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Ventilation with a low tidal volume vs. an intermediate tidal volume during pleural decortication

OBJECTIVE: This study aims to evaluate the effects of low tidal volume and positive end expiratory pressure (PEEP) com-
bined with pressure-controlled ventilation-volume guaranteed (PCV-VG) ventilation on one lung ventilation (OLV) in
patients with tuberculous destroyed lung (TDL).
METHODS: Patients of two groups were all treated with volume controlled ventilation (VCV) on two-lung ventilation,
and the tidal volume was set to 8 ml/kg according to standard body weight, breath rate was set to 10-14 times/min,
inspiration and expiration ratio was set to 1:1.5. During OLV, VCV was used in group C, and the tidal volume was
set to 8 ml/kg; PCV-VG was given to group P patients, and the tidal volume was set to 6 ml/kg, followed by PEEP
at 7 cm H2O. Breath rate was set to 12-16 times/min, and inspiration and expiration ratio was set to 1:1.5 in both
groups on OLV.
RESULTS: Pplat, Ppeak and intrapulmonary shunt (Qs/Qt) were lower at T2 and T3 in group P, when compared to group
C (P<0.05). At T2, T3 and T4, the oxygenation index (OI) increased, Qs/Qt decreased and arterial carbon dioxide
partial pressure (PaCO2) increased in group P (P<0.05). At T5, the concentration of IL-6, TNF-α and BNP decreased
in group P. 
CONCLUSION: Low tidal volume and PEEP combined with PCV-VG ventilation might be helpful for alleviating pul-
monary injury in OLV, and reducing airway pressure and Qs/Qt during OLV in surgery.

KEY WORDS: Destroyed lung, Low tidal volume, Low tidal volume, Positive end-expiratory pressure, Pressure-con-
trolled ventilation, One lung ventilation

TDL seriously affects the patients’ quality of life and
threatens their lives 2. Patients with TDL have a long
history of illness, and the fatality rate can reach up to
61% 3. Most patients with TDL suffer from severe lung
injury. Most parts of the lung on the operative side lose
part or all of their functions. The changes in pulmonary
anatomy on the operative side often cause repeated pul-
monary infections 4,5. For some patients, surgical oper-
ation might be the only means of effective therapeutic
management 6. 
In recent years, with the advancement of medical tech-
nology, the mortality rate of patients undergoing thora-
cotomy has significantly decreased. However, there has
been no significant reduction in the incidence of post-
operative pulmonary complications (PPCs), such as pul-
monary infection, acute lung injury, and acute respira-
tory distress syndrome (ARDS) caused by mechanical

Introduction

At present, tuberculosis remains as the most common
infectious disease in the world. Furthermore, tuberculo-
sis is a serious threat to human health 1 and some
patients may develop tuberculous destroyed lung (TDL).
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ventilation 1,2,7. Moreover, lung injury after thoracoto-
my is the main cause of death in thoracic surgery 8. A
large number of literatures 9-13 have demonstrated that
incorrect ventilation during an operation can lead to lung
injury. 
The mechanisms involved in lung injury during one-
lung ventilation (OLV) might include pressure injury,
volume injury, atelectasis injury, and biological lung
injury caused by the above injuries 14. During OLV in
TDL patients, due to the traction by surgical operation
and changes in airway anatomy, higher airway pressure
and insufficient ventilation at the ventilatory side may
occur during surgery, while lung injury and hypoxemia
are prone to occur.
Patients with TDL usually have a long history, and suf-
fer from serious lung lesions. Furthermore, most patients
have bilateral lung injuries, and their lung functions sig-
nificantly decrease. In addition, the secondary pulmonary
infection after surgery might be fatal to patients. Hence,
it is extremely important to protect the lung from injury
and infection. Low tidal volume can reduce the mechan-
ical ventilation injury 3.
Pressure-controlled ventilation-volume guaranteed (PCV-
VG) 15, which means pressure regulated volume control
(PRVC), is a new type of intelligent ventilation mode.
PCV-VG conveys the preset tidal volume with the low-
est pressure and decelerated flow. Furthermore, PCV-VG
has both the advantages of volume control and pressure
control. It can automatically adjust the pressure accord-
ing to the changes in pulmonary compliance, which is
more in line with the respiratory physiology of patients.
During the OVL in healthy subjects 4-64-6, it has been
demonstrated that PRVC could provide lung protection.
Low tidal volume ventilation can significantly reduce air-
way pressure in OLV, and has been widely accepted in
anesthesia, which can prevent barotrauma. However, it
can easily lead to end-expiratory alveolar collapse and
atelectasis. Positive end-expiratory pressure (PEEP) might
prevent end-expiratory alveolar collapse and decrease the
incidence of atelectasis.
Thus, the present study aims to investigate whether low
tidal volume and PEEP combined with PCV-VG venti-
lation on OLV in patients with TDL during pleural
decortication can reduce the mechanical ventilation
injury, and therefore the incidence of perioperative car-
diovascular complications and postoperative hypoxemia.  

