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Effect of flow-optimized pressure control
ventilation-volume guaranteed (PCV-VG)
on postoperative pulmonary complications:
a consort study
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Abstract

Background Postoperative pulmonary complications (PPCs) after one-lung ventilation (OLV) significantly impact
patient prognosis and quality of life.

Objective To study the impact of an optimal inspiratory flow rate on PPCs in thoracic surgery patients.

Methods One hundred eight elective thoracic surgery patients were randomly assigned to 2 groups in this consort
study (control group: n=>53 with a fixed inspiratory expiratory ratio of 1:2; and experimental group [flow rate
optimization groupl: n=55). Measurements of Ppeak, Pplat, PETCO,, lung dynamic compliance (Cdyn), respiratory
rate, and oxygen concentration were obtained at the following specific time points: immediately after intubation (T0);
immediately after starting OLV (T1); 30 min after OLV (T2); and 10 min after 2-lung ventilation (T4). The PaO.:FiO, ratio
was measured using blood gas analysis 30 min after initiating one-lung breathing (T2) and immediately when OLV
ended (T3). The lung ultrasound score (LUS) was assessed following anesthesia and resuscitation (T5). The occurrence
of atelectasis was documented immediately after the surgery. PPCs occurrences were noted 3 days after surgery.

Results The treatment group had a significantly lower total prevalence of PPCs compared to the control group
(3.64% vs. 16.98%; P=0.022). There were no notable variations in peak airway pressure, airway plateau pressure,
dynamic lung compliance, PETCO,, respiratory rate, and oxygen concentration between the two groups during
intubation (T0). Dynamic lung compliance and the oxygenation index were significantly increased at T1, T2, and T4
(P<0.05), whereas the CRP level and number of inflammatory cells decreased dramatically (P<0.05).

Conclusion Optimizing inspiratory flow rate and utilizing pressure control ventilation -volume guaranteed (PCV-VG)
mode can decrease PPCs and enhance lung dynamic compliance in OLV patients.

Keywords Inspiratory pressure rise time, One-lung ventilation, PCV-VG ventilation, Thoracic surgery, Postoperative
pulmonary complications
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Introduction

Postoperative pulmonary complications (PPCs) signifi-
cantly impact patient prognosis and quality of life [1-3].
General anesthesia contributes to atelectasis, leading to
intraoperative hypoxemia, which in turn results in post-
operative pulmonary adverse events and is linked to
PPCs. The choice of ventilation mode does not impact
the likelihood of PPCs in patients undergoing pulmo-
nary resection with one-lung ventilation (OLV) [2]. PPCs
occur in approximately 22-43% of patients undergoing
OLV [1-3]. During OLYV, patients often have intraopera-
tive hypoxemia and PPCs because of pulmonary shunting
and atelectasis [4, 5]. PPCs occur in up to 59% of thoracic
surgery patients [4]. Thoracic surgical injury and one-
lung breathing traction trigger a potent immunologic
response in the lung endothelium and alveoli. The immu-
nologic response causes the release of inflammatory sub-
stances that leads to an excessive buildup of neutrophils,
which increases pulmonary vascular permeability and
ultimately causes lung injury [6].

The primary goals of setting and adjusting ventila-
tor settings during mechanical ventilation are to pro-
vide proper ventilation and oxygenation, prevent issues
connected to the ventilator, and enhance ventilation
efficiency. Prior research has shown that utilizing a lung-
protective ventilation technique decreases the occur-
rence of PPCs, corrects an ventilation: perfusion ratio
imbalance, enhances oxygen levels while on mechanical
ventilation, and enhances long-term outcomes. Anes-
thesiologists typically focus on tidal volume, airway
pressure, and corresponding curves during mechanical
ventilation. Utilizing decreased tidal volume, positive
end-expiratory pressure, and lung recruitment is advis-
able during the perioperative phase [7]. However, this
approach may not be entirely appropriate for patients
undergoing pneumonectomy. Using a tidal volume of
6 ml/kg instead of 10 ml/kg for ventilation provides lung
protection [8, 9].

