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IFTY YEARS AGO, BaxToN
and Myers! descrived a

that
automatically adjusted
end tidal carbon dioxide partial pres-
sure during mechanical ventilation
by regulating the negative pressure
of an iron lung. Their rationale was
quite simple and just as valid 1oday:

servomechanism

From the iron lung
to neurally adaptive
prassure control,

ventilation has

“... proper alveolar ventilation
cannot be assured by standardizing
pressure seltings on respirators

of the lungs and thorax differ rom
Batient to patient ... "
______‘_.-—-——-———~__\

come a long way.
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Subsequent to the tron lung era, ventilators were developed
that more reliably supported the patients gas exchange needs by
connecting directly tom artificial altway. As
predicted by the equation of motion for the respiratary system,?
shere were only two directions that new ventilator development
could take: volume contrel {preset tidal volure and inspiratory
Aow) or pressure control (preset inspiratory pressure and inspira-
wory time). Volume control offers the advantage of rmatntaining
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consistent gas exchange in the face of changing respiratory system
mechanics, while pressure control offers the advantage ol better
ventilator-patient synchrony and the ability to limit the risk of
overdistention and ventilator-induced lung injury (ViLD.
Nevertheless, the salety and efticacy ol an individual ventilator
connected to an individual patient still rely on the appropriateness
of a variety of operaror-controlled settings. Thus, the forees driving
improved ventilator perlormance are aimed at 1) meeting more of
the patient’s needs (eg, mereased comfort and decreased lime on
the ventilator) rather than merely supporting gas exchange; 2)
doing less harm with the ventilator {improved salety and quality
outcomes); and 3) increasing efficiency of health care profession-
als by decreasing bedside workload associated with patent moni-

toring and ventilaior adjustment.
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The Need for Better Ventilators

Physiological Needs. Fven if we restricied our discussion 1o only one
disorder, such as acute respiratory distress syndrome (ARDS) and
only one ventilator setting (tidat volume), we would still find that
ventiltator management is a complex issue. We know that small
tidal volumes are better [or ARDS patients than large ones,” but we
also know thal one-size tidal volume does not fit all patiems.* And
we know the disease is a dynamic process® causing changes in res-
piratory system mechanics thar result in the need to continually
adjust tidal volume.
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Of course, meeting all of the patient’s ventilatory needs also
requires consideration ol ventilator-patient synchrony. Failure to
do so allows the possibility of asynchrony, which can decrease
patient comfort, delay weaning, and even cause harm ® To get an
idea of the added complexity of ventilator management when
including the need for synchrony, we can categorize various types
ol asynchrony in terms of the phases ol a breath (Table 1). All of
these sources of asynchrony provide epportunities [or improve-
ment by means of more responsive hardware and more intelligent
sofiware.

Quality and
fiumber of pauems who die from medzcal errors is equwalem
2lo one airplane crash every day of the year” More people die
‘lrom medical errors than from highway accidents, breast cancer,
or AIDS.E The speed of ventilator tec hnology development has
outpaced the medical profession’s ability w educate stalf. Q&L
ma]or medical ciw/watehdﬂg@_rg?_uwm ted, “We
COBTINGE (o receive reporis of hospital stafl misusing ventilators
because they're Hngware of the device’s particular operarional
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considerations ™ The J5TAL CTONmISEo Teports Te-fellowing
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"As of January 2002, the Joint Commission has reviewed
23 reponts af deaths or injuries related 10 fong 1erm veniila-
Lion—19 evenis resulted 1n death and four in coma. Of the
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23 cases, 63 percent were telated o the malfunction or mis-
use of an sl or an inadequate alarm: 32 percent were
refated Lo a tbing disconnect; and 26 percent were related w
dislodged airway tube. A small percentage of the cases were
related 10 an incortect tubing connection o wrong ventitaior
setting. None al the cases were related 1o ventilator mailune-
iions. \ﬁmxmﬂm

afeiinjuries are olten related o muldple Bilures thar tead 1o

negative outcomes. The majority of the cases oecurred i
hespital Intensive Care Units (1CUs), followed by fong term
care lacilities and hospital chronic ventilator units”

Results of root cause analysis ol the 23 cases reported o The
Joint Commission are shown in Table 2. A shocking proportion
(87%) of causes involve inadequate training on the part of ventila-
tor operators. 1 the knowledge cannot be assured at the bedside,
then perhaps a solution is o build more auromation and intelli-
gence inio the ventilator. Indead, one ventilator manufacrurer
makes this bold statement in its advertising literature: “Any med-
ical instrumentation thal requires constant input from a human
operator is absolete.”

