Guideline No: 2007-0030 v5.0 the childr€n’s hospital at westmead

Guideline: High Frequency Oscillatory Ventilation (HFOV) - PICU - CHW

HIGH FREQUENCY OSCILLATORY

VENTILATION (HFOV) - PICU - CHW

PRACTICE GUIDELINE

DOCUMENT SUMMARY/KEY POINTS

e Initial HFOV settings on ERIC to be ordered by Intensivist or Fellow

adequate preload and inotrope availability, recruitment manoeuvres
e Clamp ETT when transitioning from CMV to HFOV to avoid de-recruitment
e Always apply wheel brakes on the oscillator while patient is connected
e UPS battery back-up to be connected to the HFO ventilator during initial set-up
e To increase ventilation = Increase amplitude/power +/- reduce frequency (Hz)

e Toincrease oxygenation = Increase FiO; +/- increase mPy,

mPaw titration manoeuvre

haemorrhage, bridge to ECMO

e Contraindications (all relative): Obstructive airway disease, intractable / under-

blood flow or right ventricular dysfunction

intraventricular haemorrhage (neonates)

with Intensivist — use manometer aiming peak pressures < 30cm H,O

e If Nitric Oxide is required, contact Inhalation therapy for set up assistance

e Patient preparation is essential prior to commencement - endotracheal tube suction,
central venous pressure monitoring, invasive systemic blood pressure monitoring,
transcutaneous CO; monitoring, neuromuscular blockade, sedation and analgesia,

e Consider over-inflation of lungs - Check CXR & seek optimal oxygenation through

e Indications: pARDS, pneumonia, air leak syndrome, pulmonary barotrauma, pulmonary

resuscitated shock, traumatic brain injury, intracranial hypertension, passive pulmonary

e Hazards/Complications: Air trapping, air leak syndrome, tracheal injury, necrotizing
tracheobronchitis, mucous impaction, cardiovascular depression, periventricular and

e Use inline suctioning system - manual hand ventilation for suction only after discussion

This document reflects what is currently regarded as safe practice. However, as in any clinical situation, there may be

factors which cannot be covered by a single set of guidelines. This document does not replace the need for the
application of clinical judgement to each individual presentation.

Approved by: SCHN Policy, Procedure and Guideline Committee
Date Effective: 1st March 2026 Review Period: 3 years
Team Leader: Staff Specialist Area/Dept: PICU - CHW
Date of Publishing: 17 February 2026 2:53 PM Date of Printing: 17 February 2026 Page 1 of 29

K:\CHW P&P\ePolicy\2026\High Frequency Oscillatory Ventilation - PICU - CHW v5.0.docx
This Guideline may be varied, withdrawn or replaced at any time.

Wik

GOVERNMENT



Guideline No: 2007-0030 v5.0
Guideline: High Frequency Oscillatory Ventilation (HFOV) - PICU - CHW

the ChildYeH,S hospltal at Westmead

CHANGE SUMMARY

e This document is due for mandatory review. It is recommended that the entire guideline
be re-read.

READ ACKNOWLEDGEMENT

e All PICU medical, nursing and allied health staff that care for patients receiving HFOV

e Training/Assessment Required for registered nurses through PICU nurse educators
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Introduction & Background

e Mode of assisted ventilation using supra-physiologic respiratory rates and small tidal
volumes (less than dead space volume)

e Typical ventilator rates (also called frequency) are in the order of 180-1500 breaths per
minute

e Unit of frequency is the Hertz (Hz), where 1Hz is equal to one breath / second or 60
breaths / minute

e At present, robust evidence regarding indications for HFOV in paediatric patients
remains limited. The PROSpect trial is currently in progress to address this gap.

e Previous adult studies (OSCAR [1], OSCILLATE [2]) showed lack of benefit and
potential increase in mortality associated with use of HFOV in ARDS

e Sitill considered to have a place in paediatric ventilation, especially as escalation or
rescue strategy in patients suffering from significant ventilation and / or oxygenation
issues

e The goal is to provide alveolar recruitment and minimise ventilator induced lung injury
(VILI) through operation in a “safe zone” between de-recruitment and hyperinflation
(ability to separately control ventilation and oxygenation with HFOV may be beneficial in
managing severe lung injury)

lung volume

pressure

The Paediatric Acute Lung Injury Consensus Conference (PALICC) statement on use:

e consider as alternative ventilatory mode in hypoxic respiratory failure in patients in
whom plateau airway pressures exceed 28 cm H20 in the absence of clinical evidence
of reduced chest wall compliance - for those patients with moderate-to-severe PARDS

e recommend optimal lung volume be achieved by exploration of the potential for lung
recruitment by a stepwise increase and decrease of the Paw (continuous distending
pressure) under continuous monitoring of the oxygenation and CO; response as well as
hemodynamic variables
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General Indications

¢ Refractory hypoxaemia: PARDS with excessive plateau pressures > 28 cmH20 AND
PEEP > 8 cmH20 AND FiO2 > 0.6 on conventional ventilation AND Increasing
Oxygenation Index (Ol):

