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6.1  Introduction

Evidence for recommendations on ventilatory support in patients with sepsis or 
septic shock has been mainly gathered from investigations in resource-rich settings 
[1, 2]. Often, it is not practical to directly translate this evidence to resource-limited 
settings. Indeed, intensive care units (ICUs) in these settings are frequently restricted 
in availability of equipment, laboratory support, and skilled staff [3]. 
Recommendations and suggestions are summarized in Table 6.1.

6.2  The Diagnosis of the Acute Respiratory Distress 
Syndrome (ARDS)

ARDS is a combined clinical and radiographic diagnosis, which per the latest con-
sensus definition [4] requires the presence of acute bilateral chest infiltrates (onset 
within less than 1 week), not primarily caused by hydrostatic pulmonary edema, 
associated with hypoxemia based on PaO2 to FiO2 ratio (P/F) of less than 300 mm 
Hg and requiring at least 5  cm H2O of positive end-expiratory pressure (PEEP). 
Therefore, in order to diagnose ARDS, performance of a chest radiograph (CXR) 
and arterial blood gas analysis (ABG) is necessary. However, the availability (or the 
lack of) of CXR and ABG in resource-limited settings might preclude their timely 
performance and utility in diagnosing septic patient with ARDS.  It is not clear 
whether the mere diagnosis of ARDS would impact care and/or outcomes of patients 
with sepsis or septic shock with acute respiratory failure. There is a growing body 
of evidence suggesting that the diagnostic utility of the ultrasound exam of the lung 
compares well with that of the CXR [5–9]. When coupled with the performance of 
point-of-care echocardiogram, the diagnosis of non-cardiogenic pulmonary edema 
can be achieved in acutely hypoxemic patients, including those with sepsis 
[10–12].

Low oxygen saturation to FiO2 ratio (S/F) within 6 h of presentation to emergency 
room was found to predict early development of ARDS [13]. A secondary analysis of 
the ARDS Network trial of a lower tidal volume ventilator strategy showed that S/F 
correlated with P/F in patients with ARDS [14]. Another study suggests that ARDS 
patients diagnosed by S/F have very similar clinical characteristics and outcomes 
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Table 6.1 Recommendations and suggestions on ventilatory support in patients with sepsis or 
septic shock in resource-limited settings (with grading)

1 ARDS 
diagnosis

Use CXR and ABG in septic patients with acute respiratory failure to 
diagnose ARDS (2B); where feasible, ultrasound exam of the lungs and 
heart may be used to narrow down the diagnosis of non-cardiogenic 
pulmonary edema (2D); oxygen pulse saturation relative to delivered 
oxygen concentration (S/F) may be an alternative for the arterial oxygen 
pressure relative to delivered oxygen concentration (P/F) for decision- 
making and continuous monitoring in settings where blood gas analyzers 
are absent (2D); patients with acute respiratory failure with or without 
ARDS diagnosis should be managed employing the principles of 
lung-protective mechanical ventilation (2B)

2 Semi- 
recumbent 
position

For ventilated septic patients, use elevated head-of-bed position ranging 
from 30° to 45° unless their hemodynamic state precludes this (1B); lower 
patient’s position to less than 30° head-of-bed elevation transiently for the 
necessary procedures and during the resuscitation of the shock state until 
hemodynamic status is improved (1B) or longer in cases of sacral 
decubitus ulcer (1C)

3 NIV Use invasive mechanical ventilation in cases of severe hemodynamic 
disturbance (i.e., shock) and/or severe hypoxemia (1A). NIV could be used 
in selected cases of mild respiratory failure with preserved or relatively 
stable hemodynamic status (2A); frequent reassessments of therapeutic 
effect of NIV are required in order to prevent delay in intubation and 
mechanical ventilation (1B)

4 Spontaneous 
breathing 
trials

Use spontaneous breathing trials early and regularly, preferably daily, in all 
ventilated patients (1A) (notably, to increase the success of this strategy, 
excessive sedation should be prevented); use the low level of pressure 
support technique (2D); perform spontaneous breathing trials, and extubate 
if the trial is passed successfully only at times sufficient staff is available 
(2D); develop a local guideline for spontaneous breathing trials (2C)

