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Abstract

Background

Respiratory function would be impaired during general anesthesia period. Researchers

devoted their energies to finding effective strategies for protecting respiratory function. Low

tidal volume, positive end-expiratory pressure (PEEP), and lung recruitment maneuvers

(LRMs) were recommended for patients under mechanical ventilation. However, based on

the current evidence, there was no consensus on whether LRMs should be routinely used

for anesthetized patients with healthy lungs, and the benefits of them remained to be

determined.

Materials and methods

To evaluate the benefits of LRMs on patients undergoing surgery with general anesthesia,

we searched relevant studies in PubMed, EMBASE, Ovid Medline and the Cochrane Library

up to June 30, 2018. The primary outcome was postoperative pulmonary complications

(PPCs).

Results

Twelve trials involving 2756 anesthetized patients were included. The results of our study

showed a significant benefit of LRMs for reducing the incidence of PPCs (RR = 0.67; 95%

CI, 0.49 to 0.90; P<0.05; Chi2 = 32.94, p for heterogeneity = 0.0005, I2 = 67%). After sub-

group analyses, we found LRMs combining with lung protective ventilation strategy and sus-

tained recruitment maneuvers were associated with reducing the occurrence of PPCs. The

results also revealed that the use of LRMs improved PaO2/FiO2 in non-obese patients, but

with extremely high heterogeneity (I2 = 95%).
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Conclusion

According to the findings from contemporary meta-analysis, LRMs combining with lung pro-

tective ventilation strategy may have an association with decreasing in the incidence of

PPCs and improvement of oxygenation on non-obese patients. However, the conclusions

must be interpreted cautiously as the outcome may be influenced dramatically due to varied

LRMs and ventilation patterns.

Introduction

General anesthesia and mechanical ventilation were broadly used in patients who underwent a

wide variety of standard surgical procedures. However, emerging evidence showed that respi-

ratory function would be impaired during mechanical ventilation because of decreasing func-

tional residual capacity (FRC), atelectasis and even mechanical ventilator-associated lung

injury [1–3]. A lot of researchers devoted their energies to finding the effective strategies to

protect lung tissue including low tidal volume, positive-end-expiratory-pressure (PEEP) and

lung recruitment maneuvers (LRMs) [4]. The purpose of them was to minimize the size of

unavailable lung area, avoid atelectasis, and prevent lung over-extension [5, 6]. Previous evi-

dence had proven low tidal ventilation played a pivotal role in lung protective function in anes-

thetized patients [7], while the effectiveness data of other strategies remained to be

determined.

Recruitment maneuvers, as the most controversial among all, had been widely studied.

Despite the availability of a variety of recruitment maneuvers, such as transient elevation in

driving pressure or staircase elevation until peak pressure maintaining at 40–45 cmH2O for

recruiting collapsed alveolar, the usefulness of which was still not fully understood. No guide-

lines were developed for LRMs so far owing to lack of high-quality randomized controlled tri-

als (RCTs). In previous studies, the benefits of LRMs were reported in improving lung

compliance and oxygenation on the patients underwent cesarean section in general anesthesia

[8]. While a recent multicenter trial presented that routinely using lung recruitment maneuver

had no beneficial effects on patients underwent general anesthesia [9]. In summary, based on

the currently available evidence, there was no consensus on whether LRMs should be routinely

used in anesthetized patients without lung diseases.

Thus, we carried out a meta-analysis of randomized controlled trials (RCTs) to evaluate the

validity of LRMs in reducing postoperative pulmonary complications (PPCs) and improving

arterial oxygen partial pressure/fractional inspired oxygen (PaO2/FiO2) for patients underwent

surgery with general anesthesia.

Materials and methods

In a meta-analysis, both ethical approval and patient consent are waived. This meta-analysis

has been registered on https://www.crd.york.ac.uk/prospero/ with the registration number

CRD42018106510.

Literature review and search strategy

According to the recommendations from the Cochrane Handbook for Systematic Reviews of

Interventions statement, Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Lung recruitment maneuvers for anesthetized patients
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statement (PRISMA) guidelines, PubMed, Embase, Ovid Medline and Cochrane library were

searched without language restrictions from inception to June 30, 2018.

