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ABSTRACT

Background

This is an update of a Cochrane Review first published in The Cochrane Library 2008, Issue 3.

Upper abdominal surgical procedures are associated with a high risk of postoperative pulmonary complications. The risk and severity
of postoperative pulmonary complications can be reduced by the judicious use of therapeutic manoeuvres that increase lung volume.
Our objective was to assess the effect of incentive spirometry compared to no therapy or physiotherapy, including coughing and deep
breathing, on all-cause postoperative pulmonary complications and mortality in adult patients admitted to hospital for upper abdominal
surgery.

Objectives

Our primary objective was to assess the effect of incentive spirometry (IS), compared to no such therapy or other therapy, on postoperative
pulmonary complications and mortality in adults undergoing upper abdominal surgery.

Oursecondary objectives were to evaluate the effects of IS, compared to no therapy or other therapy, on other postoperative complications,
adverse events, and spirometric parameters.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library 2013, Issue 8), MEDLINE, EMBASE, and
LILACS (from inception to August 2013). There were no language restrictions. The date of the most recent search was 12 August 2013. The
original search was performed in June 2006.

Selection criteria

Weincluded randomized controlled trials (RCTs) of ISin adult patients admitted for any type of upper abdominal surgery, including patients
undergoing laparoscopic procedures.

Data collection and analysis

Two authors independently assessed trial quality and extracted data.

Incentive spirometry for prevention of postoperative pulmonary complications in upper abdominal surgery (Review) 1
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Main results

We included 12 studies with a total of 1834 participants in this updated review. The methodological quality of the included studies was
difficult to assess as it was poorly reported, so the predominant classification of bias was 'unclear'; the studies did not report on compliance
with the prescribed therapy. We were able to include data from only 1160 patients in the meta-analysis. Four trials (152 patients) compared
the effects of IS with no respiratory treatment. We found no statistically significant difference between the participants receiving IS and
those who had no respiratory treatment for clinical complications (relative risk (RR) 0.59, 95% confidence interval (Cl) 0.30 to 1.18). Two
trials (194 patients) IS compared incentive spirometry with deep breathing exercises (DBE). We found no statistically significant differences
between the participants receiving IS and those receiving DBE in the meta-analysis for respiratory failure (RR 0.67,95% CI 0.04 to 10.50). Two
trials (946 patients) compared IS with other chest physiotherapy. We found no statistically significant differences between the participants
receiving IS compared to those receiving physiotherapy in the risk of developing a pulmonary condition or the type of complication. There
was no evidence that IS is effective in the prevention of pulmonary complications.

Authors' conclusions

There is low quality evidence regarding the lack of effectiveness of incentive spirometry for prevention of postoperative pulmonary
complications in patients after upper abdominal surgery. This review underlines the urgent need to conduct well-designed trials in this
field. There is a case for large RCTs with high methodological rigour in order to define any benefit from the use of incentive spirometry
regarding mortality.

PLAIN LANGUAGE SUMMARY

Incentive spirometry for prevention of postoperative pulmonary complications after upper abdominal surgery
Background

Previous studies have suggested that between 17% and 88% of people having surgery on the upper abdomen will suffer complications that
affect their lungs after the operation (postoperative pulmonary complications). The lung volume tends to fall after such surgeries. These
complications can be made less likely and less severe with the careful use of treatments designed to encourage breathing in (inspiration)
and thusincreasing the volume of the lungs, as these volumes tend to fall after such surgeries. Incentive spirometers are mechanical devices
developed to help people take long, deep, and slow breaths to increase lung inflation.

Objective

We reviewed the evidence about the effect of incentive spirometry (IS), compared to no intervention or other therapy, to prevent
postoperative pulmonary complications (for example, pneumonia, fever, death) in people following upper abdominal surgery.

Study characteristics

We included adults (aged 18 years and above) admitted for any type of upper abdominal surgery. The evidence is current to August 2013.
We found 12 studies with a total of 1834 participants. The maximum period of time that a patient was followed by the doctor was seven
days postoperatively. The quality of the included studies was uncertain because of poor reporting in the published articles.

Key results

The following results were examined in this review: clinical complications, respiratory failure (that is, inadequate gas exchange by the
respiratory system), and pulmonary complications. The results from participants receiving IS were the same as for those receiving either
no treatment, deep breathing exercises (DBE) or physiotherapy in the meta-analyses for clinical complications, respiratory failure, and
pulmonary complications.

Quality of evidence

Because of poorly conducted studies (results not similar across studies; some issues with study design and; not enough data collected and
organized) we ranked the overall quality of the evidence reported in this review as low.

Conclusion and future research

There is low quality evidence showing a lack of effectiveness of incentive spirometry for prevention of postoperative pulmonary
complications in patients after upper abdominal surgery. This review underlines the urgent need to conduct well-designed trials in this
field.

Incentive spirometry for prevention of postoperative pulmonary complications in upper abdominal surgery (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison.

Incentive spirometry (IS) compared with no treatment, deep-breathing exercise (DBE), or physiotherapy for prevention of
postoperative pulmonary complications in upper abdominal surgery

Patient or population: postoperative pulmonary complications in upper abdominal surgery
Intervention: incentive spirometry

Comparison: no treatment, DBE, or physiotherapy

Outcomes Relative effect No of Participants  Quality of the evi-
(95% CI) (studies) dence
(GRADE)
Pulmonary complications RR 0.83 (0.51 to 946 BDOO
1.34) (2 studies)a low

Follow up: until the fifth postoperative day (Craven 1974); and
until the seventh postoperative day (Hall 1991)

Comparison: physiotherapy

Respiratory failure RR 0.67 (0.04 to 194 PO

. _ . 10.50) (2 studies)b low
Follow up: until the fourth postoperative day (Celli 1984); and

not reported (Hall 1996)

Comparison: DBE

Clinical complications RR 0.59 (0.30 to 152 DO

) 1.18) (4 studies)c low
Follow up: until the fourth postoperative day (Celli 1984; Sch-

wieger 1986); 1-7 days postoperatively (Kulkarni 2010); and un-
til the second postoperative day (O'Connor 1988)

Comparison: no treatment

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk
(and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention
(and its 95% Cl).

Cl: Confidence interval; RR: Risk Ratio.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.

Very low quality: We are very uncertain about the estimate.

aSubstantial heterogeneity in the overall effect due to different IS evaluated.
bLower risk patients (no chronic respiratory disease and non-smokers).
¢No blinding of investigators in Kulkarni 2010 study.

Incentive spirometry for prevention of postoperative pulmonary complications in upper abdominal surgery (Review) 3
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BACKGROUND

Description of the condition

This is an update of a Cochrane Review first published in The
Cochrane Library in 2008 (Issue 3) (Guimardes 2009). The original
review included 11 studies (Celli 1984; Craven 1974; Dohi 1978;
Hall 1991; Hall 1996; Jung 1980; Lyager 1979; O'Connor 1988;
Ricksten 1986; Schwieger 1986; Stock 1985) and did not provide any
evidence from randomized controlled trials of differences in patient
outcomes with incentive spirometry compared to no such therapy
(or other therapy) in adult patients admitted for upper abdominal
surgery.

Upper abdominal surgical procedures are associated with a
high risk of postoperative pulmonary complications (PPCs).
These are defined as pulmonary abnormalities occurring in
the postoperative period which produce clinically significant
identifiable disease or dysfunction that adversely affects the
patient's clinical course (Kips 1997; 0'Donohue 1992). The reported
risk rates of PPCs in upper abdominal surgery range from 17% to
88% (Overend 2001). Pulmonary complications include atelectasis,
pneumonia, respiratory failure, and tracheobronchial infection.
The commonest of these complications is pulmonary atelectasis,
though pneumonia is considered to be the main cause of mortality
(Kips 1997; Martin 1984).

Shallow, monotonous breathing may decrease ventilation to
dependent lung regions and may contribute to the development of
atelectasis. Incisional pain, residual anaesthetic effects, and lying
in bed for prolonged periods are also contributive factors. Although
postoperative atelectasis usually improves spontaneously, if the
collapsed regions of the lungs do not become re-inflated then
infection may arise as a secondary event (Chumillas 1998; Kips
1997; Stock 1985). Other serious postoperative complications
such as intraperitoneal infection, wound infection, cardiac and
haemodynamic complications (Hall 1996) can also develop and
worsen the patients' outcomes. It is particularly important to
identify patients at risk of postoperative pulmonary complications
as these are the most frequently reported cause of morbidity and
mortality in the postoperative period (Doyle 1999). The occurrence
of pulmonary complications is linked to the presence of risk
factors, many of which are identifiable at the patient's preoperative
evaluation. They include age, smoking status, obesity, pre-existing
chronic lung disease, and co-morbidities (Chumillas 1998; Kips
1997). The anaesthetic factors include the type and duration of
anaesthesia as well as the different drugs used for anaesthesia and
postoperative pain relief. The surgical factors include the type and
duration of surgery and the extent of the surgical incision (Celli
1993; Chumillas 1998; Strandberg 1986; Sykes 1993).

