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Abstract

Background The main aim of this systematic review was to determine the effectiveness of postoperative rehabilita-
tion interventions that include breathing exercises as a component to prevent atelectasis in lung cancer resection
patients.

Methods In this review, we systematically and comprehensively searched the Cochrane Library, PubMed, EMBASE,
and Web of Science in English and CNKI and Wanfang in Chinese from 2012 to 2022. The review included any ran-
domized controlled trials focusing on the effectiveness of postoperative rehabilitation interventions that include
breathing exercises to prevent pulmonary atelectasis in lung cancer patients. Participants who underwent anatomic
pulmonary resection and received postoperative rehabilitation interventions that included breathing exercises

as a component were included in this review. The study quality and risks of bias were measured with the GRADE
and Cochrane Collaboration tools, and statistical analysis was performed utilizing RevMan 5.3 software.

Results The incidence of atelectasis was significantly lower in the postoperative rehabilitation intervention group
(OR=0.35;95% Cl,0.18 t0 0.67; 12=0%; P=0.67) than in the control group. The patients who underwent the postop-
erative rehabilitation program that included breathing exercises (intervention group) had higher forced vital capacity
(FVC) scores (MD=0.24; 95% Cl, 0.07 to 0.41; I>=73%; P=0.02), forced expiratory volume in one second (FEV1) scores
(MD=0.31; 95% Cl, 0.03 to 0.60; I°=98%; P< 0.01) and FEV1/FVC ratios (MD=9.09; 95% Cl, 1.50 to 16.67; 1> =94%;
P<0.01).

Conclusion Postoperative rehabilitation interventions that included breathing exercises decreased the incidence
rate of atelectasis and improved lung function by increasing the FVC, FEV1, and FEV1/FVC ratio.

Keywords Lung cancer, Postoperative rehabilitation intervention, breathing exercises, Postoperative pulmonary
complication, Lung function
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Introduction

According to the World Health Organization, cancer is
a leading cause of death worldwide, claiming nearly 10
million lives in 2020 [1]. In both sexes, the most common
cancer was lung cancer, accounting for 11.6% of total can-
cer cases, and it was fatal with a mortality rate of 18.4% of
total cancer deaths in 2018 [2]. Surgery is an important
treatment option in which doctors excise the cancer tis-
sue from patients [3]. However, postoperative pulmonary
complications (PPCs) remain difficult clinical issues hin-
dering recovery. The incidence of PPCs is approximately
32-39% depending on individual biases, such as in health
conditions and surgical methods [4, 5]. Pneumonia and
atelectasis are the most common PPCs after lung resec-
tion surgery [6]. Even mild PPCs can lead to serious
clinical problems including increased early postoperative
mortality and a prolonged length of stay in the intensive
care unit or hospital [7]. Therefore, it is of great clinical
value to determine specific rehabilitation interventions to
decrease the incidence of PPCs and improve lung func-
tion in lung cancer patients after anatomic pulmonary
resection.

Some preoperative pulmonary rehabilitation programs
have been proven to play an important role in functional
recovery. For example, exercise-based programs that
included breathing exercises could improve exercise tol-
erance, and muscle strength, and enhance postoperative
recovery [8]. Other postoperative training such as inspir-
atory muscle training and exercise training was associ-
ated with less sedentary activity and prevented a decline
in physical activity [9]. Breathing exercises were also
demonstrated to improve lung function and quality of life
[10]. However, the evidence was controversial in some
finer details. Although clinicians used breathing exercises
as part of the treatment regimen for lung cancer patients
after surgery, some studies found that preoperative inter-
ventions could not reduce the incidence of PPCs, such as
pneumonia and atelectasis [11, 12].

Previous meta-analyses have quantified and drawn
conclusions about the effects of preoperative breathing
exercises on PPCs [13-16], while others were focused
on perioperative pulmonary rehabilitation interventions
[11, 12, 17, 18]. However, there has been no meta-anal-
ysis specifically focusing on postoperative interventions
in addition to a regular rehabilitation program in reduc-
ing the incidence of atelectasis in lung cancer resection
patients. Therefore, the purpose of this systematic review
was to analyze the postoperative rehabilitation programs
that include breathing exercises and determine whether
they were effective in reducing the incidence of atelecta-
sis and improving lung function.
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Methods

This systematic review was reported based on guide-
lines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis Protocol Statement (PRIS-
MAP) [19] and the procedures used in this systematic
review were based on the Cochrane Handbook for Sys-
tematic Reviews of Interventions [20]. The scope of the
systematic review was specified using the PICOS (partici-
pants, interventions, comparisons, outcomes, study type)
framework. The PICOS question was: in patients with
pulmonary cancer who underwent surgical resection,
do postoperative rehabilitation programs that include
breathing exercises decrease the incidence rate of pulmo-
nary atelectasis, compared to the regular rehabilitation
program?

