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Mechanical ventilation is frequently used as a supportive

strategy in intensive care medicine and anaesthesiology

despite its potential to aggravate or even initiate lung

injury. Indeed, overdistension of nondependent lung

regions and repetitive opening and closing of dependent

lung regions may cause mechanical stress and strain,

eventually worsening or causing lung damage.1,2

Critically ill patients with acute respiratory distress

syndrome (ARDS) requiring long-term mechanical venti-

lation (i.e. for days) have been found to benefit from lung-

protective mechanical ventilation settings that limit

airway pressures and tidal volumes.3,4 Therefore, use

of such lung-protective mechanical ventilation strategies

is currently recommended in these patients.5 There is

growing evidence that critically ill patients at risk for, but

not yet suffering from, lung injury also benefit from

pressure and volume limitation during long-term

mechanical ventilation.6–8 Although higher levels of

positive end-expiratory pressure (PEEP) with or without

recruitment manoeuvres during long-term mechanical

ventilation benefit selected patients with ARDS, its
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use is not widely recommended.4 Evidence for bene-

ficial effects of higher PEEP levels and recruitment

manoeuvres during long-term mechanical ventilation in

patients with uninjured lungs is lacking.

The effects of short-term mechanical ventilation (i.e. for

hours) on pulmonary integrity are still to be defined.9 The

potential benefits of lung-protective mechanical venti-

lation strategies during general anaesthesia for surgery in

patients with uninjured lungs are even questioned.10

However, results from preclinical studies of short-term

mechanical ventilation in animals without lung injury

suggest possible beneficial effects of pressure and tidal

volume limitations and the use of higher PEEP

levels.2,11,12 In addition, intraoperative lung-protective

mechanical ventilation may attenuate postoperative lung

inflammation and prevent postoperative pulmonary com-

plications.9,13 During short-term postoperative venti-

lation, pressure and tidal volume limitation may also

be protective.8,14,15 Although potentially beneficial, there

is insufficient evidence as to whether the use of higher

levels of PEEP during surgery prevents postoperative

pulmonary complications.16

Consensus on optimal mechanical ventilation settings

during general anaesthesia for surgery is largely lacking.

Knowledge on intraoperative mechanical ventilation set-

tings is very limited. One observational study, conducted

in 49 centres in France, showed that 18% of patients

undergoing general anaesthesia for surgery received tidal

volumes more than 10 ml kg�1 predicted body weight
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during mechanical ventilation in the operating room. In

addition, 81% received mechanical ventilation without

PEEP.17 Information beyond this study is scarce,

although some observational studies suggest poor use

of pressure and volume-limited mechanical ventilation

during general anaesthesia for surgery.9,14,18 Thus, it is

unclear how widely the concept of lung-protective mech-

anical ventilation is applied in other countries.

Postoperative pulmonary complications are a major

contributor to postoperative morbidity, with a reported

incidence varying from 2.6 to 5.0%.19,20 Perhaps post-

operative pulmonary complications are dependent on

intraoperative mechanical ventilation settings? Consider-

ing the large number of surgical procedures performed

worldwide daily, estimated to be over 600 000, and the high

incidence of complications (25%) and mortality (from 3.5

to 7%) in this patient population, even a small beneficial

effect of lung-protective mechanical ventilation during

general anaesthesia for surgery on postoperative pulmon-

ary complications could have significant importance.21,22

The LAS VEGAS study aims to characterise current

mechanical ventilation practices during general anaes-

thesia for surgery and assess the dependence of post-

operative pulmonary complications on intraoperative

mechanical ventilation settings. As secondary end-points,

we plan to assess intraoperative complications possibly

related to mechanical ventilation settings, as well as the

variation of applied mechanical ventilation settings

within centres and between centres on an international

basis.

This large observational study will provide valuable data

that can guide optimisation of intraoperative mechanical

ventilation to attenuate intraoperative and postopera-

tive pulmonary complications. Prevention of ventilator-

associated lung injury (VALI) could have substantial

impact on postoperative pulmonary complications, post-

operative clinical course and length of hospital stay.

