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Introduction
Proportional Assist Ventilation (PAV), Adaptive Support Ventilation
(ASV) and SmartCare (SC) are new modes of ventilation that have recently
become available on the market. Although these modes have numerous
similarities, there are several important differences that clinicians should
be aware of to ensure successful and appropriate application of each. The
present paper will describe each mode and will propose a synthetic
comparison to enhance the clinician's understanding of how to implement
each of them into his or her daily practice.

Similarities
Each of these modes aims to provide ventilatory support according to
measured patient characteristics:
• PAV according to the patient's effort, based on the respiratory flow
signal;
• ASV according to the patient's respiratory mechanics, based on the
expiratory time constant and lung compliance;
• SC according to the patient's respiratory comfort, based on the
spontaneous respiratory rate, the tidal volume, and the end-tidal CO2.
In other words, each mode tries to match the ventilator output to the
demands of the patient as much as possible.
All these modes work by using at least one closed-loop algorithm:
• PAV by adjusting inspiratory airway pressure in proportion to the
patient's effort;
• ASV by adjusting respiratory rate and inspiratory airway pressure
according to the patient's respiratory mechanics;
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• SC by adjusting inspiratory airway pressure according to the patient's
respiratory rate, tidal volume, and end-tidal CO2.
With each mode, the main output is the inspiratory airway pressure.
However, because ASV incorporates two closed-loop algorithms, an
additional output for respiratory rate is also available.

Descriptions
Proportional Assist Ventilation
PAV was first described in 1992 by Magdy Younes1,2. PAV is a pressureregulated mode of ventilation, in which the pressure within each breath is
titrated by the ventilator in proportion to the patient's inspiratory airflow,
which is used as an estimate of the patient's respiratory muscle effort. The
proportionality between flow and airway pressure is determined by a
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ventilation target (green curve), respiratory-rate/tidalvolume target (target circle), the patient’s current
status (yellow cross), and the safety frame (large red
rectangle).

"gain" setting, which is adjusted by the clinician to
determine the proportions of the total work of
breathing to be performed by both ventilator and
patient. In contrast with previous modes of
ventilation, in PAV, the clinician sets the "gain"
(proportion of work of breathing, expressed as a
percentage) based on the patient's respiratory
mechanics. In other words, resistance (Rrs) and
compliance (Crs) of the respiratory system are
evaluated and the percentage of assistance adjusted
accordingly. However, in addition to the difficulties
associated with assessment of Rrs and Crs in actively
breathing patients, PAV may become unstable in
certain situations, or if the gain is improperly set. This
potential complication of PAV has been termed
"runaway", and results when the algorithm-induced
changes affect an input variable, thereby creating an
undesirable change to the output, in a cyclical fashion
(increasing pressure results in increased flow, which
may increase measured Rrs, resulting in further
increases in pressure).

Figure 1: Highlight from the ASV screen implemented on GALILEO.

By monitoring the trended total respiratory rate,
spontaneous respiratory rate, and inspiratory pressure,
respiratory staff can determine the patient’s mediumand long-term response and interaction with ASV.

Adaptive Support Ventilation
ASV was introduced in 1994 by Laubscher and
coworkers3,4. ASV may be thought of as an "electronic
ventilator protocol" that incorporates the most recent
and sophisticated measurement tools and algorithms
in an attempt to make ventilation safer, easier, and
more consistent. This mode is designed to
accommodate not only ventilated patients who are
passive, but also those who are actively breathing. ASV
recognizes spontaneous respiratory activity and
automatically switches the patient between
mandatory pressure-controlled breaths and
spontaneous pressure-supported breaths.

SmartCare
SC is a mode of ventilation specifically designed to
expedite the weaning process. It utilizes only pressure
support breaths, with varying levels of inspiratory
pressure. The principle was initially developed using a
HAMILTON MEDICAL6,7 ventilator that used the
measured respiratory rate to adjust the level of PSV
(increasing PSV if RR is high, decreasing PSV if RR is
low). The level of pressure support is also adjusted to
maintain tidal volume (VT) above, and PetCO2 below,
certain values. The switch from controlled ventilation
to SC, and back to controlled ventilation, is not
automatic, and requires manual intervention.

With ASV, the clinician determines the desired
minute ventilation, and the algorithm determines the
optimal respiratory-rate/tidal-volume combination
according to the patient's respiratory mechanics. Any
change in respiratory mechanics or patient effort
results in an updated optimal breathing pattern
(respiratory-rate/tidal-volume combination), and ASV
continuously and gently moves the patient to the new,
updated, target. Intelligent breath-to-breath safety
rules maintain ventilation parameters within safety
ranges, and if for any reason the patient fails to
breathe actively, ASV automatically increases the
number of mandatory pressure-controlled breaths
needed to maintain the minute volume target.
Additional safety limits minimize intrinsic PEEP, and
avoid hypoventilation, high deadspace ventilation,
and baro- and volu-trauma.

Comparisons
Table 1 summarizes the main differences between
PAV, ASV and SC.
Based on these comparisons, it appears that PAV
might be used in active patients in which the patientventilator synchrony is a concern. PAV has been used
extensively during noninvasive ventilation, even
though approximation in Rrs and Crs in this application
may limit its effectiveness in reducing the work of
breathing8,9.
Although SC is a mode of ventilation designed to
expedite weaning, patient readiness and ability to
wean still needs to be assessed by the clinician.
Referred to in this paper as a “mode” of ventilation,
Table 1 makes clear that ASV encompasses a number
of ventilation modes, namely: PSV, PCV and PCIMV.
ASV is the most complete automatic system of
ventilation, able to provide full ventilatory support,
partial ventilatory support, and seamlessly facilitate

The intrinsic requirement for determination of the
optimal breathing pattern is the breath-to-breath
measurement of respiratory mechanics, including the
expiratory time constant, based on the volume-flow
loop method5. Figure 1 shows a part of the ASV screen
as implemented on GALILEO, with the selected minute
2
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Table 1: Feature comparison of PAV, ASV and SC.

the weaning process. In recent randomized controlled
studies, ASV was able to significantly reduce the
weaning time in a population of post-cardiac surgery
patients10 and also reduce the number of nuisance
alarms and ventilator manipulations by clinicians,
leading to better utilization of resources11.

Conclusions
Each mode discussed in this paper is designed to
better match ventilator and patient, while at the same
time making application of the ventilator safer and
easier. The nuances of each of these modes must be
understood by clinicians in order to appropriately
implement and benefit from their use in clinical
practice. ASV is the most sophisticated and
accomplished mode, incorporating several closedloops, and constantly monitoring patient safety and
adapting to changing patient status on a breath-bybreath basis.
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