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Background: The present study aims to evaluate the influence of alveolar recruitment strategy (ARS) and 
positive end-expiratory pressure (PEEP) combined with autoflow on respiratory mechanics, the oxygen index 
(OI), pulmonary shut [Qs/Qt(%)], and the concentrations of IL-6 and TNF-α in venous blood after surgery 
in obese patients who experienced thoracic surgery with one-lung ventilation (OLV).
Methods: A total of 36 obese patients with ASAII-III degree, who experienced selective pulmonary 
lobectomy, were within 36–74 years old, and had a BMI of 30–40 kg/m2, were randomly divided into two 
groups: control group (C group) and protective ventilation group (P group). In the P group, ARS was given 
once when OLV began. Then, ventilation at 7 mmHg of PEEP and autoflow were given. The Ppeak before 
OLV (T1), at 30 minutes after OLV (T2), and at the 5 minutes after two-lung ventilation (TLV) (T3), and the 
changes of Pplat and Cdyn were recorded. Then, arteriovenous blood was drawn at T1, T2, T3 and T4 (6 hours 
after the operation), blood-gas indicators, including SPO2, PaCO2 and PaO2, were measured, and the value 
of Qs/Qt(%) was calculated. Afterwards, venous blood was collected at T1 and T5 (18 hours after surgery), 
and the concentrations of IL-6 and TNF-α were detected. The clinical pulmonary infection score (CPIS) 
was determined at the first day and seventh day after the operation.
Results: In both groups, Cdyn and OI decreased, while Pplat, Ppeak and Qs/Qt(%) increased (P<0.05) at 
T2, when compared with those at T1. At T2 and T3, Pplat and Ppeak decreased (P<0.05) in the P group, when 
compared with the C group. At T2, T3 and T4, OI increased (P<0.05) in the P group, when compared with 
the C group. At T2, T3 and T4, PaCO2 and Qs/Qt(%) decreased in the P group, when compared with the C 
group. The concentrations of IL-6 and TNF-α decreased in the P group, when compared with the C group.
Conclusions: The ventilation model of ARS and PEEP combined with autoflow can better reduce airway 
pressure and the production of injurious inflammatory cytokines in blood in obese patients. Furthermore, it 
can reduce Qs/Qt during and at 6 hours after thoracotomy, improve OI and maintain the acid-base balance 
of the internal environment, which may be applied in clinical work. This brings new enlightenment and 
needs to be clarified through further studies.
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Introduction

One-lung ventilation (OLV) is a very important ventilation 
method for anesthetic management during thoracic surgery, 
which can prevent the blood and secretions of the sick-
side lung from entering into the healthy-side lung to keep 
the airway open, avoid cross infection, and be good for the 
operation. In further studies, pulmonary complications, 
such as pneumonia pyothorax, and atelectasis, have been 
constantly reported. A large number of literatures (1-8)  
have suggested that mechanical ventilation can result in 
ventilator-induced lung injury (VILI). At present, it has 
been considered that VILI is caused by the following 
two aspects. One aspect is that the excessively high end-
inspiratory pressure or volume can lead to increased 
pressure across the alveolar or alveolar overexpansion, 
causing barotrauma or volutrauma (9), while the other 
aspect is that at the end of expiration, the pressure across 
the alveolar decreases under critical pressure, which induces 
the alveoli to open, and the repeated opening and closing of 
the alveoli can cause shearing injury. Some studies (10,11) 
have indicated that shearing injury plays an important role 
in the VILI. The key to reduce the occurrence of VILI is 
that during the mechanic ventilation, the pressure at the 
airway and alveoli should be reasonably controlled to avoid 
unstable conditions of the alveoli.

Obesity has become a global concern. Obese patients 
usually suffer from many kinds of diseases. For obese 
patients, thorax compliance decreases, the diaphragm 
increases, and functional residual volume, vital capacity 
and total lung capacity decreases. The decrease in thorax 
compliance can easily lead to excessive high airway pressure, 
which can result in lung damage. For obese patients, oxygen 
consumption and CO2 production both increases, and 
changes in position has can lead to obvious impacts on lung 
capacity. When obese patients are in the lateral position, 
functional residual volume further decreases, causing 
thorax compliance to further decrease and the ventilation/
perfusion ratio (V/Q) to be imbalanced. During the OLV, 
lung damage and hypoxemia can easily occur (12). 

