wdJ R

World Journal of
Respirology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5320/ wjr.v6.i2.49

World ] Respirol 2016 July 28; 6(2): 49-53
ISSN 2218-6255 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

EDITORIAL
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Abstract

Mechanical ventilation (MV) is one of the lifesaving tech-
niques applied to critically ill patients at bedside. However,
some complications, such as ventilator-induced lung
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injury and ventilator-associated pneumonia, may occur
in a patient undertaking MV and are often related to
the duration of MV. Some written protocols have been
proposed to reduce the risk of such complications, but they
can be time consuming, leading to fluctuation in protocol
implementation and compliance. Moreover, written
instructions tend to be general and thus cannot cover all
possible scenarios, resulting in variable interpretation of
the protocol. To overcome these limiting factors, protocols
have been computerized and there is convincing evidence
in the literature showing that computerized protocols
benefit management of the process and reduce the time
a patient spends under MV. QuickWean is a computer-
aided weaning protocol implemented on the Hamilton S1
ventilator (Hamilton Medical AG, Bonaduz, Switzerland),
which guides the patient through the weaning process
without requiring any intervention by the treating phy-
sician. The fully-automated ventilation mode is INTEL-
LIVENT®-ASV (Hamilton Medical AG), which is set
according to the patient’s respiratory mechanics, patient-
ventilator interaction, peripheral oxygen saturation (SpQO:)
and pulmonary end-tidal carbon dioxide (PetCO:). The
INTELLIVENT®-ASV mode sets automatically each minute
to provide accurate ventilation, pressure support, fraction
of inspired oxygen and positive end-expiratory pressure
based on the patient’s needs. QuickWean can be pre-set
to match the established weaning policy of an intensive
care unit as well as being customized to a patient's needs.
It provides a progressive reduction of respiratory support,
and guides the patient through the spontaneous breathing
trial (SBT). At the end of the SBT, the ventilator re-starts
the previous ventilation support and provides a report of
the successful SBT. During all phases, PetCO2, SpO: and all
breathing parameters are monitored. This new automated
weaning tool may improve the safety and effectiveness of
an SBT, reducing the time spent in the process of weaning
and providing a lower workload for the treating physician.
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Core tip: Weaning from mechanical ventilation is a crucial
point during respiratory therapy and most intensive care
units have developed human-based protocols to wean the
patient. Newer ventilators have implemented a computer-
aided weaning protocol, and the QuickWean application
may be the most complete because it can drive the
patient automatically from total passivity to readiness to
wean. A key feature of the full computer-driven process
is the safeness of the procedure, ensured by the patient
always being under control in terms of peripheral oxygen
saturation, pulmonary end-tidal carbon dioxide and
respiratory fatigue, and improving upon the discontinuous
human-driven process.

spontaneous breathing trial (SBT) capability, by Rose et
al® demonstrated that the automated systems provide
less duration of weaning as well as of total duration of MV,
as compared to the manual weaning methods. However,
despite the evidence that has suggested effectiveness
for improving efficiency of weaning, automated weaning
systems are still largely underused in clinical practice.

The most recent automated weaning tool available on
the global market is QuickWean, which is implemented
on the S1 ventilator (Hamilton Medical AG, Bonaduz,
Switzerland) as a part of the INTELLIVENT®-ASV ven-
tilation mode. The design of QuickWean aims to provide
a good and effective automatic weaning procedure under
completely safe conditions for the patient.
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INTRODUCTION

Artificial mechanical ventilation (MV) is a lifesaving
therapy, but some complications may occur that affect
the outcome of critically ill patients. Most of these
complications are related to the length of time that MV
is applied; therefore, the development of strategies to
reduce MV application time should be a priority in clinical
and research settings. In 1994, Brochard et ai™ showed
that the most important steps in the process of weaning a
patient off of MV, and which help to prevent unnecessary
prolongation of MV, are: Prompt recognition of readiness
for both weaning and extubation. Since then, clinicians
have determined that the complex process of withdrawal
from MV may be affected by several factors, including
pre-existing comorbidities. Patients may experience
respiratory and cardiac failure associated with the inc-
reased work of breathing that accompanies reduction
of ventilatory support®?®. Moreover, reintubation due to
respiratory failure is related to increased mortality, as
shown in a study comparing such patients to those who
did not require reintubation™.

