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Abstract: The potentially harmful effects of short-term mechanical ventilation during surgery have been examined 
in recent years. An optimal strategy for mechanical ventilation of patients during non-laparoscopic abdominal sur-
gery must be devised. A total of 63 patients undergoing elective open abdominal surgery with more than 2 h of 
ventilation time were selected for this randomized, open-label, clinical study. They were divided into three ventila-
tion groups: high volume of 9 ml/kg IBW (ideal body weight) with ZEEP (zero end-expiratory pressure); low volume 
of 7 ml/kg IBW with 8 cm H2O PEEP (positive end expiratory pressure); and low volume of 7 ml/kg IBW with 8 cm 
H2O PEEP and recruitment. Intraoperative PaO2/FiO2 ratio and pulmonary compliance and postoperative pulmonary 
function were measured. There were no significant differences in intraoperative PaO2/FiO2 ratio among the three 
groups (P=0.31). The pulmonary compliance of three groups showed different changes over time (group effect 
over time P=0.0006). There were no significant differences in FEV1 or FVC among the three groups (P=0.32 and 
0.09, respectively), but both of these measurements showed different changes over time (group effect over time 
P<0.001). On the first postoperative day, the low volume with high PEEP and recruitment group had significantly 
higher FEV1 than the other two groups (mean ± SD): 1.52±0.37 versus 0.95±0.38 (P<0.001) and 1.52±0.37 versus 
0.95±0.34 (P<0.001), respectively. Low tidal volume with PEEP and recruitment showed advantages in maintaining 
the pulmonary compliance and expediting the recovery of the 1st postoperative day’s pulmonary function in patients 
undergoing non-laparoscopic abdominal surgery.
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Introduction

There are more than 230 million patients who 
require general anesthesia and mechanical 
ventilation to undergo major surgery each year 
[1]. More than 30% of thoracic or abdominal 
surgery patients experience postoperative pul-
monary complications [2]. The potentially harm-
ful effects of short-term mechanical ventilation 
during surgery have been examined in recent 
years [3].

Mechanical ventilation can cause so-called 
ventilator-induced lung injury, which continually 
opens and closes atelectatic lung parts, dis-
tending the alveoli of the aerated lung tissue 
[4]. Fortunately, this injury can be lessened with 
low tidal volumes and high positive end expira-
tory pressure (PEEP) in critically ill patients with 
acute respiratory distress syndrome (ARDS) [5].

Various ventilation strategies to reduce ventila-
tor-induced lung injury, promote early recovery, 
and reduce postoperative complications have 
been attempted in patients undergoing abdom-
inal surgery [6-9]. In different clinical trials,  
traditional mechanical ventilation, using high  
tidal volumes with zero end-expiratory pressure 
(ZEEP), prevented atelectasis formation and 
hypoxemia in anesthetized patients [6]. How- 
ever, high tidal volumes can lead to high inspira-
tory airway pressure, causing lung damage [7]. 
Futier [8] demonstrated the advantages of low 
tidal volumes (6-8 ml/kg of ideal body weight 
[IBW]) and 6-8 cm H2O PEEP in reducing health 
care utilization and improving clinical outcomes. 
Severgnini [9] suggested that a strategy of low 
tidal volumes (7 ml/kg IBW) and 10 cm H2O 
PEEP could improve postoperative pulmonary 
function more during general anesthesia. How- 
ever, intraoperative oxygen index and dynamic 
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pulmonary compliance are also important eval-
uative indicators. Partial pressure of oxygen/
fraction of inspiration oxygen (PaO2/FiO2 ratio) 
has been used in a large number of experimen-
tal studies, to quantify pulmonary gas exchange 

[10, 11] and to predict mortality during the 
early postoperative period after esophagecto-
my [12]. Research in animals and patients has 
confirmed that dynamic compliance could 
detect the onset of alveolar collapse and over-
distention with greater sensitivity than PaO2 
changes and functional residual capacity [13, 
14].

In our study, three primary ventilation strate-
gies--high volume with ZEEP, low volume with 8 
cm H2O PEEP, and low volume with 8 cm H2O 
PEEP and recruitment--were used to determine 
the influence of different ventilation strategies 
on three patient variables: intraoperative PaO2/
FiO2 ratio, intraoperative pulmonary compli-
ance and postoperative pulmonary function. 

