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ABSTRACT

Introduction Minimally invasive lung surgery (MILS)
gradually became the primary surgical therapy for lung
cancer, which remains the leading cause of cancer death.
Adequate muscle relaxation by deep neuromuscular
block (NMB) is particularly necessary for MILS to provide
a satisfactory surgical field. However, deep NMB for

MILS remains controversial, as one-lung ventilation may
provide an acceptable surgical field. Then, we will perform
a protocol for a systematic review and meta-analysis to
identify the efficacy of deep NMB for MILS.

Methods and analysis We will search the PubMed,
Cochrane Library, Embase, Ovid Medline, Web of Science,
Chinese BioMedical Literature, China National Knowledge
Infrastructure, VIP and Wanfang databases from inception
to March 2022 to identify randomised controlled trials

of adult participants undergoing MILS with deep NMB.
Studies published in English or Chinese will be considered.
The primary outcome will be the surgical conditions
according to the surgeon’s perspective. Secondary
outcomes will be the incidence of perioperative events
and perioperative mortality. Heterogeneity will be assessed
by the % test and I? statistic. Data will be synthesised

by both a fixed-effect and a random-effects meta-
analysis, with an intention to present the random-effects
result if there is no indication of funnel plot asymmetry.
Otherwise, metaregression will be used. The Cochrane
risk-of-bias tool, trial sequential analysis and Grading

of Recommendations Assessment, Development and
Evaluation will be used to assess the evidence quality
and control the risks of random errors. Funnel plots and
Egger’s regression test will be used to assess publication
bias.

Ethics and dissemination Ethical approval was not
required for this systematic review protocol. The results
will be disseminated through peer-reviewed publications.
PROSPERO registration number CRD42021254016.

INTRODUCTION

Lung cancer remains the leading cause of
cancer death, with an estimated 1.8 million
new deaths in 2020, accounting for 18% of
the total cancer deaths according to Global
Cancer Statistics 2020." Lung cancer is the
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This systematic review protocol according to the
Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols guidelines to perform
a rigorous risk of bias assessment.

= Trial sequential analysis will be performed to control
the risks of false positives by estimating the diversi-
ty adjusted information size for the outcomes.

= Funnel plots and Egger’s regression test will be ap-
plied to assess publication bias.

= Heterogeneity will be assessed by subgroup anal-
ysis based on participants’ age, body mass index,
and type of minimally invasive lung surgery.

second most common cancer, with an esti-
mated 2.2 million new cases in 2020, repre-
senting 11.4% of all cancer cases.' Due to its
the high incidence and mortality, the treat-
ment of lung cancer is a global challenge.

Surgical resection remains the primary
therapy in the treatment of lung cancer. Since
the 1990s, minimally invasive surgical tech-
niques of video-assisted thoracic surgery and
robotic-assisted thoracic surgery have been
applied in the diagnosis and treatment of
intrathoracic diseases.”™* Growing experience
with minimally invasive lung surgery (MILS),
combined with improvements in video tech-
nology and instrumentation, has allowed
conventional thoracotomy to be gradually
replaced by MILS in recent years.”®

Recent literature suggests that MILS was
equivalent to open thoracotomy on long-term
survival and overall oncologic efficacy, even
with a better short-term survival.”'” The mini-
mally invasive surgical approach is still the
favoured surgical procedure in that it offers
many advantages, including less trauma and
pain, faster recovery, fewer complications,
lower immunological responses and a shorter
hospitalisation period.'™®" In addition, it is
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associated with a higher tolerance to postoperative adju-
vant therapy and mitigates or ameliorates the postopera-
tive decline in health-related functional status.”*

Adequate muscle relaxation by deep neuromuscular
block (NMB) is particularly necessary for minimally inva-
sive surgical techniques.”*™ MILS involves areas adjacent
to major blood vessels and can trigger intraoperative
body movement, cough and diaphragm movement.”
Moreover, the diaphragm is the most resistant muscle
to neuromuscular blocking agents (NMBAs), and move-
ment of the diaphragm can interfere with the surgical
procedure. Deep NMB can inhibit the response to carinal
stimulation and prevent bucking and coughing during
surgical procedures.”™ In addition, it can reduce the
peak pressure and plateau pressure and improve lung
compliance and peripheral oxygen saturation during
one-lung ventilation.™

There is still controversy regarding the clinical benefit
of maintaining deep NMB for MILS because deep NMB
seems unnecessary, as ribcage provides thoracic support
and one-lung ventilation usually provides a satisfactory
surgical field. In addition, the risk of residual NMB is
estimated to occur in 26%-88% of patients undergoing
general anaesthesia, and this incidence is inevitably
increased after deep NMB.** * Numerous clinical studies
have documented that postoperative residual NMB has the
potential risk of increasing the incidence of postoperative
pulmonary complications (such as airway obstruction,
aspiration and hypoxia), the odds of hospital readmission
intensive care unit admission and the hospital length of
stay. 240

Hence, the clinical benefits of deep NMB for MILS
remain controversial. Therefore, itis necessary to conduct
a systematic review and meta-analysis to analyse the clin-
ical efficacy of deep NMB on MILS. The outcomes of this
systematic review will provide evidence for better clinical
decision-making and possible directions for further clin-
ical trials.

Objectives

We are performing this protocol of systematic review and
meta-analysis to determine the clinical efficacy of deep
NMB on the surgical conditions of MILS according to the
surgeon’s perspective. Patients’ postoperative recovery
and the incidence of perioperative events will also be
identified. Furthermore, trial sequential analysis (TSA)
will be applied to confirm the reliability of the results.