Description of the intervention

Physiotherapy is designed to enhance inspiration and is aimed at
increasing the abnormally low postoperative functional residual
capacity (FRC) (Celli 1993; Hall 1991; Hall 1996). Deep-breathing
exercises, such as inspiring to total lung capacity with particular
emphasis on the use of the diaphragm, have been shown to
inflate alveoli and reverse postoperative hypoxaemia (Celli 1993).
Incentive spirometers are mechanical devices developed to reach
this aim. The spirometer is designed to imitate maximum deep
inspirations and encourages the patient to take long, deep, slow
breaths that increase lung inflation (AARC 1991; Bartlett 1970;

Chuter 1990). The first documented report of incentive spirometry
(IS) as a treatment technique appears to be that of Van de Water
et al (Van de Water 1972). Bartlett et al developed an incentive
spirometer that both provided visual feedback to the patient and
recorded the number of successful breathing manoeuvres (Bartlett
1973; Craven 1974). The Bartlett-Edward incentive spirometer was
used as the standard model for many years but now cheaper
units are often substituted (Overend 2001). There are two kinds
of incentive spirometer, based on the flow and volume of air.
In the flow incentive model the flow may be turbulent, which
increases the work of breathing. The Respiron and Triflo devices
are examples. The volume incentive model is thought to be more
'physiological' because the training volume is constant until it
reaches the maximum inspiratory capacity or the level preset by the
physiotherapist, but it is more expensive. The Voldyne spirometer
is one such device.

IS can produce undesirable side effects, such as pulmonary
hyperventilation. This may be because an inaccurate dose of IS
was prescribed or because the physiotherapist did not adequately
supervise the spirometry. The use of IS may also be limited by
the high cost of some devices (AARC 1991). IS is not indicated for
patients with chronic obstructive pulmonary disease.

How the intervention might work

After surgery, it may be hard to take deep breaths and if patients
do not breathe deeply enough this can lead to pulmonary
complications. IS can be helpful to aid recovery and keep the lungs
healthy. Patient should place the IS mouthpiece into the mouth and
inhale slowly. A piecein the devicerises as the patient takes a breath
in. The healthcare provider or physician determine how big a breath
the patient should take.

Why it is important to do this review

There s still controversy about the clinical benefits of IS (Celli 1984;
Chumillas 1998; Fagevik Olsen 1997). We set out to gather the best
available evidence on the effectiveness of this form of therapy.

OBJECTIVES

Our primary objective was to assess the effect of incentive
spirometry (IS), compared to no such therapy or other therapy,
on postoperative pulmonary complications and mortality in adults
undergoing upper abdominal surgery.

Our secondary objectives were to evaluate the effects of IS,
compared to no therapy or other therapy, on other postoperative
complications, adverse events, and spirometric parameters in
adults undergoing upper abdominal surgery.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomized controlled trials (RCTs).

Types of participants

We included adults (aged 18 years and above) admitted for any
type of upper abdominal surgery, including patients undergoing
laparoscopic procedures.

Incentive spirometry for prevention of postoperative pulmonary complications in upper abdominal surgery (Review) 4
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We included adult patients with co-morbidities (for example, pre-
existing pulmonary disease, smokers, and people who were obese).
We planned to analyse these patients separately.

We included patients who developed any other type of
complications (for example, haemodynamic complications) in the
postoperative period.

Types of interventions

We planned to study the following interventions:

IS versus breathing exercises;

IS versus intermittent positive pressure breathing (IPPB);
IS versus other chest physiotherapy techniques;

IS versus no intervention.

> w e

We included all of these groups in the review. This is because there
were a number of different types of therapeutic manoeuvres that
increase lung volume and we felt it was important to be able to
distinguish between the effects of different techniques, if possible.

Types of outcome measures
Primary outcomes

We planned to include the following outcomes.

1. Pulmonary complications, defined as:

a. atelectasis (radiographic, tomographic, or bronchoscopic
diagnosis: in patients whose clinical signs were acute
respiratory symptoms such as dyspnoea, cough, wheeze);

b. respiratory failure (radiographical diagnosis: in patients
with signs of acute respiratory symptoms such as
tracheobronchial purulent secretions, fever (greater than 38
°C), or increased white blood cell count (greater than 10,000/
mm3);

¢. tracheobronchial infection or pneumonia.

2. Other types of complications in the postoperative period.
3. Total mortality from respiratory causes.

4. Evidence of harms from IS.

5. All-cause mortality.

The radiological alterations were defined as segmental or
subsegmental atelectasis with infiltration or consolidation,
according to the criteria set by the radiologist. The postoperative
clinical pulmonary complications were defined according to
clinical (symptoms and physical examination) and also radiological
criteria as atelectasis and pneumonia. When there were only
radiological alterations, without clinical symptoms or alterationsin
auscultation, the complications were considered to be subclinical
(Chumillas 1998).

Secondary outcomes

We planned to use the following as secondary outcomes:

1. average tidal volume (TV), or volume of air inspired and expired
in each normally ventilated cycle;

2. forced expiratory volume in one second (FEV;), the expiratory

volume obtained during the first second of execution of the
forced vital capacity;

3. vital capacity (VC), the largest amount of air that a person can
expel from the lungs shortly after having filled them to the
maximum capacity;

4. functional residual capacity (FRC), the amount of air that stays
in the lungs at the end of normal expiration;

5. forced vital capacity (FVC), the totalamount of air expired during
a forced expiration after a maximum inspiration;

length of stay in hospital;
evidence of harms from IS;
all-cause mortality;

cost analysis.

©w ® N o

We planned to perform subgroup analyses to estimate the efficacy
of the different types of devices:

Triflo;

Voldyne;

Spirocare;

Coach;

Bartlett-Edwards incentive spirometer.

AN

Search methods for identification of studies
Electronic searches

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL) in The Cochrane Library (2013, Issue 8), see Appendix 1
for the detailed search strategy; MEDLINE (OvidSP) (1966 to August
2013), see Appendix 2; EMBASE (OvidSP) (1980 to August 2013), see
Appendix 3; Literatura Latino-Americana e do Caribe em Ciéncias
da Saude (LILACS), via BIREME (1982 to August 2013), see Appendix
4; and CINAHL (EBSCOhost) (1980 to 2013), see Appendix 5.

We used a comprehensive search strategy and searched the
databases using both subject headings and free text words.

We used search strategies that were optimal for identifying RCTs
(Castro 1999; Dickersin 1994) together with specific subject terms.

We adapted our MEDLINE search strategy to use with other

electronic databases such as LILACS and CENTRAL.

Searching other resources

We handsearched the reference lists of identified studies for
additional citations and contacted specialists in the field and the
authors of studies for information regarding unpublished data.
There were no language restrictions.

Data collection and analysis
Selection of studies

Two authors (PNJ and RPED) independently assessed the titles
and abstracts of all trials identified by the electronic searching. We
obtained full-text hard copies of any study which appeared to fulfil
our selection criteria. We independently assessed and analysed
the selected papers and resolved any disagreements in consensus
meetings.

Data extraction and management

Two authors (PNJ and RPED) independently extracted data and
resolved any discrepancies by discussion. We initially used a
standard data extraction form to extract the following information:

Incentive spirometry for prevention of postoperative pulmonary complications in upper abdominal surgery (Review) 5
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characteristics of the study (design, methods of randomization);
participants;
interventions;

> w N

outcomes (types of outcome measures, timing of outcomes,
adverse events).

Assessment of risk of bias in included studies

We used the risk of bias approach for Cochrane Reviews to assess
study quality (Higgins 2011). Two review authors (PNJ and RPED)
independently assessed the following six criteria. We resolved any
discrepancies by discussion.

Adequate sequence generation.
Allocation concealment.
Blinding.

Incomplete outcome data.
Selective outcome reporting.

ok W

Other sources of bias.

In the first step, we copied the information that was relevant for
making a judgement on a criterion from the original publication
into an assessment table. If additional information was available
from the study authors we entered this in the table along with
an indication that this was unpublished information. Two review
authors (PNJ and RPED) independently made a judgment as to
whether therisk of bias for each criterion was considered to be 'low',
'uncertain’, or 'high'. We resolved disagreements by discussion. We
considered that trials categorized as 'low risk' for all six criteria were
low bias-risk trials.

We considered trials which were classified as low risk of
bias in sequence generation, allocation concealment, blinding,
incomplete data, and selective outcome reporting as low bias-risk
trials. We recorded this information for each included trial in 'Risk
of bias' tables in RevMan 5 (RevMan 5.2) and summarized the risk
of bias for each study in a summary 'Risk of bias’ figure and graph.

Measures of treatment effect
Binary outcomes

For dichotomous data, we used the relative risk (RR) as the effect
measure with 95% confidence interval (ClI).

Continuous outcomes

For continuous data, we presented the results as mean differences
(MD) with 95% Cls. When pooling data across studies we estimated
the MD if the outcomes were measured in the same way between
trials. We used the standardized mean difference (SMD) to combine
trials that measured the same outcome but used different methods.

Unit of analysis issues

The unit of analysis was one outcome for each participant.