MeSH terms, keywords and various combinations relevant to general anesthesia were used

to perform the search. The terms used included ‘anesthesias general’ or ‘general anesthesia’ or

‘general anesthesias’ or ‘anaesthesia general’ or ‘anesthesia general’ or ‘anesthesia general’ or

‘general anaesthesia’. There were no MeSH terms relevant to LRMs, so the search items used

were ‘lung recruitment maneuver’ or ‘recruitment manoeuver’ or ‘lung volume recruitment’

or ‘lung recruitment’ or ‘recruit manoeur’ or ‘recruit manouev’ or ‘recruit maneuv’ or ‘recruit

manuev’ on the basis of the previous article[10]. Then, we combined the above results with the

RCT’s MeSH and its related words to get the results.

Criteria for considering studies for this review

Types of studies. RCTs which were associated with the above items were retrieved.

Because of inappropriate for meta-analysis, we excluded the cross-over trials.

Types of participants. Inclusion criteria were: (1) Population: adults (�18 years) without

previous lung disease and undergoing mechanical ventilation in general anesthesia; (2) Inter-

vention: using LRMs; (3) Comparison: non-LRMS; (4) Outcomes: PPCs; (5) Design: prospec-

tive RCTs.

Types of interventions. The studies that compared LRMs and non-LRM in anesthetized

patients were included. The LRMs techniques were defined as any stepwise or sustain maneu-

vers elevating airway pressure to avoid atelectasis and maintain the open-status of alveolar. We

defined non-LRM as any mechanical ventilation patterns without LRMs, including combined

with PEEP or not.

Type of outcome measures. Based on the study protocol, the primary end-point was the

incidence of PPCs. PPCs were defined as a composite of complications occurring during the

hospital stay, including hypoxemia, bronchospasm, pulmonary infection, pulmonary infiltrate,

aspiration pneumonia, acute respiratory distress syndrome (ARDS), atelectasis, pleural effu-

sion, pulmonary edema, and pneumothorax. The secondary outcome was the PaO2/FiO2 ratio.

The PaO2/FiO2 ratio was defined as data at the end of surgery, pre-extubation, immediately

after extubation or in PACU. If the multi-measurement were reported in the individual study,

we would choose an earlier time, i.e., right after the surgery. Obviously, the primary outcome

must be reported by qualified articles.

Data selection

We (Yu Cui, Rong Cao) sequentially reviewed all titles, abstracts, and then full texts. Later, we

determined enrolled trials by assessing eligibility and outcomes independently. Disagreements

were settled by discussion. If necessary, the third reviewer (Tian-qing Gong) was engaged and

adjudicated. Duplicate reports, non-randomized controlled trials, case reports, reviews, pediat-

ric, and non-human articles were abolished. Additionally, conference abstracts and study pro-

tocols were also excluded unless published as full-text reports.

Two investigators (Yu Cui, Rong Cao) collected the related data as follows: first author,

year of publication, study design, sample size, age, BMI (kg/m2), surgical procedure, interven-

tion LRMs, intervention tidal volume, intervention description, control description and PPCs

occurring in the first 7 days after surgery, as well as PaO2/FiO2.

One reviewer (Yu Cui) imported the data and the other one (Rong Cao) double-checked

for data accuracy.

Lung recruitment maneuvers for anesthetized patients
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Quality assessment

Cochrane Collaboration Risk of Bias, a classical and widely used quality assessment tool, was

utilized for quality assessment. This tool included random sequence generation, allocation

concealment, performance bias, detection bias, attribution bias, reporting bias and others.

According to the instruction, the risk of bias was judged on three levels (low, unclear and high

risk of bias) from the aforementioned above seven parts based on the original studies. GRA-

DEpro [11], as an approach to grading the quality of evidence and strength of recommenda-

tions for strategies, also was used to rate the quality of evidence.

