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 Background: Atelectasis occurs in patients of all ages during various surgeries. Previous studies have mainly focused on 
perioperative atelectasis in infants. However, research on the incidence of atelectasis among elderly patients, 
particularly those undergoing laparoscopic surgeries, is limited. Therefore, this prospective study aimed to in-
vestigate the effect of lung recruitment maneuvers (LRMs) on the reduction of atelectasis determined by lung 
ultrasound in patients more than 60 years old undergoing laparoscopic surgery for colorectal carcinoma.

 Material/Methods: In this evaluator-blinded clinical study, 42 patients more than 60 years old diagnosed with colorectal carcino-
ma were randomly grouped either into a lung recruitment maneuver (RM) group or control (C) group. All pa-
tients were scheduled for laparoscopic surgery under general anesthesia using the lung-protective ventilation 
strategy. Lung ultrasonography was carried out at 3 predetermined time intervals. Patients in the RM group re-
ceived ultrasound-guided recruitment maneuvers once atelectasis was discovered by lung ultrasound. Scores 
of lung ultrasound were used for assessing the severity of lung atelectasis.

 Results: At the end of the operation, the occurrence of atelectasis was 100% in the RM group and 95% in the C group. 
After RMs, the frequency of atelectasis in the RM group and C group was 50% and 95%, respectively (P<0.01). 
Postoperative pulmonary complications were not different between the 2 groups.

 Conclusions: At a single center, patients more than 60 years old undergoing laparoscopic surgery for colorectal carcinoma 
had a prevalence of lung atelectasis of 100% and although LRMs significantly reduced the incidence of pulmo-
nary atelectasis, they did not improve postoperative pulmonary complications.
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Background

Atelectasis is among the most frequent postoperative pul-
monary complications of general anesthesia and can be ob-
served in all types of surgery and all ages of patients [1,2]. 
Atelectasis impairs gas exchange, thus causing hypoxemia 
and likely other respiratory disorders such as acute lung in-
jury and pneumonia. These complications in turn lead to pro-
longed intensive care unit stay and increased mortality rates 
of hospitalized patients [3].

A systematic review found that utilization of lung recruitment 
maneuvers (LRMs) under general anesthesia may reduce post-
operative pulmonary complications (PPCs) and improve patient 
outcomes [4]. A meta-analysis by Goligher et al. [5] examined 
1423 acute respiratory distress syndrome patients and suggest-
ed that LRMs in combination with a higher positive end-expira-
tory pressure (PEEP) ventilation strategy reduced mortality, but 
confidence in this finding is limited [5]. A multicenter study com-
pared 4 lung-protective ventilation strategies with standard pro-
tective ventilation. No benefit was seen in the groups receiving 
lung-protective ventilation strategies and PPCs were equally high 
(about 45%) [6]. In 2019, as systematic review and meta-analy-
sis reported by Cui et al. [7] showed that when LRMs were com-
bined with lung-protective ventilation strategies there was a re-
duced incidence of PPCs and oxygenation improved in nonobese 
patients, but the variations in LRMs and ventilation patterns may 
affect the outcome. Conversely, data on how these strategies 
can be implemented in older patients are insufficient. Multiple 
studies have confirmed that patients more than 60 or 65 years 
old are more likely to develop PPCs after general anesthesia [8].

Currently, a growing number of abdominal operations are per-
formed using endoscopy, which has the superiority of mini-
mal trauma and bleeding, a light stress reaction, and enhanced 
postoperative recovery [9]. However, the adverse effects of the 
long operation time, special position, and artificial pneumo-
peritoneum on the physiological functions of respiration and 
circulation are much more serious in patients undergoing lap-
aroscopic surgery than laparotomy [10].

