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Abstract

Purpose The COVID-19 pandemic threatens our current ICU capabilities nationwide. As the number of COVID-19 positive
patients across the nation continues to increase, the need for options to address ventilator shortages is inevitable. Multi-patient
ventilation (MPV), in which more than one patient can use a single ventilator base unit, has been proposed as a potential
solution to this problem. To our knowledge, this option has been discussed but remains untested in live patients with differ-
ing severity of lung pathology.

Methods The objective of this study was to address ventilator shortages and patient stacking limitations by developing and
validating a modified breathing circuit for two patients with differing lung compliances using simple, off-the-shelf compo-
nents. A multi-patient ventilator circuit (MPVC) was simulated with a mathematical model and validated with four animal
studies. Each animal study had two human-sized pigs: one healthy and one with lipopolysaccharide (LPS) induced ARDS.
LPS was chosen because it lowers lung compliance similar to COVID-19. In a previous study, a control group of four pigs
was given ARDS and placed on a single patient ventilation circuit (SPVC). The oxygenation of the MPVC ARDS animals
was then compared to the oxygenation of the SPVC animals.

Results Based on the comparisons, similar oxygenation and morbidity rates were observed between the MPVC ARDS
animals and the SPVC animals.

Conclusion As healthcare systems worldwide deal with inundated ICUs and hospitals from pandemics, they could potentially
benefit from this approach by providing more patients with respiratory care.

Keywords COVID-19 - Coronavirus - Artificial respiration - Pandemics - Viruses

Abbreviations MPV  Multi patient ventilation
ARDS  Acute Respiratory Distress Syndrome MPVC Multi patient ventilation circuit
FRE Flow resistor PC Pressure control setting on the ventilator
I-time Inhalation time PEEP  Positive end expiration pressure
LPS Lipopolysaccharide PH Healthier patient
PS Sicker (ARDS) patient

SPVC  Single patient ventilation circuit
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study of 11,729 COVID-19 patients admitted into a hospi-
tal, 16.8% required mechanical ventilation [3]. The global
spread of the novel coronavirus has caused concerns about
overburdening the health care system with patients in respir-
atory failure. The continued increase in cases of COVID-19
may lead to a shortage of medical supplies and staff.

One proposed solution is patient stacking, where venti-
lator circuits are adapted to accommodate more than one
patient at a time. This technique has been demonstrated a
handful of times on a lung simulator, an animal model, and
in humans [4-10]. Beitler et al. demonstrated how MPYV can
be performed on COVID-19 patients [10]. They included
criteria for matching patients and concluded that identifica-
tion of compatible patient pairs is essential to safely imple-
menting MPV. However, COVID-19 patients with ARDS
exhibit variable respiratory impedances and can be diffi-
cult to match, especially in smaller hospitals and clinics.
Characteristics of ARDS include a decrease in lung com-
pliance and an increase in airway resistance [11-14]. Addi-
tional characteristics of ARDS include bilateral infiltrates
in the lungs, poor oxygenation, and acuity of onset [15].
The Berlin criteria were developed to categorize the degree
of ARDS severity as determined by the partial pressure of
arterial oxygen/fraction of inspired oxygen (PaO,/FiO,). A
ratio of <200 defines moderate ARDS, and < 100 defines
severe ARDS for a patient on positive end-expiratory pres-
sure (PEEP) >5 cmH,0 [16]. For patients diagnosed with
COVID-19, ARDS has been evident in 3.4% of hospitalized
patients and 60-70% of intensive care unit (ICU) patients
[17, 18]. A recent analysis of typical ARDS compared to
COVID-19-related ARDS revealed differences in onset tim-
ing, respiratory system compliance, disease severity based
on oxygenation indices, and appropriate management pro-
tocols [2].

Following patient stacking methods recommended by
Neyman et al. and Paladino et al., there are many concerns
with MPV [4, 6]. Several medical associations published
a joint article advising medical personnel against such
practices [19]. Their reasons for issuing such a statement
included: tidal volume titration is not possible as the larg-
est volume will go to the most compliant lungs, individual
patient pulmonary mechanics monitoring is difficult and may
require additional external monitors, removing or adding
patients to the combined circuit poses a risk for all other
patients and ethical issues where testing clinically unproven
MPV risks life-threatening treatment failure. To implement
MPYV in patients with ARDS, a mechanism to address these
issues is necessary.

