
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2022 May 6; 10(13): 3969-4326

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I May 6, 2022 Volume 10 Issue 13

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 10 Number 13 May 6, 2022

REVIEW

COVID-19 and liver diseases, what we know so far3969

Elnaggar M, Abomhya A, Elkhattib I, Dawoud N, Doshi R

MINIREVIEWS

Amputation stump management: A narrative review3981

Choo YJ, Kim DH, Chang MC

ORIGINAL ARTICLE

Clinical and Translational Research

Solute carrier family 2 members 1 and 2 as prognostic biomarkers in hepatocellular carcinoma associated 
with immune infiltration

3989

Peng Q, Hao LY, Guo YL, Zhang ZQ, Ji JM, Xue Y, Liu YW, Lu JL, Li CG, Shi XL

Retrospective Cohort Study

Role of clinical data and multidetector computed tomography findings in acute superior mesenteric artery 
embolism

4020

Yang JS, Xu ZY, Chen FX, Wang MR, Cong RC, Fan XL, He BS, Xing W

Retrospective Study

Effect of calcium supplementation on severe hypocalcemia in patients with secondary 
hyperparathyroidism after total parathyroidectomy

4033

Liu J, Fan XF, Yang M, Huang LP, Zhang L

Comparison of clinical efficacy and postoperative inflammatory response between laparoscopic and open 
radical resection of colorectal cancer

4042

He LH, Yang B, Su XQ, Zhou Y, Zhang Z

Three-dimensional echocardiographic assessment of left ventricular volume in different heart diseases 
using a fully automated quantification software

4050

Pan CK, Zhao BW, Zhang XX, Pan M, Mao YK, Yang Y

Clinical effect of ultrasound-guided nerve block and dexmedetomidine anesthesia on lower extremity 
operative fracture reduction

4064

Ao CB, Wu PL, Shao L, Yu JY, Wu WG

Correlation between thrombopoietin and inflammatory factors, platelet indices, and thrombosis in patients 
with sepsis: A retrospective study

4072

Xu WH, Mo LC, Shi MH, Rao H, Zhan XY, Yang M



WJCC https://www.wjgnet.com II May 6, 2022 Volume 10 Issue 13

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 13 May 6, 2022

Observational Study

High plasma CD40 ligand level is associated with more advanced stages and worse prognosis in colorectal 
cancer

4084

Herold Z, Herold M, Herczeg G, Fodor A, Szasz AM, Dank M, Somogyi A

Metabolic dysfunction is associated with steatosis but no other histologic features in nonalcoholic fatty 
liver disease

4097

Dai YN, Xu CF, Pan HY, Huang HJ, Chen MJ, Li YM, Yu CH

Randomized Controlled Trial

Effect of Xuebijing injection on myocardium during cardiopulmonary bypass: A prospective, randomized, 
double blind trial

4110

Jin ZH, Zhao XQ, Sun HB, Zhu JL, Gao W

META-ANALYSIS

Perioperative respiratory muscle training improves respiratory muscle strength and physical activity of 
patients receiving lung surgery: A meta-analysis

4119

Yang MX, Wang J, Zhang X, Luo ZR, Yu PM

CASE REPORT

Delayed diffuse lamellar keratitis after small-incision lenticule extraction related to immunoglobulin A 
nephropathy: A case report

4131

Dan TT, Liu TX, Liao YL, Li ZZ

Large vessel vasculitis with rare presentation of acute rhabdomyolysis: A case report and review of 
literature

4137

Fu LJ, Hu SC, Zhang W, Ye LQ, Chen HB, Xiang XJ

Primitive neuroectodermal tumor of the prostate in a 58-year-old man: A case report4145

Tian DW, Wang XC, Zhang H, Tan Y

Bilateral superficial cervical plexus block for parathyroidectomy during pregnancy: A case report4153

Chung JY, Lee YS, Pyeon SY, Han SA, Huh H

Primary myelofibrosis with thrombophilia as first symptom combined with thalassemia and Gilbert 
syndrome: A case report

4161

Wufuer G, Wufuer K, Ba T, Cui T, Tao L, Fu L, Mao M, Duan MH

Late contralateral recurrence of retinal detachment in incontinentia pigmenti: A case report4171

Cai YR, Liang Y, Zhong X

Pregnancy and delivery after augmentation cystoplasty: A case report and review of literature4177

Ruan J, Zhang L, Duan MF, Luo DY

Acute pancreatitis as a rare complication of gastrointestinal endoscopy: A case report4185

Dai MG, Li LF, Cheng HY, Wang JB, Ye B, He FY



WJCC https://www.wjgnet.com III May 6, 2022 Volume 10 Issue 13

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 13 May 6, 2022

Paraneoplastic neurological syndrome with positive anti-Hu and anti-Yo antibodies: A case report4190

Li ZC, Cai HB, Fan ZZ, Zhai XB, Ge ZM

Primary pulmonary meningioma: A case report and review of the literature4196

Zhang DB, Chen T

Anesthesia of a patient with congenital cataract, facial dysmorphism, and neuropathy syndrome for 
posterior scoliosis: A case report 

4207

Hudec J, Kosinova M, Prokopova T, Filipovic M, Repko M, Stourac P

Extensive myocardial calcification in critically ill patients receiving extracorporeal membrane oxygenation: 
A case report

