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Abstract
Background: Synchronous independent lung ventilation (ILV) is the treatment of choice for unilateral pathology of
lung parenchyma. Numerous studies have documented the improved blood oxygenation and clinical efficacy of this
procedure. The aim of the present study was to evaluate the effects of ILV on the selected biomechanical parameters
of the lungs.
Method: The study involved ASA I-II patients undergoing thoracic surgery in the lateral decubitus position under
the standard conditions of general anaesthesia with the thoracic cavity closed. ILV with equal separation of the tidal
volume was performed with a prototype volume separator, using incremental a PEEP of 0−15 cm H2O in the dependent lung. Peak pressures, dynamic compliance and airway resistance of both lungs were evaluated.
Results: The study included 36 patients. In all of the patients, a PEEP of 5−15 cm H2O in one lung increased its peak
pressures, dynamic compliance and resistances, and variably affected the biomechanical parameters of the other lung.
Irrespective of patient positioning on the right or left side, the highest compliance was recorded at a PEEP of 10 cm H2O.
Conclusions: In ILV, peak pressures and airway resistances are higher in the dependent lung compared to compliances
in the non-dependent lung. ILV with a PEEP of 5−15 cm H2O increases the biomechanical parameters of the dependent
lung while variably influencing the parameters in the non-dependent lung.
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In many cases, artificial lung ventilation is an essential
life-saving form of treatment. Despite its undeniable benefits, this procedure can induce many adverse side effects
that can lead to both systemic and local–pulmonary challenges [1, 2].
One of the local effects of improperly tailored artificial
ventilation is atelectasis, which is a common and harmful
phenomenon that can develop in patients undergoing anaesthesia or patients requiring intensive care [1, 3−6]. Treatment methods, such as popular recruitment manoeuvres
using PEEP, increase FRC, aerate the collapsed alveoli and
beneficially affect gas exchange in the lungs to improve

blood oxygenation. The PEEP, per se, prevents numerous
adverse reactions triggered by alveolar atelectasis.
Atelectasis is not always symmetrical; in some cases,
the pathology impacts only one lung or part of the lung, as
observed in ARDS, lung cancer, unilateral thoracic trauma or
bronchopleural fistula. Moreover, atelectasis almost always
develops during anaesthetic procedures for thoracic surgery, leading to functional and morphological heterogeneity of the respiratory system. Lateralisation of the pulmonary
parenchymal injury results in altered compliance and varied
airway resistance of both lungs. In such cases, the distribution of respiratory gases is asymmetrical and conventional
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ventilation cannot distend the atelectatic areas, thus leading
to overdistension of the intact parenchymal fragment and its
injury, ultimately resulting in impaired gas exchange in the
lungs [7]. Additionally, altered gas flow results in less effective turbulent flow [7, 8]. The difference between retraction
forces and those maintaining aeration of the pulmonary
alveoli increases, which exerts unfavourable effects on the
formation of surfactant by type II pneumocytes.
A recumbent position deteriorates the flow of respiratory gases, increasing atelectasis by adversely affecting
intra-abdominal pressure or gravitational forces of the individual spheres of the lung parenchyma [9, 10].
Cases such as those above can be treated with independent lung ventilation (ILV), which involves separate
aeration of each lung with respiratory parameters titrated
to their current condition. ILV requires endobronchial intubation, usually with two ventilators working synchronously
or asynchronously.
Another method of treatment consists of the use of one
ventilator and a tidal volume separator. The stream of tidal
volume reaches the lungs through two separate respiratory
systems and expiratory gases are evaluated via two independent expiratory systems. The separator is equipped with
PEEP valves, which enables the use of various end-expiratory
pressures for each lung [11−13].
Improved blood oxygenation during ILV with PEEP has
been well documented in numerous studies, while analyses evaluating its influence on the biomechanics of the
respiratory system are lacking. The present study aimed to
determine the effects of synchronous ILV using incremental
values of PEEP in the non-operated lung on the selected
lung parameters in patients undergoing thoracic surgery.