Dealing with missing data

An intention-to-treat analysis (ITT) is one in which all the
participants in a trial are analysed according to the intervention to
which they were allocated, whether they received the intervention
or not. For each trial we planned to report whether or not the
investigators stated if the analysis was performed according to

the ITT principle. If participants were excluded after allocation, we
reported any details that were provided in full.

Assessment of heterogeneity

We intended to quantify inconsistency among the pooled estimates
using the I2 statistic. This illustrates the percentage of variability
in effect estimates that results from heterogeneity rather than
sampling error (Higgins 2003; Higgins 2011). We also intended to
examine forest plots for Cl overlap and to calculate the Chi2 test for
homogeneity with a 10% level of significance. We used values for
the 12 statistic to categorize heterogeneity: less than 25%; 26% to
50%; 51% to 75%, and greater than 75%. To allow meta-analysis we
considered an 12 less than 75%.

Assessment of reporting biases

Apart from assessing the risk of selective outcome reporting,
considered under assessment of risk of bias in included studies, we
intended to assess the effects of small studies by using funnel plots
when at least 10 trials were identified.

Data synthesis

We planned to use the fixed-effect model to analyse data. If the 12
was greater than 50%, we intended to use a random-effects model.
We planned to undertake quantitative analyses of outcomes on an
ITT basis.

Subgroup analysis and investigation of heterogeneity

We planned to perform subgroup analyses by types of interventions
and personal characteristics such as age, gender, and type of
surgery (for example, laparoscopic versus standard abdominal
surgery) if sufficient data were available. However, the number of
studies was insufficient for performance of any of these subgroup
analyses.

Sensitivity analysis

We planned to perform sensitivity analyses to explore the causes
of heterogeneity and the robustness of the results by means of the
following factors:

1. trials with low risk of bias versus those with high risk of bias; and
2. rates of withdrawal for each outcome (< 20% versus =20%).

However, the planned analyses could not be carried out because of
lack of relevant data in the included studies.

RESULTS

Description of studies

See the Characteristics of included studies table.

Results of the search

We identified a total of 775 citations from the database searches
for the original review (Guimardes 2009) (see Figure 1 for search
results). After screening by title and then abstract, we obtained
full-text copies for 21 citations that were potentially eligible for
inclusion in the review. Of these, 10 did not fulfil our inclusion
criteria and were excluded for the reasons described in the table
Characteristics of excluded studies (Carmini 2000; Gale 1977; Geng
2004; Indihar 1982; Lederer 1980; Minschaert 1982; Pereira 2000;
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Figure 1. Study flow diagram for the original review (Guimaraes 2009).
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Figure 1. (Continued)
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For the first update of the review in 2013, 309 references (post-
deduplication) were identified by the searches. We selected five
references for careful reading and obtained them in full text
when available. After assessing the full articles, we included only
one study (Kulkarni 2010) and added four studies (Cattano 2010;
Dronkers 2008; Kundra 2010; Westwood 2007) to the exclusion table

(see Figure 2). Therefore, there are 12 studies with a total of 1834
participants that met the minimal methodological requirements in
this review (Celli 1984; Craven 1974; Dohi 1978; Hall 1991; Hall 1996;
Jung 1980; Kulkarni 2010; Lyager 1979; O'Connor 1988; Ricksten
1986; Schwieger 1986; Stock 1985).
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Figure 2. Study flow diagram for this review update.
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Figure 2. (Continued)
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Included studies

In the first update of this review, we have included 12 studies with
a total of 1834 participants (Celli 1984; Craven 1974; Dohi 1978; Hall
1991; Hall 1996; Jung 1980; Kulkarni 2010; Lyager 1979; O'Connor
1988; Ricksten 1986; Schwieger 1986; Stock 1985). These studies
enrolled a total of 1834 participants.

Design of the studies

All included studies claimed to be RCTs.

Types of study participants

Celli 1984 assessed 172 participants (59 male and 113 female) with
a mean age of 47 years.

Craven 1974 evaluated 70 participants (39 male and 31 female) with
a mean age of 52.4 years. The authors of this study evaluated high-
risk patients, defined as smokers and those with chronic respiratory
disease.

Dohi 1978 studied 64 participants with a mean age of 55.5 years; the
gender of the participants was not reported.

Hall 1991 evaluated 876 participants (436 male and 440 female)
with a mean age of 55.0 years.

Hall 1996 assessed 456 participants with a mean age of 51.8 years,
of whom 155 (68 male and 87 female) were eligible.

Jung 1980 enrolled 126 individuals (29 male and 97 female) with a
mean age of 40.7 years.

Kulkarni 2010 studied 80 randomized participants and 66 were
analysed, their age and gender were not reported.

Lyager 1979 studied 103 participants (9 patients were excluded
from the study and from the analysis); their gender and mean age
were not reported.

O'Connor 1988 assessed 40 participants with a mean age of 23.0
years; the participants' gender was not reported.

Ricksten 1986 evaluated 43 participants (21 male and 22 female)
with a mean age of 53.7 years.

Schwieger 1986 enrolled 40 participants (9 male and 31 female)
with a mean age of 53.5 years.

Stock 1985 assessed 65 participants; their gender and mean age
were not reported.

Types of intervention

In Celli 1984, the control group received no respiratory treatment
(n = 44); the first intervention group received intermittent positive
pressure breathing therapy (IPPB) at a pressure of 15 cm H,0 for
15 minutes, four times daily (n = 45); the second intervention group
received incentive spirometry (IS) with a visual signal to indicate
that the volume goal was met (a 3 sec breathhold signal was used
to sustain maximal inspiration) four times daily (n = 42); and the
third intervention group undertook deep breathing exercises (DBE)
under supervision for 15 minutes, four times daily (n = 41). All
treatments were applied for a minimum of 10 breaths at volumes
ranging from 100 to 1800 ml, starting at one half of the preoperative
VC until at least 70% of the VC was achieved.

In the Craven 1974 study the interventions were IS (n =
35) versus preoperative physiotherapy (twice a day, or more
frequently if clinically indicated) (n = 35). Patients in the IS group
received no chest physiotherapy but they received preoperative
instructions about how to use the spirometer and practised using
it. Postoperatively the IS group was encouraged to use the machine
at least 10 times each hour for the first five postoperative days.

In the Dohi 1978 study the intervention groups were: (1)
deep breathing using an incentive spirometric three-ball, flow-
measuring device (Triflo), for five consecutive postoperative days
five times every hour for about eight waking hours daily (n = 34,
of whom only 23 underwent upper abdominal surgery); and (2)
standard episodic IPPB (0.5 ml of a solution (Bronkosol) containing
isoetharine hydrochloride and phenylephrine hydrochloride and
4.5 ml of saline) as the control group (n = 30, of whom only 13
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underwent upper abdominal surgery). Each treatment lasted 15
minutes, averaging four treatments per day.

In the Hall 1991 study, patients received an Airy incentive
spirometer fitted with a one-way valve (Airlife Inc, California, USA)
which the patients were initially instructed on the use of (n =431)
(patients were encouraged to take slow maximal inspirations and
to hold each breath for as long as possible) or chest physiotherapy
(CP) (n = 445): 115 (IS) and 104 (CP); upper transverse or oblique
incision: 129 (IS) and 116 (CP); upper vertical incision: 37 (IS) and
55 (CP).

In Hall 1996, patients were randomized to receive either deep
breathing therapy, where they were seen once and encouraged
to take 10 deep breaths each hour, or IS, where they were
provided with a laminated information sheet and an Air, incentive
spirometer fitted with a one-way valve (Airlife Inc, California, USA)
that they used at least 10 times each hour by taking slow maximal
inspirations and holding each breath for as long as possible.

In Jung 1980, one group was prescribed IPPB (n = 36) set at 15
cm H,0; the second group was prescribed resistance breathing
used as often as possible (using a blow glove) (n = 45); and the
third group was prescribed sustained maximal inhalations using an
incentive spirometer (Spirocare) (n = 45) with a preset volume goal
between 1400 and 1750 ml, which was to be held for three seconds
using the breath-hold signal incorporated into the spirometer. All
patients received instructions on the use of the assigned device.
Each treatment was undertaken four times daily, spread out during
the waking hours, for 15 to 20 minutes through to the third
postoperative day. No attempt was made to assure an absolute
minimum number of breaths with any of the devices.

In Kulkarni 2010, the patients were divided in four groups: group
A (n =20), no training; group B (n = 20), deep breathing exercises;
group C (n = 20), IS (Spiroball); and group D (n = 20), inspiratory
muscle training (IMT) (patients were trained with Powerbreathe).
In the postoperative period there were 14 lost to follow-up: group
A (n =3), group B (n = 3), group C (n =5), and group D (n = 3).
Patients were expected to train twice daily, each session lasting
15 min, for two weeks minimum up to the day before surgery.
They were also instructed in the technique by the researcher. The
initial device resistance loading was set to 20% to 30% of baseline
maximal inspiratory pressure (MIP) and according to ease of use in
thefirst session. The load varied from one to nine and was increased
incrementally by half a level daily for the first week.

