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Incidence of mortality and morbidity related to postoperative 
lung injury in patients who have undergone abdominal or 
thoracic surgery: a systematic review and meta-analysis
Ary Serpa Neto, Sabrine NT Hemmes, Carmen SV Barbas, Martin Beiderlinden, Ana Fernandez-Bustamante, Emmanuel Futier, Markus W Hollmann, 
Samir Jaber, Alf Kozian, Marc Licker, Wen-Qian Lin, Pierre Moine, Federica Scavonetto, Thomas Schilling, Gabriele Selmo, Paolo Severgnini, 
Juraj Sprung, Tanja Treschan, Carmen Unzueta, Toby N Weingarten, Esther K Wolthuis, Hermann Wrigge, Marcelo Gama de Abreu, Paolo Pelosi, 
Marcus J Schultz, for the PROVE Network investigators

Summary
Background Lung injury is a serious complication of surgery. We did a systematic review and meta-analysis to assess 
whether incidence, morbidity, and in-hospital mortality associated with postoperative lung injury are aff ected by type 
of surgery and whether outcomes are dependent on type of ventilation.

Methods We searched MEDLINE, CINAHL, Web of Science, and Cochrane Central Register of Controlled Trials for 
observational studies and randomised controlled trials published up to April, 2014, comparing lung-protective 
mechanical ventilation with conventional mechanical ventilation during abdominal or thoracic surgery in adults. 
Individual patients’ data were assessed. Attributable mortality was calculated by subtracting the in-hospital mortality 
of patients without postoperative lung injury from that of patients with postoperative lung injury.

Findings We identifi ed 12 investigations involving 3365 patients. The total incidence of postoperative lung injury 
was similar for abdominal and thoracic surgery (3·4% vs 4·3%, p=0·198). Patients who developed postoperative 
lung injury were older, had higher American Society of Anesthesiology scores and prevalence of sepsis or 
pneumonia, more frequently had received blood transfusions during surgery, and received ventilation with higher 
tidal volumes, lower positive end-expiratory pressure levels, or both, than patients who did not. Patients with 
postoperative lung injury spent longer in intensive care (8·0 [SD 12·4] vs 1·1 [3·7] days, p<0·0001) and hospital 
(20·9 [18·1] vs 14·7 [14·3] days, p<0·0001) and had higher in-hospital mortality (20·3% vs 1·4% p<0·0001) than 
those without injury. Overall attributable mortality for postoperative lung injury was 19% (95% CI 18–19), and 
diff ered signifi cantly between abdominal and thoracic surgery patients (12·2%, 95% CI 12·0–12·6 vs 26·5%, 
26·2–27·0, p=0·0008). The risk of in-hospital mortality was independent of ventilation strategy (adjusted HR 0·71, 
95% CI 0·41–1·22).

Interpretation Postoperative lung injury is associated with increases in in-hospital mortality and durations of stay in 
intensive care and hospital. Attributable mortality due to postoperative lung injury is higher after thoracic surgery 
than after abdominal surgery. Lung-protective mechanical ventilation strategies reduce incidence of postoperative 
lung injury but does not improve mortality.

Funding None.

Introduction
More than 230 million major surgical procedures are 
performed worldwide each year.1 Complications after 
major surgery increase use of resources and are 
important causes of death.1 Postoperative pulmonary 
complications, including postoperative lung injury, are 
associated particularly with morbidity and mortality 
after major surgery.2–4 Evidence suggests that 
intraoperative lung-protective mechanical ventilation 
strategies, which use low tidal volumes with or without 
high levels of positive end-expiratory pressure (PEEP), 
prevent postoperative lung injury compared with 
conventional ventilation (high tidal volume and low 
PEEP levels).2–4 A large retrospective study showed that 
use of low tidal volumes during general anaesthesia for 
surgery were associated with increased mortality, and 

excess mortality was suggested to have been caused by 
the use of too-low PEEP levels.5

The exact eff ects of postoperative lung injury on 
morbidity and mortality are uncertain, and the outcome 
of postoperative lung injury could be diff erent in patients 
who had abdominal surgery from those who underwent 
thoracic surgery. Additionally, whether diff erent lung-
protective ventilation strategies aff ect the development of 
postoperative lung injury and outcomes needs to be 
better defi ned.2–4

Improved understanding of the incidence, morbidity, 
and mortality of postoperative lung injury could help in 
the design of future trials and might improve the 
approach to prevention and treatment of this condition. 
We aimed to test the hypotheses that crude and 
attributable mortality diff er between patients after 
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abdominal and thoracic surgery and that outcome of 
postoperative lung injury is dependent on intraoperative 
ventilation settings.

