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Background: Despite advances in perioperative care and surgical techniques, patients undergoing 
pulmonary lobectomy are still at high risk for postoperative complications. Among interventions expected 
to reduce complications, continuous positive airway pressure (CPAP) is a discussed option. This trial aims to 
test the hypothesis whether prophylactic application of CPAP following pulmonary lobectomy can reduce 
postoperative complications.
Methods: The study was designed as a prospective, randomized, controlled trial. Patients with clinical stage 
I non-small cell lung cancer scheduled for pulmonary lobectomy were eligible and were trained for the use of 
CPAP interface. The control group received standard postoperative pain management and physiotherapy; in 
addition, the study group received CPAP (PEEP 8–12 cmH2O, 2 hours thrice daily for three days). 
Results: After the appropriate selection, 163 patients were considered for the analysis: 82 patients 
constituted the control group, 81 the study group. The two groups were substantially comparable for 
preoperative parameters. The rate of postoperative complications was lower in the study group (24.7% vs. 
43.9%; P=0.015) as well as the hospital stay (6 vs. 7 days; P=0.031). The stepwise logistic regression model 
identified: CPAP [odd ratio (OR): 0.3026, CI: 0.1389–0.6591], smoke habits [OR: 2.5835, confidence interval 
(CI): 1.0331–6.4610] and length of surgery in minutes (OR: 1.0102, CI: 1.0042–1.0163) as regressors on 
postoperative complications.
Conclusions: The present trial demonstrated that prophylactic application of CPAP during the 
postoperative period after pulmonary lobectomy for stage I non-small cell lung cancer was effective in 
prevent postoperative complications.
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Introduction

Lung resection with curative intent is indicated for patients 
with non-small-cell lung cancer at early stages that are fit 
to tolerate surgery. In these cases, open or thoracoscopic 
pulmonary lobectomy is the treatment of choice (1). 
Despite advances in perioperative care and surgical 
techniques, patients undergoing pulmonary lobectomy are 
still at high risk of developing postoperative complications 
(2,3). Actually, an alteration of the respiratory function 
has been observed after thoracic surgery; such alteration 
is characterized by a restrictive pattern, with a reduction 
of lung flows and volumes that can contribute to the onset 
of postoperative complications along with the presence 
of variable degrees of hypoxia, diaphragm dysfunction, 
impaired airway clearance and pain (4). In the clinical 
practice, the mentioned physiopathological alterations 
could result in atelectasis, pulmonary infections and cardiac 
disorders that are common after pulmonary lobectomy 
and play an important role in the mortality rate, hospital 
costs and patients’ comfort (5,6). Among the postoperative 
interventions aimed to reduce complications, aside from 
adequate pain management and standard respiratory 
physiotherapy, positive airway pressure delivered by a 
noninvasive interface—continuous positive airway pressure 
(CPAP) or non-invasive ventilation (NIV)—seems to 
have a positive impact (7). The capability of the positive 
airway pressure to antagonize the postoperative restrictive 
pattern and to improve pulmonary function have been 
documented; in addition, it has also been demonstrated how 
NIV is effective in reducing the need for intubation and 
consequently the mortality rate in the postoperative period 
in patients with acute respiratory failure (8-11). If this 
functional improvement has any significant clinical benefit 
on the postoperative course after pulmonary lobectomy 
remains to be understood (12). In this uncertainty, we 
conducted a prospective randomized controlled clinical 
trial to test the hypothesis whether prophylactic application 
of CPAP following pulmonary lobectomy can reduce 
postoperative complications.

Methods

Patients with clinical stage I non-small cell lung cancer 
electively scheduled for pulmonary lobectomy were eligible 
to participate in the study. Exclusion criteria were: age 
<18 or >78 years, no consent, diagnosis of obstructive 
sleep apnea syndrome, evidence of lack of adherence to 

treatment verified during the preoperative education, 
physical disabilities limiting participation to a standard 
physiotherapy treatment, mini-mental state examination 
<20 and postoperative mechanical ventilation >24 hours. 

The local ethics committee approved the protocol 
(2369/2012), and written informed consent was obtained 
from the patients before surgery. The study was conducted 
in accordance with the principles outlined in the 
Declaration of Helsinki and registered on line at ISRCTN 
with the number 13454737.