Efficiency Needs. In the United States, the majority of the werkload
associated with mechanical ventlator management falls on the res-
piralory care profession. However, while the number of jobs for
RTs is expected to increase in the foreseeable future, the number of
people entering the lield has been declining for some time.
National trends suggest a growing percentage ol unfilled RT posi-

 Experience the Freedom of Portable ICU Ventilz

In busy hospitals where clinical resources are stretched, the LTV 1200 ventilator offers ease of use and versatility ta help ensure
optimal patient care across dinical settings. Whether in the ICU, PICU, ED or Patient Transport, the LTV 1200 has the flexibility to
adapt to changing respiratory needs, for patients as smali as Skg, providing invasive and non-invasive modes of ventilation. At a
fraction of the size of comparably equipped systems, the LTV 1200 roves searmlessly with the patient. Experience why the LTV Series
has become the ventilation platform chosen by clinicians worldwide.

For more information on the LTV 1200 and unified preparedness applications, .
please contact a Customer Care Representative at 1-800-754-1914. vp;,ASYS“
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has recently reviewed the reasons why clinicians resist adepting
' These include

fear of failure. excessive workload, lack of trust i change recom-

new practices despite clear evidence for change.

mendations, lack of eational invesiment due to noninvolverient
i development of change policies, and simple nellectual tnerta,
Some argue that practice gaidelines are “cookbool medicine” that
results in treating all patients the same way regardless of the need
for individualized care. Others make a much stronger case {in iy
opinion) for reducing praciice variation and uneven patient out-
comes by using “adequately explict™ computerized protocols. ™
Mechanical ventilators are an excellens medium for such com-
puicrized protocols

Science Fiction or Future Fact

The real challenge in controi of ventilation is defining and meas-
uring the appropriate leedback signals. 1f we stop to censider all
the variables a human operator assesses, the problem looks insur-
mountable. Not only does a human consider a wide range of indi-
vidual physiologic variables, but there are alse the more abstract
evaluations ol such things as metabolic, cardiovascular, and psy-
cholagical states. Add 1o that the various environmental lactors
that can aflect operator judgment, and we get a tuly complex
control problem.

What might the future evolution ol mechanical ventilators
yield? 1 think the ideal control strategy would have to start out
with basic tactical control of the individual breath. Next, the
addition of longer-lenn strategic control would permit adapta-
tion 1o changing load characteristics, Mathematical models
could provide the hasic parameters of the mocde, while expert

rules would place Himils 1o ensure lung protection. Next sensors
would inform the ventilawor of relevant physioiogic data (eg,
end tidal gases. blood gases. Po|. heart rate, blood pressure, car-
diae outpa, functional residual capacity, ew). Tuzzy logic?! in
the ventilators computer would then interpret the data w estab-
lish the patients immediate conditon. This information is
passed on o a neural network thas would then select the best
response 10 the patient’s condi-
tion. The neural network would _
ideally have access 1o a huge : .
Editer’s note
References are
available with

the online versicn at

both
human expert rules and actual

database  comprising

palient responses Lo various
veutilatory strategies. This
arrangement would allow the
ventilator to not only learn
from i1s interaction with the
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current patient but also learn

{rom and contribute to the database. The database and this ven-
tilator could be networked with other intelligent ventilaiors to
multiply the learning capacity. Finally, in 2055, VentNet
becomes self-aware and takes over the world (just kidding). &
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Looking For A Great Set Of Lungs??

Training & Test Lungs (TTL®)

The TTL® Training & Test Lungs and
Pneu View ® Software System give your a
realistic way to simulate patient
respiratory mechanics. The system
precisely models compliance and
resistive loads representative of a wide
wide range of human pulmonary
physiology, This includes normal and
extreme pathologic conditions.
Add more value to the
Pneu View ® Ventilator Testing

and Training Systerns
The Breath Simulation Module turns the
Dual Adult Models 1600 and 5600 mto a

spontaneous breathing lung svstem,
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