Methods
The full statistical analysis plan for this meta-analysis has 
been published.6 We did an individual-patient-data meta-
analysis of studies and trials of intraoperative ventilation 
during abdominal and thoracic surgery, which allowed 
us to quantify crude and attributable mortality of 
postoperative lung injury and assess its relation to 
diff erent ventilation strategies. We compared incidence 
of lung injury and outcomes in patients who underwent 
abdominal surgery with those in patients who underwent 
thoracic surgery.

Two authors (ASN and CSVB) searched MEDLINE, 
CINAHL, Web of Science, and Cochrane Central Register 
of Controlled Trials for observational studies and 
randomised controlled trials published up to April, 2014. 
The search strategy combined the following medical 
subject headings and keywords “([protective ventilation 
OR lower tidal volume OR low tidal volume OR positive 
end–expiratory pressure OR positive end–expiratory 

pressure OR PEEP])”. No restrictions were placed on 
publication language. The abstracts and, where 
appropriate, full text of articles and cross-referenced 
studies identifi ed from retrieved articles were screened 
for pertinent information. We also searched online for 
proceedings of annual meetings of critical care and 
anaesthesiology societies to identify relevant studies 
published in abstract form only.

Selection of studies
Eligible studies compared diff erent tidal volume and 
PEEP settings (lung-protective versus conventional 
ventilation) during intraoperative ventilation for surgical 
general anaesthesia and reported the outcomes of interest 
in this study. Other inclusion criteria were that the studies 
were done in adults (age 18 years or older) undergoing 
elective abdominal or thoracic surgery. Studies or trials 
were excluded if they included patients with pre-existing 
lung injury or those who received ventilation in a non-
surgical setting (eg, ventilation continued in intensive 
care). We used the Jadad score to assess the quality of the 
randomised controlled trials, and the GRACE checklist to 
assess observational studies.
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Country Study 
design

Jadad 
score

Type of 
surgery

Number of patients Postoperative lung injury Mortality

Protective 
ventilation

Conventional 
ventilation

Protective 
ventilation

Conventional 
ventilation

Protective 
ventilation

Conventional 
ventilation

Wrigge et al, 
20048

Germany RCT 2 Abdominal or 
thoracic*

29 (47%) 33 (53%) 0 3 (9%) 0 0

Schilling et al, 
20059

Germany RCT 2 Thoracic* 75 (68%) 35 (32%) 0 0 0 0

Wolthuis et al, 
200810

Netherlands RCT 3 Abdominal 24 (52%) 22 (48%) 0 2 (9%) 0 0

Lin et al, 
200811

China RCT 1 Thoracic* 50 (49%) 52 (51%) 1 (2%) 14 (27%) 0 1 (2%)

Licker et al, 
200912

Switzerland Non-RCT ·· Thoracic* 558 (51%) 533 (49%) 15 (3%) 28 (5%) 13 (2%) 15 (3%)

Weingarten 
et al, 201013

USA RCT 3 Abdominal 20 (50%) 20 (50%) 0 1 (5%) 1 (5%) 0

Fernandez-
Bustamante 
et al, 201114

USA Non-RCT ·· Abdominal 154 (36%) 275 (64%) 7 (4%) 14 (5%) 3 (2%) 3 (1%)

Treschan et al, 
201215

Germany RCT 5 Abdominal 50 (49%) 51 (51%) 1 (2%) 0 3 (6%) 5 (10%)

Unzueta et al, 
201216

Spain RCT 2 Thoracic* 40 (100%) ·· 0 ·· 1 (2%) ··

Severgnini 
et al, 201317

Italy RCT 5 Abdominal 28 (51%) 27 (49%) 9 (32%) 16 (59%) 0 0 (0%)

Futier et al, 
201318

France RCT 5 Abdominal 200 (50%) 200 (50%) 1 (0∙5%) 8 (4%) 6 (3%) 7 (3%)

PROVE 
Network 
Investigators, 
201419

Europe and 
USA

RCT 5 Abdominal 889 (100%) ·· 7 (0∙8%) ·· 14 (2%) ··

RCT=randomised controlled trial. *Thoracic surgery comprised 52% lobectomy, 20% pneumonectomy, 20% small resections (eg, partial lobectomy, atypical and wedge 
resections), 3% oesophagectomy, and 5% others (eg, mediastinal resection and explorative thoracotomy).