The LAS VEGAS study is an international, observa-

tional, prospective noninterventional cohort study. It

will include consecutive adult patients undergoing

mechanical ventilation during general anaesthesia for

surgery within a 7-day study period in the first months

of 2013. Patients are followed during 5 postoperative

days for postoperative pulmonary complications. At day

28 after surgery, length of hospital stay and in-hospital

mortality are recorded. Patients undergoing obstetric

surgical procedures or any procedure during pregnancy,

surgical procedures outside the operating room and

surgical procedures involving extracorporal circulation

are excluded from participation. Two specific patient

groups will be included in the study, but analysed

separately: patients undergoing one-lung ventilation

during surgery, and ICU patients (i.e. patients who

may already have received mechanical ventilation before

the surgical procedure).
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Patients will be recruited in both teaching and com-

munity centres worldwide. We aim to include a minimum

of 4800 patients in at least 96 centres. Taking into

account an expected minimum incidence of postopera-

tive pulmonary complications of 2.6%, we anticipate that,

in order to provide a sample of 120 events, inclusion of

at least 4800 patients is required. This will allow for

inclusion of up to 12 covariates (including but not limited

to mechanical ventilation settings, fluid loading, blood

transfusion, ARISCAT risk score) in a logistic regression

model to analyse the effect on postoperative pulmonary

complications.20 For a logistic regression analysis, the

number of events divided by the number of predictor

variables should be at least 10.23

The data to be collected are all collected as part of routine

clinical care. Predefined risk factors for postoperative pul-

monary complications (including, but not restricted to,

physical status, smoking status, chronic comorbidity,

transfusion of red blood cells, urgency of surgery, surgical

procedure, fluid loading, use of epidural anaesthesia),

intraoperative mechanical ventilation settings (ventilatory

mode, airway pressures, tidal volume, PEEP, respiratory

rate), intraoperative complications possibly related to the

mechanical ventilation strategy (oxygen desaturation,

need for unplanned recruitment manoeuvres, need for

pressure reduction, need for expiratory flow limitation,

hypotension, need for vasoactive drugs, new arrhythmias)

and postoperative pulmonary complications (new or pro-

longed invasive or noninvasive mechanical ventilation,

need for oxygen therapy, respiratory failure, pneumonia,

ARDS, pneumothorax) are recorded from the medical

chart.19,20,24 In patients who are admitted to the ICU after

surgery, a more detailed follow-up is performed. These

patients will be part of an elective substudy that can

provide important information on postoperative critical

care.

All data are collected on paper case-record forms, unless a

local electronic system to register intraoperative and/or

postoperative data is used (e.g. a patient data manage-

ment system). All collected data are transcribed by local

investigators into a web-based electronic Case Report

Form (open source software OpenClinica).

In this multicentre study, we will check for design effects.

Design effects measure the effect of clustering due to

multisite recruitment of individuals. Student’s t-test or

Mann–Whitney U-test will be used to compare continuous

variables, andx2 tests for categorical variables. Comparison

between and within groups will be performed using one-

way analysis of variance (ANOVA) and posthoc analyses

for continuous variables. Study parameters of patients

receiving mechanical ventilation prior to operation

and of patients undergoing one-lung ventilation during

surgery will be analysed separately. Data from the ICU

substudy will be analysed separately. To identify potential

factors associated with intraoperative and postoperative
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pulmonary complications, univariate analyses will be per-

formed. A multivariate logistic regression model will be

used to identify independent risk factors for postoperative

pulmonary complications. To enter new terms into the

model, a stepwise approach will be used, with a limit of

P value of less than 0.05 to enter the terms. Time to event

variables will be analysed using Cox regression and visual-

ised by Kaplan–Meier curves. Statistical significance will

be considered at a P value of less than 0.05.

