baby may present feeding problems. Be careful to exclude
hypoplasia of the depressor anguli oris muscle which is not facial palsy, in which case
there is a high incidence of associated problems, e.g. 22q11 deletion. Most unilateral
facial nerve palsies are due to neuropraxia associated with delivery and resolve within
the first few weeks of life. Spontaneous recovery is to be expected in these babies,
and occurs within 4 weeks in 90%. In bilateral cases think of Mobius syndrome, and
in unilateral cases remember hemifacial microsomia and CHARGE (coloboma, heart
defects, atresia of choanae, retardation of growth and/or development, genital/
urinary abnormalities and ear abnormalities) syndrome. Adequate eye care, taping the
eyelid shut in sleep if necessary and using artificial tears, is important while awaiting
recovery because of the risk of exposure keratitis.

Gastrointestinal problems

The most common cause of vomiting in a well baby is posseting, with /without
gastro-oesophageal reflux. Bilious vomiting is always abnormal and requires prompt

Table 9.3 Comparison of extracranial haemorrhage

| Cephalohaematoma | Subgaleal haematoma

Location Usually the parietal bones Beneath epicranial aponeurosis
Does not cross sutures

Characteristic findings Distinct margins Firm to fluctuant; ill-defined
Initially firm; more fluctuant after | borders, often 'boggy” swelling
48 hours Crepitus or fluid waves

Timing Increases after birth for 12-24 | Progressive after birth

hours; resolution over 2-3 weeks | Resolution over 2-3 weeks

Volume of blood Not significant May be massive
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investigation. The baby should be admitted to the NNU, abdominal X-ray done and
surgical opinion considered. The most important diagnosis not to miss is a malrotation,
which can lead to volvulus and loss of bowel. Signs of abdominal problems which
require senior assessment include:

B cxcessive vomiting;

m bile-stained vomiting;

m excessive weight loss (>10%);

m abdominal distension and/or discoloration;
® abdominal tenderness;

m delayed passage of meconium (>48 hours);
m passage of blood per rectum;

m pale stools.

Hydrocele
See p. 321.

Hypoglycaemia
See pp. 237-239.

Hypospadias
See p. 321.

Imperforate anus
See p. 278.

Inguinal hernia

Inguinal hernias are not common in term infants. They can normally be reduced
back through the superficial inguinal ring. They should be distinguished clinically
from a hydrocele. If freely reducible they should be referred as an outpatient to the
paediatric surgeons. If not reducible (incarcerated) this is a surgical emergency; the
baby requires immediate transfer for urgent surgery.

Jaundice
See p. 259.

Jitteriness

Jitteriness is a common neonatal finding. It is often due to either excessive startle response
or benign myoclonic jerks. It is important to differentiate jitteriness from convulsions.
If jitteriness is severe and accompanied by hypertonia it may have an underlying cause,
e.g. hypoglycaemia, hypocalcaemia, drug withdrawal, polycythaemia or encephalopathy.

Maternal illegal drug use
See pp. 347-349.



Maternal medication and breast feeding

Most maternal medications are safe in the context of breast feeding (although most
manufacturers advise avoidance). In general the benefits of breast feeding normally
outweigh minor possible effects on the baby. There are a number of excellent reference
texts which present the known data on individual drugs; we find our pharmacist a
particularly valuable resource where information is not clear. Encourage mother to
express and save milk pending decision.

Maternal thyroid disease

Disorders of thyroid function affect approximately 1 in 3000 newborn term infants,
and the risk is increased among infants born to mothers who have thyroid disease (of
most actiologies), irrespective of disease activity and treatment. The routine screening
using a blood spot will identify the majority of these patients. Infants of mothers with
Graves’ disease are at risk of neonatal thyrotoxicosis due to transplacental transfer
of stimulating autoantibodies. Only 1-3% of babies delivered to mothers with this
past history develop symptoms but the disease can be life-threatening. Testing for
the presence and concentration of thyroid-stimulating hormone receptor antibodies
during the third trimester in women with a history of Graves’ disease helps to predict
the babies at risk (for management see pp. 257-258).

Micrognathia

This may be diagnosed antenatally or be identified after birth. It may be an
isolated finding or part of a Pierre Robin sequence. Babies may exhibit varying
degrees of airway obstruction and feeding difficulties depending on the degree of
micrognathia.

Murmur in a well baby

Cardiac murmurs are very common in the neonatal period and are often due to either
a patent ductus arteriosus or flow murmurs through a structurally normal heart.
Innocent murmurs are characterized by the ‘5Ss’: short, soft, systolic, sternal edge
(left) and symptomless. If a murmur persists beyond 24 hours it is our practice to
organize an echocardiogram to reassure parents and exclude structural anomalies. If
this is not available then four-limb blood pressure (although the value of this is very
debatable) and a post-ductal oxygen saturation measurement should be organized
prior to discharge with an outpatient echocardiogram arranged at a suitable centre.
Parents should be advised to seck urgent medical help if their baby develops
breathlessness, poor feeding, colour changes particularly cyanosis or other concerns
about their baby’s behaviour.

Petechiae

Petechiae are a common finding in neonates following delivery; however, they can
also be an indicator of sepsis, disseminated intravascular coagulation, congenital viral
infections or thrombocytopenia. It is often prudent to perform a full blood count
(and to check the mother’s platelet count) and manage accordingly.
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Poor feeding

Experience will help you differentiate between the sleepy or poorly latching baby
and one who has pathological cause for poor feeding. In general reassess for cleft
palate and ask an experienced feeding support worker to assess as well. Possible causes
include neurological, e.g. hypotonia or asphyxia, infection or other systemic illness — if
in doubt, ask for a senior colleague’s opinion. Beware the baby who was previously
feeding well whose feeding behaviour changes.

Renal problems

1. Failure to pass urine in the first 24 hours: causes include intrapartum hypoxic
ischaemia, poor fluid intake, renal anomalies, outflow obstruction, voiding
in the delivery room (8% may not void again for 24 hours). Consider USS of
the bladder to look for a large distended bladder and discuss with urology if
appropriate.
. Haematuria:
* uncommon;
® most common cause of pink staining on nappies is urate crystals (benign);
¢ cxclude vaginal bleeding in girl;
L[]
L]

[

urine microscopy if concerned;
confirm vitamin K given at birth (see Haemorrhagic disecase of the
newborn —see p. 318).

3. Urinary tract infection — see p. 204.

4. Renal pelvic dilation — see pp. 326-327.

Respiratory distress

Infants with respiratory distress commonly present on the postnatal ward with varying
degrees of tachypnoea (>60 breaths/min), cyanosis, expiratory grunting, sternal and
subcostal recession, head bobbing and the use of accessory muscles of respiration.
Common causes include:

m surfactant deficiency associated with preterm birth, perinatal asphyxia, maternal
diabetes, hypothermia;

B congenital pneumonia — e.g. group B Streptococcus; may be associated with
prolonged rupture of membranes, maternal fever, positive high vaginal swabs;

B meconium aspiration — usually term infants;

m transient tachypnoea of the newborn — delayed clearance of lung liquid, associated
with caesarean section without preceding labour; this is often a retrospective
diagnosis as the condition is self-limiting lasting 24—48 hours;

® pneumothorax, not an uncommon finding; it is estimated that this affects up to 1%
of babies but the majority are minor and require no treatment;

m congenital malformations — e.g. hypoplastic lung, diaphragmatic hernia, cystic
adenomatoid malformation;

® metabolic disorders;

m congenital heart disease causing heart failure.

All babies with significant respiratory distress (or mild respiratory distress that
persists for more than 2 hours) should be admitted to the NNU for assessment, an
infection screen and antibiotics, a chest X-ray and a blood gas. See p. 133 for further
management.



Sacral dimples/clefts

m A simple sacral dimple is defined as one that is < 5 mm in size, in the midline, within
2.5 cm of the anus and is not associated with any other cutaneous stigmata. Simple
dimples do not indicate spinal dysraphism, unless they occur in combination with
other lesions and therefore no further evaluation is required.

m Approximately 50% of children with spinal dysraphism have overlying cutaneous
markers including haemangiomas, hairy patch, mass or cutis aplasia. The presence
of cutaneous markers with a spinal dimple or pit is highly suspicious.

m All midline lesions that are not simple sacral dimples are suspicious and the baby
should have an ultrasound of the spine as a minimum investigation.

Seizures

Seizures are sometimes recognized on the postnatal ward. Initial management
is resuscitation and stabilization if necessary and blood sugar measurement
(hypoglycaemia is one of the most common causes on the postnatal ward and
is devastating if not recognized and managed appropriately). All babies with
seizures require admission to the NNU for further assessment and management
(see pp. 217-220).

Single umbilical artery

This is a common finding and if an isolated anomaly no further management is required.

Skin rashes and birth marks
See Chapter 26.

Small for gestational age and clinically
wasted babies

Small for gestational age is defined as birth weight <2nd centile (Table 9.4) but
watch out for clinically wasted babies with higher birth weights. Associated problems
include hypoglycaemia, hypothermia, polycythaemia and poor feeding. Ensure early
and frequent feeds with maximal feeding support. Suggest expressing if the baby is
not latching and sucking well. Encourage kangaroo care to help thermal stability;
heated cots/incubators may be required to maintain the baby’s temperature.

Table 9.4 Birth weights that are small for gestational age

Gestation | Birth weight
Boy Girl

34 weeks 1550 1500
35 weeks 1750 1700
36 weeks 1950 1800
37 weeks 2100 2000
38 weeks 2250 2200
39 weeks 2500 2300
>40 weeks 2600 2500
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Sticky eyes
See p. 189.

Talipes equinovarus
See p. 343.

Tongue tie

Tongue tie or ankyloglossia is a congenital anomaly characterized by a short lingual
frenulum, which may restrict mobility of the tongue. The severity of this condition is
very variable from mild to severe with limitation of movement of the tongue resulting
in a heart-shaped tongue on protrusion. Severe forms may result in difficulties with
latching and breast feeding. The evidence for surgical intervention (division of
tongue tie) is limited to one randomized trial and three case series, all of which used a
subjective outcome measure. Although reported early adverse events are few, there are
no studies looking at long-term complications or rates of breast feeding weeks after
intervention. The National Institute for Health and Clinical Excellence has approved
division of tongue tie as a service to be provided by the NHS (see Web link). On the
basis of the current evidence we feel this procedure should only be offered to babies
with significant limitation of tongue movement affecting latching and preventing
breast feeding despite maximal breast-feeding support.

Umbilical discharge and flares

Periumbilical redness is not uncommon and may often be a result of pressure from
the umbilical clamp. True periumbilical infection presents with redness and local
discharge; it is usually due to staphylococci or Escherichin coli. Systemic antibiotics are
indicated if the discharge is copious or oedema and inflammation are spreading onto
the abdominal wall. A blood culture and swab of the discharge should be sent prior
to commencing antibiotics.

Undescended testes
See also p. 330. Present in 5% of babies at birth; on examination they may be:

m normal — midpoint of the testis is at or below the midpoint of the scrotum;

m retractile — can be pulled into a normal position and will stay there for a time;

m high scrotal /suprascrotal /inguinal — can only be brought down to correct the
position (if at all) temporarily and with discomfort owing to tension on the cord;

m non-palpable.
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Fluid and electrolyte balance

Key points

m Newborn babies, particularly those of very low birth weight (VLBW), can only
regulate fluid and electrolytes within narrow limits.

m VLBW infants easily become dehydrated owing to large transepidermal fluid losses
and an inability to concentrate urine.

m A postnatal diuresis and natriuresis is normal, and sodium should not be added to
the intravenous fluids until this has occurred.

m Weight and serum sodium are the keys to correct management of fluid balance in
the newborn.

Renal function in the neonate is limited. In essence, the neonate, and in particular the
preterm neonate, can only regulate fluid and electrolyte homeostasis within narrow
limits. The basic principles of management are standard and consist of providing
maintenance fluid and electrolyte requirements and providing for ongoing losses. In
neonatal medicine, the rapid changes which are seen make this a challenging aspect of
intensive care requiring meticulous attention to detail.

B Neonatal renal function and physiology

Human glomerulogenesis and nephrogenesis are complete by 34-35 weeks’ gestation,
though at term the glomeruli are still much smaller than in the adult. The tubules are
not fully grown even at term, and only those of the juxtamedullary glomeruli extend
deep into the medulla. These factors contribute to the low glomerular filtration rate
(GFR) of the neonate, and his inability to concentrate urine. Expressing GFR per
unit of surface area is inappropriate in the neonate, and GFR should be expressed per
kilogram. When this is done the preterm neonate has a GFR of 0.5 mL /kg/min and
the term neonate a GFR of 1.5 mL/kg/min compared with an adult value of 2mL/
kg/min. In clinical practice the serum creatinine concentration is the best guide to
GEFR. Urea is not helpful.

The renal blood supply arises from the aorta between T12 and L2; umbilical artery
catheters must be positioned to end above or below this region (see Fig. 7.1). Renal
blood flow is around 100mL/min/1.73 m? at term, and is lower in preterm babies
or when a baby is ill.

Although well babies excrete the majority of a water load adequately, being able
to reduce urine osmolality to <100 mOsmol/kg, when they are ill they are less able
to do this, in part because of the lower GFR. Babies can only concentrate urine
to a maximal osmolality of 600-800 mosmol/kg until they establish an adequate
medullary osmotic gradient. This occurs much later in the neonatal period; by adult
life a urine concentration of 1500 mosmol/kg can be achieved. Urinary sodium



losses are high in the early neonatal period with up to 5% of the filtered sodium
being excreted in the urine in the first few days, yet the natriuretic response to salt
overload is also defective.

Plasma levels of mineralocorticoids and antidiuretic hormone (ADH) in neonates
are within, or just above, the normal adult range, though the distal tubule, particularly
in very low birth weight (VLBW) babies, responds poorly to the mineralocorticoids.
Atrial natriuretic peptide (AND) levels are high in the early neonatal period and,
although the kidney may be relatively insensitive, high ANP may contribute to the
high sodium excretion.