Therefore, during ventilation for obese patients, the 
release of pro-inflammatory cytokines can easily increase 
and result in lung damage (13), and during the general 
anesthesia, complications, such as atelectasis and lung 
infections (14,15), can easily occur. Obesity has been 
an independent risk factor for lung damage caused by 
mechanical ventilation (16). Due to the lung damage caused 
by mechanic ventilation during the operation, on the 1st 

day after operation, hypoxemia can easily occur (17,18).
During the OLV in thoracotomy, volume control 

ventilation (VCV) and pressure-controlled ventilation 
(PCV) are the two ventilation methods usually used. 
However, VCV can produce excessively high airway 
pressure, which can damage the lung, and cause an uneven 
gas distribution in the lungs (19). Although PVC is better 
matched with a patient’s respiratory physiology, and 
can reduce airway pressure and atelectasis, it can induce 
lung hypoventilation and hypoxemia due to pulling and 
stretching during the operation (5). Therefore, it is very 
important to find a more reasonable pulmonary ventilation 
model.

Autoflow ventilation is based on real-time airway 
resistance and respiratory system compliance, and the 
medical ventilator adjusts the air flow to ensure that the 
air carried to the lungs is at the lowest pressure level. It 
is not an independent ventilation model, but an assisted 
ventilation technique that is an expansion of VCV function, 
which should be combined with VCV. Autoflow ventilation 
can prevent the hypoventilation caused by surgery and clear 
reduce complications, and has been approved as an effective 
ventilation model by critical patients (20). However, there 
are no relevant reports for OLV during thoracic surgery.

During OLV, solely small tidal volume ventilation cannot 
decrease the occurrence of sheering injury of the lungs, 
which is close to alveolar trapping and re-expansion (6,21). 
Fernandez-Bustamante et al. (16) noted that for obese 
patients with OLV, the ventilation-side lung more easily 
suffered from atelectasis, and that positive end-expiratory 
pressure (PEEP) was the most effective approach to keep 
the alveoli open, which could reduce the collapse of the 
alveoli (7,8).

The atelectasis of the ventilation-side lung usually occurs 
in the patients with general anesthesia and mechanical 
ventilation, and the atelectasis can increase the occurrence 
of hypoxemia and lung infection (22). The study conducted 
by Talab et al. (23) reported that alveolar recruitment 
strategy (ARS) was a best way to avoid atelectasis in obese 
patients. The appropriate PEEP was given before OLV 
and after ARS, which can reduce lung damage and improve 
oxygen index (OI). However, there are no relevant reports 
for obese patients.

The present study aims to explore the value of the 
application of ARS and PEEP combined with an autoflow 
ventilation model in obese patients with OLV during 
thoracic surgery.
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Methods

The present study was approved by the Ethics Committee 
of Beijing Chest Hospital Affiliated to Capital Medical 
University. A written informed consent was obtained from 
each patient or their families.

The present study was a randomized controlled study. 
A total of 36 obese patients, who would experience elective 
lobectomy from June 1, 2017 to March 31, 2018, were 
enrolled. The age of these patients ranged within 39–74 years  
old, their body mass index (BMI) was 30–40 kg/m2, and 
they belonged to ASA II–III grade. In the latest 1 week, 
these patients did not have a history of infection, did 
not use cortical hormone, and did not receive radiation 
therapy and chemotherapy. Furthermore, they had normal 
pulmonary function or only slight ventilatory disorders, and 
did not have liver and kidney disorders. Exclusion criteria: 
Before the operation, these patients were diagnosed with 
obstructive sleep apnea hypopnea syndrome, had a history 
of pneumothorax or right heart failure, the measurement of 
arterial oxygen before the operation was lower than 90%, 
and bleeding during the operation was more than 400 mL.

According to the random number table, these patients 
were divided into two groups: control group (C group) 
and lung protective ventilation group (P group). The tidal 
volume of patients was 9 mL/kg under two-lung ventilation, 
and 7 mL/kg under OLV (tidal volume calculation 
according to standard weight). Patients with OLV in the C 
group were given the VCV model. In the P group, autoflow 
ventilation was given, pulmonary re-expansion was given 
once before OLV, and 40 mmHg of airway pressure was 
given at less than 40 seconds before OLV, but 7 mmHg of 
PEEP was not given upon expiration. Electrocardiogram 
(ECG), blood pressure (BP) of the radial artery, central 
venous pressure and SPO2 were routinely monitored after 
the patients entered the operation room.

