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Postoperative Pulmonary Complications

WEINGARTEN, Toby N., et al (SPRUNG). Predicting 
postoperative pulmonary complications in high-risk 
populations. Current Opinion in Anaesthesiology, 
2013, 26.2: 116.

Evidence is emerging that early identification of modifiable risk factors and 
implementation of protective management strategies may lead to reduction of 
severe postoperative pulmonary complications.

HEMMES, Sabrine NT; NETO, Ary Serpa; SCHULTZ, 
Marcus J. Intraoperative ventilatory strategies to 
prevent postoperative pulmonary complications:  
a meta-analysis. Current Opinion in Anesthesiology, 
2013, 26.2: 126-133.

Intraoperative use of lower tidal volumes could reduce the incidence of 
postoperative lung injury, pulmonary infections and atelectasis. Intraoperative 
use of higher levels of PEEP and recruitment maneuvers also reduce the incidence 
of these complications. It is difficult, if not impossible, to separate the beneficial 
effects of lower tidal volumes from that of higher levels of PEEP and RM.

WEINGARTEN, Toby N., et al. Effects of changes 
in intraoperative management on recovery from 
anesthesia: a review of practice improvement 
initiative. BMC Anesthesiology, 2015, 15.1: 54.

The introduction of an anesthetic protocol to reduce adverse effects of anesthetics 
was associated with a reduction of Phase I recovery time in adult patients 
undergoing general endotracheal anesthesia. These anesthetic management 
changes were primarily associated with a decreased rate of postoperative 
respiratory depression, nausea and vomiting.

GÜLDNER, Andreas, et al (GAMA De ABREU, PELOSI). 
Intraoperative Protective Mechanical Ventilation 
for Prevention of Postoperative Pulmonary 
Complications. A Comprehensive Review of the Role 
of Tidal Volume, Positive End-expiratory Pressure, 
and Lung Recruitment Maneuvers. Anesthesiology, 
2015, 123.3: 692-713.

This review discusses the relevant literature on definition and methods to predict 
the occurrence of postoperative pulmonary complications, the pathophysiology 
of ventilator-induced lung injury with emphasis on the non-injured lung, and 
protective ventilation strategies, including the respective roles of tidal volumes, 
PEEP and recruitment maneuvers. The authors propose an algorithm for 
protective intraoperative mechanical ventilation based on evidence from recent 
randomized controlled trials.

LADHA, Karim, et al (VIDAL MELO). Intraoperative 
protective mechanical ventilation and risk of 
postoperative respiratory complications:  
hospital-based registry study.  
BMJ, 2015, 351: h3646.

Intraoperative protective ventilation was associated with a decreased risk of 
postoperative respiratory complications. A PEEP of 5 cm H2O and a plateau 
pressure as low as reasonably possible to reduce driving pressure and achieve 
adequate ventilation and oxygenation were identified as protective mechanical 
ventilator settings. These findings suggest that protective thresholds differ for 
intraoperative ventilation in patients with normal lungs compared with those 
used for patients with acute lung injury.

NETO, Ary Serpa, et al (FUTIER, SPRUNG, PELOSI, 
GAMA De ABREU – PROVE Network). Association 
between driving pressure and development of 
postoperative pulmonary complications in patients 
undergoing mechanical ventilation for general 
anesthesia: a meta-analysis of individual patient 
data. The Lancet Respiratory Medicine, 2016,  
4.4: 272-280.

The authors investigated the association of tidal volume, the level of PEEP 
and driving pressure during intraoperative ventilation with the development 
of postoperative pulmonary complications. In patients having surgery, 
intraoperative high driving pressure and changes in the level of PEEP that 
result in an increase of driving pressure are associated with more postoperative 
pulmonary complications.

BAGCHI, A., et al, (VIDAL MELO). The association  
of postoperative pulmonary complications in 
109,360 patients with pressure controlled or  
volume controlled ventilation. Anaesthesia,  
2017, 72.11: 1334-1343.

The authors showed that rates of postoperative pulmonary complications 
are higher after pressure-controlled ventilation than after volume-controlled 
ventilation, in part due to more variable and higher driving pressures and tidal 
volumes, exacerbated by low or no PEEP. Their data support volume-controlled 
ventilation during surgery, particularly for patients more likely to suffer 
postoperative pulmonary complications.