Automated weaning systems appear to enable a
more efficient weaning process than those that rely upon
clinician-directed weaning protocols, as they provide
greater adaptability of the ventilation support to each
patient’s needs through continuous monitoring and real-
time intervention®”\. A recent Cochrane systematic
review and meta-analysis of 10 trials that compared
the automated and non-automated weaning methods
showed superiority of the automated methods in terms
of weaning time, intensive care unit (ICU) length of stay
(i.e., 7 and 21 d) and number of patients requiring MV™®,
Moreover, a systematic review of 21 trials on automated
systems and a subsequent meta-analysis, regardless of
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PRINCIPLES OF THE FUNCTION OF AN
AUTOMATED WEANING TOOL DURING
THE FULLY-AUTOMATED VENTILATION

MODE

QuickWean is a tool used in the INTELLIVENT®-ASV ven-
tilation mode and is available as a supplemental software
component on the S1 ventilator (Hamilton Medical AG).

INTELLIVENT®-ASV is a fully automatic ventilation
mode system, in which the ventilator selects the res-
piratory pattern of the patient in terms of guaranteed
minute ventilation (%MinVol), positive end-expiratory
pressure (PEEP), fraction of inspired oxygen (FiOz), tidal
volume, I:E ratio and respiratory rate (for the passive
patient) or inspiratory support (for the active patient);
the automated guidance of these parameters allows
the patient to reach the peripheral oxygen saturation
(Sp02) and pulmonary end-tidal carbon dioxide (PetCO2)
targets set by caregiver. The inputs are body weight
(actual or predicted) and sex of the patient, and dlinical
targets of SpO:2 and PetCO:; in addition, the inputs that
are fundamental for computing and for the selection
of adequate ventilator settings involve the respiratory
mechanics of the patient (measured continuously, breath-
by-breath) and the parameters of the Lung Protective
Strategy rules (suggested by the ARDSnet tables in the
studies published in 2000 and 2004%'),

Recent publications have provided descriptions of
the INTELLIVENT®-ASV system in use in clinical settings
as a tool that has been integrated in routine practice of
different ICUs!"*™), The most important findings from
these studies are that the fully-automated mode could
be used extensively in all kinds of patients admitted to
the ICU, suggesting that this system could improve the
standard level of respiratory care while decreasing the
workload of caregivers without any loss of patient safety.

QuickWean is suited for weaning of patients who
are ventilated with the INTELLIVENT®-ASV mode. The
philosophy behind its automated strategy is that the
software allows for monitoring of readiness of the patient
to be weaned. As such, it confirms the quality and the
trend of the ventilator parameters that are used as
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Figure 1 Timeline of the three phases of the QuickWean process. PEEP: Positive end-expiratory pressure; SBT: Spontaneous breathing trial; SpOz2: Peripheral

oxygen saturation; PetCO2: Pulmonary end-tidal carbon dioxide.

Quick Wean

PEEP

Figure 2 Screenshot of the QuickWean results panel showing a
successful result. PEEP: Positive end-expiratory pressure; SBT: Spontaneous
breathing trial; SpO2: Peripheral oxygen saturation; PetCO2: Pulmonary end-
tidal carbon dioxide.

indices for weaning, specifically by performing a “t-tube
trial-like” period and alerting the clinician of the possibility
for discontinuation from MV.

The timeline of the QuickWean process is shown in
Figure 1. During the first phase, known as the “reduction
phase”, the ventilator reduces respiratory support in
terms of inspiratory support, PEEP and FiO:. If the pa-
tient’s clinical condition remains stable (i.e., SpO2, PetCO2
and respiratory rate), then the ventilator will start the
second phase, known as the “observation phase”, in
which it monitors the stability of the patient’s condition
(i.e., SpO2, PetCO:2 and respiratory rate remaining within
the range of acceptability). These monitored data are
shown as light blue bars inside the QuickWean box and
equate to a set period. The third phase, known as the “SBT
phase”, is the trial with very low inspiratory pressure
(Pinsp). At the end of the SBT, the ventilator returns
to the normal INTELLIVENT®-ASV mode, with clinical
settings and full support for the patient if necessary. The
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user will see on the screen a suggestion for discontinuing
ventilation, or an alert to denote if the SBT was aborted.

