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Abstract
Background: Pressure-regulated capacity control volume controlled (PRVC) ventilation mode is a new
type of ventilation mode, which could reduce the occurrence of ventilator-related lung injury. The aim of
this study was to explore PRVC mode on airway pressure, oxygenation index, pulmonary in�ammatory
index and prognosis in patients with one-lung ventilation during pulmonary segmentectomy.

Methods: Eighty ASA -  Patients with moderate to severe pulmonary dysfunction, ready to receive
segmentectomy were randomly divided into VC and PRVC group, which included 40 patients in each
group. PRVC ventilation mode was performed for patients in VC-group in the �rst 5 minutes after OLV, and
then ventilation mode was transformed into VC ventilation mode till the end of operation. In PRVC-group,
ventilation modes were performed in opposite order. The changes of airway peak pressure, airway
platform pressure, pulmonary static compliance, blood gas analysis results and hemodynamics in the
two groups under different ventilation modes were recorded. The whole blood samples and
bronchoalveolar lavage �uid (BALF) in ventilated lung were collected to determine the level of TNF-α, IL-
1β, IL-6 and IL-8 after the surgery.

Results: Both static lung compliance and the peak expiratory pressure in PRVC-group were signi�cantly
lower than those in VC-group (P=0.023). But there were no difference in hemodynamic parameters such
as heart rate, blood pressure. The arterial blood gas analysis (pH, pO2 and pCO2) between the two groups
during, as well as postoperative pulmonary complications and length of hospital stay also did not show
difference. However, the levels of TNF-α, IL-6, IL-8 and IL-10 in BALF in VC-group were signi�cantly higher
than that in PRVC-group (P=0.01).

Conclusion: PRVC ventilation mode during intraoperative one-lung ventilation can effectively relieve
airway pressure and reduce the secretion of in�ammatory factors in the lung, which is a safe and
protective ventilation mode for patients with poor preoperative pulmonary function who undergo
pulmonary segmentectomy.

Background
With the implementation of protective ventilation strategy in one-lung ventilation, the incidence of
intraoperative ventilator-associated lung injury has signi�cantly reduced less than before [1–4]. However,
due to low of preoperative presence of pulmonary compliance and high airway reactivity, many patients
still exist high airway pressure with Volume -controlled (VC) ventilation mode in the one-lung ventilation,
which will increase postoperative pulmonary complications. Nowadays, Pressure-regulated capacity
control volume controlled (PRVC) ventilation mode is a new clinical emerging in recent years, which
combines pressure control ventilation and capacity control together [5]. The advantage of PRVC can
readjust pressure and volume control according to the patient's lung compliance, which ensures preset
tidal volume delivery. It can make the distribution of gas in the lung evenly, and get better alveolar
ventilation, which could reduce airway pressure while maintaining ventilation. Many research reported
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that PRVC mode can reduce lung injury of patients due to mechanical ventilation is slower in terms of
lung compliance, especially to chronic obstructive pulmonary disease [6]. In recent ten years, with the
widespread of the lung cancer CT-screening in imaging modalities, a large number of ground-glass
opacity (GGO) and small solid lung tumor (≤ 2 cm) had bee diagnosed and sublobar resection, especially
segmentectomy, was used more extensively than before.

Our study aims to PRVC ventilation mode on airway pressure during the operation of pulmonary
segmentectomy with poor pulmonary function and oxygenation index, lung in�ammation response as
well as clinical prognostic factors were evaluated by compared with conventional VC Model .

Patients And Methods

Patients
This retrospective study comprised of 80 patients with ASA - , moderate to severe pulmonary
dysfunction who underwent pulmonary segmentectomy in VATS at our hospital between January 2017
and January 2018 (Table 1). In the present study, moderate to severe pulmonary dysfunction means that
preoperative forced vital capacity (FVC) and forced expiratory volume in one second (FEV1) were required
to be under 60% of the predicted value, and the FEV1/FVC ratio was required to be low than 50%. Patients
who used to undergo the surgery of lung or heart or had the medical history of chest deformity or
tuberculosis in the past were excluded from the present study. These patients were divided into two
groups based on the reconstruction method: PRVC-group and VC-group. The present study was approved
by the Research Ethics Committee of HeBei Medical University (People’s Republic of China; Approval
number: HDLL201776865), and written informed consent was obtained from all patients.
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Table 1
Patient demographics and clinical data

Variable Group -VC Group -PRVC

Patients 40 40

Age (years)    

≤ 60 23 22

> 60 17 18

Gender    

male 22 19

Female 18 21

ASA level    

I 21 18

II 19 22

Segmentectomy Side    

Right 22 19

left 18 21

Poor cardiac function2 17 14

COPD 6 8

FVC% 52 ± 6 51 ± 5

FEV1% 48 ± 3 47 ± 3

FEV1/FVC% 43 ± 2 41 ± 2

Surgery time(min) 107 ± 12 113 ± 13

OLV time 93 ± 10 88 ± 9

FEV1, forced expiratory volume in one second; FVC, forced vital capacity.