STAEHR-RYE, A. K., et al (VIDAL MELO). High 
intraoperative inspiratory oxygen fraction and risk  
of major respiratory complications. British Journal  
of Anaesthesia, 2017, 119.1: 140-149.

In this analysis of administrative data on file, high intraoperative FiO2 was 
associated in a dose-dependent manner with major respiratory complications 
and with 30-day mortality. The effect remained stable in a sensitivity analysis 
controlled for oxygenation.

LEME, Alcino Costa, et al. Effect of intensive vs. 
moderate alveolar recruitment strategies added 
to lung-protective ventilation on postoperative 
pulmonary complications: a randomized clinical trial. 
JAMA, 2017, 317.14: 1422-1432.

Perioperative lung-protective ventilation has been recommended to reduce 
pulmonary complications after cardiac surgery. The protective role of a small 
tidal volume has been established, whereas the added protection afforded 
by alveolar recruiting strategies remains controversial. Among patients with 
hypoxemia after cardiac surgery, the use of an intensive vs. a moderate alveolar 
recruitment strategy resulted in less severe pulmonary complications while 
in the hospital.

ROGERSON, David, et al (LAS VEGAS: GAMA De 
ABREU, PELOSI). Epidemiology, practice of ventilation 
and outcome for patients at increased risk of 
postoperative pulmonary complications. European 
Journal of Anaesthesiology, 2017, 34.8: 492-507.

The. incidence of patients with a predicted increased risk of PPCs is high. A large 
proportion of patients receive high tidal volume and low PEEP levels. PPCs occur 
frequently in patients at increased risk, with worse clinical outcomes.

FERNANDEZ-BUSTAMANTE, Ana, et al (SPRUNG, 
VIDAL MELO). Postoperative pulmonary 
complications, early mortality, and hospital stay 
following noncardiothoracic surgery: a multicenter 
study by the perioperative research network 
investigators. Jama Surgery, 2017, 152.2: 157-166.

Postoperative pulmonary complications are common in patients with ASA 
physical status 3, despite current protective ventilation practices. Even mild PPCs 
are associated with increased early postoperative mortality, ICU admission, 
and length of stay (ICU and hospital). Mild frequent PPCs (ex. atelectasis and 
prolonged oxygen therapy need) deserve increased attention and intervention  
for improving perioperative outcomes.

DAVIES, Olivia J et al. Postoperative pulmonary 
complications following non-cardiothoracic surgery. 
Bja Education, 2017.

PPCs are a common and significant predictor of patient morbidity and mortality. 
Anesthetists are well-positioned to implement perioperative management 
strategies to reduce PPCs. Preoperatively, these strategies should include 
optimization of cardiorespiratory disease, early smoking cessation, and  
pre-habilitation exercise programs. Intraoperatively, the focus should be on 
shorter duration of surgery, careful and quantitatively monitored NMBAs, and 
lung-protective ventilation strategies. Postoperatively, effective analgesia and 
lung-expansion techniques, including CPAP and physiotherapy, can reduce PPCs.

MISKOVIC, A.; LUMB, A. B. Postoperative pulmonary 
complications. British Journal of Anaesthesia, 2017, 
118.3: 317-334.

In the intraoperative period, avoidance of GA in favor of RA will reduce PPC risk. 
In those receiving a GA, protective ventilation should be used, particularly a small 
tidal volume of 6–8 ml/kg of ideal body weight, supplemented with recruitment 
maneuvers and PEEP if required. The ideal level of PEEP remains controversial, 
with <5cm H2O being acceptable in low-risk patients, but higher levels will be 
required in more challenging patients.

NETO, Serpa Ary, et al (SPRUNG, PELOSI, GAMA De 
ABREU – PROVE Network). Interaction between 
perioperative blood transfusion, tidal volume, airway 
pressure, and postoperative ARDS: an individual 
patient data meta-analysis. Annals of Translational 
Medicine, 2018, 6(2): 23.

The authors investigated the association of blood transfusion, tidal volume and 
airway pressure during intraoperative ventilation with the development of ARDS. 
The authors concluded non-protective ventilation settings, mainly high airway 
pressures, were found as a risk factor for postoperative ARDS together with blood 
transfusion. Thus, limiting tidal volume size, but especially airway pressure with 
intraoperative ventilation, may mitigate the risk of lung injury induced by  
blood transfusions. 

