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Chapter 5 

 

Optimizing the settings on the ventilator settings: High PEEP for all? 

 

Serpa Neto A, Schultz MJ 

JAMA 2017; 317:1413-4 
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Mechanical ventilation is an incredibly effective life support technique widely deployed across 

a variety of clinical settings in the care of many millions of patients each year worldwide. 

However, it is not a panacea. A central issue is that artificial ventilation works by pushing air 

into the lungs via positive pressure, whereas physiologic respiration works by generating 

negative pressure to suck air into the lungs. Pushing air into the lungs is tricky because not 

all lung areas distend and collapse at the same driving pressure. Thus, a positive pressure 

breath may overstretch one area while failing to open another one, compromising gas 

exchange and causing direct mechanical injury to the lung (so–called ‘ventilator–induced 

lung injury’ [VILI]). Both the volume and pressure settings on a ventilator have been 

implicated in VILI, with tidal volumes that are ‘too large’ implicated in overdistension and 

positive end–expiratory pressure (PEEP) settings that are ‘too low’ implicated in alveolar 

collapse. Thus, current guidelines endorse a ‘low’ tidal volume and a ‘high’, or at least 

avoidance of ‘low’ PEEP level. But, these ‘one size fits all’ recommendations may not be 

optimal for all patients. 

There is convincing evidence for benefit of using a low tidal volume in patients with 

acute respiratory distress syndrome (ARDS),1 a syndrome characterized by coexistence of 

open and closed lung areas. Because even a low tidal volume is still able to cause 

overdistension of open lung areas in patients with extensive lung collapse,2 there is a 

noticeable trend towards extracorporeal support allowing the use of an even lower, or so–

called ‘ultra–low’ tidal volume.3 While it is still unclear whether a low tidal volume should be 

used in all patients receiving mechanical ventilation,4 evidence for harm from ventilation with 

a too large tidal volume is rapidly emerging in other patient groups, including critically ill 

patients without ARDS,5 emergency department patients,6 and even surgery patients who 

receive intraoperative ventilation only for a very short period of time.7 

There is also clear evidence for benefit of using a high PEEP level in patients with 

ARDS;8 however this benefit has only been observed in patients with moderate or severe 

ARDS. Among patients with milder forms of this life–threatening complication of critical 

illness, the use of a high PEEP level does not appear to be associated with an improved 
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survival and even appears to be associated with a longer duration of invasive ventilatory 

support.8 However, it still remains unclear whether a high PEEP level should be considered 

in other patient categories, as investigators continue to generate new evidence. For example, 

a recent meta–analysis suggested absence of evidence for benefits of ventilation with a high 

PEEP level in critically ill ventilated patients without ARDS.9 This meta–analysis did not even 

show benefit of the commonly used PEEP level of ‘5 cm H2O’, which usually is considered to 

be the minimum level to be used during invasive positive pressure ventilation. 

This same finding of lack of benefit is true for patients undergoing surgery who 

receive intraoperative ventilation.7 Even though the results of randomized clinical trials 

suggest benefit of use of a high PEEP level during intraoperative ventilation,7 the majority of 

these trials did not simply compare different PEEP levels, but instead ‘bundles of ventilation’ 

consisting of a low tidal volume with a high PEEP level versus a high tidal volume with a low 

PEEP level. Indeed, the question is whether benefit resulted from tidal volume reduction, 

PEEP level increase, or both. In addition, a recently published randomized trial of 

intraoperative ventilation that compared ventilation with a low PEEP level versus one with a 

high PEEP level demonstrated no benefit from a high PEEP level.10 

In this issue of JAMA, Leme et al.11 present the results of a single center randomized 

clinical trial of postoperative ventilation comparing a low PEEP level with a high PEEP level 

added to a lung protective ventilator strategy in hypoxemic patients after cardiac surgery. In 

this trial, postoperative ventilation with a high PEEP level (157 patients) compared to a lower 

PEEP level (163 patients) resulted in a significant shift toward less severe pulmonary 

complications and was associated with a shorter length of stay in intensive care unit (3.8 

versus 4.8 days) and hospital (10.9 versus 12.34 days). These results are intriguing and 

could be important for advancing current understanding of the role of PEEP in postoperative 

ventilation. Furthermore, the findings also may help determine which patients may benefit 

from ventilation using a high PEEP level. 

The results of the trial by Leme et al.11 are, at least in part consistent with those from 

two previous studies of postoperative ventilation.12,13 The first, a ‘physiological’ study in 
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patients following cardiac surgery, showed that the lung and chest wall were stiffer in the first 

postoperative hours.12 This could be a potential reason for consideration of  using a high 

PEEP level in these patients, at least for some hours. The second report, a before–after 

study in patients following cardiac surgery, showed that a ventilation strategy using a high 

level of PEEP for 4 hours was associated with improved oxygenation lasting days after 

surgery.13 In contrast to the trial by Leme et al.11 the investigators of that study failed to show 

a positive association with other clinical outcomes.13 Important, patients in this earlier study 

of cardiac surgery patients differed from those included in the randomized trial by Leme et al. 

11 The trial by Leme et al.11 included only patients who presented with hypoxemia, whereas 

the earlier study had no restrictions with regard to whether the patient was hypoxemic.13 

Could it be hypothesized that patients included in the randomized trial by Leme et 

al.11 were not ‘simple’ postoperative patients with ‘healthy’ lungs, but instead were patients 

with ‘injured’ lungs after cardiac surgery? Patients included in the trial by Leme et al.11 were 

not only having oxygenation problems, but also had stiff lungs, as seen by their low 

respiratory system compliance. Also, electrical impedance tomography showed a 

misdistribution of ventilation, a typical finding in patients with severe alveolar collapse. 

Considering this information is it possible that these patients could have had a type of 

‘postoperative ARDS’? For patients with this clinical profile, there is proven evidence for 

benefit of ventilation with a high PEEP level.8 

Thus, the question remains as to whether a high PEEP level should be used in all 

patients. However, high PEEP not only recruits collapsed lung tissue, but can also lead to 

lung overdistension. If lung collapse is extensive, as in patients with ARDS, and maybe also 

in patients with ‘postoperative ARDS’, the balance between benefit, i.e., recruitment of lung 

tissue, and harm, i.e., lung overdistension, tips towards the first. If there is very little lung 

collapse, as in critically ill patients without ARDS or patients during surgery, this balance 

could go in the other direction. 

Finally, postoperative ventilation with high PEEP in the randomized trial by Leme et 

al.11 resulted in a lower driving pressure. A recent meta–analysis showed that a change in 
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the PEEP level resulting in a lower driving pressure level during intraoperative ventilation 

was associated with a lower incidence of postoperative pulmonary complications.14 This 

raises the issue of whether it is best to select a ‘fixed’ high PEEP level, or whether PEEP 

level should be titrated, trying to reach a low driving pressure level. Leme et al.11 could do an 

additional analysis to see whether there is a relation between the driving pressure level and 

the occurrence of postoperative complications. Could it be that in some patients ventilated 

with a high PEEP level, the driving pressure level did not change, or even increased? To put 

it differently, could it be that in some patients it could have been better to ‘accept’ some lung 

collapse, as the price for opening them was a higher driving pressure level?15,16 

In conclusion, the clinical trial by Leme and colleagues in this issue of JAMA provides 

another brick in the wall of ‘lung–protection’. However, it remains unclear which patients 

benefit most from ventilation with a high PEEP level. 
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