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Hand hygiene is the cornerstone of Infection Control programmes and is frequently referred to as the single
most important measure in reducing the transmission of healthcare associated infections.
Hand hygiene is a general term that applies to hand washing or use of the alcohol based handrub,
Hand washing removes blood, body fluids, dirt and transient micro-organisms from the hand using water and
either plain or antimicrobial liquid soap (chlorhexidine/green soap).
Alcohol based hand rubs rapidly destroy micro organisms on the hands and can be used at any time where
otherwise hand washing would be carried out but they must not be used if the hands are visibly soiled or
following a procedure where this is likely.
The latest approach to hand hygiene is based on the World Health
Organisation’s ‘5 moments’ approach:

Before patient contact

Before a procedure

After a procedure or body fluid risk exposure

After patient contact

After contact with a patient’s surroundings
For hand hygiene of any type to be effective, the following must apply:

The hands and wrists should be free of jewellery (with the exception of

wedding bands) eg: rings, bracelets, watches.

Nails must be short and clean

Any cuts/lesions must be covered

CLINICAL PHOTOS AND CELO

The accepted and safe way for sharing of clinical photos or imaging is via the secure CELO app.
See the document below on how to download this app.

A new feature in 2023 allows the images to be uploaded HCS if appropriate, although it is not a
replacement for good quality Medical lllustration photos.

CELO app and
uploading to HCS.p

RESUSCITATION AND ADMISSION GUIDELINES

Labour Ward Attendance

A member of the paediatric team will attend high risk deliveries or if problems can be anticipated.

To provide optimal and timely resuscitation which can be predicted from characteristics of the pregnancy,
labour, or interventions required to effect delivery.

The paediatric team members will either be the Paediatric Registrar or NNP on delivery suite duty and
contactable on Pager 5019 in the first instance. The Paediatrician on call will be contacted in the event of
unavailability due to workload or seriousness of the need.

The Neonatal Associate Clinical Nurse Manager (ACNM — Pager 5088) is often able to attend deliveries if the
RMO / NNP is unavailable. They will also accompany the RMO / NNP if resuscitation is likely (see charts
below). They should be contacted preferably prior to delivery, where admission to the neonatal unit is
expected.



It has been estimated that 2-5% of low risk deliveries may require basic resuscitation at birth but only 0.1%
require advanced resuscitation skills such as intubation, cardiac massage and medications. This translates
into 120-300 babies requiring basic resuscitation and 6 advanced resuscitation at Christchurch Women’s
Hospital. The deliveries identified as high risk or with anticipated problems may include:

premature labour < 35 weeks gestation

vaginal breech or other malpresentations

instrumental deliveries - forceps, ventouse

cord prolapse

elective caesareans ie those < 39 weeks, infant of a diabetic, maternal complications

fetal distress, IUGR

multiple births

significant fetal anomaly - check for information in the FAAC folder in Neonatal Reception (especially

babies with possible surgical problems)

meconium liquor

maternal chorioamnionitis (any gestation)

maternal iliness (diabetes, PET, polyhydramnios, oligohydramnios)
The Neonatal Consultant should be called before delivery when there is a reasonable chance of the
baby needing advanced resuscitation. For example:

For ALL category 1 caesarean sections the team to discuss the clicnial situation and contact the SMO if

needed. This will depend upon the indication for the Cat 1 section and the skills of the team onsite at

the time.

In other categories of caesarean sections where there are additional factors that increase the chance of

advanced resuscitation being required (eg congenital cardiorespiratory anomalies)

In vaginal or instrumental deliveries where there is a significant chance of advanced resuscitation being

required (eg breech with [IUGR)
Equipment for resuscitation must be checked and ready prior to delivery when anticipated problems exist.

Other cases which require discussion with the paediatric team prior to delivery:

Rhesus iso-immunisation

Congenital anomalies

Possible intra-uterine infection eg CMV, toxoplasmosis, Syphilis serology positive

Gestation 35- 36 weeks — attendance at delivery not required unless additional factor.

Suspected IUGR or SGA small for gestational age, where BWT < 2.5kg
Examine all babies whose deliveries you are requested to attend and are actively involved in and document
the findings in the 0-2 hour section of the delivery sheet. If an abnormality is present, show it to and discuss it
with the parents. Don't be afraid to tell them frankly if you are not sure of the cause or what to do. If you are
uncertain or if a major anomaly is present, consult a senior colleague. Never conceal anomalies from parents.
Do not do the “24 hour check” at the time of resuscitation as transition will not have occurred and congenital
heart conditions will be missed.
When transporting from the labour ward use the transport incubator. All ventilated infants must be
accompanied by medical staff. Tell the parents what you are doing and why. Encourage the partner or (with
mother’s permission) other support person to accompany you to the unit

Resus in Waipapa ED

If a birth is imminent in ED at Waipapa it will occur in R3

Communication flow will be the ED team calls the ACNM who will then contact the SMO and onsite
Neonatal team

Some set-up of equipment will be required and this may be done by the ED nurses, midwifery or neonatal
team attending

Checklists are available with the resuscitaire to help with this process

There are 2 packs with equipment — airway pack and neonatal pack

Refer to the video on the Neonatal Intranet — Staff education tab

Resuscitaire to be plugged in

Blender will need to be used — remove air and oxygen flow meter from the pendant and screw in the
appropriate connections from the blender stand (note the blender is not always set up as Paeds do not
require this)

Temperature probe will be available on the blender stand

Neopuff to be set up and the green tubing needs to be attached to the blender

Suction catheter to be attached to the suction equipment at the base of the pendant

A standalone monitor will be brought in by ED staff for saturation monitoring

There is no Apgar clock so use the timer in the room if available



Communication for Neonatal Attendance at Deliveries

The standard communication is for a Midwife or Obstetric Registrar to phone the Neonatal Registrar or NNP
with the details of the case and its location. ISBAR should be used to communicate who is calling, what the
situation is, the details of the case, location and expectation of timing.

A ‘777 call is an emergency call made through the switchboard when neonatal presence is urgently required.
This requires the call to be answered and switchboard will pass on the message. The ‘777’ Neonatal team is

the RMO / NNP and ACNM.
e If the Neonatal Consultant is required they will have to be phoned directly separately.

Caesarean Section Categorisation

Caesarean sections are categorised according to the Table below. It is no longer acceptable for the phrase
‘emergency’ or ‘crash’ to be used. The Categorisation must be stated in communications.

Category 1 —threat to the life of the woman or fetus

Category 2 — maternal or fetal compromise requiring rapid delivery
Category 3 — maternal or fetal clinical situation requiring early delivery
Category 4 — delivery at a time to suit the woman and maternity service

The table below outlines examples of when neonatal attendance is expected at Category 1, 2, 3, 4 sections.

Caesarean Classification Neonatal NNP/RMO ACNM Neonatal Consultant

Any General Anaesthetic Yes Yes Yes

If a credentialled Senior Registrar or NNP is available and the GA is for indications such as inability to site a
spinal or maternal anxiety in the setting of no maternal or fetal distress then they are to discuss the case with
the SMO who may not need to attend the delivery.

Category 1 Yes Yes Yes - if requested by the
onsite team

eg: maternal arrest, cord prolapse, uterine scar dehiscence, fetal bradycardia < 100/min for = 5mins, fetal
scalp pH < 7.0 and/or lactate = 5.8, placenta praevia and/or major haemorrhage + maternal/fetal compromise

Category 2 Yes Yes Not routinely but have low
threshold for calling

eg: CTG abnormality (ie: late decelerations) +/- with scalp pH 7.01 — 7.20 and /or lactate 4.8-5.7, breech
presentation in active labour unsuitable for vaginal delivery, meconium with fetal distress

Category 3 Yes — see below Not routinely No

No — booked for
elective section and
present in labour with
no risk factors

eg: Failed induction of labour presuming indication for induction still exists, pre- eclampsia at term unsuitable
for vaginal delivery, suspected IUGR unsuitable for vaginal delivery with normal CTG, delay in progress in
labour with no evidence of maternal / fetal compromise, abnormal Dopplers or maternal PET necessitating
preterm delivery, APH

Category 4 Yes — see below Not routinely No

No —if no risk factors,
singleton, 239 weeks

eg: Congenital abnormality, maternal diabetes, oligohydramnios, polyhydramnios, maternal BMI>30,
prolonged rupture of membranes, placenta anterior/accreta/praevia, maternal drug use, breech presentation




Vaginal Delivery Categorisation

Neonatal
Clinical Scenario NNP / RMO ACNM Neonatal Consultant
Preterm < 28 weeks Yes Yes Yes
ginl_glet_on 28 — 34*6 weeks Yes Yes Neonatal
elveries ACNM/RMO/NNP to
consider calling
35-37 weeks Yes No No
Multiple < 30 weeks Yes Yes Yes
Births 30-36 weeks Yes Yes Neonatal
ACNM/RMO/NNP to
consider calling
Antenatal Fetal abnormality likely to Yes Yes Yes
Diagnoses affect cardiorespiratory
condition at birth
eg: diaphragmatic hernia
or neck mass
Vaginal breech Yes Yes Yes
If a credentialled Senior
Registrar or NNP is
available then they are
to discuss the case with
the SMO who may not
need to attend the
delivery
Fetal growth restriction Yes Not routinely No
< 3% with estimated unless CTG
weight < 2.5 kg abnormal
Perinatal Cord Prolapse Yes Yes Yes
licati .
Complication Pathological CTG Yes Yes Yes
eg: sinusoidal trace,
sustained bradycardia
<100 for = 5 mins
Fetal Scalp pH Yes Yes Neonatal
< 7.0 and/or lactate = 5.8 ACNM/RMO/NNP to
consider calling
Meconium liquor Yes Not routinely No
unless CTG
abnormal
Maternal Chorioamnionitis Yes No No
Instrumental | Ventouse / Kiwi Cup Yes No No
Delivery Mid cavity forceps Yes No No
Lift out forceps Yes No No




Preparation for Resuscitation

Notify the consultant on duty of all Level lll admissions, plus any others who are significantly unwell, or
about whom you have urgent questions.

Good stabilisation is important in the management of all infants and can make a critical difference to a sick or
premature baby's subsequent course. However, comprehensive assessment and management must be undertaken,
as far as possible, in a way that minimises stress to the baby and facilitates parent/infant contact.

High Risk Deliveries

At the beginning of the shift, visit labour ward so that you can anticipate high risk deliveries.
When attending a high risk delivery, ask the ACNM or another neonatal nurse to accompany you.

Call the consultant if the baby is < 28 weeks, or if there is any other reason to expect that the baby will need a
full resuscitation (eg. severe fetal distress, major congenital malformations, significant hydrops etc.) or if you
have any other concerns.

Take surfactant to the delivery of babies < 28 weeks

Surfactant dosing: 100 mg/kg (1.25 mL/kg) in babies after a complete steroid course (need 3 mL vial if >
1.2kg) and 200 mg/kg (2.5 mL/kg) in babies with incomplete steroid courses (3mL vial needed for most
babies).

Remember to return it to the refrigerator if it is not used as it is expensive.

Prepare the temperature probe for continuous monitoring of temperature at the birth

High Risk Multiple Births

Multiple births < 30 weeks require additional experienced nursing and medical attendance.

During the day the Delivery suite Registrar/NNP will discuss the impending delivery with the neonatal
consultant on service and the ACNM.

Staff to attend will be identified so that each baby will have a Registrar/NNP and a neonatal nurse in addition
to the consultant and ACNM.

The Level 3 staff member will be suggested in the first instance as the second Registrar/NNP

The ACNM will identify nurses with intensive care experience utilising the clinical support nurse and level 3
allocated nurse who will caring for the baby after admission.

Multiple births <26 weeks should have 2 Neonatal Consultants present

Preparation

Maternal history for abnormalities of family history, maternal history, pregnancy, labour and delivery.
Oxygen supply, Suction

Neopuff

Laryngoscope (correct blade, good light, clean).

ET tubes (correct size, open and insert stylet if strong likelihood of intubation)

Overhead warmer on, 2 warm towels available to dry the baby.

Get the temperature probe that is stored with the humidification set-up in the Recovery store room to use at
the birth for continuous temperature monitoring for preterm deliveries (definitely <32 weeks) or other high risk
situations such as gastroschisis

UVC’s are available in both theatre 26 and 27 resuscitaires and also in the storeroom beside the Delivery
Suite handover room for birthing rooms deliveries. UVC’s are not stocked in every room due to supply issues,
expiry dates and infrequent use.

Intraosseous is available and is stored in NICU in surgical pod

Draw up resuscitation drugs (1:10,000 adrenaline, normal saline, see later section) and prepare umbilical
catheter and call for consultant help if there is a strong likelihood they will be needed (eg. persistent fetal
bradycardia before emergency delivery).

Babies < 30 weeks gestation or estimated to be < 1500gm should be placed in a polyethylene plastic bag at
delivery to maintain their temperature. The bag should not be removed for auscultation of the heart or cardiac
compressions or for giving im vitamin K.

If axilla temp is <36.5 — remain in plastic bag and use incubator in radiant warmer mode. Insert peripheral iv
and start 10% dextrose. Once axilla temp is between 36.6-37.2 degrees remove from plastic bag and insert
umbilical lines

If axilla temp is 236.5 — remove from plastic bag, nurse in a closed incubator, insert a peripheral iv and start
10% dextrose if there will be a delay in securing umbilical line access, otherwise proceed straight o using the
incubator in radiant warmer mode and insert umbilical lines
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Intubation

Baby less than 28 weeks unless the baby is very active and has minimal or no respiratory distress
Persistent bradycardia (unresponsive to bag and mask ventilation).
Inadequate or ineffective respiratory effort after 2 minutes.

Exposure to thick or particulate meconium, or heavily blood stained amniotic fluid and the baby requires
immediate ventilation. Oropharyngeal suctioning at the perineum is no longer in our protocol. If the baby is
not active suction by direct visualisation of the laryngopharynx and suction

Respiratory distress in the presence of antenatal or postnatal diagnosis of anomalies (such as congenital
diaphragmatic hernia, intestinal atresia, abdominal wall defect) in which bag and mask ventilation is generally
contraindicated.

Equipment

Laerdal bag or Neopuff

Oxygen, Stethoscope, Pedi-cap

Appropriate sized face mask

Suction equipment — size 10 at least

Cardiac monitor and pulse oximeter for neonatal unit intubations
Laryngoscope and appropriate blade, with a bright light

Neofit fixation device

Introducer or Magill’s forceps

Technique

Prepare and check equipment

Note markings on ET tube and how far to insert through cords (trachea length is 2.5 — 5.0cm from 600g —
5.0kg)

Position baby and have head slightly extended
Ensure adequate preoxygenation, which may be by bag and mask ventilation
If an elective procedure give premedication with morphine, atropine, suxamethonium as per drug protocols
Place laryngoscope by holding it in the left hand with thumb and first two fingers
Stabilise head with right hand
Open the infant’s mouth with right index finger
Introduce blade from right side of mouth, advance to just beyond base of tongue
Lift blade and observe the landmarks but avoid tilting the laryngoscope
The epiglottis and cords should come into view
Cricoid pressure by an assistant may help
If the laryngoscope is in the oesophagus, withdraw until epiglottis flips into view
Insert tube through cords into trachea
An introducer may be necessary to keep the correct curvature on the tube
Hold tube in place firmly and ventilate
Check tube position:
Observe chest movement
Attach pedi-cap and observe for colour change (purple to yellow if in the airway with cardiac output)
ET tube may mist up
Auscultate to assess tube position
Observe response of heart rate and saturation
Note length of ET tube at lips/nares
Attach Neofit to secure the tube in place

CXR to check tube position

Complications

Hypoxaemia. If it takes too long to intubate or incorrect tube placement. Do not persist with intubation
attempts. If heart rate or saturation fall, stop and bag/mask the baby until they recover

Bradycardia. Either a vagal response or related to hypoxaemia.

