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Abstract 

Mechanical ventilation is an important life-saving therapy for general anesthesia and critically ill patients, but ventila-
tion itself may be accompanied with lung injury. Ventilator-induced lung injury (VILI) exacerbates pre-existing lung 
disease, leading to poor clinical outcomes. Especially for patients undergoing cardiothoracic surgery and receiving 
one-lung ventilation (OLV), optimizing the parameters of OLV is closely related to their prognosis. It is not clear what 
is the best strategy to minimize VILI through adjusting ventilation parameters, including tidal volume, positive end 
expiratory pressure and driving pressure, etc. Different parameters, in combination, are responsible for VILI. Protective 
ventilation strategies, aiming to reduce postoperative pulmonary complications, have been discussed in many clinical 
studies and different opinions have been raised. This review addresses the pathogenesis of VILI and focus on the OLV 
management and better protective OLV strategies during thoracic surgery.
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1  Introduction
Mechanical ventilation is a very important medical pro-
cedure for anesthetists, even a potential life-saving ther-
apy for some critically ill patients [1]. But this invasive 
procedure sometimes is accompanied with unwanted 
effects. And the term, VILI, stands for ventilator-induced 
lung injury, was introduced in 1993 [2]. Over the past 
three decades, researchers and doctors are trying to 
understand the mechanism of VILI through animal mod-
els and clinical practices. It is recognized that lung injury 
can be caused by barotrauma, volutrauma, atelectrauma, 
and biotrauma [3]. With the understanding of VILI, 
an additional goal of mechanical ventilation, includ-
ing maintaining gas exchange and minimizing the work 
of breathing, has established: to minimize VILI. Various 
ventilation strategies are applied and well-studied.

According to the Global Cancer Statistics 2020, lung 
cancer was still the leading cause of cancer death, with an 
estimated number of 1.8 million deaths (18%) [4]. With 
the rising number of thoracic surgeries, the need for OLV 
is also increasing. Postoperative pulmonary complica-
tions (PPCs), especially after thoracic surgery, can affect 
the outcomes of patients and bring tremendous burden 
to patients and the medical system [5, 6].

As reported, the incidence of PPCs after thoracic sur-
gery is 30–50% [7]. The use of video-assisted thoracic 
surgery approach has significantly lowered the rate of 
PPCs of elder patients from 45 to 28% [8]. Aside from the 
high rate of PPCs, meeting surgical needs and providing 
satisfactory surgical fields exposure also require adjusting 
ventilation parameters. Guideline for patients receiving 
lobectomy recommended a tidal volume (TV) of 6 mL/
kg, a positive end-expiratory pressure (PEEP) of 5  cm 
H2O, and a partial pressure of carbon dioxide (PaCO2) of 
50–70 mmHg [9]. But the recommendations of particular 
parameters did not take preoperative complications and 
intraoperative conditions into consideration, personal-
ized OLV management is still critical for improving clini-
cal outcomes and reducing PPCs [10].
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This review is about the current studies associated with 
the mechanism of VILI and attempts to modify mechani-
cal ventilation, especially OLV.

2 � The definitions of postoperative pulmonary 
complications

The Lancet Commission on Global Surgery reported 
that more than 310 million surgical procedures are per-
formed worldwide each year [11]. In patients undergoing 
surgery with general anesthesia and mechanical ventila-
tion over 2 h, the incidence of PPCs is 33.4% [7]. Previ-
ous estimates of the incidence of PPCs have ranged from 
5 to 80%, depending on the definition, severity consid-
eration and types of surgery [7, 12–15].

Studies use different combinations and severity of postop-
erative pulmonary events to define PPCs. It is quite differ-
ent in incidence of PPCs with different evaluation criterion, 
even in the same population [16]. The definitions of PPCs 
described in the ARISCAT study [12] are commonly used 
in clinical settings and studies. And the diagnostic criteria 
are listed in European Perioperative Clinical Outcome defi-
nitions as a standard definition of PPCs [17], showing in 
Table 1. Other scoring systems, like Melbourne Group Scale 
[18] and LAS VEGAS [19] criteria are showed in Tables 2 
and 3.