The objective of this study was to address ventilator
shortages and patient stacking limitations by developing and
validating a modified breathing circuit for two patients with
differing lung compliances using simple, off-the-shelf com-
ponents. The proposed solution combined two individual
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patient circuits and added a precision flow resistor (FRE)
to both inspiratory limbs to create a multi-patient ventilator
circuit (MPVC). The MPVC was simulated with a math-
ematical model (Supplemental Material) and validated with
four studies using two human-sized pigs each: one healthy
and one with lipopolysaccharide (LPS) induced ARDS. To
our knowledge, this is the first study that has validated an
MPVC using an ARDS animal injury model. The results of
this study found that two pigs with different lung compli-
ances could be adequately oxygenated on a single ventilator
for 4 hours with minor changes to patient circuits.

Methods

To enable patient stacking during pressure control mode, two
individual patient circuits were combined, and a flow resis-
tor was placed on each inspiratory limb. The result of these
changes was a multi-patient ventilator circuit (MPVC) where
the FRE could be adjusted to restrict flow to the healthier
patient (PH) to prevent over-ventilation. Each patient had
an FRE on their inspiratory limb to match nominal circuit
resistances and for instances when PS improved faster than
PH.

Circuit setup

Since the mathematical model showed the feasibility of
accommodating two patients on a single ventilator, a novel
ventilator setup was designed based on the model (Fig. 1).
The circuit setup for two patients on an open-circuit ventila-
tor (such as the Newport HT70 Plus ventilator used in this
research) is shown in Fig. 1A. Each patient is connected to
a standard full circuit which includes an inhalation limb,
patient wye connector, endotracheal tube, exhalation valve/
tubing, and a proximal line. The extra parts needed for multi-
patient ventilation are outlined in Table 1.

As shown in Fig. 1, the inhalation limb was separated
with a tee connector. Each split inhalation line ran to an
FRE. Both patient circuits included an FRE so the nominal
resistance through each circuit was equal and in the event the
patients’ lung compliance differences were reversed. Before
the FRE was inserted, an adapter (not shown in setup) was
used as a place holder. To change which patient is being
monitored with the proximal line, a three-way flow valve
connected the lines to the ventilator. Both exhalation valve
control lines were joined with a wye connector to simulta-
neously actuate each valve. An MPV simulation was done
using two adjustable precision test lungs with modular
lung compliance and airway resistance (QuickLung, Ing-
Mar Medical, Pittsburg, PA). The benchtop test showed the
functionality of ventilating two patients with differing injury
severities using the MPVC.
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Fig.1 Schematic setup for the MPVC on A an open-loop ventilator and B a closed-loop ventilator

Table 1 Extra components
needed for dual-patient

Part

Function

ventilation Tee connector

Flow restrictor X 2

Wye connector

3-way flow valve

Flow restrictor to tube adapter
Circuit adapters (not in final setup)

Respiratory profile monitor
Viral filter x4

Split the breathing circuit

Titrate flow

Joins the two exhalation valve lines back to the ventilator
Allows specified patient to be monitored via the proximal line
Enable use of the flow restrictors

Acts as a place holder to connect the two ends of the breath-
ing circuit where the FRE will be placed

Monitor both patients

Prevent viral spreading between patients

Although the studies were performed with an open-loop
ventilator (Fig. 1A), the same concept can be applied to
a closed-loop ventilator Fig. 1B Since the exhalation line
flows back to the ventilator in closed-loop set-ups, the exha-
lation tubes are joined with the same tee connector used for
joining the inhalation lines. Each patient also has a one-way
valve on their exhalation limb to prevent the backflow of air.

Animal study

All animal studies were performed in accordance with the
University of Nebraska-Lincoln Institutional Animal Care
and Use Committee (IACUC), NIH Guide for the Care and
Use of Laboratory Animals, ARRIVE guidelines, and the
Animal Care and Use Review Office (ID # 1944). Human-
sized female Duroc cross pigs were used for their com-
parable size and anatomy. All animals were received for

acclimation 4 days before the experiment, group-housed in
open pens, and given a toy for enrichment. Eight pigs were
divided into healthier patient (PH) (n =4, mass =73 + 3 kg)
and sicker (ARDS) patient (PS) (n=4, mass=75+3 kg)
groups. An additional subset of female Duroc cross pigs
(n=4, mass=45+1 kg) was used as single patient ventila-
tion circuit (SPVC) animals. No randomization was done
between the SPVC and the MPVC animals. However, the
PS animal was randomly selected for the MPVC studies. All
surgeries were performed at the Life Sciences Annex at the
University of Nebraska—Lincoln.