4214

Sui ML, Wu CJ, Yang YD, Xia DM, Xu TJ, Tang WB

Trigeminal extracranial thermocoagulation along with patient-controlled analgesia with esketamine for 
refractory postherpetic neuralgia after herpes zoster ophthalmicus: A case report

4220

Tao JC, Huang B, Luo G, Zhang ZQ, Xin BY, Yao M

Thrombotic pulmonary embolism of inferior vena cava during caesarean section: A case report and review 
of the literature

4226

Jiang L, Liang WX, Yan Y, Wang SP, Dai L, Chen DJ

EchoNavigator virtual marker and Agilis NxT steerable introducer facilitate transseptal transcatheter 
closure of mitral paravalvular leak

4236

Hsu JC, Khoi CS, Huang SH, Chang YY, Chen SL, Wu YW

Primary isolated central nervous system acute lymphoblastic leukemia with BCR-ABL1 rearrangement: A 
case report

4242

Chen Y, Lu QY, Lu JY, Hong XL

Coexistence of meningioma and other intracranial benign tumors in non-neurofibromatosis type 2 
patients: A case report and review of literature

4249

Hu TH, Wang R, Wang HY, Song YF, Yu JH, Wang ZX, Duan YZ, Liu T, Han S

Treatment of condylar osteophyte in temporomandibular joint osteoarthritis with muscle balance occlusal 
splint and long-term follow-up: A case report

4264

Lan KW, Chen JM, Jiang LL, Feng YF, Yan Y

Hepatic perivascular epithelioid cell tumor: A case report4273

Li YF, Wang L, Xie YJ

Multiple stress fractures of unilateral femur: A case report 4280

Tang MT, Liu CF, Liu JL, Saijilafu, Wang Z

Enigmatic rapid organization of subdural hematoma in a patient with epilepsy: A case report4288

Lv HT, Zhang LY, Wang XT



WJCC https://www.wjgnet.com IX May 6, 2022 Volume 10 Issue 13

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 13 May 6, 2022

Spinal canal decompression for hypertrophic neuropathy of the cauda equina with chronic inflammatory 
demyelinating polyradiculoneuropathy: A case report

4294

Ye L, Yu W, Liang NZ, Sun Y, Duan LF

Primary intracranial extraskeletal myxoid chondrosarcoma: A case report and review of literature4301

Zhu ZY, Wang YB, Li HY, Wu XM

Mass brain tissue lost after decompressive craniectomy: A case report4314

Li GG, Zhang ZQ, Mi YH

LETTER TO THE EDITOR

Improving outcomes in geriatric surgery: Is there more to the equation?4321

Goh SSN, Chia CL

Capillary leak syndrome: A rare cause of acute respiratory distress syndrome4324

Juneja D, Kataria S



WJCC https://www.wjgnet.com X May 6, 2022 Volume 10 Issue 13

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 13 May 6, 2022

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Kai Zhang, PhD, Professor, Department of Psychiatry, 
Chaohu Hospital of Anhui Medical University, Hefei 238000, Anhui Province, China. zhangkai@ahmu.edu.cn

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2021 Edition of Journal Citation Reports® 
cites the 2020 impact factor (IF) for WJCC as 1.337; IF without journal self cites: 1.301; 5-year IF: 1.742; Journal 
Citation Indicator: 0.33; Ranking: 119 among 169 journals in medicine, general and internal; and Quartile category: 
Q3. The WJCC's CiteScore for 2020 is 0.8 and Scopus CiteScore rank 2020: General Medicine is 493/793.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Xu Guo; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja 
Hyeon Ku

https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

May 6, 2022 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 4119 May 6, 2022 Volume 10 Issue 13

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2022 May 6; 10(13): 4119-4130

DOI: 10.12998/wjcc.v10.i13.4119 ISSN 2307-8960 (online)

META-ANALYSIS

Perioperative respiratory muscle training improves respiratory 
muscle strength and physical activity of patients receiving lung 
surgery: A meta-analysis

Meng-Xuan Yang, Jiao Wang, Xiu Zhang, Ze-Ruxin Luo, Peng-Ming Yu

Specialty type: Rehabilitation

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Batalik L, Czech 
Republic; Patoulias D, Greece

Received: December 8, 2021 
Peer-review started: December 8, 
2021 
First decision: January 25, 2022 
Revised: February 7, 2022 
Accepted: March 16, 2022 
Article in press: March 16, 2022 
Published online: May 6, 2022

Meng-Xuan Yang, Jiao Wang, Xiu Zhang, Ze-Ruxin Luo, Peng-Ming Yu, Rehabilitation Medicine 
Center, West China Hospital, Sichuan University, Chengdu 610041, Sichuan Province, China

Corresponding author: Peng-Ming Yu, PhD, Associate Professor, Rehabilitation Medicine 
Center, West China Hospital, Sichuan University, No. 37 Guoxuexiang, Chengdu 610041, 
Sichuan Province, China. 13438201451@126.com

Abstract
BACKGROUND 
The clinical role of perioperative respiratory muscle training (RMT), including 
inspiratory muscle training (IMT) and expiratory muscle training (EMT) in 
patients undergoing pulmonary surgery remains unclear up to now.