The study was designed as a prospective, partially blind, 
randomized, controlled, parallel trial; the study setting 
involved one university hospital and one tertiary hospital 
in the same city. The primary endpoint of the trial was 
the rate of postoperative complications; such composite 
parameter was defined as the occurrence of postoperative 
cardiopulmonary adverse events (which included atelectasis, 
pneumonia, sputum retention requiring bronchoscopy, 
respiratory insufficiency requiring re-intubation, atrial 
fibrillation requiring medical treatment, heart failure 
and myocardial  ischemia) and prolonged air  leak  
(>7 days). Secondary endpoints were early cardiorespiratory 
parameters, length of hospital stay and 30-day mortality 
(discharging rules and postoperative complication 
definitions are reported in the supplementary material). 

Preoperative functional study comprised pulmonary 
function tests (PFTs), diffusion lung capacity for CO, 
6-minute walking test and arterial blood gas analysis; 
ventilation/perfusion lung scan and/or cardiopulmonary 
exercise test were done in selected cases. From 10 to 3 days 
prior surgery, eligible patients were trained for the use of 
CPAP interface. 

Surgical procedures consisted in pulmonary lobectomy 
with systematic lymphadenectomy preferentially via 
standardized three-port anterior approach video-assisted 
thoracic surgery (VATS) (13); muscle-sparing lateral 
thoracotomy was planned in case of cancers located close 
to vascular structures and/or calcified hilar lymph-nodes. 
VATS lobectomies requiring conversion to open surgery 
were considered as “open surgery”. All patients received 
intercostal block with levobupivacaine as preventive 
analgesia. Postoperative pain management included systemic 
analgesia with morphine in the first 48 hours followed 
by acetaminophen/codeine phosphate administration; 
ketorolac was used as rescue medication. Postoperative 
physiotherapeutic treatment was comprehensive of 
early mobilization, maintenance of the seated position, 
deambulation and assisted cough during the three days after 
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surgery according to a standardized protocol. 
After surgery, the patient allocation was achieved using 

randomized numbers generated by a computer. Both 
groups received standard postoperative pain management 
and physiotherapy as described above. The study group, in 
addition, received CPAP (Stellar 150, ResMed Ltd., Bella 
Vista, NSW, Australia) delivered via oronasal mask (Mirage 
Quattro™ Full Face Mask, ResMed Ltd, Bella Vista, NSW, 
Australia) starting from the first day after surgery. The  
Table 1 describes physiotherapeutic and intervention 
protocols. 

In addition to the clinical parameters useful for the 
primary endpoint, study measurements included index of 
prolonged air leak (IPAL) calculation (14), PFTs on the 1st 
and 4th postoperative day (POD), arterial blood gas analysis 
in room air on the 1st and 4th POD, chest X-ray on 1st and 
3rd POD, 6-minute walking test on 5th POD, daily recording 
of air leakage with digital device, days of permanence of 
the chest drain, numerical rating scale pain assessment 
and length of hospital stay. Operators in charge for PFTs, 
arterial blood gas analysis, 6-minute walking test and chest 
X-ray were blinded to patients’ allocation having no access 
to patients’ charts. The economic calculation was limited to 
the cost of the physiotherapist, the mask and at the expense 
of a hospitalization. Supplementary section includes the 
discharging criteria and postoperative complications 
definitions (Table S1).

Sample size calculation considered the three years 
retrospective analysis of postoperative complications after 
pulmonary lobectomy in both hospitals participating in the 
trial, as well as a large national report published shortly 
before the study plan (15); finally, we fixed as 45% the rate 
of complications in the control group and we postulated 
that the reduction of 22% could have a clinical impact. 
Therefore, setting Alpha at 0.05, Beta at 0.20 and 1:1 as 
group proportion, the sample size resulted of 162 patients. 

Being the end-point rather short, we did not increase the 
sample size for possible patients lost to follow-up. The 
MedCalc 14.8 software was used for statistical analysis. 
Data are shown as the mean ± standard deviation (SD) or 
median with 95% confidence interval (CI). To compare the 
categorical variables, the chi-square test or Fisher’s exact 
test were used; continuous variables were compared with 
the Mann-Whitney test or the t-test. Analysis of variance 
for repeated measurements (repeated-measure ANOVA) 
was used to compare measurements between longitudinal 
groups. Logistic regression was used to test the significance 
of each variable; the model was built in two steps: first, 
clinically relevant variables were included in a univariate 
model, and second, a stepwise modeling approach was used 
introducing all variables with p value lower than 0.05 in the 
first step. Tests were two-sided and P values at 0.05 or less 
were considered to be statistically significant.