5 Tidal volume 
size

Use low tidal volume ventilation in patients with ARDS diagnosis (1A) 
and in all ventilated patients (2B) (i.e., prevent tidal volumes higher than 
10 ml/kg PBW, and consider tidal volumes of 5–7 ml/kg PBW in all 
patients); titrate tidal volume size using PBW and not the actual body 
weight (2D); timely recognize under-ventilation, where respiratory rates 
should be adjusted (2D); accept higher respiratory rates (i.e., do not 
increase sedation if the respiratory rate rises with the use of lower tidal 
volumes) (2C); end-tidal CO2 monitoring could be helpful in timely 
recognition of under- or overventilation (2D)

6 PEEP Use a minimum level of PEEP (5 cm H2O) in all patients with sepsis or 
septic shock with acute respiratory failure (2B); consider using higher 
levels of PEEP only in patients with moderate or severe ARDS (2A); if 
lack of CXR and ABG availability hampers making an ARDS diagnosis, 
we suggest against liberal use of higher levels of PEEP (2D); when the 
team is trained and experienced in using respiratory dynamic compliance, 
PEEP could be titrated based on this parameter (2D); so-called PEEP/FiO2 
tables could be used for titrating PEEP, but this approach generally 
requires frequent ABGs (2B); patients who need higher levels of PEEP are 
preferably closely monitored, preferably by using an arterial line, as 
hypotension and circulatory depression may develop (1A)

(continued)
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compared with patients diagnosed by P/F [15]. A retrospective study from Brazil 
showed that a low S/F at ICU admission was associated with increased risk of death 
in patients with severe sepsis or septic shock [16]. However, diagnosis of ARDS or 
its severity categorization based on S/F alone can be difficult given a wide variability 
in S/F relative to P/F observed in the studies on the topic [13–20]. In addition to 
oxygenation impairment, bilateral infiltrates on CXR at the time of hospital presenta-
tion have also been shown to predict development of early ARDS [21].

We suggest using CXR and ABG in septic patients with acute respiratory failure, if 
available (2B). In the absence of CXR availability, frequent physical exams and the 
overall clinical picture will prove beneficial in monitoring patient’s respiratory status 
and decision-making (2D). Where feasible, ultrasound exam of the lungs and heart 
may be used to narrow down the diagnosis of non-cardiogenic pulmonary edema 
(2D). In the absence of ABG availability, the S/F could be an alternative for the P/F in 
decision-making and continuous monitoring of an individual patient (2B) (Table 6.2). 

Table 6.1 (continued)

7 FiO2 vs. 
PEEP

Low FiO2 is preferred over high FiO2 (2B); the target should be 
PaO2 > 8 kPa [60 mm Hg] and/or SpO2 88–95% (2A); PEEP/FiO2 tables 
can be used to find the best PEEP/FiO2 combination (2B); staff with 
experience in using PEEP could prefer to use higher levels of PEEP to treat 
hypoxia; in centers with little experience in using PEEP, the initial 
response to hypoxia should be higher FiO2 before using higher levels of 
PEEP (2D)

8 Recruitment 
maneuvers

Use recruitment maneuvers in patients with moderate or severe ARDS 
(2B) and in patients with refractory hypoxemia in whom an ARDS 
diagnosis cannot be made due to lack of CXR and/or ABG (2D) and only 
when the staff is trained and experienced in performing these maneuvers 
(2D); use the simplest maneuver, i.e., “sustained inflation” (2D); when 
using recruitment maneuvers, the patient should be closely monitored, 
preferably by using an arterial line, to promptly detect hemodynamic 
compromise (2B)

9 Modes of 
ventilation

We recommend using “volume-controlled” modes of ventilation over 
“pressure-controlled” modes of ventilation (2D); we cannot recommend on 
whether assisted ventilation (“support” mode) is preferred over assist 
ventilation (“controlled mode”) in all patients; use a short course of muscle 
paralysis (< 48 h) and thus controlled ventilation, only in patients with 
moderate or severe ARDS (2B)

Abbreviations: CO2 carbon dioxide, CXR chest radiograph, ABG arterial blood gas, ARDS acute 
respiratory distress syndrome, PBW predicted body weight, PEEP positive end-expiratory pres-
sure, NIV noninvasive ventilation
Grading: see online supplement for explanations

Table 6.2 Proposed S/F values as correlates to existing P/F thresholds

P/F = 300 P/F = 200 P/F = 100
Pandharipande et al. 370 240 115
Rice et al. 315 235 –
Lobete et al. 296 236 146
Khemani et al. 264 221 –
Bilan et al. 235 181 –

Data from [14, 17–20]
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Patients with sepsis-related acute respiratory failure with or without ARDS diagnosis 
should be managed employing the principles of lung-protective mechanical ventila-
tion (2B). In the questions to follow, recommendations may vary depending on the 
availability of CXR and ABG (i.e., the feasibility to make diagnosis of ARDS).