Lung ultrasound has become a powerful method for assess-
ing different pulmonary diseases and is a valuable approach in 
critical and emergency care [11]. In a recent randomized con-
trolled trial study, Kim et al. used lung ultrasound score to de-
termine the effect of fraction of inspired oxygen (FIO2) during 
LRM on absorption atelectasis in laparoscopic surgery. They re-
vealed that a high FIO2 (1.0) during RM led to a higher degree 
of postoperative atelectasis [12]. In addition, several systemat-
ic reviews focused on the chest ultrasound for the diagnosis of 
pulmonary diseases, revealing that lung ultrasonography is a 
valuable tool in diagnosing pulmonary disorders [13–15]. Lung 
ultrasound has the advantages of being noninvasive, portable, 

easy to use, and radiation-free compared with thoracic com-
puted tomography. Therefore, this prospective study aimed to 
investigate the effect of LRM on the reduction of atelectasis 
determined by lung ultrasound in patients more than 60 years 
old undergoing laparoscopic surgery for colorectal carcinoma.

Material and Methods

The Ethics Committee of North Sichuan Medical College approved 
this study (2018ER[A]047). All subjects or authorized family mem-
bers participating in this study gave written informed consent.

Study population

Between April and December 2019, eligible patients ³60 years 
old scheduled for laparoscopic surgery for colorectal cancer 
in a Trendelenburg position were included in this prospective 
study. All the patients participating in this study were with-
in the American Society of Anesthesiologists physical sta-
tus classes I–III. The duration of surgery was expected to be 
³2 h [16,17]. The exclusion criteria were as follows: (1) a body 
mass index >30 kg/m2, (2) patients with a history of thoracic 
procedures, (3) confirmed atelectasis at baseline, (4) a history 
of general anesthesia and ventilation 14 days before surgery, 
(5) chronic pulmonary disorder (forced expiration value <30% 
of the expected value in 1 s), (6) chronic obstructive pulmo-
nary disease, (7) chronic heart disease, and (8) neuromuscu-
lar disease. The exit criteria were as follows: (1) severe sub-
cutaneous emphysema occurred during the operation, (2) the 
surgical procedure was less than 2 h, and (3) the operation 
method changed from laparoscopy to laparotomy.

Anesthesia and ventilation protocol

After having instituted standard electrocardiogram, pulse ox-
imetry monitoring, and noninvasive systemic arterial pres-
sure (BeneVision N15, China), all included participants were 
preoxygenated for 5 min with 100% oxygen. Next, they were 
anesthetized with 0.04-0.05 mg/kg midazolam (intravenous-
ly [IV]), 0.15–0.3 mg/kg etomidate and 0.4 µg/kg sufent-
anil, and 0.15 mg/kg cisatracurium was given for smooth 
endotracheal intubation. Adopting the surgical procedure, 
patients were kept in a Trendelenburg position after anesthe-
sia. Anesthesia was retained through incessant IV infusion of 
0.1–0.3 µg·kg–1·min–1 remifentanil, 4–12 mg·kg–1·h–1 propofol, 
and 0.05–0.1 mg·kg–1·h–1 cisatracurium combined with 1–3% 
inhaled sevoflurane. Neurophysiologic monitoring (Veryark-
TOF, China) was used to assess the depth of anesthesia with 
a bispectral index of 40–60 in all patients during surgery.

Mechanical ventilation was set in a volume-control mode with 
a Vt of 6~8 mL/kg of ideal body weight, a FIO2 of 0.40, and a 
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respiratory frequency of 8-12 breaths/min to keep an end-tid-
al CO2 level in range of 35 and 45 mmHg, an inspiratory: expi-
ratory ratio of 1: 2, and a PEEP of 4 cm of H2O. In the case of 
arterial desaturation (<90% peripheral O2 saturation), FIO2 was 
set high at 1.00, and the anesthesiologist was allowed to ad-
just the ventilator settings on the basis of his/her experience. 
Neuromuscular blockade was reversed by neostigmine and gly-
copyrrolate when the return of spontaneous breathing appeared 
after surgery. Then, patients were moved to the postanesthesia 
care unit (PACU) and inhaled O2 via a nasal cannula at a concen-
tration of 2–4 L/min after extubation. Additionally, the patient’s 
anesthetist and the physician in control recommended other peri-
operative treatments, including analgesia and fluid reduction.

