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Fig. 2. Calculated alveolar minute volume versus lung compliance for each of the 4 com-
binations of airway resistance (R) and set device flow with the Vortran Automatic Resus-
citator. The error bars represent one standard deviation. All the measurements were done
with the device set at the lowest indicated maximum inspiratory pressure of 20-30 cm H,0.
The figure shows a drop in calculated alveolar minute volume due to expected decreasing
tidal volume and compliance associated with high respiratory rates (> 40 breaths/min). (All
data in this figure are from Table 2 in Reference 1.)
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Fig. 3. Calculated P,co, versus lung compliance for each of the 4 combinations of airway
resistance and set device flow with the Vortran Automatic Resuscitator. The error bars
represent one standard deviation.? All the measurements were made with the device set at the
lowest indicated maximum inspiratory pressure of 20-30 cm H,O. The figure shows that the
device was able to provide sufficient ventilation, provided that the tidal volume was not too low
(the predictable result of a low maximume-inspiratory-pressure setting of 20-30 cm H,O and a
compliance of only 14 mL/cm H,0). (All data in this figure are from Table 2 in Reference 1.)

As Babic et al correctly stated, it is im-
portant that the Vortran Automatic Resusci-
tator be used under the supervision of a
trained clinician who can evaluate the ap-
propriateness of the settings and make ad-
justments as needed to the operating condi-
tions to optimize the respiratory conditions
to the patient’s needs. In patients with se-
verely limited lung compliance and/or high
airway resistance, higher MIP may be indi-
cated and a higher pressure setting can be
used than the low setting that Babic et al
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chose in their study, and in the worst cases
an auxiliary PEEP controller may be desir-
able.
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The authors respond.:

We appreciate the opportunity to respond
to Mr Piper’s “clarification” of our study.!
We are mindful that our paper and its ab-
stract captured the attention of financial ben-
eficiaries of the Vortran Automatic Resus-
citator, and we commend Mr Piper for
articulating his questions about the study in
a scientific forum.

As we read Mr Piper’s letter, he makes 3
contentions that he suggests “clarify” the
findings in our paper.

First, he contends that the Vortran Au-
tomatic Resuscitator’s variable tidal volume
(V1), which, as he states “automatically ad-
justs to decreasing compliance by increas-
ing breathing rate and decreasing V-, with
relatively stable Vy,” is a benefit of its use
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in patients with acute respiratory distress
syndrome (ARDS). Implicit in his comment
is that, in the context of the results of the
ARDS Network trial,2 which showed that a
V1 of 6 mL/kg was associated with better
survival in patients with ARDS, decreasing
the V. in response to decreasing compli-
ance is beneficial and recommended. We
believe that that contention, though broadly
correct, overlooks the essential finding of
the ARDS Network (in which our institu-
tion participated), that a specific V of
6 mL/kg is recommended, not a varying
V., and not a Vi that exceeds 6 mL/kg,
even if V1 decreases as the lung stiffens.
Furthermore, in endorsing a maximum in-
spiratory pressure up to 50 cm H,O, the
“clarification” overlooks the target of a pla-
teau pressure of < 30 cm H,O in the ARDS
Network trial,2 which would probably be
exceeded by a maximum inspiratory pres-
sure of 50 cm H,O in the absence of in-
creased airway resistance (depending, of
course, on the inspiratory flow rate). Fur-
thermore, Mr Piper’s comment about the
device’s automatic adjustment seems to im-
ply that there is some intelligence in the
adjustment process, which, of course, there
is not. The adjustment is simply a mechan-
ical response to a changing respiratory-sys-
tem time constant. The only ventilators that
make “intelligent” changes to the delivered
V. are much more sophisticated devices.?

The most important issue regarding “au-
tomatic” changes in ventilatory parameters
is that, unlike any other ventilatory device,
setting a “rate” on the Vortran device does
not guarantee a preset number of manda-
tory breaths per minute, because the breaths
are not time-triggered independent of the
patient’s respiratory-system mechanics (ie,
resistance, compliance, and muscle activ-
ity). On the contrary, spontaneous breaths
are pressure-triggered according to the in-
teraction of the Vortran’s internal leak flow
(set by the “rate” knob) and the patient’s
inspired V4 and expiratory time constant.
Indeed, the “rate” knob should be thought
of not as a frequency control but rather as a
trigger-sensitivity control. What the opera-
tor is really doing (with a passive patient) is
setting the device to auto-trigger, much like
a standard ventilator will do when there is a
leak in the system.

The second contention is that our choos-
ing a compliance of 14 mL/cm H,O as a
working condition in the study! was impru-
dent and cast the device’s performance in
an unfavorable light. As we stated, our
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goal was to examine the device’s perfor-
mance under 2 mass-casualty conditions
that would simulate those in which a por-
table, inexpensive device might be con-
sidered desirable, such as poisoning caus-
ing neuromuscular paralysis (in which the
lung compliance would be expected to be
normal) and acute lung injury/ARDS (in
which the lung compliance would be de-
creased). Still, patients with ARDS have
been reported to have average compliances
as low as 37 mL/cm H,O, with a standard
deviation of 23 mL/cm H,O, so compliance
values in the teens would be expected in
perhaps 30% of patients.* In that context
our choice of compliance values under which
to simulate the use of the device seems de-
fensible and appropriate.

Finally, Mr Piper found our statement
about calculated Pc, misleading. We ab-
solutely agree that only actual blood gas
data from patients will settle the issue and
allay concerns, but our experience in this
study makes us reluctant to undertake ac-
tual clinical testing to resolve this.

Overall, we stand by our suggestions that,
“The variable performance under changing
load along with the lack of alarms should
prompt caution in using the Vortran Auto-
matic Resuscitator for emergency ventila-
tory support in situations where patients can-
not be constantly monitored by trained and
experienced operators.”! As evidence that
truth in science is replication of findings,
we point out that conclusions from other
groups echo our concerns about the device.’
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More Environmental Prevention
of Gram-Negative Infections
Needed

I appreciated the excellent review arti-
cle! by Robert Siegel on emerging antibi-
otic resistance of Gram-negative bacteria.
Gram-negative bacteria account for a large
percentage of the estimated 99,000 annual
United States deaths due to hospital-acquired
infections. Better antibiotic management
and the development of new antibiotics are
important for controlling Gram-negative
bacteria. However, many environmental in-
terventions exist that can prevent Gram-
negative infections, but are often overlooked
in hospital practice.

Hand-washing is the most important sin-
gle step in preventing the spread of Gram-
negative infections. Various studies have re-
ported that viable bacteria are commonly
found on the hands of health care providers;
these include Pseudomonas (found on 1.3—
25% of provider hands), Acinetobacter (3—
15%), Klebsiella (17%), and vancomycin-
resistant enterococcae (41%).2 An
intervention to increase the use of alcohol-
based hand rub and gloves reduced Gram-
negative infections by 60% and Gram-pos-
itive infections by 60% (p < 0.001 for each
comparison) in a neonatal intensive care
unit.3

An intervention that involved education
of hospital cleaning staff was associated with
a 64% reduction in vancomycin-resistant
enterococcae infection (95% confidence
interval 0.19-0.68).4 Portable high-
efficiency-particulate-air (HEPA) filters sig-
nificantly reduce hospital airborne Pseudo-
monas.> Siegel' cited several sources that
reported that better disinfection and man-
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