METHODS
The study design was approved by the Bioethics Committee of the Medical University of Lublin. Patients scheduled for lung surgical procedures under bronchial general
anaesthesia were included. The exclusion criteria included
cardiovascular diseases, COPD, particularly with coexisting
emphysema after earlier thoracotomy, and impossible or
anticipated difficult distribution of ventilation.
All patients were pre-medicated with oral diazepam in
a dose of 10 mg one hour before surgery. Prior to the induction of anaesthesia, pre-oxygenation was used, 5 μg kg-1 of
fentanyl and 0.5 mg atropine. Anaesthesia was induced
with propofol, 1 mg kg-1, and suxamethonium, 1 mg kg-1;
subsequently, the trachea was intubated with Robertshaw
double-lumen endotracheal tubes, appropriately opposing
the operated side. Proper location of the endotracheal tubes
was verified with a fibrescope.
Lung ventilation was carried out using the IPPV method
in a volume-controlled mode, with the Primus anaesthetic
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device (Dräger, Germany). The following ventilation parameters were used: VT 6−8 mL kg-1, f 12−15 min-1 and FIO2,
0.35. Anaesthesia was maintained with fractionated doses
of fentanyl, 0.001 mg kg-1, and sevoflurane at the concentration of 1−2 vol%; muscle relaxation was maintained with
vecuronium, 0.1 mg kg-1.
Intraoperatively, ECG, HR, SpO2, ETCO2 were monitored
continuously and SAP, DAP every 5 minutes (measured
non-invasively).
Synchronous independent lung ventilation with equal
distribution of tidal volume in a ratio 1:1 was carried out
using a volume separator devised in the Institute of Biocybernetics and Biomedical Engineering (IBBE) of the Polish
Academy of Sciences (PAS).
Sequential measurements were performed prior to the
surgical procedure with the thoracic cavity closed. The data
were recorded in patients on the left or right side when the
lower lung (non-operated), i.e., the one in which the PEEP
was used, was the dependent lung.
According to the accepted algorithm, measurements
were started during ventilation without PEEP and then with
PEEP at 5, 10, 15 cm H2O. Peak pressures, dynamic compliance and resistances in both lungs were evaluated. Data
were recorded using the Florian analyser (Acutronic, Germany) 10 minutes after the institution of the next study stage.
Results were statistically analysed. Biomechanical parameters were characterised using the median, mean, upper and lower quartile, range of variability and standard
deviation. Due to the skewed distribution of data, confirmed
by the Shapiro-Wilk test, and heterogeneity of variances assessed by the Fisher`s F test, the intergroup differences were
analysed using non-parametric tests. The Mann-Whitney
U test was used to compare two independent groups and
the Wilcoxon matched-pairs signed-ranks test to compare
two dependent groups. The 5% deduction error was assumed; hence, P < 0.05 was considered as significant.

RESULTS
The study involved 36 patients (7 women and 29 men).
The mean patient age was 50.2 ± 12.9 years, body weight
was 79.5 ± 11.2 kg, height was 168.8 ± 12.5 cm, and BMI was
27.8 ± 0.75 kg m-2. According to the pre-anaesthesia clinical
assessment, there were 11 ASA I, and 25 ASA II patients.
The respiratory system assessment was based on the
parameters of the acid-base balance of arterial blood performed during spontaneous breathing with atmospheric
air on the day preceding surgery, which demonstrated the
following: pO2 — 80.0 ± 15.0 mm Hg, pCO2 —35.2 ± 3.7 mm
Hg. The basic spirometric parameters were as follows: FVC
— 3970 ± 858 mL, constituting 108.1 ± 11.9% of the norm
and FEV1 — 2980 ± 715 mL s-1, i.e., 82.6 ± 6.4% of normal
value.

Katarzyna Trela-Stachurska et al., Independent lung ventilation in thoracic anaesthesia

In the study population of 36 patients, 18 were qualified
for left lung surgery and 18 for left-sided thoracotomy. The
following double-lumen endotracheal tubes were used:
no. 37 in 11 patients, no. 39 in 17 and no. 41 in 11 patients.
The most common surgical procedure was lobectomy
(16 cases) followed by wedge resection of a tumour (6),
exploratory thoracotomy (5), pneumonectomy (5), and
video-assisted thoracoscopy (4 cases). In all patients, the
course of anaesthesia and surgery were uneventful. After
the completion of surgery and routine recovery from anaesthesia, the patients were transported to the postoperative
care unit for further treatment.
Examinations revealed that during the independent
lung ventilation in the lateral decubitus position, peak pressures and airway resistances were higher while dynamic
compliance was lower in the dependent lung. The application of a PEEP of 5−10−15 cm H2O in one lung resulted in
its increased peak pressures, compliance and resistances,
while variably affecting the biomechanical parameters of the
other lung. Irrespective of patient positioning on the right
or left side, the highest values of dynamic compliance in
the dependent lung were recorded at a PEEP of 10 cm H2O.
Compared to the other lung, the values of airway resistance
in the dependent lung were increasingly high, which was
particularly spectacular when the right lung was dependent.
Detailed data regarding the biomechanical parameters of
the lungs were listed in Tables 1 and 2.

