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Abstract
Objectives: To determine if a ventilator available in an emergency department could quickly be modified to
provide ventilation for four adults simultaneously.
Methods: Using lung simulators, readily available plastic tubing, and ventilators (840 Series Ventilator;
Puritan-Bennett), human lung simulators were added in parallel until the ventilator was ventilating the
equivalent of four adults. Data collected included peak pressure, positive end-expiratory pressure, total
tidal volume, and total minute ventilation. Any obvious asymmetry in the delivery of gas to the lung simulators was also documented. The ventilator was run for almost 12 consecutive hours (5.5 hours of pressure
control and more than six hours of volume control).
Results: Using readily available plastic tubing set up to minimize dead space volume, the four lung simulators were easily ventilated for 12 hours using one ventilator. In pressure control (set at 25 mm H2O),
the mean tidal volume was 1,884 mL (approximately 471 mL/lung simulator) with an average minute ventilation of 30.2 L/min (or 7.5 L/min/lung simulator). In volume control (set at 2 L), the mean peak pressure
was 28 cm H2O and the minute ventilation was 32.5 L/min total (8.1 L/min/lung simulator).
Conclusions: A single ventilator may be quickly modified to ventilate four simulated adults for a limited
time. The volumes delivered in this simulation should be able to sustain four 70-kg individuals. While
further study is necessary, this pilot study suggests significant potential for the expanded use of a single
ventilator during cases of disaster surge involving multiple casualties with respiratory failure.
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A

fter the events of September 11, 2001, and the
recent hurricanes in the Gulf Coast, there has
been a focus on anticipating the need for medical care for large numbers of victims.1 Addressing surge
capacity requires a multitiered approach involving local
and federal agencies as well as resource management
(i.e., personnel, patient space, supplies, and special
equipment). Recent experiences have shown that hospitals may be rapidly extended to operate at 120%–130%
capacity.2
Depending on the nature of the disaster, many otherwise plentiful hospital supplies, such as ventilators, may
suddenly become insufficient to support the demand.3
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In the event of a large influx of patients in respiratory
distress (e.g., a large outbreak of botulism), the number
of ventilators available may not be enough to support
all of the patients.
While government resources would eventually be
available, there may be a time when hospitals will need
to provide ventilatory support to a greater number of patients than the available number of ventilators. Manual
ventilation (‘‘bagging’’) is possible, but it is possible that
the additional personnel required would not be available.
Some institutions have begun to stockpile disposable
automatic ventilators for use in the event of a disaster.4
One commercially available device is Vortran’s Automatic Resuscitator, a single-patient, single-use, pressurepowered ventilator. It could be kept in stock and deployed
when necessary. It runs on wall oxygen (50 psi) and
is pressure cycled off the wall oxygen source, and seven
can be run simultaneously off a single oxygen supply
line by using the Vortran E-Vent Case multioutlet manifold
device. One advantage is that this type of automatic ventilator is gas driven (from the oxygen source) and requires
no electricity (this may be an advantage in certain types
of disasters), is disposable, and is modifiable to provide
ventilation for up to seven individuals off one oxygen
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source. However, this device requires anticipatory purchase, and it lacks the computerized monitoring that standard ventilators have, necessitating more intensive staff
support.5
Another option for providing increased ventilation capacity includes a proprietary device (patent pending) that
is essentially a control system for splitting one ventilator
to provide ventilation for two patients.6 This does not
have the advantages of the previously described disposable ventilator, because it would rely on an electrically
driven ventilator. Additionally, it would require the purchase of additional equipment (the proprietary control
system).
Although larger urban hospitals may be able to justify
the resources to stockpile disposable ventilators, smaller
hospitals may not. In the event of a need for more ventilators than are currently available in a hospital, it may be
valuable to explore methods to maximally utilize the ventilators that are already available. Hospitals do have generators and would likely be able to support electrical
service for a short time after the disaster. Given this potential, it may be appropriate to consider a simple modification of the currently available hospital ventilators to
provide more patients with ventilator support. Our hypothesis was that using simple, rapidly deployable modifications, a single ventilator could be used to ventilate
multiple casualties when the number of victims exceeds
the number of ventilators.
METHODS
Study Design
This was a simulator-based pilot study. This study was
considered exempt after review by the institutional
review board.

1247

tomy tube, or for in-line aerosol treatments of ventilated
patients.
The T-tubes were arranged so that the two side ports
of a central T-tube were attached to the bottom ports
of the two side T-tubes via adapters that come with the
T-tube. The final configuration of the three T-tubes is
seen in Figure 2 (with a trimmed section of standard ventilation tubing at the hub for connection to the ventilator); it allowed for air flowing from the ventilator to be
split evenly to four simulated patients and for the air
returning from the four patients to flow back into the
one exhaust port on the ventilator.
The ventilator tubing was run from the inflow splitter
to the outflow splitter, with four test lungs (Puritan-Bennett) in the center. The test lungs were used to simulate
one patient each on the modified ventilator circuit. The
final configuration was a simulation of four patients on
a single ventilator in parallel operation (Figure 3).
To test this circuit, a time frame was arbitrarily chosen
as approximately six hours. There were two reasons for
this. First, this is a simple feasibility study, and we would
expect someone to inspect the system at least once in six
hours if ever used in a real disaster. Second, we realize
that beyond this feasibility study, animal studies are
needed, and this could allow for observation of the function of this circuit for a longer period. Finally, in many
potential disaster situations, by six hours additional support may be available.
Pressure control operation was randomly selected (via
coin toss) to precede volume control. To approximate
physiologic parameters, the ventilator settings were dialed to a peak pressure of 25 cm H2O, 0 cm of positive
end-expiratory pressure, and a respiratory rate of 16
breaths/min. The ventilator software chose an inspiratory/expiratory ratio of 1:2 automatically. After cumulative random interval inspections, total pressure control

