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Introduction
It is important when managing respiratory disease on the neonatal unit to be aware of the
underlying physiology and pathological processes, in order to guide both escalation and weaning of
therapy.
The need for respiratory support at birth and during transition is different when compared to an
infant several days and weeks into their neonatal journey. In a premature infant at birth, the fetal
lungs have never been inflated with gas, and a functional residual capacity needs to be established.
The lungs are often small, dense and poorly compliant.
The lungs of an infant with chronic lung disease can vary between a tendency to be cystic and
overinflated; with risk of areas of atelectasis i.e. variable compliance.
In a term infant the lungs are often well developed; especially where ventilation is for reasons other
than respiratory disease they will be easily compliant and require minimal support.
Infants with meconium aspiration syndrome also have variable compliance, with areas of air
trapping and collapse.
Ventilation strategy is an important component in reducing the impact of chronic lung disease. In
preterm infants, using non-invasive ventilation is most protective in the majority. If invasive
ventilation is required, use a mode of ventilation which is lung protective and aligned with the
physiological respiratory effort of the infant i.e. synchronised ventilation with volume guarantee.
Risk factors for Chronic Lung Disease (Bronchopulmonary Dysplasia)












Lower gestational age
Lower birth weight
Small for gestational age/intrauterine growth restriction
Male
Admission temperature less than 35◦C on admission to the neonatal unit
Invasive ventilation begun within 24 hours of birth
Clinical sepsis with or without positive blood cultures
Feeding with formula milk (exclusively or combined with breast milk)
Needing treatment with surfactant
Treatment for patent ductus arteriosus
Cardiopulmonary resuscitation performed at birth (in infants <30 weeks)

Terminology
Non-invasive respiratory support includes High Flow, CPAP and DuoPAP/Bi-PAP
Non-invasive ventilation includes nasal ventilation such as nIPPV, SnIPPV, nHFOV
Invasive ventilation means that ventilation is being performed via an endotracheal tube
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Non-invasive Respiratory Support using High Flow (using the Vapotherm Precision Flow)
Background:
Nasal High Flow (HF) refers to the delivery of humidified heated and blended oxygen/air at flow
rates greater than 2L/min via nasal cannula.
HF can be used for
 Non-invasive respiratory support of extremely preterm / preterm infants
 Primary treatment for RDS
 Non-invasive respiratory support for infants with ongoing parenchymal lung disease
(HMD/pneumonia/CLD/ MAS/ pulmonary hypoplasia/ bronchiolitis)
 Treatment/prevention of apnoea of prematurity
 Respiratory support post-extubation
Primary use of HF (from birth using mobile unit)
Please refer to the neonatal unit guidelines on optimal cord clamping, thermoregulation and the
management of extreme prematurity as they should be used in conjunction.
The aim is assisted transition, rather than resuscitation.


Set up the mobile HF unit as normal, with air / oxygen flowing from cylinder / wall supplies
depending on availability. Once the machine is set, minimise the flow to 1 l/min to speed up
the warming process and to conserve cylinder gas until the delivery of the baby takes place,
it can be quickly turned up.



All babies should be stabilised according to the flow chart (below). There should be no need
for inflation breaths or suction in babies who are active and breathing



Pull right forearm gently through small hole in plastic bag and apply saturation probe to right
hand/wrist with posy wrap



A change in practice from the Resuscitation Council (UK) suggests commencing oxygen
according to gestation as follows:
o

<28 weeks start in 30% oxygen

o

28-32 weeks 21-30% oxygen

o

>32 weeks start in air



No unnecessary touching or handling. Do not “pull down” plastic bag to auscultate chest.
Thermal stability is really important.



All babies should have a size 6 orogastric tube placed as soon as stable on open drainage

Section 1
NICU
Policy

Current Version
is held on the
Intranet

First ratified:
November 2021

Review date:
November 2024

Issue
1

Page 3 of 27

NEONATAL INTENSIVE CARE UNIT

Delivery of premature infant ≤30 weeks gestation likely to
require respiratory support?
Get mobile HF, set up circuit prior to delivery

Following delivery, place baby in plastic bag, as per DCC
guideline

Active, breathing?
Apply HF 7-8l/min immediately, Pulse
oximetry

Not breathing?
Give inflation breaths as per NLS

Stabilising?

Prompt response?

Continue

Start HF 7-8l/min

No response?
Terminate DCC
Intubate, resuscitate

Not stabilising? Intubate
If stable => transfer to NICU
FiO2 >0.3 consider LISA in delivery room

Consider surfactant
Transfer to NICU ventilated



Adjust the flow to the desired rate and place the cannula on the patient. Clinical flow rates
range from 2-8 L/min



Start at flow rate of 7-8l/min in most preterm babies <1000g, lower flows 5-6 L/min may
be sufficient for babies ≥1000g



Increasing flow (maximum 8L/min): flow can be increased in increments of 0.5-1 L/min to try
to treat increasing oxygen requirements or apnoea of prematurity. However other causes
(sepsis, worsening RDS, pneumothorax, exhaustion etc should be considered)



If the baby is requiring FiO2 >60%, or has significant persisting respiratory acidosis (pH<7.2)
or apnoea s/he is likely to need alternative support.