Risk of bias analysis was performed by Review Manager Version 5.3 for Windows (RevMan,

The Cochrane Collaboration, Oxford, United Kingdom) and GRADEpro (McMaster Univer-

sity, Hamilton, ON, 2014) respectively for the accuracy of the assessment.

Statistical analysis

Continuous variables and dichotomous variables were extracted with mean ± standard devia-

tions (SDs) and numbers. For dichotomous outcomes, we calculated the odds ratios (ORs) or

risk ratios (RRs) with 95% confidence intervals (CIs). Mean differences (MDs) with 95% CIs

were calculated for continuous outcomes. If medians (IQR) were reported and the sample size

was large enough, we could consider median as equal to the mean and SD equal to IQR/1.35

[12]; otherwise, the data were excluded. The Mantel-Haenszel and Inverse-Variance tests were

used to analyze dichotomous outcomes and continuous variables among pooled studies,

respectively. I2 value was considered as an indicator of heterogeneity, which was the evidence

of statistically significant heterogeneity while the amount higher than 50%.

Heterogeneity assumption was also measured by p-value. P� 0.10 indicated statistical sig-

nificance in heterogeneity, and the random-effects model was selected for statistical analysis;

otherwise, the fixed-effects model was selected when p>0.10. If p-value was still lower than

0.10 in the random effects model, a sensitivity analysis was conducted by removing each study

orderly and re-analysis again to distinguishing potential high influence studies. The subgroup

analysis was performed for further evaluation according to different surgical procedures,

enrolled age, BMI, the level of PEEP, and tidal volume in order to find a substantial reason for

significant heterogeneity.

Confidence intervals (CI) were calculated and presented in Forest plots. Funnel plots analy-

sis was performed when the number of enrolled studies was up to ten. Publication bias was

evaluated by Egger’s test and Begg’s test using in the incidence of PPCs. Review Manager 5.3

(RevMan, The Cochrane Collaboration, Oxford, United Kingdom), GRADEpro (McMaster

University, Hamilton, ON, 2014) and Stata version14.0 (StataCorp) were applied for statistical

analyses.

Results

Description of studies

The process of literature screening was listed in Fig 1. We identified 721 potentially relevant

studies (Pubmed 125, Embase 149, Medline 359, Cochrane library database 88, other resources

0). After careful selection, 709 articles did not meet the inclusion criteria, such as duplicated

publications (316), animal research (77), case report or reviews (95), protocol or conference

abstracts (41), cross-trials (17), pediatric research (49) and unrelated (102). Finally, 12 RCTs

with 2,756 patients were pooled [8, 9, 13–22]. The basic study characteristics, controlled venti-

lation mode, as well as intervention LRMs in enrolled studies, were described in Table 1. All

the twelve trials reported the incidence of PPCs and gave detailed data on each complication.

Lung recruitment maneuvers for anesthetized patients
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In overall analysis, we realized most trials selected the patients undergoing abdominal or pelvic

surgery, except one on spinal surgery [13].

Quality assessment

Quality assessment by Review manager 5.3 and GRADEpro was shown in Fig 2A and 2B,

Table 2. All of them presented a low risk of random sequence generation and nine out of 12

studies showed a low risk of allocation concealment by describing the randomized method in

detail [8,9,14–20]. Four out of 12 RCTs were not blinded to investigators, and the outcomes

may be influenced by the lack of blinding [13,16, 17, 22]. No evidence of publication bias was

detected by the Egger’s test (P = 0.297) and the Begg’s test (P = 0.373) in the incidence of PPCs

with STATA (version 15.1).

Fig 1. Flow chart of selecting process about this meta-analysis.

https://doi.org/10.1371/journal.pone.0217405.g001
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Fig 2. Assessment of risk bias for RCTs: (A) a graph with percentages for all included studies; (B) a summary of bias for each

included study.
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Primary outcomes

The incidence of PPCs. Ten RCTs including 2,756 patients reported data about the num-

ber of patients with PPCs with an overall incidence of 33.6% (415/1361 in LRMs group, 511/

1395 in non-LRM group). LRMs were superior than non-LRM in reducing the incidence of

PPCs using the random effect model (RR = 0.67; 95%CI, 0.49 to 0.90; p = 0.007), with high het-

erogeneity (Chi2 = 32.94, p for heterogeneity = 0.0005, I2 = 67%) (Fig 3).

