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Abstract. Laparoscopic total hysterectomy is performed
by carbon dioxide insufflation, Trendelenburg position and
mechanical ventilation of patients under general anesthesia.
However, this may induce pulmonary atelectasis and/or
hyperdistention of the lungs. Multiple studies have indicated
that mechanical ventilation with the use of low tidal volumes,
moderate positive end-expiratory pressure (PEEP) and regular
alveolar recruitment maneuvers may improve post-operative
outcomes. However, the benefits of an individualized level of
PEEP have not been clearly established. In the present study;, it
was hypothesized that a moderate fixed PEEP may not suit all
patients and an individually-titrated PEEP during anesthesia
may improve the peri-operative pulmonary oxygenation
function. The aim of the present study was to compare the
pulmonary oxygenation function and post-operative pulmo-
nary complications (PPCs) in patients receiving individualized
lung-protective mechanical ventilation (LPV) vs. conventional
ventilation (CV) during laparoscopic total hysterectomy. The
present study was arandomized double-blinded clinical trial on
87 patients who were randomly divided to receive CV or protec-
tive ventilation (PV). An optimal individualized PEEP value
was determined using a static pulmonary compliance-directed
PEEP titration procedure. Pulmonary oxygenation function,
serum inflammatory factors, including interleukin-8 and Clara
cell protein 16, the incidence of PPCs and the post-operative
length of stay were also determined. Patients in the PV group
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exhibited improved pulmonary oxygenation function during
and after the operation. The total percentage of PPCs during
the first 7 days after surgery was significantly lower in the
PV group compared with those in the CV group. In conclu-
sion, as compared to CV, intra-operative individualized LPV
significantly improved pulmonary oxygenation function and
reduced the incidence of PPCs during the first 7 days after
laparoscopic total hysterectomy (Clinical trial registration
no. ChiCTR1900027738).

Introduction

Laparoscopic total hysterectomy is a major abdominal surgery
with an operating time of several hours. It is performed
using CO, insufflation and mechanical ventilation on patients
in the Trendelenburg position under general anesthesia.
Inappropriate mechanical ventilation settings during general
anesthesia may aggravate and even initiate lung damage in
patients with normal lungs, which may theoretically lead to
ventilator-induced lung injury (VILI) (1,2). The expression of
interleukin-8 (IL-8) is stimulated by the classic pro-inflam-
matory cytokines tumor necrosis factor and IL-1, which are
released early in the inflammatory response. In particular, IL-8
is known to participate in the development of lung injury in
adults with acute respiratory distress syndrome (ARDS) (3-5).
Clara cell protein 16 (CC16) is a lung secretory protein (6) with
anti-oxidant and anti-inflammatory properties that is regarded
as a sensitive biomarker to potentially identify lung injury in
surgical patients within hours (7,8). Multiple review articles
suggested that lung-protective mechanical ventilation (LPV)
is beneficial during anesthesia in patients with healthy
lungs (9,10), and in individuals with ARDS in intensive care
units (ICU) (11). Decades of study have demonstrated that
LPV may also reduce VILI (12), via the production of low tidal
volumes (TV) (13) and higher positive end-expiratory pressure
(PEEP) (14), as well as the performance of regular alveolar
recruitment maneuvers (ARM) (15). The effects of different
components of ventilation on improving post-operative
outcomes in patients with normal lungs following surgery have
been broadly explored (16). Relevant studies have concluded
that only low TV ventilation reduces post-operative pulmonary
complications (PPCs) effectively and the efficacy afforded
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by other components, including the level of PEEP, remains
controversial (17-19). Moderate fixed PEEP may not suit each
patient and it is critical to determine individualized PEEP
to stabilize the lung and maximize lung protection thereby
reducing the risk of VILI. Properly adjusted PEEP may have a
significant protective effect, whereas inadequate PEEP values
may promote pulmonary atelectasis and/or hyperinflation of
dependent lung tissue (20-23). Therefore, in order for PEEP
to be effective, it must be personalized to suit the individual
lung physiology of each patient. However, the efficacy of using
individualized PEEP values has not been studied thoroughly
in laparoscopic total hysterectomy.