Trauma. Related to laryngoscope or tube being advanced. Can perforate the oesophagus or trachea, or
damage vocal cords.
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ET Tube Size Indication Comments
2.0 Cannot insert 2.5 ET tube. Lumen too small to suction down tube, use as a last resort.
25 <1.5kg In general, use a tube that is not a tight fit, to reduce the risk
3.0 1.5-2.5kg of trauma and later subglottic stenosis, however change to
35 2.5-4.0 kg a bigger tube if there is excessive air leak.
4.0 4.0 kg

Insertion distance: because the trachea is short in babies, there is little leeway between a tube that is too short
(increased air leak, risk of accidental extubation) and a tube that is too long (bronchial intubation and/or airway
trauma). Therefore, it is important to get used to judging correct insertion distance. It is rare to need to insert a tube
more than 1 to 1.5 cm below the vocal cords (the exceptions being such situations as trachea-oesophageal fistula
or other subglottic anomaly, and the occasional baby in whom elective ventilation of one lung is indicated). The
black segment at the tip of the tube is 1 cm long, so that should just disappear below the cords.

The following is a rough guide to tube insertion distance, but the exact distance will need to be individualised
because of variation in jaw size, so always check the breath sounds immediately, and request a radiograph
promptly. Weight (over 0.5kg) + 6 in cm is also a good guide.

Gestation ET Tip to Lip (cm) ET Tip to Nostril ET size
Age Weight (kg) (Oral) (cm) (Nasal) (mm)

24-25 weeks 0.75 6.5 7.0 25
26-28 weeks 1.0 7.0 8.0 25
29-32 weeks 15 7.5 8.5 3.0
33-34 weeks 2.0 8.0 9.0 3.0
35-36 weeks 25 8.5 9.5 3.0
37-39 weeks 3.0 9.0 10.0 35
40-42 weeks 3.5 9.5 11.0 3.5

Confirmation of Tube Position
e Chest movement with assisted breaths
e Breath sounds audible in axilla bilaterally with assisted breaths
e ET tube mists with breaths
e Pedi-cap on the end of the ET tube changes colour from purple to yellow but not if cardiac output is low
¢ Improvement in heart rate and saturations

e CXR —itis important that a double check of the ET tube placement is undertaken by a Consultant and
Registrar or NNP. This should be done individually. If in doubt a radiology registrar is available on site
between 1700 and 0800 and a radiologist is at the CWH reporting desk between 0800 and 1700.

Neopuff

The Neopuff resuscitator can be used as a ventilation device or be used to deliver CPAP to a baby once an infant
has established respirations. It can allow delivery of CPAP from birth rather than waiting until admission to NICU.

Gas source - desired flow rate is 8-10 I/min.
Maximum pressure relief - allows maximum PIP to be preset. To set, occlude the PEEP cap, turn PIP
control clockwise.
- adjust the maximum pressure control knob to desired pressure eg. 35mmHg.

Inspiratory pressure control - allows you to ventilate at a preset PIP by occluding the PEEP cap for the
desired inspiratory time.

Gas outlet - gas exits the neopuff through attached tubing to a T piece that has the PEEP
cap. This can connectto a mask or ETT.

T-piece PEEP Cap - the cap can be turned to deliver the prescribed PEEP.

To deliver PEEP - place mask over the face with PEEP cap uncovered.

To ventilate - attach T-piece PEEP cap to ET or mask. Occlude PEEP cap to deliver PIP at

desired rate and inspiratory time.
To deliver facial 02 - loosely place mask near face so gas escapes around the edges
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Meconium Aspiration

Meconium stained amniotic fluid (MSAF) comes in various consistencies — thin, moderate and thick.

Thin occurs in 50-60% of MSAF deliveries and carries a 2-3% risk of needing some respiratory assistance,
with 1% needing ventilation.

Thick occurs in 15% and 25-30% require significant resuscitation and 10% on going respiratory support

Risk Factors for Meconium Aspiration Syndrome

Primiparity

Pacific Island ethnicity
Male gender

Low cord pH

Abnormal CTG (if severe)
Thick meconium.

8-12% of deliveries are complicated by meconium stained liquor.
In a study by Wiswell 2000, 7% developed respiratory distress of which 3% had MAS and 4% other disorders.

Management of Meconium Stained in the Liquor

Babies born through meconium stained fluid do not need the mouth and nose suctioned while the head is on
the perineum.

If the baby is flat then the obstetric/midwifery team whould stimulate the baby

There is no requirement to routinely suction below the vocal cords in an infant with meconium aspiration who
is apnoeic and flat. In experienced hands airway suction can be done swiftly without causing prolonged
hypoxia but if the resuscitator is not experienced at intubation then they should proceed immediately to
bag/mask ventilation and normal resuscitation guidelines (NLS Guidelines 2016)

If the baby shows signs that the nasal passages or airway are blocked and this is impeding the resuscitation
then suction of the nose and mouth and below the cords should be performed at that stage

If the baby is vigorous then usual cares should be given

Cord Gases and Placental Pathology

Ask for a cord pH if a baby requires active resuscitation with bag and mask, fetal distress on CTG, meconium
stained liquor, APGAR < 6 at 5 minutes.

A segment of cord can be clamped at each end and the blood for this drawn up to 20 minutes later

It is the joint responsibility of Obstetrics and Neonates to remember to request a cord gas in emergency
situations

Ask for the placenta to be sent to pathology for
all cases of suspected intrauterine infection or chorioamnionitis,
prolonged rupture of membranes,
placental anomalies,
all babies in whom a significant resuscitation occurs,
when perinatal death occurs and
any baby with significant IUGR.

Asking for some cord blood to be saved in a green top tube for later serology or other studies can also be
useful.

Drugs for Resuscitation

e Adrenaline is the first choice drug in a newborn resuscitation after establishing effective ventilation.
o External cardiac massage (ECM) for 1 minute is required to distribute it to the heart.
o Repeat doses every 3 minutes.
o Give by ETT, if intubated, until an umbilical venous line is inserted.
e Sodium bicarbonate 8.4% requires dilution with water in equal parts to give 4.2%.
o Use in prolonged resuscitation (>15minutes) after effective ventilation/ECM is established.
e Note that naloxone was removed from the resus drug inventory in 2018. However, if considered do not give
to the baby if the mother is opioid dependant eg: on methadone or buprenorphine



Neonatal Resuscitation Drug Dosing

Weight 0.5 kg 1 kg 15 kg | 2kg | 25kg | 3kg | 3.5kg | 4kg | 45kg | 5kg

0.1 mL/kg

2 mL/kg

Sodium Bicarbonate 2 mL/kg 1 mL 2 mL 3mL 4mL | 5mL | 6mL | 7mL | 8mL 9mL |10 mL
4.2% slow IV push
Dilute 8.4% with equal
volume of water

If prolonged resus but
effective airway and CPR




Term (2 37 weeks) Newborn Resuscitation Algorithm (copied from Ref.2404624)

Birth

h 4

e Dry
[——YES—» o Warm — skin/skin
* Observe colour and breathing

* Breathing or crying
* Good muscle tone

NO
o h 4
"5 + Dry and provide warmth s Cyanosis but breathing well with
£ + Assess breathing, heart rate, o« > good heart rate
= colour and tone * Consider CPAP
=
— —{ Meeting criteria for PPV — no regular respiratory effort, gasping or HR < 100
YES
NO * Check head position * Assess chest movement and
* Give positive pressure ventilation in | o heart rate response
air: ventilation breaths at 30 PIP and | "] e Attach oximeter to right hand or
increasing to maximum of 40 PIP wrist and then turn on
Continuously reassess - at least every 60 seconds TARGET Sp02
1 min 60-70%
'L 2min  65-85%
¥ Y 3min  70-90%
« HR> 100 bpm s HR> 6_0 bult < 100 bpm ¢« HR <60 bpm _ 4 m!n 75-90:A;
« Breathing reqularly s Apnoeic or irregular ¢ Centrally blue or white 5 min 80-90%
respiration « Apnoeic or gasping 10 min 85-90%
A J h J h 4
If respiratory distress give Continue IPPV and If chest movement
CPAP in air increase oxygen by inadequate, check seal
10-20% every 30 seconds and position, increase
to meet target sats PIP, consider intubation
A 4 | |
Increase oxygen by
10-20% every 30 seconds
to meet target saturations If HR < 80 bpm start chest compressions at 3:1 with lung
inflation — oxygen to 100%

4

If no improvement intubate, give adrenaline via ETT,
site UVC, UVC adrenaline, consider volume expansion

Reduce oxygen by 10-20% every 30 seconds to meet target saturation




Preterm (< 37 weeks) Newborn Resuscitation Algorithm
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(copied from Ref.2404624)

Birth

v

If < 30 weeks or 1500 g place in
plastic bag feet first under radiant
heater (set to max), do not cover bag
with towels

Otherwise dry, remove wet towel and
warm as for term infant

< v
=]
=
E Assess breathing, heart rate, colour
= and tone
1 |
— —‘ Meeting criteria for PPV - inadequate respiratory effort, apnoea, gasping or HR < 100
I
YES
h 4
Cheok he_a_1d (el el . * Assess chest movement and heart
Give positive pressure ventilation in !
30% oxygen: ventilation breaths at < > S =S f
e ; + Attach oximeter to right hand or
NO 20-25 PIP and increasing to a .
; wrist and then turn on
maximum of 30 PIP
A 4
Assess breathing, heart rate, colour | .| » Ifinfant < 26 weeks consider
and tone B - intubation to give surfactant
Continuously reassess — at least every 60 seconds TARGET $p0O2
1 min 60-70%
v v v 2min  65-85%
« HR> 100 bom e HR > 60 but< 100 bpm e HR <60 bpm 3 min 70-90%
« Breathin rep ularl s Apnoeic orirregular « Centrally blue or white 4 min 75-90%
g reguiarty respiration + Apnoeic or gasping 5 min 80-90%
10 min 85-90%
A 4 Y h 4
If respiratory distress or
cyanosis give CPAP in Continue IPPV and alter If chest movement is
30% oxygen oxygen by 10-20% every 30 inadequate, check seal
seconds to meet target sats and position, increase
v Consider intubation PIP, consider intubation

Alter oxygen by 10-20%
every 30 seconds to meet
target saturations

v

inflation — oxygen to 100%

If HR < 60 bpm start chest compressions at 3:1 with lung

h A

If no improvement intubate, give adrenaline via ETT,
site UVC, UVC adrenaline, consider volume expansion

Reduce oxygen by 10-20% every 30 seconds to meet target saturation




16

Admission Guidelines

Level 3

Respiratory support required
Concern that infant is moderately unwell

Level 2

Weight < 2.3kg
No respiratory support required

For infants needing oxygen, antibiotics, iv fluids, thermoregulation, phototherapy, apnea monitoring, tube
feeding

Infants at risk of neonatal abstinence syndrome
MIPS mother’s stay is usually continuous until discharge unless the baby is preterm or not orally feeding.

One of the intentions is to maintain mother-infant contact, mothers may be admitted to the parent facility once
discharged from postnatal. If beds are short then priority is given to mothers establishing feeding or within 48
hours of discharge.

Admission Routine

Weight, length and head circumference

If the baby is in a polyethylene Neohelp bag, take off 30g if in a <1000g bag, or,
40g if in the 1000-2500¢g bag

Plot growth parameters on the centile charts
Physical examination.
Temperature and blood sugar

Unwell babies may also require:

Blood Pressure

Blood Gases

Blood Cultures

Full Blood Count with differential

CRP - at least 6 hours after onset of illness/birth

Group and Coombs

Group and hold (on admission for infants < 30 weeks and others likely to need transfusion at any stage)

Lumbar puncture (this can to be deferred in the presence of severe or unstable respiratory distress or in
situations where the risk of sepsis is deemed very low -- if in doubt discuss with consultant)

Intravenous line and commencement of 10% dextrose with additives (Premix)
Antibiotic therapy as indicated

Very small and/or seriously ill babies, including those who will need continuous monitoring of blood pressure and
frequent sampling for blood gases, biochemistry etc. should also have:

Umbilical or peripheral arterial line
Umbilical venous catheter

Treatment of hypotension (saline, packed red cells, inotropes, second line treatment includes albumin or
hydrocortisone)

CXR/AXR to check position of UAC, UVC and ET tube
Again ..... remember to explain to the parents what is happening.

Vitamin K

Haemorrhagic disease affects one in 2-400 babies who are not given vitamin K prophylaxis. Recommendations

are:

All infants should have vitamin K prophylaxis (2mg/0.2ml)

Vitamin K given either as a single IM injection or as repeated oral doses is safe and effective in preventing
haemorrhagic disease of the newborn in well newborns.
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e Parents should be free to choose, either an injection or oral doses for their child.
e Oral vitamin K is given as 2mg at birth with the first feed.

e For breastfed infants repeat doses (2mg) should be given at 5 days and at 6 weeks (with the first
immunisation).
e |M vitamin K is given as a single injection of 1mg (0.1ml) at birth (< 1500 g 0.5 mg =0.05ml).

e [Mvitamin K is the strongly recommended route for high risk infants (prematurity, birth asphyxia,
traumatic deliveries, known hepatic disease, or any illness that will delay feeding, eg most NICU admissions

e Maternal phenytoin, primidone or phenobarbitone therapy is an indication for the mother to be given vitamin K
(10 mg IM vitamin K) 24 hours before delivery then the baby should have 1 mg IM vitamin K at birth then
again 24 hours later.

e Usually maternal warfarin therapy is stopped well before delivery because it crosses the placenta and can
cause severe neonatal haemorrhagic disease. Occasionally, it cannot be stopped for maternal reasons. In
these circumstances, the baby will need immediate and usually repeated doses of vitamin K, as well as
measurement of PT and PTT and fresh frozen plasma on standby.

Admissions to the Neonatal Unit in the first month after birth (or corrected age)

This document is to assist the clinical teams to consider whether an ill infant who presents aged less than one month
(corrected age) needs admission to the neonatal unit.

Good communication between GP/Midwife, Paediatric, Paediatric Surgery and Neonatal staff from both the referring
and receiving hospitals is essential to ensure the baby is cared for in the appropriate place. Consultant to consultant
discussion facilitates appropriate and timely decisions

The most common pathway for presentation is via GP/LMC/Ambulance/ED to Paediatrics / CEC. Less frequently,
the neonatal team or the paediatric surgeons are contacted directly.