Oxygenation Index (Ol) = (MAP x FiOz) /paO;
Ol 8 — 16 = moderate pARDS, Ol > 16 = severe pARDS

e Refractory hypercapnia pH < 7.15 despite all conventional measures

e Pulmonary Barotrauma / Air Leak Syndrome

Weight Consideration:

o Weight <35kg use 3100A

o Weight >35kg use 3100B (no longer manufactured)

Relative Contraindications

o Obstructive airway disease
o Intractable or under-resuscitated shock
o TBVIntracranial hypertension

o Passive pulmonary blood flow dependency (e.g. Fallot circulation)

Hazards/Complications

o Air trapping and Air Leak Syndrome (ALS)

o Tracheal injury (Necrotizing trachea-bronchitis)

o Mucous impaction

o Cardiovascular depression including hypotension and reduced cardiac output

o Periventricular and intraventricular haemorrhage in neonates

Potential Advantages

o Ventilation and Oxygenation can be regulated separately
o Improved oxygenation and / or CO; elimination

o May reduce ventilator induced lung injury
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Physiological Concepts

Pressure changes seen in the lung during intermittent positive pressure ventilation and
HFQV are represented below:

Amplitude
AP

Pressure

Time
(secs)

e Mean airway pressure is higher in HFOV

e Amplitude (AP) of oscillations in HFOV is much smaller than the difference between
peak inspiratory pressure (PIP) and PEEP

e Lung volume changes with each breath are minimised during HFOV, with volume being
maintained above functional residual capacity (FRC) during all phases of the respiratory
cycle

e Amplitude of oscillation attenuation through the tubing system and airways towards the
alveoli

e AP is highest around the oscillating diaphragm and practically negligible at the alveoli

e This phenomenon does not occur in conventional mechanism ventilation, because the
pressure that lasts for longer than five-time constants is transmitted to the alveoli

AIRWAY PRESSURE-TIME CURVES

HFOV Conventional

MAP 7/~ \U DEEP  VENTILATOR TUBING

A \‘ MAAAA MAP /N pEep  TRACHEA

/N

>

e MAP /’—k PEEP  ALVEOLI
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HFOV vs Conventional ventilation

e Uses a diaphragm piston unit to actively move gas in and out of the lung
e Require a special semi-rigid breathing circuit

e Maijor difference is active expiration with oscillation (as opposed to passive expiration
for conventional ventilation)

Mechanisms of Gas Exchange

Conventional ventilation:

e Characterised by bulk gas movement in the airways

e With each breath gas must move from the atmosphere through the airways to the
alveoli

e Volume of gas inspired with each breath must be greater than the volume of the airways
that do not take place in gas exchange (dead space)

Anatomical dead space (Vpanaty = conducting airways
(nose/mouth/trachea/bronchi/bronchioles)

Alveolar dead space (Vpay) = alveoli (ventilated but relatively under perfused)
Physiological dead space (Vpphys) = Vbanat + Voaiv

Tidal volume (V7) = Vpanat + Vpav + Va

Va = Volume of alveoli that contribute to gas exchange = Alveolar tidal volume

TV must be greater than physiologic dead space

HFOV

e Hallmark is the use of tidal volumes smaller than dead space to achieve CO; exchange
e Mechanisms responsible for gas exchange:

Can provide gas delivery to

Bulk flow f Convection
proximal alvecli despite small TV

Tayler dispersion

Shear acts te smear out the
concentration distribution in
the direction of flow, enhancing
the rate at which it spreads in
that direction

Ceoaxial Flow
Central gas flows inward while
peripheral gas flows outward

Augmented molecular diffusion
This happens at alvealar level
due to added kinetic energy
frarm ascillations

Pendelluft

Mixing of gases between lung
regions with different
compliance and therefore
different inflation

. #
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Physiological approach

Open- Lung Strategy
Highest possible frequency
High Fixed power setting

Oscillate on the deflation limb

Safe zone

Volume ——»

Pressure ——

e Lung volume is maintained above functional residual capacity (FRC) by adequate
constant distending (CDP) or mean airway pressure (mPaw)

e Lung volume is held relatively constant and the cycle of inflation and deflation
associated with conventional mechanical ventilation is greatly reduced

e Avoidance of high lung volumes may prevent over-inflation of the more compliant lung
units

e Avoidance of low lung volumes prevents the collapse of less compliant lung units

e Optimal mPaw / CDP depends on lung mechanics, underlying disease, and extra-
pulmonary manifestations
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Determinants of Ventilation and Oxygenation

HFOV allows easy decoupling of oxygenation/ventilation

Ventilation

e Dependent on amplitude / power (a determinant of tidal volume) much more than rate
(see equation below)

e With the Sensor Medics oscillator — perceived as paradoxical - lowering frequency (Hz)
improves CO, removal

e Postulated to occur because there is increased tidal volume (more inspiratory time) and
better gas escape (more expiratory time) - the oscillating diaphragm is able to move
through a greater distance

|Minute Ventilation = Rate x V1" (n=1 for conventional ventilation and n=2 for HFOV)|