The experiment was performed in three stages. In the first
stage, two pigs underwent the surgical placement of cath-
eters at staggered time intervals. In the second stage, one pig
was given nebulized LPS to induce ARDS while the other
pig was maintained. In the third stage, the ARDS pig was
moved to the healthier pig’s ventilator and both pigs were
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ventilated together for 4 hours. A total of four experiments
were performed. The first two experiments aimed to develop
the protocol for multi-patient ventilation. The second two
experiments aimed to maintain end-tidal CO, between 30
and 40 mmHg for both pigs by adjusting the PH’s FRE and
the ventilator settings. More information about the surgery
and ARDS protocols can be found in the supplemental
materials.

Statistics and data analysis

Statistical comparisons of PaO, and SpO, between the
SPVC and MPVC animals were performed in Microsoft
Excel 365. A power analysis with an estimated difference
in mean PaO, levels between the MPVC and SPVC animals
of 20 mmHg and a power of 0.8 was used to determine four
studies were necessary. A two-sample heteroscedastic ¢ test
was performed on oxygen levels at 30-min intervals with a
significance level of a=0.05.

Results

In-vivo study with the multi-patient ventilation
circuit

Four trials were performed where a pig that developed mod-
erate ARDS (PS) from LPS was attached to the MPVC with
a healthy animal (PH), thus maximizing a difference in lung
compliance. The animal injury model was developed using
LPS, following the procedure described in a previous study
by Lutz et al. [20]. However, the LPS dose of 4 mg/kg used
in the present study was slightly higher than the dose previ-
ously used by other groups [21-25]. The PS in studies one
and three survived to the experiment endpoint, and the PS
in trials two and four experienced cardiac arrests before the
four-hour experiment endpoint. During all four experiments,
the PHs maintained stable vital signs and showed no signs
of trauma from over-ventilation. A controlled study was
performed with four PSs placed on single patient ventila-
tor circuits (SPVC). Of the four SPVC animals, one never
developed moderate to severe ARDS after receiving 4 mg/
kg of LPS and was thus excluded from comparisons. Of the
remaining three animals, two survived until the end of the
experiment.

Individual ventilation vs. multi-patient ventilation
blood oxygenation

The average oxygenation levels in partial pressure of oxygen
(PaO,) and peripheral oxygen saturation (SpO,) of the PS
animals on MPVC were compared to the SPVC animals.
This was done by aligning the experiment time based on
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the time each animal met the Berlin criteria for moderate to
severe ARDS. Because some animals died earlier than the
4-h endpoint and others took longer to develop ARDS, the
number of animals (n values located just above the x-axis in
Fig. 2) compared at each 30-min time point varied. Three
baseline measurements taken before LPS administration
were compared. The SpO, values for pigs on SPVC had
a range of 68-89% during the 4-hour study. Similarly, the
SpO, values for pigs on MVPC had a range of 70-93%.
The SpO,/FiO, ratio for pigs on SPVC and MPVC ranged
from 74 to 94 and 50 to 108, respectively. No statistically
significant differences were found in PaO, throughout the
study (p>0.05) (Fig. 2A). For SpO, (Fig. 2B), t+0.5 h.
was the only significant difference (p <0.001). As seen in
Fig. 2, the SpO, level drops immediately after ARDS devel-
opment which is also the time the stacked ventilator pigs
were switched to the MPVC.

Results from the multi-patient in-vivo experiments

Vital signs, ventilator changes, and FRE adjustments for PH
and PS were recorded for the duration of each trial. Figure 3
illustrates the timeline of events and vital signs recorded.
Peripheral oxygen saturation (SpO,; %), heart rate (bpm),
mean arterial pressure (MAP; mmHg), end-tidal carbon
dioxide (EtCO,; mmHg), positive end-expiratory pressure
(PEEP, cmH,0), partial pressure of oxygen to fraction of
inspired oxygen (Berlin Criteria), respiratory rate (breaths/
min), minute volume (L/min), peak pressure (cmH,0), tidal
volume (mL), and FRE resistance were measured. EtCO,
data were not collected for PS during LPS administration.
The ventilator pressure control, PEEP, respiratory rate, min-
ute volume, peak pressure, and tidal volume were recorded
for each animal separately until they were placed on the
MPVC. After MPV began, reported minute and tidal vol-
umes were the sum of the two patients’ volumes. In studies
1 and 3, both PH and PS survived to the 4-h endpoint of the
trial. In studies 2 and 4, PS died before the 4-hour endpoint,
and PH was subsequently euthanized.