AIM 
To evaluate whether perioperative RMT is effective in improving postoperative 
outcomes such as the respiratory muscle strength and physical activity level of 
patients receiving lung surgery.

METHODS 
The PubMed, EMBASE (via OVID), Web of Science, Cochrane Library and Physio-
therapy Evidence Database (PEDro) were systematically searched to obtain 
eligible randomized controlled trials (RCTs). Primary outcome was postoperative 
respiratory muscle strength expressed as the maximal inspiratory pressure (MIP) 
and maximal expiratory pressure (MEP). Secondary outcomes were physical 
activity, exercise capacity, including the 6-min walking distance and peak oxygen 
consumption during the cardio-pulmonary exercise test, pulmonary function and 
the quality of life.

RESULTS 
Seven studies involving 240 participants were included in this systematic review 
and meta-analysis. Among them, four studies focused on IMT and the other three 
studies focused on RMT, one of which included IMT, EMT and also combined 
RMT (IMT-EMT-RMT). Three studies applied the intervention postoperative, one 
study preoperative and the other three studies included both pre- and 
postoperative training. For primary outcomes, the pooled results indicated that 
perioperative RMT improved the postoperative MIP (mean = 8.13 cmH2O, 95%CI: 
1.31 to 14.95, P = 0.02) and tended to increase MEP (mean = 13.51 cmH2O, 95%CI: -

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i13.4119
mailto:13438201451@126.com
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4.47 to 31.48, P = 0.14). For secondary outcomes, perioperative RMT enhanced postoperative 
physical activity significantly (P = 0.006) and a trend of improved postoperative pulmonary 
function was observed.

CONCLUSION 
Perioperative RMT enhanced postoperative respiratory muscle strength and physical activity level 
of patients receiving lung surgery. However, RCTs with large samples are needed to evaluate 
effects of perioperative RMT on postoperative outcomes in patients undergoing lung surgery.

Key Words: Respiratory muscle training; Respiratory muscle strength; Physical activity; Lung surgery; 
Systematic review and meta-analysis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our study indicated that perioperative respiratory muscle training (RMT) improved the 
postoperative maximal inspiratory pressure (P = 0.02) and tended to increase maximal expiratory pressure 
(P = 0.14). For secondary outcomes, perioperative RMT enhanced postoperative physical activity 
significantly (P = 0.006) and a trend of improved postoperative pulmonary function was observed. Periop-
erative RMT enhanced postoperative respiratory muscle strength and physical activity level of patients 
receiving lung surgery.

Citation: Yang MX, Wang J, Zhang X, Luo ZR, Yu PM. Perioperative respiratory muscle training improves 
respiratory muscle strength and physical activity of patients receiving lung surgery: A meta-analysis. World J Clin 
Cases 2022; 10(13): 4119-4130
URL: https://www.wjgnet.com/2307-8960/full/v10/i13/4119.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i13.4119

INTRODUCTION
Respiratory muscle strength, representing as maximal inspiratory pressure (MIP) and maximal 
expiratory pressure (MEP), and physical activity level decreased inevitably after thoracic surgery due to 
pain and ineffective coughing[1,2]. These will adversely affect postoperative recovery and quality of life
[3,4]. The function of respiratory muscles is directly impaired by the surgical incision in the chest wall. 
Meanwhile, the total chest compliance is reduced due to the injured respiratory muscles after thoracic 
surgery, especially after lung surgery[4]. The impairment of respiratory muscle strength after 
pulmonary resection leads to an adverse effect on the expectoration of sputum[4,5].

With the great advance of the enhanced recovery after surgery concept, a number of physiotherapy 
methods have been widely introduced and applied in clinical practice in order to remove secretions 
from the lungs and decrease respiratory work load following thoracic surgery. These methods include 
airway clearance techniques, active cycle of breathing, incentive spirometry, breathing exercises, early 
mobilization and also respiratory muscle training (RMT). RMT includes both inspiratory muscle 
training (IMT) and expiratory muscle training (EMT)[6-8]. IMT increases inspiratory muscle strength, 
relieve inspiratory muscle tension, improve diaphragm function and contributes to lung expansion, 
thereby helping to maintain the airway patency[9,10]. Meanwhile, it could also inhibit sympathetic 
nerve function, improve vagus nerve activity and reduce peripheral vascular resistance[9,10]. EMT help 
create high expiratory flows to remove airway secretions and increases the overall effectiveness of 
participants’ voluntary cough, which effectively reduces the incidence of pulmonary complications[11,
12]. For most of patients receiving lung surgery, including patients who receive the segmentectomy, 
lobectomy or pneumonectomy with video-assisted thoracic surgery (VATS) or open thoracotomy, the 
RMT is applicable. However, in some conditions such as combining the tracheotomy, recurrent 
paralysis, myasthenia gravis or unstable coronary artery disease, the RMT is prohibited. Up to now, a 
large number of studies have investigated the clinical effects of perioperative RMT in patients 
undergoing major surgery. Mans et al[13] analyzed eight relevant studies involving 295 participants 
undergoing upper abdominal or cardiothoracic surgery. They demonstrated that preoperative IMT 
could substantially improve MIP (mean = 15 cmH2O, 95%CI: 9 to 21 cmH2O, P < 0.001) and reduce 
postoperative pulmonary complications (PPCs) [relative risk (RR) = 0.48, 95%CI: 0.26 to 0.89, P = 0.02]. 
However, large differences exist between lung surgery and other types of surgery, including the effect 
on respiratory muscle function, level of physical activity and risk for PPCs[13-15].