Subjects and Methods

PATIENTS

The present study was approved by the Medical Ethics
Committee of Beijing Thoracic Hospital Affiliated to
Capital Medical University. All patients have provided a
signed informed consent.
A total of 132 patients with tuberculous empyema, who
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underwent pleural decortication under general anesthesia
from September 1, 2016 to August 31, 2018 in Beijing
Thoracic Hospital Affiliated to Capital Medical
University, were selected as the study population.
Exclusion criteria: (1) patients who received long-term
steroid hormone therapy before surgery; (2) patients with
a history of right heart failure; (3) patients with an arte-
rial blood peripheral oxygen saturation (SpO2) of <90%
before surgery; (4) patients with unstable hemodynam-
ics during surgery, who were ineffective to drug thera-
py. The age of these patients ranged between 35-65 years
old. Furthermore, their body mass index (BMI) was 17-
28 kg/m2, and their American Society of Anesthesiolo-
gists (ASA) grade was II or III. 12 cases were excluded:
9 cases with surgical mode changed during the opera-
tion; 1 case of hypoxemia during surgery; 2 cases with
serious cardiovascular events during surgery.

VENTILATION PROTOCOL

These patients were randomly assigned into two groups
according to the random number table: the protective
lung ventilation group (group P) and the control group
(group C).
After entering the operation room, the left upper limb
venous access of these patients was routinely opened.
Blood pressure, heart rate and oxygen saturation were
routinely monitored, the left radial artery and right cen-
tral jugular vein were punctured and catheterized under
local anesthesia, and the bispectral index (BIS) of elec-
troencephalography (EEG) was monitored during the
operation.  
Anesthesia induction: Next, 0.3 μg/kg of sufentanil and
0.1 mg/kg of midazolam were slowly and successively
intravenously injected, and propofol was infused using a
target-controlled infusion pump (TCI). The target serum
concentration was 3.0-4.0 µg/ml. After the patient lost
consciousness, 0.2 mg/kg of atracurium cisbenzenesul-
fonate was intravenously injected. Visible left double-
lumen bronchial catheters were inserted for all patients
(female, 35; male, 39). Intraoperative ventilation with an
Ohmeda Avance CS 2pro anesthesia ventilator and pure
oxygen inhalation were applied, and the oxygen flow was
3 L/min. During the double lung ventilation, tidal vol-
ume was 8 ml/kg (with reference to predicted body weight
of the patient), respiratory rate was 10-14 times/min, and
inspiratory-to-expiratory ratio was 1.0:1.5. During the
OLV, respiratory rate was 12-16 times/min, inspiratory-
to-expiratory ratio was 1.0:1.5, and PCV-VG was applied
in group P, with a tidal volume of 6 ml/kg and PEEP
was set at 7 cm H2O. Volume-controlled ventilation was
applied in group C, with a tidal volume of 8 ml/kg, and
PEEP was set at 0 cm H2O. 
Maintenance of anesthesia: Propofol was infused by TCI
during surgery to maintain a serum concentration of 2.0-
3.5 μg/kg. When necessary, remifentanil hydrochloride
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(target serum concentration of 2.5-3.0 ng/m1) by TCI
and 5 mg of atracurium cisbenzenesulfonate were intro-
venously given to maintain the BIS within 40-60 and
heart rate (HR) within 60-100 beats/min, and the fluc-
tuation range of mean atrial pressure (MAP) was not
more than 20% of the baseline value. When the MAP
was higher than 20% of the baseline value and lasted
more than one minute, and the effect of the depth of
anesthesia was excluded, 12.5 mg of urapidil was intra-
venously injected. When the MAP was lower than 20%
of the baseline value and lasted more than one minute,
the infusion of 50 ml of liquid was ineffective within
5-10 minutes, and the effect of the depth of anesthesia
was excluded, 6 mg of ephedrine was intravenously
injected. If HR was less than 50 beats/min or more than
100 beats/min, 0.2 mg of atropine or 5 mg of esmolol
was intravenously injected. All vasoactive agents may be
repeatedly administered. If the circulation stability could
not be maintained by the above managements, the
patient was excluded from the present study. Peak pres-
sure (Ppeak), plateau pressure (Pplat) and dynamic total
respiratory system compliance (Cdyn) were recorded and
stored every five minutes through the bypass side flow
monitoring system.
Patient-controlled intravenous analgesia (PCIA) was
applied after surgery with 4 μg/kg of sufentanil and 10
mg of tropisetron diluted to 100 ml with natural saline.
The background dosage was 2 ml/h, self-controlled
dosage was 1 ml each time, and the locking time was
15 minutes.