Nevertheless, employing low tidal volume without suf-
ficient positive end-expiratory pressure (PEEP) could
increase the risk of atelectasis and result in higher PPCs
[10]. Customized PEEP enhances oxygen levels, end-tidal
lung volume (EELV), and respiratory function when ven-
tilating patients during surgery. Nevertheless, these bene-
fits may diminish shortly after removing the endotracheal
tube [11-13]. Using driving pressure-guided ventilation
during OLV decreases PPCs compared to traditional lung
protective ventilation [14]. Dynamic pressure-guided
PEEP is user-friendly during surgery but is susceptible
to several factors, including changes in body position.
Whether a lung-protective ventilation approach or driv-
ing pressure-guided pulmonary ventilation is used, the
effect on pulmonary problems is transient and can be
quickly nullified.
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Although inspiratory-expiratory flow curves offer valu-
able information, inspiratory-expiratory flow curves are
often overlooked. Flow curves during mechanical ven-
tilation provide valuable data on respiratory mechanics,
patient resistance, and patient-ventilator interactions,
which are essential for adjusting ventilator settings. The
results in a study show that by using a flow optimization
ventilation strategy, pressure control ventilation (PCV)
with a goal of “zero flow at the end of inspiration” sig-
nificantly improved intraoperative respiratory mechanics
[15]. The underlying principle is as follows: a preset pres-
sure level is reached in PCV with a high initial inspiratory
flow at the beginning of the inspiratory process; and this
pressure level decreases exponentially as the inspiratory
time increases until the end of the inspiratory process.
The end-inspiratory flow rate is adjusted to “0” by adjust-
ing the inhalation: exhalation ratio to more accurately
adjust the ventilation strategy during PCV ventilation.
“Zero flow rate at the end of inhalation” means that the
inspiratory time is appropriate and slightly longer. Under
this ventilation strategy, atelectasis caused by hypopnea
can be effectively reduced and alveolar hyperinflation
caused by hyperventilation can be avoided [15].

Objectives

How can we adjust the ventilation parameters based on
the flow curve to minimize PPCs without changing the
ventilation mode? We designed the current study to
investigate this issue. Pressure control ventilation-volume
guaranteed (PCV-VG) was used by adjusting the inspira-
tory rise time so that the air flows through the airway at a
uniform speed during inhalation to reduce the end-inspi-
ratory flow rate and make the gas diffusion more uni-
form. We determined if this method reduced air damage
to the airway, improved the dynamic compliance of the
lung, and reduced lung complications after single lung
ventilation.

Methods

Study design

This consort study was an investigator-initiated, single-
center, randomized controlled, patient- and evaluator-
blinded trial. The study was conducted in compliance
with the Declaration of Helsinki (updated in 2013) and
authorized by the Ethics Committee of The First Peo-
ple’s Hospital of Shuangliu District, Chengdu City (No.
2022-4-01 with approval on 25 October 2022). Clini-
cal trial registration on https://www.chictr.org.cn/ (No.
ChiCTR2300071367) was completed on 12 May 2023.
Each participant provided written informed consent.

Participants
One hundred eight patients undergoing thoracic sur-
gery with OLV under general anesthesia were enrolled
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between May and December 2023. Based on a random
number table, all eligible patients were randomly allo-
cated into a control group with a fixed inspiratory: expi-
ratory ratio of 1:2 and an experimental group with flow
rate optimization according to the random number table.
The criteria for inclusion were as follows: 1) adult patients
undergoing elective lobectomy with an estimated OLV
time of at least 30 min; 2)>19 years of age and ASA I-1IL;
3) voluntary participation in the study with signing of the
informed consent form; 4) no history of mental illness
(depression and schizophrenia), drug abuse, and alcohol
addiction; and 5) not enrolled in any other studies. The
exclusion criteria were as follows: (1) heart failure; (2)
pulmonary bullae and emphysema; (3) pregnant or lac-
tating women; (4) receiving oxygen therapy; (5) presence
of other significant conditions that prevent surgery; and
(6) single lung ventilation time <30 min.

Anesthetic methods (interventions)