Nursing:
o

Loose fitting nasal prongs to allow leak

o

Place a size 6 orogastric tube, and leave the tube on free drainage to allow the
escape of any gas from the stomach.

o

If the baby is large enough for a nasogastric tube (generally if >1kg) the nurse should
ensure that the nostril not occluded and the tube does not ‘pull’ nares towards
cheek.
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o

Placement of OGT/NGT in stomach must be confirmed clinically (and radiologically if
uncertain)

o

Minimal handling, quiet and dark appropriately humidified (see guideline)
environment

o

Monitoring of heart rate, respiratory rate and SaO2 as a minimum

o

Transcutaneous pCO2 monitoring is required at least until the baby is stable and
preferable also in air/minimal FiO2.

o

Blood pressure monitoring intermittently unless UAC/arterial line in place

o

Prone position, tilted head up to minimise work of breathing

o

No pacifier/dummy. No neck rolls or chin straps – the gas must escape through an
open mouth.

Medical checks:
o

Blood gases are indicated if on supplemental oxygen or on clinical grounds. A stable
baby in air does not require blood gases to be checked from a respiratory
perspective

o

Coordinate examinations, blood tests and procedures with nursing care to minimise
handling

Weaning a baby on Vapotherm:
The purpose of weaning is to find the minimum required level of support and this process
should begin once the baby is stable. This is a clinical decision. Weaning can begin when the
baby is stable, which may take hours or days. Smaller babies (<1000g) may take 1-2 days to
stabilise
Term Babies and ex-preterms >1.0kg – weaning


More regular weaning should be attempted, aiming to see if the baby will tolerate a
reduction towards about 4 L/min which would permit discontinuation or switch to lowflow/ambient support. The table below provides a guide to weaning thresholds. Do not be
over-constrained by time, some babies can be weaned even more than twice a day.
Weaning strategy for Term babies / Ex-preterms >1.0kg
FiO2< 0.25

FiO2 0.25 – 0.30

FiO2 > 0.30

Reduce by 1 L/min 12-24
hourly

Reduce by 0.5L – 1 L/min 24
hourly depending on stability

Weaning <4L/min usually not
indicated
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Preterm Babies – weaning
For babies <1.0 kg


Babies on flow rates > 6L/min should have these re-evaluated regularly (minimum daily).
Preterm infants are at higher risk of pneumothorax, RDS and IVH in the first few days
postnatally, and stability during that time is particularly crucial



For stable babies, it is suggested that clinicians attempt to wean according to the criteria
below



Further weaning can be attempted each day; babies should not be left on respiratory
support without consideration for why they still need it. “Growth” is not a reason to stay on
respiratory support
Weaning strategy for Preterm babies (<1kg, flow >4-6L/min)
FiO2< 0.25

FiO2 0.25 – 0.30

FiO2 > 0.30

Reduce by 0.5 L/min 1224 hourly if stable

Reduce by 0.5L/min 24-48 hourly,
sometimes 24 hourly if stable

Weaning <6L/min usually not
indicated but may be
possible

At lower flows (less than about 4 L/min), babies being nursed in open-cots may experience
“spitting” of water from the nasal prongs due to condensation of the humidified gas. Turning the
temperature down to 36 degrees C is usually sufficient to solve this. Don’t reduce the
temperature routinely as there is not always this problem. However the use of such low flows is
not encouraged.
For any baby being weaned on High Flow


If a significant and sustained increase in
o

Respiratory rate

o

Oxygen requirement

o

Work of breathing (recession etc)

is seen in the 24 hours after weaning, then it is a clinical decision whether to revert back to
the previous flow rate, or to continue at the new flow rate with close observation.


If weaning has been halted, then it should be recommenced after 24-48 hours if there is no
other clinical reason to delay.



Once a baby is on minimal flow (≤4 L/min) and clinically stable, then discontinuation to
ambient oxygen/air should be attempted. Sometimes babies need to be on lower flows (e.g.
3- 3.5 L/min) before HF can be stopped, but there should always be an attempt to stop it.



Attempt switch to Low Flow Oxygen if requiring oxygen and on 3L/min. Some babies may
rarely need to be weaned to2 L/min before switching to low flow oxygen. Do not go below 2
L/min
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Low flow nasal prongs should only be used if there is a persisting oxygen requirement.

Contraindications:


Upper airways abnormalities precluding the placement of prongs



Need for intubation: ventilatory failure, severe cardiovascular instability, unstable
respiratory drive with frequent apnoeas