Table 1: Characteristics of included studies
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Collection of individual patients’ data
We contacted the corresponding authors of eligible 
published studies by email, with a letter detailing the 
background and objectives of our meta-analysis and a 
datasheet for input of individual patients’ data. 
Completed forms were sent to the principal investigator. 
Any further communications were by email. 
Corresponding authors were also contacted about 
unpublished data to obtain the maximum pool of 
clinical data. The same two investigators who did the 
literature search handled the individual patient data. 
Data were accepted in electronic formats (eg, SPSS, 
STATA, Word document, Excel document, and Access 
document) and only the collaboration coordinators had 
direct access to the data.  ASN and CSVB validated the 
data, checking the received dataset for input errors and 
inconsistencies. Diff erences were discussed with MJS 
and resolved by consensus.

Defi nitions
For postoperative lung injury we used the defi nitions 
for acute lung injury and acute respiratory distress 
syndrome of the American–European Consensus 
criteria group (ratio of arterial partial pressure of oxygen 
[PaO2] to fractional concentration of oxygen in inspired 
air [FiO2] lower than 300),7 since all studies were done 
before the publication of the Berlin defi nition. Follow-
up was defi ned as the time from surgery (day 0) to 
hospital discharge, or in-hospital death. The number of 
days after discharge from intensive care or hospital 
between days 1 and 28 and the number of patients alive 
at day 28 were recorded.

Lung-protective ventilation was defi ned as that using 
low tidal volume (8 mL/kg predicted bodyweight or less), 
with or without high PEEP levels (5 cm H2O or higher) 
and with or without recruitment manoeuvres. 
Conventional ventilation was defi ned as that using high 
tidal volume (higher than 8 mL/kg predicted bodyweight) 
with low PEEP levels (less than 5 cm H2O) and without 
recruitment manoeuvres. These defi nitions were based 
on those described in several reports and set a priori in 
the study protocol.2–4,6

Statistical analysis
Attributable mortality was calculated by subtracting the 
in-hospital mortality of patients without postoperative 
lung injury from that of patients with postoperative 
lung injury. The incidence of postoperative lung injury 
was calculated as number of cases per person-years 
([number of cases/person-days] × [365 person-days/1 
person-year]). A random eff ects model was used to pool 
the overall data.

We constructed survival curves with the Kaplan-
Meier method and compared the group fi ndings with 
the log-rank test. Time to event was defi ned as the time 
from the day of surgery to the onset of postoperative 
lung injury. We used a Cox’s proportional hazards 

regression model to assess simultaneously the eff ects 
of multiple covariates on outcome, with censoring of 
patients’ data at the time of death, hospital discharge, 
or after 30 days. The initial model included age, sex, 
body-mass index, American Society of Anesthesiology 
(ASA) score, smoking, and predisposing disorders 
(shock, pneumonia, blood transfusion, sepsis, or a 
combination of these). Variables with p values lower 
than 0·2 in the univariate analysis were included in the 
multivariate regression. The fi nal model was developed 
by dropping each variable in turn from the model and 
using a likelihood-ratio test to compare the full and the 
nested models (stepwise backwards approach). The 
threshold for exclusion of a variable from the 
multivariate model was p=0·05. In all models, the 
categorical variables were tested for trend with the 
absence of postoperative lung injury as the reference, 
and the proportional-hazards assumption was assessed. 
We tested pairs of variables in the fi nal model and 

Figure 1: Selection of studies
ARDS=acute respiratory distress syndrome.

