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Abstract

Adaptive Support Ventilation (ASV) is a fully closed loop ventilation where the operator input the desired PEEP, FiO, and the target
minute ventilation (MV) expressed as a percentage according to ideal body weight. The ventilator selects the target respiratory pattern
(tidal volume, respiratory rate, and inspiratory time) based on the observed respiratory mechanics.

However, there are no published guidelines on settings and adjusting the target MV in different disease states during ASV ventilation.

INTELLiVENT-ASV, is the new generation modified algorithm of ASV, has made this issue much easier and simpler as the operator
inputs a desired range of the end tidal exhaled carbon dioxide, and oxygen saturation and the algorithm will adjust the minute
ventilation percentage as well as PEEP and FiO, automatically to stay within that range.

In this article we describe some evidence-based guidelines on how to set and adjust the target MV in various clinical conditions.
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Introduction

ASYV and the newer generation INTELLiVENT-ASV are fully
automated closed loop ventilator modes that use the optimal or
intelligent targeting scheme. ! The algorithm used can
ventilate both passive and active patients either in full
continuous mandatory pressure-controlled mode, intermittent
mandatory pressure-controlled mode or continuous
spontaneous pressure support mode depending on patients’
inspiratory effort and rate. 2

After logging the patient’s gender and height to determine the
ideal body weight (IBW), and after choosing the percent
minute ventilation (%MYV), the ventilator monitors the
expiratory time constant (RCexp) algorithm determines the
best combination of respiratory rate (RR), tidal volume (VT),
inspiratory pressure (DP), inspiratory and expiratory times to
minimize the work and the force of breathing in a protective
lung ventilation based on the Otis and Mead equations,
respectively. 3#

ASV and INTELLiVENT-ASV have proved multiple benefits
in patients with respiratory failure from different etiologies.
They have proven beneficial in shortening weaning times and
timing on mechanical ventilation. 3%7%%10 ASV has shown
many benefits in different kinds of respiratory failure. 121314
Similarly, both ASV and INTELLiVENT-ASYV have proven
beneficial in terms of efficacy and safety. !316:17:18

However there have been no guidelines on the settings to
initiate ASV.

Target minute volume in ASV

When using ASV, target MV is expressed in percentage. A
target MV set at 100% means that the MV will be 100 times
IBW, which is the normal MV requirement to achieve a
normal PaCO?2 in a patient with normal CO2 production,
cardiac output, and ventilation/perfusion ratio.

In passive patients, ASV provide an adaptive pressure-
controlled mode. In this condition, the actual MV match the
target MV set by the user. Therefore, the target MV should be
set and adjusted according to PaCO2 mainly.

In spontaneous breathing patients, ASV provides an adaptive
pressure support mode. In this condition, the target MV is
different from the actual minute volume. Target MV is a
minimum, but the actual MV is usually higher than the target
MV. ASV algorithm uses the target MV to determine an
optimum VT and adjust pressure support to achieve this VT. If
the user increases the target MV, this will increase the
optimum VT and the ventilator will increase PS. Conversely,
decreasing target MV will decrease PS. However, the actual
pressure support that is selected depends both on the target
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minute volume and on the patient’s effort. If the patient’s
effort increases, PS will decrease to keep VT at the optimum
value.

ASYV settings

To initiate ASV, there are mandatory settings to be dialed by
the clinicians. Those include the patients’ gender and age,
%MV, FiO2, PEEP, expiratory time sensitivity (ETS): the
percent flow decay in the spontaneous breath to cycle from
inspiration to expiration, and finally the ramp rise time. All
those settings except the %MV are like conventional
ventilatory modes and are described elsewhere. 1*-2

Several factors are included in the decision of a choice of
%MV. In passive patients, the selection is mainly based on the
lung condition which determine the ventilation/perfusion, the
metabolism (fever, sepsis, hypothermia) which influences the
CO; production, and the use of a humidity moisture exchanger
(HME) which increases the artificial dead space. Therefore,
patients with disturbed ventilation/perfusion ratio, increased
CO; production, or increased artificial dead space require a
higher target MV to achieve CO; elimination. Study in many
passive ICU patients have demonstrated that normal lung
patients can be managed with a %MV set around 110% while
patients with ARDS and COPD require higher %MV around
130%. 2!

These values can be used as references for initial settings and
must be adjusted individually. (Table 1) PaCO; is measured
after 20 minutes. If PaCOs; is higher than the clinician target,
an increase of %MV by 10% usually decreases PaCO; by 5-10
mm Hg. Target %MV above 200% is very unusual. It may
occur if IBW was underestimated, or in case of large dead
space (HME or high alveolar dead space due to high PEEP).

In spontaneous breathing patients, %MV is no more adjusted
according to PaCO2 but according to patient effort. The initial
settings are like passive patients. If patient has a high
respiratory rate and/or is doing lot of effort to breath, then
ventilation support should be increased by increasing the
%MV by 20%. If the increase in ventilation support does not
affect the patient effort and respiratory rate, clinician should
suspect a high respiratory drive due to metabolic acidosis,
pain, or anxiety. In such case, changing ventilation support
will not affect the patient effort.

Breath pattern selected

As mentioned above, the ASV algorithm picks a combination
of respiratory rate, tidal volume, inspiratory pressure, and
inspiratory and expiratory time in a protective lung ventilation
to minimize lung injury and reduce the work of breathing in
accordance with the patients’ respiratory mechanics.
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Table 2 and figure 1 show the ventilator target minute
ventilation (Ve), tidal volume depending on the dialed %MV
in three different medical conditions: Normal respiratory
system (Normal), Restrictive respiratory mechanics (ARDS),
and Obstructive respiratory disease (COPD) in a male patient
with IBW of 70 kg based on Arnal and colleagues’ parameters
of simulation. %

Interestingly, while VT/IBW selected by the ASV algorithm
varies according to lung condition, driving pressure is kept in
safe ranges (around 10-12 cmH,0) in all lung conditions. 3
However, clinician must still monitor VI/IBW, Pplat and AP
to make sure that the breath pattern selected is lung protective.