EVALUATION

Primary observation criteria: Pplat, Ppeak and oxygenation
index (OI). Ppeak, Pplat and Cdyn were taken as the test-
ing data at five minutes before OLV(T1), at 30 minutes
after OLV (T2), immediate before chest closure (T3), and
at 10 minutes (T4) after chest closure and bilateral lung
ventilation in the lateral decubitus position. Arterial and
venous blood was drawn for blood gas analysis at T1, T2,
T3 and T4, and six hours after surgery (T5). The intra-
pulmonary shunt (Qs/Qt[%]) and OI value were calcu-
lated according to the following equation:
Qs/Qt = (PAa - DO2 × 0.0331) / PA - aDO2 × 0.0331
+ (CaO2 - CvO2)
Secondary observation criteria: Venous blood was drawn
at T1 and T5. The serum concentration of interleukin-
6 (IL-6), tumor necrosis factor-α (TNF-α) and brain
natriuretic peptide (BNP, this was assayed by the labo-
ratory department of Beijing Thoracic Hospital Affiliated
to Capital Medical University) was determined by
enzyme-linked immunosorbent assay. 
Pulmonary complications observed at the first and sev-
enth day after surgery: pulmonary infection, empyema,
atelectasis, pleural effusion, postoperative hypoxemia,
arrhythmia, and so on. 
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STATISTICAL ANALYSIS

SPSS 19.0 software was used for the statistical analysis.
Quantitative data were expressed as mean ± standard
deviation (x ± SD). In comparing measurement data,
two-way repeated measures ANOVA with was used when
the variance was homogeneous, while rank-sum test was
used when the variance was not homogeneous. Repeated-
measures designed variance analysis was used for intra-
group comparisons. X2-test was used to compare cate-
gorical data. P<0.05 was considered statistically signifi-
cant.

Results

There were no significant differences in general charac-
teristics, including gender, age, weight, ASA grade and
operation duration, intraoperative bleeding volume, and
OLV time between the two groups (P>0.05, Table I). 
The Ppeak and Pplat in group C were significantly high-
er at T2 (Ppeak: 21.1 ± 3.3 cm H2O; Pplat: 20.3 ± 2.9
cm H2O) and T3 (Ppeak: 21.1 ± 3.3 cm H2O; Pplat: 20.1
± 2.5 cm H2O), when compared with those at T1 (Ppeak:
19.9 ± 2.6 cm H2O; Pplat: 18.8 ± 2.6 cm H2O) (P<0.05).
The Ppeak in group P significantly decreased at T2 (19.8
± 2.9 cm H2O) and T3 (19.9 ± 2.9 cm H2O), when
compared with those in group C (P<0.05). The Pplat in
group P significantly decreased at T2 (19.0 ± 2.6 cm
H2O), when compared with those in group C (20.3 ±
2.9 cm H2O) (P<0.05). The MAP increased significant-
ly in group P at T3 (73.1 ± 9.4) and T4 (71.9 ± 10.2
cm H2O), when compared with those in group C (T3:
67.3 ± 9.9 cm H2O; T4: 65.9 ± 9.5 cm H2O) (P<0.05,
Table II).
Mechanics and hemodynamic index in patients during
the surgery (Group C: n=60; Group P: n=60). Abbr.

TABLE I - General characteristics of group C and group P.