Anesthesia procedure
All the patients were performed by electrocardiogram before operation to record basic Heart rate, blood
pressure, pulse and SpO2. Epidural puncture and catheterization were performed between thoracic
vertebrae 7–8, with 3 mL 1% lidocaine injected as the experimental dose. Then, we performed internal
jugular vein, radial artery puncture catheterization which could collect Arterial blood for blood gas
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analysis. The patient was routinely anesthetized by double - chamber endotracheal intubation using a
Maquet Flow-3.0 (Maquet Medical Equipment, Shanghai, China) ventilator for mechanical ventilation.

Methods
After one-lung ventilation, patients in the VC-group underwent PRVC mode for 5 min, and airway peak
pressure and pulmonary static compliance were recorded. After the arterial blood gas analysis was
detected, the ventilation mode was changed to VC mode until the single lung ventilation node in the end.
After 25 min of ventilation in VC mode, airway peak pressure, platform pressure and pulmonary static
compliance were recorded, and arterial blood gas was analyzed. In the PRVC-group, one-lung ventilation
was performed for 5 min in the VC mode, and airway peak pressure, platform pressure and pulmonary
static compliance were recorded. Arterial blood gas analysis was performed after 5 min, and the
ventilation mode was switched to PRVC mode under the condition that the ventilation parameters
remained unchanged until the end of single-lung ventilation.

Bronchoalveolar lavage �uid (BALF) was collected for analysis of in�ammatory factors in all patients
before the end of one-lung ventilation. The lavage solution was rapidly �ltered and removed with a double
layer of sterile gauze, and the supernatant was removed after centrifugation. TNF-α, IL-6, IL-8 and IL-10
were detected according to the instructions of ELISA kit. Meanwhile, one mL peripheral blood also was
taken to detect TNF-α, IL-6, IL-8 and IL-10. Hospital stay, ICU stay and postoperative pulmonary
complications were recorded to compare the difference between groups.

Statistical analysis
All statistical analyses were performed using SPSS 20.0 software (IBM, Armonk, NY, USA). Anova
analysis was used for comparison of hemodynamic indicators. Single-factor anova was used for
comparison of blood gas analysis results and in�ammatory index. Chi-square test was applied to
comparison of counting data. A two-sided p value < 0.05 was considered to be statistically signi�cant.

Results

clinicopathologic data
As showed in Table 1, there was no signi�cant difference between the two groups in age, gender, body
mass index (BMI), ASA classi�cation, surgical location, pulmonary disease history, preoperative
pulmonary function index, operative time, single lung ventilation time, intraoperative blood loss and
intraoperative infusion volume (P > 0.05).

Ventilation patterns on airway pressure, lung compliance, and oxygenation index between two groups

Patients with PRVC mode ventilation had signi�cantly lower mean airway peak pressure and higher
pulmonary static compliance, but the difference in oxygenation index between groups was not
statistically signi�cant (Table 2).
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Table 2
ventilation patterns on airway pressure, lung compliance, and oxygenation index in two groups

  PRVC group   VC group  

  VC mode PRVC
mode

P
value

PRVC
mode

VC mode P
value

Plateau
Expiratory
pressure
(p/cm H2O)

15.6 ± 2.3       17.9 ± 2.6  

Peak
expiratory
pressure
(p/cm H2O)

26.5 ± 2.6 18.1 ± 2.3 0.03 17.9 ± 2.3 24.6 ± 2.5 0.025

Static
lung compliance/L·cm
H2O− 1

24.6 ± 2.6 31.5 ± 2.8 0.034 30.6 ± 2.7 24.5 ± 2.4 0.02

pH 7.39 ± 
0.04

7.38 ± 
0.02

> 0.05 7.35 ± 
0.02

7.38 ± 
0.04

> 0.05

O2 pressure p/mm Hg 39 ± 3 39 ± 5 > 0.05 37 ± 2 39 ± 3 > 0.05

CO2 pressure p/mm Hg 160 ± 53 161 ± 60 > 0.05 164 ± 55 161 ± 55 > 0.05

Oxygenation index p/mm
Hg

223 ± 97 238 ± 56 > 0.05 228 ± 87 233 ± 92 > 0.05

Ventilation patterns on in�ammatory marks of lung and
plasma
To understand whether different ventilation patterns affect in�ammatory responses in the lungs and
throughout the body, TNF-α, IL-6, IL-8 and IL-10 levels in the lung and peripheral blood of the aerated side
were measured. The results showed that the levels of TNF-α, IL-6, IL-8 and IL-10 in the BALF and plasma
in the PRVC group were signi�cantly lower than those in the VC group (Fig. 1).

Ventilation pattern on postoperative pulmonary
complications and length of hospital stay
To understand the effect of different ventilation patterns on the prognosis of patients, we collected the
incidence of postoperative pulmonary complications and the length of hospital stay. In our study, there
was no difference in the incidence of perioperative pulmonary complications between the two groups.
The average length of hospital stay in VC-group was longer than PRVC-group (p = 0.03).
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Discussion
Nowadays, VC mode is mostly used for ventilation in surgical operation. However, in the case of single-
lung ventilation in VATS pulmonary segmentectomy, some patients may suffer from excessive airway
pressure due to poor lung compliance and high airway resistance on the ventilated side. Therefore,
protective pulmonary ventilation strategy should be adopted, that is, neap volume (4–6 mL/kg) combined
with low level PEEP (usually 5 cm H2O) [2, 3]. This strategy avoids excessive airway pressure to a certain
extent, but there are still a few patients suffered high airway pressure under the condition of good
position of double-lumen tubes 7 . High airway pressure could lead to increased alveolar pressure, which
can reduce the amount of blood returned to the heart and then cause a drop in blood pressure [4, 7].
Meanwhile, it can also induce airway injury, leading to acute lung injury and postoperative pulmonary
complications.