https://www.wjgnet.com/2307-8960/full/v10/i13/4119.htm
https://dx.doi.org/10.12998/wjcc.v10.i13.4119
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Therefore, we conducted this systematic review and meta-analysis to further investigate the effect of 
perioperative RMT on postoperative outcomes, especially the respiratory muscle strength and physical 
activity, in patients following lung surgery, which also helps strengthen the understanding of the value 
of RMT before and after lung surgery.

MATERIALS AND METHODS
We performed this systematic review and meta-analysis according to the preferred reporting items for 
systematic reviews and meta-analysis (PRISMA) guidelines [16]. Meanwhile, it has been registered with 
PROSPERO (ID: CRD42020214940).

Literature search
The electronic databases of PubMed, EMBASE (via OVID), Web of Science, Cochrane Library and PEDro 
were systematically searched from inception to March 24, 2021. The following MeSH terms were used 
for literature search: “respiratory muscle training”, “inspiratory muscle training”, “expiratory muscle 
training”, “lung resection”, “pulmonary resection”, “lung surgery”, “lobectomy”, “segmentectomy”, 
“wedge resection”, “pneumonectomy”, “video-assisted thoracoscopic surgery”, “video-assisted thoracic 
surgery’ and “VATS”. The specific search strategy was: (respiratory muscle training OR inspiratory 
muscle training OR expiratory muscle training) AND (lung resection OR pulmonary resection OR lung 
surgery OR pulmonary surgery OR lobectomy OR segmentectomy OR wedge resection OR pneumon-
ectomy OR video-assisted thoracic surgery OR video-assisted thoracoscopic surgery OR VATS). The 
reference lists of included studies were also reviewed for eligibility.

Inclusion criteria and exclusion criteria
The following inclusion criteria were applied: (1) randomized controlled trials (RCT) investigating the 
effects of perioperative RMT, compared with sham RMT or no RMT; (2) participants were adults; (3) 
articles were published in English; and (4) at least one of the following outcomes was reported.

The exclusion criteria of this study were as follows: (1) meeting abstracts, letters, reviews, non-human 
trials, protocols, case reports; (2) other perioperative interventions were combined; and (3) training 
programs were poorly designed and the clinical parameters and training doses of patients were not 
reported.

Primary outcome was the postoperative respiratory muscle strength representing as the MIP and 
MEP.

Secondary outcomes were the physical activity, exercise capacity including the 6-min walking 
distance (6MWD) and peak oxygen consumption (VO2peak) during the cardio-pulmonary exercise test 
(CPET), pulmonary function such as the forced expiratory volume in one second (FEV1) and forced vital 
capacity (FVC), and the quality of life representing as the intensity of pain and dyspnoea.

Two authors (YP and YM) screened the records for availability independently. At first, the titles and 
abstracts were reviewed. Then, the full-texts were further assessed to determine the eligibility when the 
information in the titles or abstracts was potentially related or insufficient and the availability of 
relevant data was verified. Any discrepancy was solved by team discussion.

Data extraction
The following data were extracted: author, publication year, country, sample size, type of surgery, 
specific intervention strategy including the initial training pressure, training time, frequency and 
duration of training program, treatment strategy of control group, information necessary to calculate the 
PEDro scale score, primary outcomes and secondary outcomes.

All patients in the included studies received usual care after surgery. Usual care consists of different 
breathing exercises aiming pulmonary re-expansion and bronchial clearance, early ambulation and 
mobilization.

Methodological quality assessment
The methodological quality of included studies was assessed by two independent investigators (MY and 
JW) using the PEDro. The high quality was defined as a PEDro score of 6 or higher, the fair quality was 
defined as a PEDro score of 4 or 5 and a score of 3 or lower indicated poor quality[17,18].

Statistical analysis
All statistical analysis was performed by RevMan version. The heterogeneity between included studies 
was quantified by the I2 statistic and Q test. If the significant heterogeneity was observed, representing 
as I2 > 50% or/and P < 0.10, the random-effect mode was used; otherwise, the fixed-effect model was 
used[19,20]. Continuous data were analyzed as the changes from baseline values at one of the following 
time points: at admission, before the intervention or operation to final values at one of the following 
time points: at discharge, after the intervention or an interval after the surgery. For continuous 



Yang MX et al. RMT in patients receiving lung surgery

WJCC https://www.wjgnet.com 4122 May 6, 2022 Volume 10 Issue 13

Figure 1 The flow diagram of this systematic review and meta-analysis.

variables, the mean differences (MDs) with standard deviations (SDs) were extracted to calculate the 
MDs and corresponding 95%CIs between the intervention and control group. The data that were 
reported as the means and range values were converted to means and SDs using the formula reported 
by Hozo et al[21]. A P value < 0.05 was considered statistically significant.

