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Lung protective ventilation, usually referred to as ven-
tilation with low tidal volumes (VT) and low inspiratory 
pressures (Pinsp), has repeatedly been shown to reduce 
mortality in patients with acute lung injury [1]. Conserv-
ative oxygen supplementation, a strategy that prevents 
arterial hyperoxemia through restricted use of oxygen 
[2], could be seen as another way to protect the lungs as 
use of low fractions of inspired oxygen  (FiO2) reduces the 
direct toxic effects of oxygen on pulmonary tissue. Venti-
lation with low driving pressure (ΔP) and less mechanical 
power (MP) may also improve outcomes [3, 4

Targeting low  VT and low pressures is a rather simple 
task, as it often involves nothing more than setting  VT 
that suits the ideal bodyweight. Conservative oxygen sup-
plementation may also be seen as not so difficult, notwith-
standing that use of low  FiO2 increases the risk of arterial 
hypoxia. Targeting low ΔP can be more of a challenge. ΔP 
is simple to monitor as it requires a simple calculation 
at the bedside, and a reduction in ΔP can be straightfor-
wardly achieved by limiting  VT [3], that is when  VT are 
not already low. Use of high positive end-expiratory pres-
sure (PEEP) may decrease ΔP if it increases the size of 
the functional lung. However, high PEEP may not always 
recruit collapsed lung units, and can instead cause pul-
monary overdistention, thereby increasing ΔP. Targeting 
less MP is by far the most complex and difficult interven-
tion. MP is  not so easy to monitor as it requires a com-
plex formula that uses  VT, Pinsp, ΔP, inspiratory flow, 
and also respiratory rate (RR). And with that, it is uncer-
tain which of these elements to ‘prioritize’. Most difficult 
herein, surely, is that changing the one setting may require 

an adjustment in the other, and these actually may have 
opposite effects on MP—for example, limiting  VT to lower 
MP may only be possible by increasing RR, but the lat-
ter actually will increase MP. Last but not least, the ever-
changing pulmonary condition makes this all even more 
problematic, requiring almost near-constant adjustments 
to keep all settings within safe limits.

With the increasing complexity of lung protective venti-
lation, the question can be asked who should be involved 
in this intervention that has a huge potential to improve 
patient outcomes—clearly, this cannot be done by doc-
tors or respiratory therapists, as these healthcare work-
ers are too little present at the bedside. And it is also not 
possible to have this work done by nurses who have many 
other things to take care of. Next, we are currently facing 
an unsustainable situation in medical staffing. Already in 
2000 it was forecasted that demand, i.e., numbers of criti-
cally ill patients, would continue to grow, while supply, 
i.e., intensivists and pulmonologists, would remain near 
constant, yielding deficits of specialists in intensive care 
units (ICUs) in the United States [5]. There have been no 
signs that this projection was wrong, and similar progno-
ses can be made regarding ICU nurses and other health-
care providers within our specialty, now also in the United 
Kingdom [6]. The recent pandemic taught us that hospi-
tal systems, including ICUs, can easily become disrupted, 
perhaps most of all because of the already scarce avail-
able ICU nurses. And this is probably most often the case 
in countries where there are too few health care workers. 
Recent news regarding alarming departures of nurses from 
ICUs enhances the feeling of urgency.

Although it is already considered normal in our daily 
lives for complex or routine tasks to be taken over by 
robots, we see this only sporadically happening within 
the walls of hospitals, including in ICUs. However, the 
question is not if, but when the complex task of lung 
protective ventilation will be automated [7]. Actually, 
so-called ‘closed-loop’ ventilation modes have already 
entered the critical care arena, and are increasingly used. 
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Examples of automated ventilation modes are presented 
in Fig. 1. These modes are all based on closed-loop princi-
ples, wherein proportional assist ventilation (PAV) + and 
Neurally Adjusted Ventilatory Assist (NAVA) deliver 
proportional assist and measure patient efforts, and 
SmartCare, Adaptive Support Ventilation (ASV) and 

INTELLiVENT-ASV integrate algorithms to target venti-
lation and oxygenation goals in accordance to changes in 
lung mechanics (for further details, see Fig. 1).