Failure of HF Respiratory Support
Routine HF management is flow up to 8 L/min. Minimal handling and prone position, ensuring
shoulders are above baby’s bottom when prone. Sometimes failure will occur, which means that
ventilation is not optimal
HF failure (any of these in isolation requires medical review)
1. FiO2 >0.5 and rising
2. Persistent respiratory acidosis <pH7.20 (in conjunction with TcCO2 monitoring)
3. Recurrent significant apnoea and/or bradycardia despite caffeine load /maintenance 10-15mg/kg
4. Increasing WOB
and the following have been excluded
1. RDS responsive to surfactant
2. Pneumothorax
3. Oropharyngeal secretions causing airway obstruction
4. Congenital malformation
5. Equipment failure
Cold light examination of the chest, radiography of chest and/or abdomen, culture and antibiotic
treatment should all be considered and performed if clinically indicated.
Consider if non-invasive respiratory support is still appropriate in the presence of
1. Significant sepsis
2. IVH
3. Pulmonary haemorrhage
4. GI perforation/NEC
5. Significant neuromuscular compromise
6. Circulatory compromise (e.g. myocardial dysfunction or cardiac failure)
7. Pulmonary hypertension
Consider supportive measures
1. Antibiotics
2. Increased dose of caffeine
3. Blood transfusion
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Next step options for managing failure of HF are to consider “rescue” treatment
1. nBiPAP / DuoPAP
2. Non invasive ventilation – nIPPV / nHFOV
3. Invasive ventilation
Escalation to BiPAP / nCPAP is the available option at the current time. We intend to develop our NIV
options, as there is evidence that this could prevent some babies from requiring mechanical
ventilation. Invasive ventilation is often required in babies who are apnoeic due to sepsis for
example, and the clinician should not automatically elevate to BiPAP / nCPAP as intubation may be
more appropriate.. The failure rate is no worse with HF than with nCPAP.
Air Leak
The rate of any air leak in the SUPPORT trial of early CPAP was about 7-8%. This might include
pneumothorax, pneumomediastinum or gastric perforation. The risks can be reduced by using
surfactant early, paying attention to stability, and by ensuring nostril and mouth leak, and placement
of a large bore orogastric feeding tube.
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BiPAP/DuoPap and CPAP
At St Peter’s, humidified high flow with the Vapotherm Precision flow is the mainstay of non-invasive
support, either as primary support or following extubation. All forms of non-invasive support
require the infants to have a good respiratory drive.
Nasal CPAP works by delivering a constant distending pressure which increases functional residual
capacity; this helps to reduce the work of breathing. The principle of Bi-PAP/Duopap is to deliver 2
levels of CPAP which generate a tidal volume between them. Small triggered/supported breaths are
delivered 2-3cmH20 above the set CPAP.
Occasionally, using Duopap (Bi-PAP) may confer some advantage to infants with chronic lung disease
who have had a prolonged course of ventilation. There is insufficient evidence supporting the use of
Bi-PAP over CPAP in preterm infants, but anecdotally does appear to be beneficial in a distinct
population.
In the context of a “rescue” therapy in the event of HF failure, we recommend escalation to the
BiPAP/DuoPAP option.
Initiation settings
CPAP:
Start at a pressure of 6-7cm H2O
BiPAP:
Aim for CPAP of 6-8cmH20 with PIP set 2-3cmH20 higher
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Mechanical Ventilation via Endotracheal Tube (Invasive Ventilation)
Our standard policy is to minimise use of and duration of mechanical ventilation wherever possible.
Below 600g however, NIV may be less ‘successful’, but we can’t accurately predict which babies can
avoid prolonged invasive ventilation.
A short period of invasive ventilation may be better in the long term for some extreme preterms
who may lack the muscle mass, respiratory drive and sufficiently developed lungs to ‘self-ventilate’
until a good functional residual capacity is obtained.
Consider the following indications for mechanical ventilation:


Significant apnoea, or more than 2 episodes requiring intervention



Respiratory acidosis unresponsive to optimised non-invasive support (pH and PaCO2 should
be in the normal range)



Persistent hypoxia requiring >40% oxygen



Consider carefully at second dose of surfactant (FiO2 at or above 30%), discuss with
consultant regarding need for invasive ventilation if ‘needing’ third dose of surfactant



Evidence of persistent pulmonary hypertension



Critically unwell e.g. sepsis, NEC

Mode of Ventilation
Use a mode of ventilation that supports every breath with a fixed inspiratory time (such as PC-AC,
Draeger) with volume targeted ventilation. Do not use PSV in very small babies (<1000g) as the Ti
becomes too short for effective ventilation, thereby increasing the imposed work of breathing. In
larger babies, it may sometimes be undesirable to have every breath supported (PC-AC or PSV) and
therefore SIMV can be used to only support a set number of breaths. However this imposes extra
work of breathing on the baby, and therefore is generally an unsuitable mode for the preterm infant.
“Always” control the volume of gas being delivered using volume guarantee, unless the baby is so
small that the minimum volume of the Drager (2ml) is excessive.
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Setting up PC-AC, PSV and SIMV
The parameters below are useful guides to the initial setup for most babies
Parameter
Volume
PIP

Suggested setting at initiation of
ventilation (preterm infants)
5ml/kg
25

PEEP
Inspiratory time (Ti)

5
0.32

Rate

50

Range or suggested maximum
4-7ml/kg
Max 30 (higher to d/w
consultant)
4-7
0.3 – 0.4 (preterm)
0.4 - 0.6 (term)
30 -60