212681397
Typewritten text
2 of 11       Lung Protective Ventilation in the OR - Publications Reference List 

212681397
Typewritten text
3 of 11       Lung Protective Ventilation in the OR - Publications Reference List 



Intraoperative Lung Protective Ventilation
FERNANDEZ-BUSTAMANTE, Ana, et al. Intraoperative 
ventilation: incidence and risk factors for receiving 
large tidal volumes during general anesthesia. BMC 
Anesthesiology, 2011, 11.1: 22.

Ventilation with tidal volume 0 > 10 mL/kg PBW is still common, although poor 
correlation with PBW suggests it may be unintentional. BMI ≥ 30, female gender 
and height < 165 cm may predispose patients to receiving large tidal volumes 
during general anesthesia. Further awareness of patients’ height and PBW is 
needed to improve intraoperative ventilation practices. The impact on clinical 
outcomes needs confirmation.

SEVERGNINI, Paolo, et al (GAMA De ABREU, FUTIER, 
PELOSI). Protective mechanical ventilation during 
general anesthesia for open abdominal surgery 
improves postoperative pulmonary function. 
Anesthesiology, 2013, 118.6: 1307-1321.

A prospective, randomized, open-label trial of protective ventilation in 56 patients 
undergoing more than 2 hours of open abdominal surgery showed that lower 
tidal volumes, PEEP, and recruitment maneuvers led to significantly improved 
pulmonary function test results up to 5 days after surgery, fewer chest x-ray 
findings, and improved Clinical Pulmonary Infection Scores.

FUTIER, E.; CONSTANTIN, J. M.; JABER, S. Protective 
lung ventilation in operating room: a systematic 
review. Minerva Anestesiologica, 2014, 80.6: 726-735.

Use of intraoperative lung-protective mechanical ventilation combining lower 
tidal volumes (VT), moderate PEEP and recruitment maneuvers may help reduce 
postoperative pulmonary complications in patients undergoing major surgery.

FERNANDEZ-BUSTAMANTE, Ana, et al (VIDAL MELO). 
Perioperative lung-protective ventilation in obese 
patients. BMC Anesthesiology, 2015, 15.1: 56.

Obese patients present specific lung physiology and mechanics characteristics, 
frequent respiratory comorbidities, and increased risk of postoperative 
pulmonary complications. Intraoperatively, lung-protective ventilation with low 
tidal volumes, recruitment maneuvers with greater PEEP levels, and the judicious 
use of oxygen concentrations are recommended. Focused postoperative care 
seeking to minimize atelectasis formation is critical.

WANDERER, Jonathan P., et al (VIDAL MELO). 
Temporal trends and current practice patterns for 
intraoperative ventilation at US academic medical 
centers: a retrospective study. BMC Anesthesiology, 
2015, 15.1: 40.

Most general anesthetics with tracheal intubation at the institutions surveyed 
are currently performed with a median tidal volume <8 mL per kg of PBW, most 
are managed with PEEP of ≥5 cm H2O, and approximately half utilize both. Given 
the diversity of the institutions included, this is likely reflective of practice in U.S. 
academic medical centers. The utilization of higher tidal volumes without PEEP in 
control groups for clinical research studies should be reconsidered.

NETO, Ary Serpa, et al (FUTIER, SPRUNG, GAMA De 
ABREU, PELOSI). Protective versus Conventional 
Ventilation for Surgery. A Systematic Review 
and Individual Patient Data Meta-analysis. 
Anesthesiology, 2015, 123.1: 66-78.

This individual patient meta-analysis of 2,127 patients ventilated under 
general anesthesia for surgery from 15 randomized controlled trials shows that 
intraoperative ventilation with low tidal volume protects against postoperative 
pulmonary complications (PPC), but further trials are necessary to define the role 
of intraoperative higher PEEP to prevent PPC after major abdominal surgery.

GÜLDNER, Andreas, et al (PELOSI, GAMA De ABREU). 
Intraoperative Protective Mechanical Ventilation 
for Prevention of Postoperative Pulmonary 
Complications. A Comprehensive Review of the Role 
of Tidal Volume, Positive End-expiratory Pressure, 
and Lung Recruitment Maneuvers. Anesthesiology, 
2015, 123.3: 692-713.

