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Abstract: Objective: To explore the effects of ventilatory mode “pressure controlled ventilation-volume guaranteed” 
(PCV-VG) on the inspiratory pressures, oxygenation parameters and hemodynamics of patients during one lung ven-
tilation (OLV) for thoracic surgery, compared with volume controlled ventilation (VCV). Methods: Twenty participants 
were recruited and equally assigned into two groups in a controlled, randomized, crossover design. Group A: VCV 
was performed initially and changed into PCV-VG after 30 min; Group B: In the reverse order. Blood gas analysis, 
peak inspiratory pressure (Ppeak), mean inspiratory pressure (Pmean), plateau inspiratory pressure (Plateau) were 
measured at four different time points: (1) 30 min after total lung ventilation (TLV); (2) 30 min after one lung venti-
lation (VCV or PCV-VG); (3) 30 min after shifting to the other ventilatory mode, and (4) 30 min after reconstruction 
of TLV. Results: The Ppeak, Plateau, and Pmean were significantly lower in PCV-VG compared with VCV. There was 
significant increase in arterial partial pressure of oxygen under PCV-VG. Conclusion: In patients undergoing thoracic 
surgery with OLV, pressure controlled volume guaranteed mode of ventilation may have better effects by decreasing 
inspiratory pressure parameters and improving arterial oxygenation than volume controlled ventilation.

Keywords: One lung ventilation, volume controlled ventilation, pressure controlled ventilation-volume guaranteed, 
inspiratory pressure parameters, arterial oxygenation

Introduction

Postoperative pulmonary complications, par-
ticularly acute lung injury (ALI), are a primary 
cause of death among thoracic surgery patients 
[1]. Risk factors for the occurrence of postop-
erative ALI include preoperative health status 
and the extent of injury incurred during surgical 
procedures; in addition, patients who receive 
one-lung ventilation (OLV) during surgery or 
who undergo cardiopulmonary bypass are at 
increased risk of ALI [2]. Volume-controlled ven-
tilation (VCV) is a commonly used mode of ven-
tilation during anesthesia. In particular, VCV 
approaches include normal tidal volume (VT) 
OLV and low-VT high-frequency OLV. The use of 
VCV can ensure the maintenance of minute 
ventilation; however, a constant flow rate may 
result in higher peak inspiratory pressures, 
increasing the incidence of barotrauma and 

causing the uneven distribution of pulmonary 
gas. Compared with VCV, pressure-controlled 
ventilation (PCV) can produce lower airway pre- 
ssure, reduce the incidence of barotrauma, 
maintain the uniform distribution of pulmonary 
gas, and improve oxygenation [3]. However, a 
drawback of PCV is that VT can change as a 
patient’s lung compliance changes; therefore, 
minute ventilation is not necessarily main- 
tained. 

Guaranteed-volume PCV (PCV-VG) is a novel 
mode of ventilation that has been utilized in 
recent years. This mode of ventilation involves 
a decelerating flow and constant pressure. 
Mechanical parameters are automatically 
adjusted with each patient breath to provide a 
predetermined VT with minimal positive pres-
sure. PCV-VG combines the advantages of VCV 
and PCV to maintain ventilation volume while 
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producing a low incidence of barotrauma. Thus, 
PCV-VG may become a preferred approach for 
OLV during thoracic surgery. 

At present, there are few clinical studies on the 
PCV-VG mode of ventilation. In this study, a 
crossover design was used to conduct a ran-
domized controlled trial that compared the 
effects of PCV-VG and VCV with respect to pres-
sure parameters and respiratory and circulato-
ry indicators during OLV in thoracic surgery 
patients, thereby providing a basis for the clini-
cal application of the PCV-VG mode of venti- 
lation.