In this review, we defined the control group as patients
who underwent regular rehabilitation programs, includ-
ing medication management, physiotherapy, and health
education. The intervention group was defined as
patients who underwent postoperative rehabilitation
programs that included any breathing exercises as a com-
ponent, such as inspiratory muscle training, abdominal
breathing training, and the utility of assistive training
devices related to breathing.

All included studies were randomized controlled tri-
als. We developed a review protocol using the planned
analysis approach. This systematic review was regis-
tered in PROSPERO, and the registration number was
CRD42022343946.

Inclusion criteria

Studies were eligible if participants with lung cancer
underwent any type of surgical resection (all types of
surgery were included); a comparison between postop-
erative rehabilitation programs including breathing exer-
cises at any intensity and regular rehabilitation program
was conducted; the incidence of pulmonary atelectasis as
outcome measurement was provided; and the methods
study type was a randomized controlled trial. Addition-
ally, the included studies must have been published in
peer-reviewed journals with full texts available either in
English or Chinese.

Exclusion criteria

Studies were excluded if they were case reports, case
series, or observational studies; if the reason for surgery
was not lung cancer; if the participants from the inter-
vention group did not receive any postoperative breath-
ing training; if the language of the studies was neither
English nor Chinese; or if they did not include the pri-
mary outcomes set by the protocol.
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Outcomes

The primary outcome was the incidence rate of atelec-
tasis after surgery. The secondary outcomes were FEV1,
FVC, and the FEV1/FVC ratio, which are important indi-
cators for factors to the prognosis of atrophic pulmonary
resection [5, 21, 22].

Search strategy

One of the authors (JW) systematically and compre-
hensively searched the Cochrane Library, PubMed,
EMBASE, and Web of Science in English, and CNKI and
Wanfang in Chinese for studies published during the last
decade (from 2012 to 2022) using medical and random
terms. The authors also searched ClinicalTrials.gov and
the World Health Organization International Clinical
Trials Registry Platform to identify ongoing or unpub-
lished eligible trials.

Study selection

The search for articles was performed separately by two
authors (JW, ND), and the results were imported into
EndNote. After the removal of duplicates among the
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retrieved articles, the title and abstract of the articles
were independently reviewed by two authors (JW, HH) to
complete the rough screening process. If the results were
inconsistent, the third author (FQ) resolved the issue
through consensus. Finally, after reading the full text of
the retrieved RCT articles, another researcher was con-
sulted to make inclusion decisions if needed. All the pro-
cesses are shown in a flow chart (Fig. 1).

Data collection process

All the data extraction processes were performed by two
authors separately (JW, ND); the third researcher (FQ)
was consulted if there were disagreements. If a study
mentioned an outcome of interest without providing
details, we contacted the author for the data. Disagree-
ments were resolved by consensus.

Risk of bias assessment in individual studies

The quality of individual studies was assessed by two
authors separately (ND, QL), using the Cochrane Col-
laboration risk of bias tool, and the quality of evi-
dence for outcomes was examined using the Grading of

Records identified through
database searching (n=1163)

)

Additional records
identified through

c PUBMED (n=191) database searching
S EMBASE (n=496) (n=667)
S WEB OF SCIENCE (n=369) CNKI (n=316)
*Ig COCHRANCE (n=107) Wan Fang (n=351)
. l
S v
— Records after duplicates removed (n=1314) |
= Records excluded with reasons:
£ R Non-RCT experiments (n= 688)
s No breathing exercise (n=147)
A v No lung cancer participants (n=237)
Records screened (n=242)
Articles excluded with reasons:

Unclear intervention protocol (n=9)
- »|  Full text cannot be obtained (n=13)
= Lack of necessary outcome measures
i in this study (n=187)
]

Full-text articles assessed for
eligibility (n=33)
Full-text articles excluded with reasons:
Non-postoperative breathing exercises (n=16)
— Non-Chinese or English articles (n=3)
Non-surgical lung cancer participants (n=7)

el
(7
E Studies included in qualitative
e synthesis (meta-analysis) (n=7)

Fig. 1 Flow of the search strategy
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Recommendations Assessment, Development, And Eval-
uation (GRADE) approach [23].