6.3  The Semi-recumbent Position

Position of the septic patient with acute respiratory failure necessitating oxygen and 
ventilator support may have important implications in the treatment. Currently, it is 
recommended that ventilated patients be positioned in the bed so the head of bed is 
elevated at the 30° to 45° (i.e., “semi-recumbent”). This position may be important 
for at least two reasons: (1) decreased risk of aspiration and (2) decreased work of 
breathing. Some patients with a profound hemodynamic disturbance despite the 
resuscitation may need to transiently be placed in a flat or even in a Trendelenburg 
position. Others, especially obese patients or those with states that increase abdomi-
nal pressure may benefit from the higher angle, sitting position to allow better grav-
ity support for the diaphragmatic excursions, which may reduce bibasilar atelectasis 
and improve ventilation–perfusion matching.

Although it may be expected that the maintenance of the head-of-bed elevation 
at 30° to 45° may increase the workload of nurses and other bedside providers, a 
single study from Brazil showed that among other interventions, maintenance of the 
head of bed at 30° to 45° did not additionally increase the workload of nursing pro-
fessionals in the ICU [22]. A randomized controlled trial (RCT) from Vietnam, 
however, suggests that a semi-recumbent position does not prevent the occurrence 
of healthcare-associated pneumonia in severe tetanus patients [23]. Nevertheless, 
other RCTs from resource-rich ICUs established the role of semi-recumbent posi-
tion in the prevention of aspiration and ventilator-associated pneumonia in critically 
ill patients [24–26]. The actual degree of elevation of head of bed needs to be indi-
vidualized based on the hemodynamic and respiratory status [27], as well as the risk 
of pressure sores/decubitus ulcers [28].

The semi-recumbent position should be feasible even in the most resource- 
limited settings, where despite the lack of special hospital beds, pillows and other 
soft material items can be used for the upper back and head support. In practice, 
it could be hard to sustain 30° with pillows alone. Frequent reassessments of the 
angle of elevation with a target of 30° to 45° should be instituted. Whether this 
single intervention further increases the workload of bedside providers will 
depend on the local, site-specific circumstances including the degree of involve-
ment of family members in the nursing care. Of note, the semi-recumbent position 
may not be suitable for some patients, such as those with acute thoracic spine 
fracture.

We recommend that the vast majority of ventilated septic patients should be 
placed in the semi-recumbent position with an elevated head of bed ranging from 
30° to 45° unless their hemodynamic state precludes this (1B). Patient’s position 
could be lowered to less than 30° head-of-bed elevation transiently for the necessary 
procedures and during the resuscitation of the shock state until hemodynamic status 
is improved (1B) or longer in cases of sacral decubitus ulcer (1C).

6 Ventilatory Support of Patients with Sepsis or Septic Shock in Resource-Limited
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6.4  Noninvasive Ventilation (NIV)

One of the primary goals in sepsis-induced acute respiratory failure is to ensure and 
maintain the tissue oxygen delivery. This can be provided by simple oxygen supple-
mentation as well as by NIV or invasive mechanical ventilation, which in addition 
to oxygen supplementation provides positive-pressure ventilation. Generally, 
patients with mild oxygen saturation impairments and noncomplicated hemody-
namic status (i.e., non-shock states) can be managed with simple oxygen supple-
mentation. NIV has potentially advantageous role in acute respiratory failure over 
the simple administration of oxygen [29] or invasive mechanical ventilation [30]. 
However, frequently patients initially started on NIV fail to improve and require 
intubation and invasive mechanical ventilation. Moreover, the delay in intubation 
and MV has been associated with adverse outcomes [31].

