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Average volume assured pressure support (AVAPS) is a modality of non-invasive

ventilation that enables the machine to deliver a pre-set tidal volume by adjusting the

inspiratory pressure support within a set range. Data on its use in the pediatric population

are limited to case reports and single centre case series. This article reviews paediatric

data on use of AVAPS and highlights the need for validation to help develop specific

guidelines on use of AVAPS in children.
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INTRODUCTION

The use of home non-invasive ventilation (NIV) has increased substantially in children over
the last few decades, at least in part due to enhanced survival of children with chronic medical
conditions along with improvements in home ventilator technology and provision of suitably sized
pediatric masks (1, 2).WhenNIV is initiated, parameters are generally determined based on clinical
assessment followed by an in-laboratory polysomnographic titration study where parameters are
adjusted throughout the recording to determine optimal ventilatory settings for adequate gas
exchange andupper airway patency (3). Although conventional fixed pressure NIV has been the
mainstay therapy for children with neuromuscular and hypoventilation syndromes requiring
respiratory support, several pediatric centres are reporting favorable outcomes with the use of
average volume assured pressure support (AVAPS) for home ventilation (4–7). AVAPS enables
the machine to deliver a pre-set tidal volume by automatically adjusting the inspiratory pressure
support within a set range. It offers several advantages over fixed pressure NIV support such as its
ability to compensate for the changes in tidal volume which occur with changes in lung compliance
and sleep stages. It intuitively varies the inspiratory pressure, using higher pressure during REM
sleep compared to NREM sleep resulting in a more stable ventilation and potentially improving
adherence (5, 8). Despite its advantages, data on its use in children are sparse and recommendations
on initiation and settings are extrapolated from adult experience.

AVAPS FUNCTION AND SETTINGS

Rather than having a fixed IPAP setting, AVAPS has the capability to set a range of values for IPAP,
a maximum and a minimum IPAP, to target delivery of a set tidal volume. Pressure support is no
longer fixed and changes within the set parameters. The ventilator uses an inbuilt algorithm to
either increase or decrease the inspiratory pressure from breath to breath to ensure delivery of the
pre-set tidal volume1. The IPAP maximum also serves as a safety parameter to prevent barotrauma

1https://Philipsproductcontent.Blob.Core.Windows.net/Assets/20170523
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from excessive pressure. For the minimum IPAP delivery, the
machine makes a selection from three pre-set algorithms (IPAP
min; VT 60 ml/cmH2O + EPAP or 8 cmH2O + EPAP),
choosing the highest value (9). Several additional parameters
such as AVAPS rate of change ensure that patient-machine
desynchronization is minimized and the IPAP pressure changes
swiftly and efficiently to ensure patient comfort and optimal
ventilation1. Tidal volume varies with each breath and it may take
several breaths for AVAPS to attain the targeted tidal volume (10).
EPAP is fixed similar to conventional BPAP, although there is an
AVAPS auto-titrating EPAP (AVAPS AE) feature to regulate the
EPAP as well in some devices (11).

The suggested settings are based on the information provided
by the manufacturer and early adult studies1 (12, 13). In
adults, a target tidal volume of 8 ml/kg of ideal body weight
is recommended. The use of ideal body weight is to ensure
optimal calculation of tidal volume for obese patients. The
manufacturer provides pre-calculated ideal weights for a range of
adult heights1. The maximum IPAP is 25 cmH2O and depending
on the patient pathology can be set to a lower level. Theminimum
IPAP is set at EPAP+4 cmH2O, generally no<8 cmH2O. The set
rate is generally 2 to 3 breaths below resting respiratory rate. The
AVAPS rate of change determines the rate of change of IPAP and
is kept shorter (range 1–5 cmH2O) for more unstable patients.
The rise time is adjusted for patient comfort. The use of modem
enabled devices help monitor pressures, air leaks and objective
adherence to patient’s healthcare provider. Recommendations for
pediatric settings are lacking.

PATIENT SELECTION

Although AVAPS debuted in 2003, a study published in
2006 by Storre et al. provided evidence of improvement in
ventilation in a randomized crossover trial in adult patients
with obesity hypoventilation syndrome. Adult studies have
reported successful use in conditions such as chronic obstructive
pulmonary disease (COPD), acute respiratory distress syndrome
(ARDS), hypercapnia, encephalopathy, kyphoscoliosis and
neuromuscular disorders (14–17). Pediatric studies have
been limited to case series and case reports. A function
similar to AVAPS, called iVAPS (intelligent volume assured
pressure support), targets alveolar ventilation by adjusting
pressure support (7). For purposes of this review, we have
presented pediatric studies on volume assured pressure support
ventilation below.