DISCUSSION
Pulmonary complications resulting from the use of various modes of conventional ventilation are often associated
with the relatively well-known respiratory mechanics specific to each method. However, knowledge regarding independent lung ventilation is limited; therefore, we decided
to conduct this study due to the potential usefulness of
this management method during general anaesthesia for
thoracic surgery in patients in the lateral decubitus position
with the thoracic cavity closed.
There are few reports available in literature in which the
impact of patient positioning on selected parameters of
respiratory mechanics have been analysed. The publications
cited are inconsistent, their results inexplicit, and sometimes
contradictory [14, 15].
Lung ventilation in the lateral decubitus position is
a complex issue. The lower lung exposed to gravitation
is characterised by better perfusion yet worse ventilation,
which causes the leak of deoxygenated blood [1, 2]. Independent lung ventilation can eliminate this phenomenon,
contributing to better aeration of the lower lung.
Under such conditions, our findings demonstrated higher values of peak pressures in the dependent lung. Moreover,
a PEEP of 5−15 cm H2O in this lung caused an increase in

its peak pressures, which generated a significant difference
in the parameter studied between the two lungs. Different
observations were presented in the publication from 2010,
where decreased peak pressures in the dependent lung
with incremental increases in PEEP were found. The authors
compare their results with pressure-controlled one-lung
ventilation [16].
Our observations confirm that PEEP significantly contributes to improved compliance of the pulmonary parenchyma [17]. According to recent studies, the use of a PEEP
at even 5 cm H2O increases compliance by 20%; the PEEP
recommended by Wallet and co-workers in patients with
ARDS is 15 cm H2O [18]. In cases of pulmonary pathology
with coexisting intra-abdominal hypertension, the beneficial effects of PEEP are observed, irrespective of the method
of PEEP application [19]. In patients with intra-abdominal
hypertension induced by pneumoperitoneum for laparoscopic procedures, even low values of PEEP contribute to
better lung elastance, and thus better compliance [20].
Comparable observations pertaining to individuals undergoing thoracic surgery with ventilation involving only one
lung have been conducted [21, 22].
The application of PEEP during artificial ventilation increases the end-expiratory lung volume proportionally to
the values of the pressures, both in healthy and injured
lungs, which can result in their improved compliance [23].
A study in patients during general anaesthesia for thoracic
surgery using sparing one-lung ventilation, tidal volumes
of 6 mL kg-1 and a PEEP of 5 cm H2O, revealed significantly
improved compliance of this lung, compared to traditional
ventilation with tidal volumes of 10 mL kg-1 when PEEP was
not used [24]. Therefore, single reports of better lung compliance when using traditional high tidal volumes without
positive end-expiratory pressure under identical clinical
circumstances should be considered controversial and require additional assessment [25].
Furthermore, our study findings confirm an increase
in compliance of the dependent lung with incremental
values of PEEP, regardless of patient side and position. The
highest compliance was noted at a PEEP of 10 cm H2O,
which is comparable to the data presented by Schumann
and colleagues [17]. In our study, dynamic compliance of
the lung deteriorated at 15 cm H2O PEEP, which contradicts
the findings published by Kingstedt and co-workers, who
used a PEEP of 16 cm H2O [12]. Based on the available literature, it can be assumed that decreased compliance of
the dependent lung at a PEEP of 15 cm H2O resulted from
over-distension [26, 27] because increases in functional residual capacity with increases in PEEP have their limits [28].
For the above reasons, a PEEP of 5−10 cm H2O is considered
the best to maintain optimal lung compliance favouring
aeration of the lungs without the risk of over-distension [29].
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Table 1. Values of lung biomechanical parameters in patients positioned on the right side
PEEP
(cm H2O)