Pulmonary ultrasonography was utilized to assess the
patient’s pulmonary status before surgery. The blood
pressure, heart rate, oxygen saturation, an electrocar-
diogram, and the bispectral index (BIS) were recorded
after surgery. The radial artery was cannulated after
administration of a local anesthetic and invasive arte-
rial blood pressure was continuously monitored. Both
groups received the same drugs for anesthesia induction
and maintenance (sufentanil [0.5 pg/kg], propofol [2 mg/
kg], and cis-rocuronium [0.15 mg/kg] intravenously).
Anesthesia maintenance included propofol at a rate of
6—8 mg/(kgh), desflurane inhalation at 4—5%, remifent-
anil at 0.15-0.25 pg/(kg-min), and intermittent injections
of cis-atracurium to ensure adequate muscle relaxation.
BIS readings fluctuated between 40 and 60 during main-
tenance. Following anesthetic induction, all patients
had double-lumen endotracheal intubation (male, 35 F
and female, 32 F; WELL LEAD MEDICAL CO., LTD,,
Guangzhou, China). The catheter was repositioned using
fiberoptic bronchoscopy and attached to the anesthetic
machine (Mindray A8C/A8 pro; Shen zhen, China) set
to ventilate in the PCV-VG mode. The mechanical ven-
tilation settings were as follows: control group, two-lung
ventilation with tidal volume of 8 ml/kg, OLV with tidal
volume of 6 ml/kg, fresh air flow of 2 L/min, end-expi-
ratory positive pressure (PEEP) set at 5 cmH,0, end-
expiratory carbon dioxide partial pressure (PETCO,)
maintained between 30 and 55 mmHg, pressure rise time
adjusted to 0.2 s (ventilator default), and a fixed inspira-
tory expiratory ratio of 1:2; and experimental group, tidal
volume for two-lung ventilation, 8 ml/kg for total vol-
ume, 6 ml/kg for OLV, 5cmH,0O for PEEP, and PETCO,
maintained between 30 and 55 mmHg. The pressure rise
and inspiratory time were adjusted based on pressure and
flow waveforms. During PCV-VG, the airway pressure
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waveform has a plateau period, which is presented as
“battlement-like” However, if the pressure rise time at the
initial stage of aspiration is very short, a large amount of
gas will be transported in a short period of time, result-
ing in turbulent air flow at the initial stage of aspiration.
The airway pressure waveform appears as a creped-
like bulge at the early stage of the plateau period and
the curve is presented as “jagged” or “irregular” At this
time, the pressure waveform can be presented as “battle-
ments” by adjusting the suction pressure rise time. The
flow waveform during PCV is an exponential decreasing
wave, which is characterized based on the flow delivered
by the ventilator immediately peaking at the beginning
of the inspiratory time, then decreasing exponentially to
“0” (the end of the inspiratory time). The inspiratory flow
gradually decreases to “0” or close to “0” by adjusting
the inspiratory time or the inhalation-to-breath ratio. A
plat<30 cmH,O was established as the threshold to pre-
vent barotrauma. Goal-directed fluid treatment (GDFT)
was used for fluid resuscitation. The tidal volume was set
between 8 and 10 ml/kg during two-lung ventilation. The
pulse pressure variation rate was maintained at >13%
or the stroke volume variation (SVV) was at >12%, the
patient should be rehydration. When using a tidal vol-
ume of 6 ml/kg, the pulse pressure variation rate was at
26% or the SVV at >8%, the patient should be rehydra-
tion [16]. The blood pressure was kept within £20% of
the preoperative resting blood pressure fluctuation, while
the heart rate ranged from 60 to 100 beats per minute
during the procedure. Cardiovascular active medications
were administered in response to hypotension or brady-
cardia during the procedure. Desflurane and remifentanil
were discontinued after surgery and the airflow was set to
8 L/min. The endotracheal tube was removed when the
patient regained spontaneous breathing, consciousness,
and protective reflexes.

Data collection: primary and secondary outcomes
Baseline data collection included gender, age, height,
weight, and ASA classification.

The primary outcomes measurements were incidence
of atelectasis immediately after surgery. Pulmonary
sonography was performed and the lung ultrasound score
(LUS) was used to evaluate the occurrence of atelectasis.

The secondary outcome measurements were inci-
dence of pulmonary complications within 3 days post-
operatively was documented [1], including respiratory
tract infections, atelectasis, and pleural effusions. The
respiratory mechanics index included airway peak pres-
sure (Ppeak), airway plateau pressure (Pplat), and PEEP.
The ventilation index included the PETCO,, dynamic
lung compliance, and the oxygenation index (PaO,/
FiO,). A respiratory infection was defined as a patient
who received antibiotics for a suspected respiratory
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infection and met one or more of the following crite-
ria: new or altered sputum; new or altered lung opacity;
fever (body temperature>38 °C); and increased white
blood cell (WBC) count (>12x10°/L). Atelectasis was
defined as lung opacity, movement of the mediastinum,
hilum, or diaphragm towards the affected area, and
compensatory hyperinflation of the adjacent non-atel-
ectasis lung, as confirmed by X-ray. Pleural effusion was
defined as evidence of a blunted costophrenic angle on
a chest radiograph, loss of a sharp contour of the ipsi-
lateral diaphragm in an upright position, and displace-
ment of adjacent anatomic structures requiring clinical
treatment. Ppeak, Pplat, PETCO?2, pulmonary dynamic
compliance (Cdyn), respiratory rate, and oxygen uptake
concentration were measured at the following specific
time points: immediately after intubation (T0); immedi-
ately after starting OLV (T1); 30 min after OLV (T2); and
10 min after two-lung ventilation (T4). Blood gas analysis
was performed 30 min after OLV (T2) and immediately
when OLV ended (T3) to measure the PaO,/FiO,. LUS
was assessed upon arrival at the anesthesia resuscitation
room (T5). After removing the nasal cannula for oxygen
inhalation within 3 days postoperatively, a diagnosis of
hypoxemia was made if the oxygen saturation was <90%
during inhalation. The nasal cannula for oxygen inhala-
tion was replaced for respiratory support or a non-inva-
sive ventilator was used in patients with hypoxemia. On
the initial postoperative day, number of inflammatory
cells and CRP level were documented. An ultrasound was
performed at the T5 level to evaluate the occurrence of
atelectasis in the contralateral lung [17, 18]. Atelectasis
was diagnosed if the LUS scores was >2.

Statistical methods

PASS2021 software was used for sample estimation. The
incidence of postoperative pulmonary complications in
thoracic surgery patients has been reported to be as high
as 59% [4]. We hypothesized that the optimal flow rate
ventilation parameter settings would further reduce the
incidence of pulmonary complications after single lung
ventilation to 34%; specifically, the incidence of primary
atelectasis would be reduced by 25% with an a=0.05, test
efficacy (1-P) of 0.80, and lost to follow-up rate of 5%. The
sample size of each group was calculated to be 51.