Results

A total of 195 patients were considered for the trial; 167 
were enrolled in 40 months (Figure S1 in the supplementary 
material shows the patients flow chart).  After the 
appropriate selection 163 patients were considered for the 
descriptive and inferential analysis: 82 patients constituted 
the control group and 81 the study group (feasibility metrics 
are reported in supplementary material). There were no 
statistical differences regarding demographic data between 
groups except the lower percentage of male gender in the 
study group. Also, the baseline functional parameters were 
comparable between groups but the FEV1, expressed in 
percentage of the predicted value, was significantly lower 
in the control group; the Table 2 shows demographic and 
baseline functional data. Surgical procedures were similar 
between the groups (additional data are presented in the 
supplementary section). The CPAP treatment was generally 

Table 1 Standard physiotherapy and intervention protocols

Standard physiotherapy protocol Continuous positive airway pressure protocol

First postoperative day: sitting position = at least 4 hours; 
walking = at least 30 minutes; assisted cough

Interface: oronasal interface

Second postoperative day: sitting position = at least 6 hours; 
walking = at least 1.5 hours; assisted cough

Positive end-expiration pressure: BMI ≤30 = PEEP 8 cmH2O; BMI  
31–39 = PEEP 10 cm H2O; BMI ≥40 = PEEP 12 cm H2O

Third postoperative day: sitting position = at least 9 hours; 
walking = at least 3 hours; assisted cough

FiO2: minimal FiO2 to achieve O2 peripheral saturation ≥ 92%

Timing: 2 hours three times a day for the first three postoperative days

BMI, body mass index; FiO2, fraction of inspired oxygen; PEEP, positive end-expiratory pressure.
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fairly tolerated; 11.5 (SD 3.9) hours was the mean time 
of actual CPAP administration. Adverse effects related 
to CPAP administration were not observed in the study 
population. 

The rate of patients with one or more postoperative 
complications was significantly lower in the study group 
(24.7% vs. 43.9%; P=0.015); the Table 3 describes the 
distribution of all the complications recorded. The 
relative risk reduction resulted 0.5624 (CI: 0.3578–0.8840; 
P=0.0126) and the number needed to treat was 5.205 [CI: 
2.986 (benefit) to 20.280 (benefit)]. The analysis of the 
secondary end-points underlined shorter hospital stay in the 
study group (6 vs. 7 days; P=0.031) while none of the groups 
had 30-day mortality. None of the functional parameters 
recorded during the early postoperative period resulted 
statistically different between the two groups. The analysis 
of variance for repeated measures demonstrated that all 
pulmonary function indexes significantly decreased their 
values in the early postoperative period; there were found 
any differences between the groups. 

Analyzing with logistic regression test the impact of the 

variables, which potentially could impact on postoperative 
complications, three items resulted significant: group 
allocation, length of surgery and smoking habit; on the 
contrary, age, surgical approach, body mass index, diffusion 
lung capacity for CO, 6-minute walking test, FEV1% 
of predicted and hospital distribution did not predict 
postoperative complications. Entering the significant 
items into the stepwise logistic regression model, the three 
predictive parameters were still related with postoperative 
complications: belonging to the study group [odd ratio 
(OR): 0.3026, CI: 0.1389–0.6591; P=0.0026], smoke habits 
OR: 2.5835, CI: 1.0331–6.4610; P=0.0424) and the length 
of surgery in minutes (OR: 1.0102, CI: 1.0042–1.0163; 
P=0.0009). 

The time spent on each patient by the physiotherapist 
was about three hours, while masks were re-used twenty 
times: (€25.00×3) + (€200.00/20) = €85.00 per patients; the 
estimated cost of a day’s stay in the thoracic surgery ward, 
including medication, is €787.00.

Supplementary section includes: surgical variables 
stratified by group (Table S2) and by approach (Table S3); 