SEARCH METHODS

A literature search of MEDLINE, Embase and PubMed was
undertaken. No time limits were placed. The key terms included
pediatrics, children, bilevel ventilation (BiPAP/BPAP), non-
invasive ventilation and AVAPS. Inclusion criteria were: (1)
AVAPS has been initiated either in an acute/subacute setting

Abbreviations: CCHS, congenital central hypoventilation syndrome; ROHHAD,

rapid-onset obesity with hypothalamic dysregulation, hypoventilation, and

autonomic dysregulation.

(pediatric intensive care unit) or electively (in stable setting,
during or after a sleep study) and (2) English language articles
and (3) Pediatric population (0–18 years). None of the studies
were excluded from the review based on quality assessment. A
total of 9 articles meeting the inclusion criteria were identified.
These included 2 retrospective chart reviews, 1 prospective
observational study and 6 case reports (Table 1).

DEVICE CONSIDERATIONS

The ability to reliably deliver small tidal volumes is critical to
the use of AVAPS in pediatric populations. The minimum tidal
volume threshold is 50ml for the more advanced AVAPS-capable
devices. Table 2 provides minimum tidal volume delivery for
devices currently available with the AVAPS feature.

PEDIATRIC SETTINGS

There are no pediatric specific guidelines for initiation of
AVAPS. As discussed above, data on safety and reliability are
based on single center studies with relatively small numbers.
There are subtle differences between pediatric and adult AVAPS
initiation that must be highlighted. The recommendation from
the manufacturer to use ideal body weight (IBW) for calculation
of tidal volume was presumably based on experience with obese
adult patients. Although pediatric obesity is a growing problem,
our centre has used AVAPS for a number of non-obese children.
There is no universally accepted formula for calculation of IBW
in pediatrics. A recent study published in JAMA Pediatrics
comparing five different methods of calculating IBW in children
revealed significant differences and variability in calculations
using different methods (18). Furthermore, calculation of height
is problematic for children with neuromuscular problems. Arm
span is often used as a surrogate for height in children but upper
limb contractures can make accurate measurements difficult.
The data on arm span as a surrogate for height are based on
small studies, mainly in children under 10 years of age (19, 20).
One large study found ulnar length to be more reproducible
and representative of height in healthy school age children,
supporting its use in children with neuromuscular weakness (21).
Furthermore, use of IBW for very young non-obese children may
be unnecessary for calculation of tidal volumes. At our centre, we
adopt the following approach:

1. For children with weight between 3rd and 95th centile we use
actual body weight;

2. For children above healthy weight range (above 95th centile)
or underweight (below 3rd centile) we use IBW for calculation
of tidal volume as recommended;

3. For children shorter than 5 ft, the IBW in kg is calculated as
([height in centimeters]2 × 1.65)/1000. For boys taller than 5
ft, the IBW in kg is calculated as 39+ (2.27× [height in inches
– 60]). For girls taller than 5 ft, the IBW in kg is calculated as
42+ (2.27× [height in inches – 60]) (22).

Other popular methods to calculate IBW include those proposed
by McLaren, Moore, the American dietary association and the
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TABLE 1 | Literature review on pediatric use of AVAPS.

Author study goal Design Study subjects Measure of efficacy Results Conclusions and

limitations

Saddi et al. (4)

Compare conventional

BPAP with AVAPS

Retrospective case

series

19 patients with difficult

to control

hypoventilation on

conventional BPAP

Comparison of PSG

parameters on BPAP

and AVAPS. AVAPS

was only used if

hypoventilation was not

well controlled on

BPAP. Mean TcCO2

reduced from 55

mmHg in BPAP group.

to 49 mmHg in AVAPS

group.

AVAPS demonstrated

better control of

transcutaneous CO2

(TcCO2) compared to

BPAP

AVAPS was better in

controlling nocturnal

hypoventilation.

Limitations to the study

include: single centre,

retrospective design,

lack of control group,

the time period

between comparison of

two modes was long in

some cases.

Sunkonkit et al. (5)

Compare adherence

between conventional

BPAP with VAPS

Prospective

observational study

20 children with

neuromuscular disease

Comparison of PSG

parameters and

adherence data from

machine download on

BPAP and AVAPS.

Adherence was

recorded over a

3-month period.

Adherence was 87%

on BPAP compared to

100% on iVAPS for at

least 4 h usage during a

3 month period.

Improved adherence

on iVAPS compared to

BPAP. No significant

difference in gas

exchange.

iVAPS associated with

improved adherence.