Multiple methods of personalizing PEEP have been inves-
tigated, including inflection points on the pressure/volume
curve, dead space (VD) to TV ratio (VD/TV) or static
lung compliance (Cstat)-directed techniques (24). In the
present clinical trial, optimal PEEP values were determined
during a Cstat-directed PEEP titration procedure to protect
from hyperdistention and regular ARM was performed by
volume-controlled ventilation to prevent atelectasis.

The aim of the present study was to evaluate the benefit of
intra-operative individualized LPV on pulmonary oxygenation
function and the incidence of PPCs in patients scheduled for
laparoscopic total hysterectomy surgery. It was hypothesized
that intra-operative individualized LPV may improve pulmo-
nary oxygenation function and decrease the total occurrence
of PPCs compared to conventional ventilation during anes-
thesia in patients undergoing laparoscopic total hysterectomy
surgery.

Materials and methods

Study design. All patients provided written informed consent
prior to inclusion in the study. The present study was a
randomized, double-blinded, controlled, investigator-initiated
clinical trial and was approved by the Ethical Committee of
Huzhou Maternal and Child Healthcare Hospital (approval
no. 20180206-9; Huzhou, China). Investigators randomly
assigned participants to the PV group or the CV group at a
ratio of 1:1. Concealed randomization was performed using
Random Allocation Software (Windows software, version 1.0;
Microsoft Corp.). The group-identification information was
stored in sealed and numbered envelopes. Participants were
included and allocated in numerical order.

The anesthetist was responsible for the collection of patient
data during surgery. Ventilator settings recorded during anes-
thesia were concealed in the case report form. The surgeon
responsible for the patient was not informed of the ventilator
settings. Physicians that were not involved in the care of the
patient during anesthesia and surgery performed post-opera-
tive evaluation. Anesthesia recordings and ventilator settings
during surgery were concealed from the post-operative physi-
cians and nurses.

Inclusion and exclusion criteria. Patients who were scheduled
for elective laparoscopic total hysterectomy surgery under
general anesthesia between January 2017 and January 2019
at Huzhou Maternal and Child Healthcare Hospital were
included in the present study. Patients were eligible for partici-
pation if they conformed to the following criteria: American
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Society of Anesthesiologists (ASA) physical status I-III; age of
>18 years; body mass index (BMI) <30 kg/m?; candidates for
elective laparoscopic total hysterectomy surgery under general
anesthesia with an expected duration of >2 h. The exclusion
criteria were as follows: Individuals who refused or were
unable to provide informed consent, or were participating in
another interventional study; neuropathy or any neuromus-
cular disease; thoracic deformity and intrathoracic diseases
(e.g. mediastinal tumor or chest tumor); severe cardiac disease
defined as New York Heart Association grade III or I'V, acute
coronary syndrome or persistent ventricular tachyarrhyth-
mias; any previous lung surgery or history of pulmonary
disease; use of positive pressure ventilation prior to surgery
[e.g. continuous positive airway pressure for sleep obstructive
apnea syndrome (CPAP)]; liver cirrhosis (Child-Pugh score B
or C); chronic renal failure with dialysis; allergy to local anes-
thetic; emergency surgery; or the requirement for the patient to
be transferred to the ICU after surgery.