Methods

The present experiments were conducted in 
accordance with the Declaration of Helsinki. 
The protocol in this study was approved by the 
Ethics Committee of Harbin Medical University 
(No. 201314), and written informed consent 
was obtained from the patients prior to study 
enrollment.

Inclusion and exclusion criteria

The patients were screened and randomized by 
the clinical anesthesia service of our regional 
university hospital--the 1st Affiliated Hospital of 
Harbin Medical University, China-from patients 
planned to undergo abdominal major surgery 
under general anesthesia between March 
2013 and June 2014. 

Patients were included if they met the following 
conditions: their age was at least 60 years old; 
they were scheduled to undergo non-laparo-
scopic abdominal elective major surgery under 
general anesthesia and mechanical ventilation; 
their ventilation time was expected to last more 
than 2 h; and they did not have other serious 
systemic complications except for the digestive 
system. Patients were excluded if their body 
mass index (BMI) was greater than 35 kg/m2, 
they were receiving systemic corticosteroid 
therapy, intractable shock was considered, 
they had experienced acute lung injury or acute 

respiratory distress syndrome before surgery; 
they had received mechanical ventilation within 
the two previous weeks, their surgery was an 
emergency, their hemodynamic stability was 
not persistent, they were predicted to require 
prolonged mechanical ventilation post opera-
tion, they had any neuromuscular diseases or 
they had contraindications for positioning of an 
epidural catheter. 

Standard procedures

The patients were pre-medicated with an intra-
venous injection of midazolam 0.05 mg/kg. 
Before the patients underwent general anes-
thesia, epidural, radial arterial and central 
venous catheters were inserted, an epidural 
catheter was placed at level T7-T12, and fluid 
infusion was administered at 10-15 ml/(kg·h) 
during surgery to stabilize hemodynamics. 

All of the patients received routine anesthesia 
according to protocol, including intravenous 
sufentanil (0.25-0.5 μg/kg) and propofol (1-2 
mg/kg) at induction; thereafter, anesthesia 
was maintained with sevoflurane to maintain a 
bispectral index (BIS) of 40-60; analgesia was 
provided with ropivacaine 0.5% (3-5) ml/h con-
tinuous infusion though the epidural catheter 
and a single intravenous injection of sufentanil 
5 µg. The patients were intubated four minutes 
after administration of cisatracurium (0.03 
mg/kg); cisatracurium was administered every 
30 min, and the last administration occurred at 
least 30 min before the end of surgical sutur-
ing. All of the patients were pre-oxygenated to 
attain FiO2 greater than 0.85, and FiO2 was 
then maintained at approximately 0.5 during 
the whole anesthesia procedure with tracheal 
intubation. Routine intraoperative monitoring 
included invasive blood pressure, electrocardi-
ography, pulse oximetry, end-tidal fraction of 
carbon dioxide (PETCO2), BIS and dynamic pres-
sure-volume curve (Datex Ohmeda S/5 Avance; 
GE Healthcare, Helsinki, Finland).

The patients received a continuous infusion of 
ropivacaine 0.2% at 4 ml/2 h and morphine 
0.04 mg/kg, as well as droperidol 0.75 mg per 
day postoperatively though the epidural cathe-
ter. The catheter was planned to be removed on 
the third day after surgery. Removal of the epi-
dural catheter was scheduled at least 4 h 
before the next administration and 12 h after 
the last dose of low-molecular weight heparin. 
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Ventilation protocol

Randomization was performed with a comput-
er-generated assignment sequence, and the 
results were inserted into the envelopes of dif-
ferent groups, which were then sealed to pre-
vent revealing the allocations. The subjects 
were randomly divided into three groups: high 
volume with ZEEP group; the low volume with 8 
cm H2O PEEP group; and the low volume with 8 
cm H2O PEEP and recruitment group. High vol-
ume ventilation was a tidal volume of 9 ml/kg 
IBW and ZEEP and an inspiratory to expiratory 
ratio of 1:2; low volume ventilation was 7 ml/kg 
IBW and 8 cm H2O PEEP and an inspiratory to 
expiratory ratio of 1:1. All of the parameters 
were set by the same type of anesthesia 
machine (Drager Fa-bius GS, Lubeck, Germany). 
We changed plates to maintain PETCO2 at 
between 30 and 40 mmHg. IBW was calculated 
according to the following formulas: Men: 50 + 
0.91 (height [cm] -152.4); or Women: 45.5 + 
0.91 (height [cm] -152.4) [15]. 