Table 2 Demographic and baseline functional data

Variables Total (n=163) Study group (n=81) Control group (n=82) P value

Center, university hospital, n (%) 136 (83.4) 67 (82.7) 69 (84.1) 0.972

Age, median (CI), years 67 [65–68] 67 [63–69] 66 [64–68] 0.956

Male gender, n (%) 104 (63.8) 45 (55.6) 59 (72.0) 0.043

BMI, mean (SD), kg/m2 25.76 (3.92) 25.84 (3.94) 25.68 (3.92) 0.802

Current smoker, n (%) 75 (46.0) 38 (46.9) 37 (45.1) 0.818

pO2, median (CI), mmHg 86 [82.5–88] 83.5 [79–89] 87 [83–88] 0.226

pCO2, mean (SD), mmHg 37.5 (4.4) 38.2 (4.4) 36.9 (4.3) 0.090

pH, median (CI) 7.44 [7.43–7.44] 7.43 [7.43–7.44] 7.44 [7.43–7.45] 0.368

HCO3, mean (SD) mEq/L 25.1 (2.4) 25.3 (2.5) 24.8 (2.3) 0.193

FVC, mean (SD), L 3.46 (0.92) 3.36 (0.95) 3.57 (0.89) 0.150

FVC%, median (CI) 102 [98–104] 101.5 [95.7–104.7] 102 [95.8–105.1] 0.802

FEV1, mean (SD), L 2.56 (0.7) 2.59 (0.75) 2.53 (0.66) 0.636

FEV1%, mean (SD) 93.8 (18.9) 96.8 (18.9) 90.8 (18.6) 0.044

DLCO%, median (CI) 77 [71–79] 78 [69–81] 76 [70–80] 0.949

6MWT, median (CI), meters 470 [458–490] 465 [450–495] 480 [457–498] 0.845

IPAL, mean ± SD 12.6±4.7 12.6±4.8 12.9±4.7 0.341

BMI, body mass index; CI, confidence interval; DLCO, diffusing capacity of the lung for carbon monoxide; FEV1, forced expiratory volume 
in 1 second; FVC, forced vital capacity; pCO2, arterial carbon dioxide partial pressure; pO2, arterial oxygen partial pressure; SD, standard 
deviation; 6MWT, 6-minute walking test; IPAL, index of prolonged air leak.
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postoperative functional parameters (Table S4); logistic 
regression results (Table S5) and feasibility metrics (Table S6).

Discussion

Originally utilized for acute exacerbations of chronic 
obstructive pulmonary disease or cardiogenic pulmonary 
edema, NIV was also applied to treat acute respiratory 
failure after major surgery (16-18). The prophylactic use 
of positive airway pressure is increasingly employed after 
major abdominal operations; a Cochrane systematic review 
published in 2014 revealed that prophylactic administration 
of CPAP after major abdominal surgery could reduce 
postoperative atelectasis, pneumonia and reintubation, but 
the quality of evidences was very low (19). 

In the late nineties, the prophylactic use of NIV after 
thoracic surgery was tested by Aguilò and collaborators 
with a little prospective randomized study reporting 
positive results in gas exchanges (20). The Centre 
Hospitalier et Universitaire de Nice, France, conducted 
a randomize trial in 2007; thirty-two patients with lung 
resection were enrolled and the Authors concluded 
that NIV improved the arterial blood gas values (10). 
Ludwig and collaborators published a randomized study 
in 2011; CPAP was administered to 135 patients who 
received different types of lung resections (21). The 
complications rate resulted similar between the study 
group and the control group. A further randomized 
trial was published by Barbagallo and colleagues in 
2012: two short cycles of CPAP were administered 
during the first postoperative day after pulmonary  
lobectomy (22). The Authors demonstrated better 
oxygenation in the study group immediately after the CPAP 

administration. A similar study was conducted in Madrid; 
110 patients were enrolled and the study group received  
6 hours of CPAP in the first postoperative day after various 
types of lung resections (11). The Authors concluded that 
the prophylactic use of CPAP improved oxygenation. The 
mentioned trials were included in a meta-analysis published 
in 2015; the Authors cannot demonstrate any positive effect 
of NIV or CPAP on pulmonary complications rate after 
lung resection, but small sample size and low frequency 
of events seriously affected the quality of the evidences; 
therefore, trials with appropriate characteristics were 
advocated (12). 

The present trial was designed to minimize possible 
risk of bias: a computer random number generator was 
used and operators dedicated to assess outcomes were 
blinded for group allocation. Heterogeneity was also 
limited enrolling only patients requiring pulmonary 
lobectomy for stage I non-small cell lung cancer. It is well 
known that single-center studies have a potentially limited 
external validity essentially related to local resources and 
case-mix. Therefore, we decided to involve two large 
hospitals in the same city; the main reason for limiting the 
center numerosity was the intention to minimize possible 
undetectable protocol violations and to abate costs related 
to organization, quality control and data management. 