Study Protocol
Four sets of standard ventilator tubing (Hudson) were
connected to a single ventilator (Puritan-Bennett, 840 series) via two flow splitters (one on the patient inflow limb
of the circuit, and one on the patient exhaust limb). Each
flow splitter was constructed of three Briggs T-tubes
with included connection adapters (Hudson) (Figure 1),
with the valves removed. The Briggs T-tube is utilized
clinically (and generally available) for flow-by oxygen or
humidity for a patient with an endotracheal or tracheos-

Figure 1. Briggs T-tube with included connection adapter.

Figure 2. Flow splitter conﬁguration of three T-tubes with
connection adapters (shown here with trimmed section of
ventilator tubing).
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Table 1
Pressure and Flow Characteristics of Lung Simulators in Multiple
Patient Ventilation Configuration as an Average of Random
Collections
Pressure
Control
Total time (hr/min)
Peak pressure  SD (cm H2O)
Mean pressure  SD (cm H2O)
Peak expiratory end pressure 
SD (cm H2O)
Tidal volume  SD (mL)
Estimated tidal volume per
simulator  SD (mL)
Minute ventilation  SD (L)
Estimated minute ventilation
per simulator  SD (L)
Respiratory rate (breaths/min)
Inspiratory/expiratory ratio

Figure 3. Final conﬁguration of multiple patient ventilation
(*outﬂow limbs darkly stained for purposes of graphic clarity only).

operation was 5 hours 33 minutes. Volume control settings
of 2,000 mL tidal volume (500 mL per test lung) and a respiratory rate of 16 breaths/min were chosen to approximate
physiologic parameters. The ventilator software chose
an inspiratory/expiratory ratio of 1:1 automatically. After
cumulative random interval inspections, total volume
control operation was 6 hours 11 minutes.
Measurements
During operation, the circuit was inspected at random intervals in between examinations of patients in a busy
metropolitan emergency department to simulate the intervals that the circuit would be inspected in a mass casualty event. The inspections occurred approximately every
23 (18) minutes, and the ventilator display readouts
were recorded. Simultaneously, the lungs were subjectively inspected for symmetry of excursion and evidence
of respiratory stacking. Specifically, the examiner monitored for asymmetric inflation of individual test lungs
and incomplete deflation before subsequent inflation.
RESULTS
After the configuration was sealed, the ventilator system
did not alarm. Visual inspection showed roughly equivalent excursion of all lung models. No respiratory stacking
was seen. Averages of ventilator display readout samplings over the course of the study are presented in Table 1.

5:33
25  0
8.7  0.1
1.3  0.1
1,884  90
471  22

Volume
Control
6:11
28  2
10.4  0.5
1.8  0.1
2029  3
507  1

30.2  1.4
7.5  0.4

32.5  0.1
8.1  0.0

16
1:2

16
1:1

exceed 35 cm H2O. Airway pressures beyond 35 mm
H2O are associated with ventilator-induced lung injury.7
Individual tidal volumes reached 471–507 mL, which approximates 7 mL/kg for a 70-kg individual. Studies have
shown that ventilation with 6–8 mL/kg is associated
with improved outcome in injured lungs.8 No evidence
of respiratory stacking or preferential filling of individual
lung simulators was observed.

LIMITATIONS
The chief limitation of this study is that it is a simulator study. Therefore, only successful physical ventilation
could be demonstrated. Adequate oxygenation and the
potential for ventilator-associated lung injury could not
be addressed. The presumption of equal ventilation to all
four lung simulators presumed equal lung physiology. A
patient with asthma with greater resistance to ventilations
may not receive equal ventilation with this system. Further
animal studies are necessary to address this concern.
The inability to directly measure volumes delivered to the
individual test lungs may bias the results and thus change
the actual method in which this ventilator configuration
would be deployed. Potential infectious complications
from sharing one ventilator were not investigated. Again,
further study in this area would be beneficial.
Because this was a pilot study, further research is indicated to test the efficacy and safety of the modified
circuit. Replication of the study in an animal model is indicated. Ventilator software may allow for ventilation of
more patients than was explored in this study. This may
be an important consideration in usefulness of ventilators in the disaster situation. Finally, development of
quantitative measurement techniques of individual tidal
volumes transferred would enhance further research
efforts as well as clinical delivery.

DISCUSSION

CONCLUSIONS

A four-patient configuration operated successfully on a
single ventilator for almost 12 hours. Pressures did not

This pilot study suggests that the physics of a ventilator/
patient circuit could accommodate more than one
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patient. In a catastrophic situation, when there are more
patients who require ventilators than there are ventilators available, simple modification of the ventilator circuit could help absorb the extra burden.
The authors thank the entire Respiratory Therapy Department at
St. John’s Medical Center (Detroit, MI) and Dr. Peter Hoffmann
(Physics Department, Wayne State University, Detroit, MI) for
consultation regarding fundamental physics.
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