METHODS AND ANALYSIS

Study design

Our review protocol was registered with PROSPERO 2021
(registration number: CRD 42021254016). This protocol
was designed according to the Preferred Reporting Items
for Systematic Review and Meta-Analysis Protocols (PRIS-
MA-P) guidelines." The systematic review and meta-
analysis will be performed according to the Cochrane
Handbook and reported in accordance with the PRISMA

statement.”** The study is anticipated to begin searching
in March 2022 and complete in May 2022.

Inclusion/exclusion criteria for study selection
Types of studies
We will include all randomised controlled trials (RCTs)
involving the efficacy of deep NMB for MILS. Only studies
published in English or Chinese will be included.

Studies will be excluded as follows: (1) studies without
a control group, compared deep NMB produced by
different kinds of NMBAs only; (2) studies with incorrect
data obviously, incomplete data or study data that cannot
be used for statistical analysis; and (3) studies that were
abstracts from conferences, letters, editorials, reviews,
observational studies, retrospective studies and duplicate
publications.

Types of participants

Adult participants (=18 years old) undergoing any kind
of MILS (including thoracoscopic surgery, video-assisted
thoracic surgery or robotic-assisted thoracic surgery)
with deep NMB will be included. No limitations will be
defined on participants’ characteristics including gender,
ethnicity and body mass index (BMI).

Types of interventions/controls

The intervention group will be the participants who
received deep NMB (defined as a train-offour (TOF)
count of zero and a post-tetanic count (PTC)=1) and
intense (profound) NMB (defined as a TOF count=0 and
a PTC=0) throughout the MILS.**

In the control group, participants had to receive
shallow NMB (defined as a TOF count=4 or measured
TOF ratio=0.1-0.4), moderate NMB (defined as TOF
count=1-3) or without NMBAs throughout the MILS.**

Types of outcome measures
We will perform the meta-analysis only if at least two RCTs
have been published in the literature.

Primary outcomes

The primary outcome will be the surgical conditions of
the MILS according to the surgeon’s perspective. Surgical
conditions were evaluated as a surgical rating scale or the
percentage of patients with clinically acceptable surgical
conditions (clinically acceptable surgical conditions were
defined as Acceptable, Good or Optimal conditions)
(table 1).*°

Secondary outcomes

The incidence of perioperative events included the following

» Incidence of intraoperative events: defined as body
movement, coughing and breathing against the venti-
lator (with the aid of airway pressure monitoring and
capnography).

» Incidence of postoperative pulmonary complications:
defined as the composite of any respiratory infection,
respiratory failure, pleural effusion, atelectasis or
pneumothorax.
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Table 1 Surgical rating scale (SRS)

SRS category (scale)

Conditions description

Extremely poor conditions (score 1)

The surgeon is unable to work because of coughing or of the inability to obtain a visible

field because of inadequate muscle relaxation.

Poor conditions (score 2)

There is a visible field, but the surgeon is severely hampered by inadequate muscle

relaxation with continuous muscle contractions, movements or both.

Acceptable conditions (score 3)
regularly

Good conditions (score 4)

Optimal conditions (score 5)

Perioperative mortality

» Defined as all-cause death during the operation proce-
dure, within 30 days after surgery, or death during
hospitalisation.

Patients' postoperative recovery

» Recovery time of NMB: defined as the time from
administration of the reversal agent to the achieve-
ment of a TOF ratio of 0.9.

» Incidence of residual NMB (defined as TOF<0.90
after tracheal extubation/arrival at postanesthesia
care unit (PACU).

Duration of surgery

Search strategy

We will search English and Chinese electronic databases
from inception to March 2022 for published literature.

There is a wide visible field but muscle contractions, movements or both occur

A wide working field with sporadic muscle contractions, movements or both
A wide visible working field without any movement or contractions.

The English databases included PubMed, Cochrane
Library, Embase, Ovid Medline and Web of Science. The
Chinese databases included the China National Knowl-
edge Infrastructure, Chinese BioMedical Literature,
Wanfang database and VIP Database. We will also scruti-
nise the reference lists of each study and trial registry data-
base (Clinical Trials.gov and WHO International Clinical
Trials Registry Platform) for missing studies and ongoing
or unpublished clinical trials. After data extraction, we
will ask the corresponding authors of each included liter-
ature for more original data to prevent potential missing
data as far as possible.

An example of the search strategy used in PubMed is
shown in table 2. The search terms will be used as follows:
deep neuromuscular block, minimally invasive, thoraco-
scopic, video assisted, robotic assisted, pulmonary and

Table 2 Search strategy for PubMed

No Search terms

#1 “Neuromuscular blockade"[MeSH] OR neuromusc*[tiab] OR “muscle relaxation” [MeSH]

#2 Deep[tiab] OR profound[tiab] OR intense[tiab] OR extremel[tiab] OR depth[tiab]

#3 “Pulmonary” [Mesh] OR “Lung” [Mesh] OR Pulmonary [tiab] OR Lung [tiab])

#4 “Surgical Procedures Operative” [Mesh] OR “Microsurgery” [Mesh] OR “Surgical Procedures Minimally Invasive”