Lung ultrasonography

Lung ultrasonography was done by 2 skilled anesthetists (YG 
and YY, having 6 months and 24 months of experience respec-
tively) through a portable device (Sonosite, USA) having a 2- to 
5-MHz probe. Sonograms were obtained at 3 predefined time 
points: 5–10 min before anesthesia (T1), at the end of the sur-
gery (T2), and 30 min after extubation (T3). As previously re-
ported [10,16], the thorax was alienated into 12 quadrants. 
Posterior, lateral, and anterior zones were divided through the 
posterior and anterior axillary positions as anatomical areas, 
and each area was divided into superior and inferior zones for 
the right and left lung (Supplementary Figure 1). The ultra-
sound probe was located upright to the costal space to scan 
the 1 to 4 areas and was placed parallel to the costal space 
for scanning the 5 to 6 areas with patients in the supine po-
sition with the arm abducted, which helped to effectively ob-
serve the situation of the lungs in the 5 to 6 areas.

Defined lung ultrasound score

The severity of atelectasis was evaluated by calculating the mod-
ified lung ultrasound score from Monastesse et al. [11], with 
scores between 0 and 3 (0=£2 B lines; 1=³3 B lines or multiple 
areas of subpleural consolidation separated by a normal pleu-
ral line; 2=multiple coalescent B lines, or multiple areas of sub-
pleural consolidation separated by a thickened pleura; 3=con-
solidation or small areas of subpleural consolidation >1×2 cm 
in diameter (Supplementary Table 1). Lung ultrasound score 
0 to 36 was estimated by summing the 12 individual quadrant 
scores, with higher scores suggesting chronic atelectasis, and 
we defined pulmonary atelectasis to be significant when the 
lung ultrasound score ³2 in any region. We assumed that the 
lung ultrasound score on T2 can reflect the primary outcomes.

Sample size estimation and LRMs

Previous studies were adopted to measure the sample size used 
in this study [18]. The occurrence of atelectasis in adults after 

general anesthesia is approximately 90% according to the pre-
vious report [19]. In another pediatric report, the frequency of 
atelectasis was as high as 100% in patients under magnetic res-
onance imaging examination [20]. Our preliminary experimental 
results showed that the rate of atelectasis was 95% in adults af-
ter laparoscopic colorectal surgery, and the atelectasis incidence 
could be reduced to 50% through an LRM. A previous study re-
ported that the sensitivity of lung ultrasound in detecting atel-
ectasis was 88% [20]. In this study, we assumed a 0.05 alpha er-
ror and 80% power, and we allowed for a dropout rate of 20%. 
The sample size needed would then be 20 patients per group.

The only difference in interventions between the groups was 
whether the alveolar RMs were performed. At point T2, individu-
als in the RM group received alveolar enrollment maneuvers un-
der ultrasound guidance. The alveolar RMs were performed with 
a gradual rise in airway pressure from 10 cmH2O by 5 cmH2O 
increments, and a FIO2 of 0.4 was applied manually until no col-
lapsed lung areas were visible on the sonogram. Then, the pres-
sure was maintained for 40 s. Airway maximum pressure was 
limited to 40 cmH2O. Patients in the C group did not receive RMs.

Postoperative pulmonary complications

The PPCs of the patients were defined by a previous study [3], 
including respiratory failure, described a postoperative arterial 
partial oxygen level (PaO2) just under 60 mmHg on room air, a 
PaO2: FIO2 ratio less than 300 mmHg, or peripheral oxygen con-
centration as calculated by pulse oximetry less than 90% and re-
quiring oxygen therapy. Patients with 2 L or less of supplemen-
tary oxygen are graded as having a mild failure; reacting only 
to oxygen greater than 2 L, moderate failure. Other pulmonary 
complications include bronchospasm, pulmonary infection, and 
acute respiratory distress syndrome. Patients were followed dai-
ly after surgery until they were discharged from the hospital.

