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Weaning from mechanical ventilation involves the reduction or withdrawal of ventilatory support in
proportion to the patient’s ability to sustain spontaneous ventilation. Protocolized weaning has been
shown to reduce weaning duration; however, its weakness lies in the reliance on human intervention.
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Introduction

Automated weaning is theoretically superior to manual
weaning because of its ability to rapidly recognize devia-
tions from targeted parameters and therefore enforce com-
pliance with a standardized weaning strategy unencum-
bered by external influences. Whether currently available

methods for automated weaning fulfill that potential to
achieve superiority may depend, however, on patient type,
care environment, and cause of ventilator dependence. What
follows is a discussion of the arguments and evidence on
both sides of the question.

Evidence in Support of Automated Weaning
Modes: Pro

Automated weaning modes first appeared on ventilators
more than 2 decades ago. However, few scientific studies
supporting manufacturers’ claims of improved outcomes
accompanied their appearance. An early examination of
the evidence at the time conceded that in fact “there is
none.”1 Lack of randomized controlled trials, misunder-
standing of mode functionality, and the sometimes over-
zealous marketing left many reluctant to incorporate po-
tentially beneficial technology and, even worse, encouraged
caregivers to continue to employ inferior weaning modal-
ities.2 This led clinicians and leaders in respiratory care to
call for clear scientific evidence of improved outcomes
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before the acceptance any new mode and to reevaluate the
continued use of traditionally unproven modes, such as
synchronized intermittent mandatory ventilation.3 In re-
sponse, both for academic and market-driven reasons, a
considerable amount of research regarding the efficacy of
automated weaning modes has since been conducted, re-
viewed, and evaluated by recognized experts in the field,
professional medical organizations, and government reg-
ulatory bodies. Their findings have shed light upon the
benefits and potential pitfalls of automated modes and
offer recommendations as to how they may be best utilized
to improve patient care.

Although an in-depth review of the totality of evidence
is beyond the scope of this discussion, several recent pub-
lications warrant review. Branson4 performed a compre-
hensive appraisal of closed-loop modes, including the ev-
idence for and against their use to facilitate weaning, in
2012. He found insufficient evidence to support the use of
several modes for weaning, although improved oxygen-
ation, airway pressures, number of ventilator manipula-
tions, and identification of weaning readiness favored au-
tomated modalities compared with traditional modes. The
majority of comparative clinical trials have been conducted
using Adaptive Support Ventilation (Hamilton Medical)
and SmartCare/PS (Table 1). In adult subjects with COPD,
ASV reduced weaning time from 3 to 1 d, whereas in a
mixed population, SmartCare/PS (Dräger Medical) short-
ened weaning duration from 5 to 3 d. Similar improve-
ments were seen in the pediatric population, with reduc-
tions from 6.7 to 5.1 d. Other studies had mixed results
without improvement in weaning time. Nonetheless, no
differences in sedation use, ventilator manipulations, or
adverse events were recorded, suggesting that at the very
least, automated weaning poses no greater risk than and is
equivalent to conventional weaning.

The Canadian Wean Earlier and Automatically with New
technology trial (the WEAN study) is the largest multi-
center, randomized trial conducted in North America to
date.8 It compared a standardized weaning protocol with
automated weaning in a multidisciplinary population and
evaluated clinician, respiratory therapist (RT), and nursing
compliance with and perceptions of automated weaning.
Median time to the first successful breathing trial, extuba-
tion, and successful extubation were all significantly shorter
(1–3 h, P � .01–.02) in those receiving automated wean-
ing, with fewer tracheostomies and episodes of extended
ventilation. Furthermore, less use of sedation and analge-
sia and fewer days with extreme sedation scoring suggest
that automated weaning may facilitate sedation manage-
ment. Clinician and RT protocol acceptance scores were
lower in the automated weaning group, attributed to the
reluctance to relinquish ventilatory control and resistance
to the implementation of a new technology.

Finally, a large systematic review and meta-analysis by
Rose et al9 compared conventional and automated wean-
ing in children and adults. The Cochrane Collaboration
quality standards were applied to randomized controlled
trials from electronic databases, conference proceedings,
and original articles, and 16 studies utilizing protocolized
weaning as a comparator were identified. Overall,
SmartCare/PS reduced weaning by a geometric mean of
30% in mixed/medical, but not in surgical, ICU popula-
tions. There was no difference in weaning duration with
any other modes; however, reductions in time to extuba-
tion, prolonged intubations, tracheostomies, and ICU stay
all favored automated weaning.