A prospective cohort study from Brazil showed that more than half of ICU 
patients initially placed on NIV (54%) required subsequent intubation and mechani-
cal ventilation, and failure of NIV was the strongest predictor of hospital mortality 
[31]. A 1-year observational study from India showed that almost all patients with 
moderate to severe acute respiratory failure required invasive mechanical ventila-
tion (40/41) and that almost 2/3 of patients (11/17) initially managed with NIV 
subsequently required intubation and invasive mechanical ventilation [32]. The 
remaining evidence stems from resource-rich ICUs and suggests discretionary use 
of NIV in cases of sepsis-associated acute respiratory failure and concomitant 
immunosuppressed state [33], hypercapnia due to obstructive lung disease [34, 35], 
or hydrostatic pulmonary edema, with relatively preserved mental status and 
absence of shock [30, 34]. NIV could also be attempted in patients with mild hemo-
dynamic and respiratory impairments with frequent reassessments of work of 
breathing, oxygenation and ventilation and prompt intubation, and invasive mechan-
ical ventilation in cases of failure to improve after 1–2 h of intensive resuscitation 
and monitoring [36].

In individual ICU settings, where both NIV and invasive mechanical ventilation 
are available, evidence from resource-rich settings could be translated. However, it 
is of utmost importance that patients placed on NIV are closely monitored and 
assessed, so in cases of insufficient improvement, they can be intubated and placed 
on invasive mechanical ventilation without delays. Therefore, it is important to 
stress the need for appropriate staffing, which will allow close monitoring and fre-
quent reassessments. Another potential safety concern is when NIV is applied using 
high tidal volumes because of underlying metabolic acidosis. Given potential for 
volume-induced lung injury, these patients may need invasive mechanical ventila-
tion with adequate sedation (and maybe even short-term muscle paralysis) if there 
is no improvement after short-term NIV (i.e., within 1–2 h).

Based on the evidence from resource-rich ICUs, we recommend the use of inva-
sive mechanical ventilation in cases of severe hemodynamic disturbance manifested 
as shock or severe hypoxemia (1A). We suggest that NIV could be used in selected 
cases of mild respiratory failure with preserved or relatively stable hemodynamic 
status (2A), especially in the above-described specific patient populations. This sug-
gestion does not depend on the availability or lack of CXR or ABG for ARDS 
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diagnosis. Once NIV is started, continuous resuscitation efforts and frequent reas-
sessments of therapeutic effect of NIV are required in order to prevent delay in 
intubation and MV (1B).

6.5  Spontaneous Breathing Trials

Preventing unnecessary long ventilatory support is essential in preventing harm 
from intubation and mechanical ventilation. Successful completion of spontaneous 
breathing trials, which include a low level of pressure support, continuous positive 
airway pressure, or the use of a T-piece, increases the likelihood of successful dis-
continuation of ventilation.

Three well-performed trials in resource-rich ICUs [37–39] clearly showed ben-
efit from early spontaneous breathing trials, i.e., shorter duration of ventilation. A 
recent meta-analysis found no evidence of a difference between spontaneous breath-
ing trials using low levels of pressure support and spontaneous breathing trials using 
a T-piece [40].

Spontaneous breathing trials are available and affordable, in particular if no addi-
tional techniques are used (e.g., when a spontaneous breathing trial uses a low level 
of pressure support). It could be safer to perform spontaneous breathing trials using 
low level of pressure support technique than spontaneous breathing trials using a 
T-piece, as with the first approach a minimum ventilatory support is guaranteed. 
Spontaneous breathing trials could be time-consuming, in particular for ICUs with 
restricted staffing, but if successfully implemented, this intervention could save 
resources including labor because it shortens duration of ventilation. For practical 
reasons, tracheal extubation of patients in whom a trial of spontaneous breathing is 
successful should take place when there is sufficient staffing around (i.e., during 
daytimes), as such reducing the risk of re-intubation with no adequate staffing 
promptly available. Notably, to increase the success of this strategy, oversedation 
should be prevented.

We recommend using spontaneous breathing trials regularly, preferably daily, in 
all ventilated patients in low resource-limited ICUs (1A), and we suggest using the 
low level of pressure support technique (2D). We suggest performing spontaneous 
breathing trials and to extubate if the trial is successful only when sufficient staff is 
available to re-intubate those patients that may still need ventilatory support (2D). 
Nurses and physicians should develop local protocols for spontaneous breathing 
trials (2C). Of note, the effectiveness of using spontaneous breathing trials depends 
on sedation practices.

6.6  Low Tidal Volumes

“Lung-protective” ventilation with low tidal volumes improves survival of patients 
with ARDS in resource-rich settings [41, 42], and this can be translated to resource- 
limited ICUs. Delays in diagnosing ARDS may delay timely use of low tidal vol-
umes, a problem that could be encountered in low- and middle-income countries 

6 Ventilatory Support of Patients with Sepsis or Septic Shock in Resource-Limited



138

(LMICs) (see also question 1). Restricting low tidal volume ventilation to patients 
with ARDS diagnosis thus could lead to underuse or delayed use of this interven-
tion, which is not an additional burden to limited resources. Notably, evidence is 
growing for the benefit of low tidal volume ventilation in patients without ARDS 
[43–45].