[Mesh] OR Minimally Invasive Surgery[tiab] OR MIS [tiab] OR Minimal Access Surgical Procedures [tiab]OR Minimal
Surgical Procedures[tiab] OR Minimally Invasive Surgical Procedures [tiab] OR Minimal Surgical Procedure[tiab] OR
minimally invasive surgical procedure [tiab] OR minimal access surgical procedure[tiab]

#5 “Thoracic surgery, Video-Assisted” [Mesh] or Surgeries, Video-Assisted Thoracic [af] or Surgery, Video-Assisted
Thoracic [af] or Thoracic Surgeries, Video-Assisted [af] or Thoracic surgery, Video-Assisted [af] or Video-Assisted
Thoracic Surgeries [af] or Video-Assisted Thoracic Surgery [af] or Surgeries, Video-Assisted Thoracoscopic [af] or
Surgery, Video-Assisted Thoracoscopic [af] or Thoracoscopic Surgeries, Video-Assisted [af] or Thoracoscopic Surgery,
Video-Assisted [af] or Video Assisted Thoracoscopic Surgery [af] or Video Assisted Thoracoscopic Surgeries [af] or
Video-Assisted Thoracic Surgery [af] or Video Assisted Thoracic Surgery [af] or Surgery, Thoracic, Video-Assisted [af]

or VATS [af] or VATSs [af].

#6 “Robotics” [MeSH] OR robot* [tiab] OR computer guid*[tiab] OR computer-guid*[tiab] OR computer-assisted[tiab] OR
computer assisted [tiab]OR da Vinci [tiab]OR Zeus [tiab]OR telesurgery([tiab]

#7 #1 AND #2 AND #3
#8 #4 OR #5 OR #6

#9 “Controlled clinical trial” [Publication Type] OR “randomized controlled trial” [Publication Type] OR “randomized” [Title/
Abstract] OR “randomized” [Title/Abstract] OR “Placebo” [Title/Abstract] OR “randomly” [Title/Abstract] OR “Clinical

trial” [Title]

#10  “animals” [MeSH] NOT (“human” [MeSH] AND “animals” [MeSH])

#11 #7and #8 and #9 not #10
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Figure 1 The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses flow diagram.

randomized controlled trial. We will translate the search
terms into Chinese for literature research and study
identification in Chinese databases. Before the final
publication of the systematic review, a latest search in
the databases will be performed to check if there are any
studies published during the preparation of the system-
atic review. The preliminary search strategy is listed as
online supplemental additional file 1.

Data collection and analysis

Selection of studies

Two reviewers (JZ and JW) will be responsible for
screening of the retrieved studies independently. Dupli-
cate studies and those not matching the inclusion criteria
will be excluded by reading titles and abstracts briefly.
Studies meeting the inclusion criteria will be included
after reading the full text of each study thoroughly. Any
disagreements will be resolved by consulting a third
reviewer (LD) as much as possible. A fourth reviewer (GC)
will check out all procedures carefully before confirming
the data extraction. The entire study selection process is
detailed in the PRISMA flow diagram (figure 1).

Data extraction

Two reviewers (JZ and LZ) will extract data inde-
pendently from each included study following a stan-
dardised data extraction form (Excel V.2013, Microsoft
Inc). Extracted information including participants’
demographic data, type of MILS, inclusion and exclu-
sion criteria, level of NMB during MILS (definition and
measurement), outcomes (including primary outcomes,

secondary outcomes and exploratory outcomes) and so
on. Study design (including randomisation, allocation
concealment, blinding, data collection and statistical
analysis, outcome reporting) will also be recorded for
the subsequent quality assessment. Continuous resulting
data will be recorded as the mean+SD, and dichotomous
data will be recorded as the proportion of participants
with percentages. If necessary, a third reviewer (XD) will
cross-check the data to ensure precision. If information
and data were missing or incomplete, we will contact
authors of the literature to obtain the original data via
email. If necessary, numerical data from graphs will be
extracted by Adobe Photoshop as described by Gheibi et
al*® A detailed extraction list of information and data is
presented in table 3.

Quality assessment

Two reviewers (JW and LZ) will assess the risk of bias in
each included study under the guidance of the Cochrane
risk of bias tool independently.”” We will evaluate the
methodology in domains of random sequence genera-
tion, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incom-
plete outcome data, selective outcome reporting, other
risks of bias and overall risk of bias. The risk of bias
components will be divided into three levels (low risk,
unclear and high risk) according to the checklist item. If
all risk of bias domains were scored as having a low risk
of bias, the trial was defined as having a low overall risk
of bias. If one or more of the bias domains were scored
as unclear or high risk of bias, the trial was defined as
having a high overall risk of bias. Trials with a low risk
of bias in all domains (including sequence generation,
allocation concealment, blinding, incomplete data, selec-
tive outcome reporting and other risks of bias) will be
classified as having a low overall risk of bias. Trials with
one or more of these domains scored as unclear or high
risk of bias will be defined as having a high overall risk of
bias.*® * Disagreements, if any, the risk assignment will be
settled through arbitration of a third reviewer (GC). Clas-
sification of the trials will follow criteria defined in online
supplemental additional file 2.

Measures of treatment effect

Mean differences (MDs) (outcome data reported by same
scale) or the standardised MD (outcome data reported by
different scales) with 95% CIs will be used for continuous
outcome data. While the relative risks (RRs) with 95% Cls
will be used for dichotomous data.