Intervention protocols reported in the scientific literature 
were extremely variable in terms of length, frequency 
and ventilatory mode (12); we chose the CPAP ventilator 
because this type of positive airway pressure seems to be the 
first and simple step in NIV. On the other hand, we decided 
to plan a consistent time frame in the daily application of 
CPAP (6 hours) for the first three postoperative days. In the 
absence of any evidence on which type of CPAP protocol is 

Table 3 Distribution of complications

Type of complication Total (n=163) Study group (n=81) Control group (n=82) P value

Pneumonia, n (%) 17 (10.4) 6 (7.4) 11 (13.4) 0.318

Atelectasis, n (%) 7 (4.3) 3 (3.7) 4 (4.9) 0.986

Sputum retention requiring bronchoscopy and 
respiratory insufficiency

0 0 0 –

Atrial fibrillation, n (%) 12 (7.4) 4 (4.9) 8 (9.8) 0.369

Heart failure and myocardial ischemia, n 0 0 0 –

Prolonged air leak, n (%) 30 (18.4) 10 (12.3) 20 (24.4) 0.047

Patients with one or more cardiopulmonary 
complications, n (%)

56 (34.4) 20 (24.7) 36 (43.9) 0.009
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preferable in the postoperative period, we assumed that an 
intensive program could provide measurable results. The 
primary end-point was chosen in all the cardiopulmonary 
complications that may affect the postoperative course 
rather than select specific item as atelectasis or pneumonia. 
Prolonged air leak was added to cardiopulmonary 
complications to create an aggregate parameter. This 
choice responded to the intention to set up a trial with 
clinical relevance instead of a mainly speculative study. The 
decision to include in the trial both open and thoracoscopic 
approach to pulmonary lobectomy was on the same line: 
it was clear that two approaches added a confounder but 
the population resulted closer to the real life in a thoracic 
department. 

The population resulted homogeneous between the 
study and the control group in baseline characteristics 
except for gender and FEV1 percent of predicted. We do 
not think that gender could affect the main outcome, but 
the low FEV1 in the control group may represent a bias. 
It is true that randomization guarantees unbiased patients 
allocation, but not “automatically” balanced baseline 
characteristics. To be pragmatic, the practice of comparing 
baseline characteristics with statistical tests is disapproved 
by methodologists (23,24) because randomization warrants 
that groups’ difference is exclusively due to chance. Baseline 
characteristics check with statistical test has been depicted 
as unnecessary and sometime even harmful (23,25). In our 
specific case, supported by the logistic regression test that 
denies FEV1% to be a predictor of the main outcome, we 
consider the unbalanced baseline FEV1% as negligible. 
Operative parameters resulted uniform between the groups 
in terms of types of lobectomy, surgical approach, side and 
length of surgery contributing to the homogeneity of the 
population.

Considering that the intervention protocol was rather 
demanding for the patients, we positively judged that the 
CPAP was applied for 11.5 hours in mean, reaching the 
64% of the planned time. Actually, despite advances in both 
machine and masks, the adherence rate to CPAP generally 
ranges from 30% to 60% (12). We believe that adequate 
preoperative education is fundamental to optimize the 
adherence. We observed neither severe skin lesions nor 
gastric distension during CPAP administration.

The rate of patients with postoperative complications 
resulted significantly lower in the study group; moreover, 
the prophylactic use of CPAP after pulmonary lobectomy 
is a predictor of a low postoperative cardiopulmonary 
complications rate in the stepwise logistic regression 

analysis. We are aware that this is the first time that this 
kind of message is prompted; we believe that these positive 
results were related to protocol characteristics, mainly for 
the frequency and duration of the intervention. We are not 
able to describe the physiological mechanisms underlying 
the therapeutic success of the CPAP administration because 
the trial was designed to return a merely clinically result; 
we can only argue that maintaining good oxygenation and 
adequate parenchymal expansion, at least for the CPAP 
period, may have prevented the occurrence of conditions 
favoring the onset of postoperative complications. 

Interestingly, the length of surgery was a significant 
predictor of high postoperative complications rate in the 
stepwise logistic regression test: each additional minute 
increases the risk of complication of 1%. It is easy to 
understand how a longer operation can be at the same time 
more complex and therefore more exposed to postoperative 
complications. On the other hand, it is well known that 
unilateral ventilation can cause damage to the recumbent 
lung. Not surprisingly, the last factor that influenced the 
complication rate in the stepwise logistic regression analysis 
was the smoke habit: patients, who have smoked or are 
an active smoker, have the risk of complication increase 
of 150%. It is remarkable that the surgical approach 
(open versus VATS) did not impact on the postoperative 
complication rate; considering that it was found a trend 
favorable to VATS, it is possible that the present trial was 
underpowered to detect a significant difference.