In the traditional VC mode, the ventilator relies on preset tidal volume, inspiratory time and breathing
frequency to ensure the patient's ventilation volume, and the size of the airway pressure is mainly
affected by the patient's airway resistance and lung compliance [8]. In order to achieve the preset tidal
volume, the alveolar ventilation of lung tissues with different compliance is uneven, which is likely to
cause structural damage of lung parenchyma and pulmonary mesenchyme, leading to airway injury [9].
According to the lung protective ventilation strategy, the goal of ventilation management is to minimize
ventilator-associated lung injury, and PRVC mode is well consistent with this strategy [10, 11]. On the
basis of ensure the preset tidal volume and respiratory function of automatic continuous monitoring lung
compliance and volume/pressure relationship, PRVC ventilation mode reduce airway pressure as much
as possible, so as to reduce the pressure of the positive pressure ventilation [12]. PRVC ventilation for the
�rst time for experimental ventilation, inspiratory pressure is low (5 cm H2O). The lung compliance and
inspiratory pressure to reach the preset tidal volume was calculated by the microcomputer measure. The
actual inspiration pressure of the next ventilation is 75% of the above calculated value. After several
ventilation, the actual tidal volume can be consistent with the preset tidal volume [13, 14]. Since the
waveform of inspiratory velocity is a deceleration wave, the vortex of gas can be reduced when the
patient's airway resistance is large, so the pressure consumption and peak inspiratory pressure can be
reduced while the preset tidal volume is ensured [15]. It has been reported that PRVC mode can better
meet the requirement of tidal volume during mechanical ventilation and reduce the airway pressure as
well as lung complications 16 .

In this study, the changes of respiratory mechanics, oxygenation index and respiratory mechanics under
different ventilation modes in one-lung-ventilation were compared by using cross design method. The
results indicated that, when using PRVC mode for ventilation, not only the airway pressure level was
signi�cantly lower than that of VC mode, but also the pulmonary static compliance was signi�cantly
higher than that of VC mode. In addition, the detection of in�ammatory indicators in the lung showed that
the levels of TNF-, IL-6, IL-8 and IL-10 from BALF in the PRVC group were signi�cantly lower than those in
the VC group, suggesting that excessive airway pressure may lead to the structural destruction of lung
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tissue with poor compliance, thus causing airway injury. This result is consistent with the results of
related literatures [17–20] .

There was no signi�cant difference in heart rate, blood pressure, oxygenation index and incidence of
postoperative pulmonary complications between the two groups (P > 0.05) (Table 3). Further analysis
shows, 9 cases of postoperative non-infectious acute lung injury (both in VC-group) with intraoperative
airway pressure for a long time was up to 30 cm H2O, which may be important reasons of these patients
appear postoperative respiratory dysfunction. Therefore, the use of intraoperative protective ventilation
strategy to reduce the airway pressure is of great signi�cance.

Table 3
pulmonary complications and length of hospital stay between

groups

Variable Group -VC Group -PRVC P value

Respiratory dysfunction 2 1 > 0.05

pulmonary infection 3 2 > 0.05

Pulmonary atelectasis 4 2 > 0.05

Acute lung injury 6 2 > 0.05

Re-intubation 1 0 > 0.05

ICU stay t/d (x ± s) 1.9 ± 0.7 1.3 ± 0.5 0.045

Hospital stay t/d (x ± s) 7.6 ± 1.5 5.4 ± 1.2 0.03

In a conclusion, PRVC model has the advantages of lowering airway pressure and improving lung
compliance, which could reduce the single lung ventilation during acute lung injury caused by high
pressure. Therefore, PRVC mode is a good choice for patients with poor pulmonary ventilation function in
VATS pulmonary segmentectomy (such as chronic bronchitis, COPD, etc.) during the operation, especially
for single-lung ventilation.

Abbreviations
VATS:Video-assisted Thoracoscopic Surgery; PRVC:Pressure-regulated volume controlled; VC:Volume
controlled; OLV:One-lung ventilation; BALF:Bronchoalveolar lavage �uid; FVC:Forced vital capacity;
FEV1:Forced expiratory volume in one second
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Figures

Figure 1

Two ventilation modes on pulmonary and systamic in�ammatory responses: A, the levels of TNF-, IL-6, IL-
8 and IL-10 from BALF in the PRVC group were signi�cantly lower than those in the VC group (p<0.05). B,
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the levels of TNF-, IL-6, IL-8 and IL-10 from blood sample in the PRVC group were signi�cantly lower than
those in the VC group (p<0.05).


