EDITORIAL

Jeanne Lacey

According to the many letters and phone calls received reaction to the
new format of the Journal has been favourable.
There were of course teething problems producing the new edition and
our catalogue of spelling mistakes seems to have rivalled the reputation
of the Guardian!
As members know, the Conference edition of the Journal traditionally
contains reports of the lectures given, taken from notes and verbatim
typescripts. This is acknowledged. Dr. Ben Shaw wishes us to state that
the article on Bronchopulmonary Dysplasia was written by a third party
and Mrs. Nichola Thompson feels she has been misrepresented. We
apologise to both contributors.

Jeanne Lacey worked at
Charing Cross Hospital and
the National Hospital for
Nervous Diseases.
She worked in America,
Manchester and Salford,
where she gained her first
experience in paediatrics.
Jeanne worked for J 5 years as
a Sen. T Community
Physiotherapist based at the
Royal Alexandra Childrens
Hospital, Brighton.

The February Journal will be an ·'Overseas.. issue and the Board would
be very pleased to receive material from members who have worked or
who are working abroad.
The Board is also planning an issue on children's sports injuries. Papers
and articles on this subject are also welcome.
At Conference some young delegates were laughing and commenting
that the National Committee contained too many ..old fogeys''. Somewhat
devastated by this desc1iption. I remembered a resolution that I had made
as a 19 year old student. I would never wear a twin set. tweed skirt neither
too long nor too short, brown stockings and flat shoes. Obviously this is
no longer the uniform of the "old fogey.. ! But, on reflection I have realised
that there is in fact an important issue to be addressed here.
ll is impo11ant to realise that National Committee membership is not a
closed shop and is available to all members.
Members with new ideas, skills and enthusiasm are essential and needed
to keep our Organisation vital and relevant.
The Constitution of the APCP being revised at the moment, does not
allow Comminee members to hold an executive office for more than
four years. The National Committee conta.ins representatives from all
regions; the Regional Reps. An obvious route to membership is through
active involvement at the local level. Your Regional Rep is certainly the
person who can ensure that National Committee is aware and hopefully
responsive to your concerns.
fnitially, committee meetings can be daunting. Silent onlookers at our
first committee meeting, the present Chairman of APCP and myself did
wonder if everyone was speaking in code. it was certainly a language we
did not understand. Fortunately familiarity does bring new insights.
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LETTERS TO THE EDITOR
43 Withdean Road
Brighton
East Sussex BN I 58P

Dear Mrs. Thompson.

Thank you for your letter complaining about the article which appeared
in U1e August edition of the A.P.C.P. Journal.

As you know on page J or ilie Journal it states "The Conference articles
are prepared from notes and edited transcripts of papers given at
Conference. The Editor wishes to thank those members of the Editorial
Board and Organising Committee who have provided them.''
It is most regrellable and I am distressed to learn that our normal
procedures for obtaining authors· permission to tape and make notes of
lectures for publication were apparently not followed. Nor were you
apparently asked lo provide a copy of your paper, which is our preferred
procedure.

As a result you are justifiably angered when errors occur in ilie printed
material.
I offer you a wholehearted apology.

There are two main factors to be addressed.

Firstly and most impo11antly, the distress. both personal and professional,
that has been caused to you.

You will obviously receive an apology in ilie next edition of the Journal.
We will print any corrections of fact that you think are necessary.
You may feel it would be preferable to print a copy of your lecture. We
would be happy to do iliis if you are willing to provide the material. I
would write a covering explanation and apology.

The second issue as you rightly point out is the renection on the A.P.C.P.
Journal and the quality of the material published. There will be an
examination of our procedures.
I look forward to hearing from you.