The lack of events prevented us from analyzing 30-day 
mortality; on the contrary, the length of hospital stay was 
significantly lower in the study group. This positive result 
is in countertendency with the literature, considering that 
only one trial reported a significant reduction in hospital  
stay (10). On the other hand, our “statistically significant 
result” consisted in one day reduction of the hospital 
stay, but if this day has any “clinical significance” requires 
a reflection, especially because the patient discharge 
frequently implies social considerations besides the clinical 
evaluation. Anyway, from a strictly economic point of 
view the application of the CPAP resulted in a saving of  
€702.00 per patient. 

Among secondary outcomes, we failed to demonstrate 
that CPAP could improve pulmonary functional tests in our 
subset of patients. Some trials, focused on the improvement 
of arterial blood gases and lung volumes immediately after 
CPAP administration, had positive results (10,11,22). To 
be honest, we did not expect that the CPAP could modify 
functional parameters when these were measured at 
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consistent distance from the intervention as we did; instead, 
we believe that the improvement in gas exchange and 
lung ventilation obtained during the CPAP administration 
could create the condition capable to prevent postoperative 
complications. 

One of the concerns about the use of CPAP after 
pulmonary resection is the possible increment of air leak 
in the postoperative period. In contrast, we did not record 
any difference in air leak between the groups; indeed, a 
tendency towards a protective effect was evident. The same 
result was achieved by other authors (22). 

The present trial has some limitations. We enrolled 
pat ients  who received the pulmonary lobectomy 
with thoracotomy or VATS access, even though the 
multivariate statistical analysis denies any impact on 
the primary outcome, it remains a possible enrolment 
bias. As mentioned above, baseline FEV1% of predicted 
was significantly higher in the study group, despite the 
methodological objections previously expressed and the 
fact that FEV1 does not predict complications in logistic 
regression, the unbalanced FEV1 could be suspected to be 
a bias. It is possible that a selection bias affected the whole 
population, considering the index for prolonged air leakage 
resulted particularly high in both groups. Despite the length 
of surgery was a regressor for postoperative complications, 
the trail was not designed to capture the variables affecting 
the length of surgery. Moreover, this study cannot establish 
a time threshold beyond which the CPAP shows its 
advantage.

In conclusion, the present trial demonstrated that 
prophylactic application of CPAP during the postoperative 
period after pulmonary lobectomy for stage I non-small 
cell lung cancer was effective in prevent postoperative 
complications; while achieving a positive outcome, the 
Authors do not intend to propose CPAP for all patients 
who undergo a pulmonary lobectomy, but instead, endorse 
further research to identify which subgroup of patients 
could most benefit from this procedure.
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Discharging criteria

Discharging criteria included: the cardio-circulatory 
and respiratory stability, the ability to walk and to do 
personal grooming with minimal help, an adequate pain 
control (numerical rating scale <3), absence of intravenous 

medications requirement, chest tube removed or chest tube 
with Hemlich valve and minimal air leak. Sporadically, 
social matters could interfere with the discharge decision. 
Public holiday and week-end are common discharge 
days. The discharge is agreed among the chef nurse, the 
physiotherapist and the consultant in charge. 

Figure S1 Patients flow-chart.

Enrollment Assessed for 

eligibility, n=195

Randomized, n=167

Excluded, n= 28

	Not meeting inclusion criteria, n=27

	Declined to participate, n=1

Allocated to control group, n=84

	Received allocated intervention, n=82

	Did not receive allocated intervention, 

(no compliance, n=1, extra-thoracic 

complication, n=1 )

Allocated to study group, n=83

	Received allocated intervention,  n=81

	Did not receive allocated intervention 

(no compliance, n=2)

Analysed (n= 82)

	Excluded from analysis, n=0

Analysed (n= 81)

	Excluded from analysis, n=0 

Allocation

Analysis

Supplementary



Table S1 Postoperative complications

Complications Definition

Cardiopulmonary complications

Pneumonia Pneumonia is defined as the presence of a dense or cottony X-ray opacity that occupies a portion or an 
entire pulmonary lobe (air-bronchograms may present in the opacity) and at least 2 or 3 of the following 
clinical criteria: temperature ≥38 ℃, leukocyte count >10,000/mm3, excessive purulent or mucopurulent 
bronchial secretion. In this study the term “Pneumonia” includes: (I) hospital-acquired pneumonia that 
occurs 48 hours or more after admission, and which was not incubating at the time of hospital admission; 
and (II) ventilator-associated pneumonia arises more than 48–72 hours after endotracheal intubation. The 
diagnosis is formulated by the pulmonologist in charge