Standard procedures. All patients accepted a standard
procedure of general anesthesia induction comprising
intravenous midazolam hydrochloride (0.05 mg/kg; Jiangsu
Enhua Medical Co.), sufentanyl (0.6 ug/kg; Yichang Renfu
Medical Co.), propofol (2 mg/kg; Xi An Li Bang Medical
Co.) and rocuronium bromide (0.6 mg/kg; Zhe Jiang Xian
Ju Medical Co.). After 3 min, patients were intubated with a
tracheal tube (internal diameter, 7 mm for females), and the
tube cuff pressure was adjusted between 20 and 25 cmH,0.
Maintenance anesthesia was provided by continuous intrave-
nous propofol infusion (4-12 mg/kg/h), remifentanil infusion
(0.05-0.3 pug/kg/min) and sevoflurane inhalation (concentra-
tion, 1-3%) based on the BiSpectral index of the patient, which
was maintained at 40-60. As continuous intravenous propofol
and remifentanil infusion were provided to maintain anes-
thesia and inhibit respiration, additional cisatracurium besilate
(5 mg) was prescribed when clinically indicated to produce
further muscle relaxation. Routine intra-operative monitoring
was performed continuously using a dedicated monitor,
including invasive blood pressure, pulse oximetry, heart rate,
end-tidal fractions of carbon dioxide (ETCO,) and electrocar-
diogram. Immediately prior to the end of the operation, tolane
setron (5 mg) was administered to prevent post-operative
nausea and vomiting. After the surgery, patients were directly
transported to the post-anesthesia care unit. After tracheal
extubation, patients were oxygenated with an inspired oxygen
fraction (FiO,) of 0.33 through a venturi face mask (Tian Jin
Shuang Li Medical Device Co., Ltd).

Following surgery, the patients received intravenous
continuous analgesia in the form of sufentanyl (50 xg) and
dexmedetomidine (200 pg), combined with 100 ml normal
saline to control pain. The background dose was 2 ml/h and
the bolus dose was 2 ml. Post-operative analgesia was provided
for at least 48 h to achieve a visual analogue scale (VAS) score
of <3 (25). If the VAS score was =3, intravenous tramadol
(50 mg) was to be administered for remedial analgesia, but
none of the patients was given tramadol in the present study
as the VAS scores were =3. All patients received routine phys-
iotherapy (26) during the post-operative period according to
the standard of care at Huzhou Maternal and Child Healthcare
Hospital (Huzhou, China).
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Ventilation protocol. In the two groups, the surgery was
performed under pneumoperitoneum induced and held using an
intra-abdominal pressure of 13-15 mmHg with room-temper-
ature CO, insufflation. The mechanical ventilation protocol
consisted of a volume-controlled mode with an FiO, of 0.40
and an inspiratory to expiratory ratio of 1:2 in the two groups,
which was performed using an S/5 Avance anesthesia machine
(Datex Ohmeda; GE Healthcare). The respiratory rate (RR)
was regulated to obtain an ETCO, of 35-45 mmHg.

Patients were randomly assigned to the CV group or the
PV group. In the CV group, the ventilation protocol was TV of
9 ml/kg of ideal body weight (IBW), without PEEP or ARM
throughout the surgery. The IBW was calculated according
to the following pre-defined formula for females (27): IBW
(kg)=45.5 + 091 (height in cm-152.4).

In the PV group, the ventilation protocol settings were
the same as those in the CV group immediately after induc-
tion of anesthesia and orotracheal intubation. However, once
a steady state had been reached, all patients were submitted
to an ARM using sustained airway pressure via the CPAP
method, applying TV of 7 ml/kg IBW and 30 cm H,O PEEP
for 30 sec based on a study by Ruszkai et al (28), followed
by a decremental PEEP titration (DPT) procedure directed
by Cstat. The depth of anesthesia was regulated to ensure the
patients were haemodynamically stable and a PaO,/FiO, of
=300 mmHg was also guaranteed to assure that the pulmo-
nary oxygenation function was normal. If so, the ARM was
considered successful.

The method of DPT was as follows (28): During the PEEP
titration procedure, PEEP was decreased from 14 cm H,O by
2 cm H,O every 4 min, until a final PEEP of 6 cm H,O was
reached. On each level of PEEP, Cstat was measured by the
ventilator. Optimal PEEP was considered as the PEEP value
resulting in the highest possible Cstat measurement. After
the PEEP titration procedure, an ARM was implemented and
lung-protective mechanical ventilation was then performed
using the optimal PEEP and TV of 7 ml/kg.