Median

25%

75%

Range

P-value

D

15,5

15

16

14−19

0.0117

ND

15

15

16

13−17

D

16

16

17

15−18

ND

15

15

16

13−17

D

18

17

20

16−24

ND

15

15

16

13−17

D

20

19

10

17−27

ND

15

15

16

13−17

Peak pressure (cm H2O)
0
5
10
15

0.0006
0.0001
0.0001

Dynamic compliance (mL cm H2O–1)
0
5
10
15

D

23

22

25.2

19−32.2

ND

24.5

23.6

25.9

20.5−33.2

D

23.6

22.6

26

20−33.2

ND

24.85

23.6

26.7

20.5−40.0

D

26.35

21.9

35

23.1−28

ND

24.7

23.6

26.7

20.9−33.4

D

24

23.1

28.1

20.8−36.2

ND

24.45

22.8

25.9

20−33.4

0.0030
0.0069
0.0428
0.6359

Resistance (cm H2O L–1 sec–1)
0
5
10
15

D

42.5

40

45

30−68

ND

40

35

43

30−59

D

43.5

41

46

31−70

ND

40

36

43

30−60

D

44.5

42

45

30−70

ND

40.5

38

43

30−60

D

45

43

48

31−70

ND

40.5

38

43

21−60

0.0009
0.0001
0.0010
0.0009

D — dependent lung; ND — non-dependent lung

Moreover, the documented correlation between positive end-expiratory pressure and compliance favours research on PEEP optimisation based on lung compliance.
Animal experiments demonstrated an explicit relationship between dynamic compliance versus the extent of
atelectasis and inability to titrate PEEP to ensure optimal
recruitment [30]. Considering that increasing numbers of
modern ventilators enable a bedside assessment of lung
compliance, this type of management can be of significant
clinical value and is likely to replace routine determinations
of lung ventilation parameters based on arterial blood
gasometry with non-invasive assessments of lung biomechanical parameters [28].
Under the specific conditions of anaesthesia for thoracic surgery, both lung compliance and airway resistance
change. As a relevant factor, determining proper lung
ventilation undergoes significant changes due to anaes-
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thesia, airway instrumentation or patient positioning. The
adverse effects are well known of increasing airway resistance during general anaesthesia, which result from a decrease in all components of lung volume, subsequently
leading to decreases in the airway diameter. In the light
of the laws of physics, specifically the Hagen-Poiseuille
equation, the adverse effects of endotracheal intubation
or intubation of main bronchi on airway resistance are
unquestionable.
Our findings disclosed that in patients in the lateral decubitus position, undergoing independent lung ventilation
with uniform distribution of tidal volume, airway resistance
is higher in the lung where a PEEP of 5−15 cm H2O was used,
compared to the non-dependent lung. Interpretation of
the above changes based on the available literature is not
easy, as it was demonstrated that under the conditions of
general anaesthesia and endotracheal intubation, PEEP
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Table 2. Values of selected biomechanical parameters of lungs in patients positioned on the left side
PEEP
(cm H2O)

Median

25%

75%

Range

P-value

D

16

15

18

14−19

0.0431

ND

15

14

18

13−18

D

17

16

18

15−20

ND

16

14

18

13−18

D

19

18

20

16−28

ND

15

15

18

13−19

D

20

19

24

17−33

ND

16

15

18

13−19

Peak pressure (cm H2O)
0
5
10
15

0.0184
0.0002
0.0001

Dynamic compliance (mL cm H2O–1)
0
5
10
15

D

25

21

27

14−29

ND

26.1

21

27.2

16.4−30.4

D

26.1

23

28

15−32

ND

26.1

20.5

27.2

16.5−30.4

D

29.9

25.8

32.3

16.9−36.1

ND

26.1

20.5

27.4

17−30.4

D

28.2

24.1

30.2

16.4−36.3

ND

26.2

20.5

27.2

17−30.4

0.0079
0.5712
0.0005
0.0235

Resistance (cm H2O L–1 sec–1)
0
5
10
15

D

40

39

42

29−59

ND

40

36

40

27−49

D

41

40

43

32−59

ND

40

36

40

27−49

D

40

39

44

30−62

ND

40

37

40

27−49

D

41

39

44

31−63

ND

40

37

41

28−49

0.0013
0.0011
0.0053
0.0032

D — dependent lung; ND — non-dependent lung

favours a decrease in airway resistance by improving lung
compliance, irrespective of the type of surgery [32−35]. The
values of resistances observed might have been associated
with the use of double-lumen tubes of narrower diameters
than in endotracheal tubes and with secretion accumulation
in the tubes [36].
The usefulness of independent lung ventilation is documented in case reports and collective studies [37−41].
Almost all of them are based on clinical observations of
patients and do not take into account complex and still
unknown problems of lung biomechanics in this model.
In this regard, our study is original not only on the national scale, which does not facilitate the interpretation
of results.
Future studies should explain the mechanism responsible for the changes in biomechanical parameters of the

non-dependent lung during ventilation with PEEP in the
dependent lung. A working hypothesis accepted for future
research assumes such an effect and is confirmed by our
results.

CONCLUSIONS
During synchronous independent lung ventilation in
patients undergoing general anaesthesia in the lateral decubitus position, peak pressures and airway resistances are
higher in the dependent lung while dynamic compliance is
higher in the non-dependent lung.
Under the conditions of synchronous independent lung
ventilation with positive end-expiratory pressure in the
dependent lung, biomechanical parameter values of this
lung increase and are higher compared to those in the other
lung, where their changes are varied.