Recruitment maneuvers were performed in vol-
ume-controlled ventilation every 30 min during 
tracheal intubation according to the standard 
as follows: the respiratory rate was 6 breaths/
min, the inspiratory to expiratory ratio was 3:1, 
and PEEP was 8 cm H2O. The tidal volume was 
increased 4 ml/kg IBW once gradually until pla-
teau pressure of 30 cm H2O was achieved three 
times [16]. 

Measurements

A D-lite sensor was used to measure the follow-
ing variables every 15 min: tidal volume, PEEP, 
peak pressure, plateau pressure, airway resis-
tance (Raw), and respiratory system dynamic 
compliance. Samples for arterial blood gases 
were drawn when the patients entered the 
operating room, 2 h after ventilation, 10 min 
after extubation, and when the patients left the 
operating room. Before and after surgery (on 
postoperative days 1, 3, 5 and 7), forced expi-
ratory volume in 1 second (FEV1) and forced 
vital capacity (FVC) were obtained at the  
bedside using a portable spirometer (Master-
Screen GE, Care Fusion, America). The patient 
sat vertically at the bedside and breathed using 
the mouth though the tube while pinching his or 
her nose. Then, he or she was asked to inhale 
as deeply and exhale as forcefully and quickly 
as possible. We repeated the process 3-5 

times to ensure that the highest value was only 
slightly better than the second highest value 

[9].

Postoperative observations

The following observations were acquired post-
operatively: duration of hospitalization, postop-
erative pulmonary complications, acute heart 
failure, primary postoperative intensive care 
unit (ICU) admission, and in-hospital death. 
Postoperative pulmonary complications includ-
ed dyspnea, pneumonia, pneumothorax, respi-
ratory distress and chronic respiratory failure. 
All of the observations were diagnosed by the 
pneumology department or the ICU attending 
physicians.

Statistical analysis

The data are presented as the means ± SDs, 
medians and quartiles or percentages on an 
intention-to-treat basis. Comparisons of nor-
mally distributed variables were performed 
with one-way ANOVA, whereas non-parametric 
test was used for abnormal distributed vari-
ables, chi-square test was used for enumera-
tion data. The vital outcome variables were 
tested with repeated measures ANOVA (group 
effects), while a mixed-effects model was used 
for the FEV1 and FVC data. All of the tests were 
two tailed, and statistical significance was 
accepted at P<0.05. All of the statistical analy-
ses were performed with SAS software, version 
9.13 (sequence retrieval system).

Results

A total of 66 patients were included and ran-
domized into three groups, but 3 patients 
dropped out because of the use of laparoscopy 
during surgery. Finally, the number of patients 
in the high volume with ZEEP group was 22, the 
number in the low volume with PEEP group  
was 20, and the number in the low volume  
with PEEP and recruitment group was 21. One 
patient in the high volume group was extubated 
in the ICU on the first postoperative day, so  
we lost his extubation time. Otherwise, data 
obtained in the operating theater were avail-
able for all of the patients. Spirometry was  
performed in 58 patients 5 times with some 
patients abandoning it due to their lack of  
comfort. The three groups had similar baseline 
characteristics (Table 1).
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Intraoperative respiratory observation

Owing to the different mechanical ventilator 
settings, the data on tidal volume and PEEP 

were significant. Peak pressure, plateau pres-
sure and PETCO2 were higher in the groups with 
low volume, and Raw was higher in the group 
with high volume. There were no statistically 