As with any promising new technology, there is a need
for continued evaluation and development. Limited data
exist in the pediatric population, and further research is
needed before widespread acceptance. Other populations,

Table 1. Comparative Weaning Trials Using Adaptive Support Ventilation and SmartCare/PS

First Author
Automated

Mode
Population Comparator

Main
Outcome

Findings

Kirakli5 ASV 97 subjects with
COPD

Protocol: PSV with
2-h SBT

Extubation
success

ASV shortened weaning time:
24 h vs 73 h (P � .041)

Lellouche6 SmartCare/PS 147 mixed at 5
European hospitals

Protocol: PSV and
SBT with T-piece or
PSV � PEEP

Weaning
duration

Shorter time to successful
extubation with SmartCare/PS:
3 d vs 5 d (P � .01)

Jouvet7 SmartCare/PS 20 pediatric Clinician-directed
protocol: PSV

Ventilation
duration

SmartCare/PS shorter
ventilation duration:
5.1 d vs 6.7 d (P � .33)

Burns8 SmartCare/PS 92 mixed from 9
Canadian ICUs

Protocol: PSV Time to first
successful SBT

SmartCare/PS shorter
median time to SBT
1 d vs 4 d (P � .001)

PSV � pressure support ventilation
SBT � spontaneous breathing trial
ASV � adaptive support ventilation

AUTOMATED WEANING VS SBTS

750 RESPIRATORY CARE • JUNE 2016 VOL 61 NO 6



including neurological, surgical, and ARDS/refractory hy-
poxemia also deserve additional attention, since many will
require prolonged weaning. However, the evidence to date
supports the conclusion that automated weaning modali-
ties are safe and may provide important benefits beyond
simply speeding the weaning process.

Automated Weaning Will Improve Best Practice

Evidence-based medicine and quality improvement are
the methodologies for translating knowledge into best prac-
tice. Evidence-based medicine focuses on “doing the right
things” based on available evidence from research, whereas
quality improvement focuses on “doing things right”
through systems and processes.10 Successfully imple-
mented protocols and guidelines that embrace evidence-
based medicine and quality improvement concepts have
clearly been shown to reduce practice variability, improve
outcomes, decrease costs, improve safety, and augment
education.11-13 Although weaning protocols have been
widely endorsed and adopted as standard of care in many
ICUs,14-17 adherence to guidelines and protocols continues
to be a major hurdle even under the scrutiny of research.18

This is due to the fact that no matter how explicitly de-
signed or enthusiastically endorsed, the success of any
non-automated protocol is largely dependent on human
interaction.

Failure to follow a weaning protocol may in part be due
to lack of knowledge. Physician or ICU staff may be re-
sponsible for a patient being weaned with little or no for-
mal training on the weaning protocol in place. The emer-
gence of telemedicine and the Electronic ICU has resulted
in an increase in complex patients managed remotely and
at smaller facilities where experience with ventilated pa-
tients may be limited. Even experienced personnel re-
quire periodic retraining to maintain proficiency.19 Pro-
cess of care and ICU structure recommendations call for
the use of standardized protocols by well-trained mul-
tidisciplinary teams.20 Implementation of computerized
protocols for automated weaning will improve best care,
at least in part, by reducing errors caused by inexperi-
ence and lack of knowledge.

Successful weaning during manual spontaneous breath-
ing trials (SBTs) depends upon the practitioner’s ability to
recognize physiologic readiness of the patient for trial ini-
tiation, time the trial with other interventions such as a
sedation holiday, and appropriately recognize, in a timely
fashion, when the patient has either passed or failed the
SBT. Recognition of readiness can be difficult even
for experienced clinicians. A study by Stroetz and
Hubmayr21 revealed that in subjects who had failed pre-
vious weaning attempts, the ability of physicians to predict
successful weaning was only 50%, with physician bias
toward continuation of unneeded ventilatory support. In

contrast, closed-loop algorithms follow very specific rules
in which parameters are adjusted based upon individual
patient feedback and are comparable with those selected
by experienced clinicians.22,23 They assist the practitioner
in doing “the right thing” with the additional benefit of
providing non-distractible, non-fatigable attention to detail
beyond human capability.

Well-established objective clinical criteria provide guid-
ance as to when a patient may be ready to undergo a
weaning trial. The use of combined sedation and weaning
protocols has been shown to shorten the weaning pro-
cess16,24; however, its success is totally dependent upon
the coordination of the “sedation holiday” and return of
spontaneous breathing with the availability of a practitio-
ner to evaluate and make appropriate changes in a timely
fashion. Delays in adjusting ventilator parameters during
weaning may cause patient-ventilator asynchrony, reinsti-
tution of sedation, and loss of the window of opportunity
for successful extubation.25

Real world circumstances routinely prevent even the
best-intentioned practitioner from doing “the right thing at
the right time.” Increased work load, family interactions,
emergencies, patient admissions, transports, and other dis-
tractions are just a few examples of things that may inter-
fere with the practitioner’s bedside presence when needed.
The advantage of automated weaning modalities is their
ability to provide full support before weaning, recognize
spontaneous efforts almost immediately, and continuously
assess and adjust settings up or down accordingly based on
individualized patient feedback, without vulnerability to
outside distractions.