All patients meeting the inclusion criteria were ran-
domly divided into test and control groups according to a
random number table.

This study used a double-blind method. Therefore, the
attending anesthesiologist was aware of the designated
group, but the subject and evaluator did not know which
mechanical ventilation mode was used.

The data analysis for this study was conducted using
IBM SPSS Statistics 26.0 software (IBM, Armonk, USA).
Statistical significance was determined at a P<0.05.
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Normality tests were performed on all continuous vari-
ables. Data following a normal distribution are pre-
sented as the mean=*standard deviation, while data not
following a normal distribution are presented as the
median. Continuous variables were assessed using the
Student’s t-test to compare groups. The Pearson x2 test
was used for categorical data with rates and percent-
ages, whereas the Kruskal-Wallis test was used for ordi-
nal categorical variables. For continuous variables with a
non-normal distribution, the Mann-Whitney U test was
selected.

Results

Baseline data

Figure 1 displays the enrollment flow chart for this study.
A total of 108 patients were randomly placed into control
(n=53) and experimental groups (n=>55). There were no
notable differences in the following data between groups:
age; gender; body mass index; ASA classification; opera-
tive time; anesthesia time; intraoperative blood loss; and
perioperative transfusion rate (P>0.05). The total intra-
operative infusion volume in the experimental group
(flow rate optimization group) was significantly lower
than the control group (P=0.028; Table 1).

Occurrence of atelectasis immediately after surgery
Patients were admitted to the anesthesia recovery room
postoperatively and the occurrence of atelectasis was
evaluated by LUS. The incidence of atelectasis immedi-
ately after surgery in the experimental group decreased to
1.82% compared to 5.67% in the control group (P=0.291;
Table 2).

Occurrence of PPCs

The incidence of PPCs in patients with single lung ven-
tilation after thoracic surgery within 3 days after surgery
was 3.64% and 16.98% in the experimental and control
groups (P=0.022; Table 2).

Comparison of respiratory mechanics-related indices
between the two groups at different time intervals

At baseline (T0), there were no statistically significant
differences between the two groups in Ppeak, Pplat,
Cdyn, PETCO,, respiratory rate, and oxygen concentra-
tion (P>0.05). The experimental group (flow rate optimi-
zation group) showed a substantial increase in Cdyn at
T1, T2, and T4 compared to the control group (P<0.05).
Additionally, the PaO,/FiO, at T3 was significantly higher
in the experimental group (P<0.05; Table 3).

Comparing the WBC counts and C-reactive protein (CRP)
levels in the two groups at different intervals

The experimental group (flow rate optimization group)
had significantly lower WBC counts and CRP levels
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General anesthesia for patients with single lung

ventilation (n=131)

n=108

Exclusion(n=23)
1.Single lung ventilation time <
30min(n=5)
2.Pulmonary bulla, emphysema
(n=10)

3 .cardiovascular disease (n=5)
4 Lost follow-up (n=3)

Control group (fixed
aspiration ratio 1:2)
(n=53)

Fig. 1 The study enrollment flow chart

Table 1 Fundamental situation analysis of each group of
patients. values are the median (IQR [range]) or mean (SD)

Control Experimental t/x? P
group (n=53) group (n=55) value value
Age (years) 50.62+6.75 53£10.16 0.550 0446
Gender (male: 26:27 29:26 3.236 0.087
female)
Body massindex ~ 2291+264  2383+3.13 0645 0978
(kg/m2)
ASA classification
Il 50 51 2271 0.331
Il 3 2
Anesthesia time 148.12+23.78 121.87+11.79 0989 0.218
(min)
Operative time 102.25+2144 77.75£1259  0.985 0.346
(min)
Amount of intra- 21.25+11.25 16.25+4.97 0.406 0.278

operative bleeding
(mL)
Intraoperative fluid
replacement (mL)

997.5+12029 8125£62.5 1.365 0.028*

Data are represented as n (%) or meanxSD. ASA, American Society of
Anesthesiologists; SD, standard deviation; *P<0.05

on postoperative day 1 compared to the control group
(P<0.05; Table 4).

Discussion

In the current study the treatment group had a signifi-
cantly lower total prevalence of PPCs compared to the
control group. No significant difference was detected in
the occurrence of atelectasis immediately after surgery
between the two groups. The Cdyn and PaO,/FiO, were
considerably increased at T1, T2, and T4, and the CRP
level and inflammatory cells decreased dramatically.