13 705 articles identified

3358 articles screened

56 full-text articles retrieved and 
assessed for eligibility

24 articles fulfilled inclusion criteria

12 included in meta-analysis 
(3365 patients)

10 347 articles excluded 
(duplicate studies)

3302 articles excluded
1356 ARDS at onset of ventilation
970 reviews
887 experimental studies

50 secondary analyses
15 older version of a study
24 other

12 articles excluded
3 data incomplete or not available 

from authors 
7 cardiac or orthopaedic surgery
2 authors did not respond 

to invitation

32 articles excluded
23 no data on outcome of interest

5 same cohort previously analysed
4 non-surgical patients
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biologically plausible variables for interaction. The 
eff ect of each variable in these models was assessed 
with the use of the Wald test and described with the 
hazard ratio (HR) and 95% CI.

Subgroup analyses were done to investigate the 
eff ects of intraoperative ventilation (conventional vs 
lung-protective ventilation), age (younger than 65 years 
vs 65 years or older), surgery (abdominal vs thoracic), 
and severity of illness (ASA score less than 3 vs 3 or 
higher).

All analyses were done with SPSS (version 20) and 
R (version 2.12.0). For all analyses we deemed two-sided 
p values lower than 0·05 to be signifi cant.

Role of the funding source
There was no funder for this study. The corresponding 
author had full access to all the data in the study and had 
fi nal responsibility for the decision to submit for 
publication. 

Results
We identifi ed three observational studies and 
21 randomised controlled trials comparing diff erent tidal 
volume, PEEP settings, or both, in intraoperative 

ventilation during general anaesthesia for major 
abdominal or thoracic surgery.8–31 We were unable to 
collect data from fi ve randomised controlled trials 
because the corresponding author could not provide data 
of interest or no longer had access to the complete 
database (n=3)20–22 or could not be contacted (n=2).23,24 
Seven papers were excluded because assessed patients 
underwent cardiac (n=6)25–30 or orthopaedic surgery 
(n=1).31 Thus, we assessed data for 3365 patients in 
12 studies (table 1, fi gure 1).

Characteristics of patients and predisposing disorders 
at baseline and during surgery diff ered between 
patients who did and did not develop postoperative 
lung injury. Patients who developed postoperative lung 
injury were older, presented with higher ASA scores, 
had higher prevalence of sepsis or pneumonia, more 
frequently received blood transfusions, and were 
ventilated with higher tidal volumes, lower PEEP levels, 
or both, than those who did not develop lung injury 
(table 2). When stratifi ed by type of surgery similar 
patterns were seen in patients who underwent thoracic 
surgery, but fewer diff erences were seen between 
patients who underwent abdominal surgery and did 
and did not develop postoperative lung injury 
(appendix). Values for tidal volume, PEEP level, and 
respiratory rate diff ered signifi cantly between patients 
receiving lung-protective or conventional ventilation 
but those for other ventilation parameters did not 
(appendix).

The incidence of postoperative lung injury in the 
whole cohort was 3·9% (crude incidence 0·99 cases per 
person-year). The individual and pooled incidence rates 
for postoperative lung injury are shown in fi gure 2. The 
incidence of postoperative lung injury was higher in 
patients older than 65 years (4·7 vs 2·8%, p=0·008) and 
in those who received conventional ventilation (6·7 vs 
2·0%, p<0·0001), whereas rates were similar after 
abdominal and thoracic surgery (3·4 vs 4·3%, p=0·198; 
table 3). When results were stratifi ed by type of surgery, 
the results remained similar for ventilation and age 