During the MPVC trials, it was noted that when PS was
unstable, PH remained stable. After the start of MPV in
study 1, PH, (where the subscript denotes the study num-
ber 1-4) had adequate oxygenation with PaO, levels that
remained above 225 mmHg and SpO, levels above 95%.
PS,’s PaO, values remained below 100 mmHg for approxi-
mately 3.5 h. Rotating the animals from supine to lateral
position appeared to decrease their EtCO, levels. In study
3, the first baseline PaO, measurements were low because
the oxygen tank was mistakenly left unopened. The three
baseline measurements were subsequently repeated.

After the start of MPV in study 4, PS, exhibited a fluc-
tuating bpm and EtCO, before circuit combination. Instead
of starting MPV immediately after the Berlin criteria was
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Fig.2 There is no statistically significant difference in PaO, values
(A) and one difference in SpO, values (p <0.001, indicated by *) (B)
when comparing individually ventilated pigs (SPVC) with patient
stacked pigs (MPVC). Oxygen comparison between three ARDS ani-
mals that were individually ventilated and four ARDS animals that
were ventilated along with a healthy animal during ARDS develop-
ment and up to 4 hours after is shown. A comparison between the two
groups was performed with a two-sample heteroscedastic 7 test with a
significance level of a=0.05. The sample size (n) for each time step

is given above the x-axis. Since some animals developed ARDS faster
than others and some died before reaching the end of the study, n val-
ues (located just above the x-axis) varied but were centered around
developing moderate to severe ARDS per the Berlin criteria. Three
baseline measurements were taken before any LPS administration and
were compared together at the beginning of the chart. The stacked
ventilation pigs were placed on the same ventilator within 1 hour of
reaching ARDS. Error bars indicate + 1 SD
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Fig. 3 Although the PSs became unstable in every study and required
ventilator adjustments, the PHs that were attached to the same venti-
lator remained stable. The timelines for vital signs and events for each
of the four studies are shown. Peak pressure adjustments of the venti-

met, 40 minutes was allowed to stabilize PS, before being
placed on the MPVC. PH, exhibited PaO, levels above
225 mmHg, SpO, levels above 90%, stable bpm and MAP
during MPV. PS, was extremely unstable with fluctuating
bpm, decreasing oxygenation and MAP before going into
cardiac arrest after 3 h of ventilation on the MPVC. Many
ventilator pressure changes were made to recover the animal,
but little response was seen. The SpO, levels fell as low
as 47%. After 40 min of treatment via atropine injection,
repositioning from supine to lateral, and increasing PEEP,
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= Shared Ventilation

lator significantly impacted the PSs with minimal impact on the PHs.
FRE adjustments affected the vital signs of the PHs with no notice-
able effect on the PSs

PH, did not stabilize and was placed on the MPVC. For the
remainder of study 4, the ventilator pressure was adjusted
to a maximum of 30 mmHg to adequately oxygenate PS,
while PH, remained stable with the FRE restricting airflow.

In general, decreasing the FRE’s resistance resulted in
decreased EtCO, for PH and vice versa when increasing the
FRE’s resistance. The EtCO, level of PH,; was unstable after
being put on the MPVC and was above 40 mmHg after lev-
eling out. Table 2 lists the observed changes in EtCO, levels
after changes were made to ventilator settings or the FRE. For
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Table 2, PS’s proximal line was monitored by the ventilator.
Each patient has an FRE; however, changing the patient’s FRE
that’s proximal line is being monitored (PS in this case) does
not affect since the ventilator is set to match that patient’s pres-
sure control (PC) setting. Thus, the FRE on the PH’s circuit is
the only FRE adjusted unless the patient’s lung compliances
are switched.
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Discussion