INTELLiVENT-ASV

INTELLiVENT-ASYV is an advanced ventilation mode, based
on the ASV mode, to automatically regulate CO2 elimination
and oxygenation for both passive and active patients, based on
both physiologic data from the patient and clinician-set
targets. With this mode, the clinician sets targets for PetCO,
and SpO; for the patient. INTELLiVENT-ASV then
automates management of the controls for CO; elimination
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(%MinVol), and oxygenation (PEEP and Oxygen) based on
these targets and on the physiologic input from the patient
(PetCO; and Sp0Oy).

INTELLiVENT-ASV has made the initial settings and the
continuous adjustments more automated and much simpler. In
addition to the usual input in ASV, INTELLiVENT-ASV have
both a manual option for setting (exactly as ASV) and
automatic option.

First, the operator has the choice of choosing between three
different patient conditions: chronic hypercapnia, brain injury
and ARDS. When the operator elects to choose the automatic
option for ventilation settings, a target PetCO is chosen, and
the ventilator will adjust the %MV (respiratory rate and tidal
volume targets) automatically to keep the patient within that
target. When chosen, the automatic oxygenation setting will
adjust the FiO, and PEEP according to target SpO,. The
operator can set high and low limits for all targets that the
ventilator would not go above or below.

Adjustment step in
passive patients

Adjustment in
spontaneous
breathing patients

Adjustment step in
spontaneous
breathing patients

Lung condition Initial %MV Adjustment in
setting® passive patients

Normal lung 100% According to

ARDS 130% PaCO,

COPD 130%

+10%

According to
patient’s effort
and RR

+20%

* Clinician may add 10% in case of HME use.

Table 1: suggested initial settings of percent minute ventilation and their subsequent adjustment in three different clinical scenarios.

50% 100% 150% 200% 250% 300%

Normal 430 (6.1 513 (7.3 580 (8.3 638 (9.1 ml/kg) | 689 (9.8 ml/kg) | 736 (10.5 ml/kg)
ml/kg) ML/KG) ML/KG)

ARDS 363 (5.2 406 (5.8 443 (6.3 ml/kg) | 475 (6.78 ml/kg) | 505 (7.2 ml/kg) | 532 (7.6 ml/kg)
ml/kg) ml/kg)

COPD 578 (8.2 734 (10.5 920 (13 ml/kg) 1170 (16.7 1539 (21.9 1539 (21.9
ml/kg) ml/kg) ml/kg) ml/kg) ml/kg)

Table 2: Target tidal volume and minute ventilation according to set %MV in three different clinical scenarios.
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Figure 1: screen shot for ASV showing the ASV graph and monitor in a passive patient with low respiratory compliance of 36
ml/cmH»0, resistance 15 cmH,O /L/s, Rexp (expiratory time constant) of 0.57 seconds.
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Figure 2: shows the schematic workflow for INTELLiVENT-ASV. From Hamilton Medical with permissio
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Discussion

Choosing the mode of ventilator and the initial settings could
be a challenging task. 2* The initial settings have to take into
accounts multiple factors. The degree of altered ventilation
and oxygenation, the state of altered respiratory mechanics,
the patients’ metabolic state, the patients” work of breathing
and condition of the respiratory muscles.

Closed loop ventilator modes like ASV and INTELLiVENT-
ASV had simplified this task and shown to decrease the

burden on clinicians by reducing the amount of ventilator and
parameter changes, '>2?° while efficiently and safely choosing

the respiratory parameters of oxygenation and ventilation.
15,16,17,18

In this article, we concentrate our efforts on the %MV being
the unique feature of ASV and INTELLiVENT-ASV. Though
other parameters like Fi02 and PEEP are especially important,
setting PEEP in ASV is not any different than other
conventional modes of ventilation. Setting PEEP on
INTELLiVENT-ASV can be done automatically by the
ventilator if the automatic option is chosen.

To our knowledge, there has not been any prospective or
retrospective studies comparing different settings of both
modes. A study by Mireles-Cabodevila and colleagues ?® have
shown that clinicians and ASV have chosen similar settings in
ASV in five different simulated clinical scenarios except for
asthma.

Our suggestions are based on the targeted minute ventilation
with its two components the respiratory rate and tidal volume
chosen by the ventilator for each %MV chosen by the
clinician in ASV. Those suggestions take in account the initial
tidal volume/IBW and the lowest effective inspiratory
pressures. Without doubt those settings might not suit every
single patient and bedside clinical experience is paramount.
We also suggest continuous monitoring of the oxygenation
and ventilation parameters with SpO2, PetCO2 (a volumetric
one with capability of measuring alveolar minute ventilation,
dead space, VD/VT, and carbon dioxide production VCO2
will be more favorable). Monitoring the respiratory mechanics
(total respiratory, lung, and chest wall compliance and
resistance) could also be very helpful for initial settings and
continuous adjustments.

Our suggestion for INTELLiVENT-ASV, is to input the
clinical condition if known, and to choose the automatic
selection of %MV after choosing a safe range of the PetCO2
especially if the patients’ baseline PaCO2 and the difference
between the PaCO2 and the PetCO2.
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Conclusion

Thanks to the advanced technology and the new innovations
of mechanical ventilation closed loop modes, choosing a mode
has never been easier. We tried to set some guidelines on how
to choose the initial settings of ASV and INTELLiVENT-
ASV.
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