Materials and methods

Clinical data 

A total of 20 patients who underwent elective 
thoracic surgery at Shanghai Changzheng 
Hospital between October 2013 and December 
2013 were selected for participation in this 
study. These patients received at least one 
hour of OLV during surgery. The study subjects 
included 11 males and 9 females and ranged 
from 39 to 80 years of age. The average age 
and weight of the study subjects were 59.8 
years and 60.1 ± 9.7 kg, respectively. Study 
participants were in American Society of Anes- 
thesiologists (ASA) class II and ASA class III and 
exhibited essentially normal preoperative hea- 
rt, lung, liver, and kidney function. After provid-
ing informed consent, the subjects were ran-
domly divided into experimental groups A and 
B, with 10 patients in each group.

Anesthesia method 

All patients received an intramuscular injection 
of 0.5 mg atropine and 0.1 g phenobarbital 30 
minutes prior to anesthesia. Blood pressure, 
heart rate (HR), electrocardiogram (ECG) read-
ings, pulse oxygen saturation (SpO2), and end-
tidal carbon dioxide (PETCO2) were continuously 
and noninvasively monitored after patients 
entered the operating room. To establish a fluid 
path, radial artery cannulation was performed 
under local anesthesia, allowing for the inva-
sive monitoring of arterial blood pressure and 
the analysis of blood gases. Anesthesia was 
induced with 0.05 mg/kg midazolam, 2 mg/kg 
propofol, 2 µg/kg fentanyl, and 0.6 mg/kg cisa-
tracurium besilate. A double-lumen endotra-
cheal tube (Smith, Australia) was inserted; after 
a fiberoptic bronchoscopy was performed to 
confirm that the tube was correctly positioned, 
the tube was connected to a Datex-Ohmeda 

(Advance-Aisys) anesthesia machine. During 
surgery, target-controlled infusions of propofol 
(AstraZeneca, Italy) and remifentanil (Yichang 
Humanwell Pharmaceutical, Hubei, China) were 
used to maintain target plasma concentrations 
of 3-3.5 µg/mL and 4-6 µg/mL, respectively, 
and additional fentanyl and cisatracurium besi-
late were intermittently administered as need-
ed. No vasodilators or inhaled anesthetics were 
used during the operation. 

Ventilation method

The overall ventilation procedure during anes-
thesia was divided into the following three stag-
es: the first stage (two-lung ventilation with VCV 
(TLV-VCV)): The parameters utilized during this 
stage included a VT of 8-10 ml/kg, an inspirato-
ry-to-expiratory ratio of 1:2, an inspiratory 
pause of 0.9 s, and a respiratory rate of 12 
breaths/minute. PetCO2 was maintained at 
30-35 mmHg. The T1 time point was set to 30 
minutes after the start of ventilation.

The second stage (OLV): In Group A, VCV was 
first used for OLV. For this VCV treatment, the 
VT was 8-10 ml/kg, the respiratory rate was 12 
breaths/minute, and a PetCO2 of 30-35 mmHg 
was maintained. The T2 time point was set to 
30 minutes after beginning OLV; at this time, 
the mode of ventilation was changed to PCV-
VG, with the same ventilation parameters. The 
T3 time point was set to 30 minutes after this 
change in ventilation mode. In Group B, PCV-VG 
was first used for OLV. For this PCV-VG treat-
ment, VT was 8-10 ml/kg; the respiratory rate 
was 12 breaths/minute, and a PetCO2 of 30-35 
mmHg was maintained. The T2 time point was 
set to 30 minutes after beginning OLV; at this 
time, the mode of ventilation was changed to 
VCV, with the same ventilation parameters. The 
T3 time point was set to 30 minutes after this 
change in ventilation mode.

The third stage (post-reconstruction two-lung 
ventilation with volume-controlled ventilation 
(TLVpostR-VCV)): The TLVpostR-VCV mode of 
ventilation was performed after OLV was com-
pleted. This stage used the same ventilation 
parameters that were utilized during the first 
stage. The T4 time point was set to 30 minutes 
after the start of TLVpostR-VCV. 