Item Group P Group C P

Gender(male/female) 39/21 43/17 0.279
Age(year) 46.1±16.5 44.1±15.6 0.930
BMI 22.0±3.2 22.7±3.7 0.118
ASA grade(II/III) 22/38 27/33 0.229
FEV1/FVC 83.0±11.5 84.9±8.4 0.299
FEV1 2.15±0.58 2.21±0.61 0.345
MVV(%) 61.8±6.7 61.0±7.4 0.393
Anesthesia time(min) 221±51.4 226±58.3 0.318
OLV time(min) 195±34.6 188±28.9 0.089
Open the chest(Left/Right) 24/36 27/33 0.356
Urine volume(ml/kg/h) 0.92±0.18 0.94±0.19 0.117
Intraoperative blood transfusion(ml) 605±289 655±388 0.180
Intraoperative bleeding(ml) 652±356 597±299 0.082
Blood transfusion volume(ml) 2950±900 3013±941 0.395
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Pplat: plateau pressure; MAP: mean atrial pressure; CVP:
central venous pressure; Ppeak: peak pressure.
The OI in group P significantly increased, while at T3
(191.1 ± 48.4) and T4 (320.4 ± 101.1) when compared
to those in group C (T3: 191.1 ± 48.3; T4: 320.4 ±
101.1) (P<0.05)；PaCO2 significantly increased in group
P at T2 (42.8 ± 4.5 cm H2O) and T3(40.3 ± 3.7 cm
H2O), when compared to those at T1 (38.8 ± 4.8 cm

H2O) (P<0.05), At T2 and T3, the PaCO2 in group P
significantly increased, when compared to those in group
C (T3: 36.7 ± 3.8 cm H2O; T4: 35.9 ± 2.8 cm H2O)
(P<0.05, Table III).
The serum concentration of TNF-α, IL-6 and BNP sig-
nificantly increased in these two groups at T5 (group P:
TNF-α: 49.7 ± 15.5 pg/ml, IL-6: 45.2 ± 12.3 pg/ml,
BNP: 472.0 ± 180.3 ng/L; group C: TNF-α: 59.0 ±
18.3 pg/ml, IL-6: 54.3 ± 15.7 pg/ml, BNP: 569.6 ±
128.9 ng/L), when compared to those at T1 (group P:
TNF-α: 26.0 ± 10.9 pg/ml, IL-6: 26.6 ± 7.5 pg/ml,
BNP: 300.1 ± 132.4 ng/L; group C: TNF-α: 27.5 ±
9.5 pg/ml, IL-6: 27.8 ± 9.4 pg/ml, BNP: 331.6 ± 145.5
ng/L) (P<0.05). At T5, the concentration of TNF-α, IL-
6 and BNP of group P was higher than those in group
C (P<0.05, Table IV). Compared to group C, the inci-
dence of cardiovascular events was lower in group P after
surgery (P<0.05, Table V).

Discussion 

In the present study, the Pplat and Ppeak significantly
increased in group C during OLV. The OI in group P
were better than that in group C at T3 and T4, and

TABLE II - Basic ventilatory variables of group C and group P.

Item Group P Group C P

Ppeak (cm H2O)
T1 19.4±2.5 19.9±2.6 0.359
T2 19.8±2.9 21.1±3.3 0.028
T3 19.9±2.9 21.1±3.3 0.044
T3 19.3±2.3 20.0±2.9 0.206
Pplat (cm H2O)
T1 18.5±2.5 18.8±2.6 0.532
T2 19.0±2.6 20.3±2.9 0.022
T3 19.0±2.5 20.1±2.5 0.023
T4 18.6±2.4 19.0±2.4 0.421
CVP(mmHg)
T1 11.7±2.0 11.7±1.7 0.957
T2 11.6±2.0 12.0±1.7 0.155
T3 10.6±1.9 11.8±1.7 0.001
T4 11.2±1.9 11.3±2.0 0.691
MAP(mmHg)
T1 84.4±8.3 81.8±9.4 0.097
T2 76.8±12.1 74.2±12.3 0.257
T3 73.1±9.4 67.3±9.9 0.002
T4 71.9±10.2 65.9±9.5 0.002

TABLE III - Basic hemodynamic variables of group C and group P.

Item Group P Group C P

Ph
T1 7.375±0.037 7.370±0.035 0.280
T2 7.372±0.038 7.360±0.041 0.289
T3 7.363±0.037 7.346±0.031 0.031
T4 7.379±0.049 7.372±0.041 0.279
OI
T1 431.2±31.7 419.1±38.8 0.059
T2 200.4±49.1 217.6±66.8 0.088
T3 191.1±48.4 157.7±35.9 0.000
T4 320.4±101.1 271.0±118.6 0.007
PaCO2 (mmHg)
T1 38.8±4.8 37.7±4.4 0.144
T2 42.8±4.5 37.0±4.1 0.000
T3 40.3±3.7 36.7±3.8 0.000
T4 36.9±2.8 35.9±2.8 0.102
Qs/Qt%
T1 10.6±2.7 11.0±4.0 0.432
T2 19.8±5.9 20.5±4.6 0.428
T3 16.3±5.2 17.7±5.7 0.332
T4 14.1±4.6 15.9±5.1 0.025

TABLE IV - Concentration of TNF-a, IL-6 and BNP of group C and
group P ( x ± s).