In Lyager 1979, the patients were divided into two groups: the
Bartlett group (exercise repeated at least four times per hour,
starting the morning of the first postoperative day and continuing
up to the end of the fourth day), and a control group. Patients in
both groups received respiratory physiotherapy.

In O'Connor 1988, there were two groups: patients in one group
used an IS as part of their postoperative chest physiotherapy (n
= 20), those in the other group received routine postoperative
physiotherapy (n = 20). Patients were encouraged to inhale
maximally and the leak on the IS was adjusted to maintain the ball
at the top of the tube for three seconds, three times every hour,
postoperatively.

In Ricksten 1986, the three groups received: (1) deep-breathing
exercises by taking 30 sustained maximal inspirations every waking
hour with the aid of a deep-breathing exerciser (Triflo), (2) periodic
continuous positive airway pressure (CPAP) via a face mask for 30
breaths every waking hour with a positive end-expiratory pressure
of 10 to 15 cm H,0, or (3) a positive expiratory pressure (PEEP)
for 30 breaths every waking hour. The patients were trained
preoperatively with individually chosen expiratory resistances.
Treatment was started one hour after surgery and was continued
for three postoperative days.

Schwieger 1986 randomized the patients to an IS group (n = 20)
or a control group (n = 20) where patients did not receive any
respiratory treatment before or after surgery. In the IS group,
patients were trained before surgery with a volumetric incentive
spirometer (Inspiron). The treatment started on the day of surgery
and it consisted of increasingly deep and prolonged inspirations
with the IS for five minutes hourly, at least 12 times per day, during
the first three days after surgery.

In Stock 1985, there were three groups: (1) coughing and deep-
breathing group (CDB) (n=20), (2) IS group (n=22), and (3) the CPAP
group (n=23). All treatments lasted 15 minutes and were delivered
every two hours during waking hours, starting from four to 72 hours
after the operation. The IS device was adjusted to contain from
200 to 2000 ml to keep the bulb lit for three seconds. If inspiratory
effort improved during the 15 minutes treatment, the volume was
increased.

Types of outcome measures

Celli 1984 measured the patients' weight, height, temperature,
heart rate, forced vital capacity (FVC), forced expiratory volume in
one second (FEV,), forced expiratory flow from 25% to 75% of vital
capacity (VC), postoperative pulmonary complications, and length
of stay in hospital.

Craven 1974 assessed pulmonary complications, temperature,
pulse, respiratory rate, production of sputum, and recorded the use
of analgesics.

Dohi 1978 measured FEVy, FVC, peak expiratory flow rate, and
pulmonary complications.

Hall 1991 evaluated pulmonary complications, arterial blood gas
analysis, and length of hospital stay.

Hall 1996 assessed respiratory complications and the time that staff
devoted to prophylactic respiratory therapy.

Jung 1980 measured the presence of fever, increased respiratory
rate, cough and sputum, abnormalities on auscultation of the
chest, and pulmonary atelectasis.

Kulkarni 2010 measured patients' physical ability, pain score,
discharge date, and the respiratory variables. Primary outcomes
were absolute and relative change in all respiratory variables while
secondary outcomes included length of stay, time in intensive
care unit (ICU) postoperatively, time on a ventilator, respiratory
rates, oxygen saturations, proven respiratory infections, and other
pulmonary complications.

Lyager 1979 studied the severity of coughing, expectoration, and
dyspnoea; the degree of mobility; arterial blood oxygenation and
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respiratory rate; pulse rate; body temperature; and carried out
auscultation of the lungs. They recorded the degree of atelectasis,
infiltration, stasis, and pleural effusion.

O'Connor 1988 evaluated pulmonary complications (cough,
wheeze, basal crepitations, bronchial breathing), FEVy, FVC, arterial
blood gas analysis, and length of hospital stay.

Ricksten 1986 assessed arterial blood gases, alveolar-arteriolar
oxygen difference, and peak expiratory flow.

Schwieger 1986 studied arterial blood gas analyses, body
temperature, white blood cell count (WBC) and differential cell
count, FVC, and FEVy, atelectasis and pulmonary complications.

Stock 1985 measured atelectasis, FVC, and FEV.

Excluded studies

We excluded 15 studies (Carmini 2000; Cattano 2010; Dronkers
2008; Gale 1977; Geng 2004; Indihar 1982; Kundra 2010; Lederer
1980; Minschaert 1982; Pereira 2000; Pfenninger 1977; Sleszynski
1993;Vilaplana 1990; Westwood 2007). See the table Characteristics
of excluded studies for the reasons for exclusion.

Studies awaiting assessment

No study is awaiting assessment.

Risk of bias in included studies

See Figure 3 and Figure 4.

Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Figure 4. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Only the Hall 1991; Hall 1996; and Kulkarni 2010 studies described
both the methods for generation of allocation sequence (computer-
generated numbers) and allocation concealment (sealed opaque
envelopes) in an adequate manner. Therefore, these studies were
graded as at low risk of bias using the criteria of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
The Celli 1984; Jung 1980; and Stock 1985 studies described an
adequate method for allocation, as drawing of a number to either
the control or treatment group for the first study and computer-
generated random numbers for the latter studies, therefore they
were ranked as low risk of bias for this domain; however, related to
the allocation concealment the studies were ranked as unclear risk
of bias (not reported). The other studies (Craven 1974; Dohi 1978;
Lyager 1979; O'Connor 1988; Ricksten 1986; Schwieger 1986) were
graded as unclear risk of bias because the allocation procedures
were not described.

Blinding

The following included studies did not report whether there was
blinding for personnel, participants, or outcome assessors: Celli
1984; Craven 1974; Dohi 1978; Hall 1991; Hall 1996; Jung 1980;
Lyager 1979; O'Connor 1988; Ricksten 1986; Schwieger 1986; Stock
1985. They were ranked as at unclear risk of bias for this domain.

In Kulkarni 2010, the authors mentioned that there was no blinding
assessment and we ranked the study as high risk of bias for this
domain.

Incomplete outcome data

Six studies reported withdrawals (Celli 1984; Hall 1991; Hall 1996;
Kulkarni 2010; Lyager 1979; Ricksten 1986); all were less than 20%
of the total number of participants and they were ranked as at low
risk of bias for this domain. The other studies (Craven 1974; Dohi
1978; Jung 1980; O'Connor 1988; Schwieger 1986; Stock 1985) did
not report either the withdrawals or the dropouts, therefore they
were ranked as at unclear risk of bias. For the purposes of the ITT
analysis we assumed that dropouts had a worse outcome.

Selective reporting

No evidence of selective reporting was noted in any of the included
studies (Celli 1984; Craven 1974; Dohi 1978; Hall 1991; Hall 1996;
Jung 1980; Kulkarni 2010; Lyager 1979; O'Connor 1988; Ricksten
1986; Schwieger 1986; Stock 1985), therefore they were all ranked
as low risk of bias.

Other potential sources of bias

No evidence of other biases was found in any of the included studies
(Celli 1984; Craven 1974; Dohi 1978; Hall 1991; Hall 1996; Jung
1980; Kulkarni 2010; Lyager 1979; O'Connor 1988; Ricksten 1986;
Schwieger 1986; Stock 1985) except the Kulkarni 2010 study, which
reported a conflict of interest and was ranked as at high risk of bias
for this domain.

Effects of interventions

See: Summary of findings for the main comparison

See Summary of findings for the main comparison.

It was not possible to address most of the outcomes specified in the
protocol as the included studies either did not report them or did
not provide sufficient data for analysis.

Incentive spirometry (IS) versus no respiratory treatment

(See Analysis 1.1)

Outcome: clinical complications

We found no statistically significant difference between the
participants receiving IS and those who had no respiratory
treatment in the meta-analysis of four studies (Celli 1984; Kulkarni
2010; O'Connor 1988; Schwieger 1986). The relative risk (RR) was
0.59(95% C10.30to 1.18) for the incidence of clinical complications.

Incentive spirometry versus deep-breathing exercises (DBE)

(See Analysis 2.1)

Outcome: respiratory failure

We found no statistically significant differences between the
participants receiving IS compared to those receiving DBE in the
meta-analysis of two studies (Celli 1984; Hall 1996) (RR 0.67,95% ClI
0.04 to 10.50).

Incentive spirometry versus physiotherapy
(See Analysis 3.1)

Outcome: pulmonary complications as determined by chest X-
ray

We found no statistically significant differences between
the participants receiving IS compared to those receiving
physiotherapy in the risk of developing a pulmonary condition or
complication in the overall meta-analysis of two studies (Craven
1974; Hall 1991). Some possible benefits (favouring IS in high-risk
patients and the use of the Bartlett-Edwards spirometer, in the
Craven 1974 study) were not borne out by the meta-analysis as this
small trial was not weighted highly in comparison to the larger Hall
1991 study (RR 0.83,95% CI 0.51 to 1.34).