For the specific indications outlined below, neonatal (re)admission can be arranged. Generally, this is for:

(1) Infants up to one month of age born at term,

(2) Infants less than one month corrected age if born preterm,

AND

(3) Infants with “neonatal” conditions as outlined below that require intensive care.

There may be a place for stabilising an infant in NICU prior to retrieval to PICU Starship, or if a short stay is predicted
until they are transferred back to PHDU.

Involvement of the ACNM (neonatal co-ordinator pager 5088) is needed early, particularly if the neonatal transport
team is required.

Admission to the neonatal unit is dependent on available cot space; sufficient staff and specific
requirements (for example, some need isolation).

A neonate who ideally should be admitted to the NICU but is not able to be accommodated there, should
be reviewed by the Neonatologist at the time of admission. The neonatologist can provide advice to the
admitting paediatrician and surgeon re ongoing management and will review the patient on a daily basis
in consultation with the paediatric team (and paediatric surgeons, as required).
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Conditions and Severity Which May Need Admission to NICU

Jaundiced babies

e Babies with an SBR >400umol/L or above the exchange transfusion threshold should be discussed with the
on-call Neonatologist to review management and to discuss where the baby should receive care.

e Intensive phototherapy can be given in PHDU with bilirubin levels preferably measured on a gas machine for
rapid, reliable results less affected by haemolysis to be able to assess response to treatment

e If intensive phototherapy is not sufficient and an exchange transfusion is required the baby should be
transferred as NICU has the skills and equipment to perform an exchange transfusion

Surgical babies

e Presentations may include Hirschsprung disease, malrotation with volvulus, bowel obstruction causing
ischaemia, and some patients with strangulated inguinal hernias or pyloric stenosis.

e Ex-very preterm infants with major co-morbidity, such as those with chronic lung disease, growth failure < 3d
%.

e The need for post-operative respiratory support.
e The need for TPN post-operatively (or at any time)

Neonates (<1mth corrected) needing surgery must have a surgeon and a paediatrician or neonatologist
involved in their care.

e The surgeons will inform the neonatal consultant on service as soon as they accept a referral from another
DHB who meet the criteria for NICU Admission above or need Neonatal transport

o toensure there is a NICU bed available, the appropriate mode of transport and a transport team
available.

¢ The surgeons will inform the Paediatrician of the day as soon as they accept a referral from another DHB for
infants not needing NICU.

o Discussion between the teams will decide on the appropriate mode of transfer of the baby (if from another
centre) and the most appropriate place for the neonate to be admitted to.

e Where transport is need the neonatal ACNM pager 5088 should be contacted ASAP.
e Transport of a neonate who may be NBM for >4hrs requires iv access and a neonatal transport team

Respiratory support

e Itis more appropriate for neonates with suspected infections and respiratory symptoms such as RSV and
pertussis to be admitted to Paediatrics / HDU to prevent the spread of infectious diseases through the
neonatal nursery.

o However, if there is a need for escalating respiratory support such as prolonged CPAP or the possibility of
short-term ventilation and the isolation room (Room 2) is available then an admission is possible to prevent a
transport to Starship

¢ Neonates with severe seizures due to trauma, meningitis or encephalitis may also require respiratory support
in NICU

e Transfer of neonates from paediatrics to the neonatal unit and vice versa requires consultant to
consultant discussion.

Cardiac

e Neonates with cyanotic congenital heart disease are best cared for in NICU due to the monitoring needed,
possible requirement of prostaglandin infusions and the potential need for intubation and transport to Starship

¢ Diagnosis by echo is required

e A neonatal echo can be discussed by calling the on call NICU SMO. Alternatively the Cardiology technicians
will perform the echo.

Transport of babies to weight 5.5kg.

¢ Neonatal equipment can accommodate infants up to 5.5kg but any infants larger than this need to be
transported by the ICU retrieval service

e The neonatal service has an onsite registrar / NNP rostered for neonatal retrievals
e Atransport nurse is available from the neonatal unit staff
e Transportation is by ambulance for Christchurch units (Rangiora, Oromairaki, Kurawaka) and Ashburton.
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For Timaru transport is either by ambulance — low risk, or helicopter — high risk, where a shorter time to get
to CHCH is important due to clinical condition.

West Coast — usually fixed wing, occasionally helicopter.

Weather factors determine the use of fixed wing and at times this requires utilising teams from Dunedin,
Wellington

For medical and surgical transfers > 1 month of age when the baby is under 5.5kg transport is provided by
the neonatal service irrespective of where the baby is being admitted.

If the neonatal team have staffing difficulties there needs to be discussion between the neonatologist and
Paediatrician with potential transport options listed below

Retrieval Team Options:

Team composition will vary depending on workload/acuity/staff availability/equipment availability

o NICU Transport nurse and NICU Retrieval Reg/NNP
NICU Transport nurse and Paed Reg who has NICU experience
ICU Retrieval team — not a preferred option as the team have less expertise with small babies and their
equipment is often inappropriate

o Starship retrieval service — this team is not always available and if they are there can be significant
delays

o Nursing discussions to backfill the NICU nurse on transport by a Paediatric nurse if NICU is overfull

+ Small Baby Protocol — Guidelines for the < 28 Week Neonate

One of the most challenging aspects of perinatal medicine is the management of the delivery of an extremely
premature infant.

Care of the mother, her fetus and the baby will always need to be individualised.

The objective of this protocol is to optimise the management of the extremely preterm infant born at < 28
weeks gestation.

Number of babies < 28 weeks admitted to CWH NICU over past 10 years

Number Admitted Survival to Discharge
Time Period Mean and Range Mean
2006-2015 25 (22-31) 85%
2015-2019 28 (23-34) 85%

Antenatal Care

Parental hopes and expectations need to be explored with honesty and compassion in a realistic manner,
drawing upon available local and national population data.

Communication and agreed plans must be documented in full and signed legibly.

These plans may need to be revised frequently based on the best assessment of gestational age, in
addition to information regarding the wellbeing of the fetus and parental wishes.

Steroids

The benefits of antenatal administration of corticosteroids to fetuses at risk of preterm delivery vastly
outweigh the potential risks. Benefits include not only a reduction in the risk of RDS but also a substantial
reduction in mortality and IVH.

Treatment consists of two doses of 11.4 mg of betamethasone given intramuscularly 24 hours apart

No additional benefit has been demonstrated by accelerating the course and giving the second steroid dose
at 12 hours instead of at 24 hours

The effects of steroids last for approximately 7 days after the last dose.Repeated courses are not routinely
given. If 10 days have lapsed and a woman remains at risk of giving birth within 48 hours, a single dose of
steroids should be considered.

Steroids should be discussed with the neonatal consultant prior to administration if < 24 weeks gestation.
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Antibiotics
e Preterm rupture of membranes and not in labour — oral erythromycin 10 days.

e As premature infants are at risk of E Coli and Group B strep sepsis, antibiotics are given to all women who
are in established preterm labour.

e When in labour — IV amoxicillin and gentamicin
e If signs of maternal sepsis — IV amoxicillin, gentamicin and metronidazole

Other

e Magnesium sulphate should be given for neuroprotection in babies <30 weeks as standard management.
This is given as a loading dose over 20 minutes and then a maintenance infusion

e Offer enrollment in relevant research trials if appropriate.

Resuscitation Considerations

Preterm labour often progresses rapidly and in these circumstances there may be insufficient time to hold a
detailed discussion with the parents before the baby is born. A decision about resuscitation may need to be made
based on the most recent management plan, if any, and the available clinical information.

These guidelines apply to singleton pregnancies and have been adapted from the British Association of Perinatal
Medicinet!

< 23*0weeks

o Babies very rarely survive at this gestation and in favour of the best interests of the baby and standard
neonatal practice; it is acceptable for resuscitation not to be commenced

23*0to 24*5 weeks
e Atthese gestations babies are at the limits of viability.
Each case needs to be individualised, accounting for parents wishes and the clinical situation

¢ In 2019 a New Zealand consensus statement on the care of the mother and baby/ies at periviable
gestations which covers antenatal advice and counselling and intrapartum care advice.
¢ As part of this consensus there is a Periviability Care plan check list to document multiprofessional
discussions and management plans, a Parent Information and Decision Aid tool to help share decision
making and discussions with the family and a Practice recommendation for a bundle of care for the
neonate
e There is also material to help health professionals with counselling. Periviability information for health
professionals
e A decision not to start resuscitation is an appropriate approach if the parents have expressed this wish after
discussion with the neonatal team.
¢ Clinical information to be considered when discussing resuscitation include the gender of the baby, steroid
coverage, presence of sepsis and any known congenital abnormalities
e If resuscitation is started with lung inflation, the response of the heart rate will be critical in deciding whether
to continue or to stop resuscitation.
e ltis usually not appropriate to provide cardiac compressions or give adrenaline at these gestations

2 25 weeks

e ltis usually considered appropriate to resuscitate babies at this gestation unless there any underlying
congenital factors.

Multiple pregnancies
e Fetal maturity is decreased and it may not be appropriate to resuscitate multiple births at < 25 weeks
gestation.


https://www.starship.org.nz/guidelines/new-zealand-consensus-statement-on-the-care-of-mother-and-baby-ies-at
https://www.starship.org.nz/guidelines/new-zealand-consensus-statement-on-the-care-of-mother-and-baby-ies-at
https://media.starship.org.nz/care-plan-checklist/Periviability_Care_Plan_Checklist.docx?web=1
https://prism.cdhb.health.nz/site/policies/SitePages/Policy%2520View.aspx?ppid=2406427
https://www.starship.org.nz/guidelines/practice-recommendation-for-the-bundle-of-neonatal-care-at-23-24-weeks
https://media.starship.org.nz/periviability-information-for-health-professionals/Periviability_information_for_health_professionals.pdf
https://media.starship.org.nz/periviability-information-for-health-professionals/Periviability_information_for_health_professionals.pdf
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Neonatal Resuscitation Preparation

In addition to routine equipment / procedures for the management of the high risk infant, resuscitation and
stabilisation of < 28 weeks gestation infant includes:

Calling the consultant. If possible 2 consultants should be present at births of multiples <26 weeks
Ask the ACNM or senior nurse to accompany you.

ACNM to prepare the humidification system for Neopuff or ventilation

Surfactant —200mg/kg (2.5mL/kg). 3mL vial needed. Return it to the refrigerator if it is not used.
Size 5F feeding tube for administration of surfactant

Blade or sterile scissors

Paper tape measure

Plastic bag on resuscitaire to pre-warm, pre-cut right hand bottom corner, if Neohelp then no cut is needed
Transport incubator

Laryngoscope blade 00 /0

2.5 ET Tube with stylet inserted if required

Delegate tasks so everyone knows their responsibility at delivery including documentation

Obstetric Resuscitation Preparation

Place sterile cord clamp on the cord 6cm from base to allow placement of the baby into plastic bag
Deferred cord clamping for at least 60 seconds if appropriate

Care at Birth

As part of the National consensus of the care of babies at the limits of viability there is a NZ practice
recommendation for the bundle of neonatal care at 23-24-weeks that can also be used as a reference tool.

After delivery

Infant is transferred to the resuscitaire and place in a Neohelp bag under radiant heater (set to maximum)
Do not cover bag with towels as it impedes radiant heat
Only dry face and cover the head with the hood

Assess breathing, heart rate, colour, tone and perform resuscitation as per neonatal guidelines (see algorithm
below)

Insert pulse oximeter and apply to right hand and then turn it on to obtain pre-ductal saturations and heart
rate

Place temperature probe on the abdomen under a gold heart temperature probe cover
Do not open the bag to auscultate heart rate

Thermal Management

e Optimal thermal management of preterm infants is a problematic but important aspect of care.

e Low birth weight infants are vulnerable to hypothermia ( £36.4°C) 2 since they have impaired ability to
prevent heat loss and decreased heat production capability.

e Delivery suites and operating theatres are generally cold environments (<22°C) and can cause thermal
stress for the newborn which is associated with increased mortality and morbidity3. A warm environment for
a neonate would be 24-26°C.

e Monitor infant’s temperature continuously with the temperature probe
o If skin temperature is = 37.2 decrease radiant warmer by 25%

o If skin temperature is >37.5 check the axilla temperature and radiant warmer may need to be
decreased by 50%

o Monitor heart rate as hyperthermia ledas to tachycardia


https://www.starship.org.nz/guidelines/practice-recommendation-for-the-bundle-of-neonatal-care-at-23-24-weeks
https://www.starship.org.nz/guidelines/practice-recommendation-for-the-bundle-of-neonatal-care-at-23-24-weeks
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Airway

Ventilation

Aim for a PEEP of around 5cm H20

Use adequate PIP to ensure adequate chest wall movement
Aim to ventilate at about a rate of 50-60/min

Use humidified set-up

Intubation

Consider intubation if the infant is not very active, has not had a complete steroid course and has apnoea,
increased work of breathing or oxygen requirement >30%

Once intubated, most very small infants respond rapidly to IPPV

Oral Nasal
Gestation ET Tip to Lip (cm) ET Tip to Nostril (cm)
24-25 weeks 6.5 7.0
26-28 weeks 7.0 8.0

Following intubation confirm ETT position:

Oxygen saturations

Pre-Term (< 37 weeks) Newborn Resuscitation Algorithm

Chest movement with assisted breaths

Breath sounds — audible in axilla bilaterally with assisted breaths

Change in Pedi-cap colour from purple to yellow except when cardiac output is poor
Improvement in heart rate and saturations

Secure ETT prior to giving surfactant with a Neofit (if using a 2.5mm ETT a strip
of brown tape around the tube and neofit is required to ensure the tube does not slip)

Commence IPPV in 30% oxygen Ueltefel S0

Reduce/ increase oxygen by 10 — 20 % every 30-60 seconds 2 min 65-70%
to meet target saturation 3 min 20- 75%

If CPR required increase oxygen to 100%
5 min 80- 85%

See algorithm above

Drugs and Administration

Curosurf

Give in delivery room immediately after delivery via ETT following discussion with consultant
Dose 1.25- 2.5ml/kg (100 — 200mg/kg). See drug protocol for full details

Draw up the volume required in a syringe and place on the end of nasogastric tube cut to the length of the
ETT (any longer and the surfactant will only go into the right lung)

During administration check chest movement and be prepared to increase the PIP / oxygen
Following administration check chest movement and be prepared to reduce the PIP / oxygen

UVC Insertion

Insert UVC as cleanly as possible (this cannot be a strictly sterile procedure in an emergency situation)
Insert to 3-5cm and tape to the abdomen

Adrenaline

Adrenaline is the first choice drug in a newborn resuscitation after establishing effective ventilation
In order to distribute it to the heart cardiac massage is required for 1 minute.