Assessment of heterogeneity

The choice between a fixed-effect and a random-effects
meta-analysis based on statistical heterogeneity is not
recommended by the Cochrane guidelines.” To test the
results by the traditional meta-analysis method based on
statistical heterogeneity (statistical heterogeneity will be
assessed by the standard y” test and I° test. If p>0.1 and
I°<50%, the fixed-effects model will be used. If p<0.1 or
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Table 3 Data and information extraction schedule

Subject Content

Publication information

Name of the first author; contact email; publish year; country; corporate sponsorship.
Sample size; age; sex; height and weight or body mass index; American Society of

Anesthesiologists physical status classification levels; type of MILS; inclusion and exclusion criteria

Level of NMB (deep NMB, intense NMB or profound NMB); assessment of the NMB level (equipment

of neuromuscular function monitor; monitor position); type of neuromuscular blocking agents
(NMBAs); dose and administration of NMBAs; administration of NMBAs antagonist (sugammadex or

Level of NMB (moderate NMB; shallow NMB or without NMBAs); assessment of the DNMB

(equipment for neuromuscular function monitor; monitor position); type of NMBAs; dose and
administration of NMBAs; administration of NMBAs antagonist (sugammadex or neostigmine).

Primary outcome (surgical rating scale or the percentage of patients with clinically acceptable

surgical conditions); secondary outcome measurements (perioperative events; perioperative
mortality; patients’ postoperative recovery; duration of surgery).

Participant

if necessary.
Intervention

neostigmine).
Control
Outcome
Study design

Application of randomisation and blinding; description about allocation concealment; statistical

analysis; sample size calculation; outcome reporting.

Other information

Intraoperative temperatures; Bispectral Index values; time or condition of tracheal intubation and

extubation; type of anaesthesia maintenance technique (inhalation anaesthesia; total intravenous
anaesthesia; or both); duration of anaesthesia.

NMB, neuromuscular block.

1>>50%, the random-effects model will be used), a prag-
matic approach will be performed to undertake both a
fixed-effect and a random-effects meta-analysis for each
outcome, with the intention of presenting the random-
effects result if there is no indication of funnel plot asym-
metry.42 If there is an indication of funnel plot asymmetry,
then both methods are problematic. It may be reason-
able to present both analyses or neither, or to perform
a sensitivity analysis in which small studies are excluded
or addressed directly using meta-regression. A p<0.05 was
assumed to be statistically significant.

Trial sequential analysis
We will perform TSA, using the TSA programme
V.0.9.5.10 Beta (Copenhagen Trial Unit) to correct the
risks of random errors by calculating the required infor-
mation size (RIS).**®? The RIS is defined as the number
of participants required in the meta-analysis to detect or
reject the intervention effect.””** We will calculate the RIS
and information size for each outcome. In addition, the
cumulative Z-curve’s breach relevant to the TSA moni-
toring boundaries will be quantified for all outcomes.”® %
For continuous outcomes, we will calculate the RIS by
the observed SD, an MD of the observed SD/2 (differ-
ence of SD/2 is considered clinically meaningful), an
alpha (type I error) of 2.5% and a beta (type II error) of
10% for primary and secondary outcomes in the TSA.%®
For dichotomous outcomes, the proportion of partic-
ipants with an outcome from the control group, a RR
reduction/increase of 0.20 (a 20% reduction/increase
in RR is considered clinically meaningful) and an alpha
(type I error) of 2.5% and a beta (type II error) of 0.10

will be used in the TSA.”® TSA programme V.0.9.5.10 beta
is available at http://www.ctu.dk/tsa.57

The diversity adjusted information size (DIS) should
be calculated, as the RIS might be underestimated. We
will use the formula: DIS=SS/1-D* (D* diversity, is the
percentage of the variability between trials to the within-
trial variance and constitutes the percentage of the
variability between trials to the total variance in the meta-
analysis. S$S: sample size in a single randomised clinical
trial).”®

Subgroup analysis
We plan to interpret the results through an analysis of
subgroups or subsets. If sufficient trials are available (the
subgroup analysis will be performed if the variable is
reported by at least two RCTs), data from different partic-
ipants’ age, different BMIs and different types of MILSs
will be analysed independently.

» Different participants’ age (deep NMB for MILS in
patients with different ages as follows: 18 years<pa-
tients<65 years; 65 years<patients<75 years; patients>75
years).

» Different types of MILS (deep NMB for video-assisted
thoracoscopic lung surgery; deep NMB for robotic-
assisted thoracoscopic lung surgery).

» Different BMIs (deep NMB for MILS in patients with
different BMIs as follows: BMI<25.0 kg/mg; 25.0 kg/
m*<BMI < 30 kg/m? BMI>30 kg/m”?).

To determine whether a statistically significant
subgroup difference was detected, the p value from the
test for subgroup differences will be considered. If a
significant difference between subgroups is identified
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(test for interaction p<0.05), we will report the results for
individual subgroups separately.*

Sensitivity analysis

After analysis of subgroups or subsets, sensitivity analysis
will be applied to evaluate whether the uncertain assump-
tions of data and usage could affect the stableness of the
combined results. We will exclude low-quality studies
(defined as high risk of bias studies according to the
Cochrane risk of bias tool assessment), then reanalyse the
included studies, as to assess whether there are obvious
differences between the combined effects. If necessary,
we will remove each included study one by one to detect
whether the pooled estimations are stable. Significant
changes in the combined results may indicate significant
heterogeneity among the included studies.