Outcome measures 

Values for the following indicators were obta- 
ined at time points T1-T4:
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(1) Respiratory mechanics parameters: VT, 
peak airway pressure (Ppeak), plateau airway 
pressure (Plateau), and mean airway pressure 
(Pmean).

(2) Arterial blood gas analysis: arterial partial 
pressure of oxygen (PaO2), arterial partial pres-
sure of carbon dioxide (PaCO2), pH, and oxygen 
saturation (SaO2). 

(3) Hemodynamics: HR, systolic blood pressure 
(SBP), diastolic blood pressure (DBP), mean 
arterial pressure (MAP), and central venous 
pressure (CVP).

Statistical analysis 

All data are expressed as _x ± s. Cross-stage 
comparisons between the two examined venti-
lation modes were conducted as follows: 
T-tests were performed after testing for carry-
over effects [4], and repeated-measures analy-
sis of variance was used for pairwise compari-
sons of data from different time points. The 
SPSS 17.0 statistical software package was 
used for data analysis, and P < 0.05 was 
regarded as statistically significant.

Results

Respiratory parameters 

The respiratory parameter data obtained at 
each time point are presented in Table 1. There 
were no significant differences in VT between 
the two examined ventilation modes at T2 and 
T3. No carryover effects in Ppeak from stage 2 

to stage 3 were detected (P = 0.916), and com-
parisons of the two examined ventilation modes 
revealed significant differences in Ppeak (P < 
0.001). Similarly, there were no carryover 
effects on Plateau or Pmean (P = 0.945 and P 
= 0.72, respectively), and comparisons of the 
two examined ventilation modes revealed sig-
nificant differences for both parameters (P < 
0.001 and P = 0.002, respectively). Compared 
with VCV, PCV-VG produced lower peak airway 
pressures, plateau pressures, and mean air-
way pressures.

Blood gas analysis 

The blood gas data obtained at each time point 
are presented in Table 2. In both groups, PaO2 
was significantly lower at T2, T3, and T4 than at 
T1 (P < 0.05). No carryover effects on PaO2 from 
stage 2 to stage 3 were detected (P = 0.892), 
and comparisons of the two examined ventila-
tion modes revealed significant differences in 
PaO2 (P < 0.001). There were also no carryover 
effects on PaCO2 (P = 0.145), but comparisons 
of the two examined ventilation modes revealed 
no significant differences in PaCO2 (P = 0.113). 
No carryover effects on pH were observed (P = 
0.294), and comparisons of the two examined 
ventilation modes revealed significant differ-
ences in pH (P = 0.02). Finally, there were no 
carryover effects on SaO2 (P = 0.297), but com-
parisons of the two examined ventilation modes 
revealed no significant differences in SaO2 (P = 
1.00). Thus, relative to VCV, PCV-VG produces 
improved arterial PaO2 and higher pH values; 

Table 1. Respiratory parameters between two groups
Group A Group B

T1 T2 T3 T4 T1 T2 T3 T4
Ppeak (cmH2O)* 18.1 ± 1.9 28.7 ± 3.8 24.1 ± 3.8 20.1 ± 3.4 20.0 ± 3.1 24.4 ± 2.2 28.7 ± 3.6 22.2 ± 3.2
Plateau (cmH2O)* 15.8 ± 2.1 25.6 ± 3.9 23.0 ± 4.1 17.4 ± 3.5 17.2 ± 2.7 23.1 ± 2.1 25.3 ± 3.0 19.2 ± 3.0
Pmean (cmH2O)* 6.5 ± 0.5 9.8 ± 0.9 9.3 ± 0.9 6.9 ± 0.7 7.0 ± 1.2 9.7 ± 3.5 10.2 ± 3.3 7.7 ± 1.3
*Statistically significant differences between the two groups.