Subgroup analysis according to co-intervention with the individual PEEP strategy.

Two of 12 trials combined with an individual PEEP ventilation strategy as a co-intervention

with LRMs [9, 15]. The co-intervention with individual PEEP and LRMs did not generate syn-

ergistic effects, and there was no significant reduction of the incidence of PPCs (RR = 0.88;

95%CI, 0.76to 1.02; p = 0.08; Chi2 = 1.33, p for heterogeneity = 0.25, I2 = 25%) (Fig 4).

Subgroup analysis according to design control group as non-LRM without PEEP or

with low PEEP. Six out of 12 trials including 744 patients designed non-LRM without PEEP

as control group [8,13,16,17,20,22] and five studies with low PEEP [9,14,15,18,21]. However,

the results demonstrated that there was no significant reduction of the incidence of PPCs,

regardless of PEEP value (RR = 0.54; 95%CI, 0.25 to 1.18; P = 0.12; Chi2 = 10.20, p for hetero-

geneity = 0.07, I2 = 51%) (RR = 0.94; 95%CI, 0.84 to 1.05; P = 0.26; Chi2 = 3.79, p for heteroge-

neity = 0.43, I2 = 0%)(Fig 5).

Subgroup analysis according to design control group as non-LRM with different tidal

volume. Four out of 12 studies included 620 patients compared to non-protective lung venti-

lation with tidal volume 10ml/kg [13,17,20,22]. Compared patients with high tidal volume(10

ml/kg or above), LRMs with low tidal volume (6–8 ml/kg) could reduce the incidence of PPCs

dramatically with low heterogeneity (RR = 0.39; 95%CI, 0.27 to 0.55; P = 0.43; Chi2 = 2.75, p

for heterogeneity = 0.43, I2 = 0%) (Fig 6). However, compared patients with low tidal volume,

LRMs with low tidal volume could not reduce the incidence of PPCs (RR = 0.92; 95%CI, 0.79

to 1.09; P = 0.34; Chi2 = 8.48, p for heterogeneity = 0.29, I2 = 17%) (Fig 6).

Subgroup analysis according to a different type of LRMs. We did the subgroup analysis

according to a different type of recruitment maneuver (i.e., sustain vs. step-wise cycling

maneuver). For patients using step-wise cycling maneuver, there was no significant difference

between two groups on the incidence of PPCs (RR = 0.90, 95%CI, 0.76 to 1.08; P = 0.26; p for

heterogeneity = 0.24, I2 = 24%, Fig 7). For sustain maneuver, LRMs could reduce the incidence

Fig 3. Forest plot showing for the over-all incidence of PPCs between the LRMs and non-LRM groups.

https://doi.org/10.1371/journal.pone.0217405.g003
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of PPCs but with moderate heterogeneity (RR = 0.37, 95%CI, 0.21 to 0.66; P = 0.0008; p for

heterogeneity = 0.22, I2 = 33%, Fig 7).

Subgroup analysis according to age. Four out of 12 studies included 221 patients aged

over 60 years [13,16,17,19]. For elderly patients, LRMs could reduce the incidence of PPCs

remarkably either in elderly or non-elderly patients (RR = 0.39; 95%CI, 0.22 to 0.68;

P = 0.0009; Chi2 = 3.34, p for heterogeneity = 0.34, I2 = 10%) vs. (RR = 0.86, 95%CI, 0.77 to

0.95; P = 0.005; p for heterogeneity = 0.001, I2 = 73%, Fig 8).

Subgroup analysis according to BMI. Two out of 12 trials including 70 patients focused

on obese patients with BMI>35kg/m2 [15, 18]. For non-obese patients, LRMs could reduce

the incidence of PPCs remarkably with the random effect model, but there was no significant

difference in obese population (RR = 0.65; 95%CI, 0.46 to 0.91; P = 0.01; Chi2 = 25.72, p for

heterogeneity = 0.0003, I2 = 76% vs. RR = 1.94, 95%CI, 0.49 to 7.74; P = 0.35; Chi2 = 0.52, p for

heterogeneity = 0.47, I2 = 0%, respectively, Fig 9).