Table 1. Baseline characteristics
High volume with 

ZEEP (n=22)
Low volume with 8 

cm H2O PEEP (n=20)
Low volume with 8 cm H2O 

PEEP and recruitment (n=21) P Value

Age, (mean ± SD), yr 67.41±5.13 66.10±5.46 69.67±8.37 0.21
Sex, M/F 15/7 10/10 13/8 0.48
Height, median [IQR], cm 168 [158-171] 162.5 [157-169] 166 [155-171] 0.55
Body weight, kg
    Actual, (mean ± SD) 64.89±12.70 58.86±11.78 59.95±8.59 0.18
    Predicted, median [IQR] 64.2 [54.24-66.93] 56.94 [49.69-65.11] 62.38 [47.87-66.93] 0.48
BMI, (mean ± SD), kg/m2 23.62±4.08 22.10±3.47 22.35±3.23 0.35
Preoperative risk index, n (%)
    Risk class 1 2 (9.09) 1 (5) 1 (4.76) 0.12
    Risk class 2 11 (50) 9 (45) 5 (23.81)
    Risk class 3 8 (36.36) 10 (50) 13 (61.90)
    Risk class 4 1 (4.55) 0 (0) 2 (9.52)
Coexisting condition, n (%)
    Current smoking 7 (31.82) 7 (35) 4 (19.05) 0.48
    Chronic obstructive pulmonary disease 4 (18.18) 5 (25) 4 (19.05) 0.86
    Asthma 0 (0) 1 (5) 0 (0) 0.32
Type of surgery, n (%)
    Gastrectomy 2 (9.09) 8 (40) 6 (28.57) 0.34
    Pancreaticoduodenectomy 1 (4.55) 1 (5) 1 (4.76)
    Colorectal resection 14 (63.64) 9 (45) 10 (47.62)
    Other procedure 5 (22.73) 2 (10) 4 (19.05)
IQR = interquartile range.

Table 2. Intraoperative data
High volume  

with ZEEP 
(n=22)

Low volume with 
8 cm H2O PEEP 

(n=20)

Low volume with 8 cm 
H2O PEEP and recruit-

ment (n=21)
P Value

Tidal volume, median [IQR], ml 580 [490-600] 380 [330-460] 440 [340-470] <0.0001
Tidal volume, median [IQR], ml/kg of predicted body weight 9.19 [9.06-9.26] 6.93 [6.65-7.07] 7.01 [6.89-7.1] <0.0001
PEEP, median [IQR], cm H2O
    Baseline 2 [2-2] 8 [8-8] 8 [8-8] <0.0001
    End of surgery 1.5 [1-2] 8 [8-8] 8 [8-9] <0.0001
Peak, median [IQR], cm H2O
    Baseline 14 [13-17] 16 [15-17] 16 [16-17] 0.03
    End of surgery 14 [12-17] 16 [16-17] 15 [15-17] 0.03
Plateau pressure, median [IQR], cm H2O
    Baseline 12.5 [11-15] 14.5 [14-15.5] 15 [15-16] 0.003
    End of surgery 13 [11-16] 15 [15-16] 14 [13-16] 0.01
Raw, cm H2O/(L·s)
    Baseline median [IQR], 11.50 [9-14] 9 [8-10.50] 9 [7-12] 0.04
    End of surgery, (mean ± SD) 8.64±2.57 6.8±1.96 7.43±2.31 0.004
PETCO2, mmHg
    Baseline, median [IQR] 32.50 [30-37] 35 [31.50-36.50] 33 [32-35] 0.65
    End of surgery, (mean ± SD) 31.86±3.36 34.6±2.74 34.33±2.5 0.005
Duration of mechanical ventilation, median [IQR], h 2.87 [2.25-3.25] 3.32 [2.67-3.77] 3.45 [2.50-3.62] 0.46
Duration of surgery, median [IQR], h 2.48 [2-3.25] 3.09 [2.59-3.71] 3 [2.15-3.47] 0.22
Duration of extubation, median [IQR], min 15.50 [12-19] 18.50 [14.50-22.50] 20 [16-24] 0.11
IQR = interquartile range.
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significant differences in the times of ventila-
tion, surgery and extubation among the three 
groups (Table 2).

Arterial blood gas analysis

There were no significant differences among 
the three groups before surgery. While intraop-
erative partial pressure of carbon dioxide 
(Pco2), postoperative PH and Pco2 were signifi-
cantly different (P<0.05), intraoperative and 

postoperative hemoglobin 
and PaO2 showed no signifi-
cant differences (Table 3). 
There were no significant 
differences in intraopera-
tive PaO2/FiO2 ratio or dif-
ferent changes over time 
among the three groups 
(P=0.31, and group effect 
over time P=0.14). At 2 h 
after ventilation, the PaO2/
FiO2 ratios of the th- 
ree groups were 382.21± 
88.03, 450.10±70.29 and 
442.08±93.46, respective-
ly. The values were signifi-
cantly greater in the two 
groups with low volume 
compared with the high  
volume group (P<0.05), but 