Table 2. Blood gas analysis between two groups
Group A Group B

T1 T2 T3 T4 T1 T2 T3 T4
PaO2 (mmHg)* 466.0 ± 55.7 170.6 ± 20.8 215.8 ± 25.7 393.5 ± 68.6 444.9 ± 67.8 223.9 ± 23.7 160.4 ± 19.2 393.3 ± 58.0

PaCO2 (mmHg) 33.4 ± 2.4 34.3 ± 3.1 34.1 ± 2.5 33.6 ± 2.5 35.3 ± 3.0 35.8 ± 3.2 36.6 ± 3.3 35.8 ± 3.7

pH 7.43 ± 0.04 7.40 ± 0.04 7.41 ± 0.03 7.4 ± 0.06 7.40 ± 0.04 7.39 ± 0.04 7.38 ± 0.03 7.40 ± 0.04

SaO2 (%) 100 ± 0 99.3 ± 1.3 99.5 ± 1.0 100 ± 0 100 ± 0 98.2 ± 3.0 98.4 ± 3.1 99.8 ± 0.4
*Statistically significant differences between the two groups.
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however, VCV and PCV-VG did not significantly 
differ with respect to PaCO2 and SaO2. 

Hemodynamics

The hemodynamic data obtained at each time 
point are presented in Table 3. There were no 
carryover effects on HR, SBP, DBP, MAP, or CVP 
(P = 0.352, P = 0.706, P = 0.365, P = 0.400, 
and P = 0.490, respectively), and comparisons 
of the two examined ventilation modes revealed 
no significant differences in any of these 
parameters (P = 0.791, P = 0.097, P = 0.207, P 
= 0.141, and P = 0.691, respectively). Thus, 
there were no significant differences in hemo-
dynamic indicators between VCV and PCV-VG. 

Discussion

In this study, we found that in a comparison of 
the PCV-VG and VCV modes of ventilation for 
OLV during thoracic surgery, PCV-VG produced 
better patient oxygenation, significantly lower 
peak airway pressure and plateau pressure, 
and slightly lower mean airway pressure. These 
results indicated that PCV-VG, which provides 
decelerating flow, may be superior to VCV with 
respect to alveolar ventilation and gas distribu-
tion [5]. An examination of PaO2 values at the 
T1, T2, T3, and T4 time points revealed that 
varying degrees of decrease in PaO2 occurred 
after resuming two-lung ventilation relative to 
the period prior to OLV; these findings suggest 
that in either examined mode of OLV, there 
exist factors such as pulmonary atelectasis 
that influence oxygenation. PCV-VG produces 
higher pH values in patients than VCV, which 
could indicate that of the two examined ventila-
tion modes; PCV-VG may be associated with 
better oxygenation. VT was nearly identical for 
these two ventilation modes, suggesting that 
PCV-VG is indeed able to deliver a predeter-
mined ventilation volume to patients. There 
were no significant differences in hemodynam-
ic parameters between the two ventilation 
modes, indicating that these ventilation modes 

produced similar effects on patient circulatory 
systems. 

High airway pressure during OLV can cause 
barotrauma, which is a major cause of postop-
erative ALI in thoracic surgery patients [6]. 
Ppeak is generally considered to be associated 
with dynamic lung compliance, whereas Plateau 
is associated with static lung compliance, and 
Pmean is associated with alveolar ventilation 
and oxygenation [7]. However, it remains 
unclear which airway pressure indicators are 
significantly correlated with the incidence of 
postoperative ALI. The results of this study sug-
gest that relative to VCV, the PCV-VG mode of 
ventilation is capable not only of producing 
more optimal respiratory mechanics parame-
ters but also enhancing patient oxygenation; 
thus, the use of PCV-VG instead of VCV could 
potentially reduce the incidence of postopera-
tive ALI. This possibility merits additional inves-
tigation. However, the improvements in PaO2 
produced by PCV-VG relative to VCV may be 
associated with a decrease in pulmonary shunt. 
High airway pressure during OLV may cause 
blood to enter the non-ventilated lung, exacer-
bating ventilation/perfusion imbalances. Com- 
pared with VCV, PCV-VG can generate lower air-
way pressures, reducing the shunting of blood 
between lungs.