To increase ventilation:
e Increase amplitude
e Reduce frequency (Hz)
e Consider altering Paw
e Check CXR, seek optimal oxygenation through mPaw titration manoeuvres

e Consider deflating ETT cuff to allow for more bypass flow around the ETT

Oxygenation
e Principle determinants same as for conventional ventilation

e Patients with extensive intra-pulmonary shunt (i.e. perfused but not ventilated alveoli
will suffer from systemic desaturation due to admixture of deoxygenated blood) - Aim
is to recruit a maximum of alveoli and for them to remain open to minimise shunt
(Open — Lung strategy) and therefore correct hypoxaemia

e Simple mode of ventilation that allows us to achieve an adequate mean airway
pressure (mPa,) without imposing large tidal volume - and therefore potentially
excessive peak pressures (Lung protective strategy)

Oxygenation = mP,, x FiO2

To increase oxygenation:
e Increase FiO-

e |Increase mPay
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Haemodynamic Effects

e Like all other forms of positive pressure ventilation may compromise cardiovascular
function

e Reduction in cardiac output is likely to be exacerbated by aggressive lung volume
recruitment strategies and high mean airway pressures

e The pressure generated within the lungs (mPaw) acts as an increase in afterload for the
right ventricle while unloading the left ventricle

e The intrathoracic pressure causes a reduced systemic venous return (and therefore
right ventricular preload) — see figure below

e Care must be taken when commencing HFOV to ensure that there is adequate preload,
and that inotropes are considered to support ventricular function

Effects of increased intrathoracic pressure on
1 RV2LV 4 the cardio-vascular system:

1. Decreased RV preload
Thorax 2. Decreased LV preload

3. Increased PVR and RV afterload
4. Decreased LV afterload

Patient Preparation

Before commencement of HFOV, all patients should have:
i. Central venous pressure monitoring
ii. Invasive systemic blood pressure monitoring
lii. Transcutaneous CO, monitoring (to appreciate trend, not specific CO; value)

iv. Neuromuscular blockade (generally indicated in all patients with the possible
exception of neonates) as well as adequate sedation and analgesia

V. Just prior to initiation of HFOV, perform endotracheal suction
vi. Consider clamping ETT while changing from CMV to HFOV

vii. Consider in-line suction (Y-piece)
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Equipment - SensorMedics 3100A and 3100B

Device Setup & Circuit Assembly

Equipment
SensorMedics 3100A or 3100B ventilator

Ventilator circuit including cap/diaphragm assembly

Fisher & Paykel MR850 heater/humidifier

1 Litre bag of sterile water for irrigation

Humidifier adaptor

Compressed air and O, sources

Procedure

Biomedical Engineering set up the circuit as below:

1. Circuit body connects to the bellows/water trap assembly

2. Three identical cap/diaphragm assemblies snap into the valve bodies located on the
patient circuit body (white mushroom shaped valves as shown in picture)

3. Assembled patient circuit attaches to the face of the oscillator compartment using
the four captive T-handle quarter turn fasteners

4. The three colour coded tubes attach to the corresponding valve cap (as shown in
pictures) - added safety feature = coloured tubes only reach as far as their correct
attachment points

5. The clear pressure sense line arising from the patient circuit Y-piece attaches to the
bulkhead Luer fitting marked Airway Pressure

6. The humidifier temperature probe inserts into the tapered opening near the patient
Y-piece

7. The cradle rod adjustment is used to maintain the proper patient circuit height and
angle

Colour Circuit attachment
Blue Limit Valve
Green mPaw Control valve
Red Dump Valve
Clear Paw Sense port
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Circuit Calibration Check

o Usually performed by Biomedical Engineering

e Must be performed prior to ventilation of each patient to ensure the circuit is leak free
and will hold pressure

e If procedure is successful = circuit calibrated and leak free

e If unsuccessful contact biomedical engineering

i. Insert the rubber stopper into the Patient Circuit Y-piece
ii. Set Bias Flow to 20 L/M (read the flow at the centre of the ball)

iii. Rotate the Mean Pressure Limit to the “MAX” position (turn the control knob
clockwise until it cannot be turned further) — only available on 3100A

iv. Rotate the Mean Pressure Adjust to the “MAX” position (turn the control
knob clockwise until it cannot be turned further)

v. Adjust the thumbwheel “Set Max P,,” alarm to 49 cm H.O and the “Set Min
Paw” to 15 cmH20

vi. Press and hold the reset button

vii. Observe the Mean Airway Pressure that is displayed - should read 39 - 43
cm HxO

viii. If Mean Airway pressure is not within range — check correct circuit set
up & perform leak check of circuit + ensure the bias flow is at 20LPM

ix. Continue set up by performing Ventilator Performance Check
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Ventilator Performance Check
e Assures oscillator is functioning properly
e Should be performed each time a patient is placed on the ventilator

e Performed before connection of the patient to the ventilator

Insert the rubber stopper into the Patient Circuit Y-piece
Set Frequency to 15

Set % i-Time to 33

Set Power to 0.0

Set Bias Flow to 20 L/M (read flow at the centre of the ball)

© a kO DN =

Rotate the Mean Pressure Limit to the “MAX” position (turn the control knob
clockwise until it cannot be turned further) — only available on 3100A