DISCUSSION

Summary of main results

We have found no evidence to support the use of incentive
spirometry (IS) in the prevention of pulmonary complications
after upper abdominal surgery. We set out to identify the
best clinical evidence available to answer our question, and
performed an extensive search with careful quality assessment,
but only limited conclusions can be drawn from the trials that
were included. This review has been limited mainly by the low
quality of the trials available for inclusion. The methodological
descriptions reported inadequate methods of randomization
and allocation concealment, and there were limitations to the
blinding. Only two studies (Hall 1991; Hall 1996) showed adequate
allocation concealment; the other studies did not report adequate
concealment. Further, the majority of the included trials did not
address the same outcomes and for this reason the pooling of
data was seldom possible. Some included studies did not provide
separate data for patients undergoing upper abdominal surgery.
This meant that their data could not be used in the meta-analysis.
The small number of trials and the sometimes low methodological
quality meant that our intended sensitivity analyses were not
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possible. In particular, we would have welcomed the opportunity
to establish a possible difference between trials where compliance
with the prescribed therapy was recorded and those trials where
it was not. Although compliance with treatment is not a standard
methodological quality marker, itisimportantin this context. There
is a great deal of heterogeneity amongst the studies in the different
physiotherapy techniques described, both in the IS groups and in
the comparison groups. The comparison groups may not strictly be
control groups, and some papers did not report what constituted
standard therapy or standard care. This variation is inherent in
physiotherapy practice and may reflect the lack of a 'gold standard'
method. In some studies, additional therapeutic procedures were
applied to either the IS or control group, or both, thus making it
difficult to assess the pure effect of the experimental intervention.
The poor coverage of the different devices also made our planned
subgroup analyses impossible.

The age of some of the devices, and the trials evaluating them, is
also relevant. Anumber of older studies are of poor methodological
quality and might also describe practice which is less applicable
to modern physiotherapy. For instance, we have included trials
of the Bartlett-Edwards spirometer from the 1970s (Craven 1974;
Dohi 1978; Lyager 1979) and 1980s (Celli 1984; Jung 1980; O'Connor
1988; Ricksten 1986; Schwieger 1986; Stock 1985). Clinicians should
consider this point in applying the findings to their clinical practice
as the Bartlett-Edwards spirometer is an obsolete technique. The
need to compare disposable or cleanable ISs is strongly advised.

We had hoped to be able to comment on the effective use of
resources. However, both the cost of any intervention and the
benefit it offers must be taken into account. Aswe have been unable
to make a clear statement on effectiveness there can be no further
consideration of overall cost-effectiveness.

Further well-designed research studies are necessary, with long-
term follow up.

Overall completeness and applicability of evidence

Because of our comprehensive search strategy, including
handsearches of the reference lists of identified studies for
additional citations and contact with experts in the field, we are
confident that we have mapped all the clinical trials comparing
IS to no therapy or other therapy on postoperative pulmonary
complications and mortality in adults undergoing upper abdominal
surgery.

Quality of the evidence

The methodological quality of the included studies was generally
unclear (Celli 1984; Craven 1974; Dohi 1978; Hall 1991; Hall 1996;
Jung 1980; Lyager 1979; O'Connor 1988; Ricksten 1986; Schwieger
1986; Stock 1985). Methodological aspects of one study (Kulkarni
2010) had a high risk of introducing bias, with inadequate blinding
of outcome assessment and conflict of interest.

Potential biases in the review process

Even though we included 12 studies in this review, the overall
methodological quality of the studies was unclear. Most of the
studies that we assessed were classified as showing unclear
methodological quality due to the lack of information. This would
reflect on any conclusions drawn from this review. Many of the
studies included in this review are old and were conducted before

any awareness related to the issues involved in the internal validity
of RCTs. Another area of concern was that the included studies have
no standardized outcomes as yet, and this makes the performance
of a meta-analysis more difficult.

Agreements and disagreements with other studies or
reviews

The results of this review reflect those of previous versions
of the review (Guimardes 2009). A recent systematic review,
undertaken to look at the effects of breathing exercises on the
recovery of pulmonary function and prevention of postoperative
pulmonary complications after upper abdominal surgery, showed
that breathing exercises seem to be effective on respiratory muscle
strength, however the lack of good quality primary studies makes it
difficult to draw a consistent conclusion on this topic (Grams 2012).
Another review evaluated the efficacy of IS, IPPB, and DBE in the
prevention of postoperative pulmonary complications in patients
undergoing upper abdominal surgery. The authors found that IS
and DBE appear to be more effective than no physical therapy
intervention, however there is no evidence comparing the three
modalities themselves (Thomas 1994).

Overend 2001 published a systematic review of the literature with
the same aim as our review. Our search is more recent, more
extensive, had no language restrictions, and made an explicit
assessment of study quality, but nevertheless we reached the same
overall conclusions.

AUTHORS' CONCLUSIONS

Implications for practice

There is low quality evidence regarding the lack of effectiveness
of incentive spirometry for prevention of postoperative pulmonary
complications in patients after upper abdominal surgery.

Implications for research

Future randomized controlled clinical trials should have
standardized outcome measures such as pulmonary
complications, total mortality from respiratory causes, and all-
cause mortality. Dropouts and losses to follow up need to be clearly
reported.

Future studies should also address the issue of compliance
with treatment, for example, the study must be designed to
address efficacy or efficiency. Besides that, future studies must be
adequately powered and assess patients at a common time point,
or points, following surgery. Treatment modalities described as
standard care, or similar, must be carefully defined and must be
identically applied in both the control and experimental groups.
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Methods

Design: randomized controlled trial

Multicentre or single-centre: not reported

Period: not reported

Sample size: not reported. Generation of allocation: not reported. Allocation concealment: not report-
ed. Blinding of assessment of treatment effect: not reported. Withdrawals: reported (less than 20%). In-
tention-to-treat analysis: not used. Follow up: until the fourth postoperative day

Participants 172 participants. Sex (male/female): 59/113. Age (mean): 46.95 years. Setting: private hospital in Mara-
caibo, Venezuela. Inclusion criteria: patients undergoing abdominal surgery. Exclusion criteria: not re-

ported

Interventions Control group (no respiratory treatment): n =44 patients. IPPB group (intermittent positive pressure
breathing therapy for 15 minutes, four times daily): n =45 patients). IS group (incentive spirometry four
times daily): n =42 patients). DBE group (deep breathing exercises under supervision for 15 min, four

times daily): n =41 patients)

Outcomes Patients' body temperature, heart rate, forced vital capacity, forced expiratory volume in one second,
forced expiratory flow from 25% to 75% of vital capacity, postoperative pulmonary complications, and
length of stay
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Celli 1984 (continued)

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Drawing of a number to either the control or treatment groups

tion (selection bias)

Allocation concealment Unclear risk Not reported
(selection bias)

Blinding of participants Unclear risk Not reported
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Less than 20% of the total of the participants
(attrition bias)
All outcomes

Selective reporting (re- Low risk No evidence
porting bias)

Other bias Unclear risk Conflict of interest: not reported

Craven 1974

Methods Design: randomized controlled trial. Multicentre or single-centre: not reported. Period: not reported.
Sample size: not reported. Generation of allocation: not reported. Allocation concealment: not report-
ed. Blinding of assessment of treatment effect: not reported. Withdrawals: not reported. Intention-to-
treat analysis: not used. Follow up: until the fifth postoperative day

Participants 70 participants. Sex (male/female): 39/31. Age (mean): 52.4 years. Setting: not reported. Inclusion crite-
ria: patients undergoing elective surgery through upper abdominal incisions. Exclusion criteria: not re-
ported

Interventions Spirometer group (n = 35) or physiotherapy group (n = 35)

Outcomes Pulmonary complications, temperature, pulse, respiratory rate, production of sputum, and use of anal-

gesics were recorded

Notes

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not reported

tion (selection bias)
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Craven 1974 (Continued)

Allocation concealment Unclear risk Not reported
(selection bias)

Blinding of participants Unclear risk Not reported
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk Not reported
(attrition bias)
All outcomes

Selective reporting (re- Low risk Not reported
porting bias)

Other bias Unclear risk Conflict of interest: not reported
Dohi 1978
Methods Design: randomized controlled trial. Multicentre or single-centre: not reported. Period: not reported.