Atelectasis Atelectasis (obstructive) is defined as a collapse of lung tissue affecting a part or the entire lung on the 
very side of surgery or on the contralateral side. Radiological signs should include increased density of a 
portion of parenchyma and at least one of the follows: displacement of the fissures toward the affected 
area, elevation of the ipsilateral hemidiaphragm, packing of bronchi and pulmonary vessels in the affected 
area, displacement of mediastinal structures towards the affected area and compensatory enlargement of 
unaffected lung. Bronchoscopy is mandatory for the diagnostic confirmation and treatment. The diagnosis is 
formulated by the pulmonologist in charge

Sputum retention requiring 
bronchoscopy

Sputum retention is defined as a clinical condition characterized by the incapability of the patients to 
adequately clear their own tracheobronchial secretions. Diagnosis is based on evidence of respiratory 
distress with fast, superficial and bubbly respirations. Flexible bronchoscopy is proposed by the 
physiotherapist, confirmed and executed by the consultant in charge

Respiratory insufficiency 
requiring re-intubation

Respiratory insufficiency is defined as the impairment in gas exchange causing hypoxia (arterial partial 
pressure of oxygen <60 mmHg) with or without hypercapnia (arterial partial pressure of carbon dioxide  
>50 mmHg on room air at sea level). The re-intubation is decided by the anesthesiologist in charge

Atrial fibrillation requiring 
medical treatment

Postoperative atrial fibrillation is defined as the acute onset of rapid, irregular, and chaotic atrial activity. Rate 
control is the mainstay of the therapy for atrial fibrillation lasting for more than 2 hours. Treatment is decided 
by the cardiologist in charge

Heart failure Heart failure is defined as the clinical evidence of dyspnea and fatigue, which may limit exercise tolerance 
and fluid retention; these symptoms may be associated with pulmonary and/or splanchnic congestion and/
or peripheral edema. The diagnosis is formulated by the cardiologist in charge and based on a careful history 
and physical examination

Myocardial ischemia For the aim of this trial, myocardial ischemia and myocardial infraction are considered as a singular clinical 
entity. In detail, myocardial ischemia is diagnosed in the presence of angina, unstable angina, shortness of 
breath secondary to ischemic left ventricular dysfunction and cardiac arrhythmias. Myocardial infarction is 
defined by typical clinical features, including electrocardiographic findings, elevated values of biochemical 
markers of myocardial necrosis, and by imaging. The diagnosis of myocardial ischemia (or infarction) is 
formulated by the cardiologist in charge

Prolonged air leak For the aim of this trial, the prolonged air leak is defined as air leakage lasting more than 7 days. The 
diagnosis is formulated by the consultant in charge

Postoperative complications are defined as pulmonary or cardiac abnormalities occurring in the postoperative period that result in 
one or more of the following identifiable diseases; such diseases must be clinically significant and adversely affect the clinical course. 
Pulmonologists, anesthesiologists and cardiologists are blinded to the group allocation. 

Table S2  Surgical variables stratified by group

Variables Total (%) Study group (%) Control group (%) P

Lobectomy, sup. 94 (57.7) 45 (55.6) 49 (59.8) ns

Side, right 95 (58.3) 46 (56.8) 49 (59.8) ns

Approach, thoracotomy 103 (63.2) 50 (61.7) 53 (64.6) ns

Length of surgery (min) 180 [180–210] 180 [180–221] 195 [180–210] ns

Adenocarcinoma 109 (66.9) 54 (66.7) 55 (67.0) ns

Pathological stage I 141 (86.5) 69 (85.1) 72 (87.8) ns

Data are expressed as number with percentage or median with 95% confidence interval. ns, not significant.