B Woater

At term, 75% of the baby’s body weight is water and this percentage is higher in
preterm babies. Part of the normal adaptation to extra-uterine life is a marked
reduction in body water, especially from the extracellular fluid (ECF). Reduction in
the ECF accounts for the early fall in body weight, and there is a change in the ratio of
ECF to intracellular fluid from the 2:1 seen in fetal life to the 1:1 ratio which is normal
for the neonate. After an initial period of 12-24 hours without diuresis the baby enters
a diuretic phase (which is also a natriuresis) and then, after postnatal homeostasis is
achieved, has normal sodium and water balance (Lorenz ez a/l. 1995; Fig. 10.1). In ill
preterm babies, characteristically those with respiratory distress syndrome (RDS), the
onset of the diuretic and natriuretic phase is delayed.

The key to the management of fluid balance in the ill baby lies in recognizing
and adapting to these phases of water and sodium balance, and in such babies fluid
overload and dehydration readily occur.

Insensible water loss

Transepidermal and respiratory tract loss

The main route of insensible water loss is transepidermal water loss, which is
particularly high in preterm infants (Table 10.1). Insensible loss also occurs via
the respiratory tract. Respiratory tract water loss varies from 4 mg/kg/min when
a term baby is asleep to 10mg/kg/min when he is crying furiously (Riesenfeld
et al. 1987). This corresponds to a loss of about 6-9 mL/kg/24h, meaning that
respiratory tract loss accounts for about half of the daily insensible loss in a term
infant. Respiratory losses are eliminated when a baby is artificially ventilated with
humidified gas. Transepidermal water loss is increased by overhead heaters, draughts
and phototherapy lamps, and can be significantly reduced by high ambient humidity
and covering the baby. Evaporation of water from the skin causes the baby to lose heat;
reducing transepidermal water loss is an important component of thermoregulation.
When calculating water replacement, an estimate of the insensible water loss needs
to be added to the urine volume and any other losses (remember gut losses in babies
who have undergone surgery).

Obligatory urine water loss

This arises from the volume of water needed to excrete the urea and other waste
products generated from the baby’s diet. Obligatory urine water depends on the renal
solute load of the diet, which in turn varies according to the type of milk or other feed
the baby is receiving. The renal solute load of breast milk is much lower than that of
formula milks. The obligatory urine water is approximately 2—-4 mL /kg/h.
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Table 10.1 Transepidermal water loss (g/kg/24 h) at an ambient humidity of 50% (from
Hammarlund ez al. 1983)

Postnatal age
3

Gestational age 0-1 7 14
25-27 129 + 39 71 43 £ 9 32 +10
28-30 42 £ 13 32 24 +7 18+6
31-36 125 1 124 Qx3
37-41 7 +2 + 6+ 1 6+ 1




Stool water

In babies the water lost in stool is approximately 7 mL /kg/day (Patrick and Pittard
1988), although clearly the water loss varies with the number of stools and the fat
content of the stool.

Fluid overload

In the first week of life, particularly in ill VLBW neonates, the first indication of fluid
overload or retention is a weight loss of less than 1% per day, or weight gain. After
the first week fluid retention results in a weight gain of more than 20g/kg/24 h. The
signs of fluid overload include oedema, which is often hidden around the back and
flank of a baby who is nursed supine. The causes of fluid overload can be divided into
causes of excessive intake, and fluid retention (Table 10.2).

Effects of excess fluid (overload or retention)

1. Heart failure, including massive pulmonary haemorrhage (pp. 161-162).

2. Pulmonary oedema — in lung disease this exacerbates the hypoxaemia.

3. In babies recovering from RDS, an increased incidence of patent ductus
arteriosus (p. 296) and perhaps chronic lung disease (CLD) (Chapter 14).

4. Hyponatracmia, hypokalaecmia.

Table 10.2 Causes of fluid overload

Excessive fluid intake

1. Excessive maintenance intravenous fluid including sodium, particularly when the normal postnatal
diuresis and natriuresis has not yet occurred (see above)

2. large boluses of bicarbonate, dextrose or blood products being given to sick babies without
making allowances in the maintenance fluid infake

3. Excessive infusion through arterial catheters (umbilical or peripheral)

4. Human error or mechanical failure in the pumps controlling the IV fluid

Fluid retention

1. Renal failure, e.g. caused by asphyxia, hypotension, acidaemia

. Congestive cardiac failure, e.g. with a patent ductus

. Central nervous system damage [e.g. asphyxia, meningifis) causing inappropriate ADH secrefion

2
3
4. leaky capillaries owing to severe RDS, asphyxia, endotoxaemia, sepsis
5

. Arise in central venous pressure owing fo confinuous positive airways pressure or intermittent
posifive pressure ventilafion.

6. A combination of (4) and (5) = commonly seen in babies with RDS who, in addition, may
be paralysed with pancuronium which eliminates the acfion of muscle activity on venous and
lymphatic drainage

7. Extravasation of fluid info the extracellular space owing to hypoalbuminaemia

8. Indometacin or ibuprofen used to treaf patent ductus arteriosus

ADH, antidiuretic hormone; RDS, respiratory distress syndrome.
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5. Oedema of kidneys, liver and gut, making these organs (respectively) less
effective at excreting urine, conjugating drugs and bilirubin, and more prone to
necrotizing enterocolitis (NEC) (pp. 278-283).

6. Cerebral oedema, especially if there is co-existing asphyxial brain damage.

7. Sclerema.

Treatment

Treatment is tailored to the individual situation dependent on the underlying cause.
The key to successful fluid management is careful assessment of the baby’s fluid balance
considering all sources of fluid intake and losses. In sick and very preterm babies this
assessment may need to be done several times in a 24-hour period. Common clinical
situations with fluid overload include:

1. Oedema due to fluid overload: restrict fluids to 3040 mL/kg/24h. This may be
all that is necessary, but, if symptoms are present, consider furosemide
1-2mg/kg IV.

2. In a seriously ill neonate oedema is often accompanied by hypoalbuminaemia
and leaky capillaries. This is very common in the early stages of RDS or with
sepsis, and recovery from the underlying disease is heralded by diuresis and
clearing of the subcutaneous oedema (Fig. 10.1). However, while the baby is
oedematous with weight gain, or no weight loss, fluid intake should be restricted
to the minimum consistent with maintaining blood pressure and replacing
transepidermal loss and urine water. For an average baby this corresponds to
about 40-60mL /kg/24 h.

3. Oedema due to inappropriate ADH secretion. The presence of an abnormally low
serum osmolality combined with a urinary osmolality above 300 mosmol/kg H,O
establishes the diagnosis. The treatment is that of the underlying condition, plus
fluid restriction to 3040 mL/kg/24 h IV of an electrolyte solution containing
the daily electrolyte requirements.

. The baby with heart disease who develops heart failure (treatment p. 296).

. After surgery. Perhaps due to a combination of replacement fluids leaking out,
paralysis and some pre-renal renal impairment, fluid retention is commonly seen
in the post-operative neonate who should have his fluids restricted as in (3) above.

6. Oedema following indometacin treatment. This will usually clear spontancously

on stopping treatment. If indometacin results in significant renal impairment the
course may have to be stopped.

7. Hydrops fetalis (p. 312).

G

If, in any of these situations, on clinical or radiological grounds it is felt that oedema
is significantly adding to the neonate’s lung problem, exacerbating hypoxaemia,
furosemide 1-2 mg/kg IV should be tried, with repeated doses given as necessary. If
oedema is severe or progressive with a poor urinary output, dialysis or haemofiltration
can be considered.

Dehydration

In the first week in neonates this is a weight loss of 23% per 24 hours. Thereafter the
standard criteria for dehydration apply. A weight loss >2.5% is clinically significant,
>5% moderate, and >10% severe. There is some evidence that the incidence of
hypernatraemic dehydration is rising (Laing and Wong 2002).



Signs of dehydration

In addition to weight loss the dehydrated baby develops decreased skin turgor,
sunken eyes, a depressed fontanelle and a reduced urinary output. Dehydration
readily develops in neonates and is likely to occur with:

1. A high insensible transepidermal water loss (see above).

2. An osmotic diuresis due to glycosuria in VLBW babies receiving >10%
glucose.

. Gut fluid loss in diarrhoea and vomiting.

. Inadequate intake — tissued IV line, fluid deliberately withheld to avoid overload,
and in term babies due to failure to establish breast feeding (Chapter 11).

. Overvigorous use of diuretics.

. Pyrexia.

. Rarely, due to diabetes insipidus associated with massive intraventricular
haemorrhage or congenital diabetes insipidus.
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The effects of the fluid loss include a progressive reduction of the plasma volume
leading to hypoxia and acidaemia, gut underperfusion predisposing to NEC, pre-renal
uraemia, and ultimately to shock; jaundice (Chapter 20); and electrolyte problems, in
particular hypernatraecmia.

Treatment
In a baby who is clinically dehydrated his fluid intake should:

1. Consist of a maintenance of 120-150mL /kg/24 h.
2. Replace fluid losses. In acute dehydration the fluid lost is approximately equal to
the weight loss in grams.
e In well term babies this is often best given enterally as milk by either mouth or
nasogastric (NG) tube.
¢ Sick or preterm neonates will need IV replacement. If shocked a fluid bolus
(10mL/kg of 0.9% saline) may be required, otherwise replacement IV over
2448 hours is preferable. The choice of fluid will depend on the duration and
severity of associated hypernatraemia. It is essential not to bring high sodium
down rapidly as this may result in cerebral oedema. In severe hypernatraemic
dehydration with serum Na 150-169 mmol/L, 0.45% saline with 5% or 10%
dextrose should be used to prevent a rapid drop in serum Na. In babies with a
serum Na of 2170 mmol /L, 0.9% saline with 5% or 10% dextrose should be used
until Na levels fall below 170 mmol/L. Hypo-osmolar salt-poor fluids should
not be used in this situation.
3. Allow for insensible loss from overhead radiant heaters (an extra 50-75mL/
kg/24 h).
4. Keep up with ongoing losses in diarrhoea, NG aspirate, cerebrospinal fluid (CSF)
leak, etc.
5. Allow for pyrexia (an increased intake of 10mL H,0/kg/24 h for each 1°C
above 37°C).

Overall, this may mean an intake of 250-300mL/kg/24 h. Such babies require
meticulous reassessment of their fluid requirements every 8-12 hours.

If there are signs of circulatory compromise the following regimen should be
used: administer an initial resuscitation volume of 20-30mL/kg of normal (0.9%)
saline over 30-60 minutes. Then use the following steps to calculate the initial
infusion rate:
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1. Estimate daily maintenance fluid volume in mL (M).

2. Estimate the total deficit in mL (D); if the serum sodium is 149-169 mmol /L,
aim to administer the deficit over 2 days (T=2); if the serum sodium is
170 mmol /L or above, aim to administer the deficit over 3 days or more
(T=3 or more).

3. Calculate the initial infusion rate in mL/h as [M + D/T]/24.

Check serum electrolytes and blood glucose 1 hour after starting therapy and then
4 hourly for 12 hours. If the serum sodium is falling at a rate greater than
0.5 mmol /L /h, reduce the rate of infusion. Aim to reduce the serum sodium at a rate
not exceeding 12 mmol/L/day (see above). Too rapid correction of hypernatraemia
can cause cerebral oedema, convulsions and permanent brain injury. Extremely severe
hypernatraemia (serum sodium greater than 200 mmol/L) requires correction by
peritoneal dialysis.

B Sodium

The normal serum sodium is 130-145mmol/L. Values between 125 and
150 mmol /L are well tolerated but outside this range urgent treatment is required.
The normal requirement for sodium in the neonate is 2—-3 mmol/kg/24 h, and it
is usually possible to calculate an electrolyte input which keeps healthy neonates in
balance. However, in sick babies many factors are present which severely disrupt
sodium homeostasis. Extreme preterm infants often require around 6 mmol /kg/24 h
at the end of the first week of life.

Hyponatraemic babies (serum sodium <125 mmol/L) become listless, develop an
ileus and may become hypotensive and convulse. With hypernatraemia (>150 mmol /L)
the major hazard is the risk of cerebral venous sinus thrombosis, or seizures associated
with rapid shifts in osmolarity. Avoid correcting the serum sodium too fast.

Hyponatraemia

Hyponatraemia is relatively rare in the first 48—72 hours. It is vital to understand that
low serum sodium either can reflect low body sodium or can result from dilution
(i.e. water overload) because the management of the two situations is quite different.

m Water excess (dilutional hyponatraemia)

1. In babies born to hyponatraemic mothers, usually due to excess intravenous
infusion of salt-free fluids during labour, or excessive water drinking during
labour. This is the only common cause of first-day hyponatraemia.

2. With CNS injury causing inappropriate ADH production.

3. In renal failure or with reduced urine output secondary to indometacin or
ibuprofen therapy.

m Sodium depletion

1. In very small premature babies with poor renal conservation of sodium.

2. In preterm babies on a low sodium intake (e.g. just breast milk, or plain 10%
dextrose IV).

3. Following furosemide, both acutely and in babies with CLD on ‘maintenance’
diuretics.

4. With diarrhoea or vomiting owing to excessive sodium losses. Similar losses may
occur through an ileostomy.



5. ‘Sequestered’ sodium loss into the gut or into damaged cells (e.g. NEC —a low
serum sodium is common in early NEC — or associated with sepsis).

6. Following external drainage of CSF for the treatment of hydrocephalus.

7. Salt-losing forms of congenital adrenal hyperplasia (CAH) (p. 255).

Treatment of hyponatraemia

Treatment depends on the cause; leaving aside the baby with gastrointestinal tract
loss, CSF loss and CAH there are three common clinical situations:

1. Hyponatraemia in the ill neonate. This requires careful assessment. Examination
of the intravenous fluid charts, urine output records and the baby’s weight
trend should help. The baby who is total body sodium depleted needs more
sodium, whereas one who is retaining fluid does not need more sodium, just
fluid restriction. Alternatively the hyponatraemia may be a marker of intravascular
volume depletion, to which there has been an appropriate release of ADH
resulting in water retention and a dilutional hyponatraemia. This requires volume
replacement with a sodium-containing fluid.