Sample size: not reported. Generation of allocation: not reported. Allocation concealment: not report-
ed. Blinding of assessment of treatment effect: not reported. Withdrawals: not reported. Intention-to-
treat analysis: not used. Follow up: for five consecutive postoperative days

Participants 64 participants. Sex (male/female): not reported. Age (mean): 55.5 years. Setting: not reported. Inclu-
sion criteria: patients scheduled for elective intra-abdominal surgery. Exclusion criteria: patients with a
history of ischaemic heart disease or paraplegia

Interventions Deep breathing using an incentive spirometric three-ball, flow-measuring device (Triflo) or standard
episodic intermittent positive-pressure breathing (IPPB)

Outcomes Forced expiratory volume in one second, forced vital capacity, peak expiratory flow rate, and pul-
monary complications

Notes

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported
(selection bias)

Blinding of participants Unclear risk Not reported
and personnel (perfor-

mance bias)

All outcomes
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Dohi 1978 (continued)

Blinding of outcome as- Unclear risk Not reported

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk Not reported

(attrition bias)

All outcomes

Selective reporting (re- Low risk No evidence

porting bias)

Other bias Unclear risk Conflict of interest: not reported
Hall 1991

Methods Design: randomized controlled trial. Single-centre. Period: July 1988-August 1989. Sample size calcu-

lations: reported (the prevalence of pulmonary complications was predicted to be 20%, a sample size
of 874 patients was necessary to detect an absolute 10% difference in the prevalence of pulmonary
complications by use a two-tailed comparison with a probability of a type | error of 1% and a power of
80%). Generation of allocation sequence: adequate (computer-generated pseudo-random numbers).
Allocation concealment: adequate (sealed opaque envelopes). Blinding of assessment of treatment ef-
fect: not reported. Withdrawals: reported (less than 20%). Intention-to-treat analysis: reported, but did
not include patients who were randomized and did not subsequently undergo abdominal surgery. Fol-
low up: until the seventh postoperative day

Participants

876 participants. Sex (male/female): 436/440. Age (mean): 55.0 years. Setting: Royal Perth Hospital,
Australia. Inclusion criteria: patients who underwent a laparotomy which included manipulation of vis-
cera. Exclusion criteria: patients who had elective operations for groin hernia, patients who did not give
consent, were under 14 years of age, or had a pre-existing pulmonary complication

Interventions

Incentive spirometry (at least five minutes in every waking hour) or chest physiotherapy

Outcomes Pulmonary complication, blood gas analysis, and length of hospital stay
Notes

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated numbers

Allocation concealment
(selection bias)

Low risk Sealed opaque envelopes

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not reported

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not reported
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Hall 1991 (continued)

Incomplete outcome data  Low risk Less than 20% of the total of the participants
(attrition bias)
All outcomes

Selective reporting (re- Low risk No evidence
porting bias)

Other bias Unclear risk Conflict of interest: not reported
Hall 1996
Methods Design: stratified randomized trial. Single-centre. Period: not reported. Sample size calculations: re-

ported (the prevalence of respiratory complications was predicted to be between 10% and 15%. an
overall sample size of 430 patients was estimated to be necessary to detect an absolute 10% differ-
ence in the prevalence of postoperative respiratory complications with type | error of 5% and a pow-
er of 70%). Generation of allocation sequence: adequate (computer generated numbers). Allocation
concealment: adequate (sealed opaque envelopes). Blinding of assessment of treatment effect: ad-
equate (outcome checked by a clinician who was unaware of the nature of the respiratory therapy).
Withdrawals: reported (less than 20%). Intention-to-treat analysis: reported, but did not include pa-
tients who were randomized and did not subsequently undergo abdominal surgery. Follow up: not re-
ported

Participants 155 eligible participants. Sex (male/female): 68/87. Age (median): 38 years, incentive spirometry group
and 34 years, deep breathing group. Setting: general surgical service of an Australian urban teaching
hospital. Inclusion criteria: patients undergoing abdominal surgery, less than 60 years of age with an
American Society of Anesthesiologists' physical status classification of | (low risk). Exclusion criteria:
pulmonary embolism and pulmonary oedema (both cardiogenic and non-cardiogenic) were not re-
garded as respiratory complications

Interventions Patients randomized to receive deep breathing therapy were seen once and encouraged to take 10
deep breaths each hour. Patients randomized to receive incentive spirometry were provided with a
laminated information sheet, an Airx Incentive Spirometer fitted with a one way valve and were encour-
aged to use the incentive spirometer at least 10 times each hour by taking slow maximal inspirations
and holding each breath for as long as possible

Outcomes Respiratory complications and the time that staff devoted to prophylactic respiratory therapy
Notes

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Computer-generated numbers

tion (selection bias)

Allocation concealment Low risk Sealed opaque envelopes
(selection bias)

Blinding of participants Unclear risk Not reported
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported
sessment (detection bias)
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Hall 1996 (continued)
All outcomes

Incomplete outcome data  Low risk Less than 20% of the total of the participants
(attrition bias)
All outcomes
Selective reporting (re- Low risk No evidence
porting bias)
Other bias Unclear risk Conflict of interest: not reported
Jung 1980
Methods Design: randomized controlled trial. Multicentre or single-centre: not reported. Period: not reported.

Sample size calculations: not reported. Generation of allocation sequence: adequate (system of com-
puter-generated random numbers). Allocation concealment: not reported. Blinding of assessment of
treatment effect: not reported. Withdrawals: not reported. Intention-to-treat analysis: not used. Follow
up: until the third postoperative day

Participants

126 participants. Sex (male/female): 29/97. Age (mean): 40.7 years. Inclusion criteria: patients who were
undergoing elective upper-abdominal surgery. Exclusion criteria: not reported

Interventions

Group 1: intermittent positive-pressure breathing - IPPB (n = 36). Group 2: resistance breathing (blow
glove) (n =45). Group 3: sustained maximal inhalations using an incentive spirometer (Spirocare) (n =
45)

Outcomes Presence of fever, increased respiratory rate, cough and sputum, or abnormalities on auscultation of
the chest, pulmonary atelectasis
Notes
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Computer-generated numbers
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Blinding of participants Unclear risk Not reported
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not reported
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Not reported
(attrition bias)
All outcomes
Selective reporting (re- Low risk No evidence
porting bias)
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Jung 1980 (Continued)
Other bias

Unclear risk Conflict of interest: not reported

Kulkarni 2010

Methods

Design: randomized controlled trial. Multicentre or single-centre: not reported. Period: not reported.
Sample size: not reported. Follow up: 1-7 days postoperatively

Participants

N =80 randomized and 76 analysed
Sex: not reported
Mean age: not reported

Inclusion criteria: (i) over 18 years of age; and (ii) undergoing major abdominal general surgery (defined
as deliberate breach of peritoneum), or major urological surgery, with ASA (American Society of Anes-
thesiologists) grades I-IV requiring any length of hospital stay

Exclusion criteria: if they were ASA grade V, had suspected or established respiratory infection, were
likely to undergo surgery to be performed within 2 weeks of initial assessment, had previous sponta-
neous pneumothorax

Setting: not reported

Interventions

Group A: no training (n=20)
Group B: deep breathing exercises (n=20)

Group C: incentive spirometry Spiroball® (n=20)
Group D: Powerbreathe®

Outcomes Change in all respiratory variables following training before surgery and after surgery; length of stay
of patients, time in ICU postoperatively, time on a ventilator, respiratory rates and oxygen saturations
from charts at a fixed time postoperatively off oxygen, proven respiratory infection (positive sputum
culture) and other pulmonary complications

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated numbers
tion (selection bias)
Allocation concealment Low risk Sealed opaque envelopes
(selection bias)
Blinding of participants High risk Investigators were not blinded; however blinding for participants was not re-
and personnel (perfor- ported
mance bias)
All outcomes
Blinding of outcome as- High risk Outcome assessors were not blinded to treatment allocation
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Less than 20% of the total of the participants
(attrition bias)
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Kulkarni 2010 (continued)

All outcomes

Selective reporting (re- Low risk No evidence

porting bias)

Other bias High risk Conflict of interest: Professor Alison McConnell acts as a consultant to HaB Ltd
Lyager 1979

Methods Design: randomized controlled trial. Multicentre or single-centre: not reported. Period: not reported.

Sample size calculations: not reported. Generation of allocation: not reported. Allocation concealment:
not reported. Blinding of assessment of treatment effect: not reported. Withdrawals: reported (lesser
than 20%). Intention-to-treat analysis: not used. Follow up: four days postoperative

Participants

103 participants (nine patients were excluded from the study and from the analysis). Sex (male/fe-
male): not reported. Age (mean): not reported. Setting: not reported. Inclusion criteria: patients under-
going elective surgery for gallstones or peptic ulcers. Exclusion criteria: all patients over 75 years old

Interventions

The patients were divided in two groups: the Bartlett group (the exercise should be repeated at least
four times per hour during waking hours starting in the morning of the first postoperative day and con-
tinuing up to the end of the fourth day) and the control group (respiratory physiotherapy)

Outcomes The severity of coughing, expectoration and dyspnoea, the degree of mobility, arterial blood gas analy-
sis, respiratory rate, pulse rate, body temperature, and auscultation of the lungs. Besides that, the de-
gree of atelectases, infiltration, stasis or pleural effusion were recorded

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants Unclear risk Not reported

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Less than 20% of the total of the participants

(attrition bias)

All outcomes

Selective reporting (re- Low risk No evidence

porting bias)

Other bias Unclear risk Conflict of interest: not reported
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0'Connor 1988

Methods

Design: randomized controlled trial. Multicentre or single-centre: not reported. Period: not reported.
Sample size calculations: not reported. Generation of allocation sequence: not reported. Allocation
concealment: not reported. Blinding of assessment of treatment effect: not reported. Withdrawals: not
reported. Intention-to-treat analysis: not used. Follow up: until the second postoperative day