Statistical analysis

Anthropometric data and demographics were collected from the 
individual patient. Following the normality of data testing, the 
Mann-Whitney U test or t test was used for intergroup com-
parisons as applicable. Fisher’s exact test was used for cate-
gorical variables. A two-sided P value less than 0.05 was con-
sidered significant unless Bonferroni adjustments were made. 
IBM SPSS statistics 26 (IBM Corporation, USA) and Graph Pad 
Prism 8 software were used for statistical analyses.

Results

From April until December 2019, 62 individuals were evaluated 
for enrollment in the study, 20 of whom were excluded before 
surgery for reasons shown in Figure 1. Forty-two patients were 
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randomly distributed to the RM group and the C group (n=21), 
and 2 patients were excluded from the study after randomization 
because of severe subcutaneous emphysema during the surgical 
procedure. Finally, 40 patients from the 2 groups were entered 
into the analysis (Figure 1). Supplementary Table 2 shows the 
demographic data of the enrolled patients. The intraoperative pa-
rameters of the enrolled patients can be found in Supplementary 
Table 3. These 2 groups show no significant differences.

All lung ultrasound examinations were completed with per 
time point of average 10 (8.0–13.2) min. A total of 1440 im-
ages was acquired during the study. Representative lung ul-
trasound images at various periods are shown in Figure 2.

The incidence of pulmonary atelectasis at different steps is 
summarized in Table 1. At T3, statistically less atelectasis in 
the RM group than in the C group (Table 1) was reported. The 
score of lung ultrasound of total areas was obtained in the 2 
groups during the 3 steps, as shown in Figure 3. At T1 and T2, 
the lung ultrasound scores of the RM group and C group were 
not statically different (P>0.05), whereas the RM group T3 score 
decreased compared with the scores in the C group (P<0.001).

Lung ultrasound scores of the 2 groups in different areas are 
shown in Figure 4. At T2, no significant difference in lung ul-
trasound scores between the RM group and C group was ob-
served (P>0.05, Figure 4A). Of interesting, at T3 the lung ultra-
sound scores in zone 5 and zone 6 in the RM group were lower 

than those in the C group (P<0.001), with no significant differ-
ence among zones 1 to 4 in the 2 groups (P>0.05, Figure 4B).

There were no statistical differences in PPCs between the 2 
groups (Table 2).

Discussion

In this evaluator-blinded prospective clinical study, we found 
a high incidence of atelectasis in patients more than 60 years 
old undergoing laparoscopic surgery for colorectal cancer. The 
methodological part of this study is similar to a previous study 
by Monastesse et al. [11] in many ways; both used ultrasound 
to assess the atelectasis during laparoscopic surgery. The aim of 
the previously published study was to investigate the feasibili-
ty of lung ultrasonography in the perioperative period, whereas 
this study aimed to investigate the effect of LRMs on the reduc-
tion of atelectasis determined by lung ultrasound. The occur-
rence of atelectasis in the C group and the RM group was 95% 
and 100%, respectively. The incidence of atelectasis in the RM 
group decreased to 50% after the recruitment of maneuvers 
with ultrasound guidance. The frequency of postoperative at-
electasis is higher than in previous studies [21]. We speculate 
that the special position and pneumoperitoneum of this type of 
surgery may be the major causes for this high incidence of atel-
ectasis. The Trendelenburg position can cause the diaphragm to 
lift, resulting in lung compression and atelectasis [22]. Moreover, 

Enrollment

Assessed for eligibility
(n=62)

Randomized (n=42)

Allocation

Follow-up

Analysis

Lung recruitment group (n=21)
• Received allocated intervention (n=21)
• Did not receive allocated intervention (n=0)