2. Hyponatraemia, usually after the first week in an otherwise well baby who may
be growing poorly. All this baby requires is an increased sodium intake, to
as much as 10 mmol/kg/day or more, plus regular monitoring of his serum
sodium.

3. True inappropriate ADH secretion. Usually as a result of brain (hypothalamic)
injury excess ADH is produced despite normovolaemia, normal blood
pressure and normal renal function. There is hyponatraemia and a low plasma
osmolarity with inappropriately high urinary sodium and osmolarity. As well as
treating the primary CNS disorder, treatment is fluid restriction (40-50 mL/
kg/day) with judicious sodium supplementation, at least the normal daily
requirement.

Acute severe hyponatraemia

In acute severe hyponatraemia (serum sodium <l120mmol/L), particularly if
associated with neurological signs, the intravenous infusion of 3% sodium chloride
may be justified. The rate of correction should not exceed 1 mmol/L/h and the
infusion of 3% sodium chloride should be stopped before a normal serum sodium is
reached. As 3% sodium chloride contains approximately 0.5 mmol/mL, the infusion
of 1 mL/kg will raise the serum sodium by 1 mmol/L (if ECF volume is 50% of body
weight; in extremely preterm babies ECF volume may be higher). Hence the rate of
infusion of 3% sodium chloride should never exceed 1 mL/kg/h.

Hypernatraemia

Hypernatracmia develops if water losses exceed sodium losses or if too much sodium
is given. It is primarily seen in ill extremely low birth weight (ELBW) neonates in the
first 24-72 hours of life. Causes include:

1. an inadequate fluid intake for any reason;

2. small ill premature babies with a marked transepidermal water loss; more marked
in those nursed under overhead radiant heaters; this is the most common cause of
carly hypernatraemia;

3. phototherapy, which has a similar effect to radiant heaters and also causes
diarrhoea;
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4. hyperglycaemia in premature babies receiving excessive dextrose causing an
osmotic water loss;

5. diarrhea;

6. too much sodium as bicarbonate or from other sources such as drugs.

Treatment of hypernatraemia

Ideally hypernatraemia should be avoided by careful control of the baby’s
microenvironment, avoiding excess sodium intake (bicarbonate, blood and blood
products, drugs and saline catheter flushes) and by maintaining appropriate fluid
balance. However, if the serum sodium is above 150 mmol /L:

1. Minimize transepidermal water loss (humidify incubator, wrap baby in clothes or
plastic).

2. Exclude osmotic diuresis.

3. Stop added sodium.

4. If the weight loss has been more than 3% per day, the baby is likely to be volume
depleted. Increase fluid intake (sodium-free) accordingly. If the weight loss has
been 1-3%, be careful to avoid fluid overload with its attendant hazards.

B Potassium

The normal serum potassium is 3.5-5.5mmol/L. Neonates tolerate levels of
3-6.5mmol/L extremely well, but outside this range treatment is required.
The normal neonate needs 1-3mmol/kg/24h of potassium, and disorders of
potassium homeostasis are rare. Hypokalaemia is usually the result of poor control
of intravenous fluid prescriptions and is readily treated by increasing the potassium
intake. Hyperkalaemia is seen in ill VLBW babies who have been hypotensive and
are in renal failure. The emergency treatment of hyperkalaemia is discussed with the
management of renal failure on pp. 323-326.

B Hydrogen ions and bicarbonate

See Table 13.3, p. 122, for normal values.
There are five important reasons for a neonate having a metabolic acidaemia — that
is, a base deficit greater than 8-10mmol/L. They are:

1. accumulation of lactic or other acids with asphyxia, hypotension, sepsis, hypoxia,
or various inborn errors of metabolism (see Chapter 18);

2. the hydrogen ion load resulting from growth and the metabolism of high protein
milks;

3. defective urinary acidification due to the low GFR, reduced urinary
phosphate production, and reduced capacity of the neonatal kidney to make
ammonia;

4. tubular bicarbonate leak; the bicarbonate threshold in a preterm baby may be as
low as 12 mmol/L;

5. total parenteral nutrition (TPN) with hyperchloraemic metabolic acidosis
(see Chapter 12).

Nothing can or should be done for factors (3) and (4), although occasionally a full-
blown Fanconi tubular defect is seen after severe neonatal illness and needs bicarbonate
replacement (2). The treatment of the causes of acidaemia listed under (1) and (5) is
dealt with elsewhere.



M Calcium and phosphate

The normal serum calcium is in the range 2.2-2.6 mmol/L (1-1.4 mmol/L ionized
calcium). Serum phosphate levels vary from between 2 and 2.6 mmol /L at birth to
1.5-2.9 mmol /L after the first week. Calcium and phosphate levels are higher in cord
blood than in maternal plasma. Calcium is actively transported from the mother into
the fetus, and the fetal phosphate rises owing to hypoparathyroidism induced by the
high calcium.

Postnatally neonatal plasma phosphate may rise further owing to the low GFR and
the higher phosphate intake in bottle-fed babies. Parathormone rises slowly in small
sick babies, and will therefore have little phosphaturic effect on the neonatal renal
tubule. However, neonatal vitamin D metabolism is probably normal.

Hypocalcaemia

Hypocalcaemia is common in the neonatal period, but allowance must be made
for co-existent hypoalbuminaemia. On average, the serum calcium falls by
0.1 mmol/L for each 4 g by which the serum albumin falls below the mean for the
baby’s gestation.

Serum calcium levels above 1.75 mmol /L rarely cause any problem, but symptoms
(see below) may develop if the serum calcium falls below 1.5 mmol /L. This happens:

1. during the first 24—48 hours in severely ill babies. This accounts for 95% of
neonatal hypocalcaemia; the babies have a subnormal parathormone response to
the low calcium, but high circulating levels of hormones such as glucocorticoids
and calcitonin which depress plasma calcium;

. in babies of diabetic mothers;

. during an exchange transfusion with citrated blood; the citrate chelates the
calcium causing a rapid drop in the plasma level.

W

Other rare causes of neonatal hypocalcaemia which should be sought if the problems
listed above are not present include:

1. maternal and fetal hypovitaminosis D; this may be particularly common in babies
from ethnic groups at risk from rickets;

2. babies fed on high-phosphate milks (e.g. unadulterated cow’s milk): formerly
common, NOW Very rare;

. renal failure;

. primary hypoparathyroidism including DiGeorge syndrome;

. maternal hypercalcaemia including that due to hyperparathyroidism, causing
prolonged neonatal parathyroid depression.

92 NIV

The symptoms of hypocalcaemia depend on the age at presentation. In babies less
than 72 hours old convulsions are rare; but these babies, particularly if on intermittent
positive pressure ventilation, may be jittery. Hypocalcaemia developing during an
exchange transfusion may cause convulsions, cardiac arrhythmias or tetany with a
positive Chvostek sign (the facial nerve is tapped at the angle of the jaw, causing the
ipsilateral facial muscles to contract momentarily). At the end of the first week in an
otherwise well baby hypocalcaemia causes clonic fits. Hypocalcaemia may cause heart
failure and apnoea at any time in the neonatal period.

Hypocalcaemia should be avoided by adequate treatment of the illnesses which
predispose to it. Convulsions should be controlled pharmacologically (see Chapter 17)
while investigating the cause of the hypocalcaemia, and the plasma calcium raised with
oral or intravenous calcium supplements.

ojpydsoyd puo wniopD

sl




Fluid and electrolyte balance

L
el
o

To prevent early hypocalcaemia in ill neonates, appropriate intravenous supplements
of 10% calcium gluconate should be given. In general, 5-10mL of 10% calcium
gluconate (1.125-2.25mmol of calcium) IV each 24 hours is all that is usually
necessary.

Depending on the actiology, specific therapy may be with phosphate restriction,
calcium supplements, or treatment with vitamin D. In general, use the standard vitamin
D preparations rather than the newer much more potent vitamin D metabolites such
as 1-o-vitamin D or 1,25-vitamin D.

The dose of calcium for tetany or hypocalcaemic arrhythmias during an exchange
transfusion is 1 mL of 10% calcium gluconate (equivalent to 0.225mmol calcium)
infused over 2 minutes under ECG control.

Hypercalcaemia

Neonatal hypercalcaemia is rare and usually iatrogenic. Occasionally, hypercalcaemia
of 3.0-3.5mmol/L may develop in the ELBW baby (<1.0kg) who has become
profoundly hypophosphatacmic (<0.5mmol/L). Treatment is with phosphate
supplements, giving 2—3 mmol /kg/24 h of neutral phosphate. Rare cases of neonatal
hyperparathyroidism have been described.

Hypophosphataemia

Hypophosphataemia is now being seen with increasing frequency in VLBW babies
on TPN or in those receiving low-phosphate milks. In enterally fed babies this can be
prevented by adding phosphate to breast milk. When severe it causes hypercalcaemia
(see above).

B Magnesium

Abnormalities of magnesium homeostasis are now rare with the withdrawal of
the high-phosphate milks. Magnesium sulphate is used for treating maternal pre-
eclampsia and can give rise to high levels of magnesium in the neonate. He is usually
asymptomatic but hypermagnesaemia can cause floppiness. Hypomagnesaemia may
occasionally occur during parenteral nutrition. It can be treated by giving 0.2 mL/kg
of'a 50% solution of MgSO, intramuscularly.

M Practical fluid and electrolyte management

The single most useful measurement in assessing a baby’s fluid requirement is his
weight. In the first week of life the very premature baby should lose about 1-3% of his
body weight per day. If he is not doing this he is being overhydrated; if he is losing
more than this he needs more IV fluids. It is, therefore, essential that sick VLBW
neonates are weighed at least daily, and in some cases twice daily as part of their
intensive care.

A careful calculation of the exact fluid and glucose and electrolyte intake should
be performed at least twice a day in sick or very preterm babies while on intensive
care. The information required for assessing fluid requirements other than weight
is: urinary output, packed cell volume, blood pressure, serum sodium and creatinine
estimations and a clinical assessment of the baby’s state of hydration and perfusion.
Weighing the nappies is the easiest way of measuring urine output and should be
standard practice while babies are requiring intensive care. Controlling the fluid intake
by aiming to achieve some set biochemical goal such as a normal urinary osmolality
or a specific urinary output without taking note of the clinical state and weight of




Table 10.3 Outline of fluid therapy in the newborn

Indicator Frequency of estimation during | Response
intensive care
Weight Daily or twice daily Aim for a weight loss of 1-2% per day for
5 days. Adjust volume of mainfenance fluid
accordingly
Urine output Confinuous, using nappy Aim for a urine output of at least 0.5mL/
weights, or urine collection kg/24h on the first day, and 2-7ml/kg/h
system. Review results 8 hourly | thereafter. Adjust maintenance fluid, blood
pressure support fo achieve this. Urine output
below 1 ml/kg/24 h for more than 8 hours
requires renal failure management
Sodium Daily or twice daily Omit added sodium (a) until urine output
is established and (b) if plasma Na >
145 mmol /L
Increase input if low Na (<125 mmol/L)
considered to be due to sodium depletion —
otherwise restrict fluid
Glucose At least 6 hourly during infensive | Maintain level between 2.6 and 9 mmol/L
care by adjusting glucose concentration of fluid.
Usual requirement 8=12 mmol,/kg/min
Potassium Daily or twice daily Omit (a) on day 1 (b} if K >5.5mmol/L
[c) renal failure developing
Increase (a) if K <2.5mmol/L
Calcium Daily Give 5 mL 10% calcium gluconate/kg/24 h
if serum calcium <1.75mmol /L
Give 10ml/kg/24 h if Ca <1.5mmol/L

the baby is ill-advised, and frequently results in serious overhydration. Nevertheless
since the changes in the electrolyte concentrations in ill neonates are to some extent
unpredictable all such babies should have measurement of their plasma electrolytes,
urea and creatinine at least daily while they are in intensive care. Table 10.3 summarizes
our approach to the interpretation of results. We start with a maintenance fluid of
10% dextrose and vary the concentration to keep the blood glucose between 2.6 and
9 mmol /L.
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Neonatal enteral nutrition

Key points

m Breast milk is the ideal food for babies of all weights and all gestations (supplements
will be required for preterm babies).

m When starting enteral nutrition in very low birth weight babies, breast milk is better
tolerated than formula.

m Breast milk has important anti-infective properties which are difficult to mimic.

® Minimal enteral feeding should be started early and stopped only if there is clear
evidence of gastrointestinal disease.

In order to grow and develop normally babies must have enough energy and a balance
of carbohydrate, fat and protein with vitamins and minerals. Enteral feeding is the
best way in which to deliver nutrition — stopping minimal enteral feeding should be
seen as the last resort. Early nutrition also has biological effects (‘programming’)
with important implications for later health, for example on cognitive function
and cardiovascular disease risk. The aim of all nutritional support is to achieve as
near to intra-uterine growth as possible. This translates to a rate of weight gain of
15-18g/kg/day (Ehrenkranz et 2/, 1999) while maintaining a normal body
composition. Provision of nutrition by the enteral route is safer and easier than
parenteral nutrition (Chapter 12). Human milk has important anti-infective properties
and there are benefits of early feeding in establishing appropriate gut flora, which
help to protect the preterm baby against necrotizing enterocolitis (NEC). For a full
discussion of this enormous subject the reader to referred to Tsang ez /. (2005) and
Fewtrell and Chomtho (2012).

M Infant nutrient requirements

The basic nutritional requirements for preterm infants as recommended by the
European Society for Paediatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN) (Agostoni et al. 2010) and Tsang (2005) are given in Table 11.1.

Fluid

For routine feeding, volumes of 150-180mL /kg/day of preterm infant formula or
fortified breast milk fed to preterm babies are likely to achieve fluid and nutrient
requirements.