Adjust the “Set MAX Pa,’ thumbwheel to 30 and the “Set MIN Pa,” thumbwheel to 10

~

8. Depress and briefly hold the RESET button long enough to allow the Mean Airway
Pressure to rise above 6 cm H>O

9. Use Mean Pressure Adjust to set Mean Airway Pressure display to read 19 - 21 cm
H.O

10. Depress the Start/Stop button — oscillator will start

11. Increase Power control setting to 6.0 while simultaneously centring the piston with
the Piston Centring control — only available on 3100A (automatic for 3100B)

12. When stable AP reading obtained with the piston operating in the centre portion of
its range, verify that the AP reading is between 56 and 75 and Paw is between 15
and 23 (If readings outside range contact Biomedical Engineering for calibration)

13. Depress the Start/Stop button to stop the oscillator
14. Oscillator now calibrated and ready for patient use

15. Continue set up by adjusting machine settings to desired patient parameters - use
reference or Typical Start Up Settings

Pressure Alarm Check
Verify Max and Min Paw alarms:
1. Set Max P.» thumbwheel just below established P,y to set off alarm
2. Set Min P., thumbwheel just above established P.y, to set off alarm
3. Reset thumbwheel alarm switches to:
3100A: Min 2 cm H20 above and below mPay
3100B: Min 5 cm H20 above and below mPay
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4. Verify dump valve function by:
i. Squeeze/pinch expiratory tubing closed
ii. “Paw >50 cm H20” alarm should sound and circuit depressurise

iii. Re-establish P,y - depress Reset button until “Pa, <20% of set Max Pay” LED
is extinguished

Limit Valve Check
Verify limit valve function:
1. Rotate Mean Pressure Limit control to approximately mid-scale
2. Squeeze/pinch expiratory tubing closed
3. Observe pressure at which mP,, limits
4

Rotate Mean Pressure Limit control in the appropriate direction to cause the mean
pressure to limit at the desired point

5. Rotate the Mean Pressure Limit to Max

Setting Patient Parameters
Parameters are set with ventilator running and rubber circuit stopper in place
1. Set desired FiO, (usually 1.0)
Set % Inspiratory Time to 33%
Set ordered frequency (See Typical Start Up settings below)

2
3
4. Rotate Mean Pressure Limit and Mean Pressure Adjust controls to maximum
5. Adjust power to desired level (until desired chest wiggle observed)

6. Centre piston (3100A only as 3100B automatically centres)

7

Turn Mean Pressure Adjust control knob and/or Bias Flow control until desired
mean airway pressure reached

8. Attempt to manipulate controls to keep Mean Pressure Adjust control between the
"10 o’clock"” and "2 o’clock” position

Patient connection
Intensivist/Fellow is to be present for commencement of HFO

1. Adjust HFOV circuit "Y-piece" to patient airway (circuit is stiff and must be
supported)

2. Once oscillator is in place lock wheels and ensure proper alignment
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3. Minimise any curvature of the endotracheal tube and circuit as this may affect
ventilation

4. Remove circuit stopper to deactivate oscillator by depressurising the circuit (Keep
rubber stopper - it will be needed during ETT suction)

5. Connect patient to oscillator & press Reset button to re-pressurise circuit

6. Once mean airway pressure established the LED for " Pay <20% of Set Max Paw "
will extinguish and the alarm will cease

7. Push the Start/Stop button to start the oscillator

8. Adjust power control until desired "chest wiggle" is observed

9. Re-centre piston and adjust mean airway pressure if needed

10. Recheck all alarms and parameter settings

11. Lock power dial, and document set and measured parameters (Whole number is
inside the dial & Decimal point is outside the dial)

Clinical Strategies

Typical Start up Settings:

Patient Size |FiO, | Bias Flow (Range) | Ti |Hz | Paw z:""e”Amp"t“
Range 60-90.
Adjust to
achieve wiggle
Neonate [
1.0 20 L/min (15-25/min)| 33% | 12 down to groin. .
(not preterm) Check gas within
4-6 cm 20 minutes.
above Check tcCO-
trend
CMV mPay
<10 kg 1.0 20 L/min (15-25l/min)| 33% [12-10
10 - 30 kg 1.0 25 L/min (15-30l/min)| 33% (12-8
> 30 kg 1.0 30 L/min (25-40l/min)| 33% (8-10
Fio Always commence FiO,1.0
i
? Adjust to reach SpO, target including lower AND upper limit
Bias flow Commence as per typical start up settings
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Usually 33%
Ti Very unusual to adjust - Discuss with intensivist

Prolongation to 50% can increase CO; clearance

Set according to table
Hz (frequency) Reduce Hz to increase CO; clearance

Increase Hz to decrease CO- clearance

mP.w (Mean Airway

Commence 4-6 cm H,O above Conventional Ventilation mPay
Pressure)

Only available on 3100A

Set at least 5cm above estimated mPay
mPay limit
Set above the mean mP., alarm

Inadequate setting will limit mPay

Start high (see Typical Start up Settings) to achieve visible
abdominal / groin oscillations

‘Power/Amplitude dial controls AP = the magnitude of the
Power/Amplitude oscillation around the mPaw