Data synthesis

Statistical analysis was performed by utilizing RevMan
5.3.3 software. This systematic review used odds ratios
and their associated 95% confidence intervals to assess
the primary outcome of, postoperative complications.
The mean difference value was used to assess the second-
ary outcomes. If ?>50 and the p-value was less than 0.05,
we considered the result to be heterogeneous and applied
a random-effects model [24]. Accordingly, a subgroup
was applied to analyze the heterogeneity. If I* <50 and the
p-value was greater than 0.05, no significant heterogene-
ity was detected, and we applied a fixed-effects model.

Subgroup analysis

To determine intervention effects for different types of
atelectasis, we intended to perform a subgroup analy-
sis. However, the retrieved studies did not provide us
with enough information about the types of atelectasis
observed. Thus, the subgroup analysis was discontinued.

Sensitivity analysis

In this systematic review, we intended to conduct sen-
sitivity analyses by excluding articles with a high risk of
bias, which often has some different characteristics. In
this way, we could use the random-effects model rather
than the fixed-effects model. Alternatively, each study
was excluded one by one, and the remaining studies
were pooled to determine whether the results varied
significantly.

Results

Flow of trials through the review process

The search strategy identified 1,830 records, of which
516 were found to be duplicates. After screening titles,
abstracts, and reference lists, 33 potentially relevant full
articles were screened. After evaluating full-text arti-
cles, 26 studies failing to meet the inclusion criteria were
excluded, and 7 studies were included in this systematic
review. Figure 1 outlines the flow of studies through the
review process.

Characteristics of the included trials

The 7 included trials involved 569 participants and inves-
tigated the effect of postoperative rehabilitation pro-
grams on the incidence of atelectasis after lung resection.
FEV1 was included in 5 studies [25-29], FVC in 3 studies
[26, 27, 29] and FEV1/FVC in 2 studies [28, 29]. Six stud-
ies [25-27, 29-31] performed postoperative rehabilita-
tion programs with at least one breathing exercise device.
Two studies performed inspiratory muscle training [25,
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30]. The initial resistance load was set at 30% and the load
was gradually increased until the patient was discharged.
The load of the training method was adjusted according
to the patient’s tolerance. Additional relevant characteris-
tics of the included studies are shown in Table 1. GRADE
evidence quality ratings are shown in Table 2.

Risk of bias assessment

The outcomes of the quality assessment of the studies
were conducted in Review Manager 5.3 software accord-
ing to the quality assessment judgment criteria. The risk
of bias was assessed as low, high, or unclear risk. None of
the studies described detailed information about blind-
ing participants; all the articles were single-center studies,
and it was hard to blind the participants, so all studies had
a high risk of performance bias. Six trials [25-28, 30, 31]
had complete outcomes data, except for Zou et al’s study
[29]. Six trials [25, 27—31] were RCTs with a clear method
of randomization, except Shen et al’s study [26]. Brocki
et al’s study [30] was the only study that clearly explained
assessors blinding, thus we only considered it as low risk
of detection bias. Additional detailed information about
the risk of bias assessments is shown in Figs. 2, 3.

Primary outcome

Incidence of atelectasis

The effect of postoperative rehabilitation programs on
atelectasis was examined by pooling the data from all 7
trials [25—31]. The result shows that there is no heteroge-
neity, so a fixed-effects model was applied. The incidence
of atelectasis was significantly lower after postoperative
rehabilitation programs (OR=0.35; 95% CI, 0.18 to 0.67;
>=0%; P=0.67) compared with the control group (Fig. 4).

Secondary outcomes

FVvC

The effect of breathing exercises on FVC was examined
by pooling data from 5 trials [26—30]. However, complete
data extraction failed in the studies of Zou et al. [29] and
Brocki et al [30]. Therefore, a total of 3 trials [26—28]
were included in the meta-analysis. When a random-
effects model was applied, postoperative rehabilitation
programs can improve the score of FVC (MD =0.24; 95%
CI, 0.07 to 0.41; I?=73%; P=0.02) (Fig. 5).