All participating centres will submit the study protocol to

their local Institutional Review Board for ethical judge-

ment and obtain documentary proof that the study has

been subjected to ethical review and granted approval/

favourable opinion. If required, ethical approval must be

obtained before the start of inclusion. The study is regis-

tered at Clinicaltrials.gov with registration identifier

NCT 01601223.

The study will be performed by the LAS VEGAS

collaboration on behalf of the European Society of Anaes-

thesiology (ESA). National coordinators will identify and

recruit local participating centres, translate all study

documents and ensure that all local necessary ethical

and regulatory approvals are obtained before start of

patient inclusion. They will assist, train and monitor local

centres, ensuring that the study is conducted according to

the Good Clinical Practice guidelines of the International

Conference on Harmonisation (ICH–GCP).25 Local

coordinators in individual participating centres will pro-

vide scientific and structural leadership in their centre.

They will guarantee the integrity of data collection and

ensure timely completion of the dataset.

After publication of the primary results in a peer-reviewed

medical journal, the pooled dataset will be available for all

members of the LAS VEGAS collaboration on request for

secondary analyses after judgement and approval of scien-

tific quality and validity by the Steering Committee.

Acknowledgements
Assistance with the article: none declared.

Financial support and sponsorship: the study is funded by the ESA.

The members of the LAS VEGAS Steering Committee are J.M.

Binnekade (Academic Medical Center, Amsterdam, the

Netherlands); J. Canet (Hospital Universitari Germans Trias I

Pujol, Barcelona, Spain); G. Hedenstierna (University Hospital

Uppsula, Uppsala, Sweden); S. Jaber (Saint Eloi University

Hospital, Montpellier, France); M. Hiesmayr (Medical University

Vienna, Vienna, Austria); M.W. Hollmann (Academic Medical

Center, Amsterdam, the Netherlands); G.H. Mills (Sheffield

Teaching Hospitals, Sheffield, UK); M.F. Vidal Melo

(Massachusetts General Hospital, Boston, Massachusetts, USA);

R. Pearse (William Harvey Research Institute, London, UK); C.

Putensen (University Hospital Bonn, Bonn, Germany); W. Schmid

(Medical University Vienna, Vienna, Austria), P. Severgnini

(University of Insubria, Varese, Italy); H. Wrigge (University of

Leipzig, Germany).

Conflicts of interest: none declared.
yright © European Society of Anaesthesiology. U
Comment from the Editor: this article was checked and accepted by

the editors but was not sent for external peer review.

References
1 Slutsky AS. Lung injury caused by mechanical ventilation. Chest 1999;

116:9S–15S.
2 Tremblay LN, Slutsky AS. Ventilator-induced lung injury: from the bench to

the bedside. Intensive Care Med 2006; 32:24–33.
3 ADTF. Acute respiratory distress syndrome: the Berlin definition. JAMA

2012; 307:2526–2533.
4 Putensen C, Theuerkauf N, Zinserling J, et al. Meta-analysis: ventilation

strategies and outcomes of the acute respiratory distress syndrome and
acute lung injury. Ann Int Med 2009; 151:566–576.

5 Dellinger RP, Levy MM, Carlet JM, et al. Surviving Sepsis Campaign:
international guidelines for management of severe sepsis and septic shock:
2008. Crit Care Med 2008; 36:296–327.

6 Gajic O, Dara SI, Mendez JL, et al. Ventilator-associated lung injury in
patients without acute lung injury at the onset of mechanical ventilation. Crit
Care Med 2004; 32:1817–1824.

7 Gajic O, Frutos-Vivar F, Esteban A, et al. Ventilator settings as a risk factor
for acute respiratory distress syndrome in mechanically ventilated patients.
Intensive Care Med 2005; 31:922–926.

8 Determann RM, Royakkers A, Wolthuis EK, et al. Ventilation with lower tidal
volumes as compared with conventional tidal volumes for patients without
acute lung injury: a preventive randomized controlled trial. Crit Care 2008;
14:R1.