The objective of this study was to address ventilator short-
ages and patient stacking limitations by developing and
validating a modified breathing circuit for two patients
with different lung compliances. An important component
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Fig.3 (continued)

of this study was to test the technique on an animal injury
model of ARDS. The efficacy of the MPVC design was
tested using a porcine model of LPS-induced ARDS as
a model for COVID-19. There are several characteris-
tics of COVID-19 induced ARDS that are approximated
by the LPS-induced ARDS model. Most notably poor
oxygenation, which COVID-19 patients may encounter
despite relatively normal lung compliance [26]. As the
disease progresses, inflammation and edema in the lungs
increases, leading to a decrease in lung compliance. The
porcine model used in this study consistently presented
hypoxemia. As such, the range of PaO,/FiO, for both the
SPVC and MPVC ARDS animals was consistent with
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hypoxemia that characterizes moderate to severe ARDS.
This model also presented inflammation in the lung tissue
which contributes to edema in infected lungs [26, 26]. The
LPS-induced ARDS model had a rapid onset of <2 h and
was representative of an advanced stage of ARDS.

This study found that there were no significant differ-
ences in oxygenation between SPVC and MPVC animals. As
the animals were placed on the same ventilator, they were
without oxygen support for a short period. This is a possible
explanation for the difference in SpO, values at t+0.5 h.
between the MPVC and SPVC ARDS animals. An alter-
native explanation for the difference in oxygenation is the
100% FiO, administered to only the SPVC animals during
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Action PS effect PH effect
Increase ventilator pressure control (PC) Decrease EtCO, Decrease EtCO,
Decrease ventilator PC Increase EtCO, Increase EtCO,
Increase ventilator positive end expiratory Minimal increase EtCO, Minimal increase ETCO,
pressure (PEEP)
Decrease ventilator PEEP Minimal decrease EtCO, Minimal decrease EtCO,
Decrease PH’s FRE resistance No effect Decrease EtCO,
Increase PHs FRE resistance No effect Increase EtCO,
Increase ventilator I-time Decrease EtCO, Decrease EtCO,
Decrease ventilator I-time Increase EtCO, Increase EtCO,

For the standard MPVC setup, PS has the proximal line attached to give feedback to the ventilator (Le., the
three-way flow valve is turned to monitor PS). Each patient has their own FRE; however, adjusting the PS’s
FRE has no effect since the proximal line is monitoring that patient. Thus, the FRE on the PH circuit is the
only FRE that should be adjusted unless the patient’s lung compliances are switched
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the bronchoscopies. On average, bronchoscopy duration
was 6 min and occurred 15 min after the Berlin criteria for
moderate ARDS Berlin was reached. Other than the single
t+0.5 h. time point, oxygenation levels between the two
groups were similar. Additionally, this study demonstrated
an extreme lung compliance variation as PH was ventilated
alongside PS. Thus, this model showed that the MPVC can
be used to ventilate two patients with mismatched lung com-
pliances and provide sufficient oxygenation.

Due to the difference in lung compliance between PH
and PS, PH does not require the same airflow and pressure
that PS does. Since the FiO, is the same for both patients, a
balance must be found between keeping PS oxygenated but
not over-ventilating PH. When the resistance of the healthier
animal’s FRE was increased, it restricted airflow and thus
prevented the patient from being over-ventilated which could
cause overstretching of the lungs, hyperoxia, and inflam-
mation. Adjusting the FRE had no noticeable effect on PS.
Changes in ventilator pressure control were made to ensure
adequate gas exchange in PS, which was evaluated by PaO,,
Sp0O,, and EtCO,. PH remained stable despite these changes
in ventilator pressure. The tolerance of PH to the MPVC was
demonstrated in study 4 where PS became extremely unsta-
ble and frequent changes in ventilator pressure were made.
The FRE showed to be effective in preventing over-ventila-
tion of the PH throughout all ventilator changes made in an
attempt to stabilize PS. PH’s PaO, values were elevated to
250 mmHg, which can be acceptable for a moderate period.

There are some limitations to MPV. A known method of
ventilating ARDS patients is airway pressure release ventila-
tion. This method uses high continuous airway pressure to
promote alveolar recruitment [26]. However, this method is
not possible when ventilating PH since FRE slows inhala-
tion. As a result, PH never reaches a sustained peak pres-
sure (Fig. 2E). This problem may be overcome by increasing
PEEP to raise the mean airway pressure and enable more
oxygenation. Also, certain ventilator parameters, such as res-
piratory rate, I-time, PEEP, and FiO,% cannot be individual-
ized for each patient using our MPVC. However, using an
FRE one can individualize PC and tidal volume. Srinivasan
et al. were able to overcome part of this problem by individ-
ualizing PEEP using PEEP valves on each patient’s expira-
tory line [5]. Additionally, our MPVC setup did not include
any tidal volume measurements. Changes to the ventilator
and FRE were based solely on vital readings. However, for
ARDS patients, maintaining low tidal volumes is one of the
only proven methods for successful treatment [26]. To obtain
a tidal volume measurement, an external respiratory monitor
would be required.