Anesthesia induction: During the operation, 0.3 μg/kg of 
sufentanil and 0.1 mg/kg of midazolam were slowly injected 
into the vein in turns, the target-controlled infusion (TCI) 
of propofol was performed using a micro syringe pump, 
and the concentration of the blood plasma target was 
3.0–4.0 μg/mL. After patients lost their consciousness,  
0.2 mg/kg of cisatracurium was intravenously injected, 
oxygen flow was 5 L/min, oxygen was inhaled through the 
facemask to remove nitrogen, muscle relaxation monitoring 
was started [train-of-four (TOF) stimulation], and 
connection and scaling were performed before anesthesia 
induction. After T1 disappeared, a tracheal tube was inserted 

into the left-sided double lumen endobronchial tube, and 
the right location of tracheal tube and cuff was identified 
by fiberoptic bronchoscopy and fixed. The temperature of 
the nasopharynx was monitored, and the body temperature 
of patients was maintained using an electric blanket. The 
mechanical ventilation was performed by the anesthesia 
respirator.

Maintenance of anesthesia: After fiberoptic bronchoscopy 
at the lateral position was used again to ensure the right 
location, TLV was given. According to the experiment 
design, the ventilation parameters were respectively set 
in the two groups: FiO2 =1.0, fresh gas flow: 2.5 L/min, 
expiration and inspiration ratio: 1:1.5, volume controlled 
ventilation, and the adjustment of respiratory rate in the 
range of PetCO2: 35–45 mmHg (1 kPa =7.5 mmHg); TCI 
of propofol, 2.5 μg/mL of blood plasma target, intravenous 
injection of cisatracurium besylate and sufentanil upon 
conditions during the operation, maintenance of muscle 
twitch that disappeared during T1–T4, keeping BIS between 
40–60, and electric blanket temperature holding between 
38–43 ℃. During the anesthesia, HR60-100 times/minute 
was maintained, and the MAP fluctuation range was less 
than 20% of the basal value. Under the conditions of 
excluding the influences of anesthesia depth, when MAP 
was more than 20% of the basal value and lasted more 
than 1 minute, 12.5 mg of urapidil was injected into the 
vein. Under the conditions of excluding the influences of 
anesthesia depth, when MAP was less than 20% of the basal 
value and lasted for more than 1 minute, and the infusion 
of 50 mL of fluids completed within 5–10 minutes was 
ineffective, 6 mg of ephedrine was injected into the vein. In 
the case of HR ≤50 times/minute or HR ≥100 times/minute,  
0.2 mg of atropine or 5 mg of esmolol was injected into 
the vein, respectively. The above vasoactive drugs could be 
repeatedly used. If the above method could not keep the 
patient circulation stable, the patient was dropped out of 
the present study.

The bypass side-stream monitoring system was used to 
observe the ventilation of patients, and Ppeak, Pplat and Cdyn 
were recorded every 5 minutes. The above data at T1, T2 
and T3 was collected as the experimental data. Arterial and 
venous blood at T1, T2, T3, T4 and T5 was collected, and 
a blood gas analysis was performed to record the SPO2, 
PaCO2 and PaO2, and calculate the Qs/Qt(%). Venous 
blood was drawn at T1 and T5, and the concentrations of 
interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) 
were detected by enzyme linked immunosorbent assay.
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Observation indicators: Qs/Qt(%), OI, PaCO2 at T1, 
T2, T3, T4 and T5; Ppeak, Pplat and Cdyn at T1, T2 and T3; the 
concentrations of IL-6 and TNF-α in venous blood at T1 
and T5; clinical pulmonary infection score (CPIS) at the 1st 
day and 7th day after the operation (21).

Statistical analysis

SPSS 19.0 was used, measurement data was expressed as 
mean ± standard deviation (SD), intra-group comparison 
was performed by repeated measure of ANOVA, t-test was 
adopted for inter-group data, and P<0.05 was considered 
statistically significant. If there was heterogeneity of 
variance, the rank-sum test was used, and P<0.05 was 
considered statistically significant. Fisher’s precise test 
was used for enumeration data. P<0.05 was considered 
statistically significant.

Results

Two cases required ventilator support after the operation 

in the P group and C group. A case had intraoperative 
hypoxemia in the P group, while a case had severe 
cardiovascular events during operation in the P group.

Compared the general data, such as gender, age, BMI, 
pulmonary function, hemoglobin (Hb), transfusion volume, 
bleeding volume during the operation, and time of OLV 
between the two groups, the difference was not statistically 
significant (P>0.05, Table 1).

Compared with T1, at T2 and T3, Cdyn decreased and 
Pplat and Ppeak increased in both groups (P<0.05). Compared 
with the C group, at T2 and T3, Pplat and Ppeak decreased in 
the P group (P<0.05, Table 2).