Assessment of publication biases

The potential publication bias will be estimated using
the funnel plot analysis and Egger’s regression test, when
more than 10 original studies will be included for an
outcome.”* The trim-and-fill analysis will also be applied
to confirm any potential publication bias, as it is based on
the symmetric pattern of the funnel plot. In the absence
of publication bias, the effect sizes of all the studies will be
normally distributed around the centre of a funnel plot.”!
Stata/MP V.16.0 (Stata Corp) will be applied to perform
the publication biases.

Grading the quality of evidence

The quality of evidence for all the outcomes will be
assessed using the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) approach
through risk of bias, consistency, objectivity, accuracy and
reported bias.*”? The certainty of evidence will be classified
as high, moderate, low or very low. According to GRADE,
data from RCTs are considered high-quality evidence but
can be rated down according to risk of bias, imprecision,
inconsistency, indirectness or publication bias.

Patient and public involvement statement
Patients or the public were not involved in the design,
conduct, reporting or dissemination plans of our research.

DISCUSSION
This systematic review will provide an overview of the
current state of evidence on the clinical efficacy of deep
NMB for MILS. We will examine the effect of deep
NMB on surgical conditions according to the surgeon’s
perspective. In addition, we will evaluate the efficacy of
deep NMB on patients’ postoperative recovery and post-
operative complications. To our knowledge, this will be
the first systematic review on this topic. The results of
this systematic review will provide evidence for clinical
decision-making on better management of NMB and
patient care during MILS.

This systematic review protocol according to the PRIS-
MA-P guidelines. The strengths of our systematic review

are as follows: First, we performed a comprehensive search
of English and Chinese databases. Second, multivariable
analysis (including study quality assessment, subgroup
analysis, sensitivity analysis, TSA and Egger’s regression
test) will be performed to control the confounding bias.
Third, two independent reviewers will retrieve literature,
extract data, and assess study quality according to the
guidelines.

Limitations of our systematic review are as follows:
first, studies with different NMBA and NMBA antagonists
(sugammadex or neostigmine) will be included, leading
to potential heterogeneity. Second, the number of studies
with available data for subgroup analyses may be limited.
Third, the sample size in each included study may be
small. Fourth, studies with high-level evidence such as
well-designed RCTs with double-blind designs may be
limited. Thus, rigorous meta-analysis methods such as
TSA and trim-and-fill analysis will be performed in the
data analysis, as to confirm the validity of the outcomes.
Finally, it is difficult to define a priori a clinical plausible
value of relevant MD and RR increase/decrease during
our literature research and clinical experience. There-
fore, we defined the clinical plausible value according
to the TSA guidelines and the method of sample size
calculation.
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reviewed publications.

Timelines

Formal screening of search results will begin in March
2022. Data extraction will begin in April 2022. The project
will be complete in May 2022.

Contributors JZ and LD conceived the idea for this systematic review and

will conduct the data synthesis. All authors developed the methodology for

the systematic review. The manuscript was drafted by JZ and LD, and revised

by all authors. XD and GC will screen potential studies, and perform duplicate
independent data abstraction. JZ and LZ will undertake risk of bias assessment and
assess the evidence quality. All authors contributed to the research and agreed to
be responsible for all aspects of the work.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

6

Zheng J, et al. BMJ Open 2022;12:¢056816. doi:10.1136/bmjopen-2021-056816



Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iD
Jiangiao Zheng http://orcid.org/0000-0002-8091-1837

REFERENCES

1 Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2021;71:209-49.

2 McKenna RJ, Houck W, Fuller CB. Video-Assisted thoracic
surgery lobectomy: experience with 1,100 cases. Ann Thorac Surg
2006;81:421-6. discussion 425-6.

3 Fahim C, Hanna W, Waddell T, et al. Robotic-Assisted thoracoscopic
surgery for lung resection: the first Canadian series. Can J Surg
2017;60:260-5.

4 Ujiie H, Gregor A, Yasufuku K. Minimally invasive surgical approaches
for lung cancer. Expert Rev Respir Med 2019;13:571-8.

5 Sihoe ADL. Uniportal video-assisted thoracic (VATS) lobectomy. Ann
Cardiothorac Surg 2016;5:133-44.

6 Hernandez-Arenas LA, Lin L, Yang Y, et al. Initial experience in
uniportal subxiphoid video-assisted thoracoscopic surgery for major
lung resections. Eur J Cardiothorac Surg 2016;50:1060-6.

7 Uijiie H, Yasufuku K. New era of "resection of the carina and lower
trachea". J Thorac Dis 2017;9:4932-6.

8 Ujiie H, Kato T, Hu H-P, et al. A novel minimally invasive near-infrared
thoracoscopic localization technique of small pulmonary nodules: a
phase | feasibility trial. J Thorac Cardiovasc Surg 2017;154:702-11.

9 Boffa DJ, Kosinski AS, Furnary AP, et al. Minimally invasive lung
cancer surgery performed by thoracic surgeons as effective as
thoracotomy. J Clin Oncol 2018;36:2378-85.

10 Long H, Tan Q, Luo Q, et al. Thoracoscopic surgery versus
thoracotomy for lung cancer: short-term outcomes of a randomized
trial. Ann Thorac Surg 2018;105:386-92.

11 Weksler B, Tavares J, Newhook TE, et al. Robot-Assisted
thymectomy is superior to transsternal thymectomy. Surg Endosc
2012;26:261-6.