Experimental group
(Flow rate
optimization group)
(n=55)

Table 2 Comparison of PPC incidence between the two groups
2

Group Control Experimen- x P
group tal group value value
(n=53), (n=55),n
n (%) (%)
Respiratory infection 4(7.55) 1(1.82) 2.006 0.157
Atelectasis 4(7.55)  1(1.82) 2.006 0.157
Pleural effusion 13.77)  0(0) 2115 0.146
Respiratory failure 0(0) 0(0) - -
Overall incidence of PPCs  9(16.98)  2(3.64) 5254 0.022*
Hypoxemia within 72 h of =~ 3(5.67) 1(1.82) 1.117 0.291
surgery
Atelectasis immediately 3(5.67) 1(1.82) 1117 0.291
after surgery (LUS>2)

PPCs, postoperative pulmonary complications; *P<0.05

The current study showed that it is possible to achieve
enhanced respiratory mechanics indices and enhanced
lung compliance by modifying the inspiratory pressure
rise time and inspiratory duration during OLV.
Atelectasis is a common problem during mechani-
cal ventilation. Atelectasis may be caused by a variety of
factors, including insufficient inspiratory pressure, short
inspiratory time, and insufficient tidal volume [19, 20]. A
study on sheep revealed that a brief inspiratory pressure
rise time (IRT) led to lung damage [21]. When using the
Ingmar ASL5000 in a study to create a passive two-com-
partment lung model, increasing the IRT helps to balance
inspiratory pressure, chamber-specific tidal volume, and
volume equilibrium [22]. A study involving 12 infants
weighing over 2 kg indicated that varying IRTs during
synchronized intermittent positive pressure ventilation
or PCV-VG impacted specific ventilation parameters
but did not significantly affect oxygenation and carbon
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Table 3 Comparison of respiratory mechanics-related indices
between the two groups at different time points

Group Control group Experimental Tvalue P
(n=53) group (n=55) value
Airway peak pressure (cmmH,0)
T0 12124135 13.75+£2.54 1.592 0.134
T 19.01+2.87 18.12£4.12 0492 0.630
T2 18.12+£3.22 18.75+4.20 0.344 0.744
T4 13.50+£3.58 12624297 0.531 0.604
Airway plateau pressure (cmH,0)
T0 11.75+£1.16 13.50+£2.72 1.670 0.117
T 18.12+3.09 18.00+£4.03 0.070 0.964
T2 18.33+2.08 18.64+3.01 0453 0.675
T4 12374261 12.62+297 0.179 0.861
PET CO, (mmHg)
T0 3825+5.17 38.87+5.89 0.225 0.825
T1 36.00+3.07 34.75+6.98 0.447 0.662
T2 39.12+£3.28 37.87£2.08 0.322 0.753
T4 3850+ 1.41 3537+2.53 1.077 0.300
Pulmonary dynamic compliance (mL/cmH,0)
T0 5225+£7.99 54.75+£5.09 0.246 0.796
T1 3237+3.04 43.00£3.02 2478 0.027*
T2 35.62+2.86 4562+3.05 2.386 0.032*
T4 44.01+3.66 63.87+831 2.187 0.046*
Respiratory rate
T0 1212+1.24 12.50£1.06 0.646 0529
T 13.25+1.17 13.12+£1.55 0.182 0.858
T2 13.12+0.99 13.50£2.39 0410 0.688
T4 12.75+0.46 12.25+£1.28 1.038 0317
Inhaled oxygen concentration (%)
T0 68.25+1.24 78.75+£4.68 1372 0.192
T1 64.50+£4.07 68.87+2.29 0.936 0.365
12 70.37+£4.82 71.01+£4.07 0.095 0.926
T4 75.01+£493 71.87£441 0472 0.644
Oxygenation index
T2 98.96+29.12 95.37+32.31 0.233 0.819
T3 173.73+35.59 27867 +30.34 2.244 0.042*

Data are represented as the mean+SD. PETCO,, partial pressure of end-tidal
carbon dioxide; SD, standard deviation; *P<0.05

Table 4 Comparison of WBC (x 10°) and CRP levels at different
time points between the the two groups

Group Control Experimen- 2 P
group tal group value value
(n=53) (n=55)

WBC (x 10%)

Preoperatively 528+1.51 495+1.49 0443  0.665

1 day Postoperatively 1214£125 7.01+053 3777 0.002*

CRP (mg/L)

Preoperatively 3.68+1.79 6.13+£4.10 0545 0.59%4

1 day Postoperatively 4425+£683 2752+249 2301  0.047*

Data are represented as the mean+SD. WBC, white blood cell count; CRP,
C-reactive protein; SD, standard deviation; *P<0.05
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dioxide output [23]. Extending the duration of time spent
inhaling helped sustain the rise in alveolar pressure,
decrease the dead space, enhance arterial oxygen levels
and respiratory performance, optimize gas exchange and
arterial oxygen levels, and lower the airway pressure [24].
The iso-ratio ventilation group exhibited a lower airway
pressure and Pplat, and a higher Cdyn compared to the
conventional ventilation group with an inspiration: expi-
ration ratio of 1:2 [25]. In this work, IRT was modified
to alter the airflow pattern at the start of inspiration to
prevent airway damage from turbulence; in addition to
the inspiration: expiration ratio, the end-inspiratory flow
was set to “0” to ensure even airflow distribution in the
alveoli, which helped decrease atelectasis due to inad-
equate ventilation and prevented alveolar hyperinflation
from hyperventilation. In the current study a reduction
in atelectasis occurred, which agrees with data in previ-
ous reports [21-25]. These findings suggest that the risk
of atelectasis can be effectively reduced by optimizing
ventilation strategies. However, pulmonary atelectasis
decreased but did not differ between groups. This find-
ing may be due to factors, such as experimental design,
sample size, or the range of ventilation strategy adjust-
ments. Future studies could explore this issue further by
more rigorous experimental design, larger sample size, or
more fine-tuned ventilation parameters.