Energy

A well preterm baby who is in a thermoneutral environment needs about 50 kcal /kg
just to maintain essential body functions; if he is to grow he requires another

|
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Table 11.1 Basic nutritional requirements for preterm infants

ESPGHAN (Agostoni et al. 2010)
requirements per kg per day

Tsang et al. (2005) requirements
per kg per day

Fluid, mL 135-200 150-200

Energy, keal 110-135 ELBW: 130-150
VIBW: 110-130

Profein, g 4-4.5 (<1kg] 26-30 weeks: 3.8-4.2

3.5-4(1-1.8kg] 30-36 weeks: 3.4-3.6

36-40 weeks: 2.8-3.2

Fat, g (MCT <40%) 4.8-6.6 5.3-7.2

Carbohydrate, g 11.6-13.2 3.4-4.2

Sodium, mg 69-115 69-115

Potassium, mg 66-132 78-117

Calcium, mg 120-140 100-220

Phosphate, mg 60-90 60-140

Iron, mg 2-3 2-4

Vitamin, C mg 11-46 18-24

Folate, pg 35-100 25-50

Vitamin A, 1U/kg 1332-3330 699-1498

Vitamin D, IU/day 800-1000/day 400

Vitamin K, pg 4.4-28 8-10

ELBW, extremely low birth weight; MCT, medium chain triglycerides; VIBW, very low birth weight.

5 kcal for every gram of weight gain. Energy requirements are dependent on
the postconceptional age and birth weight of the preterm infant, with the
smaller and sicker infants having higher requirements. At least 100 kcal/kg/
day are needed. Sick babies need more, and although some babies grow well on
90-120 kcal /kg/day, particularly if the fat in their diet is well absorbed, many need
135 kcal/kg/day or even more. Enough calories need to be provided so that the
baby uses all the protein in his diet for cell-building in order to achieve a positive
nitrogen balance and does not break down protein for energy. This is the reason why
the protein/non-protein calorie ratio is important.

Fat

Fat is the main energy source for babies and dietary fat should constitute at least 30%
of the total caloric intake per day, but not more than 54%. Brain grey matter and the
cells of the retina are rich in long-chain polyunsaturated fatty acids, and the availability
of these in the diet has implications for cell membrane function. Fat can be stored
in large quantities, as opposed to carbohydrate and protein, for which the storage
capacity of the body is limited. For the newborn, using fat for energy marks a big
change from fetal life during which the main energy source was glucose. Assuming
a daily fat deposition of 3g/kg, a 10—40% loss from malabsorption and 15% loss
from unavoidable oxidation, the minimum fat intake is estimated at 3.8—4.8 g/kg/
day (Table 11.1).



There are four major lipid types: glycerides, phospholipids, sterols and fatty acids.
The fat globules in human milk consist mainly of triglyceride, with some cholesterol,
phospholipid and fatty acids. Formula milks have only traces of cholesterol and few
long-chain fatty acids. The amount of fat in breast milk changes with gestation and the
phase of feeding. Fat in formula milk is constant and is derived from cow’s milk and /
or vegetable oils such as corn oil. These fats are less well digested and absorbed than
fat from breast milk. Artificially fed premature babies may lose up to 50% of ingested
long-chain fat in their stools. Clinical trials in preterm infants fed formulas containing
both arachidonic acid and docosahexaenoic acid have shown beneficial effects on
the developing visual system and cognition in the first year of life. ESPGHAN has
published recommended intakes of both these nutrients.

Protein

The growing preterm baby requires a higher protein intake than the term baby, with
the latest evidence suggesting up to 4.5g/kg/day in extremely low birth weight
(ELBW) infants, an intake that is often higher than it is possible to achieve using
breast milk. Protein accretion in fetal life has been estimated as 1.7 g/kg/day;
a preterm baby probably has obligatory protein losses of 0.7 g/kg/day. ESPGHAN
and other authorities recommend that preterm babies should have a protein intake of
at least 3 g/kg/day, and intra-uterine weight gain can be mimicked with protein intake
of 3-3.5g/kg/day and a high energy intake, although body fat percentage at term
equivalent will be much higher than in an equivalent fetus. This protein intake can be
achieved by adding fortifiers to breast milk. We monitor the growth velocity (World
Health Organization Neonatal and Infant Close Monitoring chart; see Appendix 1) as
well as urea, and the albumin level, aiming to keep the urea above 1.6 mmol /L.

Babies born at term require about 2.1 g/kg/day of protein. No more than 7-12%
of the daily calorie intake should be derived from protein. In addition to the amino
acids which are essential for adults, histidine, cysteine and tyrosine may be essential
for newborn babies. The protein/non-protein calorie ratio is equally important
in enteral and parenteral nutrition. Very high protein intakes should be avoided,
particularly if casein-predominant formulas are used, as these may cause problems
such as hyperaminoacidaemia and metabolic acidaemia.

Carbohydrate

The main carbohydrate in human milk and term formulas is lactose, whereas in
preterm formulas it is a mixture of lactose and glucose polymers. Lactose is split up
into the monosaccharides glucose and galactose by B-galactosidase (lactase), a brush
border enzyme in the gut. Glucose is the principal circulating carbohydrate and is the
primary source of energy for the brain (Chapter 18).

Minerals

Sodium

On formulas with a very low sodium content or unfortified breast milk, babies smaller
than 1.50kg may become hyponatraemic (Na <125 mmol/L) since they lose much
more salt in their urine than full-term babies. Hyponatraemia is much less likely with
preterm formulas or if fortifier is added to breast milk. We aim to keep the serum
sodium >133 mmol/L in a preterm baby, using supplements or fortifier if necessary.
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Calcium and phosphorus

Calcium is the most abundant mineral in the body, 99% of it being in bone. Babies
born prematurely suffer an interruption of supply at a time of rapid accretion (about
2.5mmol/kg/day or 120mg/kg/day for calcium, and 2.2 mmol/kg/day or
70mg/kg/day for phosphorus). Consequently preterm babies require much more
calcium and phosphorus than can be provided by breast milk or standard infant
formula. Metabolic bone disease of prematurity (p. 345) is mainly due to this dietary
deficiency. Hypocalcaemia is discussed on p. 89.

Preterm babies require 60-100 mg of calcium and 40-70 mg of phosphorus /100 mL
milk — values which are achieved only using preterm formulas or breast milk
fortification or even additional supplementation. The present ESPGHAN
recommendation is for a calcium—phosphate ratio close to 2:1. The reason for this is
in part that the absorption of phosphate is close to 90%, but calcium is less (~50%)
well absorbed. Babies less than 1.2kg who are fed on breast milk without fortifier
should receive an extra 0.5 mmol of phosphate per 100 mL feed given as a neutral
phosphate solution (a mixture of Na,HPO, + NaH,PO,). If their phosphate is still
<1.25mmol/L, an extra 0.5 mmol phosphate and 1 mmol calcium,/100 mL should be
put in their feeds, the phosphate being added first to avoid precipitation.

Iron

Iron is essential for brain development and many studies have shown an association
between toddler iron deficiency anaemia and poor neurodevelopment. Commercial
formulas have iron added to them, whereas all forms of breast milk are very low in
iron, although the iron is in a form which is more readily absorbed than the iron
in formulas. Iron is also a pro-oxidant, and non-protein-bound iron may cause the
release of oxygen free radicals. Hence it is important to maintain a balance between
avoiding iron deficiency and causing iron overload. Iron intakes of <2 mg/kg/day are
likely to result in iron deficiency, particularly in babies of birth weight <1800g, and
ESPGHAN recommends an intake of 2-3 mg/kg/day. Prophylactic supplementation
should be started at 2—-6 weeks of age and continued after discharge, until 12 months
of age.

Babies of 32-34 weeks’ gestation or less are born before their body iron stores
are laid down by transplacental transfer. Preterm babies need iron supplements after
2-6 weceks; where there have been multiple blood transfusions during the preterm
period, the timing of supplementation may be directed by measuring the serum
ferritin level. Iron supplementation is not then required if babies are fed on an
iron-supplemented preterm formula. However, preterm babies who are fed on
breast milk should receive 2.5 mg/kg/day of iron up to a maximum of 15 mg/day
(5mg/kg/day) and stay on this treatment until they are taking an adequate mixed
diet. Iron supplementation in this way does not prevent the physiological anaemia of
prematurity (p. 310), but it does prevent later iron deficiency.

Trace minerals

Humans require zinc, copper, selenium, chromium, molybdenum, manganese and
iodine in addition to iron. Copper and zinc deficiency do occur rarely in ELBW
neonates at 2—4 months of age, usually only in those who have been given prolonged
total parenteral nutrition (TPN), or suboptimal enteral nutrition with inadequate
trace mineral supplementation. Manganese toxicity has been reported with
long-term TPN. Aluminium is not an essential trace mineral, but can accumulate
during TPN.



Vitamins

Vitamins A, D, K and E are fat soluble; the B vitamins, folic acid and vitamin C are
water soluble. Unsupplemented breast milk is short of some vitamins, and we routinely
supplement all premature babies with multivitamin preparations such as Abidec or
Dalavit (vitamins A| B, B, B, C and D). While still in the neonatal unit very low birth
weight (VLBW) babies who are not being fed on supplemented breast milk or a preterm
formula should receive additional vitamin D to achieve the recommended 800-1000
1U/day (not perkg). Vitamin D affects the calcium absorption rates and there has
been a general consensus that the target value of circulating 1,25-dihydroxyvitamin D
should be >80 nmol /L. We have noticed an improvement in osteopenia of prematurity
since we increased our vitamin D supplementation to a total of 1000 IU /day from all
sources of vitamin D.

Vitamin K deficiency bleeding (see Chapter 23) is much more common in
breast-fed babies. To prevent it, all babies should receive 0.5-1.0mg of vitamin K
intramuscularly at birth.

Folic acid deficiency may reduce growth and may rarely cause a megaloblastic anaemia
in both babies less than 2 kg at birth and survivors of haemolytic disease. We give babies
on non-fortified breast milk 50 mg,/kg/day of folic acid weekly until discharge.

Prebiotics and probiotics

Human milk contains more than 130 different oligosaccharides, the precise
composition of which is genetically determined and varies in the population.
GosFos is a mixture of short-chain galacto-oligosaccharides and long-chain fructo-
oligosaccharides which can be added to preterm formula. Further work is needed to
determine the hypothesis that GosFos supplementation of formula milk will reduce
NEC, improve immunological function and reduce hospital-acquired infection.
However, the majority of the preterm formulas used in the UK have prebiotic
oligosaccharides added. There is also current widespread interest in the role of
probiotics in the prevention of NEC and further trials are in progress.

B Which milk to give?

For the healthy term baby all paediatricians will recommend breast feeding as the
method of choice. Fresh human milk from the baby’s own mother given along with
the appropriate supplements is also undoubtedly the feed of choice for preterm babies.

For preterm babies there are several milk preparations available. They are, in order
of choice:

1. ‘Mother’s own’ fresh expressed breast milk (EBM) or, second, frozen breast milk,
supplemented when required.

2. Banked breast milk.

3. Specially formulated ‘preterm’ formulas.

Colostrum should be given as soon as it is available and in the order of it being
expressed.

‘Mother’s own’ expressed breast milk

EBM is the best option, but more suitable as a sole food for a very preterm baby
when supplemented. The huge advantages of immune protection, improved
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bonding and protection against NEC mean that every effort should be made to
encourage mothers to produce milk for their own baby, even if their initial intention
was not to breast feed. The protein, calorie and vitamin intake can be adjusted
with supplementation when required. Exclusive EBM feeding can be given only
if sufficient volume is produced, and long-term expression presents formidable
challenges. Helpful advice is given by Lang (2002) and Jones and King (2005).

Breast milk supplements

All babies of birth weight <1500g should be considered for fortification/
supplementation when they have begun to tolerate 150-180mL/kg/day of EBM,
usually after a period of 2 weeks. We start with half-strength fortification, increasing
to full strength after 24 hours, using a multicomponent breast milk fortifier. Follow
the manufacturer’s instructions regarding the storage time and storage conditions for
fortified breast milk. The majority of the UK multicomponent breast milk fortifiers
have a 24-hour storage period when added to breast milk.

An alternative to multicomponent breast milk fortification is to fortify with
individual macro- and micronutrients such as energy, protein, sodium, phosphate,
calcium and vitamins and trace elements. There is, however, a risk of zinc deficiency if
zinc is not added. None of the breast milk fortifiers in the UK contains iron, with the
result that iron supplementation is needed.

Banked breast milk

Expressed breast milk from women who have delivered at term, and who have been
lactating for some weeks or months, contains less protein and minerals than preterm
EBM. The milk in breast milk banks is usually expressed milk which is superfluous to
requirements or collected from the contralateral breast during suckling (drip breast
milk), and is low in energy content. It is pasteurized, which affects the absorption of
fat from banked milk, due to denaturation of the bile salt-stimulated lipase enzyme,
and therefore has a lower energy content. Pasteurization reduces the viral load of
cytomegalovirus, for example.

Preterm formula

For a newborn preterm baby to grow and accumulate sufficient nutrients and minerals
to parallel intra-uterine growth, he requires a higher protein and mineral intake
than would be provided by a standard infant formula or unfortified human breast
milk. Special preterm formulas have therefore been produced with higher protein
and mineral contents, in line with the ESPGHAN (Agostoni ¢ /. 2010) and Tsang
et al. (2005) guidelines (see Table 11.2). The composition of EBM can vary between
expression and between mothers (~25% variance).

M Anti-infection agents

There are many anti-infection agents in breast milk. These include lysozymes,
lactoferrin, immunoglobulins and complement. Most of these anti-infection factors
are reduced even by gentle pasteurization. If there are any benefits to the baby on the
neonatal unit from these anti-infection factors, they will be available only if he receives
fresh EBM from his own mother.