The PCV-VG ventilation mode combines the 
advantages of VCV and PCV, delivering a prede-
termined VT while maintaining minimal airway 
pressure. To date, many studies have com-
pared PCV and VCV [8-12]; however, few inves-
tigations have compared PCV-VG and VCV [13]. 
Moreover, the results from comparisons of PCV 
and VCV remain controversial. Studies by Li and 
Li et al. [8, 9] found that PCV was superior to 
VCV for OLV because PCV produced lower air-
way pressures, reduced pulmonary shunt, and 
improved oxygenation. However, investigations 
by Patricia and Unzueta et al. failed to corrobo-
rate these benefits of PCV [11, 12]. The fact 

Table 3. Hemodynamics between two groups
Group A Group B

T1 T2 T3 T4 T1 T2 T3 T4
HR (b/min) 76.8 ± 12.3 79.3 ± 7.6 76.7 ± 6.6 73.7 ± 13.2 72.9 ± 7.9 75.5 ± 10.8 73.8 ± 9.2 71.2 ± 8.4

SBP (mmHg) 135.3 ± 16.4 123.1 ± 18.3 122.2 ± 11.5 120.9 ± 9.9 139.6 ± 20.7 129.1 ± 10.5 120.6 ± 13.3 124.5 ± 9.7

DBP (mmHg) 73.6 ± 10.9 72.1 ± 10.1 73.4 ± 8.2 69.3 ± 6.5 75.1 ± 10.3 70.4 ± 6.3 68.7 ± 7.3 71.6 ± 7.6

MAP (mmHg) 96.3 ± 12.1 92.1 ± 18.7 93.3 ± 12.0 87.2 ± 7.1 96.2 ± 13.1 90.3 ± 6.5 86.1 ± 8.3 88.3 ± 8.9

CVP (cmH2O) 6.4 ± 1.6 7.2 ± 0.8 7.6 ± 1.0 7.9 ± 1.3 7.3 ± 0.9 7.7 ± 1.7 7.9 ± 1.8 7.8 ± 1.3
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that minute ventilation is not necessarily main-
tained in PCV may be relevant to the aforemen-
tioned findings, although further studies com-
paring VCV and PCV may be required. Boules et 
al. [13] first evaluated the effects of PCV-VG 
and VCV on various parameters, including indi-
cators of respiratory mechanics and hemody-
namics, during OLV. Similarly to our results, the 
findings of Boules et al. indicated that PCV-VG 
provided improved oxygenation and lower air-
way pressures relative to VCV. So far, no rele-
vant studies have compared PCV-VG and PCV; 
thus, this topic requires additional investiga-
tion. In addition, further research is needed to 
investigate whether the use of PCV-VG instead 
of other ventilation modes can reduce postop-
erative complications and improve patient 
prognoses.

This study utilized randomized, controlled trials 
in a crossover design. Relative to a parallel 
group design, this crossover design enabled 
the same rates of type I and type II errors to be 
achieved with a smaller sample size. However, 
a key issue with crossover designs is that inter-
ventions during the first stage may produce sig-
nificant carryover effects during the second 
stage. In this study, no significant “washout” 
period was established because the relevant 
intraoperative indicators, such as airway pres-
sures, rapidly changed as ventilation modes 
and parameter settings were altered; thus, car-
ryover effects were unlikely to occur. The actual 
results of statistical analysis demonstrated 
that there were no significant carryover effects 
in an examined indicator between the two stag-
es of interest.

In summary, the results of this study indicated 
that during OLV in thoracic surgery, the use of 
PCV-VG instead of VCV can not only produce 
more optimal respiratory mechanics and im- 
prove patient oxygenation but may also reduce 
the incidence of postoperative pulmonary com-
plications. Additional research is required to 
address the effects of ventilation modes on 
patient prognoses. 
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