See Online for appendix

Total (n=3365) No postoperative 
lung injury 
(n=3150)*

Postoperative 
lung injury 
(n=123)*

p value

Age (years) 62·6 (12·7) 62·5 (12·7) 66·4 (11·6) 0·001

Male 2019 (60·0%) 1941 (61·6%) 78 (63·4%) 0·834

ASA score 2·4 (0·6) 2·4 (0·6) 2·6 (0·6) 0·003

BMI (kg/m²) 25·7 (4·8) 25·7 (4·9) 26·1 (4·8) 0·323

Current smoker 1107 (32·9%) 1058 (33·5%) 49 (39·8%) 0·122

Predisposing disorders

Shock 54 (1·6%) 52 (1·6%) 2 (1·6%) 0·714

Pneumonia 25 (0·7%) 11 (0·3%) 14 (11·3%) <0·0001

Transfusion of blood products 183 (5·4%) 168 (5·3%) 15 (12·1%) <0·0001

Sepsis 12 (0·3%) 8 (0·2%) 4 (3·2%) <0·0001

Ventilation†

Tidal volume (mL/kg PBW) 8·2 (1·9) 8·2 (1·8) 9·3 (2·1) <0·0001

PEEP (cm H2O) 4·4 (3·8) 4·3 (3·7) 2·9 (3·4) <0·0001

Respiratory rate (mpm) 11·9 (2·7) 11·9 (2·7) 11·7 (2·2) 0·384

FiO2 (%) 44·9 (14·2) 41·4 (3·9) 40·5 (4·2) 0·102

Oxygenation†

Arterial pH 7·3 (0·1) 7·3 (0·1) 7·4 (0) 0·002

PaO2:FiO2 320·0 (176·7) 315·0 (180·3) 302·4 (165·8) 0·681

PaCO2 (mm Hg) 40·5 (6·5) 40·7 (6·7) 41·3 (3·8) 0·708

ICU length of stay (days) 1·5 (4·8) 1·1 (3·7) 8·0 (12·4) <0·0001

Hospital length of stay (days) 15·1 (14·8) 14·7 (14·3) 20·9 (18·1) <0·0001

Mortality (%) 70 (2·1%) 45 (1·4%) 25 (20·3%) <0·0001

Data are mean (SD) or number (%). ASA=American Society of Anesthesiology. BMI=body-mass index; PBW=predicted 
bodyweight. PEEP=positive end-expiratory pressure. mpm=movements per minute; FiO2=fractional concentration of 
oxygen in inspired air; PaO2=arterial partial pressure of oxygen. PaCO2=arterial partial pressure of carbon dioxide. 
ICU=intensive-care unit. *The sum of these values is less than 3365 because of missing data. †During surgery. 

Table 2: Characteristics of patients 

Figure 2: Individual and pooled incidence of postoperative lung injury
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(appendix). Postoperative lung injury developed within a 
mean of 2·9 (SD 2·2) days after surgery (median 2·0, 
IQR 2·0–3·0), and 52 (42%) of cases developed on 
postoperative day 2 (fi gure 3).

Development of postoperative lung injury was 
associated with increases in risk of in-hospital mortality 
and lengthened durations of stay in intensive care and 
hospital (table 3). The mean number of days after 
discharge from intensive care or from hospital to day 28 
was lower in patients who developed postoperative lung 
injury (21 [SD 8] vs 27 [2] days, p<0·0001, and 10 [7] vs 15 
[7] days, p<0·0001) than in those who did not. When 
adjusted for age, severity of illness according to ASA 
score, smoking, and predisposing disorders, the risk of 
in-hospital mortality was substantially increased in 
patients who developed postoperative lung injury 
(table 4, fi gures 4, 5, appendix). Patients who developed 

postoperative lung injury had reduced chance per day 
for discharge from intensive care (table 4). The estimated 
overall attributable mortality due to postoperative lung 
injury was 19·0% (95% CI 18·0–19·1%).

Among patients who developed postoperative lung 
injury, the total duration of mechanical ventilation and 
durations of stay in intensive care and hospital were 
similar for those who did and did not survive (appendix). 
The mean time to death was 35·2 (SD 63·4) days 
(median 18·0, IQR 10·0–31·0). Patients who received 
conventional ventilation during surgery died earlier than 
those who received lung-protective ventilation (mean 
17·8 [SD 13·1] vs 51·2 [84·3] days, p=0·027).

The attributable mortality of postoperative lung injury 
was lower in patients who underwent abdominal 

Figure 3: Timing of PLI during hospital stay
Day 0 is the day of surgery. PLI=postoperative lung injury.
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(days)

In-hospital mortality Mean (SD) time to 
onset of PLI (days)

No PLI PLI Incidence† No PLI PLI p value No PLI PLI p value

All patients 3150 (96·1%) 123 (3·9%) 0·99 1·1 (3·7) 8·0 (12·4) <0·0001 45 (1·4%) 25 (20·3%) <0·0001 2·9 (2·2)

Ventilation

Conventional 1041 (93·3%) 75 (6·7%) 1·71 1·0 (3·0) 9·2 (10·2) <0·0001 17 (1·4%) 17 (20·7%) <0·0001 2·5 (1·5)

Protective 1762 (98·0%) 37 (2·0%) 0·46 1·3 (4·3) 6·1 (16·2) <0·0001 28 (1·5%) 8 (20·0%) <0·0001 3·9 (3·3)