12 Han KN, Kim HK, Choi YH. Midterm outcomes of single port
thoracoscopic surgery for major pulmonary resection. PLoS One
2017;12:e0186857.

13 Shen H, Wang X, Nie Y, et al. Minimally invasive surgery versus
thoracotomy for resectable stage Il and Ill non-small-cell lung
cancers: a systematic review and meta-analysis. Eur J Cardiothorac
Surg 2021;59:940-50.

14 O’Sullivan KE, Kreaden US, Hebert AE, et al. A systematic review
and meta-analysis of robotic versus open and video-assisted
thoracoscopic surgery approaches for lobectomy. Interact
Cardiovasc Thorac Surg 2019;28:526-34.

15 Yang C-FJ, Kumar A, Klapper JA, et al. A national analysis of long-
term survival following thoracoscopic versus open lobectomy for
stage | non-small-cell lung cancer. Ann Surg 2019;269:163-71.

16 O'Sullivan KE, Kreaden US, Hebert AE, et al. A systematic review
and meta-analysis of robotic versus open and video-assisted
thoracoscopic surgery approaches for lobectomy. Interact
Cardiovasc Thorac Surg 2019;28:526-34.

17 LiZ, Xia M, Liu C, et al. A meta-analysis of minimally invasive surgery
versus thoracotomy for centrally located non-small cell lung cancer.
J Thorac Dis 2021;13:252-61.

18 Bendixen M, Jorgensen OD, Kronborg C, et al. Postoperative pain
and quality of life after lobectomy via video-assisted thoracoscopic
surgery or anterolateral thoracotomy for early stage lung cancer: a
randomised controlled trial. Lancet Oncol 2016;17:836-44.

19 Swanson SJ, Miller DL, McKenna RJ, et al. Comparing robot-
assisted thoracic surgical lobectomy with conventional video-
assisted thoracic surgical lobectomy and wedge resection: results
from a multihospital database (premier). J Thorac Cardiovasc Surg
2014;147:929-37.

20 Paul S, Jalbert J, Isaacs AJ, et al. Comparative effectiveness
of robotic-assisted vs thoracoscopic lobectomy. Chest
2014;146:1505-12.

21 Guerrera F, Olland A, Ruffini E, et al. VATS lobectomy vs. open
lobectomy for early-stage lung cancer: an endless question—are we
close to a definite answer? J Thorac Dis 2019;11:5616-8.

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Swanson SJ, Herndon JE, D'Amico TA, et al. Video-assisted thoracic
surgery lobectomy: report of CALGB 39802--a prospective, multi-
institution feasibility study. J Clin Oncol 2007;25:4993-7.

Cao C, Manganas C, Ang SC, et al. Video-Assisted thoracic surgery
versus open thoracotomy for non-small cell lung cancer: a meta-
analysis of propensity score-matched patients. Interact Cardiovasc
Thorac Surg 2013;16:244-9.

Guerrera F, Olland A, Ruffini E, et al. VATS lobectomy vs. open
lobectomy for early-stage lung cancer: an endless question-are we
close to a definite answer? J Thorac Dis 2019;11:5616-8.

Handy JR. Minimally invasive lung surgery and postoperative quality
of life. Thorac Surg Clin 2012;22:487-95.

lwata H. Minimally invasive pulmonary surgery for lung cancer, up to
date. Gen Thorac Cardiovasc Surg 2013;61:449-54.

Barrio J, Errando CL, San Miguel G, Miguel GS, et al. Effect of
depth of neuromuscular blockade on the abdominal space during
pneumoperitoneum establishment in laparoscopic surgery. J Clin
Anesth 2016;34:197-203.

Kim HJ, Lee K, Park WK, et al. Deep neuromuscular block improves
the surgical conditions for laryngeal microsurgery. Br J Anaesth
2015;115:867-72.

Lesser TG, Schubert H, Giillmar D, et al. One-Lung flooding reduces
the ipsilateral diaphragm motion during mechanical ventilation. Eur J
Med Res 2016;21:9.

Gibson PG, Simpson JL, Ryan NM, et al. Mechanisms of cough. Curr
Opin Allergy Clin Immunol 2014;14:55-61.

Fernando PU, Viby-Mogensen J, Bonsu AK, et al. Relationship
between posttetanic count and response to carinal stimulation during
vecuronium-induced neuromuscular blockade. Acta Anaesthesiol
Scand 1987;31:593-6.

Dhonneur G, Kirov K, Motamed C, et al. Post-Tetanic count at
adductor pollicis is a better indicator of early diaphragmatic recovery
than train-of-four count at corrugator supercilii. Br J Anaesth
2007;99:376-9.

Casanova J, Pifieiro P, De La Gala F, et al. [Deep versus moderate
neuromuscular block during one-lung ventilation in lung resection
surgery]. Rev Bras Anestesiol 2017;67:288-93.

Fortier L-P, McKeen D, Turner K, et al. The RECITE study: a Canadian
prospective, multicenter study of the incidence and severity of
residual neuromuscular blockade. Anesth Analg 2015;121:366-72.
Raval AD, Uyei J, Karabis A, et al. Incidence of residual
neuromuscular blockade and use of neuromuscular blocking
agents with or without antagonists: a systematic review and
meta-analysis of randomized controlled trials. J Clin Anesth
2020;64:109818.