FEV1

6 trials collected the data on FEV1, but we failed to
extract the data on FEV1 from Brocki et al. [30] and
pooled the data from the other 5 trials [26-29, 31]. There
was a difference between the experimental group and
intervention group (MD=0.31; 95% CI, 0.03 to 0.60;
1>=98%; P<0.01) (Fig. 6).
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Table 2 GRADE evidence quality ratings
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rehabilitation interv including br g exercise for lung cancer after surgery

Patient or population: patients with lung cancer after surgery
Settings:
Intervention: rehabilitation interventions including breathing exercise

lllustrative comparative risks* (95% ClI)

A drisk  Cor ing risk
Control Rehabilitation inter i including b
Study pop OR0.3 569 EEEE]
120 per 1000 39 per 1000 (0.15t0 0.6) (7 studies) moderate’
(20 to 75)
Moderate
133 per 1000 44 per 1000
(22t0 84)
FVC The mean fvc in the intervention groups was 288 ELISTE)
0.24 higher (3 studies) low'2
(0.07 to 0.41 higher)
FEV1 The mean fev1 in the intervention groups was 447 B0
0.31 higher (5 studies) low'?
(0.03 to 0.6 higher)
FEV1/FVC% The mean fev1/fvc% in the intervention groups was 176 BB00
12.53 higher (2 studies) low'?

(11.92 to 13.14 higher)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in foot

risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

CI: Confidence interval, OR: Odds ratio;

The corr ding risk (and its 95% confidence interval) is based on the assumed

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.

" all of the articles are single-center trials, it is hard to blind the participants.
2 Substantial heterogeneity in the overall effect due to different intervention methods.
2 Not all outcome data were available in Zou 2022 study.

FEV1/FVC ratio

Four articles [27-30] reported the value of the FEV1/
FVC ratio. We excluded two articles from Brocki et al.
[30] and Yang et al., [27] because of a lack of original data.
Thus, the effect of postoperative rehabilitation programs
on the FEV1/FVC ratio was examined by pooling data
from 2 trials [28, 29]. The result shows that postoperative
rehabilitation programs can increase the grade of FEV1/
FVC Ratio (MD=9.09; 95% CI, 1.50 to 16.67; I*=94%;
P<0.01) (Fig. 7).

Discussion
This systematic review included 7 studies in total that
reported the incidence of atelectasis after postoperative
intervention as one of the outcome measurements. By
analyzing these RCT articles, we found that lung can-
cer patients undergoing surgical resection would benefit
from postoperative rehabilitation programs that include
breathing exercises to decrease their incidence of atelec-
tasis, a common PPC. In addition, the heterogeneity was
negligible for this indicator. We also performed a sensitiv-
ity analysis using the leave-one-out method and excluding
one study at a time to change the fixed model to a ran-
dom-effects model. The results remained robust (Sup. 1).
A previous meta-analysis also assessed the effects of
breathing exercises on PPCs in lung cancer patients.

Wang et al. collected data through 20 December 2017
and grouped the breathing exercises based on different
stages including preoperative, postoperative, and periop-
erative in their retrieved studies. [12] However, their data
analysis was debatable, with a view to the inclusion crite-
ria of postoperative rehabilitation interventions and the
computation methods of incidence of atelectasis. In our
meta-analysis, we reviewed the research during the last
decade through 2022 and focused on postoperative reha-
bilitation interventions that included breathing exercises
as a component. Additionally, we used the incidence of
atelectasis as the primary outcome. Therefore, our review
was more focused on postoperative interventions and
their preventive effects on atelectasis. Another reason
for selecting postoperative rehabilitation was the unique
medical-social phenomenon in China. In Lai et al’s study,
22 eligible patients refused to participate in preopera-
tive rehabilitation treatment. [32] The primary causes for
lung patients’ reluctance were the lack of public health
consciousness and financial problems caused by a pro-
longed length of stay in the hospital, which is a common
social issue in China and other developing countries [33].
Lung cancer patients hope to undergo the operation as
soon as possible when they are admitted to the hospital
rather than receive preoperative rehabilitation. There-
fore, we considered it more practical to study postopera-
tive rehabilitation in developing countries. In the future,
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Incomplete outcome data (attrition bias)

@ | Blinding of outcome assessment (detection bias)

@ | Allocation concealment (selection bias)

‘ . ‘ ‘ ‘ . Blinding of participants and personnel (performance bias)

‘ Selective reporting (reporting bias)

‘ . . Other bias

. ‘ ‘ ‘ . ‘ Random sequence generation (selection bias)