Item Group P Group C P

TNF-α (pg/ml)
T1 26.0±10.9 27.5±9.5  0.256
T5 49.7±15.5 59.0±18.3 0.005
IL-6 (pg/ml)
T1 26.6±7.5 27.8±9.4 0.394
T5 45.2±12.3 54.3±15.7 0.0101
BNP (ng/L)
T1 300.1±132.4 331.6±145.5 0.205
T5 472.0±180.3 569.6±128.9 0.001

TABLE V - Comparisons of perioperative complications between two grou-
ps (n=60).

Item Group P Group C P

Pulmonary complications 13 21 0.078
ARDS 2 1
Atelectasis 3 4
Hypoxemia 7 16
Bronchopleural fistula 1 0
Cardiovascular complications 23 38 0.005
Sinus tachycardia 14 23
Frequent atrial fibrillation 

with atrial fibrillation 3 5
Sinus bradycardia 2 3
Frequent ventricular premature 4 7
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the incidence of peri-surgical cardiovascular complica-
tions was lower. The MAP in group P at T3 and T4
increased to nearly normal levels. The PaCO2 in group
P during OLV significantly increased. At T3 and T4,
the OI significantly increased in group P, when com-
pared to that in group C. There was a significant increase
in the concentration of TNF-α, IL-6 and BNP in group
C after surgery. In group C, there were nine patients
with the Pplat and Ppeak levels higher than 30 cm H2O
during the surgery. 
Pressure injury plays a key role in OLV lung injury in
patients with TDL. Hence, it is particularly important
to reduce airway pressure in OLV in patients with TDL.
During the OLV in the present study, patients with pro-
tective lung ventilation had maintained lower Pplat and
Ppeak levels, since higher Pplat and Ppeak could lead to lung
injury and aggravate the intrapulmonary shunt 16. The
case analysis of pulmonary infection conducted by Jeon
K et al. 17 revealed that the risk of acute lung injury
increased by 2.32% for each increase in airway pressure
of 1 cm H2O, and in ARDS patients ARDS, the value
of Pplat and Ppeak greater than 30 cm H2O could cause
lung injury. Pplat is positively correlated to pressure
injury. The incidence of pressure injury is very low when
Pplat is lower than 25 cm H2O, while the incidence of
pressure injury might significantly increase when Pplat is
higher than 29 cm H2O 8,18,19. Studies showed that high
airway pressure could lead to lung injury. In the control
group, nine patients had both Pplat and Ppeak higher than30
cm H2O. In the protective lung ventilation group, both
Pplat and Ppeak significantly decreased during OLV, with
the Pplat and Ppeak both lower than30 cm H2O. These
aicators for monitoring the stability of the circulatory sys-
tem. Compared with traditional hemodynamic monitor-
ing, and as a functional dynamic hemodynamic monitor-
ing index, the variation of stroke volume measured by the
FloTrac/Vigileo system has high specificity (93%-96%)
and sensitivity (79%-94%) in estimating the circulating
blood volume. Furthermore, it can accurately monitor the
change in blood volume in patients, and guide clinical
decision-making and rehydration therapy 20,21. The CI and
MAP in group P were higher than those in group C dur-
ing OLV, which indicates that low tidal volume ventila-
tion combined with the PCV-VG ventilation mode has
less influence on a patient's blood circulation during OLV,
and might be more beneficial for the stability of blood
circulation in patients. 
The OI at six hours after the surgery in patients in
group P was higher than that in patients in group C,
and the incidence of hypoxemia was significantly lower.
The possible reason might be that the OLV mode in
group P was more in line with the respiratory physiol-
ogy of these patients. Furthermore, the lower airway pres-
sure maintained during surgery might have alleviated the
occurrence of lung injury. After the surgery, these
patients maintained a better gas exchange and OI, which
prevented the accumulation of CO2. 
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OLV may cause the release of inflammatory cytokines
and aggravate lung injury 8,22. Both TNF-α and IL-6
are cytokines in the early stage of lung injury, and the
monitoring of changes in TNF-α and IL-6 concentra-
tion may be regarded as the observation criteria in lung
injury 12,23-24. Schãoer et al. 25 reported that the changes
of TNF-α and IL-6 might be detected in alveolar lavage
fluid at one hour after mechanical ventilation.
Inflammatory cytokines may enter the blood circulation,
and the changes of related cytokines may be detected in
blood. In the present study, TNF-α and IL-6 signifi-
cantly increased in group C, which suggests that lung
injury was more serious in group C during OLV. 
There was no occurrence of hypoxemia in both groups,
which was completely different from the incidence of 5-
10% of hypoxemia during OLV reported by Hadrien
Roz et al. 26. The possible reason might be that most
of the lung functions in the present study were lost
before surgery, and the TDL resection reduced the intra-
pulmonary shunt, thereby increasing oxygenation.
Furthermore, higher CO2 and lower pH were maintained
in group P during the surgery, while the relatively high-
er PaCO2 maintained during the mechanical ventilation
might increase the survival rate of patients 3, 27. Giorgio
D R et al. 18,28 reported that a moderately high level of
PaCO2 during OLV was conducive to the release of
blood O2 to tissues. PaCO2 below 70 cm H2O is tol-
erable, and has certain lung protective effects. However,
there was no difference in PaCO2 between the two
groups at six hours after the surgery, which means that
there was no PaCO2 accumulation in group P. 
The BNP in group P was significantly lower than that
in group C. Clinically, BNP has been regarded as an
important monitoring criterion routinely used in the
prognosis of acute and chronic heart failure 29,30. The
incidence of heart failure increases as post-operative BNP
becomes higher than 450 ng/L. In the present study,
the incidence of cardiovascular events was lower in group
P after surgery, and the possible reasons might be that
the application of protective ventilation in group P could
have alleviated the lung injury, allowing patients to main-
tain better oxygenation state. Thus, the patient's inter-
nal environment was closer to normal pH, which ensured
the stability of the internal environment. Patients in
group P maintained a better gas exchange. Furthermore,
patients in this group maintained a better PaO2 and pH,
which lead to a relatively stable internal environment,
and a decrease in occurrence of cardiovascular events. 