Compared with T1, at T2 and T3, Qs/Qt(%) increased, 
while OI decreased (P<0.05) in both groups. Compared with 
the C group, at T2 and T3, OI increased in the P group. 
Compared with the C group, at T2, T3 and T4, PaCO2 and 
Qs/Qt(%) decreased in the P group (P<0.05, Table 3).

Compared with T1, at T3, the concentrations of IL-6 and 
TNF-α increased in both groups (P<0.05). Compared with 
the C group, the concentrations of IL-6 and TNF-α in the 
P group decreased (Table 4, Figure 1).

There was no difference in CPIS at the 1st day and 7th 
day after the operation (P>0.05, Table 5).

Discussion

The present study revealed that patients in the P group 

Table 1 General data of patients in the two groups and their 
conditions during the operation (n=18 in each group, x±s)

Item C group P group P

Male/female 12/6 13/5 0.50

Age (year) 57.6±9.4 59.6±7.2 0.58

BMI (kg/m2) 32.7±1.7 32.5±2.2 0.55

FEV1 86.2±8.0 89.1±9.0 0.21

FEV1/FVC 71.9±9.2 71.3±9.6 0.59

FVC (%) 82.8±8.6 84.9±10.2 0.49

MVV (%) 75.8±11.2 74.6±9.7 0.58

Smoking 8/10 10/6 0.740

Urine (mL/kg/h) 1.7±1.1 1.6±0.9 0.234

Hb (g/mL) 137.8±11.1 135.4±10.7 0.57

Left/right (surgery) 4/14 6/12 0.356

Infusion volume (mL) 2,326±551 2,473±651 0.58

Bleeding volume (mL) 196±126 222±146 0.56

Operation time (min) 171±43 187±40 0.39

Time of OLV (min) 125±31 140±31 0.38

BMI, body mass index; FEV1, forced expiratory volume in 1 
second; FVC, forced vital capacity; MVV, maximum ventilatory 
volume; OLV, one-lung ventilation. 

Table 2 Changes of respiratory mechanics at different time points 
for the patients in the both group (x±s)

Item P group C group P

Pplat (cmH2O)

T1 17.9±1.7 18.8±1.6 0.242

T2 24.2±1.4 28.8±2.3 0.000

T3 22.1±1.9 24.5±2.92 0.010

Ppeak (cmH2O)

T1 18.7±2.6 20.2±2.3 0.103

T2 25.5±2.1 29.9±2.6 0.000

T3 23.0±2.3 25.8±1.9 0.001

Cdyn

T1 42.6±7.1 41.6±8.1 0.562

T2 33.0±4.7 31.47±3.4 0.486

T3 37.0±4.0 34.2±5.6 0.388
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maintained a lower Ppeak and platform during the operation, 
lower Qs/Qt and better OI during the operation and at  
6 hours after the operation, and avoided the accumulation 
of CO2 during and after the operation, and blood pH was 

closer to the normal value after operation. However, the 
infection scores in the P group did not improve on the 1st 
day and 7th day after the operation.

Ppeak is mainly determined by the tidal volume and 
inspiratory duration. In the case of Ppeak>40 cmH2O, 
the occurrence of VILI sharply increased (24). Pplat was 
correlated to static lung compliance (25), and was positively 
correlated with barotrauma. When Pplat was less than  
25 cmH2O, barotrauma hardly occurred. However, when 
Pplat was more than 29 cmH2O, the incidence of barotrauma 
clearly increased (21). High Pplat induces alveolar wall 
overstretching, which causes damage and increases the 
permeability of the alveolar epithelium and vascular 
endothelium, leading to high permeability pulmonary 
edema and damage.

The present study indicated that at T2 and T3, compared 
with the C group, Pplat obviously decreased in the P group. 
During the OLV, three patients had a Pplat of >30 cmH2O, 
and after properly bringing down the tidal volume, two 
patients continued to have a Pplat of >25 cmH2O. The reason 
may be that in the P group, PEEP combined with autoflow 
ventilation could not only better maintain the alveoli 
recruitment maneuver, but also prevent alveolar collapse at 

Table 3 Changes of arterial blood gas at different time points for 
the patients in the both group (x±s)

Item P group C group P

OI

T1 375±65 364±59 0.642

T2 229±39 198±37 0.032

T3 268±46 321±53 0.009

T4 339±44 312±50 0.100

PaCO2 (mmHg)