Age

<65 years 1504 (97·2%) 44 (2·8%) 0·76 0·8 (2·6) 5·0 (6·0) <0·0001 8 (0·5%) 6 (12·8%) <0·0001 2·5 (1·2)

≥65 years 1390 (95·3%) 68 (4·7%) 1·02 1·5 (4·7) 10·5 (15·4) <0·0001 37 (2·5%) 19 (25·3%) <0·0001 3·2 (2·6)

ASA score

<3 1391 (96·6%) 49 (3·4%) 0·81 1·0 (4·0) 4·2 (5·3) 0·001 10 (0·7%) 9 (17·0%) <0·0001 2·5 (1·2)

≥3 1106 (95·3%) 55 (4·7%) 1·14 1·8 (4·4) 9·0 (14·4) 0·017 25 (2·3%) 16 (29·1%) <0·0001 3·4 (2·9)

Surgery

Abdominal 1798 (96·6%) 64 (3·4%) 0·79 1·0 (4·1) 9·0 (14·5) <0·0001 32 (1·8%) 9 (14·1%) <0·0001 2·3 (0·9)

Thoracic 1285 (95·7%) 58 (4·3%) 1·32 1·5 (0·9) 5·9 (2·1) <0·0001 13 (1·0%) 16 (27·6%) <0·0001 3·4 (2·7)

ICU=intensive-care unit. PLI=postoperative lung injury. ASA=American Society of Anesthesiology. *For some characteristics numbers do not add up to the total number of 
patients because of missing values. †Expressed as cases per person-year. 

Table 3: Incidence and characteristics of patients who developed postoperative lung i njury*

HR for in-hospital 
mortality (95% CI)

HR for ICU discharge 
(95% CI)

All patients 9·58 (5·32–17·34) 0·45 (0·33–0·66)

Ventilation

Conventional 14·22 (5·91–34·26) 0·39 (0·25–0·58)

Protective 6·07 (2·47–14·55) 0·71 (0·42–1·19)

Age

<65 years 33·10 (8·32–131·39) 0·52 (0·32–0·83)

≥65 years 7·32 (3·72–14·23) 0·43 (0·26–0·68)

ASA score

<3 26·67 (9·44–75·22) 0·55 (0·34–0·92)

≥3 6·05 (2·91–12·66) 0·41 (0·26–0·60)

Surgery

Abdominal 7·12 (2·67–19·08) 0·47 (0·32–0·69)

Thoracic 10·46 (4·72–23·18) 0·19 (0·08–0·40)

HR=hazard ratio. ICU=intensive-care unit. 

Table 4: Outcomes in patients with postoperative lung injury
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surgery than in those who underwent thoracic surgery 
(12·2%, 95% CI 12·0–12·6 vs 26·5%, 26·2–27·0, 
p=0·0008). Development of postoperative lung injury 
was associated with increased durations of stay in 
intensive care and hospital that did not diff er 
substantially between patients who underwent 
abdominal or thoracic surgery (appendix). When 
adjusted for age, severity of illness according to ASA 
score, smoking, and predisposing disorders, the risk of 
postoperative lung injury was lower in those who 
received lung-protective ventilation during surgery than 
in those who received conventional ventilation (adjusted 
HR 0·31, 95% CI 0·19–0·45). The risk of in-hospital 
mortality, however, was independent of ventilation 

strategy (0·71, 0·41–1·22). Attributable mortality for 
postoperative lung injury was similar in those who 
received lung-protective and conventional ventilation 
(18·5%, 95% CI 17·8–19·2 vs 19·3%, 19·0–19·7, 
p=0·359). Notably, patients who received conventional 
ventilation and developed postoperative lung injury 
died earlier than patients who received lung-protective 
ventilation and developed postoperative lung injury 
(mean time to death 18 [SD 16] vs 35 [53] days, p=0·018). 
Characteristics of patients with postoperative lung 
injury stratifi ed by type of ventilation used during 
surgery were similar for those who underwent 
abdominal and thoracic surgery (appendix). We found 
no interaction between mortality and the study type 
(randomised controlled trial versus non-randomised 
controlled trial) in the overall cohort (pinteraction=0·11) or 
for abdominal surgery (pinteraction=0·23) or thoracic surgery 
(pinteraction=0·78, appendix).