Brocki 2016 +

i 2018 ? 2@
Liuzo2t | @ | @ 1@ @
Shen 2021 ? 2|12 |@|2
Yang 2021 ? AEARAE!
Zhou 2022 ? 1100 O
22| @2 1@)2/0|0@

Fig. 2 Risk of bias summary respectively

as health care and awareness improve, our research will
focus more on not only postoperative but also periopera-
tive breathing exercises, which are also of great clinical
significance [8, 31].
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According to our results, we had positive findings for
FEV1, the FEV1/FVC ratio, and FVC, which indicated
that a postoperative rehabilitation program includ-
ing breathing exercises would help lung cancer patients
improve their lung function. However, the heterogene-
ity among those values was significant. To analyze the
heterogeneity source of FEV1, we conducted a subgroup
analysis for possible influencing factors, including inter-
vention types, intervention timing, and others. We found
that the use of Acapella could be an influencing fac-
tor (Sup. 2). The intervention group participants in the
studies of Li et al. and Zhou et al. were provided with
Acapella, a widely used breathing training device in pul-
monary rehabilitation. [28, 31] Only two from Zhou et al.
and Zou et al. included reported the FEV1/FVC ratio.
[28, 29] Thus, we were unable to conduct a subgroup
analysis. We reviewed the details of the articles and dis-
covered that the risk of bias could be the primary cause
of the heterogeneity. We evaluated the risks of attribution
bias and reporting bias in the study by Zou et al., which
were both high. [29] This study mentioned FVC in the
abstract as an outcome measure, but no data were found
in the results section, which was considered incomplete
outcome data. On the other hand, the risks of bias in the
above two aspects in the study by Zhou et al. [28] were
low. The substantial difference in the risks of bias could
also be the reason why Zou et al. [29] found much greater
positive effects between the study groups than the study
by Zhou et al. [28] In terms of FVC, the heterogeneity
could derive from the interventions provided to the con-
trol group. The control group participants in the study by
Yang et al. [27] did not receive any physiotherapy, while
the studies by Shen et al. [26] and Zhou et al. [28] pro-
vided a common physiotherapy intervention to the par-
ticipants in the control group.

Finally, for this meta-analysis, explicit eligibility criteria
were established, and a meticulous search of the different
databases was performed. We assessed the risk of bias to
determine the reliability of the evidence. Additionally, the
included studies were limited to the highest standard of
evidence, only RCTs. However, the secondary outcome
findings should be generalized carefully due to the lim-
ited number of cases, the deficiency in the blinding of
therapists and patients, and the diversity in the content
of breathing exercise programs in the retrieved studies.
To conclude, this meta-analysis revealed that postop-
erative rehabilitation interventions that include breath-
ing exercises could decrease the incidence of atelectasis
in patients with lung cancer after surgery. Additionally,
it provided a clinical basis for future considerations on
whether postoperative rehabilitation interventions that
include breathing exercises should be implemented after
surgery.
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Fig. 4 The forest plot showing OR (95% Cl) of atelectasis incidence after implementation of postoperative rehabilitation interventions that include
breathing exercise
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Fig. 5 FVCforest plot showing the mean difference (95% Cl) of the effect of postoperative rehabilitation interventions that include breathing
exercise on FVC

Study limitations the FVE1/FVC ratio. However, there were only a few
The main limitation of this review was the obvious het-  studies that reported FVC and the FEV1/FVC ratio, and
erogeneity in the secondary outcomes of FVC, FEV1 and it was difficult to conduct subgroup analysis. Thus, we
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Fig. 6 FEV1 forest plot showing the mean difference (95% Cl) of the effect of postoperative rehabilitation interventions that include breathing

exercise on FEV1
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Fig. 7 FEV1/FVC forest plot showing the mean difference (95%) of the effect of postoperative rehabilitation interventions that include breathing

exercise on the FEV1/FVC ratio

compared the detailed information, including research
design, intervention methods, and data collection. Sec-
ond, no studies performed well in preventing perfor-
mance bias, and only the study by Brocki et al. performed
well in blinding for outcome assessments. [30] This led
to a low level of evidence. Third, the rehabilitation inter-
vention in the study by Brocki et al. was started one day
before surgery; however, since the majority part of the
intervention was performed after the surgery, [30] we still
considered it to be a postoperative intervention.

Additionally, it was difficult to determine the effect of
breathing exercises alone without involving any other
general rehabilitation interventions given the objective
facts in the clinical settings and ethical considerations.
We cannot deduce whether these breathing exercises
will work independently from any other rehabilitation
interventions.
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