Data source and collection. The following demographic
parameters were recorded for the 87 patients enrolled: Age,
BMI, ASA physical status and post-operative length of stay
(PLOS). The intra-operative data, including operation time,
mechanical ventilation time, TV, RR and arousal time (time
from the end of the operation to the time the patients woke
up) were recorded for the two groups. Breathing mechanics
[pulmonary dynamic compliance (Cdyn)] were calculated as
TV (peak-PEEP) (24) in the operative period at time-point 1
(T1; after endotracheal intubation), T2 (10 min after pneu-
moperitoneum), T3 (60 min after pneumoperitoneum) and T4
(10 min after pneumoperitoneum was stopped). Arterial blood
gas (ABG) was recorded at T1, T3, T5 (30 min after tracheal
extubation) and T6 (the day after the surgery). The lung
oxygenation ability was assessed by determining the oxygen
index (OI) calculated from the pressure of arterial oxygen
(Pa0,) and FiO, as OI=PaO,/FiO, (29). Alveolar-arterial
differences for oxygen (A-a0,) were calculated from the
atmospheric pressure (PB), saturated vapor pressure at room
temperature (PH,O), pressure of arterial carbon dioxide
(PaCO,) and respiration quotient (R), PaO, and FiO, as
A-a0,=(PB-PH,0) x FiO,-PaCO,/R-Pa0, (30), with PB set
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at 760 mmHg, PH,O at 47 mmHg and R at 0.8. Saturation
of pulse oxygenation (SPO,) was recorded on the second day
after surgery (D2) and D5. SPO, was measured in the ward. If
the patient was using a nasal oxygen catheter, the catheter was
removed for 10 min and SPO, was then measured after adapta-
tion on D2 and D5. If SPO, dropped <90% during the adaptive
time, the manipulation was stopped and SPO, was immedi-
ately obtained. Venous blood samples were taken at T1, T3, T5
and T6 to assess the systemic inflammatory response. Venous
blood samples of the patients were centrifuged at 5,000 x g for
10 min at 4°C, and supernatants were separated immediately
after collection. All supernatants were stored at -80°C until
biochemical measurements were performed. eBioscience
Platinum ELISA (Bender MedSystems GmbH) was used to
measure the serum levels of IL-8 and CC16. Post-operative
follow-up was performed and the total incidence rate of PPCs
in the two groups during the first 7 post-operative days was
recorded. PPCs were defined as the development of one of
seven complications: Atelectasis, pleural effusion, respiratory
infection, pneumothorax, bronchospasm, respiratory failure
and aspiration pneumonitis during the period of post-operative
hospitalization, as reported by Jammer et al (31) and Gallart
and Canet (32).

Primary and secondary endpoints. The primary endpoint
was the change in pulmonary oxygenation function including
OI during the pre-and post-operative period. The secondary
endpoints were Cdyn during the operation and the total inci-
dence of PPCs in the first 7 days after surgery. Post-operative
pneumonia was diagnosed based on 3 criteria: i) Presence of
new pulmonary infiltrates from chest X-ray images; ii) leuko-
cytosis and iii) fever (ear temperature, >38.0°C) (33,34).