Kheterpal S, Vaughn MT, Dubovoy TZ, et al. Sugammadex

versus neostigmine for reversal of neuromuscular blockade and
postoperative pulmonary complications (stronger): a multicenter
matched cohort analysis. Anesthesiology 2020;132:1371-81.
Cammu G. Residual neuromuscular blockade and postoperative
pulmonary complications: what does the recent evidence
demonstrate? Curr Anesthesiol Rep 2020;10:131-6.

Grabitz SD, Rajaratnam N, Chhagani K, et al. The effects of
postoperative residual neuromuscular blockade on hospital costs
and intensive care unit admission: a population-based cohort study.
Anesth Analg 2019;128:1129-36.

Stawicki N, Gessner P. Residual neuromuscular blockade in the
critical care setting. AACN Adv Crit Care 2018;29:15-24.

Saager L, Maiese EM, Bash LD, et al. Incidence, risk factors, and
consequences of residual neuromuscular block in the United States:
the prospective, observational, multicenter RECITE-US study. J Clin
Anesth 2019;55:33-41.

Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015:
elaboration and explanation. BMJ 2015;350:97647.

et alHiggins JPT, Thomas J, Chandler J. Cochrane Handbook for
systematic reviews of interventions version 6.2 (updated February
2021). Cochrane, 2021. Available: www.training.cochrane.org/
handbook

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews.
BMJ 2021;372:n71.

Brull SJ, Kopman AF. Current status of neuromuscular reversal

and monitoring: challenges and opportunities. Anesthesiology
2017;126:173-90.

Martini CH, Boon M, Bevers RF, et al. Evaluation of surgical
conditions during laparoscopic surgery in patients with moderate vs
deep neuromuscular block. Br J Anaesth 2014;112:498-505.

Gheibi S, Mahmoodzadeh A, Kashfi K, et al. Data extraction from
graphs using Adobe Photoshop: applications for meta-analyses. Int J
Endocrinol Metab 2019;17:€95216.

Zheng J, et al. BMJ Open 2022;12:056816. doi:10.1136/bmjopen-2021-056816


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-8091-1837
http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.1016/j.athoracsur.2005.07.078
http://dx.doi.org/10.1503/cjs.005316
http://dx.doi.org/10.1080/17476348.2019.1610399
http://dx.doi.org/10.21037/acs.2016.03.14
http://dx.doi.org/10.21037/acs.2016.03.14
http://dx.doi.org/10.1093/ejcts/ezw189
http://dx.doi.org/10.21037/jtd.2017.11.88
http://dx.doi.org/10.1016/j.jtcvs.2017.03.140
http://dx.doi.org/10.1200/JCO.2018.77.8977
http://dx.doi.org/10.1016/j.athoracsur.2017.08.045
http://dx.doi.org/10.1007/s00464-011-1879-7
http://dx.doi.org/10.1371/journal.pone.0186857
http://dx.doi.org/10.1093/ejcts/ezaa437
http://dx.doi.org/10.1093/ejcts/ezaa437
http://dx.doi.org/10.1093/icvts/ivy315
http://dx.doi.org/10.1093/icvts/ivy315
http://dx.doi.org/10.1097/SLA.0000000000002342
http://dx.doi.org/10.1093/icvts/ivy315
http://dx.doi.org/10.1093/icvts/ivy315
http://dx.doi.org/10.21037/jtd-20-3273
http://dx.doi.org/10.1016/S1470-2045(16)00173-X
http://dx.doi.org/10.1016/j.jtcvs.2013.09.046
http://dx.doi.org/10.1378/chest.13-3032
http://dx.doi.org/10.21037/jtd.2019.12.19
http://dx.doi.org/10.1200/JCO.2007.12.6649
http://dx.doi.org/10.1093/icvts/ivs472
http://dx.doi.org/10.1093/icvts/ivs472
http://dx.doi.org/10.21037/jtd.2019.12.19
http://dx.doi.org/10.1016/j.thorsurg.2012.07.010
http://dx.doi.org/10.1007/s11748-013-0260-2
http://dx.doi.org/10.1016/j.jclinane.2016.04.017
http://dx.doi.org/10.1016/j.jclinane.2016.04.017
http://dx.doi.org/10.1093/bja/aev368
http://dx.doi.org/10.1186/s40001-016-0205-1
http://dx.doi.org/10.1186/s40001-016-0205-1
http://dx.doi.org/10.1097/ACI.0000000000000027
http://dx.doi.org/10.1097/ACI.0000000000000027
http://dx.doi.org/10.1111/j.1399-6576.1987.tb02627.x
http://dx.doi.org/10.1111/j.1399-6576.1987.tb02627.x
http://dx.doi.org/10.1093/bja/aem124
http://dx.doi.org/10.1016/j.bjan.2017.02.005
http://dx.doi.org/10.1213/ANE.0000000000000757
http://dx.doi.org/10.1016/j.jclinane.2020.109818
http://dx.doi.org/10.1097/ALN.0000000000003256
http://dx.doi.org/10.1007/s40140-020-00388-4
http://dx.doi.org/10.1213/ANE.0000000000004028
http://dx.doi.org/10.4037/aacnacc2018384
http://dx.doi.org/10.1016/j.jclinane.2018.12.042
http://dx.doi.org/10.1016/j.jclinane.2018.12.042
http://dx.doi.org/10.1136/bmj.g7647
www.training.cochrane.org/handbook
www.training.cochrane.org/handbook
http://dx.doi.org/10.1136/bmj.n71
http://dx.doi.org/10.1097/ALN.0000000000001409
http://dx.doi.org/10.1093/bja/aet377
http://dx.doi.org/10.5812/ijem.95216
http://dx.doi.org/10.5812/ijem.95216

47

48

49

50

Higgins JPT, Altman DG, Getzsche PC, et al. The Cochrane
collaboration's tool for assessing risk of bias in randomised trials.
BMJ 2011;343:d5928.