Automated Weaning Will Reduce Work Load

Staffing shortages and the increasing number of patients
requiring mechanical ventilation may be the most compel-
ling argument for automated weaning. It has been demon-
strated that work load has a direct effect on patient out-
comes.26,27 Current respiratory therapist workforce
shortages already exist, as highlighted in a 2006 survey of
30 hospitals.28 They reported an average staffing level of
10.8 beds/respiratory therapist, exceeding the accepted pre-
ferred ratio of 9.4, with a perceived need for an additional
1.3 respiratory therapists in current staffing levels. The
ratio of respiratory therapists to ventilated patients was not
reported; however, some states have set the maximum
ratio at 1:4.29 To meet this requirement, some hospitals
have adopted unpopular mandatory overtime policies. Of
the 30 hospitals surveyed, 7 utilized mandatory overtime
on at least a monthly basis. Since automated weaning modes
have been shown to decrease the number of ventilator
manipulations, their use should translate into a reduction
in work load for already overburdened staff. Future pro-
jections of the need for mechanical ventilation estimate an
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annual growth rate of 5% due mainly to the aging baby
boomer population.30 Those requiring prolonged mechan-
ical ventilation consume two thirds of total hospital re-
sources devoted to mechanical ventilation. Their numbers
are expected to double by 2020, with projected costs reach-
ing $60 billion.30 The average additional daily ICU cost of
patients requiring mechanical ventilation is $1,500.31 De-
layed extubation increases the incidence of complications
with increases in hospital costs of $29,057/incidence.32

Although the price of adding automated weaning software
may be several thousand dollars per ventilator, a reduction
of only 1–2 ventilator days in just a few patients would
easily offset the additional expense.

Last, there is the threat of a mass casualty disaster.
Significant financial resources and logistical preparation
have been expended in planning for various scenarios in
which personnel and supply resources will be stretched to
their limits.33 Although ventilators have been purchased
and stockpiled for future mass casualty emergencies, the
availability of personnel with sufficient skills to manage
them is of concern,33,34 reinforcing the vital role for respi-
ratory therapists in disaster planning. One possible solu-
tion would be to have “respiratory extenders” oversee
basic ventilator operation under the supervision of a ther-
apist,35 liberating skilled RT practitioners to provide valu-
able respiratory services to the more critically ill. Auto-
mated weaning modalities would enhance this concept. By
having at least a portion of the current ventilator inventory
in use equipped with automated modalities, the need for
manual manipulations would be reduced, and the potential
for errors from inadequately trained personnel would be
minimized.

Automated weaning modalities are superior to manual
spontaneous trials in their ability to recognize changes in
breathing patterns and adjust settings quickly and without
human intervention. Their utilization should not be viewed
as a relinquishment of control but as a means to improve
patient care through the standardization of ventilator man-
agement. The growing number of patients requiring me-
chanical ventilation combined with a diminishing work-
force makes the use of automated weaning modalities more
a medical and financial necessity than an expensive and
unnecessary luxury.

Is Automated Weaning Superior to Manual
Spontaneous Trials? No

An undeniable rationale (if not current justification) ex-
ists for “closing the loop” on ventilator support and its
withdrawal (weaning). There are worrisome pressures in
modern medical practice, as we face the likelihood of
increased demand for mechanical ventilation in our aging
population and confront staffing issues,19,36,37 the mandate
to lower costs,38 the widespread failure to implement best

practices, and the need for closer patient surveillance so as
to intervene in a timely fashion. Well-designed care pro-
tocols, if carefully followed by trained health-care profes-
sionals, speed the process of liberation from invasive ven-
tilation.39,40 One might logically ask why not automate
protocolized weaning? The short answer is that, as pres-
ently implemented, automation does not incorporate all of
the key variables that determine success or failure.

Present day automated algorithms rely primarily on as-
sessing respiratory mechanics, patterns of breathing, and
gas exchange, each measure of which has questionable
reliability when assessed over brief periods and none of
which is currently integrated with unmonitored data com-
ing from the highly influential cardio-hemodynamic axis.
The drivers of automated weaning are not fine tuned to
recognize trends in response, which may be critical in
predicting the patient’s trajectory toward the ultimate out-
come. Furthermore, current systems work only for well-
selected and “tee-ed up” populations. Implicit in the question
asked in print by Hess and MacIntyre (“. . . Why are we still
weaning ?”41) is the concern that graded withdrawal of ma-
chine support itself may not be necessary or wise. If so, we
clearly do not need to automate that process.