RESULTS
Literature retrieval and selection
The PRISMA statement flowchart displayed the process of literature search, records selection and 
reasons for exclusion (Figure 1). At first, 1266 records were searched and 309 duplicated records were 
removed. After screening the titles and abstracts, 895 irrelevant publications were excluded. Then 62 
potentially related publications were screened for eligibility 42 publications were excluded due to the 
study design. Among remaining 20 publications, 12 records were excluded on the basis of the study not 
meeting the inclusion criteria and 1 record was excluded because of duplicated data after reviewing the 
full texts. Finally, only seven articles were included in this meta- analysis after reviewing the full texts of 
the remaining 20 studies[22-28].

Basic characteristics of included studies
The included seven trials reported data on 240 participants with the sample size ranged from 26 to 68. It 
should be noted that Brocki et al[23,24] described different outcomes of the same group of patients in 
two articles. Three studies explored the clinical effect of IMT[22-24], and the other four trials evaluated 
the clinical effect of RMT, including the IMT and EMT, in patients undergoing lung surgery[25-28]. One 
study focused on preoperative RMT[28], three studies focused on the postoperative RMT[25-27] and the 
other three studies contained both pre and postoperative RMT[22-25]. Detailed information is presented 
in Table 1.

Quality of included trials
The average score of included RCTs in the PEDro scale was 6.43, ranging from 5 to 7, which indicates 
high quality (Table 2).
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Table 1 Characteristics of included studies

Ref. Year Country Sample 
size

Surgery 
type Intervention Control

Initial 
training 
pressure 
(%)

Training 
time 
(min/d)

Sessions 
(n/wk)

Duration 
(wk)

Weiner et 
al[22]

1997 Israel IMT: 17, 
Con: 15

NR Preoperative and 
postoperative IMT, 
incentive spirometry

Usual care 15 60 6 14

Brocki et al
[23]

2016 Denmark IMT: 34, 
Con: 34

VATS: 35, 
thoracotomy: 
33

Preoperative IMT 
30% MIP, 
postoperative: 15% 
MIP, breathing 
exercises, early 
mobilization

Breathing 
exercises, early 
mobilization

30 15 7 2

Brocki et al
[24]

2018 Denmark IMT: 34, 
Con: 34

VATS: 35, 
thoracotomy: 
33

Preoperative IMT 
30% MIP, 
postoperative: 15% 
MIP, breathing 
exercises, early 
mobilization

Breathing 
exercises, early 
mobilization

30 15 7 2

Taşkin et al
[25]

2018 Turkey RMT: 20, 
Con: 20

Thoracotomy Postoperative RMT, 
chest physiotherapy, 
early mobilization

Chest physio-
therapy, early 
mobilization

15 Six sessions 
consisting of 
3 sets of 10 
breaths

5 NR

Messaggi-
Sartor et al
[26]

2019 Spain RMT: 16, 
Con: 21

VATS: 3, 
thoracotomy: 
34

Postoperative RMT, 
aerobic exercise

Usual care 30 60 3 8

Kendall et 
al[27]

2020 Portugal IMT: 13, 
EMT: 13, 
IMT + 
EMT: 18, 
Con: 19

Thoracotomy Postoperative IMT 
or EMT or IMT + 
EMT, usual care

Usual care 25 15 7 8

Laurent et 
al[28]

2020 France RMT: 14, 
Con: 12

VATS or 
thoracotomy

Preoperative RMT, 
usual chest physical 
therapy

Usual chest 
physical therapy

30 30 4 3

IMT: Inspiratory muscle training; EMT: Expiratory muscle training; Con: Control; RMT: Respiratory muscle training; VATS: Video-assisted thoracoscopy 
surgery; NR: Not reported; MIP: Maximal inspiratory pressure; MEP: Maximal expiratory pressure.

Primary outcomes
A total of five trials assessed the effect of RMT on the postoperative MIP in 197 patients[22,23,25,27,28]. 
The pooled results indicated that perioperative RMT improved the postoperative MIP significantly 
(mean = 8.13 cmH2O, 95%CI: 1.31 to 14.95, P = 0.02; I2 = 66%, Pheterogeneity = 0.02) (Figure 2). Furthermore, 
perioperative RMT tended to increase the postoperative MEP (mean = 13.51 cmH2O, 95%CI: -4.47 to 
31.48, P = 0.14; I2 = 91%, Pheterogeneity < 0.001) after combining four relevant studies including involving 171 
patients (Figure 3)[23,25,27,28], although statistical significant differences were not reached.

Subsequently, a subgroup analysis was conducted by stratifying intervention time and training 
method. For MIP, the results indicated that postoperative RMT significantly increased postoperative 
MIP (mean = 12.33 cmH2O, 95%CI: 3.55 to 21.11 cmH2O, P = 0.006; I2=0.0%, Pheterogeneity = 0.67) and only 
IMT substantially improved postoperative MIP (mean = 9.53 cmH2O, 95%CI: 3.98 to 15.08 cmH2O, P < 
0.001; I2 = 44%, Pheterogeneity = 0.13). Furthermore, postoperative MEP was improved by preoperative RMT 
(mean = 27 cmH2O, 95%CI: 18.67 to 35.33 cmH2O, P < 0.001) and IMT-EMT-RMT (mean = 20.72 cmH2O, 
95%CI: 8.60 to 32.84 cmH2O, P < 0.001; I2 = 60%, Pheterogeneity = 0.08) showed better effect than IMT (mean = 
-3.49 cmH2O, 95%CI: -10.57 to 3.60 cmH2O, P = 0.33; I2 = 0%, Pheterogeneity = 0.65) or EMT (mean = 1.70 
cmH2O, 95%CI: -14.67 to 18.07 cmH2O, P = 0.84) (Table 3).