AP requirements can vary significantly between patients
Check CXR after 30 minutes

Check for air leak and view of posterior ribs - aim inferior lung
margin between 8" and 10" posterior rib

Transcutaneous CO; Check trend

Check after 20 minutes

ABG Adjust ventilation according to “Fine Tuning” section below

Recheck 20-30 minutes after each adjustment and continue to
appreciate tcCO, trend

Fine Tuning

Quick Fine Tuning Reference:
FiO, Hz Amplitude MAP
High pO; ! !
Low pO; 1 1
High pCO; ! 1
Low pCO, 1 !
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Manage Oxygenation and ventilation independently

Adjust FiO, and mP,, for oxygenation

Manipulate AP (Power/Amplitude), bias flow, Hz and occasionally inspiratory time to
alter ventilation (CO, removal)

Aim to achieve targets with lowest possible mean airway pressure, high
Amplitude/Power and the highest possible frequency that generates appropriate CO;
clearance

Target PaCO- and pH to be ordered by intensivist/fellow - permissive hypercapnia may
be acceptable if pH hemodynamically tolerated (> 7.20 usually well tolerated) and no
contraindication (pulmonary hypertension or raised ICP)

Adjust Power/Amplitude to achieve visible abdominal oscillations - Increase to improve
CO2 removal and reduce to decrease CO, removal

Frequency & Power goal = highest frequency that achieves adequate alveolar
ventilation — titrate at least every 6 hours

If pH too high (> 7.30):

Step 1: Increase frequency by 0.5-1 Hz (max 15 Hz)

Step 2: If frequency 12-15 Hz decrease power by 10%

If pH too low (<7.15):
Use recruitment manoeuvre after suctioning (see Lung recruitment section)

If max Power/Amplitude is reached (10) and ventilation still inadequate, then
sequentially follow these steps:

1. Reduce frequency in a stepwise fashion - Hz < 8 may = increased risk of
ventilator induced lung injury

Deflate the ETT cuff to allow gas to escape around the tube
Increase bias flow in increments of 2L/min (will increase mPaw)

Adjust mPaw knob to maintain mPaw

o &~ 0N

Increase i-time in two steps to 40% and then 50% to increase ventilation and CO2
clearance (ONLY when Power/Amplitude maximised & frequency minimised)

This manoeuvre has increased risk of hyperinflation — it should only be used as long as
necessary and is rarely applied

Lung recruitment

Adjustments in mPa, can achieve lung recruitment

Excessive mP,y can cause overdistension associated with decreased lung compliance
and volutrauma, desaturation and haemodynamic compromise

Consider use of inotropes and further fluid loading to optimise haemodynamic

If the mPaw control knob is maximised discuss with the consultant intensivist on call
increase in bias gas flow to achieve a higher Pay
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e Recruitment manoeuvres adapted from the PROSPECT][3] trial may benefit optimisation
of oxygenation — must be discussed with the consultant intensivist on call (see section

below)

mP.w Recruitment Manoeuvre

Step 1 Record start mPaw (mPawstart)

Step 2 .
Increase mPaw by 2 cmH20 every 5 minutes and observe SpO-

Step 3 : .
Record mPaw at which SpO, starts to increase (mPawrecruitment)
Continue to increase mPaw until SpO- no longer increases or systolic

Step 4 blood pressure starts to decrease (record as mPawhyperinfiation)
If during recruitment SpO2> 97% - reduce FiO2 and continue
recruitment

Step 5 Once mPawnhyperinfiation iS determined - decrease mPay by 2 cmH20
every 10 minutes and observe SpO;

Step 6 Record the mPaw at which the SpO., starts to decrease by more than 2
percentage points (MPaWgerecruitment) - Stop decreasing mPaw

Step 7 Increase mPaw to mPawnyperinflation for 1-2 minutes - decrease mPaw to
2 cmH20 above mPawgerecruitment

Date/ Time | mPawsmarr | SpO2/ FiO2 @ Start mPawrecruTMENT | MPaWhyperiNFLATION | M PaWDERECRUITMENT

O

£

2

0

>
CDPCIosing

Pressure ——
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mPaw Titration Manoeuvre (12-hourly)

Step 1 Record the start mPaw (mPawstart)

Step 2 Decrease mPaw by 2 cmH,0 every 10 minutes and observe SpO;

Record the mPaw at which the SpO: starts to decrease by more than 2

Step 3 percentage points (this point is called mPawgerecruitment), Stop decreasing
mPaw

Step 4 Increase mPaw to mPawstart for 2 minutes

Step 5 Decrease mPaw to 2 cmH>0O above mPawgerecruitment

Step 6 Obtain ABG and titrate Frequency/Power

Date/ Time | mPawstarr | Sa02/ FiO2 @ Start MPaWperecrUITMENT

FiO- titration
e Define SpO; targets including lower and upper thresholds

e Continuously adjust FiO; to remain within the defined range

Nitric Oxide

e Inhaled nitric oxide (iNO) can be added to the circuit if required

e Refer to CHW ‘Inhaled Nitric Oxide Use in PICU-CHW?” policy for further information

e Both iINO and additional bias flow can be simultaneously introduced if needed

Common clinical issues

LOW LUNG VOLUME = Inadequate lung recruitment

LOW LUNG VOLUME = Premature reductions in mPaw before alveolar stability has been
reached