In a study applying OLV among 1224 adults undergo-
ing lung resection surgery, the PPCs were not influenced
by the choice of ventilation mode [26]. According to
previous reports, increasing the IRT and extending the
duration spent inhaling reduces atelectasis [22—24]. The
IRT was changed in the experimental group in the cur-
rent study and the end-inspiratory flow was set to “0,
which dramatically reduced PPCs in the experimental
group compared to the control group and validated that
changes in the inspiratory flow rate in the PCV-VG mode
may help reduce PPCs [22-24].

Moreover, the respiratory mechanics-related param-
eters improved, which is consistent with previous reports
[24, 27]. As reported by Chong et al., the respiratory
parameters did not improve significantly although some
of the ventilation parameters did improve significantly
[23]. Mechanical ventilation increased the expression of
NLRP3 mRNA in alveolar macrophages and caused lung
inflammation dependent on NLRP3 inflammatory bod-
ies [28, 29]. High inspiratory airflow during mechanical
ventilation causes shear stress along airway and alveolar
surfaces, leading to deformation of lung tissue and bron-
chial cells and the release of substances that promote
scarring and inflammation [30, 31]. The current study
showed that using the ventilation mode with prolonged
inspiratory time and an optimized inspiratory flow rate
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led to a significant decrease in inflammatory cells, such
as the WBC count, in the blood of post-surgery patients.
Additionally, levels of the inflammatory mediator, CRP,
significantly decreased. These results suggest that this
ventilation mode reduces the lung stress response, mini-
mizes lung injury, and provides lung protection.

A significant increase in Cdyn was also a positive
observation. Cdyn reflects the elasticity of the lungs dur-
ing respiration, an improvement of which may indicate
that the lungs are more compliant during ventilation (i.e.,
expand and contract more easily) [32]. Improved lung
compliance improves gas exchange, reduces atelectasis,
and improves breathing performance. The improved lung
compliance at T1, T2, and T4 implies fewer PPCs. Fur-
thermore, the PaO,/FiO, did not improve significantly
in the experimental group but was significantly higher
at T3 while the total complication rate was significantly
reduced, which is consistent with previous reports [5, 13,
33]. The optimizing ventilation strategies during OLV
were closely associated with fewer PPCs and better peri-
operative oxygenation [33]. Improvement in the PaO,/
FiO, may reflect improvement in pulmonary oxygenation
function. A decrease in complications may be the result
of many factors, including optimization of ventilation
parameters, improvement in pulmonary function, and
improvement in the patient’s overall condition. Thus, by
adjusting the PCV-VG ventilation model parameters,
we can effectively reduce the incidence of atelectasis,
improve Cdyn, improve oxygenation, and reduce the
overall complication rate.

Limitations

This was a single-center clinical study with a limited
number of patients. In addition, the effects of flow rate
optimized ventilation mode on lungs at the molecular
level should be further elucidated. Changes in the genes
and protein levels of inflammatory factors should be
determined to better understand the protective mecha-
nism. Moreover, there was a statistical difference in fluid
balance between groups but other baseline clinical indi-
cators were not significantly different. Indeed, the above
are limitations of this study and may require a larger sam-
ple size to eliminate confounding factors.

Conclusion

Optimizing inspiratory flow rate, using the PCV-VG
mode, and adjusting inspiratory pressure rise time and
inspiratory time can promote alveolar gas exchange,
reduce PPCs, and improve Cdyn in patients undergoing
pneumonectomy with OLV.

Acknowledgements
Not applicable.

Page 7 of 8

Author contributions

TS and KC: Conceptualization, Methodology, Validation, Investigation,

Data curation, Resources, Writing original draft, Review & editing. YT:
Conceptualization, Formal analysis, Investigation, Data curation, Writing
original draft, Review & editing. GZ: Validation, Formal analysis, Investigation,
Data curation, Writing original draft, Review & editing, Visualization, Project
administration. LZ: Validation, Formal analysis, Investigation, Data curation,
Review & editing. ML: Validation, Methodology, Investigation, Data curation,
Resources, Review & editing, Visualization. JH: Validation, Formal analysis,
Investigation, Data curation, Writing original draft. YH: Conceptualization,
Formal analysis, Investigation, Data curation, Writing original draft, Review &
editing, Resources, Project administration.

Funding
This study was supported by the Medical Research Program of Chengdu City,
Sichuan Province (No. 2022001).