Yours sincerely
Jeanne Lacey
Editor A.P.C.P. Journal
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DEVELOPMENT OF THE NERVOUS SYSTEM
Kate Woolman

B.A. M.Ed. M.C.S.P. Dip.T.P.
Tutor Birmingham School of
Physiotherapy

This article is taken from a
series of lectures delivered to
the West Midlands branch of
the A.P.C.P. in 1992. The
lectures were designed to give
an update of Neuro-Anatomy
and Neuro-Physiology in a
simple and acceptable fom1at
that would encourage further
and wider reading.

DEVELOPMENT OF THE NERVOUS SYSTEM;
DIFFERENTIATION & SPECIFICATION OF CELL
TYPE.
It is always reassuring in these days of change and rapid scientific
discovery to learn thal not all knowledge taken in as students is out of
date or discredited. So it is with the nervous system. Whilst progress in
our understanding of the way in which the nervous system works is
exciting and complex it is important not to lose sight of what we already
do know. From these beginnings we can start 10 make sense of what
might at lirst seem comprehensible only to the biochemists amongst us.

The Nervous System continues to be understood, as a gross structure, in
terms of Central. Peripheral and Autonomic subsections. Each is a unit
consisting of excitable neurons. non-excitable neuroglia, connective tissue
scaffolding and a fluid environment. In the mature nervous system
J 0,000,000,000 neurons integrate, each making perhaps I 0,000 contacts.
Thus I 00,000,000,000,000 possible points of contact may be made in
all. That these intricate patterns of communication between so many
separate nerve cells can result in sophisticated human sensation,
perception and movement is fundamental to daily life.
The gross development of the nervous system is well documented. At
three weeks gestation (l 8days) a thickening of the Ectoderm (under the
influence of certain factors produced by the Mesoderm) occurs. producing
the neural plate. Simultaneously the first heart beat of the embryo can be
detected. and as is commensurate with aJI increases in cardio-vascular
efficiency. development is hastened. The neural plate is seen to thicken
and produce neural folds either side or a neural groove. At 25 days the
folds increase in height, joining to become a neural tube. which will
separate from the ectoderm (later to become skin) and sink into deeper
tissues to persist as the ventricular system and central canal of the spinal
cord. The cells of the neural tube divide into four layered zones. The
ventricular, or the deepest zone. forms the mitotic (dividing) zone from
which cellsp - neurons and macroglia - germinate and spread upwards.
More peripheral zones are formed by the bands of cells moving away
from the deepest zone of division and these group together by structural
and functional identity. Deepest cells are identifiably those to become
the internal cerebral whilst marginal zones generally consist of the
burgeoning while matter of the system. (See figures 1-7).
The Upper Pole of the neural plate enlarges to be known as the anterior
placode and wi 11 develop through stages of prosencephalon.
mcnscephalon and rhombencephalon to become structures of the brain
and organs of special sense.
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DEVELOPMENT OF THE NERVOUS SYSTEM
cells - sometimes at a significant distance from the original cell - but also
at appropriate places upon the target cell i.e. at the dendrite or cell body
rather than the axon. The pre-synaptic bouton being Lhe final terminal of
an axonal extension. consideration of the navigation of axonal growth is
necessary. The key structure at the a:xonal tip - the growth cone - is again
importantly influenced by its environment and the distribution of adhesive
proteins. Structural proteins of Lhe cell membrane react with extracellular
guide proteins (Laminin) which fom1 an attractive pathway to guide
neuritic growth. By virtue of the combination of membranes and
extracelluJar proteins, tension is exerted through intracellular proteins
(Actin and Myosin) which in turn creates a stimulus for the laying down
of an internal cytoskeleton and elongation or the axon. The extension of
microtubules of the cytoskeleton facilitates the transportation of organelles
and vesicles essential to the life of the ceJJ and neurites, thus creating
maturation and development of membranes.

The surprising accuracy of target cell innervation is again explained by
the action of guiding cells and molecules. Cells that await synaptic
fom1ation have been found to produce a nerve growth factor that exens
a stimulus upon approaching axons. Growth is facilitated and guided as
before. More than one synapse may of course be made upon any one cell
- the degree of synaptic concentration being proportional to the similarity
of electrical frequency of innervating cells. Synchronous, or like, synapses
appear to strengthen and multiply with the weakening and loss of rival
but non-like fibres. Definition of innervation is therefore achieved with
areas of high activity showing high levels of patterned synaptic
distribution.