Limitations of the study

The limitations of the present study were as the follows:
First, the patients included in the present study all had
TDL, and patients with concomitant diseases might have
led to increased levels of related inflammatory cytokines,
which would inevitably lead to confounding factors.
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Second, the present study was a randomized controlled
trial, and no blind method was adopted, which could
inevitably have resulted in systematic errors. Third, all
patients in the present study had a long operation time.
Surgery and intraoperative blood transfusion would have
an impact on the data tested.

Conclusion

During OLV in patients with TDL, the ventilation mode
of low tidal volume and PEEP combined with PCV-VG
is very important, which might reduce airway pressure
and lung injury, improve the OI during OLV during
surgery, and it appears to be a save of the occurrence
of cardiovascular complications during the perioperative
period. 
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Riassunto

Questo studio mira a valutare gli effetti del volume cor-
rente basso e della pressione positiva di fine espirazione
(PEEP) combinati con la ventilazione a volume garanti-
to di ventilazione controllata (PCV-VG) su una venti-
lazione polmonare (OLV) in pazienti con polmone dis-
trutto tubercolare (TDL). 
METODI: I pazienti di due gruppi sono stati tutti trat-
tati con ventilazione a volume controllato (VCV) con
ventilazione a due polmoni e il volume corrente è sta-
to impostato su 8 ml / kg in base al peso corporeo stan-
dard, la frequenza respiratoria è stata impostata su 10-
14 volte / min , il rapporto tra inspirazione ed espi-
razione è stato impostato su 1: 1,5. Durante OLV, VCV
è stato utilizzato nel gruppo C e il volume corrente è
stato impostato a 8 ml/kg; PCV-VG è stato somminis-
trato ai pazienti del gruppo P e il volume corrente è
stato impostato a 6 ml/kg, seguito da PEEP a 7 cm
H2O. La frequenza respiratoria è stata impostata su 12-
16 volte/min e il rapporto tra inspirazione ed espirazione
è stato impostato su 1: 1,5 in entrambi i gruppi con
OLV. 
RISULTATI: Pplat, Ppeak e shunt intrapolmonare (Qs / Qt)
erano inferiori a T2 e T3 nel gruppo P, rispetto al grup-
po C (P <0,05). A T2, T3 e T4, l'indice di ossige-
nazione (OI) è aumentato, Qs/Qt è diminuito e la pres-
sione parziale di anidride carbonica arteriosa (paco2) è
aumentata nel gruppo P (P <0,05). A T5, la concen-
trazione di IL-6, TNF-α e BNP è diminuita nel grup-
po P.
CONCLUSIONE: il basso volume corrente e la PEEP com-
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binati con la ventilazione PCV-VG potrebbero essere utili
per alleviare il danno polmonare in OLV e ridurre la pres-
sione delle vie aeree e Qs/Qt durante OLV in chirurgia.