In PC-AC and PSV every breath will be supported, and the back-up rate will only be used if the baby
does not take a breath in the time-frame required by the ventilator to maintain the minute-rate.
However the difference between these modes is that in PC-AC, the inspiratory time is fixed,
regardless of the Ti being used by the baby. By Drager definition, this does not, therefore, constitute
a “spontaneous” breath, so the display will not show a spontaneous rate. This does not mean the
baby is not spontaneously breathing, only that they do not meet the Drager definition. This is a
common mis-conception. In PSV, the Ti that is set is only used if the baby is apnoeic, otherwise the
baby will control their own Ti (and therefore by Drager definition be taking spontaneous breaths,
which on the VN500 ventilator is shown as brown, rather than blue, inspiratory and expiratory flow.
In SIMV the Ti is also fixed, but the ventilator will also only deliver the set number of breaths per
minute. The breaths that are delivered will be synchronised with the baby wherever possible, unless
the baby is apnoeic in which case the rate set will be the baby’s respiratory rate.
Approach to ventilation problems
Use the acronym DOPE to help you remember how to manage a ventilated infant’s change of status.
Work through systematically.
*always consider the overall clinical picture; including recent trend in gases, ventilator parameters,
chest x-ray to help you solve the problem
Displaced

Is the ETT still in? Air entry, use a pedicap.

Obstructed

Is the ETT obstructed? Think suction.

Pneumothorax

Is there an air leak? Use the cold light to transilluminate the chest.

Equipment
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Volume Guarantee
Volume guarantee is a lung-protective mode of ventilation because it facilitates auto-weaning of
pressure with varying lung compliance. The (simplified) natural history of RDS is improving
compliance on day 2/3 associated with a diuresis. By targeting volume, the ventilator will
automatically reduce the amount of pressure needed to achieve the set volume as the compliance
improves. This reduces the risk of barotrauma.
With volume guarantee we set the target volume (usually 4-7ml/kg), the Pmax (maximum pressure
the ventilator can use to generate that volume), PEEP, iTime and (back-up) rate. The ventilator will
tell you how much volume is being delivered and how much PIP is being used with each breath.
VG Troubleshooting
Failure to achieve the set tidal volume is the most common issue. Consider the following:






Check DOPE
Does baby need the volume set? Are they saturating with a good gas despite not achieving
the set volume?
Pmax is not set high enough. Despite using all of the set PIP up to Pmax, tidal volume is not
achieved. There is not enough ‘room’ to generate the volume set. Consider increasing the
Pmax in a step wise fashion to max 30. >30 discuss with the on-call consultant.
There is a significant leak. Tidal volume is calculated on the expiratory phase of ventilation. If
there is a significant leak (>50%) it will be difficult for the ventilator to calculate the
delivered volume and therefore may try to put more pressure back into the system.
Consider whether an alternative approach to ventilation may be needed if there is a
worsening clinical picture, e.g. HFOV.
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High Frequency Oscillation Ventilation (HFOV) on the Draeger Babylog VN500
High frequency oscillatory ventilation (HFOV) is a type of mechanical ventilation that uses a constant
distending pressure (mean airway pressure [MAP]) with pressure variations oscillating around the
MAP at very high rates (up to 900 cycles per minute). This creates small tidal volumes, often less
than the dead space. In conventional ventilation large pressure changes (the difference between
PEEP and PIP) create physiological tidal volumes and gas exchange is dependent on bulk convection
(expired gas exchanged for inspired gas). HFOV relies on alternative mechanisms of gas exchange
such as molecular diffusion, Taylor dispersion, turbulence, asymmetric velocity profiles, Pendelluft,
cardiogenic mixing and collateral ventilation.
HFOV is not an escalation of respiratory support, but a different mode of invasive ventilation. Some
centres use HFOV as their primary mode of ventilation, and extubate straight from it. At SPH, we
tend to use it in specific conditions, especially in refractory respiratory failure with hypoxia such as
PPHN.
Consider HFOV:
1

Failure of conventional ventilation in the term infant (Persistent Pulmonary
Hypertension of the Newborn [PPHN], Meconium Aspiration Syndrome [MAS]).

2

Air leak syndromes (pneumothorax, pulmonary interstitial emphysema [PIE])

3

Failure of conventional ventilation in the preterm infant (severe RDS, PIE,
pulmonary hypoplasia) or to reduce barotrauma when conventional ventilator
settings are high.

HFOV is not as yet proven to be of benefit in the elective or rescue treatment of preterm infants
with respiratory dysfunction and may be associated with an increase in intraventricular
haemorrhage. Furthermore, caution is needed when HFOV is used as high airway pressures may
result in impaired cardiac output causing hypotension, requiring inotropic support or volume
expansion. Rarely infants may not respond to HFOV. If there is no improvement with HFOV, consider
reverting to conventional ventilation.
Failure of conventional ventilation may include




Requiring high pressures on conventional ventilation (MAP >12, PIP >32, failure to achieve
tidal volumes on maximal PIP)
Hypoxic respiratory failure despite adequate conventional ventilation
Significant respiratory acidosis

The decision to start HFOV and the settings that the baby is started on should be discussed with the
consultant on call.
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Initial settings on HFOV
Ensure TcCO2 is in place and operating correctly prior to commencing HFOV is possible. ETCO2
does not work with HFOV.
Initial Frequency Settings by Pathology:
PIE / preterm HMD