The vast structural and functional development that occurs from
conception is thus guided by these factors outlined. At birth the nervous
system is intact, with no further increase in the numbers of excitable
functional cells possible. The palterning and linking or these cells is
however basic and it is the co-ordination, definition and insulation of
specific activity within the system that proceeds to allow sophistication
or mental and physical abilities.

It is evident from these simplistic descriptions that use and activity at
cellular level mirrors that at system and organism level. The embryonic
environment is not constant but dynamic, within normal values, and is
altered by time and by embryonic activity. ll is wrong to assume that
neuronal development is presenL and patterned due to genetic blue-prints.
Whilst there is little variety in the geography of individual nervous
systems. the intricate mapping of each is brought about by local
exu·acellular environmental factors exerting intracellular stresses. That
these environmental factors are altered over time, and by functional
change. allows us to begin to understand the individuality and adaptability
of the nervous system.
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BRAIN INJURY IN THE PRE-TERM INFANT

BLOOD SUPPLY AND
REGULATION OF
CEREBRAL BLOOD
FLOW

The ventricular system is lined by a layer of cells called ependymal cells.
In foetal life from IO 10 20 weeks gestation there is a very active area of
proliferating cells lying just under the ependymal layer of the lateraJ
ventricles anterior to the thalamus. This area is called the ge1minal matrix
and produces precursors of neuronal cells, which migrate out laterally
towards the developing cortex of the cerebrum. After about 20 weeks
these germinal matrix cells produce glial cells which contribute to the
architecture of the developing brain. As the germinal matrix is an area of
intense cell turnover it is served by a very rich network of very thin
walled capillaries. The germinal matrix is most active in the middle
trimester of pregnancy and tends to involute and disappear towards l11e
middle of the third ltimester and disappear completely towards term.
This area is important not only for its role in brain cell production but
also because it is the site of bleeding in up to 90 per cent of cases of
intraventricular haemorrhage.

The brain is obviously the most important organ in the body and it is
important to maintain a steady flow of blood to provide oxygen and
nutrients to brain cells. rn the nomrnl adult and term baby cerebraJ blood
flow is independent of blood pressure. It is only at the extremes of high
or very low blood pressure that cerebral blood flow rises or falls
respectively. This maimenance of a steady cerebral blood flow in the
face of a changing systemic blood pressure is called autoregulation. A
similar phenomenon is seen in the blood supply to the kidneys and the
heart muscle.

In very immature brains and in pa1ticular brains where the blood supply
has been already compromised this autoregulation effect disappears. There
is no longer a "plateau" of cerebral blood flow over a wide range of
blood pressure and the cerebral blood tlow fluctuates in proportion to
changes in blood pressure. This phenomenon is called "pressure passivity
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Schematic Drawing of Brain showing position of lateral ventricle.
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BRAIN INJURY IN THE PRE-TERM INFANT

lNTRAVENTRICULAR
HAEMORRHAGE

Gradel

of cerebral blood now" and is important in the genesis or the commonly
seen types of brain injury in the pre-term baby. Very high blood Oow
may thus be associated with rupture of blood vessels and bleeding into
the brain. whereas very low blood now may be associated with insu fficienl
blood supply (ischaemia) which may cause damage or death of brain
cells.