There are 5 essential steps to ventilator independence:
preparation, evaluation, withdrawal of ventilator support,
extraction of the endotracheal tube, and peri-extubation
care. Attention to the considerations outlined in Table 2,
particularly cardiovascular status, fluid balance, secretion
clearance, and appropriate mental status, prepares the pa-
tient optimally for disconnection of the machine.42-44 Some
data convincingly argue that once the patient has optimally
been prepared, he or she should be kept fully supported
until evaluated for extubation potential under the scrutiny
of a trained professional by an abrupt “sink or swim”
spontaneous breathing trial in which a T-piece or minimal
pressure support is utilized.45,46 Depending on performance
during the trial, the patient is either left connected and
fully supported or extubated expeditiously. Whatever the
wisdom of gradual withdrawal of machine support, the

Table 2. Important Considerations Before Extubation

Electrolytes
Cardiovascular status
Nutrition
Hydration/Fluid Balance
Distension
Comfort
Infection
Secretions
Position
Anxiolysis
Sedation status
Sleep
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goal of weaning is not only to discontinue invasive ven-
tilation but also to remove the endotracheal tube.44 Eval-
uation and management of the upper airway both before
and after completion of the spontaneous breathing trial
comprises the peri-extubation care component of the se-
quence. No computerized system can assess or manage
those crucial pieces of the process. Automated weaning, as
currently implemented, only addresses the withdrawal of
support from the standpoint of ventilation power and lung
performance, with graded interventions gauged primarily
by patient breathing pattern response.6,19,47,48 Faith is placed
implicitly in oxygenation efficiency and the tidal volume
and frequency amplitudes to signal reserve or intolerance,
whatever the cause of trouble might be: ventilation power,
hemodynamics, or oxygenation.48 But the inconvenient
truth is that the respiratory pattern has never been shown
to reliably index hemodynamic or oxygenation distress.
Newer systems have begun to integrate gas exchange data,
which clearly is a conceptual step forward. Unfortunately,
to this point, evidence is very limited regarding their in-
cremental value and performance merits.9

It is obvious that automated weaning does little for the
preparation phase or for the peri-extubation phases of the
weaning process. The causes of postextubation distress
include retention of airway secretions, upper airway dys-
function, positive fluid imbalance, and inadequate cardio-
vascular reserve: congestive failure, arrhythmia, or coro-
nary ischemia.42-44 Respiratory distress and central vascular
congestion can be precipitated by spontaneous ventilatory
effort.49 These problems of secretion retention and cardiac
dysfunction are often best revealed considerably after ex-
tubation has been accomplished, cough effectiveness is
tested, and net intrathoracic pressures fall.50 Moreover,
because separation of the patient from the ventilator may
fail because of neuro/psychiatric and sedation issues as
well as for respiratory or cardiac reasons, the patient should
ideally be evaluated for alertness, command response, and
cough effectiveness before acting on any “go ahead” prompt
from the automated system, which cannot assess these
important characteristics.

On the respiratory side, imbalance of capability with
demand may be provoked by postextubation secretion re-
tention, dynamic hyperinflation, bronchospasm, upper air-
way obstruction, or atelectasis. Each may contribute to
gradually developing ventilatory inadequacy and or hy-
poxemia after extubation. The lungs are challenged on the
cardiovascular side as fluid shifts into the central compart-
ment in the transition from positive to negative intratho-
racic pressure, and the left ventricle may be excessively
afterloaded by strong spontaneous efforts. In fact, wors-
ening lung edema, blood translocation from the periphery
to the central compartment, diastolic dysfunction, coro-
nary ischemia, and arrhythmias are frequent causes for the
need to re-intubate.43,51 Automated weaning before extu-

bation might help ease the changeover or avoid abrupt
transitions, but comprehensive patient assessment would
need to include all variables relevant to postextubation
stability, which the attentive bedside caregiver (but not a
computer-aided ventilator) can assess and integrate effec-
tively. Although neuropsychiatric distress and sedation is-
sues generally present themselves before attempting extu-
bation, they can arise at any point during the weaning
process and may frustrate automation of the process.