3 � The mechanism of ventilation‑induced lung 
injury

In addition to risk factors related to patient and surgery, 
VILI is also one of the major causes of PPCs, which can 
be controlled and adjusted with anesthesia manage-
ment. Improper use of positive pressure ventilation will 
be accompanied by serious complications, brings pul-
monary function deterioration [20, 21]. Investigators 
took decades to reach thorough understanding of the 

mechanism of VILI. And the commonly recognized types 
of injury are barotrauma, volutrauma, atelectrauma, and 
biotrauma, showing in Fig. 1.

3.1 � Barotrauma
The most commonly recognized form of barotrauma 
is the presence of extra-alveolar gas [22]. Barotrauma is 
caused by high transpulmonary pressure (Ptp) and may 
occur even at lower airway pressure or alveolar pressure 
(Palv) if pleural pressure (Ppl) is extremely negative. This 
phenomenon was firstly recognized and reported in 1944 
by Mackin and his colleagues. A general overinflation 
and an elevated intra-alveolar pressure gradient lead to 
air escaping through ruptured alveolar bases, penetrating 
tissues and causing interstitial emphysema, mediastinal 
emphysema, subcutaneous emphysema, pericardial and 
retroperitoneal pneumatosis [23].

3.2 � Volutrauma
In addition to high ventilation pressure, which can lead 
to alveolar rupture, excessive chest stretch due to high 
tidal volume can cause lung injury [24], termed “volu-
trauma” [25].

The debate of barotrauma versus volutrauma started 
long ago. In a classic study in 1992, by comparing high-
pressure low-volume strategy and low-pressure high-
volume strategy, Dreyfuss and colleagues found that 
volutrauma is more important than barotrauma, and 
coined the term “volutrauma” to emphasize that the 
choice of tidal volume is the single most important risk 
factor of mechanical ventilation associated lung injury 
[26].

It is true that high airway pressure alone does not 
cause VILI, as studies confirmed. However, the pertinent 

Table 1  ARISCAT study (Definition of PPCs)

PaO2 partial pressure of oxygen in arterial blood; FiO2 fraction of inspired oxygen

Complication Definition

Respiratory
infection

Patient has received antibiotics for a suspected respiratory infection and met one or more of the following criteria: new or changed 
sputum, new or changed lung opacities, fever, white blood cell count > 12 × 109∕L

Respiratory
failure

Postoperative PaO2 < 8 kPa (60 mmHg) on room air, a PaO2∕FiO2 ratio < 40 kPa (300 mmHg) or arterial oxyhaemoglobin saturation 
measured with pulse oximetry < 90% and requiring oxygen therapy

Pleural
effusion

Chest radiograph demonstrating blunting of the costophrenic angle, loss of sharp silhouette of the ipsilateral hemidiaphragm 
in upright position, evidence of displacement of adjacent anatomical structures or (in supine position) a hazy opacity in one 
hemithorax with preserved vascular shadows

Atelectasis Lung opacification with a shift of the mediastinum, hilum or hemidiaphragm toward the affected area, and compensatory over-
inflation in the adjacent non-atelectatic lung

Pneumothorax Air in the pleural space with no vascular bed surrounding the visceral pleura

Bronchospasm Newly detected expiratory wheezing treated with bronchodilators

Aspiration
pneumonitis

Acute lung injury after the inhalation of regurgitated gastric contents
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distending pressure of the lungs is not simply the airway 
pressure but the transpulmonary pressure (alveolar pres-
sure minus pleural pressure, Ptp = Palv−Ppl), the difference 
between the pressure inside and outside the lung [25]. 
And the researcher pointed out that failure to consider 
transpulmonary pressure in mechanically ventilated 
patients can lead to miscalculating VILI risk.

3.3 � Atelectrauma
Ventilation at an absolutely low volume may also con-
tribute to lung injury. During mechanical ventilation, the 
stress and strain multiply at the junction of overinflated 
lung and normal inflated lung, the opened and collapsed 
lung tissue [27]. In 1970, Mead and colleagues presented 
the idea by models and equations [28]. And Slutsky 
named the repetitive opening/collapse injury “atelec-
trauma” [29]. Cyclic collapsing and opening of the lung in 
the operation side also can cause severe trauma.