Table 11.2 Composition of mature human milk and nutritional criteria for the composition
of infant formula for fullterm infants per 100 mL (EC Directive, 2006/141/EC)
Mean values for Guidelines for infant formulas
pooled samples of
expressed mature
human milk
Minimum Maximum
Energy
K 293 250 295
keal 70 60 71
Protein (g) 1.3 1.1 2.1
Lactose (g) 7 2.8 NS
Total carbohydrate (g) 55 10.0
Fat (g) 4.2 2.6 4.1
Vitamins (mg)
A 60 35 127
D 0.01 0.63 1.92
E* 0.35 0.5** 1.2%*
K 0.21 2.4 NS
Thiomin 16 35 212
Riboflavin 30 48 212
Nicotinic acid 230 150 NS
Pyridoxine 6 22.5 124
B, 0.01 0.06 NS
Folic acid 5.2 6.25 35
Biofin 0.76 1.0 53
C 3.8 6.25 22.1
Minerals
Sodium (mg) 15 12.5 41.3
Potassium (mg) 60 37.5 112
Chloride (mg) 43 30 112
Calcium (mg) 35 30 o7
Phosphorus (mg) 15 15 65
Magnesium (mg) 2.3 3.0 10.6
Iron (mg) 0.76 0.18 0.89
lodine (mcg) 7 6.25 35
Zinc (mg) 0.295 0.3 1.1
Copper [pg) 39 21 74

NS, not specified.
* mg tocopherol equivalents.

** Minimum 0.5/g polyunsaturated fatty acids (PUFA); maximum 1.2/g PUFA.
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Infection

Various viruses such as cytomegalovirus, herpes, hepatitis B, human T-cell
lymphotropic virus 1 (HTLV-1) and HIV can be transmitted in breast milk, of which
the most important are HIV and HTLV-1. It is for this reason that breast-milk banks
should use only milk which has been pasteurized and obtained from women who have
been tested and are known to be HIV and hepatitis B and C negative.

Drugs

These may get into breast milk if they are not protein bound. However, it is very
unusual for drugs taken by the mother to have any serious implications for the breast-
fed baby. Table 11.3 lists those which do and which should therefore be avoided. It is
important to treat each mother individually and assess the specific medication needed
and its effects on breast milk. Consult a pharmacist regarding alternative medications,
when necessary, in order to preserve and use any available EBM as far as possible.

Tolerance

There is a wealth of clinical experience which says that, when starting enteral feeds
in low birth weight babies who have been ill or had bowel problems, breast milk is
better tolerated than formula. This is supported by scientific research which shows
that breast milk passes though the stomach faster, releases gut hormones into the
circulation and increases gut motility. Time to achieve full feeds is significantly shorter
when breast milk is used.

Special milks

A wide variety of other formulas has been designed for situations such as allergy,
malabsorption and inborn errors of metabolism. None of these was designed to meet
the preterm infant’s requirements and when they are used (for example, Neocate LCP
for short gut after NEC) extra nutritional monitoring and adaptation are required.
Many of these milks have a very high renal solute load, which can cause problems if
the total fluid intake has to be restricted.

Table 11.3 Drugs which are contraindicated in breastfeeding mothers

Amiodarone

Ergot alkaloids

Etretinate (vitamin A derivative)

Gold salts

Immunosupressive drugs, cytofoxic drugs, e.g. ciclosporin, cyclophosphamide, methotrexate

Lithium

Morphine, methadone heroin and other drugs of addiction when used by addicts

Oral confraceptives

Phenindione

Radiopharmaceuticals

Tefracycline




Conclusions

The ideal starting diet for a term or preterm baby is fresh, unpasteurized breast milk
from his own mother, and for a term baby this diet will suffice for many months.
If ‘mother’s own’ is unavailable, the next best starting diet for a preterm baby is
pasteurized donor breast milk thawed from a breast milk bank. Once a preterm baby
is established on enteral feeds, we would prefer to continue with ‘mother’s own’
EBM, unpasteurized, supplemented for babies of birth weight <1500g or in bigger
babies whose growth is suboptimal. We do not wait for bacteriological culture results
before starting to give a mother’s own milk to her baby. Freeze-thawing mother’s
own breast milk has to be done at times to bridge gaps in supply. If ‘mother’s own’
EBM is not available, we would not continue with donor breast milk after using it to
establish feeds, but would feed the baby on one of the preterm formulas.

When to start enteral feeds and when
to increase the volume

Babies less than 34 weeks cannot usually sustain coordinated sucking and swallowing
and require tube feeding. Healthy low birth weight babies should have an orogastric
or nasogastric (NG) tube passed within 1-2 hours of delivery, and feeding with breast
milk or formula milk can be started at once. Ideally some form of breast milk (see
above) should be used to minimize the risk of NEC (see Chapter 21) and because
it is better tolerated. Great care should be taken when starting feeds to aspirate the
stomach 4-6 hourly to prevent pooling of milk and secretions in the stomach, and
to assess the volume and nature of ‘gastric residuals’ and stool frequency, which are
helpful in judging when to increase feed volume.

Minimal enteral feeding (trophic feeding)

Giving small, nutritionally insignificant, volumes of milk encourages the secretion
of gut hormones, improves gut motility, helps in the earlier achievement of full
enteral feeds and reduces the hazards of TPN. The presence of an umbilical artery
catheter or a putative risk of NEC are not contraindications to trying enteral
feeds so long as sensible precautions are observed. We start small bolus feeds of
1.0 mL every 4 hours as soon as possible and when mother’s own milk is available
(Table 11.4).

In babies at high risk of NEC we increase the feed volume slowly, at 20 mL /kg/
24 h, whereas in babies at low risk we increase at a rate of at least 30 mL/kg/
24 h. We monitor gastric residuals and as a rule of thumb do not become concerned
about milky residuals of <25% of the feed volume. A residual of 3.5mL is quite
large for a preterm baby (Cobb et al. 2004). Aspirates of 2-3mL in a <1000g
baby are not a sign of feed intolerance if the baby is clinically well. Assessment of
suspected bile-stained aspirates should take into account the baby’s overall clinical
picture.

B Healthy low birth weight babies

The volumes listed in Table 11.4 are a guide. It is particularly important to feed
these volumes to babies who are small for dates and at risk from hypoglycaemia
(see Chapter 18).

If the baby is unable to suck, then appropriate volumes of milk should be given
hourly through an indwelling orogastric or NG tube. Low birth weight asymptomatic
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Table 11.4 Initiating feeds in preterm infants

Day 1 Day 2 Day 3 | Day 4 and onwards
<27 weeks or 1mlL 4 hourly 1 mlL 2 hourly 1 mlL hourly Increase by 20mL/
kg/day
<1000g or
Aim fo reach hourly
high risk* feeds of 180mL/
kg/day EBM or
DEBM
Standard risk 1 mlL hourly Hourly feeds Hourly feeds Aim to reach
180ml/kg/day
EBM/DEBM
27-31* or Increase by 30mL/ Increase by
kg/day 30ml/kg/day Or
1000-1500¢g 150ml/kg/day
formula is tolerated
Standard risk 2-3-hourly | 2-3-hourly feeds as | 2-3-hourly feeds | 2-3-hourly feeds as
feeds as tolerated as tolerated tolerated
tolerated
>32 weeks Start at Increase by 30mL/ Increase by Until
6Oml/kg/ kg/day until 30ml/kg/day 180ml/kg/day
day 180ml/kg/day until EBM
EBM 180ml/kg/day
EBM Or
Or
Or 150mL/kg/day
150mL/kg/day formula is tolerated
formula is tolerated 150ml/kg/
day formula is
tolerated

DEBM, donorexpressed breast milk (banked milk]; EBM, expressed breast milk.

*High risk — preterm infants:

Infra-uterine growth restriction with reverse end-diastolic flow

Haemodynamically unstable on inotropes

Postcomplex resuscitation

babies can be fed 2 hourly when they weigh about 1.30kg and 3 hourly when
they reach 1.50kg. Well babies weighing more than 2kg at birth usually tolerate
2-3-hourly feeds in the first 24 hours of life. Whenever NG feeding is started, the
position of the NG tube should be checked radiologically by injecting air while
listening over the stomach, or by aspirating acid stomach contents.

Sustained nipple feeding (breast or bottle) is rarely possible in babies of less than
34 weeks, but putting a much less mature baby to the breast, even briefly, will boost
the mother’s morale enormously. Non-nutritive sucking from a dummy helps weight
gain in all preterm babies and should be offered during tube feeds when the baby is
awake and well enough.
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M Sick low birth weight babies

Certain important generalizations govern the feeding of these babies:

1. The baby less than 32 weeks’ gestation has caloric reserves for only 4-5 days’
extra-uterine existence and enough glycogen for only a few hours.

2. An adequate caloric intake is necessary to prevent hypoglycaemia and jaundice,
and may be one of the factors limiting neurological handicap in survivors.

3. The sooner a baby puts on weight and ceases to be catabolic, the sooner he

recovers from serious neonatal illness.

4. If oral feeds are not tolerated or are contraindicated, intravenous feeding should
be started as early as possible, within the first 24—48 hours.

5. Although milk is good for premature babies it can also do harm (Table 11.5).
However, maintain minimal enteral feeds of small volume (e.g. 1 mL every 4 hours)
whenever possible. This will maintain gut flora and assist later increase of feed volume.

6. The stomach contents must be aspirated every 4—6 hours once feeding is commenced.

7. Even when enteral feeding is established, electrolyte disturbances such as
hyponatraemia and hypophosphataemia may still occur. Serum chemistry should
be checked at least weekly and, if necessary, appropriate supplements given.

8. Enteral feeds should be stopped:

e when the gastric aspirate every 3—4 hours is consistently larger than 50% of the
volume of milk given (except with minimal enteral feeding) or the aspirate is
‘dirty’, e.g. blood or bile stained; 3.5 mL of residual is a large absolute volume

for a very preterm baby;

if feeding triggers apnoeic attacks;
for 4-6 hours post extubation;

during exchange transfusion.

if there are signs of intestinal obstruction;

in babies suspected of inborn errors of metabolism;

If NG tube feeding is not being tolerated, the following can be tried.

Posture

Babies’ stomachs empty better if they lie on their right side or are lying prone.

Table 11.5 Dangers of milk feeding in premature babies

Danger | Complication

Pooling in stomach

Regurgifation and aspiration

Compromised respiratory function (due parly to
gostric distension and partly o nasal obstruction)

Recurrent apnoea
1 PaO,

{ Functional residual capacity

Infroduction of infection (2due to indwelling tube)

Gastroenteritis
Necrotizing enterocolitis

Electrolyte imbalance

Hyponatraemia
Acidaemia
Hypophosphataemia

Milk bolus obstruction

Gut perforation
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Continuous infusion of milk through a nasogastric tube

Although a randomized controlled trial showed no benefit from continuous NG
feeds, a wide body of clinical experience suggests that this method can be tried when
establishing feeds remains a persistent problem or when no other treatment for gastro-
oesophageal reflux disease has been successful. The most common technique is to use
a syringe pump to infuse the milk down the NG tube. The use of a syringe pump is
not ideal, however, and puts the baby at risk of infusing an enteral fluid parenterally.
If giving continuous feeds, a certified enteral feeding pump should be used. A new
supply of milk should be started every 2 hours in preterm infants and every 4 hours
in a term infant. A significant amount of fat in the milk may adhere to the side of the
tubes, thereby reducing the caloric intake. It is reccommended not to use continuous
feeding EBM at a volume of <4 mL/h as the fat loss is too great.

Nasojejunal tube feeding

There is no point in using nasojejeunal feeding routinely since not only is it more
difficult to set up, but it aggravates the steatorrhoea of prematurity (see above)
and may also increase the risk of gut infection and NEC (pp. 278-283). It should
therefore be used only if NG tube feeding results in persistent regurgitation and/
or apnoea. Silastic tubes should be used. To get them through the stomach into the
duodenum, cither use an introducer or wait until the tube is carried through the
pylorus by peristalsis. The position of the tube should be confirmed radiologically and
the milk given as a continuous infusion using a syringe pump. An NG tube should be
left in situ to detect regurgitation of milk back through the pylorus.

Intravenous glucose electrolyte solutions (Chapter 18)

In the short term (the first 2 days) this is the usual way of hydrating a >34-week
baby and providing fluid during the acute phase of any neonatal illness. Intravenous
glucose electrolyte solutions should be used for as short a period as possible as they do
not nearly meet any macronutrient requirements in the preterm infant.

Intravenous feeding

This technique can be life-saving for the baby in whom enteral feeding is going to be
impossible for a period longer than 2 days. It is described fully in Chapter 12.
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Parenteral nutrition

Key points

m Parenteral nutrition (PN) is an essential part of good neonatal intensive care, but
requires careful monitoring, is associated with complications and is always second
best to enteral nutrition.

m PN should be considered soon after birth in very premature babies, particularly
those who are unlikely to tolerate enteral feeds.

m PN should only be administered with the help of a multidisciplinary nutrition team,
including dietetic and pharmacy support, sterile manufacture and biochemical
monitoring.

The caloric reserves of the neonate weighing 1.00 kg will sustain him for only 4-5
days in the absence of feeding. Giving 10% glucose (40 kcal /100 mL) will prolong
survival to some extent, but neonates who, for any reason, are expected to be unable
to tolerate enteral feeds by 3—4 days of age require some source of nitrogen and
additional calories. This is the most common indication for parenteral nutrition (PN)
on neonatal units, ‘bridging the gap’ until full enteral feeds are tolerated — usually a
period ofless than 3 weeks. Full PN —that s, providing all the fat, protein, carbohydrate,
vitamins, minerals and calories to support normal growth — is life-saving in babies who
have major gastrointestinal disease or chylothorax which preclude enteral feeding for
weeks or months (Chapters 21 and 13, respectively).

Undertaking any form of intravenous nutrition demands the support of skilled
personnel in pharmacy, dietetics and biochemistry, as well as the appropriate technical
experience and equipment on the neonatal unit to maintain long lines and infuse small
quantities accurately over prolonged periods of time. Appropriate vascular access is
essential to the success of PN and requires a high level of skill because devastating
complications can occur. The National Confidential Enquiry into Patient Outcome
and Death (2010) report showed that neonatal PN was often delayed, inadequate,
and associated with metabolic and line complications. Best practice recommendations
were for multidisciplinary teams.