10-15Hz

Term lung disease

8-12Hz

Mec asp

5-10Hz

Established PIE with high CO2 and FiO2 5-8Hz
Mean Airway Pressure
If switching from conventional ventilation, choose a MAP 2-3 cm above the MAP previously being
used
If starting de novo – start with MAP of 14cm and follow the open-lung strategy (below) to determine
the “OPEN” lung at the lowest possible MAP
Open Lung Strategy
Start at MAP 14 and increase the MAP by 1-2 cm H2O every 5 minutes until no further
improvements seen (=OPEN) then reduce as indicated until deterioration (see diagram (CLOSED),
then rapid go back to OPEN, hold for 5 mins then reduce to 2-3 cm above CLOSED MAP. This should
be the lowest MAP at which an OPEN position can be maintained. Do not leave the baby during this
process so that you learn as much about their response to pressure changes as possible and ensure
that the amplitude (dP) / VG is adequate too.
Use a starting dP of 2x the MAP and watch the TcCO2. Increasing the MAP should improve
oxygenation if there is further lung recruitment to achieve, but will also reduce the TcCO2 as more
alveolar ventilation is achieved, and dP may need to be adjsuted during OLS manoevres to ensure
normocapnia.
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Volume Guarantee
Always aim to set up VG after Open Lung has been achieved to enable a lung-protective strategy
Start at 2.0-2.5 ml/kg, this is the amplitude (dP) which can be increased (usually to remove CO2) if
needed
The Drager VN500 is not a particularly good HFOV unit, and the delivered amplitude may not
be achievable at the desired frequency, which then has to be reduced to enable sufficient
dP. This can be seen in the chart below.

ETT Diameter 2.5mm (open symbols) and 3.5mm (closed symbols)
Measurements at 5Hz (circles), 10Hz (squares), 15Hz (diamonds)
Note how the delivered amplitude (Y axis) falls away quickly at higher
frequencies
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TERMINOLOGY

DESCRIPTION / COMMENT

Mean Airway
Pressure

ABBREV /
UNIT
MAPhf
(cmH2O)

Frequency
Hertz

Fhf
(Hz)

HFV rate (Hz = cycles per second, i.e. 10 Hz = 10 cycles/sec =
600 cycles/min)

Inspiratory to
expiratory ratio

I:Ehf

Pressure
Amplitude
(ΔP or power)

Ampl hf
(displayed in
settings)
or ΔP
(displayed on
screen)

Start on 1:2, which is comparable to 33% on Sensormedics
1:1 is more powerful as the stroke volume per cycle increases
but it can lead to more air-trapping compared to 1:2
Difference between the maximum and minimum pressure of
the oscillation

Max pressure
amplitude
(in VG mode)
High frequency
tidal volume
Dissociation
coefficient for
CO2 with HFO
Flow

NB: In ventilator settings it’s called Ampl hf, whereas on screen
it displays ΔP which is the amplitude the baby achieves.

(cmH2O)
Ampl hf max
(cmH2O)

Max pressure variation allowed around the MAP to ensure
VThf delivery

VThf
(ml)
DCO2
(ml2/sec)

Stroke volume per cycle as measured by heated wire in flow
sensor / or at the airway opening (leak compensated)
Guide for CO2 clearance. Calculated by ventilator DCO2 = VThf
2
x Fhf

L/min

Variable, controlled by the ventilator

Making adjustments once established on HFOV
Hypoxia
Increase FiO2

Hyperoxia
Decrease FiO2

Hypercarbia
Increase Ampl hf
(~ 10%)

Hypocarbia
Decrease Ampl hf
(~10%)

Increase MAPhf b
(1-2 cms H20)

Decrease MAPhf
(1-2 cms H20)

If in VG mode:
Increase VThf
(steps of 0.1-0.2 ml)
Decrease Frequency
(steps of 1Hz)
Decrease I:E to 1:1

If in VG mode:
Decrease VThf
(0.1-0.2 ml)
Increase Frequency
(steps of 1Hz)
Increase I:E to 1:2

Tables: reproduced from New Zealand neonatal guidelines
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Oxygenation is dependent on MAP and FiO2. MAP provides a constant distending pressure
comparable to CPAP. This inflates the lung to a constant and optimal lung volume maximising the
area for gas exchange.
Ventilation can be separated from oxygenation on HFO as ventilation and oxygenation are much less
dependent on each other than on conventional ventilation. Ventilation or CO2 elimination is
dependent on stroke volume per cycle.
Stroke volume per cycle or the high frequency tidal volume is much smaller (~1-3 ml/Kg) than on
conventional ventilation during which only bulk ventilation occurs.
Stroke volume will increase if:
1.
Amplitude increases
2.
Inspiratory time increases (i.e. change I:E ratio from 1:2 to 1:1)
3.
Frequency decreases
DCO2
DCO2 is a relatively new value and can be a marker of alveolar ventilation during HFV
DCO2 value is calculated by the VN500 as:

DCO2 (ml2/sec) = VThf 2 x Fhf .