ETT Dose: 1:10,000 1ml/kg

UVC Dose: 1:10,000 0.1ml/kg initially then up to 0.3ml/kg

Doses can be given every 3 minutes — intravenous is the preferred route
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Volume expansion
e Normal saline - readily available
e Whole blood - urgently requested from Blood Bank
e Dose: 10ml/kg - give over 5-10 mins

Sodium Bicarbonate 4.2%
e This is rarely required
¢ Dilute 8.4% with equal volume of water to make a 4.2% solution
o Dose is 2ml/kg of 4.2% solution given over 2mins
e Administer in prolong resuscitation (> 15minutes) after effective ventilation / cardiac massage

Glucose
e 10% Glucose, dose is 2ml/kg
e Consider if resuscitation has been prolonged and only after documented hypoglycaemia

Vitamin K
e |IM, dose for those <1500g is 0.5mg = 0.05ml.
e Give through the plastic of the Neohelp bag

Cord Gases and Placental Pathology
e Request a cord pH and lactate (preferred test if both cannot be done)
e Send the placenta for pathology
e Ask for placental swabs if there is a hgh index of suspicion for infection

Transfer to NICU when infant is stabilised
¢ Notify NICU, update parents
e Ensure ETT is secure, leave infant in Neohelp bag and nest in warm towels in incubator

e Check exhaled tidal volumes on the Crossvent ventilator to ensure that the baby is not being over ventilated
after receiving surfactant

e Place the name band supplied in delivery suite and when in NICU replace with a posy name band

Care in the Golden Hour

Sick newborns do not tolerate handling or hypothermia. Minimal handling and maintenance of normal temperature
are paramount.

The aim should be to undertake all nursing and medical procedures as quickly and with as little disturbance to the
infant as possible, usually within 1hr of admission (golden hour) 4

Thermoregulation / Humidification

High transepidermal water losses can be reduced by increasing the relative humidity of the infant’'s environment
e On admission weigh infant in the Neohelp bag and admit into Leo incubator
If the baby is in a Neohelp bag then take off 30g for the birthweight if in the <1000g bag or
40g if in the 1000-25009g bag
The weight of the ETT and Neofit are negligible and can be ignored if ventilated
No need to take off the umbilical cord or clamp weight as it is standard for that to be included
Do not take the baby out of the bag and weigh it to get the birthweight as it will be inaccurate
o Weigh infant on incubator scales and use these scales for subsequent weights
e Humidification settings should commence at 80% if <1000g or <28wks
e It takes 15 minutes from turning on the Leo humidification to achieve 80% and takes 1hour on other
incubators so make sure it is turned on so that on admission humidification is underway

o If axillatemp is <36.5 — remain in plastic bag and use incubator in radiant warmer mode. Insert peripheral iv
and start 10% dextrose. Once axilla temp is between 36.6-37.2 degrees remoce form plastic bagd and insert
umbilical lines



24

o [f axillatemp is 236.5 — remove form plastic bag, nurse in a closed incubator, insert a perioheral iv and start
10% dextrose if there will be a delay in securing umbilical line access, otherwise proceed straight o using the
incubator in radiant warmer mode and insert umbilical lines

e Place limb band ECG electrodes on infant’s ankles or wrists
e Place a skin temperature probe to avoid extremes in temperature

e Once umbilical lines are inserted and secured apply petroleum jelly to torso (above elbows and knees) Avoid
application to face or scalp.

Ventilation (See Respiratory section for more details)

Common starting values are:

PTV Inspiratory time 0.34sec
Tidal volume 4-5ml/kg

PIP 16-20cm Rate 50-60 /min

PEEP 6-8 cm Trigger 0.2

There are no magic set of ventilator settings that will be appropriate for all babies

e When an infant is ventilated it is important to constantly monitor the infant’s response including; tidal volumes,
chest movement, saturations, blood gases

e Lung compliance can change rapidly following surfactant so need to observe above parameters closely and
do a blood gas early to avoid over ventilation

e The second dose of surfactant is determined by CXR and degree of ventilation support required at 12 hours.
Consultant’s decision.

Acceptable arterial blood gases: pH PaCO2 PaO2
7.25-7.35 40-50 mmHg 50- 70 mmHg

Target Oxygen saturations Sats Targets Alarm Limits Sats Targets in Alarm Limits
on Oxygen on Oxygen Air in Air
90-92% 88- 94% 90-100% 88 -100%

UAC / UVC line insertion (See Procedures for full details)

Babies <26 weeks are not appropriate to have their lines placed by inexperienced staff who need supervision.The
central lines should be inserted by the most senior person available ie: SMO/Senior Reg/Fellow/NNP due to the
fragility of these extreme preterm infants.

e Ensure a second helper is available

¢ Wear gown, hat, mask and gloves

e Sterile technique

e Use low strength chlorhexidine (0.1%, blue solution) to prevent burning to the skin

e Ensure skin is allowed to dry before commencing the procedure

e Place cord tie around stump and cut stump below the cord clamp

e Watch for bleeding and tighten cord tie if bleeding occurs

e 3.5g double lumen for UVC and 2.5 or 3.5g single lumen for UAC

e Once lines are inserted suture in and place supporting brown tape flag before x-raying

e Bridging of umbilical lines is not necessary as long as there are well placed flags around the suture material
and catheter

e AP and a lateral Xray are required

e Document the type of line that has been placed and how far in

e Document the tip position on Xray and if the line is in a satisfactory position
e Re-Xray if line is manipulated after initial Xray and document tip position

e Use sticker for procedure note
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Many ways of estimating length — including suggestion below, measure charts, formulas.

Estimate length by measuring nipple to umbilicus (cm) plus the additional length of the umbilical cord, or see
chart below

Position in the IVC but not in the heart ( usually just below the diaphragm is a good guide), any line in the
liver should be discussed whether it should be withdrawn to be outside the liver or whether it has passed
through the ductus venous and is satisfactory (see procedure section later in the Handbook)

Estimate length by measuring shoulder tip to umbilicus or ear to umbilicus (cm) plus the additional length of
the umbilical cord, or see chart below

Position at T6 — T9 or L3 - L4

Birth weight (kg)  UAC length (cm) UVC length (cm)

0.5 11.0 6.5
1 12.0 7.0
15 135 8.0

Investigations
(Take bloods off UAC once inserted)

ABG / BSL
FBC/differential
Blood culture, CRP (after at least 6 hours)

Group and DAT (write on request form extreme preterm infant — so blood bank will prepare quad pack units
of blood )

Consider coagulation screen if severe chorioamnionitis / sepsis
Gastric aspirate if there is a risk of infection

Record amount of blood withdrawn as accumulative total may be taken into account along with the Hb when
deciding on when to transfuse in the first 72 hours.

Fluids (See Neonatal Handbook for full details)

TPN Starter bag and Lipid 2 g/kg/day

UAC infusion 0.45% saline plus heparin lunit/mL

Record fluid intake and output

If hypoglycaemic, BSL< 2.0 mmol/L consider 2ml/kg 10% dextrose and repeat BSL in an hour

Drugs

Amoxicillin and gentamicin/cefotaxime as per neonatal drug protocols
Take gentamicin levels after the first dose
Oral nystatin 0.5ml 8 hourly for fungal prophylaxis

Sedation with morphine should be individualised depending on the babies comfort and likelihood of
extubation

If morphine is required give a loading dose (may not be required if intubation drugs were given recently) of 50
mcg/kg first before starting an infusion of 10 mcg/kg/hr. May need to be increased to 20mcg/kg/hr if infant
very unsettled.

The need for inotropes will be dictated by the blood pressure and cardiac output assessed with an
echocardiogram plus urine output, lactate and perfusion.®
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Blood Pressure and Cardiac Output

Central measurement of blood pressure via the UAC is the ideal as manual recordings can be inaccurate.
Manual recordings at admission will not be needed if a UAC is going to be placed

In reality we should aim for a MAP that provides adequate blood perfusion to all vital organs and cardiac
output also needs to be taken into consideration. The consultant will suggest BP limits.

The chart below has further details of the 3% for BP measurements for gestational age in a newborn in the
first few days. (Mullaly R etal. Arch Dis Child Fetal Neonatal Ed 2023;0:F1-F8)

Blood Pressure Reference Ranges

Gestation | Sys 3™ Dias 3¢ ' Mean 3™
24 32 15 26
25 34 16 26
26 36 17 27
27 38 17 27
28 40 18 28
29 42 19 28
30 43 20 29
31 45 20 30
32 46 21 30
33 a7 22 30
34 48 23 31
35 49 24 32
36 50 25 32

Also monitor and document urine output, perfusion, colour, acidosis, lactate

All ventilated infants < 28 weeks should have an echo in the first 12 hours (earlier if necessary) to assess
cardiac contractility, output and PDA

Care in Week One

Keep the family up to date with any changes in clinical condition and when any important tests have been done i.e.
head ultrasound or echo. Document when parents updated by medical team. A meeting with the SMO should be
scheduled within the first 10 days.

Ventilation

Aim to wean ventilation as able.
All babies <28 weeks should have a test sent for Ureaplasma colonisation on day 1 if intubated

Babies 28-296 weeks should have a test sent on day 1 if there is PPROM or chorioamnionitis
On day 1 send an ETT aspirate if intubated for Ureaplasma, no other swabs will be accepted by the lab as
nasopharyngeal swabs are not validated for this test.
In the days prior to extubation and to sometimes facilitate extubation to CPAP give loading dose of Caffeine
Citrate 20mg/kg IV followed by maintenance 10mg/kg/dose once daily.
Avoid collapse of alveoli by establishing PEEP via nasal mask or prongs before extubating

Bloods

NEON at 24hrs of age and then 24 hourly for first few days

Check phosphate / calcium for refeeding syndrome day 3,5,7 and treat if the level is <1.8 mmol/L (see sodium
dihydrogen phosphate drug profile)

Blood gases between formal NEON can provide 12 hourly electrolyte trends and minimises blood sampling
Discuss frequency of blood tests with Consultant

Monitor BSL as hyperglycaemia occurs frequently with the potential of causing an osmotic diuresis with
associated weight loss and dehydration.

Sepsis should also be considered if BSL elevated.

Fluids

Calculate fluid balance 24 hourly

Weighing is an accurate way to monitor fluid balance and daily weights may be requested

Preterm infants have limited but some urine on D1 with increasing amounts from D2 7

High Sodium TPN may be needed from day 5-7 (rapid fall in sodium or levels <135mmol/L)

In most extreme premature infants after the first few days there is an ongoing loss of sodium due to their
inability to reabsorb sodium?

Upon reviewing sodium results need to consider weight and effects of any current medication eg:
indomethacin, diuretics.
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e If hypernatremic:
o Change any infusions made with 0.9% saline to 0.45% saline or dextrose.
o If need to increase mis/kg/day — increase total TPN volume or commence dextrose sideline
If hyperglycaemic:
o Review glucose intake using glucose calculator in TPN folder (aim for <10mg/kg/min)
o Review infusions and change any in dextrose to 0.45% or 0.9% saline if able
o A7.5% glucose TPN bag is available if sugar control is problematic despite insulin
e Lipids: Increase lipids as per neonatal handbook guidelines
o If sufficient EBM aim to give trophic feeds 0.5ml - 1ml 4 hourly from D1
e Start probiotics the day after birth (a patient information sheet is available)
e Feeds to increase as per the feeding guideline
e Addition of HMF to feeds needs to be discussed with Consultant and information provided to parents (a
parent information sheet is available)
e Start HMF when the baby achieves 80-100ml/kg/day enteral feeds if no contraindications (see feeding
guideline). Otherwise consider the addition of essential amino acids instead with folic acid and phosphate

Drugs
e Consider hydrocortisone for prevention of bronchopulmonary dysplasia
o Babies <26 weeks AND incomplete steroids AND Severe RDS
o Emerging evidence that hydrocortisone reduces BPD, death and disability at 2 years of age.
o Refer to the drug profile for further information on patient selection and dosing
o If on antibiotics review at 24 hours with the blood culture result and serial CRP and FBC measurements
e Discuss commencing insulin infusion if 2 consecutive BSL>10mmol/ L

e Hyperglycaemia is likely to be related to insulin resistance and poor production but infection should be
considered as well °

e Calculate the glucose load in mg/kg/min to ensure it is not >10mg/kg/min using the Glucose calculator
e Use insulin dosing by the insulin computer

e Caffeine maintenance dose to start at 10mg/kg/day

e Start oral Vitamin A, Vitamin D and Micelle E when lipid stops as per drug protocols

e Start Folic acid if < 1500 gm at birth and are to receive unfortified breastmilk long term

¢ Continue on nystatin until no longer receiving Level 3 care

Imaging
e Further echos will be needed to follow the PDA and assess response to inotropes if required
e Head ultrasound scan — day 3-5 and repeat on Day 7-10

Longline (See Procedures for full details)
¢ Insert longline if full enteral feeds not likely to be achieved by day 7 as UVC will then need to be removed
e Premicath can be used in infants < 1000gm or in those with difficult veins
e The larger size catheter is preferable in bigger infants as it blocks less often and can tolerate more volume
e Double lumen longlines may be necessary for infants with multiple infusions
o Document which catheter is inserted, how far in and if the position is satisfactory on X-Ray
e Ifline position is altered re-X-Ray prior to use and re-document
e Use sticker for procedure note
e On confirmation of correct placement on X-Ray remove UVC.

Appropriate tip position:
e Upper extremity lines should end in a subclavian vein or SVC (not the heart as risk of myocardial damage)
e Lower extremity lines should preferably end in an iliac vein or IVC

e Lines can migrate inwards so take this into consideration when deciding on whether the line tip will be
satisfactory if this occurs

Humidification
e  80% humidification should continue until day 7
e Day 8 onwards reduce by 5% daily until at 50% - when humidification can be discontinued
e Apply petroleum jelly every 12 hours up to a maximum of 14 days when stratum corneum is matured 101112
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Neonatal Intubation and Airway Management

Preparation for Intubation

Intubation at delivery — see Preparation for Resus (above)
Intubation later on — similar indications as well as respiratory failure evidenced by deteriorating blood gases

Intubation should be performed with morphine (occasionally fentanyl), atropine and suxamethonium prior
(except if at delivery or as an emergency intubation)

Atropine should not be used in babies prone to supraventricular tachycardia

Suxamethonium should not be used in babies with major airway anomalies (in case you can’t intubate) or a
family history of acetyl cholinesterase deficiency or malignant hyperthermia.

Communicate plan to intubate

All planned intubation should be discussed with the neonatal consultant on.
The decision to intubate needs to be communicated to the bedside nurse, ACNM and, whenever possible,
the parents should also be informed prior to the procedure.

Assemble team and Assign roles

Team leader (Senior doctor or senior nurse)- maintains overview and situational awareness at all times
Airway lead (Intubator)- NNP/ Registrar/ SMO

Airway assistant (nurse or doctor)- provides equipment to intubator as required, can provide cricoid
pressure if required, assists with securing tube

Medication nurse — administers premedications, assists with securing tube after procedure

Floating nurse (if available)

Scribe

If there are limited staff available some team members will need to fulfil two roles.

Wherever possible the Team leader role should be preserved as an observation/ leadership role.