One RCT in ARDS patients from Brazil showed a bundle of a low tidal volume 
(6 ml/kg PBW) plus a level of PEEP above the lower inflection point on the static 
pressure–volume curve, compared with a bundle of conventional tidal volumes 
(12 ml/kg PBW) plus the lowest level of PEEP to maintain acceptable oxygenation, 
improved 28-day survival in patients with ARDS [46]. One observational study 
from Korea in patients with ARDS due to H1N1 [47] compared outcomes in tidal 
volume size tertiles (≤7 ml/kg PBW, 7–9 ml/kg PBW, and >9 ml/kg PBW) [47]. In 
this study, use of low tidal volumes was associated with a higher ICU survival and 
a higher number of ventilation-free days, ICU-free days, and hospital-free days.

The findings are in line with two meta-analyses [41, 42], including several well- 
performed RCTs [46, 48–51] that confirmed the benefit from low tidal volume ven-
tilation in patients with ARDS. The precise titration of the size of tidal volumes for 
an individual patient could require adjustment for such factors as the presence of a 
profound metabolic acidosis and high obligate minute ventilation (tidal volumes 
may need to be as large as 8 ml/kg PBW) and the plateau pressure achieved and the 
level of PEEP chosen (tidal volumes may need to be as small as 4 ml/kg PBW). 
Notably, it is crucial to use predicted body weight for calculating the size of tidal 
volumes and not to use actual body weight (although actual body weight is usually 
equal to PBW in the normally nourished or undernourished patient).

Several recent meta-analyses [43–45], including one RCT [52] and several large 
observational studies in critically ill patients without ARDS in HICs [53–55], sug-
gested a decreased risk of developing ARDS, shorter duration of ventilation, and 
shorter stay in hospital with low tidal volume volumes.

There are no studies on the use of end-tidal carbon dioxide (CO2) monitoring as 
an alternative to ABG monitoring for patients receiving ventilation, including in 
LMICs, although one guideline suggests capnography to guide ventilator manage-
ment [56]. Infrequent ABG in low-resource settings may preclude the early detec-
tion of harmful hypercapnia. While moderate hypercapnia is acceptable, severe 
hypercapnia should be prevented by closely monitoring minute ventilation. Also, in 
patients with brain injury, PaCO2 control may be more important than in other 
patients. However, metabolic acidosis is frequently seen in patients with sepsis or 
septic shock, which may limit ventilation strategies that may cause hypercapnia. 
Low tidal volume ventilation comes with higher respiratory rates, which may create 
a feeling of discomfort, not necessarily for the patient but for the staff, which may 
unnecessarily trigger use of (more) sedation.

We recommend using low tidal volume ventilation in patients with ARDS diag-
nosis (1A) and suggest using low tidal volumes in all ventilated patients with sepsis 
or septic shock when lack of CXR or ABG availability hampers a timely ARDS 
diagnosis (i.e., prevent tidal volumes higher than 10 ml/kg PBW and consider tidal 
volumes of 5–7  ml/kg PBW in all patients) (2B). Notably, tidal volume size 
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titration must use PBW and not the actual body weight (1A). Staff should be trained 
in timely recognition of under-ventilation, where respiratory rates should be 
adjusted (2D). Staff should be trained in accepting higher respiratory rates and not 
using more sedation (2C). Of note, we found no literature on preferred tidal vol-
ume sizes in patients with chronic obstructive pulmonary disease, but these patients 
may tolerate ventilation with low tidal volumes. End-tidal CO2 monitoring could 
be helpful in timely recognition of endotracheal tube dislodgement or under- or 
overventilation (2D).

6.7  PEEP

PEEP prevents atelectasis, as such preventing ventilation–perfusion mismatch. 
PEEP, however, could also induce regional overdistension, which could increase 
dead space and injure lung tissue. Moreover, higher levels of PEEP could cause 
hemodynamic compromise, especially in patients with sepsis or septic shock. 
Higher levels of PEEP have only been found beneficial in patients with more severe 
forms of ARDS [57].