PaCO2increases as DCO2 decreases, indicating alveolar hypoventilation. DCO2 is dependent on the
size of the baby (a rough target is 40-80 ml2/sec for a 1,000 g baby) and should therefore be
relatively static. Documenting the DCO2 hourly and maintaining this at a stable level can be helpful
during ventilation.
HFV without VG-mode activated:
If a decrease or increase in DCO2 occurs, further evaluation may be indicated (clinical exam, blood
gas, X-ray, reconsider ventilator settings), especially if the frequency is maintained. A decrease in
DCO2may indicate decreased compliance for example due to a blocked tube (suction or tube change
is needed), or a pneumothorax leading to a decrease in VT hf. An increase in DCO2 may indicate
improvement in compliance.
HFV with VG-mode activated:
DCO2 will be more static than without VG-mode as the ventilator maintains the set VT hf (stroke
volume) by altering the amplitude given to the baby. The machine will alarm if the VT hf is not
reached, this may be due to inadequate Ampl hf max or insufficient ventilator power (consider 1:1
ratio or lower oscillation frequency).
Chest Radiograph
1. Initial chest radiograph at 1-2 hrs to determine the baseline lung volume on HFOV (aim for 8
ribs).
2. A follow-up chest radiograph within 12-24 hours is recommended to assess the expansion.
3. Thereafter repeat chest radiography with acute changes in patient condition.
Weaning
1. Reduce FiO2 to <40% before weaning MAP (except when over-inflation is evident).
2. Reduce MAP when chest radiograph shows evidence of over-inflation (>9 ribs).
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3. Reduce MAP in 1-2cm H2O increments to 6-10 cm H2O.
4. In air leak syndromes (low volume strategy), reducing MAP takes priority over weaning the
FiO2.
5. If using VG, wean this in small increments either of ml/kg or more easily of the total volme.
6. Discontinue weaning when MAP 6-10 cm H2O and Amplitude 10-15
7. If infant is stable, oxygenating well and blood gases are satisfactory then infant could be
extubated directly or switched to conventional ventilation (but need a clear reason).
Extubation directly from HFOV – suggested parameters

FiO2
MAP
dP
pH
Work of Breathing

Preterm Infant
<30%
6-8
10-15
>7.25
OK

Term Infant
<30%
6-10
10-15
>7.25
OK

Suctioning
1. Suction is indicated for diminished chest wall movement (chest wobble), elevated CO2
and/or worsening oxygenation suggesting airway or ET tube obstruction, or if there are
visible/audible secretions in the airway.
2. Avoid in the first 24 hours of HFOV, unless clinically indicated.
3. In-line suctioning must be used
4. Press the STOP button briefly while quickly inserting and withdrawing suction catheter
(PEEP is maintained)
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SLE 6000 guideline
Non invasive ventilation SNIPPV-TR.
Select dual system NIPPV from the selection
Dual system allows higher PIP to be delivered so SNIPPV is superior to Duo-Pap for infants
needing a higher MAP using non invasive ventilatory strategies.
SNIPPV can be used as primary mode of ventilation or as step down from invasive
ventilation. We are currently using it as a step down.
For step down:
Ensure correct size mask/prongs for baby and correct hat size. Put these onto the baby
before the ETT is removed.
Ensure baby is on TCCO2 monitoring
If the baby is on the Drager ventilator- continue on current ventilator settings until SNIPPV
set up on the SLE.
If the baby is invasively ventilated on the SLE they will need to be neopuffed through the
ETT until SNIPPV is set up.









Start PEEP 6-9cm H20
Start PIP at 20-25 cm H20 (maximum is 30cm) guide of 4cm H2O PIP above what was
required prior to extubation.
Back up rate of 40 breaths per minute
itime of 0.3 seconds
Trigger- start at 50% (NEVER go lower than 50%) then baby is ready to extubate.
Once extubated- titrate trigger to requirements
o Triggered breaths are ORANGE breaths on the ventilator
o Put your hand on babies abdomen and watch the ventilator screen.
o If you can feel the baby breathing and the breaths are orange- continue on
50%
o If you can feel the baby breathing but the breaths are not orange
 Increase trigger sensitivity to 75%
o Reassess- If you can feel the baby breathing but the breaths are not orange
 Increase the trigger sensitivity to 100%
 Reassess on each shift to ensure baby is on the correct setting.
 If baby is unsettled/desaturating/triggering too many breaths- check
for rain out, and reassess trigger sensitivity needs.
Weaning SNIPPV- ideally wean pressure first, then back up rate.
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Wean PIP in 1-2cm H20 steps until within 2-5cm H20 of PEEP- then consider starting
Vapotherm
 Wean PEEP in 1cmH2O steps to lowest 4-5cm.
Conventional Ventilation on SLE 6000
Ventilation settings are the same as the Drager EXCEPT trigger- see below.
When ventilating on PTV (invasive) start trigger sensitivity at 0.6 for all babies. You then
should do regular assessments of the baby to ensure the setting is right for them as their
need for a more sensitive setting can change over time.
1. Place a hand on their abdomen to feel for patient triggered breaths and observe on
the screen to see if it has registered as a triggered breath by turning orange on the
pressure graph.
2. If the ventilator has not registered it as a triggered breath, you need to reduce the
trigger setting by 0.2 and reassess until the ventilator and baby coordinate.
3. If the ventilator is registering breaths that are triggered but it has not been triggered
by the baby, check for water in the circuit and empty out if necessary, as water in the
circuit can auto-trigger the ventilator.
4. If the ventilator continues to show lots of triggered breaths (turning orange on the
pressure graph) then the trigger sensitivity needs to be reduced by increasing the
trigger setting by 0.2 until the pressure graph is showing triggered breaths, but not
for all breaths given. It is important to observe the baby's behaviour also, as if trigger
settings are incorrect, the baby may be unsettled as it is fighting against the
ventilator.
HFOV on the SLE 6000
There are some key differences in using HFOV on the SLE as compared to the Drager.
Initial settings:








I:E ratio to be set to 1:1
Frequency-10Hz. This rarely needs to be changed on the SLE.
Set MAP 2 cm H20 above what was being used on conventional ventilator.
Use the open lung strategy as outlined in the Drager ventilator section
Delta-P the starting point is maximally double the MAP. Once HFOV has started then
you can titrate this up or down as needed to achieve good chest wall “bounce.”
Use TCCO2 monitoring to ensure initial settings are adequate to achieve
normocapnoea
Then you can use volume targeted HFOV- 1.5-2mls/kg and adjust your MAP/Delta P
as necessary to keep baby normocapnoeic.
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Appendix1: About the Vapotherm Precision Flow
Use of the Vapotherm Precision with a low flow cartridge installed (range 1-8 L/min) to deliver noninvasive respiratory support as our routine first line modality. Our aim, as always, is to use the least
invasive support possible to achieve stabilisation and minimise adverse outcomes. Our evidence
shows that babies transferred from labour ward on HF are more likely to have a more stable
respiratory course.
How does HF work?
The mechanisms of how HF works are multiple and probably have differential contributions at
different gestations and disease cycles.





Flush is an important and novel concept, and flush is improved by having small nasal prongs
to allow leak. This also means that we never use chin-straps, dummies etc. as flush relies on
the flow of gas escaping!
Gas conditioning – the evidence is that unconditioned (i.e. gas that is not fully humidified or
at 37 degrees) causes adverse compliance changes in lung tissue
HF provides some PEEP – the evidence is that HF gives about up to 4-5 cm H2O (pharyngeal
pressure) up to 8 L/min, and intratracheal pressures may be closer to 2cm H2O. HF is not a
CPAP device, and we are not controlling nor weaning PEEP.

Work of breathing may also be reduced by humidification of gases, a particular feature of HF
delivery. There is no difference in the imposed work of breathing between CPAP and HF
Benefits include







Babies on HF appear to be well settled and more comfortable than babies on CPAP.
Less abdominal gaseous distension than CPAP
Babies do not require “time off” for nose breaks or changes between nasal prongs / masks,
reducing the amount of handling.
Some evidence for better weight gain and improved feed tolerance (but this is not a reason
to keep a stable baby on HF).
Parents have reported preferring being able to see more of their baby’s face.
Easier access for cranial ultrasound scans and head circumference measurements.

When to use Vapotherm for non-invasive respiratory support
Study data (Manley/Collins/Yoder etc.) show that HF and CPAP have very similar overall outcomes
and our published 5-year data shows good rates of sustained support without the need for
intubation. Therefore any baby can be considered suitable for HF treatment, at any age/gestation,
provided they are breathing, do not have congenital abnormalities that make HF impossible to
administer and are not likely to require imminent mechanical ventilation.
Setting up the Vapotherm for HF:
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Wait for desired operating temperature to be reached before placing the cannula on the end
of the patient delivery system: Set at 37oC for all flows unless in an open cot, where nasal
cannula condensation may become an issue at flows <4l/min.



The unit will reach the desired temperature faster at a lower flow; which can then be
adjusted prior to putting on the patient



Attach appropriate sized nasal cannula. The cannula must not obstruct the nostrils fully, and
should generally allow for half of each nostril to be unobstructed.

Weight

Cannula type

<1.0 kg

Premature

1.0 - 2.0

Neonatal (or Premature if small nostrils)

>2.0 kg

Infant

Troubleshooting/Common problems
Machine on, no alarms but no/reduced flow or baby oxygen requirement higher than expected?
1. Check the patient circuit is fully pushed into the vapour transfer block (side connection)
2. Remove the vapour transfer block from the unit and check there is no liquid in the metal
“bowl” at the bottom of the unit
3. Ensure that there is oxygen and air connected – if using the mobile unit ensure the gas
manifold is correctly set to wall or cylinder (and if cylinder that the cylinder is switched
on and contains gas (see dial)).
Oxygen Valve Accuracy
Please note that the older Precision Flows cannot give 22% and 23% oxygen – the oxygen valve does
not “open” until 24%, so readings of 22% and 23% will be air (21%). Newer machines can, according
to the manufacturer. It is therefore useful to know what machine is being used.
Cleaning and Circuits:


Vapotherm should be disinfected according to guidelines



The nasal prong circuit is changed weekly



The disposable patient flow circuit which includes the low-flow cartridge is changed
monthly.