Complex mechanisms and critical illnesses often have
more than one key element. Perhaps for this reason, the
ability of breathing pattern variables alone to predict ex-
tubation outcome and monitor “weanability” is weak.51-53

In fact, integral components of most automated weaning
algorithms, such as the rapid shallow breathing index, al-
though as good or better than any other weanability indi-
cator, do not predict well for the most complicated pa-
tients.51,52,54 Unmeasured variables, such as the tidal swings
and esophageal pressure, outperform the rapid shallow
breathing index in head-to-head comparisons.55 This ad-
vantage is particularly significant when monotonic trends
of the esophageal pressure are detected; by comparison,
the rapid shallow breathing index tends to plateau to its
final value at a very early stage in the failed trial. More-
over, breathing pattern variability, an innate characteristic
of health,56 is not taken into full account by automated
programs. Breath-to-breath variation and complexity of
the breathing pattern, key observations not incorporated in
today’s automated algorithms, have been correlated with
ventilation reserve and improved gas exchange.57-59 Con-
versely, lack of variation, unaccounted for in current al-
gorithms, bodes poorly for weanability or even survival.60

Variability tends to decline as the work load/capacity ratio
increases and is influenced by the mode and level of
support.61

The existing literature suggests that the mode of me-
chanical ventilation used in the weaning attempt is less
important than previously thought.1,3,16 Without question,
however, the modes now available for graded withdrawal
of ventilation are much more flexible than in prior years.
These include neurally adjusted ventilatory assist,61,62 pro-
portional assist ventilation,5,63 and complex modes that
vary the level of pressure assistance and frequency, de-
pending primarily on targeted values for tidal volume and
breathing rate4,6 (Table 3).

Although there has been progress, we still have a long
way to go before automated modes can be relied upon to
automatically withdraw ventilator support at an appropri-
ate rate. Most of the automated weaning modes now de-
ployed for clinical use impose important restrictions on the
type of patient subjected to them. It is assumed for exam-
ple, that the patient is hemo-dynamically stable, is well-
oxygenated with limited concentrations of inspired oxy-
gen, has been adjusted to the appropriate level of sedation
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(to “even” the baseline for the automated start), does not
have exacerbated illness, does not have unstable respira-
tory drive or bizarre spontaneous breathing pattern, does
not have fever or acid/base disturbance, etc.22,64 What’s
left in the pool of patients to automate are usually not our
most troublesome problems, perhaps a reason why evalu-
ations of routine surgical patients do not show a noticeable
advantage for weaning automation.64

In automated weaning, arbitrarily defined zones of re-
spiratory comfort are identified for tidal volume and fre-
quency.63,65 However, many ventilated patients have dis-
eases or chronic conditions that violate these assumptions.66

For example, a patient with severe kyphoscoliosis may
have a high baseline frequency/tidal volume ratio per-
fectly compatible with adequate compensation. The same
holds true for some patients with chronic neuromuscular
disorders.66

Whether automated weaning proves superior to manual
surveillance and adjustment depends on the answers to 4
important questions (Table 4). These include the popula-
tion in question, the level of staffing and surveillance, the
implementation of the automated weaning process to in-
clude gas exchange and nonrespiratory (eg, cardiovascular
and hemodynamic) variables, and fidelity of the sensor
information that drives the adjustments. When the condi-
tions are right and/or the unit is suboptimally staffed, au-
tomated weaning appears to hold some advantage over

non-automated weaning.8,9,64,67 However, when they are
not, current systems do not seem to do any better than a
well-tuned and well-resourced environment, particularly
those that effectively apply protocols.68 Patients who do
not depend on the machine for reasons of mechanical in-
sufficiency and excessive work load, such as many who
undergo surgical care, are not advantaged by automated
weaning. Co-management decisions apart from ventilator
care, such as those related to levels of sedation, have in-
fluenced protocol efficacy in published studies.69,70 In-
deed, the results of comparative weaning trials depend
heavily on how they are conducted. As a classic example,
published comparisons of pressure support, synchronized
intermittent mandatory ventilation, and T-piece weaning
have come to differing conclusions,45,46,71 which to some
extent can be traced to how each technique was imple-
mented. The same is true in published comparisons of
automated methodology with standard conventional meth-
odology.6,47,67 Ideally, funding for comparative trials of
any technology would be free of potential conflicts of
interest. Unfortunately (but understandably) the major-
ity of the published work favoring commercially avail-
able modes of automation has been industry-funded and
-supported.

Factors at work that determine the incremental value of
automated weaning include the quality of the inputs, the
delay until adjustments are implemented, the presence of
erratic patterns of ventilation demand, the nature of the
patients under study, the skills of practitioners, and the
surveillance and protocols available to guide non-auto-
mated weaning decisions. There is some concern that au-
tomated modes will lead to a lack of valuable interactions
that now help to synergize and integrate the efforts of and
communications among therapists, nurses, and physicians.
Subtle forms of patient-ventilator asynchrony, a factor that
influences duration of ventilation,72 may not be addressed
when the algorithm is not geared specifically to detect
them.