Excluded (n=20)
• Surgery was temporarily canceled (n=6)
• BMI >30 kg/m2 (n=3)
• A history of thoracic procedured (n=4)
• Con�rmed atelectasis at baseline (n=3)
• Declined to participate (n=3)

Control group (n=21)
• Received allocated intervention (n=21)
• Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention for
severe subcutaneous emphysema (n=1)

Lost to follow-up (n=0)
Discontinued intervention for
severe subcutaneous emphysema (n=1)

Analyzed (n=20)
Excluded form analysis (n=0)

Analyzed (n=20)
Excluded form analysis (n=0)

Figure 1.  Flow diagram of patient screening 
and enrollment.
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induction of carbon dioxide pneumoperitoneum may cause cra-
nial displacement of the diaphragm, leading to decrease in vol-
ume of the lung, and a rise in mean atelectasis volume [23].

In this study, we found that the main areas of atelectasis ex-
isted in zones 5 and 6 (the patient’s dorsum in a supine state), 
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Figure 2.  Lung ultrasound images of 1 representative patient per group. C group – control group; RM group – lung recruitment 
maneuver group. T1 – before the induction of anesthesia; T2 – at the end of the surgical procedure; T3 – 30 min after 
extubation.

Protocol step C	group,	n=20 * P value RM	group,	n=20 * P value ** P value

T1 n (%)  0 (0)  0 (0)

T2 n (%)  19 (95) <0.001  20 (100) <0.001 1.000

T3 n (%)  19 (95) >0.99  10 (50) <0.001 0.003

Table 1. Incidence of atelectasis per group and per protocol step assessed by lung ultrasound.

We defined pulmonary atelectasis to be significant if any region had a lung ultrasound score ³2; then the patient was classified as 
having atelectasis. T1, before anesthesia induction; T2, at the end of the operation; T3, 30 min after extubation. Data are presented 
as n (%) for the incidence of atelectasis. C group – control group; RM group – lung recruitment maneuver group; * t test comparing 
differences within the individual study groups at successive times: T1 vs. T2, T2 vs. T3; ** Fisher’s exact test for comparisons between 
groups in each protocol step, with P<0.05 considered significant.
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Figure 3.  Lung ultrasound score of the total lung area in the 

control (C) group and lung recruitment maneuver (RM) 
group at the 3 time points. The data are presented as 
the median (thick line across the box), interquartile 
range (box), and range (whiskers). *** P<0.001 
(independent-samples Mann-Whitney U test); ns – not 
significant.
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which is consistent with previous results [20]. This is primar-
ily due to the lung tissue deformation caused by the cranial 
dislocation of the crippled diaphragm [20]. There was no sig-
nificant difference in the C group between the degree of atel-
ectasis at T2 and T3, indicating that atelectasis will not disap-
pear in a short time without intervention. It has been reported 
that atelectasis caused by general anesthesia can last for sev-
eral days after surgery and in some cases can even lead to 
serious complications such as hypoxemia and pulmonary in-
fection [24]. At T2, all patients in the RM group received an 
alveolar RM under lung ultrasound guidance until atelectasis 
disappeared. However, approximately 50% of the patients still 
exhibited varying degrees of atelectasis at T3. This may be ex-
plained by the following causes. First, patients were maintained 
in the supine position in the PACU, which may have reduced 

functional residual capacity and resulted in the cranial dis-
placement of the diaphragm. Second, the degree of awaking 
from anesthesia impaired the removal of the patient’s spu-
tum and other secretions, which may have blocked the airway 
and then caused atelectasis. Third, other influencing factors, 
such as the neuromuscular blockade degree, could also have 
affected atelectasis [25].