Data availability
The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was conducted according to the Declaration of Helsinki (updated
in 2013) and authorized by the Ethics Committee of The First People’s Hospital
of Shuangliu District, Chengdu City (No. 2022-4-01; approved on 25 October
2022). This study completed the clinical trial registration on https://www.
chictrorg.cn/ (No. ChiCTR2300071367) on 12 May 2023. Each participant
provided written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 27 March 2024 / Accepted: 15 June 2024
Published online: 08 July 2024

References

1. Fernandez-Bustamante A, Frend| G, Sprung J, et al. Postoperative pulmonary
complications, early mortality, and Hospital Stay following noncardiothoracic
surgery: a Multicenter Study by the Perioperative Research Network Investi-
gators. JAMA Surg. 2017;152(2):157-66.

2. LiXFJinL, Yang JM, Luo QS, Liu HW, Yu H. Effect of ventilation mode on
postoperative pulmonary complications following lung resection surgery:
arandomised controlled trial [published correction appears in Anaesthesia.
2023;78(2):268]. Anaesthesia. 2022,77(11):1219-27.

3. ParkM,Yoon S, Nam JS, et al. Driving pressure-guided ventilation and
postoperative pulmonary complications in thoracic surgery: a multicentre
randomised clinical trial. Br J Anaesth. 2023;130(1):e106-18.

4. Lohser J, Slinger P. Lung Injury after one-lung ventilation: a review of the
pathophysiologic mechanisms affecting the ventilated and the collapsed
lung. Anesth Analg. 2015;121(2):302-18.

5. Liu XM, Chang XL, Sun JY, Hao WW, An LX. Effects of individualized positive
end-expiratory pressure on intraoperative oxygenation in thoracic surgical
patients: study protocol for a prospective randomized controlled trial. Trials.
2024;25(1):19.

6. Bruinooge AJG, Mao R, Gottschalk TH, et al. Identifying biomarkers of ventila-
tor induced lung injury during one-lung ventilation surgery: a scoping
review. J Thorac Dis. 2022;14(11):4506-20.

7. Yaroshetskiy Al, Avdeev SN, Politov ME, Nogtev PV, Beresneva VG, Sorokin YD,
Konanykhin VD, Krasnoshchekova AP, Merzhoeva ZM, Tsareva NA, Trushenko
NV, Mandel A, Yavorovskiy AG. Potential for the lung recruitment and the risk
of lung overdistension during 21 days of mechanical ventilation in patients
with COVID-19 after noninvasive ventilation failure: the COVID-VENT observa-
tional trial. BMC Anesthesiol. 2022;22(1):59.


https://www.chictr.org.cn/
https://www.chictr.org.cn/

Sun et al. Journal of Cardiothoracic Surgery

20.

(2024) 19:425

Habibi AF, Ashraf A, Ghanavi Z, Shakiba M, Nemati S, Aghsaghloo V. Positive
end-expiratory pressure in Rhinoplasty surgery; risks and benefits. Indian J
Otolaryngol Head Neck Surg. 2023;75(4):2823-8.

Tang C, LiJ, Lei S, et al. Lung-protective ventilation strategies for relief from
Ventilator-Associated Lung Injury in patients undergoing craniotomy: a
Bicenter Randomized, parallel, and controlled trial. Oxid Med Cell Longev.
2017;2017:6501248.

Serpa Neto A, Hemmes SN, Barbas CS, et al. Protective versus conventional
ventilation for surgery: a systematic review and individual Patient Data Meta-
analysis. Anesthesiology. 2015;123(1):66-78.

Yang D, Grant MC, Stone A, Wu CL, Wick EC. A Meta-analysis of Intraoperative
Ventilation Strategies to prevent pulmonary complications: is low tidal vol-
ume alone sufficient to protect healthy lungs? Ann Surg. 2016,263(5):881-7.
Girrbach F, Petroff D, Schulz S, et al. Individualised positive end-expiratory
pressure guided by electrical impedance tomography for robot-assisted
laparoscopic radical prostatectomy: a prospective, randomised controlled
clinical trial. Br J Anaesth. 2020;125(3):373-82.

Wang ZY, Ye SS, Fan Y, et al. Individualized positive end-expiratory pressure
with and without recruitment maneuvers in obese patients during bariatric
surgery. Kaohsiung J Med Sci. 2022,38(9):858-68.

Nieman GF, Satalin J, Andrews P, Aiash H, Habashi NM, Gatto LA. Personal-
izing mechanical ventilation according to physiologic parameters to stabilize
alveoli and minimize ventilator induced lung injury (VILI). Intensive Care Med
Exp. 2017;5(1):8. https://doi.org/10.1186/540635-017-0121-x.

TaoY,Ma G, SunT, et al. Effect of target-controlled pressure-controlled venti-
lation on percutaneous nephrolithotripsy patients under general anesthesia:
a retrospective study. Transl Androl Urol. 2023;12(5):727-35. https://doi.
0rg/10.21037/tau-23-158.

Li X, Zhang Q, ZhuY, et al. Effect of perioperative goal-directed fluid therapy
on postoperative complications after thoracic surgery with one-lung
ventilation: a systematic review and meta-analysis. World J Surg Oncol.
2023,21(1):297.