Participants

40 participants. Sex (male/female): not reported. Age (mean): 23 years. Setting: not reported. Inclusion
criteria: patients ASA class 1 or 2, scheduled for elective cholecystectomy. Exclusion criteria: not report-
ed

Interventions

There were two groups: patients in one group used an IS as part of their postoperative chest physio-
therapy (n =20); those in the other group received routine postoperative physiotherapy (n =20)

Outcomes Pulmonary complications (cough, wheeze, basal crepitations or bronchial breathing), forced expiratory
volume in one second, forced vital capacity, arterial blood gas analysis, and length of hospital stay

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants Unclear risk Not reported

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk Not reported

(attrition bias)

All outcomes

Selective reporting (re- Low risk No evidence

porting bias)

Other bias Unclear risk Conflict of interest: not reported

Ricksten 1986

Methods Design: randomized controlled trial. Multicentre or single-centre: not reported. Period: not reported.
Sample size calculations: not reported. Generation of allocation: not reported. Allocation concealment:
not reported. Blinding of assessment of treatment effect: not reported. Withdrawals: reported (less
than 20%). Intention-to-treat analysis: not used. Follow up: for three postoperative days
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Ricksten 1986 (continued)

Participants

43 participants. Sex (male/female): 21/22. Age (mean): 53.7 years. Setting: not reported. Inclusion crite-
ria: patients undergoing elective upper abdominal surgery. Exclusion criteria: not reported

Interventions

Intervention group (deep breathing exercises taking 30 sustained maximal inspirations every waking
hour with the aid of a deep breathing exerciser - Triflo), CPAP group (periodic continuous positive air-
way pressure by face mask for 30 breaths every waking hour with a positive end-expiratory pressure be-
tween 10 to 15 cm H,0) or PEP group (positive expiratory pressure for 30 breaths every waking hour)

The control group carried out deep breathing exercises taking 30 sustained maximal inspirations every
waking hour with the aid of a deep breathing exerciser (Triflo)

Outcomes Arterial blood gas analysis, alveolar-arteriolar oxygen difference and peak expiratory flow
Notes

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants Unclear risk Not reported

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Less than 20% of the total participants
(attrition bias)

All outcomes

Selective reporting (re- Low risk No evidence

porting bias)

Other bias Unclear risk Conflict of interest: not reported

Schwieger 1986

Methods

Design: randomized controlled trial. Multicentre or single-centre: not reported. Period: not reported.
Sample size calculations: not reported. Generation of allocation: not reported. Allocation concealment:
not reported. Blinding of assessment of treatment effect: not reported. Withdrawals: not reported. In-
tention-to-treat analysis: not reported. Follow up: for four postoperative days

Participants

40 participants. Sex (male/female): 9/31. Age (mean): 53.5 years. Setting: not reported. Inclusion crite-
ria: patients undergoing elective cholecystectomy ASA class 1. Exclusion criteria: patients with a ratio
of weight to height greater than 0.45, patients over 65 years of age and those with acute infection
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Schwieger 1986 (Continued)

Interventions

Incentive spirometry (n = 20) or control group (n = 20) (these patients did not receive any respiratory
treatment before or after surgery)

Outcomes Arterial blood gas analysis, body temperature, white blood cell count (WBC), and differential cell count,
forced vital capacity and forced expiratory volume in one second, atelectasis and pulmonary complica-
tions

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants Unclear risk Not reported

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk Not reported

(attrition bias)

All outcomes

Selective reporting (re- Low risk No evidence

porting bias)

Other bias Unclear risk Conflict of interest: not reported

Stock 1985
Methods Design: randomized controlled trial. Multicentre or single-centre: not reported. Period: not reported.

Sample size calculations: not reported. Generation of allocation: adequate (computer random num-
ber generator). Allocation concealment: not reported. Blinding of assessment of treatment effect. With-
drawals: not reported. Intention-to-treat analysis: not reported. Follow up: for 72 hours

Participants

65 participants. Sex (male/female): not reported. Age (mean): not reported. Setting: not reported. Inclu-
sion criteria: adults scheduled for elective upper abdominal operations. Exclusion criteria: not reported

Interventions

Coughing and deep breathing (CDB) (n = 20), incentive spirometry (IS) (n=22) or continuous positive air-
way pressure (CPAP) (n=23). All treatments lasted 15 min, and were delivered every two hours during
waking hours from the fourth to the 72 hours after operation

Outcomes Atelectasis, forced vital capacity and forced expiratory volume in one second
Notes
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Stock 1985 (continued)

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Computer-generated random numbers

tion (selection bias)

Allocation concealment Unclear risk Not reported
(selection bias)

Blinding of participants Unclear risk Not reported
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported
sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk Not reported

(attrition bias)
All outcomes

Selective reporting (re- Low risk No evidence
porting bias)

Other bias Unclear risk Conflict of interest: not reported

RCT = Randomized controlled trial

IPPB = Intermittent positive pressure breathing
IS = Incentive spirometry

DBE = Deep breathing exercises

CPAP = Continuous positive airway pressure
CDB = Coughing and deep breathing

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Carmini 2000 Intervention group: incentive spirometer plus another respiratory technique

Cattano 2010 Another question (to evaluate the systematic use of incentive spirometer)

Dronkers 2008 Intervention group: incentive spirometer plus another respiratory technique

Gale 1977 Clinical situation: cardiac surgery

Geng 2004 Intervention group: incentive spirometer plus another respiratory technique such as forced expira-

tion and coughing techniques

Indihar 1982 Quasi-randomized controlled trial
Kundra 2010 Preoperative incentive spirometer versus postoperative incentive spirometer
Lederer 1980 The study compared the use of three types of deep-breathing devices
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Study

Reason for exclusion

Minschaert 1982

Intervention group: incentive spirometer plus chest physical therapy

Pereira 2000

Cohort study

Pfenninger 1977

Case series

Sleszynski 1993

Quasi-randomized controlled trial

Vilaplana 1990

Patients with chest and oesophageal surgery

Westwood 2007

Non-randomized controlled trial

DATA AND ANALYSES

Comparison 1. Incentive spirometry versus no treatment

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Clinical complications 4 152 Risk Ratio (M-H, Random, 95% Cl) 0.59[0.30, 1.18]

Analysis 1.1. Comparison 1 Incentive spirometry versus no treatment, Outcome 1 Clinical complications.

Study or subgroup Incentive No treatment Risk Ratio Weight Risk Ratio

spirometry

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Celli 1984 7/21 17/19 —— 37.54% 0.37[0.2,0.7]
Kulkarni 2010 0/15 217 4 4.9% 0.23[0.01,4.35]
O'Connor 1988 5/20 9/20 . —— 28.12% 0.56[0.23,1.37]
Schwieger 1986 8/20 6/20 e — 29.43% 1.33[0.57,3.14]
Total (95% Cl) 76 76 —~al— 100% 0.59[0.3,1.18]
Total events: 20 (Incentive spirometry), 34 (No treatment)
Heterogeneity: Tau?=0.23; Chi*=5.94, df=3(P=0.11); 1>=49.47%
Test for overall effect: Z=1.5(P=0.13)

Incentive spirometry 0.1 0.2 0.5 1 2

Comparison 2. Incentive spirometry versus deep breathing exercises (DBE)

No treatment

Outcome or subgroup title

No. of studies No. of partici- Statistical method

pants

Effect size

1 Respiratory failure

2 194

Risk Ratio (M-H, Random, 95% Cl)

0.67 [0.04, 10.50]
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Analysis 2.1. Comparison 2 Incentive spirometry versus deep
breathing exercises (DBE), Outcome 1 Respiratory failure.

Study or subgroup Incentive DBE Risk Ratio Weight Risk Ratio
spirometry
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Celli 1984 0/21 2/18 —— 52.14% 0.17[0.01,3.38]
Hall 1996 1/79 0/76 —— 47.86% 2.89[0.12,69.8]
Total (95% Cl) 100 94 —~ 100% 0.67[0.04,10.5]
Total events: 1 (Incentive spirometry), 2 (DBE)
Heterogeneity: Tau?=1.5; Chi*=1.61, df=1(P=0.2); 1>=37.78%
Test for overall effect: Z=0.29(P=0.77) ‘ ‘ ‘ ‘
Incentive spirometry ~ 0.001 0.1 1 10 1000  DBE

Comparison 3. Incentive spirometry versus physiotherapy

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Pulmonary complications 2 946 Risk Ratio (M-H, Random, 95%  0.83[0.51, 1.34]
Cl)

1.11S (Bartlett-Edwards) versus 1 70 Risk Ratio (M-H, Random, 95%  0.64 [0.42, 0.97]

physiotherapy Cl)

1.2 1S (Airlife) versus chest physio- 1 876 Risk Ratio (M-H, Random, 95%  1.03[0.76, 1.41]

therapy Cl)

Analysis 3.1. Comparison 3 Incentive spirometry versus physiotherapy, Outcome 1 Pulmonary complications.