Prepare equipment

See Intubation section under “Preparation for Resuscitation” and Pre-Intubation Checklist

Practice points

Less experienced intubators without supervision (ie. in an emergency or unanticipated intubation
scenario) should prioritise ventilation and oxygenation (See Plan B and Plan C- Difficult Airway Pathway) If
you can adequately ventilate and oxygenate with the neopuff then this should be Plan A until experienced
support arrives. If intubation is required, there should be no more than two attempts at intubation until
more experienced help arrives. An iGel supraglottic airway could be considered in this scenario.

Factors associated with success
o Experienced operators/ supervision
o Premedication
o Video-laryngoscope
o Preparation, team work, communication and attention to human factors

Pre-Intubation Checklist

The Pre-Intubation Checklist (see next page) is designed to provide a framework for preparation for
intubations in the NICU environment when the clinical indication allows time for appropriate preparation to
occur, this includes any intubation in which we elect to use pre-medication. This will be most of the
intubations that occur in the unit but excludes truly emergent intubations eg. Infant collapse, CPR in
progress etc.

It may also be useful when preparing for a delivery in which intubation is anticipated but it is not designed
specifically for the birthing suite environment.

The team leader or scribe can take responsibility for reading each box aloud in a stepwise fashion, and
awaiting a response after each question/ statement before moving to the next line.



Notify SMO, ACNM and parents of procedure. If after hours, 2" Reg/NNP to be notified.
Assemble team and assign roles

Are there specific difficulties anticipated? Are the right people present?

IV access available and working?

Chart intubation medication (Use calculator and then prescribe)

Intubation medication charted, drawn-up and checked.
ET tube (+ one size either side)

Laryngoscope and blade (consider video-laryngoscope)
Pedicap

Neofit (cut to size)

Suction attached and turned on

Neopuff + appropriate sized mask

Aspirate stomach

Ventilator set-up and calibrated

Stethoscope and monitoring in place

PAUSE

Who and why are we intubating?

Any anticipated risks and escalation plan?

Appropriate team present?

The Neopuffis setat PIP ....... and PEEP ........ , OXygen .........

“If oxygen saturations are below....... or heart rate below....... or any team member has
concerns, this should be stated aloud and the attempt should be abandoned unless
successful intubation is imminent.”

POSITION AND PREMEDICATE

Position infant for intubation- consider thermoregulation needs.
Position monitor, equipment and team members
Give premedication as charted.

PROCEED

After each attempt, consider what could be optimised
After 2 failed attempts, the best available intubator should proceed
After 3 failed attempts, a difficult airway situation must be declared.

Confirm tube placement and order xray

Document procedure in infant notes with intubation sticker
Inform parents

Check ventilator settings and blood gas

29
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Difficult Airway Situations

e All airways should be anticipated to potentially become difficult airway situations.
e Risk factors for a difficult airway include but are not limited to:
Craniofacial structural abnormalities eg cleft palate, Pierre Robin
Structural compromise to airway eg Laryngomalacia, subglottic stenosis
External airway compression eg cystic hygroma
Neuromuscular abnormalities eg global hypotonia, arthryogyroposis
o Infants who have had multiple previous intubations
o Addifficult airway situation should be declared after 2 failed attempts by an experienced operator

o O O O

Airway lead should clearly state “ This is now a difficult airway situation with failed intubation, we are
activating the difficult airway pathway”

Challenge and Response Paradigm
e The challenge and response paradigm helps to implement a checklist as an intervention rather than a
reference tool which are often under utilised in high-stress situations
e One team member reads aloud the checklist in a stepwise fashion with a yes/no response required to
each question/ statement before moving to the next line.
e This framework supports the team to move through each step in the pathway in a logical, step-wise
fashion.

Speak up for safety
e All team members, regardless of role or experience, have a responsibility to speak up if they are concerned
appropriate steps are not being taken during the intubation procedure.

3 Best attempts
e If intubation has failed it is important to assess what could be changed to optimise the next attempt. Can
the baby be re-positioned? Does the airway need suctioning? Do we need a change of intubator?
e After 3 best attempts always ask, is intubation really needed immediately? Can we achieve ventilation/
oxygenation with the technique we are using now?

Neonatal Difficult Airway Pathway

¢ When a difficult airway situation is declared, one team member should pick up the “Neonatal Difficult
Airway Pathway’ card (located on the airway trolley and on the lid of the difficult airway box.)

e They should declare the emergency clearly, ensure appropriate support has been called and the difficult
airway box retrieved from Pod 1, Room 1.

e Starting with the green box (PLAN A) each suggestion is read aloud in a stepwise fashion (Challenge) and
requires a yes/ no (Response) from the airway lead or team leader.

e This is a list of suggestion to consider- they do not all need to be tried but at least one thing should be
changed or optimised before each subsequent attempt

e If intubation is still not successful, or the team is awaiting the arrival of an experienced intubator the reader
should move to the yellow box (PLAN B) and read the suggestions aloud, in a stepwise fashion, with a
yes/no response required before moving to the next line.

e If the infant can be adequately ventilated with neopuff, then the team should maintain this technique until
additional support arrives. Always ask, does this infant really need intubation at this time?

e If adequate ventilation is not able to be obtained with the techniques in the yellow box the team should
move to the orange box (PLAN C). If Neonatal SMO is present and the intubation has been unsuccessful,
consider the need for specialist support (Paediatric Anaesthetist +/- ENT) to be called.

e Paediatric Anaesthetics/ ENT have additional airway adjuncts and expertise to utilise in difficult airway
situations including but not limited to glidoscope/ hyperangulated laryngoscope blades and flexible
bronchoscope.

e Surgical airways/ front of neck access is not recommended in neonates and should not be performed by
neonatal staff. It should only be considered as an absolute rescue technique and by appropriately
experienced/ trained staff ie. ENT.



Declare the emergency.
“This is a difficult airway situation.”
Has someone called for help? Neonatal SMO/ 2nd Neonatal SMO
Consider need for Paediatric Anaesthetist/ ENT

Has the difficult airway box been retrieved? (located Pod 1, Room1)

PLAN B

CONSIDER ALTERNATIVE
WAYS TO VENTILATE/
DELIVER OXYGEN

Optimise position

Check mask size

2-person mask ventilation
Consider higher PIP for chest rise
Adequate PEEP
FiO2 100%

Attach Pedicap to neopuff
Aspirate/ deflate stomach

Would airway be improved by
infant being prone?

Is help coming?

Videolaryngoscope

This is kept in the surgical pod of room 1

The screen has been attached to a tripod so that it can be stood up for use.

The bracket that holds the screen is a tight fit, so preferably you won't need to remove the screen
The laryngoscope handles need to be kept in their case for protection.

For these reasons there is a stand with a basket, for the screen to sit in and the case to hang from - See
photo attached.

Pl el ‘
g 79

e The document below has all the instructions on how to use the videolaryngoscope

Video_Laryngoscop
e_IFU.pdf
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Supraglottic Airways in NICU

Supraglottic airways (SGASs) are a group of airway devices that can be
inserted into the pharynx to allow ventilation, oxygenation, and

administration of anaesthetic gases, without the need for endotracheal
intubation. a2

For anaesthesia, these devices are used for primary airway
management, for rescue ventilation when facemask ventilation is
difficult, and by an anaesthetist as a conduit for endotracheal
intubation.

We anticipate that in our neonatal setting they may be used when A
endotracheal tube insertion has not been possible but an airway is
required.

Device iGel supraglottic airway

Size 1, for patients 2-5 kg

Storage location  Stored in Theatre 26 & 27 and in clean store room in labour ward.

In NICU — in resus trolleys room 1

Placement

Protocol

i-Gel should be lubricated then inserted with supraglottic airway opening facing tongue surface.
Gently advance to behind the tongue and then check chest wall movement

If no chest wall movement consider adjusting to optimise ventilation and chest movement (moving up or
down)

Resus should follow basic and advanced NLS algorithms
Airway support is initially by bag/mask ventilation or T-piece (Neopuff)
If further airways support is needed
2 attempts may be made to intubate
If attempts unsuccessful (and baby still needs intubation) move to supraglottic
airway
If unsuccessful then move back to Neopuff
Remember that the LMA position may move during use — optimally the mask should cover from the epiglottis
to below cords as in the above photo. If chest wall movement is not seen small adjustment of the LMA (in or
out) will be required.

Remember that if further airway support if required to call the neonatal SMO. There is always anaesthetic
support available within the hospital if required (in main theatre and in obstetrics).

“* RESPIRATORY SUPPORT

Antenatal Steroids

(Maternity Guideline: Antenatal Corticosteroid Therapy (GLM0065))

The benefits of antenatal steroids to fetuses at risk of preterm delivery outweigh any potential risks.
Antenatal steroids decrease neonatal mortality, respiratory distress syndrome, IVH, NEC,early onset sepsis
Treatment consists of two doses of 11.4 mg of betamethasone given intramuscularly 24 hours apart.
Optimal benefit begins 24 hours after completion of the course and lasts 7-10 days.

Even if delivery seems imminent steroids should still be given as timing of delivery is unpredictable and
benefits are still seen after incomplete steroid courses

No additional benefit has been demonstrated by accelerating the course and giving the second steroid dose
at 12 hours so this is not favoured


http://edu.cdhb.health.nz/Hospitals-Services/Health-Professionals/maternity-care-guidelines/Documents/GLM0065-Antenatal-Corticosteroid-Therapy.pdf
https://www.google.com/imgres?imgurl=http://www.frca.co.uk/images_main/resources/Intersurgical/8205_web.jpg&imgrefurl=http://www.frca.co.uk/article.aspx?articleid%3D101119&docid=y3gsqGeJUv7TpM&tbnid=USji4HlYV5ScBM:&vet=10ahUKEwjG-YPI753eAhUVXysKHTFnAcQQMwh9KDAwMA..i&w=300&h=220&safe=strict&bih=642&biw=1329&q=igel%20lma%20photo&ved=0ahUKEwjG-YPI753eAhUVXysKHTFnAcQQMwh9KDAwMA&iact=mrc&uact=8
https://www.google.com/imgres?imgurl=http://www.doctorsoxygenservice.com/home/Portals/0/images/products/Laryngeal%20Masks/Igelimage4.jpg&imgrefurl=http://remotemedicine.blogspot.com/2011/12/new-toys-for-cfr-advanced.html&docid=dqRIo1D5CM1nMM&tbnid=G6NRmAYTG5tWsM:&vet=10ahUKEwjG-YPI753eAhUVXysKHTFnAcQQMwhvKCIwIg..i&w=303&h=253&safe=strict&bih=642&biw=1329&q=igel%20lma%20photo&ved=0ahUKEwjG-YPI753eAhUVXysKHTFnAcQQMwhvKCIwIg&iact=mrc&uact=8
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Indications for Antenatal Steroids

o 22+51t0 23+6 weeks —to be given if active intervention at birth is the shared decision after joint consultation
with the Obstetric team, Neonatal team and parents

e 24+0to 34+6 weeks — give steroids if at risk of preterm birth within 7 days

Indications for Repeat Antenatal Steroids
e Give a single repeat dose of betamethasone if:
the gestation is <34+ 6 weeks
at risk of preterm birth within 7 days
it is more than 7-10 days from the completion of the last steroid course
e Up to 3 single repeat doses can be given. If a woman remains at risk of preterm birth after 3 repeat doses a

joint discussion should occur between Obstetrics, Neonatal and the parents to weigh up the risk and benefits
of further doses.

CPAP

e Flow Driver
o preferred method for small babies
o double nasal prongs, wide bore tubing and flow driver
o adjust flow to achieve target pressure range (5-8cm)
e Bubble CPAP
o preferred method for babies >32 weeks
o bi-nasal with midline prongs and a F&P bubble device.
o select the oxygen concentration required and set the flow meter at 6-8 L/min
e Single Prong
o rarely used
o single nasal prong attached to a ventilator (shortened ETT inserted approximately 2 cm,or about 1/2 the
nostril to ear distance).
o commence with 5 cm water and gas flow of 4-6 L/min
e To assess the adequacy of CPAP, watch for / assess:
o Bubbly secretions at the mouth.
o Transmitted hum of gas flow in the chest.
o Clinical response including improved gas exchange and decrease in respiratory effort.
e If the baby is not responding, consider reasons for failure of CPAP:
o Inadequate respiratory effort, e.g. secondary to maternal sedation or apnoea of prematurity (consider
caffeine)
Respiratory failure that is severe or worsening.
o Inability to achieve an adequate seal (e.g. due to crying or mouth opening).
Excessive abdominal distension (this can be because the compliance of the respiratory system has
deteriorated so that it is worse than that of the abdomen!).
Development of a pneumothorax or other air leak.

o Unsuitable disease process — e.g. anomaly such as tracheo-oesophageal fistula or diaphragmatic
hernia.

Stopping CPAP

e There are many ways to wean CPAP but from May 2014 we have based our CPAP Weaning Guideline
(Ref.2400577) on a multicentre randomised trial published in Archives of Dis in Childhood Fetal and Neonatal
Edition July 2012

o Babies = 34 weeks gestation usually come off CPAP on the first trial and clinical judgement should be used to
decide when they are ready to come off CPAP and the guideline does not need to be used

e The guidelines are to be used for babies <34 weeks gestation

e The guidelines will suit the majority of babies but not all and babies with severe chronic lung disease may
have an individualised plan

e Clinical judgement should always be used and CPAP restarted if a baby is clinically unwell but does not fully
meet the criteria to restart

o If unable to remain off CPAP after 2 attempts and is 232 weeks corrected then consider High Flow

e High Flow may also be considered to be a better option in babies born at <28 weeks from 32 weeks corrected
if they will need long term respiratory support.

e Consider increasing caffeine prior to weaning if events have been a concern



https://prism.cdhb.health.nz/site/policies/SitePages/Policy%2520View.aspx?ppid=2400577

Stable Criteria

All criteria need to be present for >24 hours to be stable to trial off CPAP:

Corrected GA >28 weeks

PEEP 5-6 cmH20
Oxygen < 25%

No significant recession

Tolerating time off with cares (ie: for 15min)

Minimal self correcting events with no clusters (= 3 events an hour)

No intercurrent illness being treated, immunisations or eye check due
Sats are <90% less than 10% of the time

Respiratory rate <60/min

Review criteria daily after stopping CPAP to ensure stability and at any time there is a clinical change.
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Remain in Level 3 for 48 hours after stopping CPAP (if able) as 80% of babies who become unstable after trialling
off CPAP do so within 48 hours (CWH NICU Audit 2017)

Unstable Criteria

If = 2 criteria are present then restart CPAP:

1.

Increased work of breathing and respiratory rate >75/min

Oxygen >25% on nasal prong oxygen (see algorithm below to calculate)
3 or more apnoea/desat/brady in an hour
pH<7.2
PaC02 > 65mmHg or a rise in PaC02 >10mmHg

If only 1 criteria present restart CPAP:

Increase work of breathing and respiratory rate >90/min
Major apnoea/brady needing IPPV

Once back on CPAP to remain on CPAP for 48 hours before reassessing if they are stable enough to trial off again.
If events are the main cause of instability then review the caffeine dose.