B Composition of parenteral nutrition solutions

Although this topic can be made extremely complicated, it can be broken down to
very simple basic rules.

Carbohydrate

Most neonates need at least 4-6 mg glucose /kg,/min (= 58-86 mL of 10% glucose/
kg/24 h), but larger volumes or more concentrated solutions can be used if tolerated
(i-e. blood glucose <6-7 mmol/L; no glycosuria) to increase the caloric intake. Many



babies will tolerate 12 mg/kg,/min (= 130 mL of 12.5% glucose /kg,/24 h) or more
if the infusion rate is built up slowly over a period of days.

Protein

The protein solutions now used are mixtures of pure L-isomers of amino acids
(Table 12.1). Various solutions are available. These solutions are certainly well
tolerated although the ideal amino acid solution for preterm babies has yet to be
found, but amino acid solutions designed for paediatric patients have been shown to
result in a more favourable plasma aminogram, higher nitrogen retention and better
weight gain in preterm infants. Trophamine, available in the USA and Europe, also
has an acceptable composition. Vaminolact and Primene are electrolyte-free, which
makes it easier to tailor the electrolyte requirements to the individual baby.

It is not usually advisable to give more than 3.0-3.5 g protein/kg,/24 h because of
the risks of hyperammonaemia, acidaemia and hyperaminoacidaemia. Optimal protein
requirements for growth are in the range of 3.5—4 g/kg/day. Preterm infants require
not only more amino acids than term infants but also qualitatively different amino
acids. Cysteine, taurine, tyrosine and histidine have been considered as semi-essential
amino acids in preterm infants.

Table 12.1 Composition (per litre of fluid) of amino acid solutions available for use
in the newborn

Content per litre Vamin 9 glucose Primene 10% (Baxter | Vaminolact

(Pharmacia) Healthcare) (Pharmacia)
Nitrogen (g) 9.4 15 9.3

(= 57.5 g firstclass

protein)
Energy (kcal/MJ) 650/2.7 250/1.05 240
Sodium (mmol) 50 0 0
Potassium (mmol) 20 0 0
Magnesium (mmol) 1.5 0 0
Calcium (mmol) 2.5 0 0
Acetate (mmol) 0 25 0
Chloride (mmol) 50 15.6 0
Glucose (g) 100 0
Osmolarity (mOsmol/L) | 1350 780 510
Isoleucine (g) 3.9 6.7 3.1
Leucine (g) 53 10.0 7
Alanine (g) 3.0 8.0 6.3
Arginine (g) 3.3 8.4 4.1
Aspartic acid (g) 4.1 6.0 4.1
Glutamic acid (g) Q.0 10.0 7.1
Glycine (g) 2.1 4.0 2.1
Lysine (g) 3.9 11.0 5.6

(continued)
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Table 12.1 (Continued)

Content per litre Vamin 9 glucose Primene 10% (Baxter | Vaminolact
(Pharmacia) Healthcare) (Pharmacia)
Phenylalanine (g) 55 4.2 2.7
Proline (g) 8.1 3.0 5.6
Serine (g) 7.5 4.0 3.8
Methionine (g) 1.9 2.4 1.3
Threonine (g) 3.0 3.7 3.6
Tyrosine (g) 0.5 0.45 0.5
Histidine (g) 2.4 3.8 2.1
Tryptophan (g) 1.0 2.0 1.4
Valine (g) 4.3 7.6 3.6
Cysteine (g) 1.4 1.89 1.0
Taurine (g) 0.6 0.3
Fat

Providing fat is essential if an adequate caloric intake is to be achieved in total parenteral
nutrition (TPN), and non-nitrogen energy is vital in order that amino acids can be
utilized eftectively. Lipids are also required in order to prevent fatty acid deficiency.
Previous concerns about the early use of lipid have largely been alleviated by the
results of randomized controlled trials in which fat supplementation commenced on
the day of birth. A 20% lipid emulsion should be started at 1 g/kg,/24 h and increased
daily by 1 g/kg to 3g/kg/24 h as tolerated.

Intralipid is made from soybean oil and does not have the optimum balance of
linoleic-linolenic acid for the newborn brain but it is the only product readily available
at present; 20% Intralipid is better tolerated than the 10% preparation. Monitoring of
tolerance should be done with serum triglyceride levels as plasma turbidity is a poor
indicator of triglyceride concentration. The infusion rate should probably be reduced
if the plasma triglyceride concentration exceeds 1.8 mmol/L, and certainly if it is
higher than 3 mmol/L.

Protein calorie/non-protein calorie ratio

This should be kept in the range of 1:8-1:10. Values less than 1:6 are likely to result
in hyperaminoacidaemia and aminoaciduria.

Vitamins and trace elements

If some enteral feeding is tolerated, i.e. supplemental parenteral nutrition is
being given, the neonate will receive adequate trace minerals orally and can be
given a standard oral vitamin supplement (e.g. Abidec). Trace elements (zinc,
selenium, copper and manganese) should be routinely added to the aqueous
component of PNj; Vitalipid should be added to the lipid component. Iron
supplementation is not required as preterm neonates receive frequent top-up
transfusions. Copper and manganese should be withheld when biliary stasis is
present. We use Peditrace (Table 12.2); the older Pedel contained too much
manganese for preterm babies.



Table 12.2 Contents of one 10 mL vial of Peditrace

Mineral | Amount in micrograms | Amount in pmoles
Zinc 2500 38.2
Copper 200 3.15
Manganese 10 182
Selenium 20 253
lodine 570 30

Solivito and Vitlipid are used to provide water- and fat-soluble vitamins, respectively
(see Tables 12.3 and 12.4 for composition). The dose of Solivito is 0.5 mL/kg/day
to a maximum of 5 mL in 24 hours, and Vitlipid 1mL/kg/day to a maximum of 10
mL in 24 hours. A lot of vitamin D and E is lost by adherence to the plastic of the
tubing. These vitamins should be added as soon as PN is begun.

Electrolytes

These are prescribed on a daily basis according to the guidelines outlined in Chapter 10.
Sodium and potassium are added often as chlorides; this results in a hyperchloraemia
when large amounts of sodium are given to replace losses in very preterm babies.
More recent formulations provide some of the sodium as acetate, which reduces the
incidence and severity of hyperchloraemia. If a baby does become hyperchloraemic, a

metabolic acidosis ensues.

Table 12.3 Composition of 1 mL of Solivito (water-soluble vitamins)

Vitamin | Amount

Vitamin B, 3 mg
Vitamin B, 3.6 mg
Nicotinamide 40 mg
Pantothenic acid 15 mg
Vitamin B, 4 mg
Vitamin C 100 mg
Biotin 60 pg
Folic acid 0.4 mg
Vitamin B, , 5 pg

Table 12.4 Composition of 1 mL of Vitlipid

Vitamin | Amount

Vitamin A 230 units
Vitamin D, 1 pg
Vitamin E 0.64 mg
Vitamin K 20 pg

+ emulsifying agents
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Calcium and phosphate pose major problems since their solubility product is
readily exceeded and they precipitate out. Their solubility depends on the acidity
of the solution, and thus mainly on the concentration of the protein solution; the
higher the concentration of Vamin/Vaminolact/Primene, the more calcium and
phosphate that can be given. A range of 1.5-2.2 mmol /kg/24 hours of both calcium
and phosphorus should be given in IV feeding solutions, starting with the lower dose
and building up by 10% per day. If TPN is provided in glass containers the calcium
should be given as calcium chloride to avoid the potentially neurotoxic concentrations
of aluminium found as a contaminant in calcium gluconate preparations (Bishop et al.
1997); this is not, however, a problem with TPN supplied in plastic.

Hypophosphataemia often develops in very low birth weight babies receiving PN.
If the phosphate remains below 0.8 mmol/L, the only practical solution is to give
an infusion of IV phosphate using one of the formulations below (dissolved in 10%
dextrose) and to stop the PN for a few hours. Recommendations regarding infusion are
a maximum rate of potassium phosphate 0.5 mmol K/kg/h and aim to give about 0.5—
1 mmol PO, /kg in 12 hours. Formulas currently available are: potassium phosphate
17.42%, 1 mL contains 2 mmol K and 1 mmol PO,; potassium acid phosphate 13.6%,
1 mL contains 1 mmol PO, and 1 mmol K; sodium glycerophosphate, 1 mL contains
1 mmol PO, and 2 mmol Na.

M Intravenous feeding solutions

We use Vaminolact, and give fat as 20% Intralipid. The Vaminolact is added to a glucose
electrolyte solution by our pharmacy. The amount of Vaminolact and concentration
of glucose and electrolytes are decided daily on the basis of the age of the baby, his
tolerance of IV glucose, and in particular the desired caloric intake for the next 24 hours.
Intralipid is included after the first day or so of PN, bearing in mind the caveats outlined
above. Water- and fat-soluble vitamins, and trace elements, are added as discussed above.

B Route of infusion

All the fluids used in intravenous feeding can be given through a peripheral vein.
However, the fluids are very irritant and frequently thrombose the vessels. If
extravasation occurs, permanent scarring may result. Thus, this route has limited
application and should only be used for the short term, when it is not possible to
insert a central venous catheter and PN is indicated. For long-term feeding, use a
long line sited in a major central vessel. Because of the risk of introducing infection
through an intravenous feeding line, it should never be used for anything other than
the intravenous feeding solution.

B Monitoring of intravenous feeding
Daily or twice daily:

m Weight.

m Urinary glucose, blood glucose.
m Electrolytes.

m Haematocrit.

Weekly:

®m Magnesium.
m Calcium and phosphorus (daily in the first week).



Bilirubin.

Protein, albumin (daily in the first week).

Liver enzymes; transaminases, alkaline phosphatase.

Triglycerides.

Blood gases.

Haemoglobin, white count and platelets, C-reactive protein (CRDP).

B Complications of parenteral nutrition

Catheter related

Central lines are a potent cause of thrombosis in newborns, in whom venous
obstruction is otherwise rare. If extravasated subcutaneously from a peripheral line,
irritant PN solutions can cause unsightly scarring. Extravasation from central lines
into all sorts of spaces has been described.

Metabolic

Hyperglycaemia is common, although tolerance to the high glucose infusion rates
required to achieve an adequate calorie input can be achieved if the concentration is
built up slowly. Sometimes insulin has to be used. Hyperammonaemia also occurs, and
urea should be monitored and kept below 6 mmol/L. Hyperchloraemic metabolic
acidosis has already been mentioned. High phenylalanine levels have been detected
in babies receiving amino acid solutions, but so far no adverse effect on outcome has
been demonstrated.

Cholestatic jaundice

About a third of preterm babies who receive PN for more than 2 weeks develop
jaundice (see Chapter 20) and this figure rises to 80% after 2 months of PN. Biliary
sludging and calculi may develop. In most cases the jaundice resolves once enteral
feeding is established, but in some it progresses to cirrhosis and liver failure. Factors
increasing the incidence of this complication are prematurity, duration of PN, sepsis
and surgery.

Infection

This is the major complication of PN, and can lead to removal of precious central lines.
The risk of infection can be minimized by a meticulously aseptic insertion technique,
and rigorous adherence to the rule about not using the line for anything other than
PN. We use antifungal prophylaxis in preterm babies with central venous lines.

Infection may be suspected on the basis of the routine weekly blood tests, or it may
present with an insidious deterioration in the baby’s condition, often accompanied
by a low-grade pyrexia, changes in the white blood cell count, a falling platelet
count and a rise in CRP. Occasionally the baby develops a full-blown septicaemic
illness.

The usual pathogen isolated when there is a gradual deterioration is coagulase-
negative staphylococci (CONS). If use of the long line is not essential, the safest
course of action is to remove it, and to treat the baby with flucloxacillin, vancomycin
or teicoplanin. If the line is crucial, and CONS is grown, it is well worth trying
the effect of parenteral antibiotics given through the line or as ‘locks’. For more
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pathogenic bacteria, or with fungal infections arising from the line, there is probably
no alternative but to remove it, in addition to vigorous treatment of the infection.
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Acute disorders of
the respiratory fract

Key points

m Fetal lung liquid fills the airways and must be cleared rapidly from the lungs at birth
for normal gas exchange to start.

m The lung of a normal term baby has only a fifth of the final number of alveoli and
very preterm babies have no alveoli at all.

m By 15 minutes of age major changes in blood gases, lung mechanics and
pulmonary perfusion have already taken place, and by 60 minutes lung function is
close to normal.

m Rightto-left shunts are common in the neonate; the true shunt is estimated from the
pre-ductal PaQO, after breathing 100% oxygen for 15 minutes.

m Surfactant is a complex mixture of phospholipids, neutral lipids and protein.
Surfactant appears in the lung during the third trimester of pregnancy.

m The oxygen affinity of fetal and early neonatal blood (P, ) is increased, in part
owing to a reduced effect of 2,3-diphosphatidylglycerol in red cells when fetal
haemoglobin is present.

M Respiratory physiology

Lung growth and development

The term baby has 50 million alveoli, a number which increases to 250 million by
adult life. Most of this increase occurs during the first 18 months, the surface area
of the lung rising from 3 m? to 70 m?. This growth potential is important during
the treatment of babies with chronic lung disease (Chapter 14). The growth factors
involved are still under study. The canalicular stage of lung development occurs
between 17 and 27 weeks of gestation. During this phase capillaries begin to appear
and gas exchange can occur when the capillaries approximate to the air spaces. This
enables gas exchange to occur and determines extra-uterine survival. During the
canalicular stage bronchioles terminate in acinar units, not alveoli. Alveoli begin to
appear as shallow indentations at about 32 weeks’ gestation, but many alveoli form
after birth. During fetal life the lung is filled with lung liquid which has a completely
different composition to amniotic fluid and plasma. It is produced by active transport
mechanisms, the dominant one being the transfer of chloride from plasma into the
lung fluid. In human fetuses lung fluid first appears during the second trimester, and
by full term alveoli contain approximately 30 mL/kg.