3.4 � Biotrauma
Intracellular mediator is another cause of lung injury 
induced by mechanical ventilation. Kawano reported in 
1987 that large number of granulocytes were found in 
damaged lung after mechanical ventilation. And with 
depletion of granulocytes, the animals showed better gas 
exchange and improved pulmonary function [30]. And 

the concept of “biotrauma” was introduced in 1998 by 
Tremblay and Slutsky [31]. Mechanical ventilation can 
trigger the release of injurious inflammatory mediators, 
including interleukin (IL)-1β, IL-6, IL-8, macrophage 
inflammatory protein-2, tumor‑necrosis factor-α, etc. 
The proinflammatory response may happen in the circu-
latory system, not just within the lung, which is different 
from the other types of injuries [32].

4 � Protective ventilation strategies
The concept of protective ventilation originated from the 
treatment of acute respiratory distress syndrome (ARDS) 
and has been widely used in clinical respiratory support 
therapy and mechanical ventilation during general anes-
thesia. As reported in previous randomized control trials, 
the protective ventilation procedure consists of mainly 
three parts: TV, PEEP and lung recruitment maneuvers 
(RM).

In the recent decade, researchers tried various protec-
tive ventilation parameters, both combined and separated 
[33–36]. In the IMPROVE trial, the protective ventila-
tion strategy group implemented specific measures. 
This included utilizing a tidal volume of 6 to 8  mL per 
kilogram of predicted body weight (PBW), maintaining a 
PEEP of 6 to 8 cm H2O, and performing lung recruitment 
maneuvers every 30  min after endotracheal intubation. 
The trial results demonstrated that the implementation of 
a lung-protective ventilation strategy in intermediate-risk 
and high-risk patients undergoing major abdominal sur-
gery yielded favorable clinical outcomes. Furthermore, 
this approach was associated with a reduction in both 
major pulmonary and extrapulmonary complications 
[33]. However, in the study, PEEP was used in only one 
group and in combination with periodic RM and low TV, 
while the control group received no PEEP, no RM, and 
high TV. These combinations make it difficult to identify 
the benefits of low TV, PEEP or RM respectively. One 
other study showed TV is not the determining factor: 
among the patients undergoing major surgery, receiving 
ventilation with low tidal volume of 6 mL/kg PBW com-
pared with conventional tidal volume of 10 mL/kg PBW, 

Table 2  Melbourne group scale (Criteria for diagnosis of PPCs)

WBC white blood cell, SpO2 peripheral oxygen saturation, ICU intensive care unit

PPC = four or more positive variables:

Chest radiograph report of atelectasis/consolidation;

Oral temperature > 38 °C with no focus outside the lungs;

An otherwise unexplained WBC count > 11.2 × 109/L or postoperative 
respiratory antibiotics use;

Sputum microbiology shows positive signs of infection;

Purulent sputum (yellow or green) which is different from preoperative 
status;

SpO2 < 90% in room air;

Attending physician diagnosis of pneumonia/chest infection;

Readmission to ICU or prolonged ICU stay due to respiratory problem

Table 3  LAS VEGAS (Criteria for diagnosis of PPCs)

ARDS acute respiratory distress syndrome

PPC = one or more positive variables:

Pneumonia (new or progressive radiographic infiltration; fever > 38 °C, WBC count > 12 × 109/L or purulent secretions);

Pneumothorax;

Respiratory failure (PaO2 < 60 mmHg or SpO2 < 90% despite oxygen therapy or need for noninvasive positive pressure ventilation);

Unplanned supplementary oxygen (oxygen administration due to PaO2 < 60 mmHg or SpO2 < 90% in room air);

ARDS (defined according to the Berlin definition of ARDS);

Unplanned new or prolonged invasive mechanical ventilation
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with PEEP applied the same between groups, did not sig-
nificantly reduce pulmonary complications within the 
first 7 postoperative days [34]. Atelectasis, resulted in low 
tidal volume, can be worse when FiO2 is high. Low FiO2 
may prevent absorption atelectasis [9, 37].