Limitations to the study

include single centre,

lack of control group,

paediatric cohort only

weighing more than

30 kg included in study

due to device

limitations and

exclusion of one patient

that could not tolerate

iVAPS mode and

another patient that

was not adherent

to NIV

Saddi et al. (23)

AVAPS vs. BPAP in

bronchopulmonary

dysplasia (BPD)

Case report Ex-24 week infant with

severe BPD

Comparison of PSG

recordings on BPAP

and AVAPS. The

comparison of TcCO2

recordings showed a

more consistent

ventilation on AVAPS.

AVAPS resulted in

better TcCO2

compared to BPAP

AVAPS more efficient in

controlling

hypoventilation in

young infants.

Limitations include

single centre and

retrospective case

study design.

Saddi et al. (8)

AVAPS vs. BPAP in

CCHS

Case report 10 month old infant

with CCHS

Comparison of PSG

recording on BPAP and

AVAPS.

AVAPS associated with

consistent TcCO2

reduction compared to

BPAP

AVAPS may be a

reliable alternative to

conventional

non-invasive BPAP in

infants with CCHS.

Limitations include

single centre and

retrospective case

study design.

Stowe et al. (6)

AVAPS vs. BPAP in

ROHHAD

Case report 11 year-old girl with

ROHHAD

PSG demonstrated

significant

hypoventilation with

poor adherence to

CPAP

AVAPS improved

adherence, ventilation

and pulmonary

hypertension

AVAPS may improve

ventilation and

adherence compared

to BPAP. Limitations

include single centre

and retrospective case

study design.

Diaz-Abad et al. (24)

AVAPS vs. CPAP in

obese child with OSA

Case report 8 year-old obese child

with OSA

PSG demonstrating

hypoventilation not

controlled on high

CPAP pressures

AVAPS successful in

treating OSA refractory

to CPAP treatment

Use of AVAPS an

alternative in cases of

severe hypoventilation.

Limitations include

single centre and

retrospective case

study design.

(Continued)
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TABLE 1 | Continued

Author study goal Design Study subjects Measure of efficacy Results Conclusions and

limitations

Khayat et al. (7)

iVAPS vs. BPAP in a

cohort of patients with

CCHS

Retrospective chart

review

8 children with CCHS Comparison of PSG

recordings on BPAP

and iVAPS. The TcCO2

recording showed a

more consistent

ventilation on AVAPS.

iVAPS associated with

better reduction of

TcCO2 compared to

BPAP

iVAPS more efficient in

reducing TcCO2

compared to BPAP.

Limitations include

inclusion of children

weighing over 30 kg,

lack of control group,

single centre and

retrospective study

design.

Gentin et al. (25)

AVAPS in congenital

myopathy

Case report 3 year-old girl with

multiminicore myopathy

PSG and machine

download comparing

gas exchange and

pressure support on

AVAPS and BPAP

AVAPS resulted in

better TcCO2

compared to BPAP

AVAPS more efficient in

managing

hypoventilation.

compared to BPAP.

Limitations include

single centre and

retrospective case

study design.

Vagiakis et al. (26)

AVAPS in CCHS

Case Report 16-year-old girl with

CCHS and

tracheostomy

PSG recordings with

capped tracheostomy

on AVAPS.

Successful transition to

non-invasive AVAPS

from tracheostomy

ventilation

AVAPS reliable mode of

ventilation alternative to

mechanical ventilation

via tracheostomy in

CCHS. Limitations

include single centre

and retrospective case

study design.

TABLE 2 | Minimum tidal volume on AVAPS enabled devices.

Device Minimal tidal volume

Trilogy Evo® 50 ml

Trilogy 100® 50 ml

BiPAP A40® 200 ml

BiPAP A40 Pro® 200 ml

Dreamstation BiPAP AVAPS® 200 ml

BMI 50 method (18). For children with disability where height
cannot be measured, we use arm span as a surrogate for height
measurement. It is important that height or arm span ismeasured
meticulously to reduce errors in tidal volume calculation.

For the purposes of tidal volume calculation, a tidal volume of
6to 10 ml/kg is targeted (27). The IPAPminimum is calculated by

adding 4 cmH2O to EPAP, similar to adults. The IPAP maximum
depends on the patient’s underlying condition with higher values
for restrictive lung conditions.

In summary, the overall evidence on use of AVAPS in pediatric
population remains confined to single centre and case studies
without control groups. Prospective randomized control trials
with long term follow up are needed. The recommendations and
guidelines on initiation and titration of AVAPS in children are

lacking. Further validations with data from other centres will help

guide the optimal approach to use of AVAPS in pediatric settings.
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