Table S4 Postoperative functional parameters

Variables Total [CI] Study group [CI] Control group [CI] P

First postoperative day

pO2 (mmHg) 66 [65–68] 66.5 [64–69.2] 66 [64–69.7] ns

pCO2 (mmHg) 39.8 (SD 5.2) 40.4 (SD 5.5) 39.1 (SD 4.7) ns

pH 7.42 [7.41–7.42] 7.42 [7.41–7.43] 7.42 [7.41–7.43] ns

HCO3 (mEq/L) 25.8 [25.4–26.2] 26 [25.2–28.8] 25.8 [24.8–26.1] ns

NRS 5 [5–5] 5 [4–5] 5 [4.6–5] ns

Air-leak (L/min) 1.6 [0.9–2.1] 1.3 [4.7–10.7] 2.7 [1.1–3.8] ns

Second postoperative day

NRS 3.0 [3.0–3.0] 3.0 [3.0–3.4] 3.0 [2.0–4.0] ns

Air-leak (L/min) 0.1 [0.0–0.5] 0.0 [0.0–0.2] 0.5 [0.0–0.9] ns

Third postoperative day

NRS 3 [3–3] 3 [3–3.4] 3 [2–4] ns

Air-leak (L/min) 0.1 [0.0–0.5] 0.0 [0.0–0.2] 0.5 [0.0–0.9] ns

Fourth postoperative day

NRS 2 [2–3] 2 [2–3] 2 [2–3] ns

Air-leak (L/min) 0.0 [0.0–0.0] 0.0 [0.0–0.0] 0.0 [0.0–0.1] ns

pO2 (mmHg) 74 [70–76] 74 [70–78] 74 [68–77] ns

pCO2 (mmHg) 38.1 (SD 5.1) 38.1 (SD 5.1) 38.2 (SD 5.1) ns

pH 7.45 [7.45–7.46] 7.46 [7.45–7.47] 7.45 [7.44–7.46] ns

HCO3 (mEq/L) 26.8 (SD 3.1) 26.8 (SD 3.1) 26.8 (SD 3.2) ns

FVC (L) 2.0 [1.9–2.1] 2.0 [1.7–2.1] 2.0 [1.9–2.1] ns

FVC (%) 58 [56–62] 57 [54–60] 61 [55–64] ns

FEV1 (L) 1.5 [1.4–1.5] 1.4 [1.2–1.5] 1.5 [1.4–1.6] ns

FEV1 (%) 53 [50–56] 54 [48–57] 53 [49–57] ns

Fifth postoperative day

NRS 2 [1–2] 1 [0–2] 2 [1–2] ns

Air-leak (L/min) 0.0 [0.0–0.0] 0.0 [0.0–0.0] 0.0 [0.0–0.0] ns

6MWT (m) 410 (SD 85) 408 (SD 81) 412 (SD 89) ns

CI, 95% confidence interval; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; NRS, numeric rating scale; ns, not 
significant; pCO2, arterial carbon dioxide partial pressure; pO2, arterial oxygen partial pressure; SD, standard deviation; 6MWT, 6-minute 
walking test.

Table S3 Surgical variables stratified by approach

Variables VATS (%) Open (%) P

Center 0.0049

University hospital 57 (41.9) 79 (58.1)

Tertiary hospital 3 (11.1) 24 (88.9)

Length of surgery (min)

Total 222±73 196±66 0.0288

Study group 180 [180–238] 180 [155–227] ns

Control group 210 [192–267] 180 [176–203] 0.0044

Complications

Study group 7 (22.6) 11 (22.0) ns

Control group 15 (51.7) 21 (39.6) ns

Data are expressed as number with percentage, median with 95% confidence interval or mean ± standard deviation. ns, not significant. 
VATS, video-assisted thoracic surgery.



Table S5 Logistic regression

Variables Odds ratios 95% confidence intervals P value of regression coefficient 

Age: year 1.0000 0.9689–1.0321 0.9997

Gender: male 1.1626 0.5903–2.2898 0.6631

BMI 0.9378 0.8607–1.0217 0.1419

Preoperative FEV1% 0.9864 0.9690–1.0042 0.1332

Preoperative DLCO % 0.9936 0.9749–1.0126 0.5042

Preoperative 6MWT (m) 0.9973 0.9932–1.0014 0.1958

Smoking history: yes 2.4314 1.1019–5.3651 0.0278*

Surgical approach: VATS 1.1749 0.6033–2.2883 0.6355

Length of surgery: min 1.0107 1.0049–1.0166 0.0003*

Center: university hospital 1.6092 0.6354–4.0753 0.3156

Group allocation: study 0.4189 0.2150–0.8165 0.0106*

Dependent variable: patients with or without one or more postoperative complications; predictors: clinical parameters and allocation. Each 
predictor had a separate test; for stepwise logistic regression results see the main text. *, independent variables that contribute to the 
prediction of the outcome.

Table S6 Feasibility metrics

Variable Results

Acceptability 99.4%

Preference na

Patient experience Not tested

Feasibility 97.6%

Turnaround time 2 weeks

Impact 19%

Acceptability: the number of patients who accepted to participate 
to the study over the total number of selected patients. 
Preference: in this trial patients cannot choose the intervention. 
Feasibil ity is the number of patients who received the 
interventions over patients allocated to study groups. Turnaround 
time: time to obtain post-intervention tests results. Impact: the 
net change in outcomes among a particular group that can be 
attributed to a specific intervention. na, not available.