If, during any of the three phases, the respiratory or
ventilator parameters go out of range, then the ventilator
will immediately return to the normal INTELLIVENT®-ASV
mode, with full support of Pinsp, respiratory rate, PEEP
and FiOz.

In the case of weaning trial interruption, the ventilator
will show which parameter was out of range and a reason
for it (Figure 2). Moreover, the history of the weaning trial
can be stored, allowing for further investigations that will
help to optimize the therapeutic pathway.

AUTOMATED WEANING IN ROUTINE

CLINICAL USE

When a patient is ventilated in the INTELLIVENT®-ASV
mode with low support (spontaneous breaths, minimum
Pinsp, PEEP at 5 cmH20 and FiO:2 at 30%), the automatic
weaning process may be chosen. Figure 3 shows a
patient on the automatic weaning modality, in which
the ventilator starts progressive reduction of inspiratory
support (Pinsp, corresponding to an increase of P0.1),
which is used as a sign of activity improvement of the
muscles. That phenomenon is considered as a “push
to wean” for the patient, which is then automatically
conducted by the machine while the patient remains with
PetCO:2 and SpO: under tight control. If the respiratory
rate or PetCO: increase over the range that had been
previously set as acceptable by the clinician, then the
process is automatically stopped and the baseline
settings are restored. Figure 4 shows a case of automatic
SBT where the oxygenation was unstable and required a
progressive increase in FiO2 over the set upper limit and
which ultimately induced restoration of the full support
mode; this case also required increasing PEEP and FiO:
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Figure 3 Trends of pulmonary end-tidal carbon dioxide, inspiratory pressure and P 0.1 recorded during a QuickWean process in a patient in the intensive
care unit. PetCO2: Pulmonary end-tidal carbon dioxide; Pinsp: Inspiratory pressure.
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Figure 4 Trends of oxygen saturation (SpOz, %), inspiratory pressure (Pinsp, cmH20), minimal minute ventilation (MinVol, %), FiO2 (%) and positive end-
expiratory pressure (PEEP, cmH:0) of a patient during the QuickWean process.
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to restore the baseline value of the patient’s SpO:. In
general, immediately after stabilization of oxygenation,
QuickWean restarts the process of reduction of FiOz and
PEEP in order to retry the attempt to wean the patient.
Obviously, however, if the patient is not ready to be wean-
ed then the process will be to self-restrain and allow for
stabilization of the patient’s vital signals.

The automated weaning, therefore, plays the role
of an expert user at the bedside, managing inspiratory
support, PEEP and FiO:2 continuously, 24 h/d and 7 d/wk.
With the availability of such automated tools, it may be
advisable to design and set a weaning policy of an ICU
in the ventilator software that will suit individual patient
needs within the range of acceptability and safeness of
the respiratory parameters and SpO: and PetCO:..

CONCLUSION

Automated weaning is a new promising option available
to intensivists, respiratory therapists and pneumologists
for weaning patients from MV. While this tool could
improve the daily work routine in the ICU, it could also
be particularly useful in reducing the time of intubation
of patients, especially those who are post-surgery. Post-
surgery patients represent a population that might benefit
most from such a strategy, as continuous monitoring is
an important aspect of recovery from anesthesia and
restoration of spontaneous respiratory function. Certainly,
further trials are needed to demonstrate the clinical impact
of fully-automated weaning, not only in terms of length
of ventilation but also considering morbidity and costs. It
is also necessary to gain a detailed understanding of the
impact of caregivers’ control of the system’s settings and
of human judgments about adequacy of the weaning
strategy, timing for starting and reliability of results.
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