In non-obese patients without ARDS undergoing open abdominal surgery, 
mechanical ventilation should be performed with low tidal volumes 
(approximately 6 to 8 ml/kg) combined with low PEEP because the use of higher 
PEEP combined with recruitment maneuvers does not confer further protection 
against PPCs and can deteriorate the hemodynamics.

ZHANG, Zhongheng, et al. Lung-protective 
ventilation in patients undergoing major surgery: 
a systematic review incorporating a Bayesian 
approach. BMJ Open, 2015, 5.9: e007473.

Protective ventilation can reduce the risk of ALI development in patients who 
underwent major surgery. However, there is insufficient evidence that such 
beneficial effects can be translated to more clinically relevant outcomes such as 
mortality, length of stay in the ICU or duration of MV.

HEDENSTIERNA, Göran; EDMARK, Lennart. 
Protective Ventilation during Anesthesia.  
Is It Meaningful? Anesthesiology, 2016,  
125.6: 1079-1082. (Editorial)

During anesthesia of an adult patient with healthy lungs and a normal BMI, tidal 
volume is not a major concern, recruitment maneuvers may not be necessary 
provided that a graded PEEP is applied that keeps airways open, and the patient 
should be delivered to the postoperative area with an open lung, which should be 
kept open.

YANG, Dongjie, et al. A meta-analysis of 
intraoperative ventilation strategies to prevent 
pulmonary complications: is low tidal volume alone 
sufficient to protect healthy lungs?. Annals of 
Surgery, 2016, 263.5: 881-887.

Intraoperative LTV ventilation in conjunction with PEEP and intermittent 
recruitment maneuvers is associated with significantly improved clinical 
pulmonary outcomes and reduction in length of hospital stay in otherwise 
healthy patients undergoing general surgery. Providers should consider 
application of all the 3 elements for a comprehensive protective  
ventilation strategy.

FERRANDO, C.; BELDA, F. J. New frontiers: art 
and innovation for intraoperative ventilatory 
management. Minerva Anestesiologica, 2017,  
83.10: 1007-1009.

Because definitive evidence is lacking, future research in the field of MV should 
address the protective role of a personalized approach based on non-invasive 
monitoring and how this approach can be performed in real life. As suggested in 
this review, even small improvements in this approach may have a large impact 
on healthcare systems.

BALL, L., et al (PELOSI). Intraoperative mechanical 
ventilation: state of the art. Minerva Anestesiologica, 
2017, 83.10: 1075-1088.

Protective intraoperative ventilation should comprise a low tidal volume of 6-8 
mL/kg of predicted body weight, plateau pressures ideally below 16 cm H2O, 
the lowest possible driving pressure, moderate-low PEEP levels except in obese 
patients. However, laparoscopy and long surgical procedures that might benefit 
of a slightly higher PEEP.

CHIAO, Sunny S., et al. Changing Default Ventilator 
Settings on Anesthesia Machines Improves 
Adherence to Lung-protective ventilation measures. 
Anesthesia & Analgesia, 2017.

The authors report an intervention to reduce VTs in an academic anesthesia 
department. By modifying default anesthesia machine ventilator settings, this 
quality improvement project produced lower VT, more consistent use of PEEP, 
lower ΔP, and greater overall compliance with LPV strategies.

MARSEU, Katherine; SLINGER, Peter. Perioperative 
lung protection. Korean journal of Anesthesiology, 
2017, 70.3: 239-244.

Pulmonary complications are one of the major causes of morbidity and mortality 
in the perioperative period. Anesthesiologists have the important role of being 
able to identify patients at risk preoperatively, and can intervene during 
the whole perioperative period to try to mitigate these risks. Some of these 
interventions still have a conflicting evidence base.

VERBEEK, G. L., et al. Intraoperative protective 
mechanical ventilation in lung transplantation:  
a randomised, controlled trial. Anaesthesia, 2017,  
72.8: 993-1004.

Intraoperative open-lung-protective ventilation strategies are achievable in 
patients undergoing lung transplantation and appear to be associated with a 
reduced duration of mechanical ventilation. Stepwise recruitment, PEEP and 
pressure-controlled ventilation with tidal volume based on ideal recipient body 
weight calculation is associated with improved PaO2/FiO2 ratio in the acute 
implantation period.

LADHA, Karim S., et al (VIDAL MELO). Variability in 
the use of protective mechanical ventilation during 
general anesthesia. Anesthesia & Analgesia, 2018, 
126.2: 503-512.