Table 3. Intraoperative artery blood gas analysis
High volume with 

ZEEP (n=22)
Low volume with 8 

cm H2O PEEP (n=20)
Low volume with 8 cm H2O 

PEEP and recruitment (n=21) P Value

Hemoglobin, (mean ± SD), g/L
    Preoperation 128.59±22.65 126.70±23.82 125.33±20.17 0.89
    Intraoperation 113.64±17.17 106.50±17.69 108.67±12.84 0.34
    Postoperation 120.64±20.33 110.75±31.21 113.43±14.94 0.36
PH, median [IQR]
    Preoperation 7.44 [7.42-7.47] 7.44 [7.43-7.45] 7.43 [7.42-7.45] 0.72
    Intraoperation 7.40 [7.38-7.42] 7.36 [7.32-7.4] 7.37 [7.34-7.4] 0.06
    Postoperation 7.36 [7.33-7.38] 7.33 [7.31-7.35] 7.35 [7.34-7.38] 0.02
Pco2, mmHg
    Preoperation, median [IQR] 35 [34-39] 37 [35-39.50] 35 [32-36] 0.07
    Intraoperation, median [IQR] 37.50 [35-40] 40.50 [37.50-44] 38 [36-40] 0.04
    Postoperation, (mean ± SD) 41.68±3.92 42.6±4.48 39.05±4.64 0.03
Po2, mmHg
    Preoperation, median [IQR] 87 [79-92] 85 [79-100.50] 93 [82-109] 0.24
    Intraoperation, (mean ± SD) 234±86.5 235.2±34.76 244.9±55.28 0.83
    Postoperation, median [IQR]  81.50 [66-88] 75.50 [69.50-88] 84 [74-93] 0.56
IQR = interquartile range.

Figure 1. Pre-, intra- and postoperative PaO2/FiO2 ratio in three groups. *P<0.05 
vevsus High volume with ZEEP group intra-operation.

there was no significant difference between  
the two low volume groups (Figure 1; P=0.76).

Dynamic pulmonary compliance 

During anesthesia, there was no significant dif-
ferences in pulmonary compliance among the 
three groups (P=0.50), but different changes 
occurred over time (Figure 2; group effect over 
time P<0.001). Compliance in the low volume 
with PEEP and recruitment group remained at 
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the original level. However, compliance in the 
other two groups decreased over time.

Spirometry

There were no significant differences in FEV1  
or FVC among the three groups (P=0.32 and  
0.09, respectively), but both values underwent 
changes over time (group effect over time 
P<0.001). On postoperative day 1, FEV1 in the 
low volume with PEEP and recruitment group 
was significantly higher than in the other  
two groups (mean ± SD): 1.52±0.37 versus 
0.95±0.38 (P<0.001) and 1.52±0.37 versus 
0.95±0.34 (P<0.001), respectively (Figure 3). 
The values of FVC on postoperative day1 in the 
three groups were 1.25±0.51, 1.25±0.44 and 
1.77±0.6, respectively; the value in the low vol-
ume with PEEP and recruitment group was sig-
nificantly higher than in the other two groups 
(P<0.05). The values of FVC on postoperative 
day3 in the three groups were 1.31±0.37, 
1.58±0.4 and 1.95±0.68, and the value in the 
low volume with PEEP and recruitment group 
was significantly higher than in the other two 
groups (Figure 4; P<0.05). There were no sig-
nificant differences between the high volume 
with ZEEP group and the low volume with PEEP 
group in FEV1 or FVC with simple effects.

Postoperative observation

The results for length of hospital stay, postop-
erative pulmonary complications, primary post-
operative ICU admissions, acute heart failure 

and in-hospital deaths sh- 
owed no significant differ-
ences among the three 
groups (Table 4).

Discussion

The low volume groups, 
with tidal volumes of 7 ml/
kg IBW, showed some 
advantages during surgery 
regarding the PaO2/FiO2 
ratio and pulmonary com-
pliance, compared with the 
high volume group, with a 
tidal volume of 9 ml/kg 
IBW. The low volume with 
PEEP and recruitment gr- 
oup recovered the best 
over time with regard to 
postoperative FEV1 and 
FVC. 

Figure 2. Pre-, intra- and postoperative Pulmonary compliance in three groups. 
Group effect over time P<0.001. The individual comparisons show no statistical 
significance.