As for PEEP, studies also gave different answers. In 
previous studies, using high level of PEEP and RM 
may decrease the driving pressure and improve clini-
cal outcomes and decrease pulmonary complications 
[35, 38, 39]. The PROVHILO trial compared the lower 
PEEP (≤ 2  cm H2O) group with intraoperative ventila-
tion at a tidal volume of 8  mL/kg PBW vs the higher 
PEEP (12  cm H2O) group with a tidal volume of 8  mL/
kg PBW combined with scheduled recruitment maneu-
vers [36]. It reveals the strategy with a higher PEEP and 
RM did not protect patients undergoing open abdomi-
nal surgery against postoperative complications. In some 
ways, higher level of PEEP may also impaired hemody-
namics, which made it unsuitable for hemodynamically 
unstable patients. In the research using PEEP titration 
method with electrical impedance tomography revealed 
a preferred PEEP level for patients with a body mass 

index  (BMI) ≥ 35  kg/m2 about 18.5  cm H2O [40]. The 
PROBESE trial also showed that ventilation strategy with 
a higher PEEP of 12  cm H2O and alveolar recruitment 
maneuvers compared with a strategy with a lower PEEP 
of 4 cm H2O, did not reduce PPCs [41].

Another controversial topic is the lung recruitment 
maneuver. The recruitment maneuvers were supposed 
to reduce pulmonary atelectasis and reported to reduce 
severe pulmonary complications among patients with 
hypoxemia [42, 43]. On the opposite, several studies 
indicated that applying RM did not bring better clinical 
outcomes, even was associated with increased cardiovas-
cular adverse events [44, 45].

Driving pressure (DP, plateau minus end-expiratory 
airway pressure), also a predictor of outcomes in patients 
with ARDS, has been suggested to be the key variable for 
optimization when performing mechanical ventilation 
in patients with ARDS. On contrary, a study reported no 
significant difference between driving pressure lowering 
maneuvers group and protective ventilation group with a 
fixed PEEP of 5 cm H2O [46].

There is still no generally accepted “perfect” ventilation strategy.

Fig. 1  Types of injury induced by ventilator. Ppl: the pleural pressure; Palv: the alveolar pressure; Ptp: the transpulmonary pressure
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5 � One‑lung ventilation strategies
The one-lung ventilation in thoracic surgery usually con-
sists of three stages: preoperative two-lung ventilation, 
intraoperative one-lung ventilation and postoperative 
two-lung ventilation. In the research analyzing the post-
operative outcome of lung cancer resections for patients 
over 60  years old, Detillon and colleagues reported the 
incidence of PPCs is as high as 29.9% [47]. Considering 
the risks of hypoxemia and lung injury associated with 
high airway pressure during OLV, the ideal ventilation 
strategy should be modified individually and cover the 
above three stages. In clinical scenarios, anesthesiolo-
gists change the ventilation parameters in the following 
aspects to achieve better OLV.

5.1 � Tidal volume
Considering individualized tidal volume, PBW, rather 
than actual body weight (ABW), should be used for esti-
mating required TV [48]. There is significantly stronger 
correlation between height and lung size rather than 
ABW. ABW could produce excessive TV in obese patients 
with BMI higher than 40  kg/m.2, and inadequately low 
TV for underweight patients. Due to the redistribution 
of blood and the suppression of hypoxic pulmonary vaso-
constriction, the TV during OLV is not half of that in two-
lung ventilation. A proper tidal volume in OLV may be 
4–6 mL/kg PBW [49]. A multicenter retrospective study 
shows protective ventilation with TV of 4.4 mL/kg (com-
pared with TV of 6.4  mL/kg) was not associated with a 
reduction in pulmonary complications [50].

Low tidal volume may bring increased dead space and 
hypercapnia. An increase of respiratory rate (RR) from 
12 per minute to 20 per minute could remove CO2 partly 
but increasing RR alone for a “normal” PaCO2 is not rec-
ommended. Most patients could burden a PaCO2 near 
70 mmHg [51]. Shorten expiratory time and high RR may 
bring greater intrinsic PEEP and impair respiratory sys-
tem [52].

5.2 � Ventilation mode
Volume-controlled ventilation (VCV) and pressure-
controlled ventilation (PCV) were the first two venti-
lation modes used during surgery. In VCV mode, the 
preset tidal volume is reached in a constant flow rate, 
which ensures an expected minute ventilation. The peak 
airway pressure can change with changes of lung com-
pliance and airway resistance. In PCV mode, the inspira-
tory pressure is constant, but the tidal volume may 
change. PCV mode offers a lower peak airway pressure 
and intrapulmonary shunt during OLV [53]. Hypoxemia 
may occur to patients with poor lung compliance. In 
recent years, dual-controlled ventilation modes such as 

pressure-controlled volume guaranteed (PCV-VG) mode 
developed. PCV-VG is favorable due to decelerating flow 
compared to constant flow in VCV mode. And the tidal 
volume, which may change in PCV mode, is guaranteed. 
PCV-VG mode is also reported to reduce lung inflam-
matory response [54]. The incidence of PPCs, though, 
reported in the latest randomized controlled trial, did 
not differ across three ventilation mode groups (VCV, 
PCV and PCV-VG) for thoracic surgery patients with 
OLV [55].