Higgins JPT, Savovi¢ J, Page MJ. Chapter 8: Assessing risk of bias
in a randomized trial. In: Higgins JPT, Thomas J, Chandler J, et al,
eds. Cochrane Handbook for systematic reviews of interventions
version 6.2 (updated February 2021). Cochrane, 2021. www.training.
cochrane.org/handbook

Savovi¢ J, Turner RM, Mawdsley D, et al. Association between Risk-
of-Bias assessments and results of randomized trials in Cochrane
reviews: the ROBES Meta-Epidemiologic study. Am J Epidemiol
2018;187:1113-22.

Wetterslev J, Thorlund K, Brok J, et al. Estimating required
information size by quantifying diversity in random-effects model
meta-analyses. BMC Med Res Methodol 2009;9:86.

55

56

57

58

59

Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in
health-related quality of life: the remarkable universality of half a
standard deviation. Med Care 2003;41:582-92.

Castellini G, Nielsen EE, Gluud C. Comment on: "Cell therapy for
heart disease: Trial sequential analyses of two cochrane reviews".
Clin Pharmacol Ther 2017;102:21-4.

et alThorlund K, Engstrem J, Wetterslev J. User manual for trial
sequential analysis (TSA) Copenhagen trial unit, centre for clinical
intervention research, Denmark, 2011. Available: http://www.ctu.dk/
tsa

Wetterslev J, Thorlund K, Brok J, et al. Estimating required
information size by quantifying diversity in random-effects model
meta-analyses. BMC Med Res Methodol 2009;9:86.

Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997;315:629-34.

51 Wetterslev J, Jakobsen JC, Gluud C. Trial sequential analysis in 60 Sterne JA, Gavaghan D, Egger M. Publication and related bias
systematic reviews with meta-analysis. BMC Med Res Methodol in meta-analysis: power of statistical tests and prevalence in the
2017;17:39. literature. J Clin Epidemiol 2000;53:1119-29.

52 Wetterslev J, Thorlund K, Brok J, et al. Trial sequential analysis may 61 Mauvridis D, Salanti G. How to assess publication bias: funnel plot,
establish when firm evidence is reached in cumulative meta-analysis. trim-and-fill method and selection models. Evid Based Ment Health
J Clin Epidemiol 2008;61:64-75. 2014;17:30.

53 Imberger G, Thorlund K, Gluud C, et al. False-Positive findings 62 Guyatt G, Oxman AD, Akl EA, et al. Grade guidelines: 1. Introduction-
in Cochrane meta-analyses with and without application of trial GRADE evidence profiles and summary of findings tables. J Clin
sequential analysis: an empirical review. BMJ Open 2016;6:e011890. Epidemiol 2011;64:383-94.

54 Brok J, Thorlund K, Gluud C, et al. Trial sequential analysis reveals
insufficient information size and potentially false positive results in
many meta-analyses. J Clin Epidemiol 2008;61:763-9.

8 Zheng J, et al. BMJ Open 2022;12:€056816. doi:10.1136/bmjopen-2021-056816


http://dx.doi.org/10.1136/bmj.d5928
www.training.cochrane.org/handbook
www.training.cochrane.org/handbook
http://dx.doi.org/10.1093/aje/kwx344
http://dx.doi.org/10.1186/1471-2288-9-86
http://dx.doi.org/10.1186/s12874-017-0315-7
http://dx.doi.org/10.1016/j.jclinepi.2007.03.013
http://dx.doi.org/10.1136/bmjopen-2016-011890
http://dx.doi.org/10.1016/j.jclinepi.2007.10.007
http://dx.doi.org/10.1097/01.MLR.0000062554.74615.4C
http://dx.doi.org/10.1002/cpt.536
http://www.ctu.dk/tsa
http://www.ctu.dk/tsa
http://dx.doi.org/10.1186/1471-2288-9-86
http://dx.doi.org/10.1136/bmj.315.7109.629
http://dx.doi.org/10.1016/s0895-4356(00)00242-0
http://dx.doi.org/10.1136/eb-2013-101699
http://dx.doi.org/10.1016/j.jclinepi.2010.04.026
http://dx.doi.org/10.1016/j.jclinepi.2010.04.026

	Deep neuromuscular block for minimally invasive lung surgery﻿:﻿ a protocol for a systematic review with meta-­analysis and trial sequential analysis
	Abstract
	Introduction﻿﻿
	Objectives

	Methods and analysis
	Study design
	Inclusion/exclusion criteria for study selection
	Types of studies
	Types of participants
	Types of interventions/controls
	Types of outcome measures

	Primary outcomes
	Secondary outcomes
	The incidence of perioperative events included the following
	Perioperative mortality
	Patients' postoperative recovery
	Duration of surgery
	Search strategy


	Data collection and analysis
	Selection of studies

	Data extraction
	Quality assessment
	Measures of treatment effect
	Assessment of heterogeneity
	Trial sequential analysis
	Subgroup analysis
	Sensitivity analysis
	Assessment of publication biases
	Grading the quality of evidence
	Patient and public involvement statement

	Discussion
	Ethics and dissemination
	Timelines

	References