Tmraventricular haemorrhage is most common in the pre-term baby and
is more frequent with decreasing gestational age. Jt i� seen in
approximately25 to 40 per cent of very low birth weight (less than 1500
grams) babies. The site of origin of intraventricular haemorrhage is within
the germinal matrix itself and this occurs in up to 80 to 90 per cent of
intraventricular bleeds. About JO per cem of haemorrhages are thought
lo occur within the choroid plexuses. Intra ventricular haemorrhage can
be visuaJi�ed easily with ultrasound scanning which uses the open anterior
font.anelle as an "acoustic window". Using this technique ll can be seen
that up to 90 per cent of intraventricular haemorrhages occur within the
first 3 days of life and up to 50 per cent within the first 24 hours. SO per
cent of these occur on both sides. Although most haemorrhage occurs
early in life. an extension of the haemorrhage can occur within the first
week. The effect of bleeding on both the brain and on the baby depend
upon the extent and severity of the process. Using CT scans,
intraventricular haemorrhage has been graded according to severity. as
follows:-

This is a bleed occurring within the germinal matrix itself hut remaining
confined to the sub-ependymal layer or the brain and not rupturing into
the lateral ventricles.
Fig.2

Intra ventricular Haemorrhages (Grades I-Ill)
Gemunal Matrix
Haemorrhage (Grade I J

Thalamus

Head of
Caudate Nucleus
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BRAIN INJURY IN THE PRE-TERM INFANT
Grade IJ Haemorrhage

----

Grade Ill Haemorrhage

Grade 2

Grade 3

Dilated
Lateral Ventnclc

This occurs when !he germinal matrix haemon-hage ruptures into the
ventricle though less than 50 per cent of the lateral ventricle is filled with
blood.

This is defined as rupture of blood into the ventricle, filling more than 50
per cent of its volume.

An acute intraventricular haemorrhage is a very common occurrence in
very small babies and up to 50 per cent of babies less than I 000 grams
may have a germinal matrix haemorrhage.

EFFECTS OF
INTRAVENTRICULAR
HAEMORRHAGE

Clinically many of these haemorrhages are silent and it is only with routine
ultrasound scanning that they are detected. Very large intraventricular
haemorrhage may cause profound collapse, pallor and loss of
consciousness with or without seizures. Alternatively. the baby may have
a nuctuating course of altering level of consciousness and muscle tone.
Only in major bleeds does the anterior fontanelle become tense or the
baby drop its haemoglobin concentration.
Small degrees of intraventricular haemorrhage have virtually no effect
on the baby and with the passage of time the clot struts to liquify in its
centre and eventually disappears. More extensive haemorrhages may
block the now of cerebral spinal fluid within the ventricles. Smaller blood
clots and fibranous material may obstruct the sites of CSF reabsorption
in the arachnoid granulations. The aqueduct of Sylvius may similarly be
17
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BRAIN INJURY IN THE PRE-TERM INFANT
ventricles in the peri-vemricular white matter The extent of this damage
depends upon the extent and degree of the reduction in cerebral blood
flow.
Unfortunately ischaemic damage cannot be seen early on with ultra,;ound
scanning. However. as cells become ischaernic and necrotic they show
up as white areas on ultrasound scan. As time goes on the cells liquify

Fig. 3

Haemorrhagic
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[ntraventricular
Haemorrhage in lateral
ventricle

i) Periventricular haemorrhagic infarction giving rise to a
porencepbalic cyst
Anterior horn of
lateral ventricle
Corticospinal
tract�
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Cy�tic periventricular
leucomalacia

ii) Periventricular LeucomaJacia
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RESPIRATORY PHYS IOTHERAP Y IN THE NEONATAL CARE UNIT
COMPLICATIONS
OF TREATMENT

1. Pulmonary Air Leak
Preterm infants requiring mechanical ventilation are at risk of
pulmonary air leak particularly pneumothorax and pulmonary
interstitial emphysema (P.I.E.).
The incidence of pneumothorax can be reduced by u�ing fast rate
ventilation which mimics the infants spontaneous respiratory rate and
promotes synchronous ventilation (Greenhough, A. and Milner. A.
1993).

P.l.E. is due to gas trapping in the perivascular sheaves of the lung. It
is more common in the very preterm infant and, if extensive, can
severely compromise respiratory function. Infants with localised P.I.E.
should be positioned with the affected side lowermost and selective
bronchial intubation may be used. Occasionally surgical resection
may be necessary.