There is marked variability across individual anesthesia providers in the use of 
intraoperative protective mechanical ventilation. This study’s results suggest that 
this variability is driven by the individual preference of the anesthesia provider, 
rather than patient and procedural characteristics.
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HEDENSTIERNA, Goran & Edmark, Lennart. Effects of 
anesthesia on the respiratory system. Best Practice 
and Clinical Research Anaesthesiology, 2015,  
29: 273-284.

This review discusses the mechanisms contributing to anesthesia-induced 
respiratory system physiologic derangements, and provides a review of relevant 
literature and recommendations for interventions to counteract these effects. 
The authors identify reduction in resting lung volume and high FiO2 as primary 
determinants of perioperative atelectasis formation. They discuss the role of 
alveolar recruitment following induction of anesthesia, application of adequate 
PEEP to keep the lung open throughout the intraoperative period, and the impact 
of FiO2 and CPAP during emergence.

SILVA, PL, et al. Mechanisms of ventilator induced 
lung injury in healthy lungs. Best Practice and Clinical 
Research Anaesthesiology, 2015, 29: 301-313.

This review discusses the mechanisms of VILI in previously healthy lungs and the 
development of protective ventilator strategies in the perioperative period.

Positive End Expiratory Pressure

VARGAS, M., et al (PELOSI). PEEP role in ICU and 
operating room: from pathophysiology to clinical 
practice. The Scientific World Journal, 2014.

PEEP may affect the lung, heart and brain with several mechanisms. The role of 
PEEP in clinical practice is still debated but, in selected categories of patients with 
a careful monitoring, it may play an important role in improving outcomes.

LADHA, K. S., et al (VIDAL MELO). Differential Effects 
of Intraoperative Positive End-expiratory Pressure 
(PEEP) on Respiratory Outcome in Major Abdominal 
Surgery Versus Craniotomy. Annals of Surgery, 2016, 
264.2: 362-369.

The protective effects of PEEP are procedure-specific, with meaningful effects 
observed in patients undergoing major abdominal surgery. This study’s results 
suggest that default mechanical ventilator settings should include PEEP of  
5–10 cm H2O during major abdominal surgery.

D’ANTINI, Davide, et al. Physiological effects of 
the open lung approach during laparoscopic 
cholecystectomy: focus on driving pressure.  
Minerva Anestesiologica, 2017.

This paper shows that the Open Lung Approach (OLA), i.e. the application of a 
PEEP level titrated to achieve an optimized respiratory system compliance 
immediately after a lung recruiting maneuver, is able to reverse several 
detrimental effects of pneumoperitoneum on lung mechanics and gas exchange.

FERRANDO, Carlos, et al. Open lung approach 
versus standard protective strategies: Effects on 
driving pressure and ventilatory efficiency during 
anesthesia-A pilot, randomized controlled trial.  
PloS One, 2017, 12.5: e0177399.

This study concludes the use of an intraoperative OLA ventilation strategy results 
in better respiratory system mechanics, lower driving pressure and improved 
ventilatory efficiency, when compared with a conventional low tidal volume 
ventilation strategy and fixed standard PEEP of 5 cm H2O, or with a RM strategy 
without an individualized post-RM PEEP titration.

TRESCHAN, Tanja A., et al (GAMA De ABREU, 
PELOSI). Ventilation with high versus low peep levels 
during general anaesthesia for open abdominal 
surgery does not affect postoperative spirometry: 
A randomised clinical trial. European Journal of 
Anaesthesiology, 2017, 34.8: 534-543.

Postoperative spirometry test results are not affected by the PEEP level during 
intraoperative ventilation during anesthesia for open abdominal surgery in 
patients at high risk of PPC. Spirometry test results on postoperative day five are 
associated with the development of PPCs during this time period.

D’ANTINI, Davide, et al (PELOSI, VIDAL MELO, 
GAMA De ABREU). Respiratory System Mechanics 
During Low Versus High Positive End-Expiratory 
Pressure in Open Abdominal Surgery: A Substudy of 
PROVHILO Randomized Controlled Trial. Anesthesia 
& Analgesia, 2018, 126.1: 143-149.

During mechanical ventilation with protective tidal volumes in patients 
undergoing open abdominal surgery, lung recruitment followed by PEEP of 12 cm 
H2O decreased the incidence of intra-tidal R/D and did not worsen overdistension, 
when compared to PEEP ≤2 cm H2O.