The onset of respiration
The following are all important in initiating breathing;:

1. Physical stimuli. In newborn animals delivered into a bath of warm saline or onto
a warm bench beside the mother, physical stimuli such as cold or touching the
fetus can initiate respiration. If, however, the newborn is kept warm and has an
intact umbilical circulation, breathing is rarely sustained. Newborn babies are
suddenly exposed to light, gravity, sound and cold — an immense sensory input.

2. Chemoreceptors. An important factor in the initiation of breathing is stimulation
of the central chemoreceptors by the changes in blood gas concentrations
which follow cord clamping. The role of the peripheral chemoreceptors remains
controversial, since, if they are denervated, respiration still starts after the cord is
clamped.

3. Central nervous system (CNS) activity. Respiratory centre activity may also be
involved in the onset of respiration. In animals, this area becomes much less
electrically active if the sensory input to the CNS is removed.

When aerating the lungs at birth the neonate generates an opening pressure of at
least 20 cmH,O to overcome the viscosity of the fluid in the airway, the surface
tension within the fluid-filled lung, and the elastic recoil and resistance of the tissues
of the chest wall, lungs and airways. Large positive end expiratory pressures above
30 cmH,O are also generated, which help to squeeze the liquid out of the lungs.
By the time of delivery, the lungs contain about 30 mL/kg of fluid. Shortly before
the onset of labour the production of fetal lung liquid is reduced by B-adrenergic
stimulation, which may also serve to activate the epithelial sodium ion pumps.
Lung epithelial cells change from chloride-secreting to sodium-absorbing at birth,
a function which they then retain throughout life. Activation of sodium absorption
across the alveolar epithelium at birth moves alveolar liquid into the lung interstitium
from where it is removed rapidly via the lymphatics and the pulmonary capillaries. The
lungs appear lucent on X-rays within two or three breaths, and a normal functional
residual capacity (FRC) is established within 60 minutes (Fig. 13.1).
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Fig. 13.1 Changes in the mechanical properties of the lungs expressed on a logarithmic scale

during the first day of life. From Godfrey (1981)

ABojoisAyd Aiojpuidsay

115'




Pulmonary perfusion

All the factors involved in the onset of respiration — lung expansion, the fall in PaCO,
and the rise in PaO, - have an independent effect to increase pulmonary blood
flow immediately after delivery (Fig. 13.2). Thereafter, pulmonary vasodilatation is
maintained by powerful endothelium-derived vasodilators, including endothelin 1,
prostacyclin and nitric oxide, the release of which is stimulated by the expansion and
ventilation of the lung (Ziegler et al. 1995).

Mechanics of respiration in the newborn
See Table 13.1.

Rate

The normal newborn baby breathes 30-50 times per minute when asleep at all
gestations. This is the respiratory rate at which the calculated work of breathing
is minimal. When awake the normal respiratory rate is up to 60 breaths/min. The
normal newborn breathes irregularly with apnoeic pauses of up to 10 seconds.

Functional residual capacity and thoracic gas volume

Normally these two measurements of resting lung volume are similar, but, in the
newborn, the thoracic gas volume (TGV) may be 30-35 mL /kg compared with an
FRC of only 20-25 mL/kg. Whether this represents genuine air trapping or is a
methodological artefact remains uncertain.

Dead space (V,), tidal volume (V;), minute volume (V) and vital capacity (V)

These are similar in premature and full-term babies, when expressed per kilogram of
body weight.

Lung compliance (C))
This is the change in volume in millilitres, for unit change in pressure in cmH,O.
Compliance measured in the spontaneously breathing baby is the dynamic compliance
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and is inversely proportional to the respiratory rate. Static compliance is measured
(in adults) by the subject voluntarily holding his breath at different points during
inspiration and expiration, an experiment which it is difficult to reproduce in babies.
To compare compliance at different lung volumes, specific compliance is used, which
is the compliance divided by the FRC. During the first few days of life, compliance
increases up to the normal value of 5 mL/cmH,O (Fig. 13.1).

Airways resistance (R,

Pulmonary resistance (R, ) is calculated by measuring inspiratory and expiratory flow
(in L/s) using a pneumotachograph and dividing this into the pressure difference
between the mouth and the oesophagus (equivalent to the intrapleural pressure). To
measure airways resistance (R, ) the alveolar pressure has to be estimated and this can
be done only with a plethysmograph. Alveolar pressure can then be substituted for
oesophageal pressure in the calculations. If the flow measurements are made using a

Table 13.1 Lung function in the newborn

Measurement Full term Preterm (if different | Adult
from term)

Thoracic gas volume (TGV) 30-35 35-45 30

[ml/kg)

Functional residual capacity [FRC] | 27-30 20-25 30

(mL/kg)

Total lung capacity (mL/kg) 55-70 80-85

Vital capacity (V) (ml/kg) 35-40 60

Tidal volume (V) (mL/kg] 4-7 7

Alveolar volume (V,] (mL/kg) 3.8-5.8 4.8

Dead space (V) (mL/kg) 2.0-2.5 2.2

VIV, 0.3 0.3

Alveolar ventilation (V,] (mlL/kg/min] | 100~150 60

Minute ventilation (V) (mL/kg/min] | 200-260 Q0

Lung compliance (C) (mL/cmH,O) | 5-6 0.5-3.0 200

Specific compliance (C /FRC) 0.04-0.06 0.012-0.05 0.04-0.07

[mL/cmH,O/ml)

Tofal pulmonary resistance (R) 40-45 1.7-2.6

[emH,O/L/s)

Airway resistance (nose breathing) | 25-30 60-80 3.5

Ryl [emH,O/L/s)

Airway resistance [mouth 15 25-30 1.3

breathing] (R,,) [cmH,O/L/s)

Specific conductance 0.31 0.35-0.5 0.1

[nose breathing) (SG,,,| (cmH,O/

L/s/ml FRC)

Work of breathing (g.cm/min| 1500 500 16,000-50,000

Diffusion capacity for CO (DL.,] |0.8-3.0 0.3 15-25

{mL/CO/min/mmHg])
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face mask rather than a mouthpiece or endotracheal tube (ETT), the nasal resistance
will be included in the measurement. Half of the airways resistance in the neonate is
in the nose.

The reciprocal of the resistance is conductance, which can be expressed as specific
conductance (SG,, ), i.e. conductance per millilitre of FRC. Normal values are given
in Table 13.1, and the rapid postnatal fall is shown in Fig. 13.1. The abnormal stiffness
of the lung in respiratory distress syndrome (RDS) results in a change of the pressure—
volume curve. Normally air is retained until low volumes are reached (hysteresis). In
RDS, large pressure changes are needed to achieve a small increase in volume and
during deflation the lung volume follows a similar track to the inflationary curve
(Fig. 13.3).

Work of breathing

This can be derived from the formula W = 0.6PV, where P is the pressure swing
during respiration in cmH,O and V is minute volume in mL. A wide range of normal
values has been obtained in the newborn, averaging around 1500 g.cm/min. This
represents about 1% of the total metabolism of the full-term baby.

Pulmonary gas exchange

Ideally the ratio of alveolar ventilation (V,) in mL/min to pulmonary capillary blood
flow (Q,,) in mL/min — the ventilation—perfusion ratio — is 1. In the normal adult
lung the value is 0.8-0.9, and in the normal newborn the value is lower, particularly
during the first few hours of life.

A right-to-left shunt occurs when blood returns to the left side of the heart without
being oxygenated. There are four shunt sites in the newborn:

1. Cardiac veins draining into the left side of the heart and anastomoses between the
bronchial and pulmonary circulations.
2. The foramen ovale and ductus arteriosus during postnatal circulatory adaptation.
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Fig. 13.3 Pressure-volume loops in excised lung of neonates dying with and without respiratory
distress syndrome (RDS). In RDS the deflation curve follows the inflation curve and little air is
retained at zero pressure. In normal lungs much more air is retained on the deflation limb of the
loop (the phenomenon of hysteresis). Reproduced with permission from Gribetz et al. (1959)



3. Intrapulmonary shunting owing to pulmonary arterial blood going through the
lung without passing a ventilated alveolus — this is a true intrapulmonary shunt
withaV,/Q, of 0.

4. Intrapulmonary shunting owing to partially ventilated alveoli having a lower
PaO, than elsewhere in the lungs. These cause V, /Q,. ratios less than normal,
but greater than 0. This component of the shunt can be eliminated by breathing
pure oxygen for 15-20 minutes, which eventually washes all the nitrogen out of
even poorly ventilated alveoli and equalizes the PaO, throughout the lung. This
procedure is known as the hyperoxia test. If the PO, does not exceed 20 kPa
(150 mmHg) in 100% oxygen there is a right-to-left shunt due to congenital
heart disease (CHD) (Chapter 22), very severe respiratory disease, or persistent
pulmonary hypertension of the newborn (PPHN) (p. 162).

These four shunts constitute the total venous admixture, but if the fourth site is
climinated by inhaling pure oxygen, what is left is the true right-to-left shunt.
A measurement of the size of the shunt is the A-aDO, (alveolar-arterial oxygen
difference in mmHg). This is normally less than 2 kPa (<15 mmHg). When breathing
pure oxygen, the A-aDO, indicates the true right-to-left shunt.

Regulation of respiration

The central neural control of respiration is modulated by the chemoreceptors and
mechanoreceptors.

Central control

The ‘respiratory centre’ sited in the dorsal and ventral respiratory group of neurones
within the medulla generates the central respiratory rhythm. Afferents from many
parts of the brain, in addition to those from chemoreceptors and mechanoreceptors,
act on these neurones. Excitatory neurotransmitters in this region include glutamate,
serotonin, substance P and catecholamines; inhibitory agents include GABA, glycine,
endorphins, adenosine and the E prostaglandins.

Chemoreceptor function

Central chemoreceptors on the ventral surface of the medulla and the peripheral
chemoreceptors in the carotid and aortic bodies modulate respiratory control in the
neonate. The latter are relatively unimportant in the early neonatal period, as they are
in the onset of respiration at birth.

Oxygen chemosensitivity

When a baby is in a cool environment his responses to hypoxaemia are different from
those obtained when he is in the neutral thermal environment (Fig. 13.4) and are
different from those of older babies and adults. In a thermoneutral environment,
hypoxia (10-12% oxygen) causes hyperventilation for 1-2 minutes. The baby then
hypoventilates, and premature babies in particular develop periodic breathing or
even apnoea. In a cool environment, respiratory depression is the only response
to hypoxaemia (Fig 13.4). The reason for this unusual response to hypoxia is not
understood, but by 5-7 days of age hypoxia causes a sustained increase in minute and
tidal volumes. Breathing 100% oxygen for 30-60 seconds decreases ventilation by
10-15% in all neonates; in premature babies this may cause apnoea.

Carbon dioxide chemosensitivity

Both premature and full-term babies have a lower PaCO, than adults. The reason for
this is uncertain.
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At term the central chemoreceptors are functional at the low PaCO,, and the CO,
response curve is left-shifted compared with the adult’s. Premature babies, however,
when they are having apnoeic attacks, have a flattened CO, response curve, and the
response curve may be right-shifted (i.e. they are less sensitive to increases in PaCO,).
Well-oxygenated premature babies have a steeper CO, response curve. Raising the
FICO, in preterm and term babies stimulates respiration.

Mechanoreceptors

Vagal afferents from the lung, as well as mechanoreceptors in the muscles of
respiration, are stimulated by the distortion of respiratory movement, and the more
the distortion, the more they act to inhibit the drive to inspiration. During rapid
eye movement sleep, when resting muscle tone is minimal, the distortion of the rib
cage caused by diaphragmatic activity results in major activation of this feedback
loop, with a shortening of the inspiratory time, irregular breathing and even apnoea.
This is probably a manifestation of the Hering—Breuer inflation reflex (cessation of
the inspiratory drive with lung inflation). The reflex is also active in term babies.
Head’s paradoxical reflex or the inspiratory augmenting reflex in which lung inflation
provokes a further major inspiratory effort is also present in the neonate. It may be
important at birth in helping to expand the lung and establish an FRC.

Surfactant

The lungs of all animals are lined with a layer of lipoprotein which keeps the pressure
constant within the alveoli irrespective of their diameter. Lipoproteins which lower
surface tension in vitro to less than 10-15 dyn/cm are known as surfactants. Surfactant
is synthesized in the type II or granular pneumonocytes of the alveolar epithelium and
is stored in the lamellar bodies of these cells. It is released by fusion of the lamellar body
membrane with the cell wall. Surfactant is 90% lipid and 10% protein (Table 13.2).
There are four main surfactant proteins: SP-A, SP-B, SP-C and SP-D. SP-A is the
largest and most abundant and is involved in the regulation of surfactant metabolism.



Table 13.2 Surfactant data: percentage composition of lipids

Babies with respiratory distress | Mature babies

syndrome

Phosphatidylcholine 61.7 80.9
Sphingomyelin 11.0 2.0
Phosphatidylglycerol 0.9 3.7
Phosphatidylethanolamine 1.7 4.5
Phosphatidylinositol 4.9 -
Phosphatidylserine 53 -
Lysophosphatidylcholine 2.0 -
Neutral lipid Approx. 10% Approx. 10%

SP-B and SP-C play an important role in the surface tension-lowering activities of the
surfactant complex. SP-D interacts with SP-A and has anti-infection properties.

About 85% of'the lipid is phospholipid, the remainder being neutral lipid, cholesterol
and sphingomyelin. The major phospholipids of surfactant are phosphatidylcholine
(lecithin), phosphatidylglycerol and phosphatidylinositol. The phosphatidylcholine
from alveolar surfactant is primarily dipalmitoylphosphatidylcholine (dipalmitoyl
lecithin (DPL)), which constitutes 50-60% of all surfactant phospholipid. DPL alone
does not reduce surface tension, and phosphatidylinositol or phosphatidylglycerol
must be present. These appear one after the other in the neonatal lung, and until at
least one of them has appeared the lungs remain unstable.