Another limitation of the presented study was respira-
tory system compliance of PS and PH were not explicitly
measured. However, the low lung compliance of the ARDS
animals was evident in the high peak pressure required to
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sustain life after receiving LPS. As seen in every study in
Fig. 3, before receiving LPS, both animals were stable at a
pressure control setting between 15 and 20 cmH,0. After
LPS administration, pressure control settings were mainly
between 25 and 30 cmH,0. These higher pressures were
required to sufficiently oxygenate the ARDS animal. Also,
this difference in the pressure setting requirement between
the two animals (nothing was given to the healthy animal so
its pressure setting requirement should have remained stable)
highlights the need for a flow or pressure titration device.

The animal study showed it is possible to ventilate mul-
tiple subjects on a single ventilator for a short period using
simple flow restrictors and minor tubing set modifications.
The presented method should only be considered during
ventilator shortages. Additionally, to practically implement
MPV in a medical center, the ventilator alarms need to be
set up to alert health care personnel of ventilation issues.
Srinivasan et al. addressed this by setting the exhaled vol-
ume and minute ventilation alarms according to the sum of
the patients’ tidal volumes [5]. They enabled the ventila-
tor to alarm in response to any circuit occlusions, shunts,
or disconnections from endotracheal tubes [5]. Srinivasan
et al. also experimentally showed that the extra viral filters
attached to each patient’s inspiratory limbs prevents cross-
contamination (Fig. 1) [5]. They showed this by nebulizing
trypan blue into the inspiratory limb of an artificial lung and
monitoring the flow paths. They concluded that no cross-
contamination was visually observed or detected from wipe
tests of each segment of the circuit.

For the MPVC setup, the precision needle valve suffi-
ciently regulated the pressure to the healthy patient. A pre-
cision resistor with high resolution and low nominal resist-
ance is necessary to fine-tune ventilation pressure and to
avoid circuit occlusion alarms. Clarke et al. used a Hoffman
clamp on a tracheal tube connected in series with an inspira-
tory limb of their test lungs [7]. Hoffman clamps are read-
ily available in most hospitals. However, unlike a precision
needle valve, they do not allow a high titration resolution.

An FRE on each patient’s inspiratory limb is necessary
as patients may progress or digress at different rates. In such
a case, the healthier patient may become the sicker patient.
Because of this, the now healthier patient’s FRE should be
adjusted to compensate for over-ventilation, and the now
sicker patient’s proximal line should be monitored and its FRE
opened completely. While ventilating multiple patients, it may
be necessary to place one or both patients in the prone posi-
tion or to remove a patient from the MPVC (e.g., to perform
a spontaneous breathing test). Although the animals in this
study were not placed in the prone position, they were rotated
between the left and right lateral recumbent positions. Thus,
placing a patient in the prone position should also be possible.
Switching a patient to single ventilation is as simple as detach-
ing the patient from the MPVC at the tee and wye connectors
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and adding caps in their place, replacing the FRE with the cir-
cuit tube adapter, and ensuring the three-way valve is monitor-
ing the single patient. Once the patients have been separated, a
spontaneous breathing test can be performed as usual [26]. For
this reason, there must be extra ventilators available to practi-
cally implement MPV within a hospital or clinic”.

Although the study was only performed on two porcine
subjects, the principles could likely be applied to ventilating
more than two patients. Theoretically, the volume capac-
ity of a ventilator is the main limiting factor to the number
of patients that could be placed onto a single ventilator. The
average tidal volume capacity for a hospital ICU ventilator is
around 2500 mL. Assuming the average person will need a
tidal volume of 500 mL [26], up to 5 patients could be on a
single ventilator.

We have demonstrated how multiple patients with differing
respiratory impedances can be ventilated with a single venti-
lator and receive sufficient respiratory support without over-
ventilating PH. As healthcare systems worldwide deal with
inundated ICUs and hospitals from the COVID-19 pandemic,
they could potentially benefit from this type of system by ena-
bling respiratory care to more patients with ARDS.
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