OVERDISTENSION = Failure to reduce CDP with marked improvement in oxygenation
HAEMODYNAMIC INSTABILITY = Inadequate filling status or marginal cardiovascular status
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Persistent hypoxemia

e Tolerate brief periods (<10 min) of SpO2 < 85% or > 92%

e Use FiO2 1.0 for brief intervals (< 10 min) of transient desaturation or to prevent
desaturation during treatments such as suctioning or position change

e If SpO2 < 85% for more than 10 minutes:

1. Assess for occluded or dislodged ETT

2. Assess for overdistension (e.g. increase in PaCO- with a patent airway)

3. If present, perform mPaw titration maneuver starting with a decrease in mPaw
4. Increase FiO; in increments of 0.2 until SpO- in range
5

Once SpO; stabilized for 5 min irrespective of FiO, or when FiO,= 1.0 perform
mPaw recruitment manoeuvre starting with an increase in mPaw

Persistent respiratory acidemia (pH < 7.15)

Step 1: Decrease frequency by 0.5-1 Hz (minimum frequency of 8 Hz)
Step 2: If frequency 8 Hz increase bias flow then inspiratory time to 40- 50%

Step 3: If power < 10, increase the power by 10%

Weaning

Best approach = reverse of escalation process
Older Children

e Wean FiO; in increments of 10% if saturation is > 90%
e \When FiO; < 0.6 reduce P,y in increments of 1 cm H2O
e Wean Power/Amplitude in increments of 2-3 cm H20 (depending upon paCOy

e Once FiO, 0.4-0.5, mPaw 15 - 20 cm H>O and Power/Amplitude < 40 cm H»>O can trial
conventional ventilation (some patients may plateau for several days at approximately
these settings)

Small infants (<5 kq)

Wean to conventional ventilation and then wean as per older children

If not muscle relaxed -- reduce mP,, to CPAP levels and then extubate provided FiO- has
been reduced to <0.4

Switching back to conventional ventilation:

e Set conventional ventilator in discussion with intensivist
e Make sure to set an adequate level of PEEP (8-15 cm H20)
e Set FiO2 10% higher than on HFOV
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Nursing Care Considerations

e Similar to nursing considerations for conventional ventilation

e Important differences to note for patient assessment, suction, pressure area care and
positioning

e Ventilation tubing needs to be positioned at a slight upward angle to facilitate drainage
of excess water into the water trap - the bed may need to be elevated to facilitate this

e Always apply wheel brakes to both oscillator and patient’s bed to prevent accidental
extubation

Patient Assessment

e Due to the noise level and continuous physical vibrations assessing breath and heart
sounds is difficult

o Assessment of chest wall vibration/chest “wiggle” is important

e A decrease in chest wiggle may indicate:
o worsening lung compliance
o ETT obstruction or malposition
o bronchospasm

o pneumothorax

e End Tidal CO; (etCOy,) is not possible due to the very low tidal volumes and lack of
defined inspiratory and expiratory phases

e Carbon dioxide is monitored transcutaneously - tcpCO.
e Oxygen saturation is monitored via the usual method
e Arterial blood gas sampling should be attended as necessary

e Changes to ventilation parameters require a longer stabilisation period before gases are
taken (at least 20 minutes) than for conventional ventilation

e In small infants the chest wall vibration may also interfere with the ECG trace

e Auscultate heart and lung sounds opportunistically during suction if being manually
hand-bagged

Endotracheal Suction

e Only attend suction when necessary according to patient assessment - always confirm
with Intensivist/Fellow

e Some patients may require more frequent suctioning but remember that these patients
de-recruit quickly, experience greater periods of instability and take longer to recover
after the procedure

e Criteria for performing suction:
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o decrease in oxygen saturation
o increase in tcpCO2
o decrease in chest wiggle

Consider a bolus of sedation and or muscle relaxant prior to suction

Suction technique:

o Increase FiO, to 1.0 for 2 minutes

o Disconnect from the ventilator - place rubber stopper into Y-piece to prevent circuit
depressurisation

o Limit suction pass to 10 seconds

o No need to clamp ETT (de-recruitment will occur regardless)

o Reconnect to ventilator

o Repeat as necessary once SpO; and tcpCO2 stabilise

o After completion perform a recruitment manoeuvre (see Lung recruitment section)

o Hand ventilation during suction is only to be done in consultation with
Intensivist/Fellow

Humidification

Critically important as inadequate humidification can lead to thick secretions and/or
damage to bronchial mucosa

Water trap requires a 50 ml syringe connected to the stopcock - empty as required

Always turn stopcock off except when aspirating H.O

Manual ventilation/bagging

Use manometer if available and maintain peak pressures < 30 cmH20

Pressure Care and Positioning

Higher risk of developing pressure sores due to movement restrictions
Nursed in supine and side positions and occasionally prone