References

1. Varona PD, Persiva O, Pallisa E, Andreu J: Radiological find-
ings of unilateral tuberculous lung destruction. Insights Into Imaging,
2017; 8:271-77.

2. Lee EJ, Lee SY, In KH, Yoo SH, Choi EJ, Oh YW, Park S:
Routine pulmonary function test can estimate the extent of tuberculous
destroyed lung. The Scientific World Journal, 2012; 2012:1-5. 

3. Kim WY, Kim MH, Jo EJ, Eom JS, Mok J, Kim KU, Park
HK, Lee MK, Lee K: Predicting Mortality in Patients with
Tuberculous Destroyed Lung Receiving Mechanical Ventilation.
Tuberculosis and Respiratory Diseases, 2018; 81:247-55. 

4. Mandell LA, Wunderink RG, Anzueto A, Bartlett JG, Campbell
GD, Dean NC, Dowell SF, File TM Jr, Musher DM, Niederman
MS, Torres A, Whitney CG: Infectious Diseases Society of America;
American Thoracic Society. Infectious Diseases Society of America/
American Thoracic Society consensus guidelines on the management of
community-acquired pneumonia in adults. Clin Infect Dis, 2007;
42:27-72.

5. Yum HK, Park IN: Effect of inhaled tiotropium on spirometric
parameters in patients with tuberculous destroyed lung. Tuberculosis
& Respiratory Diseases, 2014; 77:167-71. 

6. Hong Z, Bai LQ, Yan DJ, Gong CF, Liang ZK: Treatment of
recent complications of total pneumonectomy for pulmonary tuberculo-
sis. Chinese Journal of Tuberculosis and Respiratory Diseases, 2011;
34:582-85.

7. Pfirrmann D, Tug S, Brosteanu O, Mehdorn M, Busse M,
Grimminger PP, Lordick F, Glatz T, Hoeppner J, Lang H, Simon
P, Gockel I: Internet-based perioperative exercise program in patients
with Barrett’s carcinoma scheduled for esophagectomy [iPEP - study] a
prospective randomized-controlled trial. BMC Cancer, 2017; 17:413. 

8. Licker M, Fauconnet P, Villiger Y, Tschopp JM: Acute lung
injury and outcomes after thoracic surgery. Current Opinion in
Anaesthesiology, 2009; 22:61-67. 

9. Bastin AJ, Sato H, Davidson SJ, Quinlan GJ, Griffiths MJ:
Biomarkers of lung injury after one-lung ventilation for lung resection.
Respirology, 2011; 16:138-45. 

10. Tan J, Song Z, Bian Q, Li P, Gu L: Effects of volume-controlled
ventilation, vs. pressure-controlled ventilation on respiratory function
and inflammatory factors in patients undergoing video-assisted thora-
coscopic radical resection of pulmonary carcinoma. Journal of Thoracic
Disease, 2018; 10:1483-489.

11. Zhang BJ, Tian HT, Li HO, Meng J: The effects of one-lung
ventilation mode on lung function in elderly patients undergoing
esophageal cancer surgery. Medicine, 2018; 97:e9500. 

12. Schädler D, Pausch C, Heise D, Meier-Hellmann A, Brederlau
J, Weiler N, Marx G, Putensen C, Spies C, Jörres A, Quintel M,
Engel C, Kellum JA, Kuhlmann MK: The effect of a novel extra-
corporeal cytokine hemoadsorption device on IL-6 elimination in sep-
tic patients: A randomized controlled trial. PLOS ONE, 2017;
12:e0187015. 

READ-O
NLY

 C
OPY 

PRIN
TIN

G P
ROHIB

IT
ED



Zhi-Guo Shi, et al.

708 Ann. Ital. Chir., 92, 6, 2021

13. Rittayamai N, Brochard L: Recent advances in mechanical ven-
tilation in patients with acute respiratory distress syndrome. European
Respiratory Review An Official Journal of the European Respiratory
Society, 2015; 24:132-40.  

14. Okahara S, Shimizu K, Suzuki S, Ishii K, Morimatsu H:
Associations between intraoperative ventilator settings during one-lung
ventilation and postoperative pulmonary complications: A prospective
observational study. BMC Anesthesiology, 2018; 18:13.

15. Kothari A, Baskaran D: Pressure-controlled volume guaranteed
mode improves respiratory dynamics during laparoscopic cholecystecto-
my a comparison with conventional modes. Anesthesia Essays &
Researches, 2018; 12:206-12. 