On the basis of the excluded studies with available 
data,22,24,25 the crude incidence of postoperative lung 
injury was 6·6%, which is similar to the rate we found 
for the studies we included (p=0·116). Lung-protective 
ventilation was associated with reduced incidence of 
postoperative lung injury compared with conventional 
ventilation (5·3% vs 13·1%, p=0·031), fi ndings that also 
concur with the present study results. We found no 
interaction between mortality and incidence of 
postoperative lung injury in the excluded studies 
(appendix).

Discussion
This meta-analysis of data at the individual patient level 
shows that postoperative lung injury is associated with 
high attributable mortality. Additionally, it is associated 
with important increases in resource use, as refl ected by 

Figure 4: Kaplan-Meier estimates of overall survival in patients with and 
without PLI
Day 0 is the day of surgery. Data were censored at 30 days after surgery. 
PLI=postoperative lung injury.
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Abd=abdominal. Tho=thoracic. PLI=postoperative lung injury.

Number at risk
Abd without PLI

Abd with PLI
Tho without PLI

Tho with PLI

Number at risk
Protective without PLI

Protective with PLI
Conventional without PLI

Conventional with PLI

0

1591
38

1191
51

5

1120
31

980
43

10

655
25

586
40

15

401
22

236
33

20

277
17
92
21

25

211
15
44
13

30

96
8

11
5

Follow-up (days)

0

0·2

0·4

0·6

0·8

1·0

O
ve

ra
ll 

su
rv

iv
al

Log-rank <0·001

Abdominal without PLI
Thoracic without PLI
Abdominal with PLI
Thoracic with PLI 

Protective without PLI
Conventional without PLI
Protective with PLI
Conventional with PLI
 

0

1708
30

1074
59

5

1296
26

804
49

10

738
23

503
42

15

381
21

256
34

20

248
15

121
23

25

186
10
68
17

30

85
5

23
8

Follow-up (days)

Log-rank <0·001



Articles

www.thelancet.com/respiratory   Vol 2   December 2014 1013

longer stays in intensive care and hospital than for 
patients without postoperative lung injury. The incidence 
of postoperative lung injury was similar in patients 
undergoing abdominal or thoracic surgery, but the 
attributable mortality was higher in those who underwent 
thoracic procedures. Use of lung-protective ventilation 
during surgery was associated with reduced incidence of 
postoperative lung injury compared with conventional 
ventilation. If postoperative lung injury developed, 
intraoperative lung-protective ventilation strategies were 
not associated with reduced attributable mortality, which 
suggests that the benefi ts of lung-protective ventilation 
are due mainly to the reduction in incidence of 
postoperative lung injury.

Our analysis had several strengths. First, we analysed 
data at the individual patient level, including a larger 
number of patients who had a higher number of 
variables and better documented risk factors than in 
previous studies.1–4 Second, the primary and secondary 
outcomes were clearly defi ned in most investigations 
and postoperative lung injury was defi ned a priori. 
Third, we included recent, large, and well designed 
randomised controlled trials.18,19 Fourth, we analysed 
patients under going abdominal and thoracic surgery, 
who are at high risk of developing postoperative lung 
injury.1 Finally, individual-patient-data meta-analyses 
including higher numbers of randomised controlled 
trials have some advantages over large observational 
studies.

Since the number of major surgical procedures 
performed worldwide each year is high, the fi nding that 
postoperative lung injury is associated with such poor 
outcomes is important. The mechanisms contributing to 
the development of this complication and preventive 
measures urgently need to be identifi ed. The use of low 
tidal volumes during intraoperative ventilation seems to 
be a clinically relevant and modifi able strategy,2,18 and 
ventilation strategies that use high PEEP levels are 
associated with potentially dangerous side-eff ects.19

Our results are at least partly in line with those from 
previous investigations.2,12,22 Earlier studies suggest that 
incidence of postoperative lung injury is 3% in patients 
undergoing high-risk elective surgery,2 which is similar to 
the 3·9% rate we found. Previous fi ndings have also 
shown increased durations of hospital stay in patients 
who developed postoperative lung injury and in-hospital 
mortality similar to those in our study (up to 17%). 
Additionally, 60-day and 1-year survival were lower for 
patients with postoperative lung injury than that for 
patients without this complication.2 Of note, though, is 
that incidence and outcomes of postoperative lung injury 
might diff er with diff erent types of surgery3 and 
defi nitions.