Haaksma ME, Smit JM, Heldeweg MLA, et al. Extended lung ultrasound to
Differentiate between Pneumonia and Atelectasis in critically ill patients: a
diagnostic accuracy study. Crit Care Med. 2022;50(5):750-9.

Park M, Ahn HJ, Kim JA, et al. Driving pressure during thoracic surgery: a
Randomized Clinical Trial. Anesthesiology. 2019;130(3):385-93.

Martinez BP, Alves IGN, Neto MG. Reply to letter to editor for article: "Effects of
ventilator hyperinflation on pulmonary function and secretion clearance in
adults receiving mechanical ventilation: a systematic review with metaanaly-
sis. Heart Lung. 2022;56:8-23.

Nieman GF, Gatto LA, Andrews P, et al. Prevention and treatment of acute
lung injury with time-controlled adaptive ventilation: physiologically
informed modification of airway pressure release ventilation. Ann Intensive
Care. 2020;10(1):3.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

Page 8 of 8

Bach KP, Kuschel CA, Patterson N, et al. Effect of Bias Gas Flow on Tracheal
Cytokine concentrations in ventilated extremely Preterm infants: a Random-
ized Controlled Trial. Neonatology. 2021;118(3):332-9.

Sammour IA, Chatburn RL. Inspiratory pressure rise time, Ventilator Hardware,
and Software Influence Regional Ventilation in a simulated bronchopulmo-
nary dysplasia lung model. Respir Care. 2021,66(5):751-7.

Chong D, Kayser S, Szakmar E, Morley CJ, Belteki G. Effect of pressure rise
time on ventilator parameters and gas exchange during neonatal ventilation.
Pediatr Pulmonol. 2020;55(5):1131-8.

Kim KM, Choi JJ, Lee D, Jung WS, Kim SB, Kwak HJ. Effects of ventilatory strat-
egy on arterial oxygenation and respiratory mechanics in overweight and
obese patients undergoing posterior spine surgery. Sci Rep. 2019;9(1):16638.
Kim HB, Kweon TD, Chang CH, Kim JY, Kim KS, Kim JY. Equal ratio Ventilation
reduces blood loss during posterior lumbar Interbody Fusion surgery. Spine
(Phila Pa 1976). 2021;46(16):E852-8.

Li XF, Jin L, Yang JM, Luo QS, Liu HM, Yu H. Effect of ventilation mode on
postoperative pulmonary complications following lung resection surgery: a
randomised controlled trial. Anaesthesia. 2022;77(11):1219-27.

Baglyas S, Valko L, Gyarmathy VA, LaPradd M, Gal J, Lorx A. Implementation
of a Comprehensive Testing Protocol for a rapidly manufactured mechanical
ventilator. Open Respir Arch. 2022;4(3):100189.

Liu H, Yang X, Liu G. Regulation of cell proliferation and transdifferentiation
compensates for ventilator-induced lung injury mediated by NLRP3 inflam-
masome activation. Immun Inflamm Dis. 2023;11(10):e1062.

SalaV, Della Sala A, Ghigo A, Hirsch E. Roles of phosphatidyl inositol 3 kinase
gamma (PI3Ky) in respiratory diseases. Cell Stress. 2021,5(4):40-51.

Silva PL, Scharffenberg M, Rocco PRM. Understanding the mechanisms of
ventilator-induced lung injury using animal models. Intensive Care Med Exp.
2023;11(1):82.

Beyeler SA, Naidoo R, Morrison NR, McDonald EA, Albarrdn D, Huxtable

AG. Maternal opioids age-dependently impair neonatal respiratory control
networks. Front Physiol. 2023;14:1109754.

Nair GB, Al-Katib S, Podolsky R, Quinn T, Stevens C, Castillo E. Dynamic lung
compliance imaging from 4DCT-derived volume change estimation. Phys
Med Biol. 2021,66(21).

Li P, Kang X, Miao M, Zhang J. Individualized positive end-expiratory pressure
(PEEP) during one-lung ventilation for prevention of postoperative pulmo-
nary complications in patients undergoing thoracic surgery: a meta-analysis.
Med (Baltim). 2021;100(28):e26638.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s40635-017-0121-x
https://doi.org/10.21037/tau-23-158
https://doi.org/10.21037/tau-23-158

	﻿Effect of flow-optimized pressure control ventilation-volume guaranteed (PCV-VG) on postoperative pulmonary complications: a consort study
	﻿Abstract
	﻿Introduction
	﻿Objectives

	﻿Methods
	﻿Study design
	﻿Participants
	﻿Anesthetic methods (interventions)
	﻿Data collection: primary and secondary outcomes
	﻿Statistical methods

	﻿Results
	﻿Baseline data
	﻿Occurrence of atelectasis immediately after surgery
	﻿Occurrence of PPCs
	﻿Comparison of respiratory mechanics-related indices between the two groups at different time intervals
	﻿Comparing the WBC counts and C-reactive protein (CRP) levels in the two groups at different intervals

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