Statistical analysis. The formula for calculation of the sample
size was as follows: n=[(Za/2 + Zf3) 2x2 (SD) 2/(u1-u2) 2] (35),
where n represents the sample size required in each group, p1
is the mean of the OI in the PV group, 2 is the mean of the OI
in the CV group; u1-u2 is the clinically significant difference;
Zo./2 represents a 5% level of significance (1.96); Zf3 represents
95% statistical power (1.96) and SD represents the standard
deviation, which was 1.195. A pilot study was performed on
16 patients (8 in each group) to detect a significant difference
in OI between groups, during which p1 was measured as 1.05
and u2 as 1.25. The OI was obtained during the pilot study
at T3 (60 min after pneumoperitoneum) and T4 (10 min after
pneumoperitoneum was stopped). Therefore, n was equal to 35
for each group, requiring a total sample size of 70. Considering
a 20% attrition rate, the total sample size was increased to
86 patients (43 patients in each group). Statistical analysis was
performed using SPSS version 17 (SPSS Inc.). The normality
of distribution of continuous variables was tested using
one-sample Kolmogorov-Smirnov test. Continuous data were
analyzed using one-way ANOVA to assess the significance
of differences in means between and within the groups. If
the variance was not homogeneous, a non-parametric test
(Kruskal-Wallis H-test for multiple independent samples)
was used. Categorical variables were compared using the
RxC o test or Fisher's exact test. In all cases, P-values were
two-sided and P<0.05 was considered to indicate a statistically
significant difference.
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Assessed for eligibility(n=156)

Excluded (n=64)
Not meeting inclusion criteria

Randomized(n=92)

Allocation
Allocated to CV group: (n=46) Allocated to PV group: (n=46)
r Y
Lost to follow-up(n=3) Lost to follow-up(n=2)
Due to 1 surgery cancellation and 2 the Due to 1 surgery cancellation and 1 the
plans for surgery changed plans for surgery changed
3 Analysis X

Analysed (n=43) |

| Analysed (n=44)

Figure 1. Flow chart depicting the selection of patients for the present study. Patients who were assessed for eligibility and a proportion of them were excluded,

as they did not meet the inclusion criteria.

Results

Patient enrolment and follow-up. A flow chart of the enrol-
ment and follow-up of the patients is provided in Fig. 1.
A total of 156 consecutive patients who were scheduled
to undergo laparoscopic total hysterectomy surgery were
assessed for eligibility. Of these, 64 patients were excluded,
as they did not meet the inclusion criteria. The remaining
92 patients were included in the study and were divided into
2 groups with 46 patients each in the CV group and the PV
group. The surgery was cancelled for 2 patients assigned to
the CV group and 1 patient assigned to the PV group. In
addition, 2 patients assigned to the CV group and 1 patient
assigned to the PV group were excluded, as the plans for
surgery changed. Finally, 87 patients were enrolled and
included in the final analysis, comprising 43 in the CV group
and 44 in the PV group. In terms of the baseline character-
istics, there were no significant differences between the two
groups (Table I).

Intra-operative data of the two groups. Compared with those
in the CV group, the TV was lower and the RR was higher in
the PV group; however, there were no statistically significant
differences between the two groups with regard to intra-oper-
ative mechanical ventilation time, operation time and arousal
time (Table II).

Breathing mechanics during the operative period in the
two groups are presented in Fig. 2. In the two groups, Cdyn
exhibited a marked decline at T2 as compared with that at T1,
but no statistical significance was found. Compared with that
in the CV group, Cdyn was significantly elevated in the PV
group at T3 and T4 (P<0.05).

Pulmonary oxygenation. The pulmonary oxygenation during
the operative and post-operative period for the two groups
is presented in Figs. 3-5. In the PV group, the OI value was
higher and the A-aO, was lower compared with those in the
CV group at T3, T5 and T6 (P<0.05). Furthermore, in the PV
group, SPO, was higher compared with that in the CV group
on D2 and D5 (P<0.05).

Inflammatory factors. The inflammatory factors IL-8 and
CC16 in the two groups at T1, T3, TS and T6 are presented
in Figs. 6 and 7. There were no significant differences in IL-8
and CC16 in the two groups at any time-point (P>0.05).

Incidence of PPCs. The total incidence of PPCs was compared
post-operatively in the two groups during the first 7 days after
surgery (Table III). Pneumothorax, bronchospasm, respiratory
failure and aspiration pneumonitis did not occur in either
group. Compared with the CV group, there was no difference
in the incidence of respiratory infection and pleural effusion in
the PV group (P>0.05). However, the total incidence of PPCs
and atelectasis in the CV group was higher compared with that
in the PV group (P<0.05).