PELOSI, P., et al. The real role of the PEEP in operating 
room: pros & cons. Minerva Anestesiologica, 2018.

High PEEP should not be considered as a standard measure to use in all patients 
during general anesthesia, but moderate PEEP could be preferable in specific 
cases such as obese patients, Trendelenburg positioning and long duration of 
surgery. In the average patient, we suggest starting from 0-2 cm H2O, considering 
recruitment maneuvers and a PEEP increase if oxygenation deteriorates during 
the course of surgery. In all cases, ΔP and plateau pressure should be maintained 
as low as possible, respectively below 13 and 16 cm H2O when clinically feasible.

NIEMAN, GF, et al. Personalizing mechanical 
ventilation according to physiologic parameters to 
stabilize alveoli and minimize ventilator induced lung 
injury (VILI). Intensive Care Medicine Experimental, 
2017, 5:8.

This review discusses the protective mechanical breath profile (one that 
maintains an open, homogenously ventilated lung and minimizes alveolar 
recruitment/derecruitment) and assesses the various methods used to 
individualize PEEP.

WIRTH, S, et al. Pneumoperitoneum deteriorates 
intratidal respiratory system mechanics: an 
observational study in lung-healthy patients. Surg 
Endosc, 2016.

This study found that pneumoperitoneum-induced atelectasis persists after 
removal of insufflation and affects patient recovery in the postoperative period. 
PEEP counterbalances the diaphragm’s cranial shift and increases the functional 
residual capacity during pneumoperitoneum. 

SEN, O. & Doventas, YE. Effects of different levels 
of end-expiratory pressure on hemodynamic, 
respiratory mechanics, and systemic stress response 
during laparoscopic cholecystectomy. Rev Bras 
Anesthesiol, 2017, 67(1): 28-34.

In this study, randomized patients (BMI <30) received PEEP 5 vs. 10 cm H2O during 
pneumoperitoneum for laparoscopic cholecystectomy. Ventilation with 10 cm H2O 
PEEP increases compliance and oxygenation, does not cause hemodynamic and 
respiratory complications, and reduces the postoperative stress response.

UKERE, A et al. Perioperative assessment of regional 
ventilation during changing body positions and 
ventilation conditions by electrical impedance 
tomography. British Journal of Anaesthesia, 2016, 
117 (2): 228–35.

The authors investigated the effects of induction of anesthesia, perioperative 
changes in body positioning and pneumoperitoneum on global parameters of 
oxygenation and lung mechanics. They measured the degree of anesthesia-
induced atelectasis, decreased oxygenation and decreased compliance, and 
demonstrated how each of these variables worsened with head-down tilt and 
further with pneumoperitoneum, and remained abnormal after removal of 
pneumoperitoneum and return to supine positioning (suggesting persistent 
atelectasis and ventilation-perfusion mismatch).

XINGYING, H et al. Electrical Impedance 
Tomography-guided PEEP titration in patients 
undergoing laparoscopic abdominal surgery. 
Medicine, 2016, 95(14).

The aim of the study is to utilize electrical impedance tomography (EIT) to guide 
positive end-expiratory pressure (PEEP) and to optimize oxygenation in patients 
undergoing laparoscopic abdominal surgery. The controlled group patients 
experienced 8.7% postoperative pulmonary complications versus 5.3% among the 
EIT group patients (relative risk 1.27, 95% confidence interval 0.31-5.3, P = 0.75). 
Electrical impedance tomography represents a new promising technique that 
could enable anesthesiologists to assess regional ventilation of the lungs and 
optimize global oxygenation for patients undergoing laparoscopic abdominal 
surgery.

RUSSO, A et al. Postive end-expiratory pressure 
during laparoscopy: cardiac and respiratory effects. 
Journal of Clinical Anesthesia, 2013, 25: 314-320.

This prospective randomized study (ASA 1, BMI <30, undergoing laparoscopic 
pelvic surgery) determined the effect of PEEP on the respiratory system 
and cardiac function. Ventilation with PEEP at 10 cm H2O led to significant 
improvements in both respiratory and cardiac parameters. A reduction in 
pulmonary vascular resistance and enhanced washout of expiratory CO2  
occurred. Ten cm H2O and, to a lesser extent, 5 cm H2O of PEEP decreased LV 
stroke work.
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ERLANDSSON, K. et al. Positive end-expiratory 
pressure optimization using electric impedance 
tomography in morbidly obese patients during 
laparoscopic gastric bypass surgery. Acta 
Anaesthesiol Scand, 2006, 50: 833-39.