Clearly, there are populations where automated weaning
(at least as presently configured) would be unsafe, because
computer-driven systems do not integrate all of the impor-
tant variables that can influence patient outcome. As al-
ready noted, most studies exclude potentially problematic
patients, such as those with neurological impairment and
hemodynamic concerns, and little to no data exist for these
cohorts. A shortcoming of most automated programs is
that there may be failure of appropriate machine response
to agitation, secretions, bronchospasm, etc. Automated pro-
grams may tend to interrupt expression of an informative
trend that otherwise would be detected and promptly ad-
dressed by appropriate intervention. As currently imple-
mented, automated algorithms are relatively insensitive to
such trends and can neither sense nor integrate the key
bedside signs of tolerance or developing problems, such as

Table 3. Automated Modes: Good Candidates for Automated
Weaning?

SmartCare/PS
Proportional Pressure Support
Adaptive Support Automode
Intellivent-ASV
PAV
NAVA

ASV � adaptive support ventilation
PAV � proportional assist ventilation
NAVA � neurally adjusted ventilatory assist

Table 4. Is Automated Weaning Superior?

It all depends . . .
1. Which population?
2. What is your staffing and surveillance?
3. How good is your implementation?

Algorithm
Inclusive of gas exchange?
Inclusive of non-respiratory variables?
Adaptive for variations of baseline mechanics and gas

exchange?
Weaning protocol

4. Sensor fidelity?
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physical appearance, physical examination, electrocardio-
gram abnormalities, etc.

Conclusions

There is little question that an attractive potential exists
for automated decision support and for perfecting the re-
sponsiveness of the ventilator-patient connection. Except
in the most sophisticated critical care environments, intel-
ligent automated regulation of ventilatory parameters would
be most welcome, since caregivers vary with respect to
their skills, diligence, time demands, and resources. Lo-
gistical problems are likely to worsen in the near future as
the complexity of advanced level care incessantly increases
and the availability of caregivers to provide care that is
compatible with best practice comes under economic strain.
We appear now to be heading in the right direction. How-
ever, as currently implemented, automated weaning para-
digms leave much to be desired. The populations to which
they are applicable are restricted, and their inputs are se-
lective and insufficiently integrated with hemodynamic data
and are unable to address important underlying issues that
give rise to distress. Moreover, physiologic trajectory (as
opposed to snapshot evaluations of present status) is not
prioritized, and by design, automated systems do not ad-
dress important stages of the ventilator liberation process
that relate to preparation and extubation. With attention to
these limitations, future automated systems may eventu-
ally prove of major value as personnel resources are
stretched thin. With inherent shortcomings left unad-
dressed, however, automated weaning cannot be consid-
ered a superior methodology for effective and safe care
delivery to our most challenging patients, the relatively
few who actually need to be weaned at all.
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Discussion

Branson: Of the 11 clinicians here
now, how many use automated wean-
ing in their ICU? Let the record show
none. The interesting thing to me is I
don’t perceive this to be something
clinicians are wanting to see happen.
People aren’t sitting in their ICUs to-
day saying, “The reason we can’t get
people off the ventilators is we don’t
have automated weaning”; it’s way at
the bottom of the list. Then you have
Dean [Hess] telling us you don’t need
to wean,1 and everybody agrees we
shouldn’t use intermittant mandatory
ventilation (IMV) but that’s what ASV
(adaptive support ventilation) does—
it’s SIMV (synchronized intermittent
mandatory ventilation) plus pressure
support, and it slowly withdraws sup-
port. I’m not sure how you can rec-
oncile those 2 things in your mind if
you think one is valuable.

Kacmarek: I will agree that none of
us use it, and I would not use any of
the systems available at the moment.
However, I really believe that the fu-
ture is getting the right algorithm to
do automated weaning. We’ve been
weaning by SBTs for many years, and
SmartCare automatically initiates an
SBT.

MacIntyre: SmartCare automati-
cally reduces the pressure support and
then goes to an SBT.

Kacmarek: But that’s not what we
do. The point is that what we say we
do is not what we actually do. I would
bet that in every single one of our
ICUs, the perception of how fre-
quently and accurately we do SBTs
and reality are grossly different. I
will tell you that in our institution,
everybody says we do SBTs on a
regular basis, but when we go look,
no, we don’t do SBTs on a regular
basis. Patients are missed very com-
monly. I don’t believe that it’s bet-
ter, but I believe it’s applied consis-
tently, appropriately, and timely to
patients when you have an automated
system. But that does not, to John’s
[Marini] point, imply that it’s time
to extubate the patient. All it’s say-
ing is that the patient can breathe
spontaneously independent of the
ventilator for a period of time. It
still takes the clinician to make the
decision to eliminate the artificial
airway and to discontinue mechani-
cal ventilation.

