
Less Complication When Calculating Duration? Evaluating the
Accuracy of the LTV-1000 Cylinder Duration Calculator Feature

Transporting critically ill patients has become a com-
mon occurrence in the work life of most respiratory ther-
apists. Roentgenograms, the mainstay of diagnostic tools,
have been joined by other diagnostic tests and interven-
tions that seemed exotic a couple of decades ago. As with
any form of technology, the extraordinary becomes the
routine, the routine becomes the expected, and the ex-
pected becomes the standard. The new standards for diag-
nosis and treatment seem to translate to more patient trans-
porting, including those requiring mechanical ventilatory
support. Fortunately, mechanical ventilation has not been
left behind in the technical evolution. The new generation
of transport ventilators are no longer mechanized manual
resuscitators; they are now capable of providing ventila-
tory support with features equal to many “bedside” critical
care ventilators.

SEE THE ORIGINAL STUDY ON PAGE 1183

Arguably, the key component for safe patient transport
is preparation. A savvy therapist preparing to transport a
ventilator patient knows never to depart on a transport
without ensuring an adequate oxygen supply. Thoughts
such as “Is one cylinder enough? Will I run out of gas if
there is a delay? Maybe I’ll take an extra cylinder just in
case” are part of the mental dialogue. It is best to plan for
the worst-case scenario, and determining how many cyl-
inders are needed is critical to the planning process. That
being said, wouldn’t it be nice to push a button and let the
ventilator do some of the work of planning for you? In this
issue of RESPIRATORY CARE, Blakeman et al1 report results
from a bench study evaluating a new feature of the Pul-
monetic Systems LTV-1000 ventilator series that calcu-
lates cylinder duration.

Cylinder duration is a function of initial gas volume and
rate of gas consumption. The LTV-1000 feature performs
a calculation based on input by the practitioner (cylinder
size and pressure) and the ventilator settings (primarily
fraction of inspired oxygen [FIO2

] and minute ventilation
[V̇E]) at the time of the calculation. Blakeman and col-
leagues compared the actual cylinder duration to the ex-
pected duration obtained by calculations performed man-
ually and those via the feature of the ventilator. The results
showed that the ventilator-calculated values closely corre-

lated with the manual calculations. However, both values
underestimated the actual cylinder duration by approxi-
mately 12%. Blakeman and colleagues tested several com-
binations of settings, including high versus low positive
end-expiratory pressure, and pressure-control ventilation
versus volume-control ventilation, and showed no effect
on cylinder duration. They also confirmed that the venti-
lator’s calculator uses actual, not set V̇E when determining
duration. Blakeman et al also noted that when a patient’s
respiratory rate increases after the initial calculation is
made, the new recalculated value is indeed shorter in
duration.

How might practitioners incorporate this information
into practice when preparing for transport? Can one as-
sume, based on the Blakeman et al findings, that there will
always be “room to breathe” when it comes to the duration
of an E cylinder? Would the decision not to include a
reserve E cylinder on a transport be based on the infor-
mation from the LTV-1000’s automatic calculation? The
answer is probably no. What the study suggests is that the
ventilator calculation could be considered just as reliable
as a manual calculation. For those leery of either the ven-
tilator or their own calculations, the correlation shown by
Blakeman et al could support using either method as a
double check, or mini quality-assurance test of the prac-
titioner’s assessment of cylinder duration.

The study does well to point out several potential lim-
itations of the calculator function. The authors emphasize
that if V̇E was not stable then the ventilator’s calculation
was no longer reliable. In addition, if either FIO2

or V̇E

changes after the calculation, gas consumption will change
and so will the actual cylinder duration. This finding is
consistent with the cautionary reminder provided in the
LTV-1000’s operator manual,2 where the manufacturer
notes that “variations in the patient’s V̇E, inspiratory-
expiratory ratio, and/or ventilator setting changes or equip-
ment status (ie, circuit leaks) affect the consumption rate
of oxygen.” The manual also includes a warning that the
information obtained from the feature is to be used for
reference purposes only and recommends that a back-up
cylinder be available at all times. Therefore, this is not a
defect in the performance of the feature but an anticipated
outcome of changing V̇E or FIO2

after the initial calcula-
tion, and in the scheme of things, a manual calculation will
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be affected in a similar manner because both are static
measurements. This is important, especially if the patient
is not completely sedated and V̇E increases as a result of
the transport or FIO2

is increased because of patient de-
compensation. The authors do suggest that the calcula-
tion could be repeated during transport to reevaluate gas
supply.

Another factor that may lead to variation between cal-
culated and actual cylinder duration is accurate determi-
nation of the volume of gas in the cylinder, particularly in
determining the true cylinder fill volume and cylinder pres-
sure. As noted earlier, the calculation is based on user
input of maximum fill volume of a given cylinder and the
cylinder pressure at the time of the calculation. Cylinders
are labeled to indicate the amount of gas in the cylinder,
yet they can be overfilled by as much as 10%. As pointed
out in the study, there was always more gas in the cylinder
than anticipated, but how much more was not known until
the cylinder expended all of its contents during testing.
Potential cylinder overfill could have accounted for a sig-
nificant amount of the underestimation of duration. This
issue can be further complicated when entering cylinder
pressure. Unfortunately, determining cylinder pressure be-
comes less precise when rounding off pressure increments
to the closest 100 psi, or, worse yet, the gauge indicates
degrees of fullness with no numeric information.