Low Flow Oxygen Calculations

Adapted from ADHB Guidelines — Oxygen: Low Flow Calculator

Fi02 = 25% Fi02 = 30%
Weight (kg) On the following Low Flow Rates On the following Low Flow Rates
1kg 0.02 L/min 0.04 L/min
1.5kg 0.03 L/min 0.06 L/min
2kg 0.04 L/min 0.07 L/min
2.5kg 0.05 L/min 0.08 L/min
3kg 0.06 L/min 0.1 L/min
3.5kg 0.08 L/min 0.12 L/min
4kg 0.1 L/min 0.15 L/min
4.5kg 0.1 L/min 0.18 L/min
5kg 0.1 L/min 0.2 L/min

http://www.adhb.govt.nz/newborn/Guidelines/Respiratory/Oxygen/ActualO2.htm



http://www.adhb.govt.nz/newborn/Guidelines/Respiratory/Oxygen/ActualO2.htm
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Heated Humidified High Flow Nasal Cannula Oxygen

HHFNC is defined as oxygen through nasal cannula that is heated and humidified at flows above 1L/minute.
It is increasingly being used as another form of respiratory support in addition to CPAP.

Indication

Infants with corrected gestational age = 32, after 2 attempts to wean off CPAP, or, as an alternative to CPAP
in babies that they are likely to need ongoing respiratory support for weeks (usually <28wks at birth)

Directly after extubation if clinically appropriate although CPAP is the preferrerd post-extubation respiratory
support method

As an alternative to CPAP if still requiring respiratory support and FiO2 requirement <40%
It is not for use currently for infants as the initial respiratory support irrespective of gestational age

Potential Benefits

Provides a warmed and humidified flow of air and/or oxygen mixture (via a blender) to the infant where FiO2
can be monitored

There is some degree of end distending pressure, however, debate remains as to how much
May be better tolerated by some infants becoming unsettled on CPAP

Reduced gastric distension than on CPAP

Less pneumothorax

Less nasal trauma

Sucking feeds are more easily attempted

Equipment

Fisher and Paykel Optiflow nasal cannula connected to our humidification circuits

Size to be determined by nares - aim for most of nare to be filled without pressure

Nare MUST NOT be tightly filled as the pressure generated will be excessive

Mouth should be closed for optimal effect but active closure with a chin strap is not required

Management

Start at 6L/min (maximum rate is 8L/min)
Pressure delivered will increase as flow increases and with decreasing infant weight
High Flow can be stopped from 2-4L/min flow
Flows <1L/min will have fluid “rainout” so should not be used
Maximum flow rates vary: Small prongs — max rate 9L/min
Medium prongs — max rate 10L/min
Large prongs — max rate 23L/min
Flow must be connected to heated humidification system.
Infants should be placed back on CPAP if at any stage if:
the FiO2 increases by more than 10%
there are frequent apnoeas
there is substantial increase in work of breathing

Complications

Potential for asynchrony in breathing which may result in the infants becoming more tired over long periods;
therefore, a good assessment of work of breathing is required

Potential for nasal erosion remains although less than with nasal CPAP

There is concern about the unknown distending pressure and varied results gained in research studies,
therefore ensure that prongs do not seal the nares and reduce flow as able.

Potential problems with “rainout” resulting in lavage and apnoea; therefore, nurses need to be aware of
clearing “rainout” regularly and ensuring that only heated tubing is used
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Weaning Humidified High Flow

e The guideline for weaning humidified high flow (Ref.2400578) has been based on the CPAP weaning
guidelines, however, there are no published data on the best weaning methods
e As for the CPAP weaning guidelines they will fit most babies but not all and babies with severe chronic lung
disease may have an individualise plan fine tuned with the information from sleep studies
e Some babies may need higher caffeine doses or treatment for reflux before weaning is successful
e Weaning of flow to commence under direction from Consultant
Wean oxygen first then wean flow

Generally flow will reviewed 12-24 hourly and reduced by 1L/min as tolerated until 2-4L/min and then
place on low flow oxygen if required

Stable Criteria
All criteria need to be fulfilled for > 24 hours to be stable to wean High Flow by 1 L/min:

1. Oxygen < 30%

No significant recession

Events are self correcting or are minor and no clusters (=3 events an hour)
No intercurrent illness being treated, immunisations or eye check due

Sats are < 90% less than 10% of the time

Respiratory rate < 80/min

Unstable Criteria
If any criteria are fulfilled then increase the flow rate by 1L/min and consider CPAP if deteriorating:
Review criteria 12-24 hourly to screen for ongoing instability

1. Increased work of breathing and average respiratory rate >90/min
Rising oxygen requirement 25%

3 or more events of any type in an hour

pH<7.2

PaCO0:2 rise of >10mmHg


https://prism.cdhb.health.nz/site/policies/SitePages/Policy%2520View.aspx?ppid=2400578
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SLE 6000 Ventilator

The SLE ventilator can provide pressure limited / time cycled ventilation, targeted tidal volume ventilation and
high frequency ventilation with or without volume guarantee.

Ventilation has become much more complicated with the development of more versatile ventilators. The basic
principles remain the same, but if in doubt, discuss all issues of ventilator management with a
consultant or more senior registrar / NNP until you have a good grasp of all the ventilator modalities we
use.

There are a series of videos describing the special functions of the SLE6000 at G:\Division\NIC\Common\SLE
6000. There are also videos on Oxygenie, NIPPV and CPAP via the ventilator (dual limb and single limb
variable flow).

Modes of Conventional Ventilation

CMV - Continuous Mandatory Ventilation

All breaths are initiated by the ventilator at the rate that is set
The ventilator has no capability to synchronise with the baby’s breaths therefore it should rarely be used.
This mode can be used in babies with no respiratory effort ie: heavily sedated or muscle relaxed

This mode should be changed when the baby starts to have respiratory effort as it is much better for the baby
to have synchronised ventilation

SIMV - Synchronised Intermittent Mandatory Ventilation

The ventilator breaths are synchronised with the baby’s breathing efforts

If the baby does not breathe the ventilator will still produce breaths at the rate that has been pre-set

The trigger needs to be set (usually at 0.2)

The trigger senses when there is airflow from the baby. When it reaches the threshold, a breath is triggered

On SIMV if the baby breathes at a rate above the set rate then these breaths do not receive pressure
support

SIMV + Pressure support mode will give pressure to the breathes above the set rate. Pressure support can
be set to full PIP or less as a weaning strategy eg: 50% support

When weaning from this mode drop the PIP first, then wean the rate before extubation

PSV — Pressure Support Ventilation

In this mode the ventilator breaths are synchronised with the baby’s breathing efforts

In contrast to SIMV, if the baby breaths above the set rate, these breaths do always receive pressure support
If set up as PSV only then the amount of pressure support is 100% for all breaths

When the set % is reached the pressure support will terminate, this is called the termination sensitivity

It is good to think of the breathing rate as a back-up rate rather than a set rate and it is there in case the
baby’s breathing efforts are intermittent

This can be the optimal mode of ventilation in a selected group of infants (e.g. those with musculo-skeletal
problems affecting the chest)

This mode is good to use if the baby needs more ventilatory support than SIMV can provide

Weaning from this mode is accomplished by decreasing the PIP. Weaning the rate does not decrease the
amount of ventilation provided as all breaths are augmented.

Weaning can also be accomplished by weaning the amount of pressure support which in effect will wean
them to SIMV once pressure support is removed

PTV — Patient Triggered Ventilation

Our default mode of ventilation

This mode is also synchronised

The trigger is set at 0.2 and the baby triggers ventilation breaths

The rate that is set is a back up rate only as all breaths are supported

The difference from PTV and PSV is that the baby’s breaths are all supported 100% to the set PIP, whereas
in PSV the amount of pressure support can be altered

Weaning from this mode is achieved by weaning the PIP, weaning the rate will have no effect on the amount
of ventilatory support provided
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VTV - Volume Targeted Ventilation

Volume ventilation can be used in conjunction with all of the above methods of ventilation

This mode can be very useful, especially in babies with rapidly changing pulmonary mechanics as it is
continually adjusting for the infants respiratory effort and lung compliance

It cannot be used if there is a large leak around the ET tube of >30-50%

It changes from the conventional method of setting pressures to be delivered to setting tidal volumes to be
delivered with the PIP and PEEP being set as alarm limits only

Tidal volumes should range from 4-6ml/kg initially. The ventilator automatically adjusts the PIP to achieve this
The inspiratory time will change with each breath and consider it as a back up setting only

The ventilator assesses the expired tidal volume of each breath and adjusts the pressure for the subsequent
breath to achieve a pre-determined target tidal volume.

The ventilator assesses spontaneous breaths and ventilator initiated breaths separately and adjusted
pressures correspondingly.

If the infant takes a large spontaneous breath that exceeds the target volume then the expiratory valve will
open and no PIP is given.

PTV + VTV can be used in any infant with lung disease provided there is an adequate back up rate to provide
adequate ventilation if the infant has poor respiratory drive.

SIMV + VTV can be useful in those infants with little lung disease that require minimal ventilation

PSV + VTV should be used in infants with good respiratory drive and with little to moderate lung disease that
is improving.

Conventional Ventilation Settings

Generally start with PTV + VTV using volume limited, time cycled, continuous flow mode
For consistency, the ventilators are usually set up with settings of:
Tidal volume 4-6ml/kg

Max PIP 20-24 cm Inspiratory Time 0.34 sec
PEEP 5-8 cm Oxygen as required
Gas Flow  8L/min Trigger 0.2

Rate 50 breaths/min

There are no magic set of ventilator settings that will be appropriate for all babies, and we are all responsible
for carefully assessing each baby to arrive at the best individualised ventilation strategy.

Inspiratory Time

The Ti is chosen when considering the baby’s respiratory time constant which is the product of pulmonary
resistance and compliance

The Ti will be short (0.3 sec) in babies with normal resistance and low compliance (eg: early in RDS)
The Ti will be longer (0.34-0.4 sec) in babies where the compliance improves (eg: after surfactant)
The Ti may be much longer (0.5sec) in bigger babies and those with high airways resistance (eg: MAS, BPD)

Tidal volumes

¢ Minimal lung disease or RDS in those >1000g 4-5ml/kg
¢ Babies <1000g with higher dead space 4-6ml/kg
¢ Early BPD with homogeneous disease 5-8ml/kg
e Severe BPD with cystic, heterogeneous disease 8-12ml/kg

Principles of Ventilation

Lung mechanics are dynamic and change over time so when a baby is ventilated we must
constantly monitor the baby’s response including - tidal volumes, pressures used, chest

movement, saturation, blood gases
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Open Lung Volume Concept

e Using an open lung or high volume strategy irrespective of the method of ventilation will be lung protective
and better outcomes will be achieved

e Ventilation in this manner improves gas exchange, reduces ventilation induced lung injury, preserves
surfactant function and improves lung mechanics

e Open lung volumes can be achieved with recruitment methods in babies with certain respiratory diseases

Lung Hysteresis Curve
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1. Underinflated, collapsed lung with low tidal volumes and lung compliance and a high oxygen requirement
with poor CO2 clearance

2. Improved inflation and subsequently improved tidal volumes, compliance, oxygenation and ventilation

3. Overdistended lungs with deteriorating tidal volumes, lung compliance and a rise in oxygen requirements.
Depending on the severity of the overinflation the systemic circulation and blood pressure can be
compromised

4. Optimal inflation with lungs that have passed through total lung capacity and recruited alveoli which
remain open when the MAP is reduced ie: maintaining the same lung volume at a lower pressure. Optimal
lung compliance, oxygenation and ventilation are seen at this point in the hysteresis curve

Oxygenation

This is most affected by the mean airway pressure (MAP) and FiO2

¢ MAP =K (PIP - PEEP)x RRxTi +PEEP
60

e From the equation you can see that adjusting the PIP, PEEP and Ti can alter the MAP

¢ Increasing the PIP in steps of 1-2 will improve oxygenation and recruit alveoli but if the PIP is too high this will
come with the additional problems of causing volutrauma to the lungs

e Asyou reach total lung capacity any increase in PIP will not provide an increase in lung volume and so is
“unnecessary” pressure that could cause damage

e In some cases a slightly higher Fi02 may need to be accepted to keep the PIP down

e Increasing the FiO:is the easiest way to improve oxygenation but the side effects of oxygen in preterm babies
must not be ignored

¢ Remember that there may be extrapulmonary shunting that us affecting oxygenation eg: PDA, CHD
e The inspiratory time is set at 0.34 sec but may need to be altered depending on the lung condition

e Increasing the PEEP (usually from 5 to 8) can be helpful in a baby who is hard to oxygenate

e Increasing the PEEP increases the MAP more in comparison to PIP changes of the same magnitude

e Asthe PEEP is increased up to 10 cm H20 there is a linear increase in alveolar diameter — above this there
may just be extra pressure in the alveoli for no increased gain of effect

¢ A method of lung recruitment on conventional ventilation is stepwise increase of the PEEP to recruit and then
lower the PEEP again when the lung has re-opened
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Prevent de-recruitment
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Ventilation

The elimination of CO2 is proportional to the minute ventilation (200-300ml/kg/min)

Tidal volume has been reported to be the main determinant of ventilator-induced lung injury rather than
inflation pressure.

Volume ventilation utilises a variable PIP to deliver the dialled targeted tidal volume. This minimises
volutrauma.

Minute ventilation is improved by increasing the targeted tidal volume or increasing the rate

Increasing the targeted volume or rate up or down to increase the CO:zis the most often used way to manage
the CO2

Changes in the rate are usually changed by steps of 5-10 breaths/minute depending on the blood gases

CO02 clearance is improved by decreasing dead space, increasing rate, increasing PIP, or adjusting PEEP
(PEEP may need to go up or down depending on the effect on alveolar ventilation).

Increasing the PIP will also help clear CO: as it increases the tidal volume.