Secondary outcomes
Brocki et al[24] evaluated the effect of IMT on postoperative self-reported physical activity (Physical 
Activity Scale 2.1 questionnaire[29]) and their results revealed that patients receiving two weeks of 
postoperative IMT had higher physical activity level than those who received usual care only (sedentary 
6% vs 22%, moderate activity 38% vs 12%, low activity 56% vs 66%, respectively; P = 0.006). 
Furthermore, results of the study conducted by Kendall et al[27] also indicated that perioperative RMT 
could improve sedentary physical activity (P = 0.009) and total physical activity (P = 0.035). (Table 4) 
Three trials assessed the effect of RMT on 6MWD[23,25,27] and the pooled results manifested that 
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Table 2 Quality assessment for included trials according to Physiotherapy Evidence Database scoring scale

Ref. 1 2 3 4 5 6 7 8 9 10 11 Total score

Weiner et al[22] N Y N Y N N N N Y Y Y 5/10

Brocki et al[23] Y Y Y Y N N N Y Y Y Y 7/10

Brocki et al[24] Y Y Y Y N N N Y Y Y Y 7/10

Taşkin et al[25] Y Y N Y N N Y Y Y Y Y 7/10

Messaggi-Sartor et al[26] Y Y N Y N N Y Y Y Y Y 7/10

Kendall et al[27] Y Y N Y N N N Y Y Y Y 6/10

Laurent et al[28] Y Y N Y N N N Y Y Y Y 6/10

N: No criteria or not satisfied; Y: Yes (criteria satisfied); 1: Eligibility criteria; 2: Random allocation; 3: Concealed allocation; 4: Baseline comparability; 5: Blind subjects, 6: Blind therapists; 7: Blind assessors; 8: Adequate follow-up; 9: 
Intention-to-treat analysis; 10: Between-group comparisons; 11: Point estimates and variability. The total Physiotherapy Evidence Database score is the sum of items 2 to 11, which relate to internal validity. Item 1 is reported to indicate 
external validity.

postoperative 6MWD of patients who received RMT did not increase compared to those who received 
usual care (mean = 9.96 m, 95%CI: -34.61 to 54.54, P = 0.66; I2 = 63%, Pheterogeneity = 0.06) (Figure 4). Besides, 
two studies reported the effect of RMT on VO2peak during the CPET[26,28] and pooled results indicated 
that RMT did not improve VO2peak (mean = 2.44 mL/min/kg, 95%CI: -2.36 to 7.24, P = 0.32; I2 = 96%, 
Pheterogeneity < 0.001).

Regarding the pulmonary function, four trials investigated the effect of RMT on the postoperative 
FEV1 and FVC[22,23,27,28]. According to the pooled results of our meta-analysis, none of these indexes 
were increased significantly by the RMT. However, there was a trend that RMT could improve the 
postoperative FEV1 (mean = 0.06 L, 95%CI: -0.07 to 0.19, P = 0.39; I2 = 13%, Pheterogeneity = 0.32) (Figure 5) 
and FVC (mean = 0.29, 95%CI: -0.05 to 0.64, P = 0.10; I2 = 0%, Pheterogeneity = 0.96) (Table 4).

Postoperative RMT did not improve the symptoms of pain [visual analog scale (VAS) (mean = 0.67, 
95%CI: -0.99 to 2.32, P = 0.43; I2=61%, Pheterogeneity=0.11) and dyspnoea (VAS) (mean = -0.16, 95%CI: -0.58 to 
0.25, P = 0.44; I2 = 0%, Pheterogeneity = 0.61)[25,27]. Besides, no significant improvement on quality of life 
(European Organization for Research and Treatment of Cancer, EORTC QLQ-C30 questionnaire) was 
observed[26] (Table 4).

DISCUSSION
To the best of our knowledge, this is the first to comprehensively identify the clinical role of periop-
erative RMT in patients receiving lung surgery in the form of a meta-analysis after reviewing several 
relevant studies. To some extent, this is the highest-quality study with the GRADE A to assess the 
clinical value of RMT in patients undergoing pulmonary resection. Our results demonstrated that 
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Table 3 Subgroup analysis about primary outcomes

No. of studies Mean 95%CI P value I2 (%) Pheterogeneity

MIP

Intervention time

Preoperative 1 12.33 -5.49, 5.49 > 0.999 - -

Postoperative 2 12.33 3.55, 21.11 0.006 0.0 0.67

Training method

IMT 3 9.53 3.98, 15.08 < 0.001 44 0.17

EMT 1 9.00 -9.00, 27.00 0.33 - 0.13

RMT 3 6.97 -2.81, 16.74 0.16 64 -

MEP

Intervention time

Preoperative 1 27 18.67, 35.33 < 0.001 - -

Postoperative 2 15.83 -1.80, 33.45 0.08 58 0.12

Training method

IMT 2 -3.49 -10.57, 3.60 0.33 0 0.65

EMT 1 1.70 -14.67 to 18.07 0.84 - -

RMT 3 20.72 8.60, 32.84 < 0.001 60 0.08

MIP: Maximal inspiratory pressure; MEP: Maximal expiratory pressure; IMT: Inspiratory muscle training; EMT: Expiratory muscle training; RMT: 
Respiratory muscle training.