Our fi ndings add to the knowledge of outcomes after 
postoperative lung injury and potential measures to 
prevent this complication. Development of postoperative 
lung injury was dependent on the intraoperative 

ventilation strategy and, therefore, should be seen as a 
potentially preventable complication by the use of lung-
protective mechanical ventilation strategies during 
surgery. Our analysis also showed that many patients 
who develop lung injury do so after the fi rst postoperative 
day, which suggests that patients should be monitored 
for more than 1 day after surgery by the health-care 
workers who apply intraoperative ventilation and that 
optimum timings for monitoring and clinical 
management need to be explored further. Finally, the 
attributable mortality for postoperative lung injury is 
similar after intraoperative ventilation with conventional 
settings to that after ventilation with lung-protective 
strategies, which means that the benefi ts with the latter 
are mainly due to reduced incidence of injury. This 
fi nding, however, might simply refl ect heterogeneous 
factors associated with death in this population well 
beyond postoperative lung injury.

We are intrigued that among patients who developed 
postoperative lung injury, those who received 
conventional intraoperative ventilation died earlier 
than those who received lung-protective intraoperative 
ventilation, despite attributable mortality being the 
same. A possible explanation is that patients who 
received conventional intraoperative ventilation 
received injurious ventilation after surgery, and maybe 
even after the development of lung injury. 
Unfortunately, we could not collect data on ventilator 
settings after surgery and, therefore, the reasons 
remain speculative.

Our study had some limitations. Our analyses were 
restricted to studies of intraoperative lung-protective 
ventilation, and data on postoperative ventilation were 
not available. Not all investigators could provide data for 
individual patients and, therefore, data from seven 
otherwise eligible studies were not included. Our 
results, however, are supported by those of a classic 
meta-analysis that included those studies.4 No 
information was available on choices of treatment after 
surgery, such as postoperative ventilation, blood 
transfusion, fl uid regimens, pain control, cardiac 
protection, and so on. Anaesthetists who applied lung-
protective ventilation might have provided other lung-
protective strategies after surgery. Therefore, we could 
not assess how much in-hospital mortality is aff ected by 
the adequacy of treatment. Additionally, we do not know 
the cause of death in each patient. Since there is no gold 
standard for the diagnosis of postoperative lung injury, 
misclassifi cation of patients with this complication 
might have led to underestimation, overestimation, or 
both of attributable morbidity. We were unable to collect 
information on history of previous abdominal or 
thoracic surgery, which might have aff ected outcomes. 
Our results should be analysed within the context of the 
included studies, since we pooled data from studies 
with heterogeneous research methods and quantitative 
approaches. The number of studies included is 
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moderate and, therefore, our statistical model might 
have lacked power to detect associations and ascertain 
potential sources of confounding. We did not include 
previous pulmonary alterations as a covariate in the 
model, although only 4·9% of the population assessed 
presented with chronic obstructive pulmonary disease 
or other chronic pulmonary disorders. Minimally 
invasive techniques for thoracic surgery are being used 
increasingly and are associated with a shorter duration 
of surgery and length of stay in hospital. Since the 
studies we included did not assess these techniques, we 
do not know whether the outcomes and eff ects of lung-
protective ventilation during minimally invasive 
procedures would be altered. A study has, however, 
suggested that lung-protective ventilation strategies are 
benefi cial in patients who undergo minimally invasive 
oesophagectomy.32 Finally, although the type of 
intraoperative ventilation seems to play an important 
part in development of acute lung injury, other factors 
related to postoperative management could plausibly be 
contributory, especially for patients who developed lung 
injury several days after surgery or cessation of 
mechanical ventilation.

On the basis of the individual patient data from 12 studies 
of intraoperative lung-protective ventilation, 
development of postoperative lung injury is associated 
with high attributable mortality that is raised more in 
patients undergoing thoracic surgery than in those 
undergoing abdominal surgery. Intraoperative lung-
protective ventilation is associated with reduced 
incidence of postoperative lung injury, but does not 
seem to aff ect in-hospital mortality.
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