One recent observational study from Brazil showed no association between the 
level of PEEP applied and outcome in patients without ARDS [16]. In this study the 
median level of PEEP was 6 cm H2O. The findings of this study were at least in part 
in line with results from a RCT in patients without ARDS in the USA that showed 
no differences in the occurrence of ARDS and other pulmonary complications when 
ventilating with 8 cm H2O of PEEP or no PEEP [58]. However, while one recent 
RCT in the Netherlands comparing a strategy using low tidal volumes (6  ml/kg 
PBW) with a strategy using conventional tidal volumes (10 ml/kg PBW) in patients 
without ARDS found an independent association between use of higher levels of 
PEEP and the development of lung injury [52], one RCT in patients without ARDS 
in Spain showed a lower incidence of ventilator-associated pneumonia and a lower 
risk of hypoxemia with 5–8 cm H2O of PEEP compared to no PEEP [59]. Mortality 
was not affected in the last RCT, however, and differences in the incidence of 
ventilator- associated pneumonia could have reflected more a difference in the 
occurrence of atelectasis than a true difference in pulmonary infection rates.

One RCT in patients with ARDS from Brazil showed that a strategy that uses 
low tidal volumes (6 ml/kg predicted body weight, PBW) plus a level of PEEP 
above the lower inflection point of the static pressure–volume curve to be superior 
to a strategy that uses conventional tidal volumes (12 ml/kg PBW) plus the lowest 
level of PEEP to maintain acceptable oxygenation with respect to 28-day survival 
[46]. It is uncertain whether benefit came from use of lower tidal volumes, higher 
levels of PEEP, or both. Three large multicenter randomized controlled trials con-
ducted in patients with ARDS in HICs individually showed no benefit from use of 
higher levels of PEEP, titrated on the pulmonary compliance or based on the P/F, 
compared to lower levels of PEEP [60–62], but a meta-analysis showed that use 
of higher levels of PEEP was beneficial in patients with more severe forms of 
ARDS [57].

6 Ventilatory Support of Patients with Sepsis or Septic Shock in Resource-Limited
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A minimum level of PEEP is easily applied and safe as most if not all ventilators 
allow setting a certain level of PEEP, and the benefit from prevention of atelectasis 
could outweigh the risk of regional overdistension. Because of the increased risk of 
hemodynamic instability with higher levels of PEEP, continuous hemodynamic 
monitoring, preferably by using an arterial line, will be necessary to guarantee 
safety. It can be a challenge to suspect and detect regional overdistension, and it 
could be difficult to find the best level of PEEP in an individual patient when physi-
cians are untrained and inexperienced in using respiratory compliance and the P/F.

We suggest using at least a minimum level of PEEP (5 cm H2O) in all patients 
with sepsis or septic shock with acute respiratory failure in resource-limited ICUs 
(2B). Based on the available evidence, we suggest using higher levels of PEEP 
only in patients with moderate or severe ARDS (2A). If lack of CXR and ABG 
availability hampers making an ARDS diagnosis, we suggest against liberal use of 
higher levels of PEEP (2D), but when the team is trained and experienced in using 
respiratory compliance, PEEP could be titrated based on this parameter (2D). 
Alternatively, so-called PEEP/FiO2 tables could be used for titrating PEEP, but this 
approach generally requires frequent ABGs (2B) or use of SpO2 to titrate FiO2. 
Patients who need higher levels of PEEP should be closely monitored, as hypoten-
sion may develop (1A).

6.8  Low Oxygen Fractions with High PEEP or High Oxygen 
Fractions with Low PEEP

When high levels of PEEP are considered dangerous, or when it is difficult or 
impossible to find the best level of PEEP in an individual patient (see question 6) 
and when the team is inexperienced in performing recruitment maneuvers (see 
question 8), hypoxemia may trigger use of higher FiO2. High FiO2, however, induces 
the production of large amounts of reactive oxygen species that overwhelm natural 
antioxidant defenses, which could then injure cellular structures and consequently 
may induce pulmonary injury. In particular inflamed lungs are more susceptible to 
oxygen toxicity. Furthermore, ventilation with high FiO2 could induce reabsorption 
atelectasis.