Discussion

In the present study, pulmonary dynamic Cdyn, pulmonary
oxygenation, serum inflammatory factors and the total inci-
dence of PPCs were compared between a CV and a PV group.
It was observed that, compared with conventional mechanical
ventilation without PEEP, individualized lung PV performed
by applying personalized PEEP and regular ARM was associ-
ated with improved pulmonary dynamic Cdyn and pulmonary
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Table I. Baseline characteristics of the patients.

Parameter CV group (n=43) PV group (n=44) P-value
Age (years) 50.32+9.83 51.08+8.86 0.72
BMI (kg/m?) 22.58+3.05 23.31+£3.98 0.34
ASA score

I 8 (18.60) 6 (13.64) 0.53

I 30 (69.77) 34 (77.27) 043

I 5(11.63) 4(9.09) 0.70
History of hypertension 10 (23.26) 9 (20.45) 0.75
History of cardiopathy 5(11.63) 3(5.82) 0.44
History of smoking 3(6.98) 4(9.09) 0.72
PLOS (days) 6.56+1.23 7.02+2.16 0.23

Values are expressed as the mean + standard deviation or n (%). CV, conventional ventilation; PV, protective ventilation; ASA, American
Society of Anesthesiology; BMI, body mass index; PLOS, post-operative length of stay.

Table II. Intra-operative data.

Parameter CV group (n=43) PV group (n=44) P-value
Mechanical ventilation time (min) 145.97+60.02 156.15+£50.43 0.41
Operation time (min) 125.03+34.23 127.21+44 .26 0.82
Tidal volume (ml) 535.64+59.18 440.64+55 .37 0.00
RR (breaths/min) 12.59+1.67 13.54+1.43 0.01
Arousal time (min) 15.68+9.34 14.73+8.69 0.33
Crystalloid volume (ml/kg) 18.26+£3.41 18.55+4.17 0.72
Colloid volume (ml/kg 9.29+2.00 9.14+£1.79 0.71
Urine output (ml/kg) 1.38+0.57 1.41+£0.65 0.79
Blood loss (ml) 83.82+27.38 89.25+34.87 0.42

Values are expressed as the mean + standard deviation. CV, conventional ventilation; PV, protective ventilation; RR, respiratory rate.

oxygenation function, as well as a reduced incidence of PPCs
during the first 7 days following surgery in patients under-
going laparoscopic total hysterectomy. However, during the
peri-operative period, no significant differences were observed
in terms of PLOS and inflammatory factors between patients
managed using the different ventilatory strategies.

Laparoscopic total hysterectomy is widely used and its
advantages are generally accepted to include less invasive
surgery, better cosmetic results and reduced duration of
hospital stay on the basis of the surgical technique in most
advanced facilities. Despite this, certain features of laparo-
scopic techniques, including the Trendelenburg position and
induction of pneumoperitoneum with CO,, have been reported
to be potential risk factors for an increased incidence of
PPC (36).

The beneficial effects of LPV have been demonstrated in
patients with healthy lungs during general anesthesia (10,37).
LPV has also been indicated to be superior in patients with
severe lung injury and ARDS in ICU settings. Application
of PEEP, as an important component of LPV, is currently the
primary strategy by which to minimize dynamic strain for
established ARDS. However, the continued high mortality rate

of ARDS indicates that the current PEEP strategies are not
always effective (20).

Therefore, the aims of the current study were to incorpo-
rate personalized PEEP into laparoscopic total hysterectomy
surgery and to evaluate the effects of intra-operative indi-
vidualized LPV on clinical outcomes compared with those of
conventional mechanical ventilation. It was hypothesized that
individualized LPV may improve lung oxygenation function
compared to conventional mechanical ventilation, and may
therefore reduce the incidence of PPCs in patients undergoing
laparoscopic total hysterectomy.