Secondary outcomes

Six trials presented PaO2/FiO2 ratio at different time-points, such as pre-extubation, at the end

of surgery or in PACU. The PaO2/FiO2 ratio varied considerably among the research. LRMs

improved oxygenation in non-obese patients significantly (six trials; MD 42.4 mmHg; 95% CI,

15.3–69.6 mmHg, P<0.01, Fig 10), but without benefit in obese patients.

Discussion

We pooled 12 trials that presented the primary outcomes in this meta-analysis. This meta-

analysis of from RCTs comparing LRMs with non-LRM in anesthetized patients who under-

went abdomen, pelvic and spinal surgeries. The result suggested that the overall incidence of

Fig 4. Forest plot for subgroup analysis of the incidence of PPCs between the LRMs and Non-LRM groups: According to

co-intervention with individual PEEP or not.

https://doi.org/10.1371/journal.pone.0217405.g004
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PPCs in LRMs group was significantly lower than the non-LRM group. However, the result

with high heterogeneity was not convinced. After carefully review, we found that there were

Fig 5. Forest plot for subgroup analysis of the incidence of PPCs between the LRMs and Non-LRM groups: According to

design control group as non-LRM without PEEP or low PEEP.

https://doi.org/10.1371/journal.pone.0217405.g005

Fig 6. Forest plot for subgroup analysis of the incidence of PPCs between the LRMs and Non-LRM groups: According to

design control group as non-LRM with different tidal volume.

https://doi.org/10.1371/journal.pone.0217405.g006
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four studies which compared with non-protective lung ventilation group [13,17,20,22], and six

studies compared to control group without PEEP [8,13,16,17,20,22]. To our knowledge, lung

Fig 7. Forest plot for subgroup analysis of the incidence of PPCs between the LRMs and Non-LRM groups: According to

different type of LRMs.

https://doi.org/10.1371/journal.pone.0217405.g007

Fig 8. Forest plot for subgroup analysis of the incidence of PPCs between the LRMs and Non-LRM groups: According to

difference age:� 60 years or others.

https://doi.org/10.1371/journal.pone.0217405.g008
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protective ventilation strategy, including low tidal volume and PEEP, was an integral part of

mechanical ventilation management. Therefore, studies those compared with non-protective

lung ventilation strategy was at high risk of bias. To reduce bias, we performed subgroup anal-

yses according to different co-interventions and type of maneuver.

After subgroup analyses, we found that LRMs with PEEP was not superior to non-LRMs

with low or zero PEEP on the incidence of PPCs. In the light of present clinical knowledge,

most of the anesthesia providers preferred applying PEEP as a lung protective method. Based

on the above results, we had enough evidence to suspect that the same level of PEEP was not

related to lung protective effects. Indeed, protective effects of PEEP seem to be changed

according to different kinds of procedures, as one study demonstrated that 5cmH2O PEEP in

major abdominal surgery lower functional residual capacity (FRC), while the same PEEP was

not associated with significant effects on FRC in craniotomy patients [23]. PEEP also could be

influenced by chest wall compliance and BMI [24]. Even PEEP was also an essential compo-

nent of protective ventilation regime, and there was no consensus on what the optimal PEEP

Fig 9. Forest plot for subgroup analysis of the incidence of PPCs between the LRMs and Non-LRM groups: According to

BMI:� 35 kg/m2 or others.

https://doi.org/10.1371/journal.pone.0217405.g009

Fig 10. Forest plot showing the subgroup comparison of PaO2/FiO2 between the LRMs and Non-LRM groups: According

to BMI:� 35 kg/m2 or others.

https://doi.org/10.1371/journal.pone.0217405.g010
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was for the patients with healthy lungs undergoing general anesthesia. Studies had demon-

strated the individual optimal PEEP varied widely [8, 9]. One multicenter research showed

that high levels of PEEP had no relationship with preventing PPCs [14]. Of concern was the

fact that excessive PEEP had been turned out to mediate lung injury and develop of PPCs [25].