Figure 2 Forest plot about the effect of perioperative respiratory muscle training on maximal inspiratory pressure.

perioperative RMT improved respiratory muscle strength and physical activity of patients undergoing 
lung resection. Furthermore, perioperative RMT might also improve the pulmonary function repres-
enting as the FEV1 and FVC. However, the exercise capacity and quality of life were not significantly 
improved by RMT due to the limitations of small sample size and heterogeneity between included 
studies, more RCTs with high quality are still needed to verify our finding.

The pooled results indicate that additional perioperative RMT increases the MIP (P = 0.02) of patients 
receiving lung surgery significantly compared with usual perioperative care alone such as the breathing 
exercises, chest physiotherapy. For patients receiving major surgery, postoperative reductions in MIP 
are regarded as the result of altered respiratory mechanics and pain and may be a contributor of PPCs
[30-32]. Besides, increased MIP would assist postoperative lung expansion especially in patients who 
receive lung surgery which, in turn, contributes to the generation of forceful expiratory manoeuvres for 
secretion clearance[13]. The meta-analysis conducted by Mans et al[13] manifested that preoperative 
IMT could not only increase MIP (mean = 15 cmH2O, 95%CI: 9 to 21, P < 0.001) but also reduce PPCs 
(RR = 0.48, 95%CI: 0.26-0.89, P = 0.02) in patients receiving cardiothoracic or upper abdominal surgery, 
which is consistent with our results and above inferences. Although the pooled results for the effect of 
perioperative RMT on MEP did not reach the statistical difference, an obvious trend that perioperative 
RMT may improve MEP was also observed (mean = 13.51 cmH2O, 95%CI: -4.47 to 31.48, P = 0.14). 
Furthermore, two of included studies reported positive findings that the MEP was increased 
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Table 4 Results about the effect of respiratory muscle training on patients receiving lung resection

No. of studies Mean 95%CI P value I2 (%) Pheterogeneity

Primary outcomes

Respiratory function

MIP (cmH2O) 5 8.13 1.31, 14.95 0.02 66 0.02

MEP (cmH2O) 4 13.51 -4.47, 31.48 0.14 91 < 0.001

Secondary outcomes

Physical activity 2 - - 0.006/0.035 - -

Exercise capacity

6MWD (m) 3 9.96 -34.61, 54.54 0.66 63 0.06

CPET/VO2peak (mL/min/kg) 2 2.44 -2.36, 7.24 0.32 96 < 0.001

Pulmonary function

FEV1 (L) 3 0.06 -0.07, 0.19 0.39 13 0.32

FVC (L) 2 0.29 -0.05, 0.64 0.10 0 0.96

Quality of life

Pain (VAS) 2 0.67 -0.99, 2.32 0.43 61 0.11

Dyspnoea (VAS) 2 -0.16 -0.58, 0.25 0.44 0 0.61

EORTC QLQ-C30 1 - - - - -

MIP: Maximal inspiratory pressure; MEP: Maximal expiratory pressure; FEV1: Forced expiratory volume in one second; FVC: Forced vital capacity; 
6MWD: 6-min walking distance; CPET: Cardio-pulmonary exercise test; VO2peak: Peak oxygen consumption; MET: Metabolic equivalent; VAS: Visual 
analog scale.

Figure 3 Forest plot about the effect of perioperative respiratory muscle training on maximal expiratory pressure.

Figure 4 Forest plot about the effect of perioperative respiratory muscle training on 6-min walking distance.

significantly with the mean changes of 25.20 cmH2O and 27 cmH2O after the postoperative RMT and 
preoperative RMT, respectively[25,28]. Thus, the authors deem that perioperative RMT may also 
increase MEP of patients undergoing pulmonary resection.
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Figure 5 Forest plot about the effect of perioperative respiratory muscle training on forced expiratory volume in one second.

A postoperative decline of physical activity level is commonly observed in patients undergoing major 
surgery because of acute pain or (and) temporary decrease of cardiopulmonary function, which may 
result in adverse postoperative recovery. Brocki et al[24] verified that perioperative IMT was effective to 
prevent the postoperative decline of physical activity level in high-risk patients following pulmonary 
resection, which is consistent with the results shown in the research performed by Kendall et al[27].

The 6MWD is widely applied to evaluate the effect of rehabilitation therapy in clinics. The pooled 
results based on three included trials indicated nonsignificant effect of perioperative RMT on 6MWD in 
patients receiving lung surgery (P = 0.66). However, 6MWD is often used to assess the exercise 
endurance and cardiopulmonary function of patients with cardiopulmonary diseases; and actually, 
improving daily physical activity level is more important for short-term recovery after surgery than 
increasing exercise endurance, which means physical activity level assessed by sufficient data may be a 
more meaningful index in evaluating effects of perioperative rehabilitation treatment than single 
6MWD. Meanwhile, in the trial conducted by Kendall et al[27], IMT plus EMT was significantly effective 
in preventing the decline of 6MWD postoperatively, although the other two studies reported negative 
results[23,25,27]. Thus, more trials investigating the effect of perioperative RMT on 6MWD are still 
needed.