In the present study, individualized PEEP values were
determined during a Cstat-directed PEEP titration procedure to
protect from hyperdistention, and regular ARM was performed
using sustained airway pressure by the CPAP method to prevent
atelectasis (22,38,39). In the PV group, ARM did not cause any
hemodynamic instability or life-threatening events, including
a decrease in systolic blood pressure or heart rate. During the
course of mechanical ventilation, LPV is preferred to reduce
regional end-inspiratory stretch, which also maintains the
lung open to improve gas exchange, obtain better pulmonary
oxygenation function and pulmonary Cdyn in healthy adult
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Table III. Occurrence of PPCs during the first 7 days after surgery in the two groups.

Item CV group (n=43) PV group (n=44) P-value
Atelectasis 4(9.3) 0 (0) 0.04
Pleural effusion 2 (4.65) 1(2.27) 0.54
Respiratory infection 5(11.63) 3(6.82) 0.44
Total incidence of PPCs 11 (25.58) 4(9.09) 0.04

Values are expressed as n (%). PPCs, post-operative pulmonary complications; CV, conventional ventilation; PV, protective ventilation.

cmH20

T
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Figure 2. Intra-operative breathing mechanics. In the two groups, Cdyn
exhibited a marked but not significant decline at T2 compared with that at
T1. Compared with that in the CV group, Cdyn rose significantly at T3-T4
in the PV group. Values are expressed as the mean + standard deviation.
“P<0.05 vs. CV group. Time-points: T1, after endotracheal intubation; T2,
10 min after pneumoperitoneum; T3, 60 min after pneumoperitoneum; T4,
10 min after pneumoperitoneum was stopped. CV, conventional ventilation;
Cdyn, pulmonary dynamic compliance; PV, protective ventilation.
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Figure 3. Intra-operative and post-operative pulmonary OL. In the PV group,
the OI value was higher compared with that in the CV group at T3, TS and T6.
Values are expressed as the mean + standard deviation. "P<0.05 vs. CV group.
Time-points: T1, after endotracheal intubation; T3, 60 min after pneumoperi-
toneum; T5, 30 min after tracheal extubation; T6, on the day after the surgery.
OI, oxygen index; CV, conventional ventilation; PV, protective ventilation.

lungs. The patients in the PV group exhibited improved
arterial oxygenation and peripheral oxygen saturation in the
peri-operative period, which is in line with the results of a study
by Severgnini ef al (40), implying that a low TV with adequate
PEEP is beneficial for avoiding deoxygenation.
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Figure 4. Intra-operative and post-operative pulmonary A-a0,. In the PV
group, the A-aO, was lower compared with that in the CV group at T3, T5 and
T6. Values are expressed as the mean + standard deviation. “P<0.05 vs. CV
group. Time-points: T1, after endotracheal intubation; T3, 60 min after pneu-
moperitoneum; T5, 30 min after tracheal extubation; T6, on the day after the
surgery. A-a0,, alveolar-arterial differences for oxygen; CV, conventional
ventilation; PV, protective ventilation.
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Figure 5. Post-operative SPO,. In the PV group, the SPO, was higher
compared with that in the CV group at D2 and D5. Values are expressed
as the mean + standard deviation. "P<0.05 vs. CV group. CV, conventional
ventilation; PV, protective ventilation; SPO,, saturation of pulse oxygenation;
D2/5, day 2/5 following surgery.

In the present study, individualized LPV strategy was
beneficial in the early post-operative period. Certain adverse
effects, including atelectasis, pleural effusion and respiratory
infection, are linked to mechanical ventilation. Atelectasis
and pleural effusion are diagnosed by chest X-ray or CT. In
the present study, pneumothorax, bronchospasm, respiratory
failure and aspiration pneumonitis were not observed in the
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Figure 6. Levels of IL-8 in the two groups. The levels of the inflammatory
factor IL-8 were not significantly different between the two groups at any
of the time-points. Values are expressed as the mean + standard deviation.
Time-points: T1, after endotracheal intubation; T3, 60 min after pneumoperi-
toneum; T5, 30 min after tracheal extubation; T6, on the day after the surgery.
CV, conventional ventilation; PV, protective ventilation; IL, interleukin.