9 Fernandez-Perez ER, Keegan MT, Brown DR, et al. Intraoperative tidal
volume as a risk factor for respiratory failure after pneumonectomy.
Anesthesiology 2006; 105:14–18.

10 Wrigge H, Uhlig U, Zinserling J, et al. The effects of different ventilatory
settings on pulmonary and systemic inflammatory responses during major
surgery. Anesth Analg 2004; 98:775–781.

11 Wolthuis E, Vlaar A, Choi G, et al. Mechanical ventilation using noninjurious
ventilation settings causes lung injury in the absence of preexisting lung
injury in healthy mice. Crit Care 2009; 13:R1.

12 Moriondo A, Marcozzi C, Bianchin F, et al. Impact of mechanical ventilation
and fluid load on pulmonary glycosaminoglycans. Respir Physiol Neurobiol
2012; 181:308–320.

13 Schultz MJ. Lung-protective mechanical ventilation with lower tidal volumes
in patients not suffering from acute lung injury: a review of clinical studies.
Med Sci Monit 2008; 14:RA22–RA26.

14 Lellouche F, Dionne S, Simard S, et al. High tidal volumes in mechanically
ventilated patients increase organ dysfunction after cardiac surgery.
Anesthesiology 2012; 116:1072–1082.

15 Pelosi P, de Abreu MG. Tidal volumes during general anesthesia: size does
matter!. Anesthesiology 2012; 116:985–986.

16 Imberger G, McIlroy D, Pace NL, et al. Positive end-expiratory pressure
(PEEP) during anaesthesia for the prevention of mortality and postoperative
pulmonary complications. Cochrane Database Syst Rev
2010:CD007922.

17 Jaber S, Coisel Y, Chanques G, et al. A multicentre observational study of
intra-operative ventilatory management during general anaesthesia: tidal
volumes and relation to body weight. Anaesthesia 2012; 67:999–1008.

18 Blum JM, Maile M, Park PK, et al. A description of intraoperative
ventilator management in patients with acute lung injury and the use of lung
protective ventilation strategies. Anesthesiology 2010; 115:75–82.

19 Smetana GW, Lawrence VA, Cornell JE. Preoperative pulmonary risk
stratification for noncardiothoracic surgery: systematic review for the
American College of Physicians. Ann Int Med 2006; 144:581–595.

20 Canet J, Gallart L, Gomar C, et al. Prediction of postoperative pulmonary
complications in a population-based surgical cohort. Anesthesiology
2010; 113:1338–1350.

21 Weiser TG, Regenbogen SE, Thompson KD, et al. An estimation of the
global volume of surgery: a modelling strategy based on available data.
Lancet 2008; 372:139–144.

22 Ghaferi AA, Birkmeyer JD, Dimick JB. Variation in hospital mortality
associated with inpatient surgery. N Engl J Med 2009; 361:1368–1375.

23 Bagley SC, White H, Golomb BA. Logistic regression in the medical
literature: standards for use and reporting, with particular attention to one
medical domain. J Clin Epidemiol 2001; 54:979–985.

24 Arozullah AM,Khuri SF, Henderson WG, Daley J. Developmentand validation
of a multifactorial risk index for predicting postoperative pneumonia after
major noncardiac surgery. Ann Int Med 2001; 135:847–857.

25 International conference on harmonisation of technical requirements for
registration of pharmaceuticals for human use. ICH Harmonised Tripartite
Guideline: guideline for good clinical practice. J Postgrad Med 2001;
47:199–203.
nauthorized reproduction of this article is prohibited.
Eur J Anaesthesiol 2013; 30:205–207


	ESA Clinical Trials Network 2012: LAS VEGAS - Local �Assessment of Ventilatory Management during �General Anaesthesia for Surgery and its effects �on Postoperative Pulmonary Complications
	Acknowledgements

	References