MacIntyre: I think we need to clar-
ify our terminology here. The term
weaning means a gradual reduction in

support: reducing pressure support lev-
els, reducing IMV levels, periodic in-
creases in trach collar or T-piece tri-
als–that’s weaning. And I think that
needs to be distinguished from an SBT,
which is an assessment. They’re 2 re-
ally different phenomena in our insti-
tution. We steer away from this no-
tion that all day long we have to be
twirling knobs to reduce pressure sup-
port and/or IMV; we don’t do that any-
more. But what we do mandate is that
every morning, usually at the end of
the night shift, it’s a requirement to do
an SBT in people who have certain
PEEP, FIO2

, and sedation levels. We
do a decent job of that. I think the
need to wean in between those assess-
ments is what I like to argue against.
I think it wastes clinicians’ time, and
I think it can actually delay the pro-
cess of going to an SBT if you have to
get to a certain pressure support level
before you do one.

Kacmarek: I would bet, Neil, that
you don’t do as good a job as you
think you do.

MacIntyre: I beg to disagree, be-
cause we actually monitor it; it’s one
of our quality assurance measures we
monitor. It’s one of the few clinical
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things our electronic medical record
has figured out how to do.

Kacmarek: Sure, we monitor them
too, and the therapists put in, “The
patient was assessed for an SBT” ev-
ery day.

Hurford: To move this along, what
you’re saying is that these automated
techniques ideally adjust the ventila-
tor to the patient’s needs. So, to ex-
tend that idea, these algorithms should
not only be effective in weaning from
ventilation, but also adjusting the level
of ventilator support throughout the
patient’s illness. If you really want to
extend this, any algorithm that’s worth
its weight should be an algorithm that
can robotically adjust the level of me-
chanical ventilation throughout the ill-
ness, not just at this magic time where
the patient may or may not be getting
better.

MacIntyre: You’re extending the
concept to closed-loop ventilation,
which is fine, but that’s a separate con-
versation. At least, to me it is. We’re
talking now about this delay in SBTs
until a certain low level of support is
there: pressure support of 6, IMV of
2, or whatever. What I’m arguing is I
think that can actually delay things if
you wait for your SBTs until you reach
a certain low level; I think you run the
risk of missing patients who are ready
to come off.

Hurford: Would you agree that
weaning is a clinical assessment and
not just when someone reaches a cer-
tain ventilator setting?

MacIntyre: I would not at all. Wean-
ing is a process of gradual reduction
in support. An SBT is an assessment,
and I think an assessment can be done
without weaning.

Hurford: I agree with that.

Mireles-Cabodevila: First, your
poll of all of us earlier; we all come

from big centers, likely with high staff-
ing models. The application of auto-
matic weaning in smaller centers or
long-term acute care facilities with less
staffing may be of benefit. Second,
about ASV being IMV; yes it is, but
when IMV was applied in weaning
studies,2 it was a human being making
the decisions at the bedside. So it has
the same problem, regardless of the
mode, of us being at the bedside try-
ing to decide when to titrate down
the support. ASV uses our input and a
set of rules, monitoring the output and
regularly applying the rules. Finally,
what’s interesting about automated
weaning is when you use it to stan-
dardize research.3 This helps to clar-
ify the effects of the intervention on
length of mechanical ventilation. You
put them on automated weaning, and
they will be weaned on the same cir-
cumstances. So you can eliminate
some of the bias from the decisions
made by the teams and application of
protocols.

MacIntyre: Assuming the algorithm
is a good one.

Mireles-Cabodevila: Yes.

Kacmarek: It’s just a matter of time
until we get the correct algorithm. I
agree that we don’t have it now, but
we will, and when we do we’ll be
much more efficient at using an auto-
mated approach than the individual de-
cisions made by me and by you at the
bedside because you and I are not at
the bedside 100% of the time.

Marini: I agree that most patients do
not need to be gradually weaned. How-
ever, it seems that there are patients
who need to be accommodated rela-
tively slowly to breathing again natu-
rally. We treat many delirium patients,
not just medication delirium but
overdoses and such. As a mixed
academic/community hospital, we see
many patients who are both very dif-
ficult to manage and difficult to judge
whether they’re ready for extubation.

If we were to rely only on protocols,
only on automated weaning, or only
on sporadic physician observations,
we’re likely to catch the patient at the
wrong time, and it’s not likely to work.
We need to integrate visual cues and
trends into the decision. Here, as usual,
I agree with Bob—we do need to con-
sider automated weaning as something
that’s going to happen in the future.
We’re going to have fewer people
available. But there’s an irreducible
level of chaos in the clinical setting
that can derail our best intentions or
the program of a machine. An ideal
automated system will remind us when
we’re going wrong and maybe call it
to our attention.

Holets: Exactly. What we see with a
patient recovering from ARDS is we
try to go from a fully supportive mode
to you’re getting liberated from the
vent. What happens is they start dou-
ble triggering, they start flow-
stripping, nobody’s around, the nurse
re-sedates the patient, and we miss that
opportunity to maybe give them par-
tial support and get them weaned that
day.

