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Abstract
Background: Thoracic surgical procedures impair respiratory function, decreasing ventilation and oxygenation and
increasing the risk of acute respiratory failure and pulmonary complications. To prevent these clinical repercussions,
positive airway pressure therapy is widely used to increase pulmonary ventilation, decrease muscle overload, and
ensure adequate oxygenation; however, the benefit of this therapy remains unclear.
Methods/design: A systematic search of the literature including PubMed, CINAHL, AMED, PsycINFO, LILACS, Scielo,
Scopus, PEDro, and the Cochrane Library will identify the randomized and quasi-randomized trials that used CPAP,
Bilevel, or IPPB compared with a control without intervention, a sham treatment or other lung expansion techniques
following thoracic surgical procedures. From these trials, we will extract data on a predefined list of outcomes, including
oxygenation, ventilation, respiratory failure, pulmonary complications, and time of resolution of the clinical condition.
The methodological quality of each trial included will be assessed using the PEDro scale. The strength of the
recommendations will be summarized using the GRADE scale. Meta-analyses will be performed, if appropriate.
Discussion: This review aims to promote greater knowledge regarding the efficiency of the use of non-invasive positive
airway pressure on recovery of respiratory function and on prevention of pulmonary complications following thoracic
surgical procedures. This review could help health professionals improve the care for patients undergoing thoracic
surgical procedures.
Systematic review registration: PROSPERO CRD42015019004
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Background
Thoracic surgical procedures impair respiratory function,
depending on the duration and type of procedure as well
as on each patient’s clinical condition [1]. Longer and
more aggressive procedures in patients with chronic pulmonary diseases and worse clinical conditions could result
in patients being more susceptible to pulmonary complications [2, 3] including atelectasis, bronchospasms, pneumonia, need of mechanical ventilation, or death [4]. Other
complications following thoracic surgical procedures include air leakage from pleural fistulae [5], which has an
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incidence of 4.5 to 20 % after pneumonectomy and 0.5 %
after lobectomy [6]. These complications increase the
length of hospital stays and the costs [7].
Non-invasive positive airway pressure therapy has
been used to decrease complications following thoracic
surgical procedures [8]. Positive airway pressure maintains oxygen and carbon dioxide in normal ranges with
minimal ventilator usage [9]. Its primary indications include ventilatory overload, alterations of the chest wall
and lung expansion, increase of airway resistance, prevention of respiratory failure, and improvement of cough
efficacy [10].
The effect of therapy with non-invasive positive airway
pressure has been studied in other types of procedures,
such as abdominal and cardiac surgeries, that impair
respiratory function and present a high incidence of
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pulmonary complications [11, 12]; however, two systematic reviews, in 1994 and 2011, showed that there
are few studies to support the use of intermittent positive airway pressure aiming to recover lung function
and prevent pulmonary complications after major surgery [13, 14]. Recently, clinical trials enrolling patients
undergoing lung resection have shown that continuous
positive airway pressure (CPAP) is able to improve clinical
outcomes including functional capacity, dyspnoea, and
oxygenation [15, 16].
The contradiction in the literature and the need for
evidence-based practice, focus attention on the following
aspects: the results of clinical trials with good methodological quality, the clinical experience of the physiotherapist, and the patient’s preferences [17]. The aim of this
systematic review is to provide, through rigorous technical
analysis of the existing literature, well-founded advice to
help health professionals choose the best treatment for the
care of patients undergoing thoracic procedures.
This systematic review will answer the following
questions:
 Does non-invasive positive airway pressure reduce the

incidence of pulmonary complications, the need for
invasive mechanical ventilation, and the mortality rate
in patients undergoing thoracic procedures?
 Does non-invasive positive airway pressure improve/
recover lung volumes and oxygenation in patients
undergoing thoracic procedures?
 Does non-invasive positive airway pressure reduce
the time of hospital stay in patients undergoing
thoracic procedures?
 Does non-invasive positive airway pressure cause
pleural fistulae, pneumothorax, or aerophagia following
thoracic procedures?
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devices that generate positive pressure or other lung expansion techniques or no intervention.
Outcomes

1. The rate of pulmonary complications (as defined by
individual studies)
2. The pulmonary volumes assessed by pulmonary
function (complete or spirometry)
3. The blood oxygenation assessed by pulse oximetry
or arterial blood gas analysis
4. The duration of the hospital stay
5. The rate of tracheal intubation needed for invasive
mechanical ventilation
6. The mortality rate
7. Adverse effect as pleural fistula, pneumothorax,
aerophagia or other harm resulting from positive
pressure interventions
Search strategy