There are many methods used to reverse alveolar collapse, 
such as gradually increasing airway pressure and gradually in-
creasing PEEP for lung recruitment [26]. As shown by a previ-
ous study, ultrasound-guided RMs are effective in raising an-
esthesia-induced atelectasis in children [11]. Considering that 
many elderly patients may have pulmonary bullae, the lung en-
rollment approach may enhance the pulmonary bullae rupture 
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Figure 4.  Lung ultrasound score of each lung area in the control (C) group and lung recruitment maneuver (RM) group. T2 – at the end 
of the surgical procedure; T3 – 30 min after extubation. (A) Scores in the 2 groups at T2. (B) Scores in the 2 groups at T3. The 
data are presented as the median (the thick line across the box), interquartile range (box), and range (whiskers). *** P<0.001 
(independent-samples Mann-Whitney U test); ns – not significant.

C	group,	n=20 RM	group,	n=20 P value

Length of stay in PACU (min)  63.5±13.90  67.8±16.30 0.381*

Hospital stay (day)  18.0±5.70  18.3±6.80 0.900*

Postoperative lung complications (±) 8/12 7/13 >0.99**

Respiratory failurea

 Mild 4/16 3/17 >0.99**

 Moderate 1/19 1/19 >0.99**

 Bronchospasm 1/19 2/18 >0.99**

 Pulmonary infection 2/18 1/19 >0.99**

Table 2. Postoperative pulmonary complications.

PACU – postanesthesia care unit; C – control; RM – recruitment maneuver. a Defined as an arterial partial pressure of oxygen less than 
60 mmHg or peripheral oxygen saturation as measured by pulse oximetry less than 90% while breathing at least 10 min of room air 
(beach chair position), excluding hypoventilation. Patients responding to 2 L or less of supplemental oxygen were classified as having 
mild failure; responding only to greater than 2 L of oxygen, moderate failure. * t test comparing differences within the individual study 
groups; ** Fisher’s exact test for comparisons between the 2 groups.
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risk. Therefore, in this study, we gradually increased the air-
way pressure by 5 mmH2O to prevent collapse under the re-
al-time guidance of ultrasound. We found that the incidence 
of atelectasis 30 min after extubation was significantly lower 
in the RM group than in the control group, indicating that al-
veolar RMs can effectively prevent atelectasis. However, there 
were still some disadvantages, as we selected the most seri-
ous area of atelectasis as the monitoring site [27]. When this 
lung area was completely recovered, other lung areas may 
have been hyperinflated, but no perioperative O2 desatura-
tion in any patient was observed, nor did any patients devel-
op hemodynamic instability or lung injury in the enrollment 
maneuvers in our study.

Postoperative pulmonary complications within the hospital 
stay occurred in 8 patients (40%) in the C group compared 
with 7 patients (35.0%) in the RM group. The rate of pulmo-
nary disorders was higher than that reported in previous stud-
ies [28,29]. The causes for this may be related to the higher 
number of male patients, smokers, and underlying pulmonary 
diseases in our population, which could have had a poor ef-
fect on lung function [30]. The incidence of pulmonary com-
plications in the current study suggested that the combina-
tion of PEEP and RMs directing to shrink atelectasis did not 
avoid PPCs compared with a strategy with PEEP and no RMs. 
We found that there were differences in lung ultrasound scores 
between the 2 groups at T3, but no statistical differences be-
tween the 2 groups in PPCs were reported. The possible causes 
were as follows: (1) In our protocol, we performed the RMs 
only at T2; thus, the frequency may not have been sufficient. 
However, Généreux et al. [31], who performed RMs every 30 
min, found that PEEP and RMs prevented the loss of intraop-
erative aeration, but this loss did not continue after extuba-
tion, so other factors need to be explored. (2) The sample size 
may not have been sufficient because we calculated the sam-
ple size on the basis of the incidence of atelectasis, not com-
plications. (3) Multiple interacting factors contribute to PPCs, 
and the influence of incidence and severity of atelectasis as-
sessed by lung ultrasound on PPCs is still not clear.