Kallet: I want to trademark this, but
my major problem is that closed-loop
ventilation closes the clinicians out of
the loop. And if I may create a new
word, I think a lot of this “stupidifies”
clinicians. As I see more of this hap-
pen, particularly with things like au-
toflow, I see clinicians lose their abil-
ity to assess a patient. Every time we’re
called into the room to make an ad-
justment, as a clinician you’re looking
at the patient. When you do some-
thing automated, at the point where
we reach neural nets and can integrate
a lot of the data, I think we’ll be there.
But after 40 years of doing this, I’m
not convinced that automating things
is going to make it better. Point of fact
(from our SBT database): Of patients
with ARDS who have been ventilated
for 10 d before they met SBT criteria,
50% of them pass their first SBT for
2 h without a problem. It’s not that
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big of a deal. I think it’s not weaning,
and they have a whole industry geared
toward a small percentage of the pop-
ulation, and I think they’re barking up
the wrong tree.

Hess: I’ll follow up on that a little
bit. John mentioned the problem with
the sensors, and I agree with that. I
think one of the problems that comes
with these approaches is we get gar-
bage in/garbage out. Certainly, setting
the ventilator based on end-tidal PCO2

is, I think, very problematic from a
physiologic standpoint. As far as im-
proving the sensors so that this can be
done better, there is one thing that I
think is important, which is the eye-
ball test. I don’t know how we come
up with a sensor that replaces the eye-
ball test, where you are at the bedside
and you see the diaphoresis, the eyes
wide open, and the neck muscle con-
traction. Those things are going to be
difficult to automate, and it drives a
lot of our clinical decision making.

Marini: I don’t know of any expe-
rienced physician who does not go into
the room of a patient and without look-
ing at anything else senses that the
patient has turned the corner and looks
better (or the opposite)—the eyeball
test! It’s exactly as you’re saying. We
unconsciously take in and integrate so
much information. For example, when
we come back to this room after lunch,
I will recognize almost everything in
here because our brains automatically
put it in all in perspective. Your brain
is continually processing all this in-
formation, even if you don’t intention-
ally commit it to memory. You rec-
ognize everything, and every face you
know. You were not aware of mem-
orizing, but unconsciously, you have
placed it in memory because your brain
has taken it all in and figures it out.
There’s a lot we don’t understand
about perception and the integration
of information that human observa-
tion adds.

Holets: A comment going back to
Rich, where this will “stupidify” us—
I’ll quote my mentor, Dr Hubmayr,
who says pressure support is the most
widely used and misunderstood mode
out there. It’s easy to recognize wean-
ing failure when we see the patient
whose eyes are bugging out, but how
many difficult-to-wean patients have
you seen who have been on low levels
of pressure support and PEEP for 5
days, and no one recognizes they are
totally exhausted? All they’re doing is
triggering the ventilator, and nobody
recognizes it as weaning failure.

Kacmarek: I’ve been doing this for
50 years and I’m convinced that the
only way we’re going to get it right is
if we automate it. Because we don’t
have the people and we don’t have the
skilled people at the bedside every
minute. There was an abstract4 at ATS
this year that talked about asynchrony,
and they took videos of patients dur-
ing asynchrony, and they were able to
identify facial changes and body
movements that were associated with
high levels of asynchrony. There’s no
reason we can’t develop automated
systems that also video the patient si-
multaneously and can interpret those
kind of issues you’re making refer-
ence to. But I don’t think anybody is
proposing that an automated system
at any level will eliminate clinicians. I
don’t think it would eliminate the RT,
physician, or nurse. It takes all of them
to work with the system to properly
apply it and to ensure that it’s done
properly. What it does ensure is that
it’s always done the same way and
that the interpretation is appropriate
and continuous; we don’t do that to-
day. You are lying to yourselves if
you think we are doing that in the ICU
today because we are not. There are
huge inconsistencies, depending on the
RTs, the nurses, and the physicians
who are in the unit as well as the is-
sues ongoing at any one point in time
in the unit.

Branson: I agree that it improves
consistency. Weaning or closed-loop
ventilation provides consistency and
gets rid of some of the variability that
we see because of which RT is on or
what doc is on. But whether it will be
better I think remains to be seen.

Mireles-Cabodevila: As long as it’s
not worse!

Kacmarek: Note that not a single
study5-9 showed it was worse. They
showed it was equivalent, but not a
single study showed that it was worse
than clinician-guided weaning or
SBTs.

Hess: But how much does it cost?
What is the cost-effectiveness of this?
They don’t make ventilators cheaper
to have this.

Marini: It might add $5,000 to
$7,000 (or something like that) to have
that feature.

Holets: It depends on how many
vents you buy; the more vents, the
less the option costs.

MacIntyre: I’d rather spend it on
therapists.
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