With the great advances of RMT technologies in recent years, RMT has been widely applied in 
various types of surgeries including the lung surgery during the perioperative period. RMT is believed 
to play an essential role in postoperative recovery for patients who receiving pulmonary resection since 
the lung works as a respiratory organ. However, the clinical value of RMT in lung surgery has not been 
well recognized, especially in our country. Furthermore, there are many fields worth investigating 
about the effect of RMT in patients undergoing pulmonary resection. For example, the parameters of 
initial training pressure, training time, sessions and duration time for different groups of patients 
should be different. Brocki et al[23] and Laurent et al[28] defined 30% of MIP as the initial training 
pressure for preoperative RMT and Weiner et al[22], Brocki et al[24], and Taşkin et al[25] defined 15% of 
MIP as the initial training pressure for postoperative RMT. However, Weiner et al[22] defined 15% of 
MIP as the initial training pressure and Messaggi-Sartor et al[26] and Kendall et al[27] defined 30% and 
25% of MIP as the initial training pressure for postoperative RMT, respectively. Besides, RMT consists of 
IMT and EMT, it is necessary to compare the differences between the effects of IMT, EMT and IMT-
EMT-RMT in different outcomes like Kendall et al[27]. According to the information provided by their 
trial, IMT alone showed a similar effect on MIP as IMT-EMT-RMT, nevertheless IMT-EMT-RMT was 
more effective to enhance 6MWD than IMT or EMT alone. Furthermore, the comparison between the 
effects of preoperative, postoperative and pre plus postoperative RMT is also important, especially in 
different groups of patients. It is believed that pre plus postoperative RMT is more significant in high-
risk patients than in patients with good physical and more effective in enhancing recovery after lung 
surgery than pre or postoperative RMT alone.

Strength and weakness
This systematic review and meta-analysis manifested the effects of perioperative RMT on most of 
postoperative outcomes except for PPCs by combining seven relevant RCTs. This is the first study to 
comprehensively review clinical value of perioperative RMT in patients undergoing lung surgery, 
which may provide us some novel suggestions for clinical application of RMT. Besides, we also showed 
current evidence on the clinical effect of RMT and proposed some valuable directions worth further 
investigating, which might contribute to the development of RMT in lung surgery.

There are several limitations in this study. First, the sample sizes are relatively small and we were 
unable to control for some important pretreatment parameters which could affect the outcomes, like the 
pretreatment pulmonary function indexes. Second, the parameters of RMT are not the same in each 
included study, such as the initial training pressure ranging from 15% to 30% of MIP and training time 
ranging from 15 min to 60 min per day. It was too hard to establish a general perioperative RMT 
protocol in this meta-analysis. Third, although we conducted subgroup analysis stratified by the period 
(pre or postoperative) and type of RMT (IMT, EMT or IMT + EMT), the results did not well verify the 
conclusion of our study due to the limited included trials. Four, we contacted all the corresponding 
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authors for original data we needed; however, no response was received. Five, only articles published in 
English were included in this meta-analysis.

CONCLUSION
In conclusion, this systematic review and meta-analysis demonstrated that perioperative RMT could 
enhance the postoperative respiratory muscle strength and physical activity in patients undergoing lung 
resection. However, more trials with high quality are still needed to verify the effects of perioperative 
RMT on postoperative outcomes in patients receiving lung surgery.

ARTICLE HIGHLIGHTS
Research background
The clinical values of perioperative respiratory muscle training (RMT), including inspiratory muscle 
training and expiratory muscle training in patients receiving lung surgery are not clear now.

Research motivation
To evaluate whether perioperative RMT is effective in improving postoperative outcomes such as the 
respiratory muscle strength and physical activity level in patients receiving lung surgery.

Research objectives
To further identify the clinical role of perioperative RMT in patients undergoing pulmonary surgery.

Research methods
Several databases were systematically searched to obtain eligible randomized controlled trials (RCTs). 
Primary outcome was postoperative respiratory muscle strength expressed as the maximal inspiratory 
pressure (MIP) and maximal expiratory pressure (MEP). Secondary outcomes were physical activity, 
exercise capacity, including the 6-min walking distance and peak oxygen consumption during the 
cardio-pulmonary exercise test, pulmonary function and the quality of life.

Research results
For primary outcomes, the pooled results indicated that perioperative RMT improved the postoperative 
MIP (mean = 8.13 cmH2O, P = 0.02) and tended to increase MEP (mean = 13.51 cmH2O, P = 0.14). For 
secondary outcomes, perioperative RMT enhanced postoperative physical activity significantly (P = 
0.006) and a trend of improved postoperative pulmonary function was observed.

Research conclusions
Perioperative RMT enhanced postoperative respiratory muscle strength and physical activity level of 
patients receiving lung surgery.

Research perspectives
However, RCTs with large samples are needed to evaluate effects of perioperative RMT on posto-
perative outcomes in patients undergoing lung surgery.
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