5.3 � PEEP
During protective ventilation with low TV, the risk of 
atelectasis is relatively high. PEEP may improve oxygena-
tion and mitigate VILI by reducing atelectasis and cyclic 
lung collapse [3, 56]. Excessive PEEP, however, may cause 
barotrauma, inadequate ventilation-perfusion ratio and 
hypotension due to high intrathoracic pressure and low 
bloodflow to the right atrium [57]. Many studies have 
tried to find a proper PEEP level. There are two prevail-
ing choices: the one is high PEEP (≥ 10 cm H2O) and the 
other is low PEEP (2–5 cm H2O). Fixed PEEP, however, 
does not consider the individual condition of patients, 
such as pre-existing pulmonary disease and lung volume 
changes after lung resection, etc. The concept of “PEEP 
titration” emerged.

One way to titrate PEEP is by minimizing DP. Driv-
ing pressure-guided ventilation strategy during OLV 
could lower the incidence of PPCs compared with con-
ventional protective ventilation in thoracic surgery [58]. 
The core of protective ventilation is to lower mechani-
cal power (MP). MP is the amount of energy trans-
ferred to the lung parenchyma per unit of time during 
mechanical ventilation [59, 60]. Recent studies showed 
the correlation between high MP and severer VILI 
both in animal models and patients [61–63]. The power 
equation is computed and verified [64, 65], showed in 
Formula 1, but very difficult to calculate. A surrogate 
formula using only RR, Vt, peak inspiratory pressure, 
PEEP and plateau pressure, all parameters can be eas-
ily acquired from the ventilator, to compute MP, showed 
in Formula 2 [66]. DP (= plateau pressure−PEEP), is the 
most important parameter in the equation. By modify-
ing PEEP level, a minimal DP may be achieved. In the 
study of iPROVE-OLV, PEEP titration in the individu-
alized perioperative open lung ventilation strategy in 
patients on OLV may probably help to reduce PPCs 
[67]. The investigators figured out the MP threshold 
of 12  J/min for VILI, meaning that patients are under 
higher risk of lung injury and whole-lung edema when 
MP is over 12 J/min, and the injury can be detected by 
CT scan [60]. The DP ≤ 14 cm H2O is recommended.
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∆V: tidal volume; ELrs: the elastance of the respiratory 
system; I: E: the inspiratory-to-expiratory time ratio; Raw: 
the airway resistance.

Vt: the tidal volume in liters.
By utilizing electrical impedance tomography (EIT), 

the ventilation condition of lungs becomes visible [68, 
69], allowing for non-invasive, real-time dynamic and 
visual monitoring. This technology is not only useful 
for PEEP titration but also for adjusting other param-
eters [68, 69]. The EIT device, equipped with one belt 
containing 16 electrodes placed around the thorax at 
the fifth intercostal space, can monitor the distribution 
of ventilation in different body positions. It records the 
gas exchange status under various TV and PEEP values 
and evaluates the effectiveness of RM. Additionally, the 
global inhomogeneity index can be calculated using EIT 
measurements [70]. It is important to note that during 
thoracoscopic surgery, the placement of the EIT belt may 
conflict with surgical site, making it difficult to apply EIT. 
Furthermore, EIT is not applicable when the lung is col-
lapsed or unventilated. In further study, the researchers 
pointed out that using EIT-guided PEEP titration in elder 
patients undergoing thoracoscopic surgery, the optimal 
PEEP (range from 9–13 cm H2O) is obviously higher than 
previously recommend 5 cm H2O [68]. Comparing with 
fixed PEEP group, the patients in individual PEEP group 
had higher PaO2/FiO2 ratio, higher dynamic respiratory 
system compliance and lower DP. Surprisingly, evidence 
shows that EIT measurements can help to modify ven-
tilation parameters and develop individual ventilation 
strategies.