The machine is disinfected after every patient use according to manufacturer’s guidelines
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2. Supporting References
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3. Saslow JG et al Work of breathing using high-flow nasal cannula in preterm infants. J.
Perinatol 2006;26(8):476-480
4. Spence KL et al. High flow nasal cannula as a device to provide continuous positive airway
pressure in infants. J Perinatol 2007;27(12):772-775
5. Armfield M Use of Vapotherm for respiratory support with neonates
6. Manley B et al. High Flow nasal cannula in very preterm infants after extubation. NEJM
2013;369:1425
7. Collins C et al. A randomised controlled trial to compare HHHFNC with nasalCPAP post
extubation in premature infants J Pediatrics 2013;162:949
8. Yoder B et al. Heated, humidified high-flow nasal cannula versus nasal CPAP for respiratory
support in neonates. Pediatrics 2013;131
9. Siva N and Reynolds PR. Stabilisation of the preterm infant in the delivery room using nasal
high flow: A 5—year retrospective analysis. Acta Paediatr 2021;110: 2065-2071
10. NICE neonatal respiratory guideline
11. New Zealand Neonatal guidelines, Auckland
12. Evelina Children’s hospital guideline on non-invasive respiratory support
3. Supporting relevant trust guidelines
Oxygen Saturation limits
Management of extreme prematurity
Delayed cord clamping
Thermoregulation
PPHN
Resuscitation on labour ward (term infants)
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4. Guideline Governance
a. Scope
This guideline in relevant to all staff caring for babies across neonatal intensive care, transitional care
and maternity.
b. Purpose

i.

This guidelines aims to facilitate a common approach to the management of babies admitted
under neonatal care. At times deviation from the guideline may be necessary, this should be
documented and is the responsibility of the attending consultant.

ii.

This guideline is subject to regular review to ensure ongoing evidence based practice.

c. Duties and Responsibilities
What is expected from the health care professionals using this guideline to look after infants.
d. Approval and Ratification
This guideline will be approved and ratified by the Neonatal Guidelines Group.
e. Dissemination and Implementation
i.
ii.
iii.
f.

This guideline will be uploaded to the trust intranet ‘Neonatal Guidelines’ page
and thus available for common use.
This guideline will be shared as part of ongoing education within the Neonatal
Unit for both medical and nursing staff.
All members of staff are invited to attend and give comments on the guideline as
part of the ratification process.

Review and Revision Arrangements
a. This policy will be reviewed on a 5 yearly basis.
b. If new information comes to light prior to the review date, an earlier review will be
prompted.
c. Amendments to the document shall be clearly marked on the document control
sheet and the updated version uploaded to the intranet. Minor amendments will be
ratified through the Neonatal Guidelines Group. A minor amendment would consist
of no major change in process, and includes but is not limited to, amendments to
documents within the appendices.
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g. Equality Impact Assessment
Background
 Who was involved in the Equality Impact Assessment
Neonatal Guidelines Group
Methodology
 A brief account of how the likely effects of the policy was assessed (to include race and
ethnic origin, disability, gender, culture, religion or belief, sexual orientation, age)
 The data sources and any other information used
 The consultation that was carried out (who, why and how?)
All staff and patient groups were considered
Key Findings
 Describe the results of the assessment
 Identify if there is adverse or a potentially adverse impacts for any equalities groups
No evidence of discrimination
Conclusion
 Provide a summary of the overall conclusions
Appropriate for use
Recommendations
 State recommended changes to the proposed policy as a result of the impact assessment
 Where it has not been possible to amend the policy, provide the detail of any actions that
have been identified
 Describe the plans for reviewing the assessment
Review in 3 years as per policy
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1.

2.

3.

4.

h. Document Checklist
To be completed (electronically) and attached to any document which guides practice when
submitted to the appropriate committee for approval or ratification.
Title of the document:
Policy (document) Author:
Executive Director:
Yes/No/
Comments
Unsure/NA
Title
Is the title clear and unambiguous?
Y
Is it clear whether the document is a
Y
guideline, policy, protocol or standard?
Scope/Purpose
Is the target population clear and
Y
unambiguous?
Is the purpose of the document clear?
Y
Are the intended outcomes described?
Y
Are the statements clear and unambiguous?
Y
Development Process
Is there evidence of engagement with
Y
stakeholders and users?
Who was engaged in a review of the
Neonatal guidelines group
document (list committees/ individuals)?
Has the policy template been followed (i.e. is
Y
the format correct)?
Evidence Base
Is the type of evidence to support the
Y
document identified explicitly?
Are local/organisational supporting
documents referenced?

5.

6.

Approval
Does the document identify which
committee/group will approve/ratify it?
If appropriate, have the joint human
resources/staff side committee (or
equivalent) approved the document?
Dissemination and Implementation
Is there an outline/plan to identify how this
will be done?
Does the plan include the necessary
training/support to ensure compliance?
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Yes/No/
Unsure/NA
7.

8.

9.

10.

Process for Monitoring Compliance
Are there measurable standards or KPIs to
support monitoring compliance of the
document?
Review Date
Is the review date identified and is this
acceptable?
Overall Responsibility for the Document
Is it clear who will be responsible for
coordinating the dissemination,
implementation and review of the
documentation?
Equality Impact Assessment (EIA)
Has a suitable EIA been completed?

Comments

Y

Y

Y

Y

Committee Approval (Neonatal Guidelines Committee)
If the committee is happy to approve this document, please complete the section below, date it and return it to
the Policy (document) Owner
Name of Chair
M.S. Edwards
Date
November 2021
Ratification by Management Executive (if appropriate)
If the Management Executive is happy to ratify this document, please complete the date of ratification below
and advise the Policy (document) Owner
Date: n/a
Addendum. Addition of SLE guidance ratified at neonatal guidelines meeting 4/7/22
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