Furthermore, we conducted the subgroup analysis according to utilize individual PEEP or not,

and the result showed there was no difference between two groups on the incidence of PPCs.

However, we could not merely get the conclusion that LRMs combining with individual PEEP

was not superior to others since only two trials were enrolled [9,15], which could be expected

with a high risk of bias. Regarding two pooled studies, the frequency and pressure of recruit-

ment maneuvers varied greatly, which may immensely influence the outcomes. Moreover, the

major concern was how to get the reliable value of individual optimal PEEP. Currently, the

only objective technique was the titration of PEEP by esophageal manometry to detect the best

pulmonary dynamic compliance. An invasive esophageal balloon and the careful assessment

of compliance when PEEP was decreased were required. A recent study reported that a non-

invasive electrical impedance tomography (EIT) could be used to identify optimal PEEP [26],

but no EIT device was commercially available in most developing countries. Therefore, the

development of new methods which could be used at the bedside with sustainable cost-effec-

tiveness was an unmet demand.

Our results indicated that compared with the high tidal volume group, LRMs with low tidal

volume could reduce the incidence of PPCs. Neto et al. had proved the dose-response relation-

ship between tidal volume value and the risk of pulmonary complications [27], which had sim-

ilar results with us. Our study also argued the notion that use of low tidal volume was

unnecessary for health patients since their lung tissue change was wide-spread and may pro-

mote the development of more atelectasis [28]. Even in the population with respiratory insuffi-

ciency, the low tidal volume ventilation strategy could shorten the duration of ventilation and

improve the survival rate [29]. The above evidence indicates that low tidal volume ventilation

strategy may play a pivotal role in reducing the development of PPCs.

It was well known that there was no uniform operating guideline for LRMs. In clinical prac-

tice, LRMs consisted of stepwise or sustained manual inflation to a peak inspiratory pressure.

A meta-analysis reported different alveolar recruitment maneuvers were equally effective in

improving lung compliance for reducing PPCs [30], but the authors did not consider the het-

erogeneity of enrolled trials with different LRMs. After conducting subgroup analysis as

among enrolled studies according to the stepwise or sustained LRMs, we found utilized sus-

tained LRMs were associated with decreasing PPCs, while there was no benefit in patients

using stepwise LRMs. Previous RCTs had shown that sustained recruitment was understood to

be of value during anesthesia, but indications, as well as frequency, differed significantly

among studies [13, 15, 20, 22]. The success of LRMs had a relationship with the amount of

available alveolar and the characteristics of patients. Patients without lung disease would toler-

ant atelectasis well and not easily develop to the occurrence of PPCs.

According to definition as mentioned earlier, the list of PPCs contained hypoxemia, bron-

chospasm, pulmonary infection, pulmonary infiltrate, aspiration pneumonia, acute respiratory

distress syndrome(ARDS), atelectasis, pleural effusion, pulmonary edema, and pneumothorax,

which were associated with re-intubated, the length of mechanical ventilation, mobility and

even mortality[31]. Anesthetized patients with mechanical ventilation would easily get PPCs

due to the mechanical and functional changes during mechanical ventilation period, including

the decrease of functional residual capacity, high inspiratory FiO2, ventilator-induced lung

injury and the movement of the diaphragm along ventral-dorsal axis [1, 32, 33]. As a method

to elevate airway pressure, LRMs were performed in order to make the collapse alveolar re-

open or keep alveolar at an open state [34]. Despite both animal and clinical researches about

Lung recruitment maneuvers for anesthetized patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0217405 May 29, 2019 16 / 21

https://doi.org/10.1371/journal.pone.0217405


LRMs during general anesthesia had been published [35, 36], there was a controversy about

routine applying of LRMs in the way that the improvement strategy outside the intensive care

unit. In our meta-analysis, the result demonstrated that LRMs could reduce the incidence of