DCO0, - Diffusion Coefficient for CO,

e This parameter is calculated by the ventilator and is a guide for CO2z clearance

e DCO0; (ml%sec) = frequency x (tidal volume)?

e It varies depending on infant weight, disease pathology

e This value is therefore individual to the patient and should be trended rather than trying to achieve a

specific number

¢ In general a higher DCO:2 is associated with improved CO: clearance
e May be more stable when using volume ventilation with conventional or HFOV

Weaning

There is no magic number to reach before extubating a baby and it will depend on their clinical condition

A rough guide would be to wean a preterm baby to a PIP of around 14-16 and a term baby to around 16-18
and a rate of 30-40/min before extubating

Infants <30 weeks should be loaded with caffeine before extubation

In SIMV weaning is achieved by minimising the PIP and then dropping the rate

In PTV and PSV weaning is achieved by dropping the PIP

In TTV weaning is achieved by dropping the tidal volume

See extubation readiness section or the spontaneous breathing test prior to extubation
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Blood Gases

Acceptable blood gas ranges for most ventilated babies are:

pH 7.25-7.35

PaCO: 40-50 mmHg
50-70 mmHg for permissive hypercarbia in babies with severe lung disease as long as the
pH is maintained > 7.25

PaO: (arterial) 45-70 mmHg < 1000 grams
50-80 mmHg > 1000 grams

HCO03 20-30 mmol/L levels will rise overtime in babies with chronic lung disease to balance
the acidity of higher CO:z levels. Lower levels may be due to excess loss
from premature kidneys or severe acidosis from hypoxia or sepsis, or a
metabolic condition

Lactate < 3 mmol/L persisting higher levels need investigation for the cause such as
sepsis, poor cardiac output or perfusion, metabolic conditions

There are many papers in the neonatal literature that suggest that hypocarbia/respiratory alkalosis is associated
with worse pulmonary and cerebral outcomes than mild respiratory acidosis, probably due to excessive trauma to
the lungs and impairment of cerebral blood flow

High Frequency Ventilation

This has become a very important method of ventilation for babies with severe respiratory failure

Ventilation occurs with a high continuous distending pressure, supraphysiologic respiratory rates, small tidal
volumes and achieves gas exchange by oscillatory flow

Discuss with a consultant as it is different from conventional ventilation

There are a number of different ventilators that can provide HFOV but the ventilators we use at CWH are the
SLE or the Sensomedics (only delivers HFOV)

HFOV tends to be used as a rescue treatment for babies who have failed on conventional ventilation
However, there is no conclusive evidence that HFOV versus conventional ventilation improves outcomes
whether it is used electively or as a rescue method of ventilation

HFOV can be delivered with and without volume guarantee V/G

There are no large prospective trials on HFOV V/G vs HFOV alone, however, there are theoretical benefits of
using volume guarantee

HFOV V/G aims to reduce fluctuations in tidal volume and maintain consistent volumes by auto-adjusting
amplitude to prevent large fluctuations. This may be particularly useful when the respiratory mechanics
change rapidly such as drainage of a pneumothorax, air leak syndromes, or treatment with sedation and
muscle relaxation.

HFOV with V/G is a new mode for our unit and so is currently being used as a second-line HFOV ventilation
mode for the most fragile infants over 1kg in weight and under guidance by the SMO

Some information below will be separated into two sections — HFOV alone and HFOV with volume guarantee
as there are different concepts around ventilator set-up, ventilator adjustments and recruitment strategies

Supportive care prior to HFOV

Correct tube size and well strapped

Minimal leak around the ET tube

Sedation + muscle relaxation

Transcutaneous monitoring is an important adjunct to avoid large swings in CO2 when on HFOV
Correct volume depletion/anaemia if present

Correct acidosis

Correct cardiac dysfunction and hypotension

If PPHN is present — normalise Hb, Ca, Mg levels and manage with NO
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Definitions

Mean Airway Pressure | cmH20 constant distending pressure leading to sustained inflation and

(MAP) maximising lung volume

Amplitude A Delta P | the difference between the maximum and minimum oscillation
pressure, or, the wobble around the distended lung volume

Frequency (Rate) Hz the speed of the wobbles/breaths

Inspiratory: Expiratory | I:E ratio of inspiration time and expiration time

Tidal Volume (VT) mL calculated or a set value depending on the HFOV mode and will be
affected by significant leak and the size and length of the ETT (the
smaller and longer the tube the higher the resistance)

High Frequency — Settings

Initial Setting Adjustments
MAP Start with the same MAP or 2-3 cmH20 Increase in steps of 1-2 increments to improve
above the MAP on conventional oxygenation/lung distension and CO: clearance.
ventilation Reduce by 1-2 increments when weaning.
Aim to wean to 8-12cmH20 before considering a
change to conventional ventilation or extubation
Amplitude Set so the chest is visibly shaking — look Increase/decrease in steps of 1-2 units (or more
and feel the chest and see what tidal depending on the CO2 result) to increase/lower
volumes are being generated CO0z clearance by altering the tidal volume
Frequency Set as above for the lung pathology. Aim to set the frequency for the lung pathology
Generally the smaller the baby the higher | and leave it. Manipulations should be d/w SMO
the frequency. and changes made by 1-2Hz steps. Decreasing
the frequency will increase tidal volume and
increase CO2 clearance and vice versa
I:E Set at 1:2 ratio. Increasing to 1:1 will

increase tidal volume but can lead to air
trapping

Tidal Volume

Measured value - aim for 2mL/kg

This value will change by adjusting the MAP,
amplitude and frequency but in this mode it is a
calculated value




High Frequency Volume Guarantee- Settings
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Initial Setting Adjustments
MAP Start with the same MAP or 2-3 cmH20 Increase in steps of 1-2 increments to improve
above the MAP on conventional oxygenation/lung distension and CO: clearance.
ventilation Reduce by 1-2 increments when weaning.
Aim to wean to 8-12cmH20 before considering a
change to conventional ventilation or extubation
Amplitude Set so the chest is visibly shaking — look | This will automatically change to achieve the

and feel the chest.

desired tidal volume

Amplitude MAX

Set to 5 above the current amplitude as
a limit only

Ensure that with lung dynamic changes that the
value remains set at least 5 above the amplitude
used to allow for variation

Frequency Set as above for the lung pathology. Aim to set the frequency for the lung pathology
Generally the smaller the baby the and leave it. Altering the frequency will have no
higher the frequency. effect on the tidal volume or CO2 clearance as the

amplitude will compensate to maintain the set tidal
volume

(= Set at 1:2 ratio

Tidal Volume

Start at 2mL/kg (range 1.5-.2.5mL/kg).
Note minimum value is 2mL limiting
the use of HFOV with V/G to babies 1kg
and bigger

This will be automatically generated to the set
volume with amplitude variation. If it is not being
achieved check that the Amplitude MAX is set
high enough, does the baby need suction or is
there water in the sensor? Increase the tidal
volume by steps of 0.1-0.5mL/kg if the CO2 is
high and reduce by steps of 0.1-0.5mL/kg if the
CO2is low.

Choosing the Frequency

e This will be set for the lung pathology and usually once set is left alone unless the lung state changes, or, the
desired result has not been achieved with other manipulations of the ventilator

44

constant,
minimise Vr exposure

Short
smalil

time
size, -

Factors that impact Frequency Hz
1. Disease 20 -1
2. Baby Size ] 1 11Chs,

: a )
3. I'_—IT size Volutrauma in evolution - 15 = _.'
4. Injury risk = minimise further VILI

14
Early PIE =

Variable |Cgs * gas -
trapping  (tRgpg) longer 1 4

time constant than term

RDS, larger size. —10 -

Aspiration Syndromes =

Cystic conditions with L,
high FiO, and CO,

Established VILI % gas
trapping, 1Rgs |elasticity,

longer  time  constant,
larger size.

*Some HFV use 1-2Hz lower

—~ Preterm RDS*

Lung hypoplasia, | Cgs,
High risk volutrauma
CDH
Term RDS/nARDS

1Cgs, Reduced time
constant, larger size

AL’



44

Monitoring on HFOV

When commencing HFOV a senior doctor should remain by the bedside until the infant is considered stable
(often up to an hour after commencing) as rapid changes in pCO2 can occur.

Sa02 monitoring and transcutaneous CO2 (TcCO2) are essential as there may be rapid swings in CO2
Preferably, the TcCO2 should be placed prior to switching to HFOV with a blood gas within 15 — 20 minutes
to monitor pCo2 to assess TcCO2 accuracy if time permits..

The blood pressure and a chest radiograph must be checked soon after starting HFOV to assess the effect of
the MAP on cardiovascular function.

Check lung volumes (aiming for 9-10 posterior ribs) and cardiac contour (a narrow cardiac contour may imply
too high a mean airway pressure or need for blood volume expansion).

Reduction of the MAP and/or administration of fluid to expand intravascular volume may be necessary.
Repeat CXR’s may be needed to assess lung volume although it is quite an inaccurate method of
determining lung volume

In cases with pulmonary hypoplasia the CXR is an inaccurate method of assessing lung volume

Check blood gas within one hour (if not done earlier for TcCO2 monitoring) after commencing this mode to
check CO2 levels and compare with DCO2.

When changes are made, especially for ventilation, check resulting DCO,, or VT values. Changes in DCO,
will become visible within a minute

DCO0, Decreased - may indicate decreased compliance due to change in lung pathology, blocked tube,
increased secretions. Consider suction, clinical exam, blood gas, CXR, ventilation settings review

DCo2 increased- may indicate improved compliance and ability to wean ventilation

Recruitment Manoeuvres

The lung volume is increased through total lung capacity (ie: from point 1 to 4 in the lung hysteresis curve
graph above)

Not all disease processes are compatible with recruitment methods and sometimes are contraindicated
These manoeuvres should only be done by experienced staff who understand the principles behind them

Only recruit diseases with atelectasis — HMD, Pneumonia, PPHN with parenchymal disease, Drained
pneumothorax

Diseases not to recruit — PPHN with normal lungs, Pulmonary hypoplasia, Severe PIE, CDH. Await for time
dependent recruitment

If the baby desaturates after suction then increase the MAP by 2 cmH20 for 2-5 minutes to re-recruit

1. Start at the MAP already in use or start at 8-12cmH20
. Hold Oz and frequency the same (consider turning Oxygenie off when recruiting)

3. Increase MAP by 2 cmH20 increments every 2-3min for a preterm baby and 5-10min for a term baby to
around 20-25 cmH20

As the lung is recruited: Sats increases, FiO2 decreases, DC02 increases, TCO2 decreases
4. Stop increasing the MAP when unable to reduce the FiO2 any further
5. Note the maximum MAP
6. Decrease the MAP by increments of 2 cmH20 until the closing pressure is reached

As the lung de-recruits: Sats decrease, FiOzincreases, DC02 decreases, TCO2 increases
7. Re-recruit by increasing the MAP to the maximum pressure for 2-3 minutes
8. Decrease the MAP to 2 cmH20 above the closing pressure
9. The lung will maintain good inflation now but at a lower mean airway pressure

N

AMAP
mmHg
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Chronic Lung Disease — Ventilation Strategies

At some stage some babies will have a transition in their lung mechanics from an RDS picture to a chronic lung
disease picture — this is not one set timepoint.

Positive pressure extending airways
Alveola simplification Dead space 1 1

Lose of elastic recoil .
Atelectasis Compliance 1 or |

Airway epithelial injury .
Airway malacia Resistance 1 1 1

Babies who are not comfortable on their respiratory support will have increased V/Q mismatch, air trapping,
air hunger and be distressed and asynchronous with the ventilator.

Ensure that the baby is able to exhale all their breath before the next inspiration by assessing the ventilator
graphics — this may be occurring if the rate is too high

Conventional Ventilation

Early BPD where the lungs are homogeneous — higher tidal volume 5-8 ml/kg, longer i-time 0.4-0.5 sec and
slower rate around 30/min

Severe, cystic BPD where the lungs are heterogeneous with different areas of injury leading to variable
compliance and resistance throughout the lungs — SIMV/PS or PTV - higher tidal volume 8-12 ml/kg, longer i-
time 0.5-0.8 sec and a slow rate, PEEP 8 or above

High Frequency

Low pressure strategy aiming for the lowest MAP possible to maintain oxygenation
MAP around 10-14cmH20 and frequency 6Hz

No recruitment manoeuvres, and accept high FiO2

Position best lung up

Nasal Positive Pressure Ventilation (NIPPV)

Overview

NIPPV superimposes an intermittent peak pressure on CPAP and is delivered to the infant with a ventilator and
mask/prongs.

Synchronised NIPPV works with the baby’s spontaneous respiratory effort, whereas non-synchronised delivers
PIP irrespective of patient effort. We use synchronised NIPPV.

NIPPV, in particular when synchronised, improves extubation success in preterm infants, but does not seem to
be beneficial for the primary treatment of RDS. NIPPV does not reduce the rate of death or BPD

NIPPV is NOT a replacement for endotracheal ventilation, it should be seen as an alternative to nCPAP.
Sepsis and other pathologies should always be considered in infants with increased work of breathing or other
respiratory deterioration. Intubation needs to be considered for these infants.

Introduction

The spontaneously breathing preterm infant is faced with multiple challenges, such as reduced compliance of
their lungs, high chest wall mobility, small upper airways, and periodic breathing with apnoeas.

Intubation and ventilation is an effective way to overcome these challenges, but is associated with side effects
especially when prolonged (over 7-14 days), such as chronic lung disease, upper airway damage and infection.
The use of NIPPV, in particular if synchronised, reduces the rate of extubation failure when compared to
nCPAP.

While the mode of action is not entirely clear the positive effect of NIPPV may derive from increased mean
airway pressure, less alveolar collapse, reduced work of breathing and/or improved gas exchange.
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Indications
e NIPPV can be considered for
o Preterm infants after extubation with low GA/SGA associated with higher prediction of extubation failure
o Preterm infants with ongoing apnoeas (prior to extubation ensure that the caffeine dose is optimised
>12.5-15mg/kg/day)
o Infants with previous extubation failure(s)

Settings

Ventilator SLE6000 Ensure all equipment for NIPPV is available prior to commencement
(including mask and headgear). Place baby on Neopuff if currently ventilated,

switch SLE6000 to non-invasive mode then select NIPPV Tr (synchronised trigger
NIPPV)

Peak Inspiratory 14 - 20 cm H20, in discussion with a consultant may be increased to 24 cm H20.
Pressure (Pinsp)

Positive End 6-8 cm H20. Aim for the achieved mean airway pressure to be the same as if
Expiratory Pressure the baby would be on VF CPAP.

(PEEP)

Respiratory Rate 50 breaths/min, in discussion with a consultant may be increased to 60

(RR) breaths/min.

Inspiratory time (Ti) 0.3-0.5s, similar to Ti on the ventilator

Inspiratory rise time — starting point approximately 1/3 of inspiratory time

Flow Auto set by the SLE6000 ventilator. Inspiratory rise time can be set to fine tune.

Flow sensor Flow sensor at the proximal airway (hotwire) is not utilised in NIPPV and is
removed from the circuit. Flow is measured within ventilator.

e Choose mode, change to non-invasive support and NIPPV Tr (baby will be on Neopuff via the ETT for this)

o4

rasive

Dual Limo Single Limb

nCPAP nCPAP

NIPPV DuoPAP

e Set PIP/PEEP, IT, RR, FiO2.
e Tick to confirm
e Click additional parameters
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Set trigger sensitivity to 100% and only reduce of there is autocycling. Higher numbers are more sensitive (this
is the opposite to invasive ventilation).

Rise time may be altered at this point. Suggest start at 1/3 of iT.

Once the tick is selected the ventilator is delivering NIPPV Tr

Mask or prongs should be fitted to the baby and connected to the SLE6000. Once this circuit is connected the
baby can be extubated. This prevents alveolar collapse due to loss of volume.

Infant Interface

Current Infant Interface to use with SLE is the Fisher & Paykel System: (as used with Bubble CPAP system)
Size Range available to accommodate all gestations of infants:

Components: F&P Dual Limb Nasal Tubing/ F&P Bonnet or Headgear/F&P Mask or prongs

Default components to initiate therapy: Bonnet and Mask.