Fifteen patients with BMI 49 ± 8 were studied during anesthesia for laparoscopic 
gastric bypass surgery, which identified optimal PEEP (level of PEEP needed to 
maintain a stable end-expiratory lung volume and minimize shunt) as 15±1 cm 
H2O. Hemodynamics were well-maintained in spite of the high level of PEEP and 
reverse Trendelenburg positioning. The authors also reported that during the 
maintenance of anesthesia, an FiO2 value of approximately 0.3 was used, and 
the PaO2/FiO2 value was around 350 mmHg, which is markedly higher than that 
found in previous studies using lower PEEP levels in morbidly obese patients.

Tidal Volume

SPRUNG, Juraj, et al. The effects of tidal volume and 
respiratory rate on oxygenation and respiratory 
mechanics during laparoscopy in morbidly obese 
patients. Anesthesia & Analgesia, 2003,  
97.1: 268-274. 

This study found alveolar-arterial difference in oxygen tension was always 
significantly higher in morbidly obese patients. The alveolar-arterial difference 
in oxygen tension was not affected by body position, pneumoperitoneum or the 
mode of ventilation. Arterial oxygenation during laparoscopy was observed to 
be only affected only by body weight and could not be improved by increasing 
either the VT or RR.

FUTIER, Emmanuel, et al. A trial of intraoperative low 
tidal-volume ventilation in abdominal surgery. New 
England Journal of Medicine, 2013,  
369.5: 428-437.

As compared with a practice of nonprotective mechanical ventilation, the use of 
a lung-protective ventilation strategy in intermediate-risk and high-risk patients 
undergoing major abdominal surgery was associated with improved clinical 
outcomes and reduced health care utilization.

SHEN, Yaxing, et al. The impact of tidal volume 
on pulmonary complications following minimally 
invasive esophagectomy: a randomized and 
controlled study. The Journal of Thoracic and 
Cardiovascular Surgery, 2013, 146.5: 1267-1274.

Lung injury due to intraoperative single-lung ventilation may contribute to 
pulmonary complications after Minimally Invasive Esophagectomy (MIE). Low 
VT ventilation could decrease ventilation-associated lung inflammation, thus 
minimizing pulmonary complications after MIE.

SATO, Hitoshi, et al. Low tidal volume ventilation 
with low PEEP during surgery may induce lung 
inflammation. BMC Anesthesiology, 2015, 16.1: 47.

The authors found a VT of 6 mL/kg PBW ventilation with a PEEP of 3 cm 
H2O during hepatectomy caused inflammation in the airway and reduced 
oxygenation after the surgery, whereas VT of 12 mL/kg ventilation with a PEEP 
of 3 cm H2O did not. There appears to be more lung inflammation with low tidal 
volume with low PEEP, which may be due to repeated alveolar collapse and  
re-expansion (i.e., atelectrauma).

GUAY, Joanne; OCHROCH, Edward A. Intraoperative 
use of low volume ventilation to decrease 
postoperative mortality, mechanical ventilation, 
lengths of stay and lung injury in patients without 
acute lung injury. The Cochrane Library. 2015

Low tidal volumes (defined as < 10 mL/kg) should be used preferentially during 
surgery. They decrease the need for postoperative ventilatory support (invasive 
and non-invasive). Further research is required to determine the maximum peak 
pressure of ventilation that should be allowed during surgery.

GU, Wan-Jie; WANG, Fei; LIU, Jing-Chen. Effect of 
lung-protective ventilation with lower tidal volumes 
on clinical outcomes among patients undergoing 
surgery: a meta-analysis of randomized controlled 
trials. CMAJ: Canadian Medical Association Journal, 
2015, 187.3.

Anesthetized patients who received ventilation with lower tidal volumes during 
surgery had a lower risk of lung injury and pulmonary infection than those given 
conventional ventilation with higher tidal volumes. Implementation of a lung-
protective ventilation strategy with lower tidal volumes may lower the incidence 
of these outcomes.