PPCs in patients. This result was similar to the previous finding of the application of LRMs

could improve oxygenation in patients [37]. However, this result should be interpreted dis-

creetly. PPCs were reported as the sum of atelectasis and desaturation in Choi’s study. It might

well be that both events happened in the same patients. The number of events would be

inflated as compared to the studies that define PPC at “at least one” of the events included in

the definition, and the same patient would be replicated in the analysis. Besides, the study with

huge bias should be treated critically. One of the enrolled studies with large sample size showed

an extremely high incidence of postoperative extrapulmonary complications (55%) and pneu-

mothorax (3%), which was unreasonable in patients without lung disease. The fluid therapy

was uncontrolled, and 40% of patients received about 3000-5000ml and even more fluid. Mul-

tiple transfusion of blood products was close to 20% of patients while blood loss was 400-

500ml in both groups [14]. Available evidence had shown that excessive fluid therapy was an

independent risk factor of pulmonary complication [38]. Those bias should not be ignored

when we interpreted the results.

Based on subgroup analyses, we demonstrated that the incidence of PPCs was reduced

either in elderly or in non-elderly patients, and oxygenation was improved in non-obese

patients after LRMs. However, the results must be interpreted cautiously, given that only ten

obese patients were enrolled in each arm of the oxygenation related trial, which may lead to a

high risk of bias. Moreover, we extracted data based on the definition of enrolled study with

different criteria, as the patients with age more than 65 years were defined as elderly in some

study [17], whereas 60 years in another research [16]. Besides, the non-elderly studies included

two extensive studies which between them have 757 events in 1,547 patients. The first of these

trials [9] enrolled patients with an average age of 65 and the second trial [14] enrolled patients

with a similar average age (65 in one group; 64 in the other). All those heterogeneities may

lead to unreliable results. It was well possible that a study with the inclusion criterion of

patients older than 18 years effectively recruits only patients older than 80 years. The inclusion

criterion, therefore, did not necessarily reflect and describe the study population very well.

Consequently, we could not get the conclusion that LRMs had some benefits either in elderly

patients or in non-elderly patients on reducing PPCs.

Lung function could be impaired in obese patients because high airway resistance, low pul-

monary volumes, and obesity were all likely the risk factors for PPCs [39]. Although many

researchers studied the application of LRMs to decrease the incidence of PPCs in obese

patients, the benefits had yet to be determined. One research suggested without persistent

application of PEEP, LRMs could not reduce the rate of PPCs [40]. Our study found there was

no difference in the incidence of PPCs between LRMs and non-LRM group in obese patients,

but this result was not convincing enough as only two studies were enrolled with small sample

size and at the risk of moderate bias [15, 18]. According to the secondary outcome, we realized

the PaO2/FiO2 was improved by the application of LRMs in non-obese patients, but with high

heterogeneity. This may be due to the fact that each trial reported data at different time points,

such as pre-extubation, end of the surgery, and in PACU. Even though as recruitment maneu-

ver, frequency and pressure may remarkably influence the outcomes. In other words, the con-

clusion may be significantly varied due to different maneuvers and ventilation patterns.
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Limitation

Several limitations to this meta-analysis need to be acknowledged. There are several analyses

with significant statistical heterogeneity which cannot be resolved by subgroup analyses. The

quality of enrolled RCTs is another big issue as the number of the enrolled trials were small

sample size. Moreover, most of the enrolled studies lack the evidence of effectiveness of LRMs

on atelectasis.

Conclusion

Recruitment maneuver was regularly performed in general anesthesia as part of a lung protec-

tive strategy to avoid lung tissue collapsed. Our meta-analysis supported that the use of recruit-

ment maneuver may reduce the incidence of PPCs, especially combined with lung-protective

ventilation strategy. Combining with individual or other levels of PEEP, there was no remark-

able reduction in the incidence of PPCs. Furthermore, no consensus had been reached on the

ideal recruitment strategy as the variable LRMs, despite the fact that we found sustain may be

better than stepwise LRMs on the development of PPCs. Further powerful RCTs are needed to

ascertain the efficacy and feasibility recruitment therapy concerning frequency, peak inspira-

tory pressure (PIP), optimal PEEP and suitable FiO2.
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