Evidence for benefit of using automated ventila-
tion modes is steadily growing. Benefit are improved 
safety and effectiveness, and by that a better efficacy. 

Despite years of research in mechanical 
ventilation many settings remained to be 
set by hand.
Here is when the ventilators integrated 
closed-loop systems.

PAV+

inspiratory assist in proportion to patient’s effort

ASV
automated selection of VT and RR
according to the least WOB (Otis)

NAVA
monitors diaphragm activity

inspiratory assist in proportion to diaphragm activity

SmartCare
automated weaning mode

monitors VT, RR, and etCO2

reduction of PS and performs SBT

INTELLiVENT-ASV
automated selection of VT and RR

according to the least WOB (Otis) and FOB (Mead)
monitors VT, RR, etCO2 and SpO2

automated titrations of AMV, PEEP and FiO2

reduction of AMV via reduction of PS, performs SBT
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Fig. 1 A  history of automated ventilation. Overview of currently available closed–loop ventilation modes, with brief explanations of how they 
work. The here described examples of automated ventilation modes are Proportional Assist Ventilation with load–adjustable gain factors (PAV +), 
available on Puritan Bennett ventilators (Puritan Bennett, Minneapolis, USA), SmartCare, available on Dräger ventilators (Dräger, Lübeck, Germany), 
Neurally Adjusted Ventilatory Assist ventilation (NAVA), available on Maquet ventilators (Getinge, Goteborg, Sweden), and Adaptive Support Ventila‑
tion (ASV) and its successor INTELLiVENT–ASV, available on Hamilton ventilators (Hamilton Medical AG, Bonaduz, Switzerland). Abbreviations:  VT: 
tidal volume, RR: respiratory rate,  etCO2: end‑tidal carbon dioxide, PS: pressure support, SBT: spontaneous breathing trial, WOB: Work of Breathing, 
FOB: Force of Breathing,  SpO2: pulse oximetry,  FiO2: fraction of inspired oxygen
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INTELLiVENT-ASV has not only found to be safe, but 
also effective with regard to titration of  VT and Pinsp, and 
indirectly ΔP and MP [8]. Compared to conventional ven-
tilation, INTELLiVENT-ASV provides ventilation with 
fewer episodes of hypoxemia, and with lower ΔP and 
less MP [9–11]. PAV + has been found to decrease ΔP, 
by decreasing  VT when the functional lung size becomes 
smaller, and by increasing  VT only when the functional 
lung size increases [12]. SmartCare and PAV + have been 
found to decrease duration of weaning [13, 14], and to 
shorten duration of ventilation and stay in ICU [14], and 
NAVA may increase survival [14].

But benefits of automated ventilation should not only 
include safety, effectiveness and efficacy. Automation 
should also reduce workloads. We are uncertain how to 
measure this adequately. While use of INTELLiVENT-
ASV is associated with a reduction in the number of 
interactions between caregivers and ventilators [15], this 
may not necessarily mean it reduces the workload. In 
addition, it may take time to implement automated ven-
tilation, as it requires a change in the role of caregivers. 
Especially at first use it could be more time-consuming 
to ‘supervise an autopilot’ than ‘being the pilot’. Also, if 
alarm settings are set wrong, i.e., too tight, automated 
ventilation may actually increase the number of alarms, 
and thereby workloads. Last but not least, it takes time 
‘trusting’ the new.

In conclusion, automated ventilation has a great poten-
tial to improve lung protective ventilation, and with that 
the outcome of critically ill patients. In the context of the 
growing shortages in ICU staffing, research should not 
only focus on safety, effectiveness and efficiency, but cer-
tainly also on workloads associated with (implementation 
of ) automated ventilation.
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