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id-19: un estudio basado en una simulación

r Editor:

The coronavirus disease 2019 (COVID-19) pandemic has cre-
d a public health emergency challenging the health care system
abilities. The shortage of medical resources, in particular of
chanical ventilators represents a major concern, leading to some
ters considering the use of a single mechanical ventilator for

 patients (co-venting). Protocols designed to co-ventilate are
ed on the use of a single setting delivering pressure-controlled
tilation (PCV) for two patients with similar mechanical support
ds and under neuromuscular blockade. Despite these precau-
s, the sharing of mechanical ventilators has raised numerous
cerns among scientific societies.1 Uneven distribution of tidal
ume (VT) between the two patients is a major risk, which
ld theoretically be circumvented by matching patients by size

 respiratory mechanics at initiation mechanical ventilation.
ertheless, the dynamic characteristics of patients in respira-

y failure cause fluctuations of lung compliance (C) and airway
istance (R). Recently, Gattinoni et al. proposed two  primary
notypes of COVID-19 pneumonia: “type L” (low elastance) and

pe H” (high elastance).2 Patients could transition through both
notypes during the course of the disease depending on various
ors. Therefore, a dynamic and (probably) unpredictable pattern
espiratory mechanics should be expected in COVID-19 patients
ergoing mechanical ventilation.

To describe the impact that different C and R would have
VT during co-ventilation, a mechanical ventilator (Puritan

nett 840, Medtronic, Minneapolis, MN)  was connected to a
l-chamber lung simulator (Training and Test Lung, Michigan

truments, Grand Rapids, MI)  using two tubing sets connected
ough T-tubes, as previously described.3 Each of the simulator
mbers represented a different patient (simulated case #1 and

 respectively). Stable, relatively normal C (50 mL/cmH2O) and R
mH2O/s) were maintained for case #1 throughout the experi-
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nt, while different abnormal conditions were simulated for case
 Pressure, flow and VT were registered for each chamber indi-
ually (SAMAY MV16, Uruguay).
During PCV the ventilator was set at peak pressure of 18 cmH2O,
itive end-expiratory pressure (PEEP) of 10 cmH2O,  respiratory

e of 15 breaths/min, inspiratory–expiratory ratio of 1:2. Mecha-
al ventilation was initiated with identical C (50 mL/cmH2O)  and
5 cmH2O/s) for both simulated patients and baseline measure-
nts were obtained. Afterwards, different pathological scenarios
re simulated to occur to case #2. Progressive reduction of lung

aintaining R = 5 cmH2O/s) resulted in a substantial contraction
T for case #2, leading to a decrease of up to 18% from baseline

en C was  10 mL/cmH2O. Case #1 presented a gradual but modest
uction of VT as C of case #2 declined (Fig. 1a). Later, airway
f case #2 was increased while maintaining C at 50 mL/cmH2O
. 1b). Tidal volume was  relatively preserved for case #1 and case
at R = 20 cmH2O/s (98% and 89% from baseline, respectively).

wever, a severe increase in R (50 cmH2O/s) resulted in a drastic
uction of VT for case #2, while a minor decrease was observed

 case #1 (52% and 91% from baseline, respectively).
The same experimental protocol was  repeated in volume-
trolled ventilation (VCV) with VT set at 800 mL  while
intaining the other settings unchanged. As observed in PCV, the
rease in lung C or increase in airway R determined a progres-

 reduction of VT for case #2. More importantly, this reduction
s paralleled by an increase in VT for case #1 (Fig. 1c and d).
refore, case #1 and case #2 could potentially receive highly
qual VT such as 177% and 32% from baseline, respectively

 10 mL/cmH2O).
Ventilating two  patients with a single mechanical ventilator has
n proposed as a last resort in a crisis standard of care, as could
ur during COVID-19 pandemic. This strategy obviously presents
ificant limitations that could expose both patients to an exces-
 risk of adverse events. Changes in respiratory mechanics may
ur unexpectedly as a result of diverse situations (bronchospasm,
retions, hyperinflation, lung edema, pneumothorax, etc.). Bran-

 et al. have already shown the disparity of VT distribution among
r simulated patients connected to a single ventilator, as C and
ere modified.4 Here, we  aimed to reproduce a scenario that we

ieve is more likely to occur during the COVID-19 outbreak, co-
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Fig. 1. Tidal volume distribution during pressure-controlled ventilation (a, b) or volume-controlled ventilation (c, d) while modifying compliance or resistance of case #2.
PCV:  pressure-controlled ventilation; VCV: volume-controlled ventilation; #1: simulated case #1; #2: simulated case #2; C: lung compliance (in mL/cmH2O); R: airway
resistance (in cmH2O/s).

ventilating two simulated patients that might present relatively
preserved or extremely abnormal respiratory mechanics.2,5,6 As
we demonstrated in this simulation-based analysis, variation of a
single characteristic (C or R) on one patient can drastically affect
the way gas is distributed. Of note, we observed similar results
when simulation was performed at different PEEP levels (5, 10 and
15 cmH2O). Our study design represents an oversimplification of
what might occur on a clinical setting, in which both patients could
present changes in C and R, in similar or opposite directions. In
this scenario, both patients (in different ways) could be exposed
to a significant risk of hypo or hyperventilation, with hypercap-
nia and volutrauma among the most feared consequences. Despite
a thoughtful setting of alarm parameters, without individual res-
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American Association of Critical-Care Nurses, and American College of Chest
Physicians. Joint statement on multiple patients per ventilator. Available from:
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Patients-Per-Ventilato/Joint-Statement-Patients-Single-Ventilator.pdf?lang=
en-US [accessed 04.19.20].

2.  Gattinoni L, Chiumello D, Caironi P, Busana M,  Romitti F, Brazzi L, et al. COVID-19
pneumonia: different respiratory treatments for different phenotypes? Intensive
Care Med. 2020;46:1099–1102.

3. Neyman G, Irvin CB. A single ventilator for multiple simulated patients to meet
disaster surge. Acad Emerg Med. 2006;13:1246–50.

4. Branson RD, Blakeman TC, Robinson BR, Johannigman JA. Use of a single ventilator
to  support 4 patients: laboratory evaluation of a limited concept. Respir Care.
2012;57:399–403.

5. Pan C, Chen L, Lu C, Zhang W,  Xia JA, Sklar MC,  et al. Lung recruitability in
SARS-CoV-2 associated acute respiratory distress syndrome: a single-center,
observational study. Am J Respir Crit Care Med. 2020;201:1294–7.
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piratory monitoring the entailed risk of late detection of the
phenomena is too high. As expected, VCV was associated to a mo
uneven distribution of VT, significantly increasing the risks.

In summary, ventilator sharing could result in deleterio
effects related to inadequate VT distribution. This study addresse
single aspect of the issues related to patient co-venting, using a si
ulation experimental setting, while many other concerns remain
be studied. Notwithstanding, ventilating two patients with a s
gle mechanical ventilator appears to be an unsafe practice. Furth
research and safety measurements are required before it could 

recommended in exceptional circumstances.
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