While studies suggest that “normoxia” should be targeted in patients with ARDS, 
there is increasing evidence for harm from strategies that use high FiO2 aiming for 
higher blood oxygen levels in general ICU patients [63, 64]. Associations between 
ventilation strategies that use high FiO2 and increased mortality have also been 
found in patients following resuscitation from cardiac arrest [65] and patients with 
ischemic stroke [66] or traumatic brain injury [67]. Two recent meta-analyses con-
firm arterial hyperoxia to be associated with worse hospital outcome in various 
subsets of critically ill patients [68, 69]. As discussed above (question 6), higher 
levels of PEEP have only been found beneficial in patients with more severe forms 
of ARDS [57].
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A certain extent of hypoxemia with a target PaO2 > 8 kPa [60 mmHg] has been 
suggested to be safe [51]. A SpO2 of 88–95% could be targeted when ABGs are not 
or only scarcely available [51].

Using “PEEP/FiO2 tables” with the aim to ventilate patients with ARDS with the 
lowest level of PEEP and the lowest level of FiO2 is feasible and safe in LMICs, but 
this approach mandates frequent ABGs or use of SpO2 to titrate FiO2 [47–49]. 
Implementation of this strategy could be more complex in LMICs where ABGs 
typically are less often available. Alternatively, SpO2 could be used to titrate PEEP 
and FiO2. Also, when continuous hemodynamic monitoring is lacking, use of high 
levels of PEEP could be dangerous. In such settings it could be safer to prefer higher 
FiO2 than higher levels of PEEP.

Based on the available evidence, we suggest being cautious with liberal use of 
high FiO2 (2B). The target should be PaO2 > 8 kPa [60 mmHg] and/or SpO2 88–95% 
(2A). PEEP/FiO2 tables can be used to find the best PEEP/FiO2 combination in 
individual patients in LMICs (2B). We suggest preferring low FiO2 with high levels 
of PEEP, if the team is trained and experienced in (safe) the use of higher levels of 
PEEP; if not, it is probably safer to use high FiO2 with lower levels of PEEP (2D). 
An example of a “PEEP/FiO2 table” is provided (Table 6.3) [60].

6.9  Recruitment Maneuvers

It is generally considered necessary to combine higher levels of PEEP with recruit-
ment maneuvers, as early use of recruitment maneuvers could open additional lung 
units that remain closed when only applying higher levels of PEEP. Recruitment 
maneuvers, however, are complex interventions that could also cause pulmonary 
and extra-pulmonary harm, especially in inexperienced hands.

In an RCT from Brazil [46], the two arms of the study also differed in respect to 
using recruitment maneuvers. The same applies for other RCTs comparing higher 
levels of PEEP with lower levels of PEEP in patients with ARDS in HICs [60–62]. 
One systematic review of four randomized controlled trials investigating the benefit 

Table 6.3 Allowable combinations of PEEP and FiO2

Strategy in which first FiO2 is raised in response to hypoxemia (originally called the low PEEP 
group)
FiO2 0.21 0.3 0.4 0.4 0.5 0.5 0.6 > 0.6
PEEP 5 5 5 8 8 10 10 10
Strategy in which first PEEP is raised in response to hypoxemia (originally called the high 
PEEP group)
FiO2 0.21 0.3 0.4 0.4 0.5 0.5 0.5 0.6 0.7 0.8 0.8 0.9 0.9 1.0
PEEP 5–12 14 14 16 16 18 20 20 20 20 22 22 22 > 22

Adapted from [58]
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of recruitment maneuvers remained inconclusive [70]; a more recent meta-analysis 
suggested that strategies that use recruitment maneuvers are associated with a lower 
mortality in patients with ARDS [71].

Recruitment maneuvers can cause episodes of severe hemodynamic compromise 
[61], especially in patients with sepsis or septic shock. Recruitment maneuvers could 
also induce regional overdistension. In HIC the performance of recruitment maneuvers 
is seen as a complex intervention, with associated risks if not applied properly [61]. 
Therefore, it is only applied in patients with refractory and severe hypoxemia and only 
in patients with a stabilized circulation and preferably with an arterial line in situ.

The recruitment maneuvers are variable, which is a general limitation of the tech-
nique because it is not standardized. The earliest recruitment maneuver ever used 
during mechanical ventilation is probably the “sigh,” which consists of increasing 
tidal volume or level of PEEP [72]. However, there is a potential safety concern given 
that this maneuver transiently elevates plateau pressure above the recommended 
threshold of 30 cm H2O, in patients with ARDS. The most frequently investigated 
recruitment maneuver, due to its apparent simplicity, is the sustained inflation, which 
consists of pressurizing the airways at a specific level and maintaining it for a given 
duration. A common combination is the application of 40 cm H2O airway pressure 
for 40  s (“40/40”) [73]. Sustained inflation is transient and simple recruitment 
maneuver, which is likely an overall safe procedure as it can potentially obviate the 
need for ongoing use of higher intrathoracic pressures. High PEEP and pressure-
controlled ventilation with a fixed driving pressure (i.e., the level of inspiratory pres-
sure minus the level of PEEP) are other ways to perform recruitment maneuvers [74].