There are also some limitations to this study. First, we did not 
perform lung ultrasonography after the induction of anesthe-
sia. A previous study found that O2 is a key feature affecting 
the degree of atelectasis development, because the portion of 
inspired O2 during preoxygenation and the induction of anes-
thesia, rather than the continuation of anesthesia, plays a vital 
part in atelectasis formation [32]. In our study, to improve the 
safety of intubation, patients were preoxygenated with 100% 
O2. Therefore, it was impossible to determine the process of at-
electasis formation. Second, we did not perform postoperative 
follow-up by lung ultrasound for these patients with atelecta-
sis. It was thus impossible to evaluate the change in atelecta-
sis after the operation or to evaluate whether atelectasis had 
a longer-term impact on the postoperative pulmonary condi-
tion of the patient. Third, this was a single-center study with 
a small sample size, which may not be easily extrapolated to 
other patients undergoing other types of surgery. Further mul-
ticenter studies with large sample sizes are required to eval-
uate the utility of lung ultrasound in assessing atelectasis.

Conclusions

At a single center, patients more than 60 years old undergo-
ing laparoscopic surgery for colorectal carcinoma had a prev-
alence of lung atelectasis of 100%, and although LRMs signif-
icantly reduced the incidence of pulmonary atelectasis, they 
did not improve PPCs.
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Supplementary Data

Degree of juxtapleural consolidation Quotation LUS score

No consolidation 0 0–2 B line

Minimal juxtapleural consolidation 1
³3 B lines or 1 or multiple small subpleural consolidations 
separated by a normal pleural line

Small-sized consolidation 2
Multiple coalescent B lines or multiple small subpleural 
consolidations separated by a thickened or irregular pleural line

Large-sized consolidation 3
Consolidation or small subpleural consolidation of >1×2 cm in 
diameter

Supplementary Table 1. Lung ultrasound (LUS) score.
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C	group,	n=20 RM	group,	n=20 P value

Ages (years)  69.5±6.2  66.4±4.6 0.075*

Sex; Male (%)  14 (70)  16 (80) 0.716**

BMI (kg/m2)  22.7±2.3  22.3±2.2 0.848*

Cigarette smoke (%)  12 (60)  13 (65) 1.000**

COPD (n) 6 8 0.741**

Asthma (n) 4 3 1.000**

None (n) 12 10 0.374**

ASA classification; II/III 16/4 19/1 0.106**

Supplementary Table 2. Demographic data of the enrolled patients.

COPD – chronic obstructive pulmonary disease; ASA – American Society of Anesthesiologists; C – control; RM – alveolar recruitment 
maneuver. Data are presented as n (%) for proportions and as the mean±SD for continuous variables. * t test comparing differences 
within the individual study groups; ** Fisher’s exact test for comparisons between groups in each protocol step.

C	group,	n=20 RM	group,	n=20 *P value

Total blood loss  161.0±105.6  179.0±113.7 0.607

Total fluid intake (mL)  2214.71±545.19  2320.00±453.76 0.511

Total urine output (mL)  457.06±273.77  382.50±211.06 0.431

SpO2 at T1  97.55±1.88  98.30±1.22 0.142

SpO2 at T2  98.95±1.19  99.05±0.76 0.753

PaO2 at T3 (mmHg)  98.95±1.19  95.0±24.80 0.945

Operative duration (min)  179.0±49.2  185.0±45.0 0.692

Anesthesia duration (min)  226.18±50.12  243.30±49.09 0.282

Supplementary Table 3. Intraoperation parameters of the enrolled patients.

PaO2 – partial pressure of arterial oxygen; SpO2 – peripheral oxygen saturation. C – control; RM – alveolar recruitment maneuver. 
T1 – before the induction of anesthesia; T2 – at the end of the surgical procedure; T3 – 30 min after extubation. Data are presented as 
the mean±SD for continuous variables. * t test comparing differences within the individual study groups.

Supplementary Figure 1.  Each hemithorax was separated into 
6 quadrants: anterior, lateral, and 
posterior zones separated by the 
anterior and posterior axillary lines as 
anatomical landmarks, and each area 
was further divided into superior and 
inferior portions. AAL – anterior axillary 
line; PAL – posterior axillary line.
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