T1 38.7 ±5.3 37.2±3.2 0.290

T2 32.1±4.3 39.6±3.6 0.000

T3 34.1±4.9 37.3±4.7 0.032

T4 38.4±4.0 34.6±3.7 0.002

Qs/Qt%

T1 13.9±3.1 14.1±2.9 0.322

T2 15.8±3.4 22.3±3.2 0.000

T3 14.9±3.4 15.8±3.4 0.001

T4 13.4±2.6 15.7±3.2 0.047

pH

T1 7.42±0.019 7.41±0.022 0.135

T2 7.41±0.021 7.39±0.023 0.027

T3 7.39±0.033 7.37±0.031 0.016

T4 7.40±0.034 7.38±0.032 0.042

Table 4 Changes of the concentrations of IL-6 and TNF-α at 
different time points for the patients in the both group (pg/mL, x±s)

Item P group C group P

TNF-α

T1 17.3±4.1 18.8±3.3 0.070

T5 31.7±6.9 42.0±8.2 0.000

IL-6

T1 14.1±1.9 15.2±2.9 0.314

T5 26.7±5.3 39.8±7.3 0.000

Table 5 Clinical pulmonary infection score in the both group (x±s)

Item P group C group P

1st day after operation 4.2±0.8 3.9±1.0 0.384

7th day after operation 3.3±0.9 2.9 ±0.8 0.149

The control group (C group, n=18)

Lung protective ventilation  
(P group, n=18)

36 patients with lung 
cancer enrolled finally

Excluded (4 cases): 2 cases with 
respiratory after surgery; 1 case with 
hypoxemia during the surgery; 1 case 

with serious cardiovascular event 
during the event

40 patients with lung cancer 
enrolled primarily

Figure 1 Flow diagram. 
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the end of expiration. Thus, the occurrence of pulmonary 
collapse and damage can be avoided, Cdyn is improved, Pplat 
decreases, and the lung damage is alleviated.

In the P group, during the OLV, Qs/Qt has remained 
low. During the operation, two patients in the C group 
experienced hypoxemia, which both occurred within  
30 minutes of OLV and lasted for <10 minutes. In the P 
group, alveolar collapse and atelectasis were effectively 
prevented, end-expiratory alveoli were kept relatively 
open, ARS induced the collapsed alveoli to open again, 
and OI was improved, which prevented hypoxemia. This is 
consistent with the report of Aldenkortt et al. (26), which 
noted that ARS could reduce the occurrence of hypoxemia 
during the operation.

Massive inflammatory mediators were produced by 
neutrophils, alveolar macrophage and alveolar epithelial 
cells when they suffered the mechanic damage, causing 
t i ssue damage.  Massive inf lammatory mediators , 
inflammatory cells and adhesion molecules were released in 
blood through pulmonary circulation. IL-6 is an important 
indicator that reflects the tissue injury degree in the early 
stage (27,28), and TNF-α is a sensitive indicator that 
reflects tissue injury degree (5). Testing the concentrations 
of TNF-α and IL-6 can be used to determine the condition 
of inflammation in the lung.

At T5, the concentrations of IL-6 and TNF-α obviously 
increased in both groups, since thoracic surgery and 
mechanic ventilation can damage the tissue, and induce 
TNF-α and IL-6 to increase. Compared with the C group, 
the concentrations of IL-6 and TNF-α decreased in the P 
group, suggesting that lung protective ventilation decreased 
the generation of inflammatory mediators, thereby 
alleviating lung damage. However, on the 1st day and 7th 
day after the operation, there was no significant difference 
in CPIS between the two groups, which indicate that 
lung protective ventilation cannot reduce the incidence of 
pulmonary infection after surgery.

There were also some limitations in the present study. 
First, this is not a double-blinded study, and the anesthetist 
knew about the condition of all patients. Thus, bias could 
not be avoided. Second, for monitoring cytokines in venous 
blood, it would take certain period of time to produce 
inflammatory cytokines and release these in the blood. Thus, 
it would be more accurate to use alveolar lavage fluid to 
reflect the lung injury degree. Third, the sample was small, 
and bias could not be avoided. Lastly, but not the least, the 
age range was wide, and the decrease in lung function in for 
elderly patients can inevitably have an impact on the results.

Conclusions

In conclusion, the ventilation model of ARS and PEEP 
combined with autoflow can better reduce airway pressure 
and the production of injurious inflammatory cytokines in 
blood in obese patients. Furthermore, it can reduce Qs/
Qt during and at 6 hours after the thoracotomy, improve 
OI and maintain the acid-base balance of the internal 
environment, which may be provided during clinical work. 
These bring new enlightenment and needs to be clarified 
through further studies.
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