16. Ishikawa S, Nakazawa K, Makita K: Progressive changes in arte-
rial oxygenation during one-lung anaesthesia are related to compression
of the non-dependent lung. British Journal of Anaesthesia, 2003;
90:21-26. 

17. Jeon K, Yoon JW, Suh GY, Kim J, Kim K, Yang M, Kim H,
Kwon OJ, Shim YM: Risk factors for post-pneumonectomy acute lung
injury/acute respiratory distress syndrome in primary lung cancer
patients. Anaesthesia & Intensive Care, 2009; 37:14-19. 

18. Giorgio DR, Cecilia C: Acute lung injury in thoracic surgery.
Current Opinion in Anaesthesiology, 2013; 26:40-46. 

19. van der Werff YD, van der Houwen HK, Heijmans PJ,
Duurkens VA, Leusink HA, van Heesewijk HP, de Boer A:
Postpneumonectomy pulmonary edema. A retrospective analysis of inci-
dence and possible risk factors. Chest, 1997; 111:1278-284. 

20. Suehiro K, Rinka H, Ishikawa J, Fuke A, Arimoto H, Miyaichi
T: Stroke volume variation as a predictor of fluid responsiveness in
patients undergoing airway pressure release ventilation. Anaesthesia &
Intensive Care, 2012; 40:767-72. 

21. Li C, Lin FQ, Fu SK, Chen GQ, Yang XH, Zhu CY, Zhang
LJ, Li Q: Stroke volume variation for prediction of fluid responsive-
ness in patients undergoing gastrointestinal surgery. International
Journal of Medical Sciences, 2013; 10:148-55.  

22. Mahmoud K, Ammar A, Kasemy Z: Comparison between pres-
sure-regulated volume-controlled and volume-controlled ventilation on
oxygenation parameters, airway pressures, and immune modulation dur-
ing thoracic surgery. J Cardiothorac Vasc Anesth, 2017; 31:1760-
1766. 

23. Patel BV, Wilson MR, O'Dea KP, Takata M: TNF-α induced
death signaling triggers alveolar epithelial dysfunction in acute lung
injury. J Immunol, 2013; 190:4274-282. 

24. Sharma AK, Mulloy DP, Le LT, Laubach VE: NADPH oxi-
dase mediates synergistic effects of IL-17 and TNF-α on CXCL1 expres-
sion by epithelial cells after lung ischemia-reperfusion. Am J Physiol
Lung Cell Mol Physiol, 2014; 306:L69-79. 

25. Schädler D, Pausch C, Heise D, Meier-Hellmann A, Brederlau
J, Weiler N, Marx G, Putensen C, Spies C, Jörres A, Quintel M,
Engel C, Kellum JA, Kuhlmann MK: The effect of a novel extra-
corporeal cytokine hemoadsorption device on IL-6 elimination in sep-
tic patients: A randomized controlled trial. PLOS ONE, 2017;
12:e0187015.

26. Rozé H, Lafargue M, Ouattara A: Case Scenario: Management
of Intraoperative Hypoxemia during One-lung Ventilation. Anesthe-
siology, 2011; 114:167-74. 

27. Park JH, Na JO, Kim EK, Lim CM, Shim TS, Lee SD, Kim
WS, Kim DS, Kim WD, Koh Y: The prognosis of respiratory fail-
ure in patients with tuberculous destroyed lung. Int J Tuberc Lung
Dise, 2001; 5:963-67. 

28. Sticher J, Müller M, Scholz S, Schindler E, Hempelmann G:
Controlled hypercapnia during one-lung ventilation in patients under-
going pulmonary resection. Acta Anaesthesiol Scand, 2010; 45:842-
47. 

29. Park HJ, Baek SH, Jang SW, Kim DB, Shin DI, Shin WS,
Kim PJ, Jung HB, Jung HO, Seung KB, Choi KB: Direct com-
parison of B-type natriuretic peptide and N-terminal pro-BNP for
assessment of cardiac function in a large population of symptomatic
patients. Int J Cardiol, 2010; 140:336-43. 

30. Cerisano G, Valenti R, Sciagrà R, Pucci PD, Tommasi M,
Raspanti S, Pupi A, Dovellini EV, Antoniucci D: Relationship of
sustained brain natriuretic peptide release after reperfused acute myocar-
dial infarction with gated SPECT infarct measurements and its con-
nection with collagen turnover and left ventricular remodeling. J Nucl
Cardiol, 2008; 15:613-14. 

READ-O
NLY

 C
OPY 

PRIN
TIN

G P
ROHIB

IT
ED