NOTE: Pressure Injury Prevention: When providing CPAP cares, mask and bonnet do not need to be
alternated with headgear and prongs. But NSRA score must be performed and PIPM care package followed.
Frequency
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Extubation Readiness

Up to 40% of ELBW infants are reported to fail extubation®-?, we don’t collect data on our own babies, but the

goal is to have as low a level as possible
Failure is associated with: lower GA, SGA, prolonged ventilation (>2 weeks); high FiOz requirements in the first
24 hours, extubation from high ventilation settings and severe respiratory failure prior to extubation defined as
pH <7.2, pCO2 >65 mmHg, FiO2 >50%, MAP > 1012
Extubation failure is associated with adverse outcomes, including cardiovascular collapse, higher rates of death
and BPD?3

NIPPV is superior to CPAP in preventing extubation failure*

Spontaneous breathing tests (SBT)

Considered to be a strong predictor of extubation success

Reported sensitivity of 92 — 100% and PPV of 88 — 93%56

An SBT should be done on all ventilated infants with a gestational age <32weeks when extubation is

considered
1. If extubating to CPAP:
o Place the infant on ET CPAP at a pressure of 8 for a period of 4 minutes.
o Criteria for failure:
=  Apnoea with desaturation requiring stimulation
= A 15% increase in FiO2 requirements from baseline
o Abandon the test if any of these criteria are reached or if there is any concern about the infant’s status
o Record test results in the infant’s clinical notes
2. If extubating to NIPPV or CPAP Spontaneous Breathing Test not passed
o Local experience has shown that some babies will not pass the initial SBT but if they are given pressure
support during the CPAP trial they can be successfully extubated to NIPPV
o Change ventilator mode to PSV with the following settings for the 4 minute trial:
= PIP 13, PEEP 8, RR 1, iT max 0.5, volume target off (for babies on PEEP 7 pre-trial)
= PIP 12 PEEP 7, RR 1, iT max 0.5, volume target off (for babies on PEEP 6 pre-trial)
= PIP 11, PEEP 6, RR 1, iT max 0.5, volume target off (for babies on PEEP 5 pre-trial)
o Criteria for failure:
=  Apnoea with desaturation requiring stimulation
= A 15% increase in FiO2 requirements from baseline
o Abandon the test if any of these criteria are reached or if there is any concern about the infant’s status
o Record test results in the infant’s clinical notes

Reintubation

The decision to reintubate an infant is at the discretion of the responsible SMO

Always ensure that respiratory stimulant medication and non-invasive ventilation strategies have been
optimised

Consideration should be given to taking that step if the infant has one or more of:

)
O
O

)
O

more than 4 episodes of apnoea requiring stimulation over a 6-hour period, or

more than one significant episode of apnoea requiring bag and mask ventilation, or

an increased respiratory rate, chest wall retraction, or work of breathing resulting in tiring and poor
handling, or

respiratory acidosis (pH <7.25 and pCO:z >65 mmHg), or

FiO2 >60% to maintain saturations in target range (or increase by >20%)
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Post-Extubation Respiratory Support Guidelines (Infants <32 weeks GA)

<1000g

EXTUBATE TO NIPPV Tr

>1000g

Extubate to Mask
PIP 16 (range 14-20cm)
PEEP 7 (range 6-8cm H20)
Ti 0.4s (range 0.3-0.5s)
Rate 50 (range 40-60)
Rise time 0.2
Trigger sensitivity 100

/ N\

Weaning NIPPV
(not within 12h of
extubation)

Failed NIPPV
Reintubate

Weaning parameters for NIPPV

e After being extubated for 12 hrs

e FiO2 <30% and oxygen saturations within targets

e No signs of significant distress

e No more than 1 apnoea/bradycardia event in 6 hours
e Blood gas pCO2 <65 with pH >7.25

e If CXR obtained expansion is adequate

Decrease Rate if set
above babies
spontaneous RR

EXTUBATE TO VF CPAP

Peep 6-8cm H20

/_ \

VFCPAP VF CPAP
Unsuccessful Successful
change to
NIPPV Wean CPAP

as per protocol

If unable to wean rate
or after doing so
decrease PIP by 2cm
H20.

l

Once MAP at acceptable
level switch to VFCPAP
PEEP 6-8cm H20
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Pneumothorax

Clinical Signs

Respiratory distress

Increase in oxygen requirement — can be rapid or insidious
Reduced air entry on one side

Asymmetric chest movement

Shocked baby if the pneumothorax is under tension

Causes

Spontaneous — at delivery
latrogenic — bag/mask resuscitation or artificial ventilation

Secondary to lung pathology — Respiratory distress syndrome
Meconium aspiration syndrome
Pulmonary hypoplasia

Transillumination

If a pneumothorax is suspected clinically, use the cold light to transilluminate the chest

Place the light in the axilla on both sides and below the xiphisternum to rule out pneumopericardium

If the hemithorax transilluminates unequivocally, then a CXR is not required before definitive management.
False positives occur if there is tissue oedema, lung emphysema or an enlarged stomach
False negatives occur in bigger babies when the light cannot penetrate as well

Management (see procedures section)

Confirm the presence of a pneumothorax by transillumination or CXR prior to a formal chest drain

CXR’s can be hard to interpret at times as in babies the air leak rises anteriorly under the sternum so a lateral
XRay as well as an AP are needed for diagnosis

Needle aspiration may need to be done urgently without transilluminating or getting a CXR first
Not every pneumothorax needs to be drained

Small to moderate pneumothoraces, especially in larger babies who are not on assisted ventilation will often
resolve without treatment.

Even in smaller babies and those on ventilators, one-time needle aspiration will sometimes suffice, especially
if the baby can be maintained on relatively low mean airway pressure.

If there is underlying disease such as meconium aspiration or surfactant deficiency then ventilation, surfactant
administration (if indicated) and chest drain insertion is usually needed.

If the baby needs to be transported the air leak needs to be drained before travelling at altitude as undrained
air expands at altitude

Always re-Xray after aspiration or inserting a chest drain

Sedation for Ventilated Babies

Many babies who commence mechanical ventilation will not require continuous sedation especially if they
look like they will wean quickly and can be managed with CPAP. For those who do (all babies on high
frequency and those needing high pressures), we generally begin with 10 mcg/kg/hour morphine. A loading
dose of 50 to 100 mcg/kg should be considered (discuss with the consultant) to ensure adequate sedation is
achieved in a short time frame, but caution is required if the baby is hypotensive. Infrequently, a baby will
need a muscle relaxant (always discuss with consultant).



51

Use of sedatives should be kept as low as possible by the optimal use of synchronised modes of ventilation,
high frequency ventilation and volume ventilation in appropriate infants. Generally, sedatives should not be
used to control the agitation of air hunger and hypercarbia due to less than optimal control of the airway or
use of respiratory support.

Careful positioning of the baby, attention to reduction of noise and light levels, and minimal handling

However, when gas exchange cannot be improved by other means, or the baby seems uncomfortable or in
pain (hypertensive and tachycardic) sedation and analgesia are appropriate to relieve suffering and reduce
tissue 02 demands and COz production to a level that can be matched by cardiorespiratory function.

Artificial Surfactant

Curosurf is a pig surfactant, administered via ETT

Surfactant should be drawn up using the needle-less system. Always discuss plans to use surfactant with a
consultant. A usual course is two doses 12 hours apart, although the second dose is not always necessary
and occasionally a third dose is indicated. If the baby is < 1 kg, the rest of the vial should be labelled with the
baby's name, time and date and returned to the refrigerator. It can then be used for the second treatment.
Alternatively, twins, or other babies born in rapid succession can be treated from the same vial if their weights
are appropriate and careful sterile technique is used. Opened vials older than 24 hours should be discarded.

We use surfactant in the delivery room for some extremely low birth weight babies (< 1kg, < 28 weeks). For
most of these births, there will be a consultant present who can help decide whether to give the surfactant.
When given immediately after delivery, the surfactant can usually be given safely and effectively as a single
bolus, although most give it in 2 aliquots.

For most bigger babies, we tend to treat with surfactant in the NICU, as soon as it is obvious that the baby
has Respiratory Distress Syndrome. When given after admission to the NICU, it is usual to split the
administration into two doses. We do not routinely reposition the baby between fractions of the dose and the
aliquots can be given in quick succession (total dose over a minute or two) if the baby is tolerating the
process well and saturations have returned to baseline between aliquots.

Watch for spillage into the ventilator circuit or around the ET tube in the trachea. Examine the chest
movement carefully and check tidal volumes and blood gases soon after administration as pulmonary
mechanics can improve within a few breaths, necessitating adjustment of ventilator settings.

On auscultation, the baby's chest may resemble a washing machine for up to hours after the dose. This is not
an indication to suction the airway, as you may merely remove the administered surfactant. Occasionally
artificial surfactant treatment will mobilise mucous plugs and cause them to block the airway. Suspected
airway blockage is a good reason to override the protocol of not suctioning the baby for at least 6 hours after
surfactant administration.

The 2™ dose is determined by the XRay features of HMD and the degree of ventilation support needed. An
audit of our use of surfactant from 2002-2004 showed that babies who had received complete antenatal
steroids who received their first dose < 90 minutes of age ie: prophylactically in birthing suite were less likely
to need a second dose. Many babies are extubated between 6-12 hours of age. If this is the case a second
dose of surfactant is not usually required.

Minimally Invasive Surfactant Therapy (MIST)

Infants in the delivery suite who have respiratory distress requiring surfactant should be intubated and have
surfactant administered via the endotracheal tube.

Infants in NICU who fit the following criteria may receive surfactant without sedation whilst spontaneously
breathing and then continue on CPAP/NIPPV

Indication for MIST

To be performed in NICU only within first 24 hours of life (preferably <6hrs age)

> 27 weeks gestation

History and/or CXR consistent with a diagnosis of Respiratory Distress Syndrome
Oxygen requirement >30%

Regular respiratory effort without apnoea

Surfactant is felt to be needed but not an ongoing period of ventilation
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Process

Refer to video of the procedure — Neonatal Intranet/Other Guidelines/MISTVideo (note this was filmed
before we had surf catheters so the catheter used will look different)

Administer sucrose prior to the procedure
Atropine prior to the procedure may also be considered
Draw up the surfactant with and extra 0.5mL of air. Attach to an iv connector.

Baby should remain on CPAP throughout the procedure if at all possible. If the interface on the nose is in the
way of the laryngoscope push it out of the way whilst visualising the cords then replace when administering
surfactant

The “Surfcath” is a 6 Fr catheter for MIST and is stored in the Respiratory Support trolley in Room 1. It
comes with an angled end and markings to aid in how far to insert

If a less experienced practitioner is inserting the catheter then use the videolaryngoscope (when available)
and/or attach a Pedi-cap to the blue adaptor from a 3.5 ETT (discard the tube) and when the catheter is
placed throught the cords attach the ETT adaptor and Pedi-cap to the MIST catheter to detect C0. This is to
ensure the tube is placed correctly prior to surfactant administration

Visualise the vocal cords with the laryngoscope and insert the “Surfcath” until the black marking at the end
has been inserted (2cm). Magills can be used to help if preferred.

Remove the laryngoscope and hold the baby’s mouth shut with your hand to secure the “Surfcath” position
Place Pedi-cap to the catheter as described above to check placement

Instill the surfactant as a continuous slow bolus over at least 60 seconds

Remove the “Surfcath” once the surfactant has been given and remain on CPAP

Be prepared to give positive pressure ventilation if clinically indicated ie: apnoeic, chest not moving,
bradycardia

There may be some refluxing of surfactant into the oropharynx and this is to be expected

There should be no more than 2 attempts by the Reg/NNP to intubate and1 attempt by the SMO before the
procedure is stopped in favour of premedication and formal intubation

MIST Catheter versus a
3.5 Endotracheal tube Equipment needed for attaching Pedi-cap to MIST catheter

Oxygen Saturation Targets — NICU Inpatients

Note that the sats targets and limits below are for babies in the NICU. Babies on the postnatal ward should
continue to target sats of = 95% in air with neonatal review if sats are <95%.

Saturation targets should be set for all babies and in particular babies that are ventilated and on oxygen and
should be documented in the care plan and updated with any changes.

These limits were reached by consensus by the Newborn Clinical Network: Practice recommendation for
oxygen saturation targets for newborns cared for in neonatal units, NZ (October 2015)

An individualised approach may be taken for babies if it is deemed more appropriate. For example: a term
baby with cyanotic heart disease may have lower saturation targets than in the table below.

Variation to these targets may be decided by the SMO on service and should be documented and updated
with any changes.

If a decision is made on ward round to keep at set level to keep saturations more stable this needs to be
recorded on the multicare pathway

Oxygen sats will fluctuate but the aim is to keep the sats as stable as possible within the target range.

There is a trade off between too much oxygen delivery and retinopathy of prematurity and CLD and lower
oxygen delivery with less retinopathy but increased disability and mortality.



53
Saturations Targets Alarm Limits Saturation Targets | Alarm Limits in
Corrected Gestation on Oxygen on Oxygen in Air Air

<36 weeks 90-94% 89-95% 90-100% 89-100%
Start oxygen if sats
are <90% in room air

236 weeks 93-97% 92-98% 93-100% 92-100%

Start oxygen if sats 295% if PPHN
are <93% in room air

Caffeine

Starting Caffeine
< 32 wks — start on admission for all babies

> 32 wks — start if apnoea/desaturation/bradycardia events occur, usually in the first week, frequent events
predominantly occur < 34 weeks corrected gestation but can occur at any gestation.

Initial Maintenance dose: 10mg/kg if <28 weeks
7.5mg/kg if 228 weeks

Dose once daily charted for 1000 in the morning

Dose twice daily charted for 1000 and 2200 if the dose is 215mg/kg/day and the baby continues to be unstable
on once daily dosing

e Periodic breathing is a normal phenomenon in the preterm infant and can be seen clinically but also
inferred if the histogram shows a RR <30/min. However, caffeine does not need to be started for this
indication alone, there needs to be clinical events as well that are either significant or frequent.

e |tis an appropriate option to simply monitor a baby with infrequent or minor events alone without starting
caffeine

Stopping Caffeine
If < 28 weeks at birth — review at 36" weeks
If > 28 weeks at birth — review at 35*° weeks

e Longer duration of caffeine is often needed if there were problematic apnoeas and these babies have usually
been on > 12.5mg/kg/day caffeine +/- doxapram.

e The respiratory status assessment for when to stop caffeine includes the baby’s gestation, current clinical
state, Level 2 chart of events and the Oz saturations and respiratory rate histograms and these should not be
looked at in isolation.

e If a baby is becoming ready for discharge but remains on caffeine consider going home on caffeine rather than
stopping caffeine in hospital and therefore delaying discharge for a further 5-7 days.

Criteria to Stop
e No apnoeas (1) or no other events (2,3) requiring stimulation (7) for 5 days

¢ No or infrequent self-correcting desaturation/bradycardia events (2,3,5) for 3 days
maximum of one event in any hour — ie: no suggestion of clustering.
< 3 events per day
observe the respiratory pattern on the monitor looking for periodic breathing
e Saturation histogram —< 5% time with satura