Aim 2-4 hourly Supine to Side turns

Regular 2-4 hourly head turn

Consider mattress type - Bosshard™ or gel

Monitor hydration, nutrition and skin integrity each shift

Do not use air mattresses - vibrations and movement are exaggerated
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Physiotherapy

e Routine chest physiotherapy is not performed

e Chest wall oscillations delivered by HFOV are generally more effective than manual
chest physiotherapy techniques

e If indicated the physiotherapist can review the child for assistance with secretion
clearance and positioning

e Discuss with Intensivist/Fellow

Nutrition/Fluids

e Use nasogastric tube to prevent build-up of gas in the stomach and for feeding

e Restrict Fluids to 2/3 maintenance to prevent oedema or fluid overload

Optimal Sensory Perception

e Consider noise level of oscillator and potential altered sleep/rest patterns

e Use earplugs/shields and music in addition to ensuring adequate sedation

Parental Support

Parents may require additional support as their child's condition and appearance may be
sources of great stress. Full explanations of procedures and care patterns are required to
reduce anxiety for the parents and family

Ventilation orders

e Check for current order as part of patient assessment

e |Initial settings are Intensivist/Fellow responsibility documented in eMR (along with
subsequent changes)

e All changes are to be discussed with the Intensivist/Fellow

e Parameters to be recorded at each change are:

Parameter Range

FiO2 0.21-1.0

Bias Flow (15-401/min)

mPaw limit as per clinical situation

mPaw desired mean airway pressure

Power 0-99

Ti 33 -50%

Frequency 3-15Hz

Max mPaw maximum mean airway pressure alarm limit

Min mPaw minimum mean airway pressure alarm limit
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Filter Changes

Change antiviral/ bacterial filter on expiratory side every 24 hours and/or if excessively wet
from rain out

Circuit Changes

e A circuit change is performed by changing ventilators and requires 2 nurses and a
medical officer

e Performed weekly unless otherwise ordered by the Intensivist/Fellow

e Set-up ventilator and perform a circuit calibration and performance check
e Place ventilator at bedside opposite the ventilator currently in use

e Power up new ventilator and set appropriately to mirror current settings

e Remove patient from existing ventilator - turn head towards new ventilator and attach
patient to ventilator circuit exercising caution to protect airway

Other Considerations

e A conventional ventilator with appropriate CMV settings should be available close to the
patient for use

e Intermittent or continuous nebulised therapy has not been proven safe during HFOV - If
nebulised therapy required the patient will need to be changed back to CMV
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Troubleshooting Guide

Visual/Audible Alarm Occurring

the ChildYen,S hOSpltal at Westmead

Condition Possible Cause Possible Solution
Displayed P.w > 60 cm | 1. Patient at high P.y and 1. Bias Flow rate possibly insufficient, readjust
H20 Alarm spontaneously breathing Paw using higher flow (Also consider clinical
2. Obstruction in expiratory limb status of patient)
3. Obstruction in pressure sense 2. Replace patient circuit
line 3. Replace patient circuit
4. Interference from a radio- 4. Remove source of interference
transmitter
Displayed P.w > Set 1. Patient spontaneously breathing 1. Bias Flow rate possibly insufficient, readjust
Max P.w Thumbwheel 2. Improper setting of thumb-wheel Paw using higher flow (Also consider clinical
Alarm switch status of patient)
3. Obstruction in expiratory limb 2. Change setting
4. Obstruction in pressure sense 3. Replace patient circuit
line 4. Replace patient circuit
5. Patient circuit temperature rise 5. Check and correct circuit temperature
6. Interference from a radio 6. Remove source of interference
transmitter
1. Patient spontaneously breathing 1. Bias Flow rate possibly insufficient, readjust
Displayed P.w < Set 2. Improper setting of thumb-wheel Paw Using higher flow (Also, consider clinical
Min Paw Thumbwheel switch status of patient)
Alarm 3. Improper setting of Paw adjust or 2. Change setting
flow meter 3. Change setting
4. Patient circuit temperature drop 4. Check and correct circuit temperature
5. Leak in patient circuit or 5. Eliminate leak or replace circuit
humidifier 6. Replace cap diaphragm
6. Cap diaphragm leak 7. Remove source of interference
7. Interference from a
radiotransmitter
1. Improper setting of Paw adjust or 1. Change setting
Displayed Paw < 5 cm flow meter 2. Eliminate leak or replace circuit
H20 Alarm 2. Leak in humidifier or patient 3. Replace cap diaphragm
circuit, including patient 4. Remove source of interference
disconnect 5. Close Water Trap Stopcock
3. Cap diaphragm leak
4. Interference from a
radiotransmitter
5. Open Water Trap Stopcock
1. Power setting too low and AP is 1. Adjust setting for desired AP
Oscillator Stopped with less than or equal to 7 cm H20 2. Call Biomedical Engineering
no other alarm 2. Oscillator Failure
occurring
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Unexplained Operation

Condition Possible Cause Possible Solution

1. Drastic changes in Paw due to 1. Re-establish P.v and make any small
Oscillator shuts down over-aggressive control change adjustments to P.w using Flow-meter Adjust
and Dump Valve using the P.w adjust 2. Reconnect ET Tube
opens during operation | 2. ET Tube has become 3. Locate and distance offending device

disconnected

3. Radio Frequency Interference

1. To restart oscillator, P.w must first | 1. Reduce power and increase P.y to target level
Oscillator will not be > 5 cm H20, but to achieve Pay using flow meter and P.w Adjust Control - then
restart after temporary > 5 cm H20, oscillator must be on increase power while keeping P.w on target by
disconnection (such as adjusting flow meter or Paw control valve down
for routine suctioning).