High tidal volume is one of the factors that 
induced ventilator-associated lung injury in 
healthy patients [17]. It led to overdistention, 
alveolar rupture and barotrauma. Nevertheless, 
low tidal volume can cause atelectasis, hypox-
emia [18] and pulmonary inflammation [19]. 
However, it can be prevented by the incorpora-
tion of PEEP, and the alveoli can be stabilized 
with PEEP greater than 5 cm H2O. In another 
study, PEEP was found to decreasing the death 
rate of patients whose PaO2/FiO2 ratios were 
less than 200 mmHg [20]. In our study, at 2 
hours after ventilation, the PaO2/FiO2 ratio was 
significantly higher in the groups with low vol-
ume, but there was no significant difference 
between the two low tidal volume groups. It 
seemed that PEEP might play a more important 
role in enhancing the intraoperative PaO2/FiO2 
ratio than in recruitment. The strategy of low 
tidal volume, with PEEP and recruitment or not, 
might be better for the PaO2/FiO2 ratio during 
abdominal surgery.

Dynamic lung compliance was affected by the 
elasticity of lung tissue and Raw. During ventila-
tion, the pulmonary alveoli were overdistented 

[21], resulting in atelectasis of nearby tissue 
and thus protein effusion; the activity of pulmo-
nary surfactant decreased, and pulmonary 
compliance worsened. PEEP, in theory, could 
keep the alveoli expanding and prevent them 
from expanding and collapsing repeatedly [22], 
which would be good for the generation of pul-
monary surfactant and the maintenance of 
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lung compliance. Previous randomized, con-
trolled trials have already discussed the influ-
ence of ventilation settings, and their conclu-
sions conflicted because recruitment was sel-
dom applied in them [5, 23, 24]. In our study, 
during anesthesia, pulmonary compliance in 
the low volume with PEEP and recruitment 
group remained the same, while in the high  
volume and low volume with PEEP groups, it 
decreased over time. This finding indicated  
that PEEP combined with recruitment could  
stop pulmonary compliance from decreasing. 

Because recruitment can increase the expan-
sion of small airways and enhance the stability 
of the alveoli, it can successfully increase 
patients’ lung compliance.

Rothen [25] noted that sustained inspiratory 
pressure of more than 40 cm H2O was needed 
to reverse fully anesthesia-induced atelectasis 
in healthy patients. However, research has 
shown that recruitment can directly overdis-
tend aerated alveoli, paradoxically resulting in 
increased ventilation-induced lung injury [26, 

Figure 3. FEV1 in three groups pre-operation, on postoperative day 1, 3, 5 and 7. Group effect over time P<0.001, 
*P<0.05 vevsus High volume with ZEEP group on postoperative day 1, + P<0.05 vevsus Low volume with 8 cm H2O 
PEEP group on postoperative day 1.

Figure 4. FVC in three groups pre-operation, on postoperative day 1, 3, 5 and 7. Group effect over time P<0.001, 
*P<0.05 vevsus High volume with ZEEP group on postoperative day 1, 3 and 5, + P<0.05 vevsus Low volume with 
8 cm H2O PEEP group on postoperative day 1 and 3.
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27]. We paid attention to and controlled these 
parameters to within safe ranges. Our patients 
in this study did not have severe diseases of 
the respiratory system, and we did not detect 
any severe intraoperative complications in any 
of them. 

Postoperative pulmonary function in abdominal 
surgery patients was restricted by decreased 
lung compliance, pain of incision, diaphragmat-
ic dysfunction and ventilator muscle activity in 
an animal experiment [28]. Some research has 
reported that pain could decrease indices of 
pulmonary function [29, 30]. To eliminate inde-
terminate factors, each patient received an epi-
dural tube for three days after surgery to keep 
the VAS score for pain ≤3. In our study, FEV1 
and FVC underwent different changes over 
time among the three groups. FEV1 and FVC in 
the low volume with PEEP and recruitment 
group were significantly higher than in the other 
groups on postoperative day 1, in accordance 
with the changes in pulmonary compliance over 
time. There were no significant differences 
between the high volume with ZEEP group and 
the low volume with PEEP group. Treschan [16] 
indicated that impaired lung function after 
major abdominal surgery was not improved by 
low tidal volume ventilation. It is particularly 
worth mentioning that recruitment maneuvers 
were excluded from the strategy of W. Kaisers. 
His results supported our outcomes as well.

In future studies, we will increase the simple 
size and conduct research in patients with 
severe diseases of the respiratory system.

Conclusion

Low tidal volume with PEEP and recruitment, 
which is a protective ventilation strategy, sho- 

wed its advantages in maintaining the intraop-
erative pulmonary compliance and in expedit-
ing the recovery of the 1st postoperative day’s 
pulmonary function in patients who underwent 
major non-laparoscopic abdominal surgery.
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