Study or subgroup Incentive Physiotherapy Risk Ratio Weight Risk Ratio

spirometry

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
3.1.11S (Bartlett-Edwards) versus physiotherapy
Craven 1974 16/35 25/35 — 45.81% 0.64[0.42,0.97]
Subtotal (95% ClI) 35 35 L 4 45.81% 0.64[0.42,0.97]
Total events: 16 (Incentive spirometry), 25 (Physiotherapy)
Heterogeneity: Not applicable
Test for overall effect: Z=2.1(P=0.04)
3.1.211S (Airlife) versus chest physiotherapy
Hall 1991 68/431 68/445 ‘-' 54.19% 1.03[0.76,1.41]
Subtotal (95% ClI) 431 445 ‘ 54.19% 1.03[0.76,1.41]
Total events: 68 (Incentive spirometry), 68 (Physiotherapy)
Heterogeneity: Not applicable
Test for overall effect: Z=0.2(P=0.84)
Total (95% Cl) 466 480 ‘ ‘ ? ‘ ‘ 100% 0.83[0.51,1.34]
Incentive spirometry 0.05 0.2 1 5 20 Physiotherapy
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Study or subgroup Incentive Physiotherapy Risk Ratio Weight Risk Ratio
spirometry
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Total events: 84 (Incentive spirometry), 93 (Physiotherapy)
Heterogeneity: Tau?=0.09; Chi*=3.48, df=1(P=0.06); 1>=71.29%
Test for overall effect: Z=0.76(P=0.45)

Test for subgroup differences: Chi*=3.26, df=1 (P=0.07), 1’=69.31%

Incentive spirometry 0.05 0.2 1 5 20 Physiotherapy

APPENDICES

Appendix 1. CENTRAL search strategy

#1 MeSH descriptor: [Spirometry] explode all trees

#2 (incentiv* near spiromet?r*) or spiromet?r*:ti,ab or (breath* near exercis*)
#3 MeSH descriptor: [Breathing Exercises] explode all trees

#4 #1 or #2 or #3

#5 MeSH descriptor: [Bronchial Spasm] explode all trees

#6 MeSH descriptor: [Respiratory Distress Syndrome, Adult] explode all trees
#7 MeSH descriptor: [Pulmonary Atelectasis] explode all trees

#8 MeSH descriptor: [Pneumonia] explode all trees

#9 ((lung or pulmonary) near complication*) or tracheo?bronchial:ti,ab or bronchospasm:ti,ab or (breath* near (inadequacy or
insufficiency or failure))

#10 #5 or #6 or #7 or #8 or #9

#11 #4 and #10

Appendix 2. Search strategy for MEDLINE (OvidSP)

1. exp Spirometry/ or (incentiv* adj3 spiromet?r*).mp. or spiromet?r*.ti,ab. or exp breathing exercises/ or (breath* adj3 exercis*).mp.

2. exp Bronchial Spasm/ or exp Respiratory Distress Syndrome, Adult/ or exp Atelectasis/ or exp Pneumonia/ or ((lung or pulmonary) adj3
complication*).mp. or tracheo?bronchial.ti,ab. or bronchospasm.ti,ab. or (breath* adj3 (inadequacy or insufficiency or failure)).mp.
3.1and2

4. ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or clinical trials as topic.sh. orrandomly.ab.
or trial.ti.) not (animals not (humans and animals)).sh.

5.3and 4

Appendix 3. Search strategy for EMBASE (OvidSP)

1. exp spirometry/ or (incentiv* adj3 spiromet?r*).mp. or spiromet?r*.ti,ab. or exp breathingexercise/ or (breath* adj3 exercis*).mp.

2. bronchospasm/ or exp adult respiratory distress syndrome/ or atelectasis/ or pneumonia/ or ((lung or pulmonary) adj3
complication*).mp. or tracheo?bronchial.ti,ab. or Bronchial Spasm/ or (breath* adj3 (inadequacy or insufficiency or failure)).mp.

3. exp abdominal surgery/ or exp thorax surgery/ or ((abdom?n* or thora*) adj3 surg*).mp. or (surg* or operat*).ti,ab.

4.1and2and3

5. (randomized-controlled-trial/ or randomization/ or controlled-study/ or multicenter-study/ or phase-3-clinical-trial/ or phase-4-clinical-
trial/ or double-blind-procedure/ or single-blind-procedure/ or (random* or cross?over* or multicenter* or factorial* or placebo* or
volunteer*).mp. or ((singl* or doubl* or trebl* or tripl*) adj3 (blind* or mask*)).ti,ab. or (latin adj square).mp.) not (animals not (humans
and animals)).sh.

6.4and 5

Appendix 4. LILACS (BIREME) search strategy

spiromet?r$ or (breath$ and exercise$) [Palavras] and ( Bronchial Spasm or Respiratory Distress Syndrome or Atelectasis or Pneumonia or
((lung or pulmonary) AND complication$) or tracheo?bronchial or bronchospasm or (breath$ AND (inadequacy or insufficiency or failure)))
[Palavras]

Appendix 5. Search strategy for CINAHL (EBSCOhost)

S1 ( (MM "Breathing Exercises") OR (MM "Spirometry") ) OR ( (incentiv* N3 spiromet?r*) or (breath* N3 exercis*) ) OR AB spiromet?r*
S2 ((MM "Bronchial Spasm") OR (MH "Respiratory Distress Syndrome+") OR (MM "Atelectasis") OR (MH "Pneumonia") ) OR ( ((lung or
pulmonary) N3 complication*) or AB tracheo?bronchial or AB bronchospasm or (breath* N3 (inadequacy or insufficiency or failure)))
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WHAT'S NEW

Date Event Description

4 February 2014 New search has been performed This review is an update of the previous Cochrane systematic re-
view (Guimarades 2009) that included 11 RCTs (Celli 1984; Craven
1974; Dohi 1978; Hall 1991; Hall 1996; Jung 1980; Lyager 1979;
0'Connor 1988; Ricksten 1986; Schwieger 1986; Stock 1985) and
enrolled 1754 participants.

We updated the methods section, plain language summary, risk
of bias tables and included a summary of findings table.

4 February 2014 New citation required but conclusions The previous authors Andrew Smith and Delcio Matos decided
have not changed not to update the review (new authors: Paulo do Nascimento Ju-
nior, Norma SP Mddolo, Michele Guimaraes, Silvia Aline dos San-
tos Andrade, Leandro Gobbo Braz and Regina P El Dib have up-
dated this version).

We found only one new trial (Kulkarni 2010) that met our inclu-
sion criteria.

In general, our review reaches the same conclusions as the origi-
nal review (Guimaraes 2009). (Previously we stated there was 'no
evidence'. In this update we state the evidence is 'low quality'.)

HISTORY

Protocol first published: Issue 2, 2006
Review first published: Issue 3, 2009

Date Event Description

2 May 2011 Amended Contact details updated.

31 March 2011 Amended Contact details updated.

4 February 2011 Amended Contact details updated.

10 July 2009 Amended Author's name corrected, previously: Regina El Dib; now: Regina
P EL Dib.

19 June 2008 Amended Converted to new review format.

CONTRIBUTIONS OF AUTHORS

Conceiving the review: Paulo do Nascimento Junior (PNJ) and Regina El Dib (RED)
Co-ordinating the review: RED

Undertaking manual searches: Michele MF Guimardes (MMFG) and Silvia Aline Andrade (SAA)
Screening search results: MMFG and SA

Organizing retrieval of papers: MMFG and SAA

Screening retrieved papers against inclusion criteria: PNJ and RED

Appraising quality of papers: PNJ and RED
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Abstracting data from papers: Norma Sueli Pinheiro Modolo (NSPM)

Writing to authors of papers for additional information: MMFG and SAA

Providing additional data about papers: NSPM

Obtaining and screening data on unpublished studies: Leandro Gobbo Bras (LGB)

Data management for the review: PNJ, LGB and RED

Entering data into Review Manager (RevMan 5.2): PNJ and RED

RevMan statistical data: RED

Other statistical analysis not using RevMan: RED

Double entry of data: (data entered by person one: PNJ; data entered by person two: RED)
Interpretation of data: PNJ, NSPM, LGB and RED

Statistical analysis: PNJ and RED

Writing the review: PNJ, NSPM, LGB and RED

Securing funding for the review: PNJ, NSPM, LGB and RED

Guarantor for the review (one author): RED

Responsible for reading and checking the review before submission: PNJ, MMFG, NSPM, LGB and RED
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

This review is an update of the previous Cochrane Review (Guimaraes 2009). We updated the methods section, plain language summary,
risk of bias tables, and included a summary of findings table.

INDEX TERMS

Medical Subject Headings (MeSH)

Abdomen [*surgery]; Bronchial Diseases [prevention & control]; Lung Diseases [*prevention & control]; Pneumonia [prevention &
control]; Postoperative Complications [*prevention & control]; Pulmonary Atelectasis [prevention & control]; Randomized Controlled
Trials as Topic; Respiratory Insufficiency [prevention & control]; Respiratory Therapy [methods]; Spirometry [*methods]; Tracheal
Diseases [prevention & control]

MeSH check words

Adult; Humans
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