2. Retinopathy of Prematurity (R.O.P.)
This is more common in very preterm infants. Fragile capillaries in
the retina burst and bleed causing scan-ing and fibrosis which may
cause blindness. This condition is caused by many fact0rs, the main
one being high levels of mterial oxygen.

3. Chronic Lung Disease (C.L.D.)
Approximately 20% of VLBW infants who require ventilation will
develop CLD ie. be oxygen dependent at one month of age. Infants
who also show cystic changes on chest radiograph are defined as
having Broochopulmonary Dysplasia (B.P.D.).

PERINATAL PROBLEMS

CLO and BPD occur most commonly in very prcterm infants who
have required high venlilatory pressures and high inspired oxygen
concentrations. Other factors such as PDA and infection may also
play a pait. It is important. therefore, to keep mechanical ventilation
to a minimum and wean infants from respirator) supplm as soon as
possible.

a) Meconium Aspiration
This occurs mainly in full-tc1m infants. During labour infants who
become hypoxic pass meconium. This rncconiurn may be inhaled
during delivery. causing airway obstruction and chemical pneumonitis.
A paediatrician should allend all deliveries where there is meconium
stained liquor and clear the airway, preferably before the infant ·s first
gasp.
If meconium is aspirated into the lungs appropriate po-,itioning and
percussion are required to remove it preferably within one hour of
birth (Parker. A. 1993).
24
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RESPIRATORY PHYSIOTHERAP Y IN THE NEONATAL CARE UNIT
the development of retinopathy of prematurity. The inspired oxygen (Fi
OJ should be carefully increased in hypoxic infants to bring aiterial
oxygenation (PA 0,) up to a satisfacto,y level (50-70 nun.Hg) with oxygen
saturation between 90-95%. Preterm infants with a Pa0 2 within the normal
range should only have the FiO, increased by about 10% (ie. 30-40%)
immediately prior to passing the.suction catheter. Following suction the
FiO, can be increased again if the infant continues to be hypoxic. Once
recovery beings the FiO Z should be slowly reduced to the pretreatment
level to avoid a swing into hyperoxia.
Trachobronchial trauma and pneumothorax due to perforation of a
segmental bronchus by a suction catheter can be avoided by only passing
the suction catheter to I cm past the end of the ET tube (Kleiber, C. et al
1988) Bailey C. et al 1988). Suctions catheters with graduated centimetre
markings are available.
Lavage
In many neonatal units suctioning is preceded by instillation of saline or
other diluent. Drew. J. et al ( 1986) found that routine instillation of saline
was necessary if the ET tube was 2.5mm or less. When ET tubes of size
3.0mm or over were used saline was only necessary after 36 hours of
intubation. Routine instillation of a diluent is less impo11ant if an infant
is systemically well hydrated and there is efficient humidification of
inspired gases. (Ackerman M. 1985).
Humidification
Heated humidification systems are used in neonatal units. The humidifier
temperature should be at least 36.5° C. (Tarnow - Mordi, W. 1989).
Possible dangers of over-humidification include fluid overload and
pyrexia (Tarnow-Mordi. W. 1986).
ASSESSMENT

Assessing the sick infant can be difficult. Notes. charts and ca.re plans
should be read - careful note taken of baseline readings on monitors. It is
essential to liaise wilh the cun-enl carer to ascertain the cun-ent status of
the infant. Many aspects of respiratory assessment of the neonate are the
same as in older children. When assessing a neonate the following points
are relevant:
a) History of pregnancy, labour and delive1y;
b) Apgar scores - these relate to respiratory effort. heart rate, muscle
tone, reflex irritability, colour and gives an indication of the degree
of asphyxiation suffered by the infant during labour and delivery;
c) Gestational age and weight;
d) How well the infant tolerates handling and how long has elapsed
since the last handling episode. It is important for neonates to have
long periods of rest;
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TREATMENT

e) lf the infant's temperature is 36.5°C or below then non-essential
handling should be left until the temperature has risen.
0 Apnoeic spells, self-limiting bradcardias and bradycardias
requiring stimulation may be due lo retention ol secretions,
although they can also be due to other causes.
g) How is the infant being fed and when was the last feed.
h) Auscultation is difficult to interpret in the very pretenn, extremely
low bitthweight infant due to the easy transmission of sounds. It is
often impossible to hear any breath sounds at all in the
spontaneously breathing infant.