The use of recruitment maneuvers during ventilation is feasible and safe, but 
only in experienced hands. The lack of experience and absence of hemodynamic 
monitoring may hamper the safe and widespread use in LMICs. Moreover, it can be 
challenging to detect overdistension. Of all recruitment maneuvers, sustained infla-
tion is probably the simplest and the safest maneuver.

We suggest using recruitment maneuvers in resource-limited ICUs in patients 
with moderate or severe ARDS (2B) and suggest using recruitment maneuvers in 
patients in resource-limited ICUs with refractory hypoxemia in whom a diagnosis 
of ARDS cannot be made due to lack of CXR and/or ABG (2D), but only when the 
staff is trained and experienced in performing these maneuvers (2D). We suggest 
using the simplest maneuver, i.e., “sustained inflation” (2D). When using recruit-
ment maneuvers, the patient should be closely monitored to detect hemodynamic 
compromise (2B).

6.10  Ventilation Modes

Traditionally reserved for use in weaning patients from ventilation, assisted ventilation 
modes are now used in all phases of ventilation. Controlled ventilation is associated 
with incapability of reversing alveolar collapse in dependent lung parts and an increased 
risk of ventilator-induced diaphragmatic dysfunction. Assisted ventilation could be 
preferred over controlled ventilation, because assisted ventilation can be tolerated with 
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reduced sedation requirements, and may be associated with less hemodynamic deterio-
ration, and lung protection compared to controlled ventilation [75, 76].

“Volume-controlled” ventilation and “pressure-controlled” ventilation are not 
different ventilatory modes but are different control variables within a mode [77]. 
“Volume-controlled” ventilation offers the safety of a preset tidal volume and min-
ute ventilation, while “pressure-controlled” ventilation offers a flow that better 
mimics the flow during inspiration of a spontaneously breathing individual. 
Investigations comparing the effects of “volume-controlled” ventilation and 
“pressure- controlled” ventilation are not well controlled and offer no evidence for 
benefit of the one mode over the other [77].

One small RCT, including patients with and patients without ARDS, demon-
strated shorter length of stay in the ICU with use of assisted ventilation compared to 
controlled ventilation [78]. Another RCT in patients with ARDS showed a higher 
number of ventilator-free days with assisted ventilation, although the difference was 
not statistically significant, but in both groups, some sort of support was applied 
[79]. Beneficial effects of assisted ventilation could include improvement of gas 
exchange, hemodynamics, and non-pulmonary organ perfusion and function, as 
well as improved quality of sleep, and are associated with a decreased need for 
sedation and paralysis [80].

Assisted ventilation is available, feasible, and affordable in all patients in LMICs, 
where its use is probably also safe. One exception could be patients with severe and 
early ARDS in whom a short course of muscle paralysis, and thus use of controlled 
ventilation, has been found to be beneficial [81], though evidence for benefit of a 
short course of muscle paralysis in these patients in LMICs is lacking. Notably, with 
assisted ventilation tidal volumes are usually larger than with controlled ventilation. 
This is probably due to an active diaphragm, which largely prevents dorsal atelecta-
sis. A rise in tidal volumes >6 ml/kg PBW, while using the lowest level of pressure 
support, may not be a reason to switch back to controlled ventilation. Since minute 
volume and tidal volume size are guaranteed with “volume-controlled” modes of 
ventilation and not with “pressure-controlled” modes of ventilation, “volume- 
controlled” modes could be safer than “pressure-controlled” modes, in particular in 
settings with restricted physician and nursing staff.

Therefore we suggest using “volume-controlled” modes of ventilation rather 
than “pressure-controlled” modes of ventilation in resource-limited settings. 
However, teams with experience and expertise in “pressure-controlled” modes of 
ventilation could continue to use this mode (2D). We make no recommendations 
regarding assisted ventilation over controlled ventilation in all patients in LMICs. 
We suggest a short course of muscle paralysis (<48 h) and thus the use of controlled 
ventilation, in patients with severe ARDS (2B).
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