1. Water collecting at P.w Control 1. Adjust circuit height for better draining
Paw unstable — jumps Valve 2. Bias Flow rate possibly insufficient, readjust
by 2-3 cm H20 2. Patient spontaneously breathing Paw using higher flow. Also, consider clinical

3. Worn or defective cap diaphragm status of patient

4. Internal Failure 3. Replace cap diaphragms

4. Call Biomedical Engineering

1. Excessive heat from driver 1. Ensure cooling gas is connected. Try different
Humidifier not 2. Room temperature > 29° C source connection for cooling gas
operating properly 2. Decrease room temperature
Paw jumping by > 5 cm 1. Worn or improperly seated cap 1. Replace cap diaphragms
H20 when trying to diaphragm 2. Call Biomedical Engineering
adjust with P.w Adjust 2. Internal Failure
Valve
Oscillator making a 1. Cap diaphragm defective 1. Replace cap diaphragm
squeaking sound
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Failure during Check

Condition Possible Cause Possible Solution
1. AC power removed from system 1. Check power cord. If ok, check other
Reset/Power Failure or main power interruption equipment on same outlet. If other equipment
2. Internal power supply failure ok, possible internal fault
2. Contact Biomedical Engineering
To start oscillator after correcting problem,
apply power to system, press and hold
“RESET” to establish P.w, and then press
Stop/Start switch
1. Leak in patient circuit or 1. Eliminate leak or replace patient circuit
Failure to meet Patient humidifier connections 2. Set flow metre to 20 LPM, sighting on centre
Circuit Calibration 2. Improper flow metre setting of ball
3. Open Water Trap Stopcock 3. Close Water Trap Stopcock
4. Internal leak or maladjustment 4. Call Biomedical Engineering
1. Incorrect Patient Circuit 1. Perform Patient Circuit Calibration
Failure of Ventilator Calibration 2. Adjust flow to centre of ball
Performance Check — 2. Centre of flow metre ball not 3. Use appropriate altitude range for your facility
Paw out of range (LOW) used to make 20 LPM adjustment | 4. Call Biomedical Engineering
3. Incorrect altitude range being
used
4. Internal Failure
1. Incorrect Patient Circuit 1. Perform Patient Circuit Calibration
Failure of Ventilator Calibration 2. Adjust flow to centre of ball
Performance Check — 2. Centre of flow metre ball not 3. Use appropriate altitude range for your facility
P.w out of range used to make 20 LPM adjustment | 4. Call Biomedical Engineering
(HIGH) 3. Incorrect altitude range being
used
4. Internal Failure
1. Bias Flow tubing from humidifier 1. Use Bias Flow tubing supplied with circuit and
Failure of Ventilator to circuit has been cut to less do not shorten
Performance Check — than 30” or tubing not supplied 2. Set Powerto 6
AP out of range (LOW) with patient circuit being used 3. Bypass humidifier for performance check then
2. Power not set at 6 re-attach
3. Compression characteristics of 4. Call Biomedical Engineering
humidifier allowing AP to drop
4. Internal Failure
1. Oscillator not warmed up 1. Allow Oscillator to warm up for 5 minutes
Failure of Ventilator 2. Incorrect altitude range being 2. Use appropriate altitude range for your facility
Performance Check — used 3. Call Biomedical Engineering
AP out of range 3. Internal Failure
(HIGH)
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HFOV Initiation Checklist PICU

Patient Weight < 35kg: 3100 A Patient Weight > 35kg: 3100 B

Checklist items

Consider need for Nitric

Battery UPS

Power and Gas extension box

Transcutaneous CO-

Manometer for hand bagging

Appropriate size suction catheter(s)

Jar for green stopper

Flat edge clamps

Extra filters due to rainout (inhalation department if none in storeroom)

OO0 OoOOoooOoooao

New etCO2 in case hand ventilation is required
Pre commencement of HFOV

Reposition patient so that head is at the bottom of the bed if able
Review last CXR

Assure patient has CVP/IAL monitoring

Consider starting muscle relaxant

Apply noise reduction earmuffs

Baseline ABG with Oxygen Index - Ol

Perform ETT suction

O0OO0OO0OODoOoD@QaoQO

Commence transcutaneous CO, monitoring
After initiation of HFOV

Assess patient’s chest wiggle

Apply all brakes on ventilator once optimal position obtained

Support circuit tubing with towels / blankets and secure position

Position patient higher than circuit tubing to facilitate drainage of rain out
Ensure midline diaphragm alignment

Set alarm parameters. Disable RR on monitor (might interfere with ECG)

O 0OO0O0OoOoaogano

Perform ABG and CXR 30mins after commencement and calculate Ol
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