The following databases will be searched for all of the available years: Medline, CINAHL, AMED, PsycINFO, Pubmed,
LILACS, SciELO, Scopus, PEDro, and the Cochrane Library (specifically, the Cochrane Database of Systematic
Reviews and the Cochrane Central Register of Clinical
Trials). The search will not be limited by date, language, or publication status. We will check the list of
references of any eligible study identified to search for
additional relevant studies.
Search terms

The inclusion criteria for the studies in this review
Types of studies

Terms related to thoracic procedures and modalities of
non-invasive positive airway pressure will be used. Search
terms are shown in Additional file 1. Two authors (ES and
LT) will independently review all of the potential studies
for inclusion through the preestablished criteria. They will
examine the title and abstract and, where necessary, the
full text of the studies to determine their eligibility for inclusion. If the authors do not reach an agreement by discussion, a third author (AL) will make the final decision
on eligibility.

Randomized and quasi-randomized controlled trials are
eligible for this review.

Data extraction

Methods/design
Design of the study

Systematic review

Types of participants

The eligible participants will be adults (at least 18 years
old) who have undergone a thoracic procedure, defined
as any invasive procedure performed in the chest wall.
Types of interventions

Use of CPAP, Bilevel Positive Airway Pressure (BiPAP),
and Intermittent Positive Airway Pressure Breathing
(IPPB) compared with sham device or other types of

Two authors (ES and LT) will independently use a standardized method to extract the data from the studies.
The discrepancies will be checked against the original
data. A third author (AL) will make the final decision in
cases of discrepancies.
Data extracted from the studies will be summarized in
tables: patients’ characteristics, objectives, type of thoracic procedure, protocol of intervention on experimental
and comparative groups, outcome measures, and study
results. Adverse effects will also be reported.
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Quality analysis of the studies
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respiratory therapists, surgeons, other healthcare professionals, and patients about the value of these interventions.

The methodological quality will be assessed using the
PEDro scale [18] by a trained author (ES) [19]. The
strength of the recommendations will be summarized
using the GRADE scale [20]. The rating will be based on
available information from the published version and
communication with the authors. No eligible study will
be excluded on the basis of low methodological quality.
We will also present tables summarizing risk of bias
for each study and main biases identified for each study
on design and outcomes analysis. Information about the
strength of the recommendations for every intervention
(CPAP, BiPAP, and IPPB) on each type of thoracic procedure (lung and pleura) will be reported.

Authors’ contributions
ECS and ACL equally contributed to the protocol design and preparation of
this manuscript. Both authors read and approved the final manuscript.

Meta-analysis
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For the binary outcome measures (the dichotomous variables), we aim to calculate a pooled estimate of the treatment effect using the risk ratio and a confidence interval
(CI) of 95 %. For the continuous outcomes measures, we
will calculate a pooled estimate of the treatment effect
through the mean difference of the calculation and the 95
% CI. In case of a lack of data, incomplete data or inaccurate data, we intend to contact the researchers responsible
for the studies. If we fail to obtain the necessary data for
the analysis, we will outline the text of the study results.
Heterogeneity among the studies will be assessed by
using I2 statistic. The values of I2 range from 0 to 100 %. A
value less than 25 % indicates low heterogeneity, values between 25 and 50 % indicate moderate heterogeneity, and a
value over 50 % indicates high heterogeneity among the
studies [21]. In case of high heterogeneity and sufficient
studies included in the review, we will search the possible
causes performing the subgroup analyses. Potential subgroups are type of procedures (lung and pleura); type of
intervention on comparative groups and intensity (number
and duration of sections) of treatment application.
Forest plots will be used to report effect estimates and
confidence intervals focusing on meta-analysis and subgroup analysis when possible [21].
Data reporting

Findings will be reported according to the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) as shown in the Additional file 2 [22].

Discussion
This review aims to provide the best available evidence on
the effects of non-invasive positive airway pressure in the
incidence of pulmonary complications, lung volumes, blood
oxygenation, the need for invasive mechanical ventilation,
and the incidence of mortality in patients undergoing thoracic procedures. This evidence will inform physiotherapists,
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