Following full assessment treatment may be carried out if appropriate.
The need for pre-oxygenation should be carefully considered. The length
of time spent giving manual techniques depends on the infant's tolerance.
Hean rate, oxygen saturation (Sa02 ) transcutaneous oxygen Tc02 ) and
carbon dioxide (TcC0 2) re!-piratory rate and blood pressure should be
monitored in the acutely-ill infant. Oxygen saturation mid tnUlscutaneous
oxygen can drop rapidly as soon as treatment commences. and bradycardia
may occur. The amount by which the Sa02 and Tp2 should be allowed
to drop varies depending on the infant anti should be dii.cussed with
nursing or medical staff prior to treatment commencing. Tf the infant
becomes bradycardic then treatment should be stopped immediately.

The infant should be allowed to recover so that all parameters return Lo
baseline before treatment continues. Some infams take a long time Lo
recover and may require an increase in their inspired oxygen or ventilation.
Ideally. treatment should continue until secretions are completely cleared
bu1 some prelerm infants may not be able to tolerate long sessions of
physiotherapy.

At the end of treatment an improvement in oxygenation may be seen,
although this will not occur until the infant has fully recovered. It is
importam that inspired oxygen and ventilation are returned to pre
treatment level!> as soon as possible following recovery.

REFERENCES

In conclusion, techniques of respiratory physiotherapy can be helpful in
the management of sick infants in the NICU. It is important that
assessment and treatment are carried out by experienced staff to ensure
that infants obtain the most benefit from intervention with the least
disturbance.
• Ackerman M.H. ( 1985). The use or bolus normal saline instillations
in artificial airways: is it useful or necessary?
Heart and Lung 14: 505-6
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REVIEW OF T HE PHYSIOTHERAPY SERVICE IN THE NEONATAL
c) encourages head control
d ) facilitates hand play

Environmental considerations must also be made. ·'The high tech nursery
environment is not appropriate for an immature developing system".
therefore light. sound and handling should all be minimised.

The impact of lhe environment should be modified to ensure maximum
periods or sleep states. ie:
a) decrease room lighting
b) cover incubators
c) decrease noise levels (mechanical alarms, doors. rubbish bins, etc.)
d) speak quietly
e) no radios
f) handle the infant slowly and smoothly
g) maintain infant in boundruy
h) cluster care-giving procedures
i) teach staff and parents about individual infant's cues, ie signs of
stability and signs of stress.

Therapists can and should have a vital role in the multidisciplinary team
on the neonatal unit, providing individualised developmental care for
the pre-term infant. as a reference point for both medical/nursing staff
and parents/carers on implementation of programmes and for
developmental follow-up.

***********

In November 1992. 1 commenced the job as Senior Neonatal
Physiotherapist. Thii. was a new po1:-t created to establish a physiotherapy
service to bo1h the Neonatal Unit. P1incess Anne Maternity Hospital (22
beds. 6 ITU). and Neonatal Surgical Unit. Southampton General Hospital
(6 beds, 3 ITU). Both are regional units.

The purpose of this re port was to assess and review my input as the
Senior Neonatal Physiotherapist in the Neonatal Unit, Princess Anne
Hospital. Southampton from the period November 1992 to November
1993. in order to clarify my role and focus my mind on actions for the
future.
I identified my initial goals/aims and 1hen considered the progress made
in each area before drawing my conclusions and considering
recommendations for the future.
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