Surfactant and type II pneumocytes appear in the human lung at about 20 weeks’
gestation. The amount present increases slowly until, following a surge at about 30-34
weeks, the lungs are mature, and the baby should not develop RDS when delivered.
Many agents increase the amount of surfactant in neonates’ lungs. These include
drugs which have been used therapeutically, such as steroids (pp. 129-130), agents of
theoretical interest but which have raised little practical interest such as aminophylline,
oestrogens, B-mimetics and bromhexine, and addictive drugs including heroin and
cocaine. Babies born to mothers abusing these two agents have a lower incidence of
RDS than gestation-matched controls.

At birth, surfactant is released from the pneumocytes. The most important factor
in this seems to be distension and ventilation of the lungs, though adrenergic agents
and prostaglandins may well play a part. Postnatally, surfactant synthesis is sensitive to
cold, hypoxaemia and acidaemia. Postnatal exposure to temperatures less than 35°C,
and pH less than 7.25, causes a rapid fall in the amount of surfactant in pharyngeal
aspirates. Surfactant, once released, has a half-life of about 10 hours. Some is washed
up the bronchial tree with normal fluid movement, some is ingested by alveolar
macrophages which contain phospholipases, and some is broken down by tissue
phospholipases. However, the majority, probably 90%, is taken up by the type II
pneumocytes and recycled into the alveolus as fresh surfactant. The rate of breakdown
is increased when breathing pure oxygen, and by overventilation.

Blood gases

Table 13.3 gives average blood gas values for normal full-term and premature babies
during the first month of life and includes values obtained from babies less than 1 hour
old in whom particular care was taken to avoid asphyxia and early neonatal hypothermia.
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Measurement of SpO, in term babies shows that this is usually >95% by 10 minutes
of age with a range from 87% to 99% (Dawson ¢t a/. 2010).

Oxygen transport

The position of the oxyhaemoglobin dissociation curve is controlled by pH,
temperature, the intracellular concentration of 2,3-diphosphatidylglycerol (2,3-DPG),
and the interaction between these three factors and the haemoglobin present in the
red cells. A decrease in pH and a rise in temperature and 2,3-DPG move the curve to
the right, decreasing the affinity for oxygen (more oxygen given up at the same Pa0,).
A rise in pH or a fall in body temperature and 2,3-DPG have the reverse effect.

The blood of the neonate has a left-shifted oxyhaemoglobin dissociation curve,
owing to the fact that within the cell fetal haemoglobin reacts poorly with 2,3-DPG.
The position of the oxyhaemoglobin dissociation curve, and thus the oxygen affinity
of whole blood, is expressed as the P, . This is the partial pressure of oxygen at which
the haemoglobin molecule is 50% saturated. For adult blood the P, is 27 mmHg,
and for fetal blood it is 19.5 mmHg. The fact that the newborn baby’s blood has a
high affinity for haemoglobin (low P, ) makes it more difficult to assess hypoxaemia
clinically, since cyanosis occurs at a lower PaO, than in the adult. Furthermore, since
high-affinity fetal blood is reluctant to release oxygen to the tissues, in pulmonary
diseases with hypoxaemia, tissue oxygenation may be more effective if the circulating
blood is of adult (i.e. transfusion) origin.

M Differential diagnosis of neonatal
respiratory disease

Respiratory illness starting within 4 hours

Almost all the lung diseases which affect the neonate can develop within the first
4 hours of life; indeed, the development of symptoms before 4 hours of age is an
essential diagnostic prerequisite for surfactant-deficient RDS. Differentiating this
condition from all the other causes of early neonatal dyspnoea is usually easily done
on the basis of a history, simple clinical examination, chest X-ray (CXR) and the fact
that most of the other problems usually occur in mature babies (Table 13.4).

The most difficult diagnostic problem at all gestations is differentiating RDS from
congenital or intrapartum pneumonia. Furthermore, since these types of pneumonia
and surfactant-deficient RDS can co-exist, it is impossible to exclude pulmonary
infection as a component of the respiratory distress in any given baby — hence the
need to put all breathless neonates on antibiotics. However, the following features
greatly increase the likelihood that infection is responsible for some, if not all, the
baby’s respiratory illness:

m prolonged rupture of the membranes;

= maternal fever;

m positive culture on high vaginal swabs before delivery;
m purulent vaginal discharge;

m offensive liquor.

Clinical signs in the baby suggesting pneumonia rather than RDS are pyrexia or
persisting hypothermia, unusual hypotonia, jaundice before 12 hours of age, profound
hypoxaemia without hypercapnia, early onset of apnoeic attacks, and persisting
hypotension.
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A low white blood cell (WBC) count (total <6 x 10°/1) with neutrophils
below 2 x 10°/L is very suggestive of infection within the first 24 hours. Other
laboratory tests are rarely helpful. C-reactive protein (CRP) takes several hours to
rise and gram stain of various secretions or gastric aspirate is a poor discriminator.
Group B beta-haemolytic Streptococcus (GBS) antigen detection tests have a high
false-positive rate.

Differentiating RDS from cyanotic CHD in the first few hours of life is less difficult
now that echocardiography is readily available. The types of CHD presenting so early
in life usually produce abnormal physical findings, an abnormal electrocardiogram,
and a very large heart and either very oligaemic or hyperaemic lung ficlds on CXR.
Differentiating PPHN from RDS is rarely a problem and may be purely semantic
since pulmonary hypertension is common in babies with severe RDS. Differentiating
isolated PPHN (p. 162) from cyanotic CHD or ascertaining whether a baby who
undoubtedly has surfactant-deficient RDS also has co-existing CHD (cyanotic or
otherwise) requires echocardiography.

Respiratory illness starting de novo after 4 hours
In essence there are only five possibilities:

pneumonia — bacterial and viral;

CHD with pulmonary oedema;

congenital malformation;

the dyspnoea of acidaemia due to underlying metabolic disease;

rare, late-onset lung disease of the very low birth weight (VLBW) baby
(e.g. Wilson—-Mikity, pp. 178-179; chronic pulmonary insufficiency of
prematurity).

920 NIV S

Differentiating these conditions rarely poses any problems, since typical clinical,
radiological or electrocardiogram (ECG) changes are virtually always present.

M Respiratory distress syndrome; hyaline

membrane disease
Key points

m Respiratory distress syndrome (RDS) is due to surfactant deficiency as a result of
prematurity and/or asphyxial lung damage.

m All women with threatened preterm delivery between 23 and 34 weeks of gestation
should be considered for antenatal steroids, which reduce the risk of RDS.

m The treatment of RDS involves respiratory, surfactant and intensive care support.

m Preterm babies of less than 28 weeks’ gestation should receive surfactant as soon
as possible after birth (prophylaxis). Other babies should be given surfactant if they
require ventilation and the diagnosis of RDS is confirmed (rescue treatment).

m The choice of surfactant preparation is largely a matter of individual preference. The
rapid mode of action of natural surfactants means that good monitoring is essential,
particularly to avoid hypocarbia.

m All babies at risk of RDS should be closely monitored for evidence of respiratory failure.

m Artificial ventilation should be instituted early if the blood gases deteriorate or the
baby has persistent apnoeic attacks, and continued from birth in babies intubated
for resuscitation.
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® Randomized frials comparing different levels of blood gas control in RDS have
not been done. There is general consensus that ventilation should be adjusted to
maintain the following:
¢ pH above 7.25;
® PaQ, in the range 6-10 kPa (45-75 mmHg);

* PaCQ, in the range 5-7.5 kPa (37.5-56.0 mmHg). Upper limit depends on pH.

m Successful treatment of RDS requires careful monitoring of blood gases, electrolyte
levels and blood glucose concentrations in addition to monitoring of body weight,
heart rate, respiration and blood pressure. Total parenteral nutrition is required in
very preterm babies.

m Failure to respond to surfactant is rare, and advice from an experienced
neonatologist should be sought if a baby remains in >60% oxygen and requires
high peak ventilator pressures (>26 cmH,O) after two doses of surfactant.

m Steroid therapy has been shown to reduce the duration of mechanical ventilation, but
in view of possible adverse effects this treatment should be considered only for babies
who remain ventilator dependent in significant amounts of oxygen after 2 weeks of age.

Aetiology
Four factors are important in the actiology of surfactant-deficient RDS:

1 prematurity;

2 perinatal asphyxia;
3 maternal diabetes;
4 caesarean section.

Prematurity

Since surfactant does not appear in the lungs until the second trimester, and not in
large amounts until the third trimester, gestational age is the major determinant of
RDS (Fig. 13.5). However, not all premature babies will develop the disease and it
can occur at term.

Perinatal asphyxia

Asphyxia predisposes to RDS in various ways. Hypoxaemia and acidaemia reduce
surfactant synthesis, and the asphyxiated preterm baby may have such feeble
respiratory efforts that he cannot release what surfactant he does possess from the
pneumonocytes. Much more important, however, is the fact that asphyxia damages the
pulmonary vasculature, allowing protein-rich fluid to leak out onto the alveolar surface
where it inhibits surfactant activity. In term babies with surplus surfactant this is of no
consequence, but in preterm babies with small surfactant reserves it results in lungs
that are rapidly rendered surfactant deficient and thus non-compliant and atelectatic.

The association between asphyxia and RDS has major clinical implications. With
premature babies every effort must be made to avoid asphyxia during labour, using
cardiotocogram (CTG) and pH measurements, and delivering by caesarean section if
there is evidence of fetal compromise. The prognosis for such babies is also improved
if they are promptly and vigorously resuscitated after birth by intermittent positive
pressure ventilation (IPPV) to establish FRC, release surfactant and control the baby’s
oxygenation and acid-base status, enabling the normal postnatal fall in pulmonary
artery pressure to occur.



100

A o [ee]
o o o
1 1 1

Incidence of RDS (%)

N
o
1

25 26 27 28 29 30 31 32 33 34 35 36 =38

Gestational age (weeks)

Fig. 13.5 Incidence of respiratory distress syndrome (RDS) at different gestations. From Stevens
and Sinkin (2007). Reproduced with permission from the American College of Chest Physicians

Maternal diabetes

Maternal diabetes is associated with an increased incidence of RDS. In part, this is
due to elective, prelabour delivery by caesarean section, but it is also due to delay in
surfactant maturation, in particular the appearance of phosphatidylglycerol. In recent
years, with first-class antenatal control of maternal diabetes allowing delivery to be
delayed until 38—40 wecks’ gestation, RDS is less often seen in this situation.

Caesarean section

Caesarean section carried out before labour in women beyond 32 weeks’ gestation
is associated with an increased incidence of both RDS and transient tachypnoea of
the newborn (TTN) in the babies, presumably because they have been denied the
B-adrenergic-mediated surfactant release and reduction in fetal lung liquid which
occurs in the 24—48 hours before spontancous labour. However, in babies of less than
32 weeks’ gestation caesarean section has minimal effect on the incidence of RDS,
and anxieties on this score should not influence the decision whether or not a very
preterm baby should be delivered vaginally or by caesarean section.

Prevention of respiratory distress syndrome

Avoiding the four problems listed above will help to reduce the incidence of RDS,
and of these the most important are the prevention of prematurity and asphyxia.
However, there are other ways in which the incidence and the severity of neonatal
RDS may be reduced: the administration of steroids antenatally to the mother, and
the prophylactic administration of surfactant to the baby at resuscitation, and, ideally,
both.

Antenatal steroids

It is now recognized that giving these drugs antenatally has many beneficial effects
(Table 13.5) in addition to influencing surfactant synthesis.
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Table 13.5 Benefits of antenatal steroids

Improved Apgar scores

Maturation of lung sfructure

Inifiation of surfactant apoprotein synthesis

Improved nifric oxide-mediated pulmonary venous relaxation

Reduced pulmonary capillary leakiness

Inferaction with posinatal exogenous surfactant therapy

Increased resistance to high oxygen exposure

Higher blood pressure in the neonatal period

Higher neonatal white cell counts

Less patent ductus arteriosus

Less germinal mafrix-intraventricular haemorrhage

Less necrofizing enferocolitis

Less disability in the survivors

An overview of the results of 18 trials enrolling more than 3700 babies provides
clear evidence that corticosteroids reduced the risk of RDS, with a typical odds ratio
for RDS of 0.35 (95% confidence interval (CI) 0.26-0.45) and for death from RDS
of 0.6 (95% CI 0.48-0.76) (Crowley 1997). The greatest benefit against RDS is seen
when the time interval between the start of treatment and delivery is more than 48
hours and less than 7 days. The Royal College of Obstetricians and Gynaecologists
in the UK recommended that two doses of betamethasone should be given 24 hours
apart or four doses of dexamethasone 12 hours apart. Betamethasone is preferred as it
has been associated with lower rates of periventricular leukomalacia (PVL). The value
of repeated courses is doubtful. Antenatal betamethasone should be considered for all
women who threaten to deliver at less than 34 weeks.

Prophylactic surfactant
See pp. 137-138.

Clinical signs of respiratory distress syndrome
RDS presents within 4 hours of birth with:

m sternal retraction, intercostal and subcostal recession;
B an expiratory grunt;
m tachypnoea above 60 breaths/min.

Babies with these signs are said to have respiratory distress. There are many other
causes of respiratory distress presenting by 4 hours of age (Table 13.4), but these can
usually be excluded comparatively easily on the basis of history, clinical signs and CXR
(Figs 13.6 and 13.7). The baby can then be diagnosed as having ‘respiratory distress
syndrome’, with the implication that the lungs are surfactant-depleted. If the lungs
were examined histologically they would show hyaline membrane disease (HMD).
If one is being semantic, the term HMD should be used only if there is histological
proof of the diagnosis.

Since respiratory distress may be transient, the definition of RDS usually includes
some statement about the duration of symptoms. However, common to all definitions



of the disease is that the signs should be present before 4 hours of age, should still be
there az 4 hours of age, and should persist for some period beyond 4 hours of age.
Without supplementary inspired oxygen, the baby is cyanosed (cyanosis is not a
sign of