5.4 � Lung recruitment strategy
Lung recruitment is a big part of protective ventilation. 
It can re-open the collapsed alveoli, improve oxygenation 
and reduce ventilation dead space. During OLV, it is cru-
cial to perform RM to prevent prolonged atelectrauma in 
the collapsed lung on the surgical side. Additionally, the 
ventilated lung on the non-surgical side also requires RM 
due to the potential risk of significant absorption atelec-
tasis caused by exposure to high fraction of oxygen [71]. 
A systemic review of PEEP and RM shows that recruit-
ment, reported in many studies, significantly improves 
PaO2 during OLV [72].

(1)Powerrs = RR · {�V
2 · [

1

2
· ELrs + RR ·

(1+ I : E)

60 · I : E
· Raw] +�V · PEEP}

(2)MP = 0.098 · RR · Vt [Peak inspiratory pressure −
1

2
(Plateau pressure − PEEP)]

When switching from one-lung ventilation to two-lung 
ventilation, a controlled high airway pressure (usually 
40  cm H2O) is needed for re-expansion. When transi-

tioning from OLV to two-lung ventilation, it is neces-
sary to apply a controlled high airway pressure (typically 
around 40 cm H2O) to facilitate re-expansion of the col-
lapsed lung. One commonly utilized and extensively 
studied method for achieving this is through the applica-
tion of sustained inflation [73]. This involves the use of 
continuous positive airway pressure (CPAP) set at 40 cm 
H2O for a duration of 40 s. Lung ultrasound and EIT are 
popular non-invasive bedside imaging techniques for RM 
quantifying [74]. However, the sudden increase in air-
way pressure can stimulate the release of proinflamma-
tory factors and increase alveolar shear strain. A stepwise 
RM, increasing pressure step by step, shows less hemody-
namic change and less mechanical and biochemical lung 
injury [75, 76].

Hypoxemia during OLV for thoracic surgery is com-
mon in anesthesia [77]. Application of CPAP to the non-
ventilated lung is usually recommended. However, CPAP 
may impede surgical exposure in the hemithorax. Other 
techniques treating hypoxemia were developed. Selective 
insufflation using fiberoptic bronchoscope was reported 
to improve oxygenation effectively [78]. Intermittent pos-
itive airway pressure method to the non-ventilated lung 
using a special filter can also correct desaturation [79].

6 � Discussion
Current studies on protective ventilation have not fully 
elucidated the roles of ventilation parameters and the 
dominant factor of VILI. The development of PPCs, even 
the mild ones, can be associated with in-hospital mortal-
ity, ICU admission and re-admission, prolonged hospital 
stay and other sever outcomes, which is a huge burden 
for patients’ family and medical care system, making pre-
vention of PPCs not only a therapeutic but an economic 
goal for optimization of mechanical ventilation [80]. And 
a personalized ventilation strategy for surgical and criti-
cally ill patients according to lung physiology and mor-
phology and disease etiology may improve pulmonary 
function and clinical outcomes [81].

Optimizing ventilation strategy is a feasible attempt 
to lower the incidence of PPCs. The strategy using rela-
tively low TV (6–8 mL/kg PBW, not absolutely low), low 
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PEEP (PEEP ≤ 4 cm H2O) with RM, and low DP (≤ 14 cm 
H2O) is recommended. For OLV, the recommendations 
are: relatively low tidal volume of 4–6 mL/kg PBW; indi-
vidualized PEEP for minimized DP (better ≤ 14 cm H2O); 
stepwise lung recruitment maneuver before OLV and 
after switching to two-lung ventilation; and minimal FiO2 
to keep SpO2 ≥ 90%.

The effectiveness of strategies described above is still 
controversial. A large randomized controlled trial inves-
tigating high versus low positive end-expiratory pressure 
during general anesthesia for open abdominal surgery 
(PROVHILO trial) suggests that an intraoperative protec-
tive ventilation strategy should include a low TV and low 
PEEP, without RMs [36]. For obese patients, indicated in 
the PROBESE study, higher level of PEEP and RM did not 
reduce PPCs [41]. And the first randomized controlled trial 
discussing protective ventilation during OLV in thoracic 
surgery (PROTHOR study) compares the effects of intraop-
erative high PEEP with RM versus low PEEP without RM on 
PPC [82]. There is still a long way for finding a perfect way 
to minimize lung injury caused by mechanical ventilation.
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