In review of the LTV-1000’s operator manual we read
that the ventilator will default to a preset value of 622 L,
although the user can enter the appropriate value. Blake-
man et al state that their findings varied by 26% from the
finding of a previous report.3 That study3 used a cylinder
volume factor of 660 L, which was smaller than the value
of 697 L used by Blakeman. This may have played a role
in the difference in the findings between the 2 studies,
although it shouldn’t have accounted for more than a 5–6%
difference. More importantly, it does suggest that there
appears not to be a standard value for an E cylinder and
that defaulting to the lower 622 L seems like a prudent
value. In the end, is an overly full cylinder a problem? Not
necessarily, as long as the practitioner doesn’t rely on
there being an extra 10% in the cylinder.

In contemplating the findings of the Blakeman et al
study one might pose the question, why is this gas duration
function incorporated in the first place? Arguably, the fea-
ture is intended to increase patient safety during transport.
The feature in itself may not dictate the exact needs of the
transport, but can provide opportunities to the practitioner
to create transport scenarios and gather information prior
to initiation. Using the calculation feature and a test lung,
the practitioner can review trends or anticipate increases in
minute ventilation or FIO2

and gather information in a con-
trolled fashion prior to connecting the ventilator to a pa-
tient. Although this type of preparation may not be needed
for every transport, it may prove to be an extremely valu-

able piece of information for patients who are unstable or
have high ventilatory requirements.

Although previous studies of patient transport have re-
ported that unwanted or unexpected events can occur,4,5

few report empty cylinders as the cause for the patient
deterioration. Is the reason for perceived lack of reporting
mishaps due to low cylinder pressure in the literature be-
cause it is just second nature for the conscientious clini-
cian to inherently monitor cylinder pressure, or is it be-
cause no one wants to admit that they have “run out of
gas”? With the growing emphasis on developing, assess-
ing, and promoting “cultures of safety,”6 tools should be
used to enhance, not replace, the clinician’s need to em-
ploy their skills of observation and monitoring while trans-
porting patients. Promoting a culture of safety involves
adopting a glossary of patient safety terms that will facil-
itate reporting and process-improvement initiatives.7 In a
culture of safe practices built on skilled and knowledge-
based behavior, events such as running out of compressed
gas on a patient transport could be classified as a “lapse.”
A lapse can be defined as a skill-based failure of knowing
what to do, failing to do it, omitting a step, or losing one’s
place in a process—all failures of omission. Caregivers
should strive to develop processes to neutralize such lapses
in an attempt to minimize unwanted events or mishaps, as
these events are arguably preventable.

Lack of preparation and communication among mem-
bers of the transport team has been shown to be a prevent-
able cause of unsuccessful transports.5 A focus in the safety
culture is to increase the level of communication between
members of the patient’s health-care team.8 Knowing how
long the cylinder should last is optimal, but is not that
helpful if the length of the trip is not understood. Com-
municating within the transport team and personnel at the
destination regarding what is involved in the move and
what resources are available at the destination provide
details vital to the successful plan. While a dedicated team
may be assembled or preferred, it does not need to be
mandated in order to successfully transport the mechani-
cally ventilated patient. Safe and successful transport teams
include skilled clinicians who move in a coordinated fash-
ion throughout the course of the transport. It also dictates
that staff responsible for the ventilator should be aware of
the machine’s operation and communicate any potential
challenges in its use to other members of the transport
team.

As clinicians, we know that we should monitor the pa-
tient, not the equipment, yet the technology and equipment
can alert us before the patient shows signs of distress.
Monitoring guidelines are provided from a variety of pro-
fessional organizations.9,10 Guidelines often refer to the
physiologic and patient variables to monitor and essential
equipment to use, such as electrocardiograph, yet few guide-
lines specifically refer to monitoring the oxygen supply.11
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It seems reasonable to include this in future versions of
patient transport guidelines. It might also be suggested that
personnel maintaining ventilatory equipment adopt stan-
dard operating procedures that detail standards and accept-
able variability for the equipment that they service, in
an effort to lessen the impact of variation in the clinical
setting.

It seems like it was only a few years ago that we relied
on hand-held calculators and small alarms atop giant bel-
lows to monitor patients. The Blakeman et al study sheds
light on a useful and reliable new tool provided through an
application of the LTV-1000. A prudent practitioner can
use this option when evaluating the needs of the patient
prior to transport, in order to understand what provisions
are needed. Readers of the study should consider a few
things when contemplating the use of this feature. Patients
should be evaluated on the transport ventilator prior to the
actual transport, to ensure that it will adequately support
the patient, and to give the practitioner an opportunity to
calculate the compressed gas needs. The information gath-
ered from the pre-transport evaluation should be compared
to the documented V̇E to understand if the evaluation is a
snapshot in time, or consistent with the needs of the pa-
tient. The nature and duration of the transport should be
considered for its potential effect on the patient’s breath-
ing pattern and for unexpected delays that could lengthen
the transport process; they can thus be anticipated and
planned for in advance. We welcome new advances in
technology and all that they offer, with the caveat that they
are no replacement for the training and experience of a
skilled practitioner.
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