80+ E3 CV group

E=3 PV group

CC16 (ug/l)

Figure 7. Levels of CC16 in the two groups. The levels of the inflammatory
factor CC16 were not significantly different between the two groups at any of
the time-points. Values are expressed as the mean + standard deviation. T1,
after endotracheal intubation; T3, 60 min after pneumoperitoneum; TS, 30 min
after tracheal extubation; T6, on the day after the surgery; CV, conventional
ventilation; PV, protective ventilation; CC16, Clara cell secretory protein 16.

two groups. Atelectasis, pleural effusion and respiratory
infection occurred in the two groups; however, no significant
difference was present in the incidence of pleural effusion and
respiratory infection. The rate of post-operative atelectasis
was higher in the CV group compared with that in the PV
group (9.3 vs. 0%; P<0.05), as evaluated using chest X-ray
or CT, and the total incidence rate of PPCs during the early
period after the operation in the CV group was also higher
compared with that in the PV group (25.58 vs. 9.09%; P<0.05).
These results suggest that LPV with individualized PEEP and
regular RM during surgery may contribute to the prevention
of ventilation-induced atelectasis and to improve pulmonary
oxygenation function.

The results of the present study are consistent with those of
previous studies (41). However, as the sample size was small,
it was not possible to demonstrate a notable decrease in the
incidence of long-term major PPCs.

Although LPV was indicated to be associated with reduced
PPCs in the present study, no significant difference was
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obtained in the serum levels of the inflammatory factors IL-8
and CC16 during and after surgery, and the PLOS was similar
between the groups. Previous studies demonstrated that inva-
sive mechanical ventilation may change the course of existing
inflammation in patients with ARDS. The results of the present
study suggest that the difference in ventilatory strategy during
surgery alone does not change the inflammatory process in
patients without a history of pulmonary disease. It is possible
that the ventilation period may have been too short to produce
changes in certain inflammatory mediators due to the long
duration of transcriptional and translational processes. In the
present study, the same intra-operative infusion was adopted
in the two groups to exclude any differences in inflamma-
tory markers. Even though intra-operative infusion may have
affected the serum levels of IL-8 and CC16, the influence was
identical in the two groups.

Laparoscopic total hysterectomy is considered to be a
minimally invasive surgical procedure and the increased
inflammatory biomarkers in the two groups in the post-opera-
tive period (T3, T5 and T6) may have been due to the surgery
itself. Ventilatory strategy alterations during surgery alone
are not considered to be sufficient to change the inflamma-
tory processes in patients without a history of pulmonary
disease. All patients received routine physiotherapy and
antibiotics according to the standard care at our hospital at
the post-operative stage, including encouragement to cough,
pats on the back and turning over. The inflammatory factors
increased slightly, and there was no significant difference
between the two groups. The results of the present study are
similar to those of previous studies with regard to inflamma-
tory mediators (42,43) and PLOS (44).

The present study had certain potential limitations. First,
the effects of ventilation strategies on major PPCs are not a
major focus of the present study, as the sample size was too
small. Furthermore, the study included only female patients,
as a gynecological disease was being treated. In addition, the
patients were only followed up for the first 7 days after surgery.
Hence, longitudinal studies are required to demonstrate the
long-term clinical impact on the incidence rates of PPCs.

In conclusion, the results of the present study demonstrated
that protective ventilation strategies in laparoscopic total
hysterectomy with low TV, intra-operative individualized
PEEP and regular ARM during surgery are able to signifi-
cantly improve pulmonary oxygenation function and reduce
the total incidence of PPCs and atelectasis. However, larger
prospective randomized trials on different types of surgery,
including mixed-gender populations and long-term evaluation
after surgery, are recommended in the future to determine the
benefit of low TV together with individualized optimal PEEP
for the patient.
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