Alveolar Recruitment

WHALEN, Francis X., et al (SPRUNG). The effects  
of the alveolar recruitment maneuver and positive 
end-expiratory pressure on arterial oxygenation 
during laparoscopic bariatric surgery. Anesthesia & 
Analgesia, 2006, 102.1: 298-305.

A recruitment maneuver followed by PEEP effectively improves intraoperative 
PaCO2 in morbidly obese patients throughout the course of operation, but it 
promptly dissipates after tracheal extubation. Further studies are required to 
examine if immediate post-extubation use of lung expansion strategies (CPAP) 
could improve pulmonary outcomes in bariatric patients.

WEINGARTEN, T. N., et al (SPRUNG). Comparison 
of two ventilatory strategies in elderly patients 
undergoing major abdominal surgery. British Journal 
of Anaesthesia, 2010, 104.1: 16-22.

Open lung ventilation is commonly used in patients with acute lung injury 
and has been shown to improve intraoperative oxygenation in obese patients 
undergoing laparoscopic surgery. A lung-recruitment strategy in elderly patients 
is well-tolerated and improves intraoperative oxygenation and lung mechanics 
during laparotomy.

FUTIER, Emmanuel, et al. Intraoperative recruitment 
maneuver reverses detrimental pneumoperitoneum-
induced respiratory effects in healthy weight 
and obese patients undergoing laparoscopy. 
Anesthesiology, 2010, 113.6: 1310-1319.

In patients undergoing laparoscopy, PEEP increased respiratory elastance but 
did not improve oxygenation. The addition of a recruitment maneuver increased 
respiratory elastance and oxygenation in normal-weight and obese patients.

WEI, K., et al. Repeated alveolar recruitment 
maneuvers with and without positive end-expiratory 
pressure during bariatric surgery: a randomized trial. 
Minerva Anestesiologica, 2017.

Repeated ARMs, either with or without PEEP, improve early postoperative 
oxygenation and shorten time to extubation. ARMs without PEEP result in lower 
airway pressure and less hemodynamic impairment in patients who were 
undergoing bariatric surgery.
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Oxygen Toxicity

MARTIN, D. S., & Grocott, M. P. W. (2013). Oxygen 
therapy in critical illness: precise control of arterial 
oxygenation and permissive hypoxemia.  
Critical care medicine, 41(2), 423-432.

Implementating precise control of arterial oxygenation may avoid the risks 
associated with excessive and inadequate oxygenation. However, currently there 
is no direct evidence to support the immediate implementation of permissive 
hypoxemia, and a comprehensive evaluation of its value in critically ill patients 
should be a high research priority.

QADAN M, Akca O, Mahid SS, Hornung CA, Polk HCJ. 
Perioperative supplemental oxygen therapy and 
surgical site infection: a meta-analysis of  
randomized controlled trials. Arch Surg 2009;  
144: 359–66; discussion 366–7 

Perioperative supplemental oxygen therapy shows a significant beneficial effect 
in the prevention of SSIs. We recommend its use along with maintenance of 
normothermia, meticulous glycemic control, and preservation of intravascular 
volume perioperatively in the prevention of SSIs.

MEYHOFF CS, Wetterslev J, Jorgensen LN, et al. 
Effect of high peri-operative oxygen fraction on 
surgical site infection and pulmonary complications 
after abdominal surgery: the PROXI randomized 
clinical trial. J Am Med Assoc 2009; 302: 1543 – 50 

Administration of 80% oxygen compared with 30% oxygen did not result in a 
difference in risk of surgical site infections after abdominal surgery.

MEYHOFF CS, Jorgensen LN, Wetterslev J, 
Christensen KB, Rasmussen LS. Increased long-
term mortality after a high perioperative inspiratory 
oxygen fraction during abdominal surgery: follow-up 
of a randomized clinical trial. Anesth Analg 2012; 
115: 849–54 

Administration of 80% oxygen in the perioperative period was associated with 
significantly increased long-term mortality and this appeared to be statistically 
significant in patients undergoing cancer surgery but not in non-cancer patients.

MARTIN, D.S. and Grocott, M.P.W., 2013. III. Oxygen 
therapy in anaesthesia: the yin and yang of O2. British 
journal of anaesthesia, 111(6), pp.867-871.

Current recommendations for oxygen therapy are a useful guide for clinicians 
at the bedside. The goal of improving patient outcomes through carefully 
targeted administration of oxygen offers opportunities for innovation in devices, 
diagnostics and therapies.
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