5

Anaesthesiol Intensive Ther 2015, vol. 47, no 1, 1–6

ACKNOWLEDGEMENTS

23.

1. The authors declare no financial disclosure.
2. The authors declare no conflict of interest.
References:
1.
2.
3.

4.

5.

6.
7.

8.

9.
10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Oczeński A, Werba A, Andel H: Podstawy wentylacji mechanicznej.
α-medica press Bielsko-Biała 2003; 27−301.
Rybicki Z: Intensywna terapia dorosłych. Makmed, Lublin 2009:
485−563.
Graf J, Santos A, Dries D, Adams AB, Marini JJ: Agreement between
functional residual capacity estimated via automatem gas dilution
versus via computed tomography in a pleural effusion model. Resp
Care 2010; 55: 1464−1468.
Dellamonica J, Lerdle N, Sargentini C et al.: PEEP-induced changes in
lung volume in acute respiratory disstres syndrome. Two methods to
estimate alveolar recruitment. Intensive Care Med 2011; 37: 1595−1604.
Heinze H, Eichler W: Measurements of functional residual capacity
during intensive care treatment: the technical aspects and its possibile
clinical applications. Acta Anaestesiol Scand 2009; 53: 1121−1130. doi:
10.1111/j.1399-6576.2009.02076.x.
Hedenstierna G: Airway closure, atlectasis and gas exchange during
anaesthesia. Minerva Anestesiol 2002; 68: 332−336.
Yusim Y, Berkenstadt H, Keidan I: Malignant hyperinflation of the
nondependent lung during chest surgery. Eur J Anaesthesiol 2001;
18: 774−777.
Branson RD, Hurst JM: Różnicowa wentylacja płuc. In: Stock MCh,
Perel A (ed.): Wentylacja mechaniczna i wspomaganie oddechu. α medica-press, Bielsko-Biała 1997: 195−204.
Blanch L, Aguilar JL, Villagrà A: Unilateral lung injury. Curr Opin Crit
Care 2003; 9: 33−38.
Blanch L, Murias G, Nahum A: Lung recruitment in localized lung injury.
Yerbook of Intensive Care and Emergency Medicine. Springer Verlag,
Berlin 2002: 313−319.
Baehrendtz S, Santesson J, Bindslev L, Hedenstierna G, Matell G: Differential
ventilation in acute biletral lung disease. Influence on gas exchange and
central haemodynamics. Acta Anaesthesiol Scand 1983; 27: 270−277.
Klingstedt C, Baehrendtz S, Bindslev L: Lung and chest wall mechanics
during differential ventilation with selective PEEP. Acta Anaesthesiol
Scand 1985; 29: 716−721.
Sawulski S: Wpływ niezależnej wentylacji płuc na dystrybucję objętości
oddechowej i wybrane wskaźniki biomechaniczne układu oddechowego. Rozprawa doktorska UM Lublin 2011.
Taccone P, Pesenti A, Latini R et al.; Prone-Supine II Study Group: Prone
positioning in patients with moderate and severe acute respiratory
distress syndrome: a randomized controlled trial. JAMA 2009; 302:
1977−1984. doi: 10.1001/jama.2009.1614.
Gattinoni L, Carlesso E, Taccone P: Prone positioning improves survival
in severe ARDS: a pathophysiologic review and individual patient
meta-analysis. Minerva Anestesiol 2010; 76: 448−454.
Roze H, Laferque M, Betoz H, Picat MQ, Perez P, Quattera A, Janvier G:
Pressure-controlled ventilation and intrabronchial pressure during one-lung- ventilation. Br J Anaesth 2010; 105: 377−381. doi:
10.1093/bja/aeq130.
Schumann S, Vimlati L, Kawati R, Guttmann J, Lichtwarck-Aschoff M: Analysis of dynamic intratidal compliance in lung collapse model. Anesthesiology 2011; 114: 1111−1117. doi: 10.1097/ALN.0b013e31820ad41b.
Wallet F, Delannoy B, Haquin A et al.: Evoluation of recruited lung volume at inspiratory plateau pressure with PEEP using bedside digital
chest X-ray in patients with acute lung injury/ARDS. Resp Care 2013;
58: 416−423.
Yang Y, Yang L, Huang Y, Guo F, Qiu H: Positive end expiratory pressure
titrated by transpulmonary pressure improved oxygenation and respiratory mechanics in acute respiratory distress syndrome patients
with intra-abdominal hypertension. Chin Med J 2013; 126: 3234−3239.
Cinnella G, Grasso S, Spadaro S et al.: Effects of recruitment maneuver
and positive end-expiratory pressure on respiratory mechanics and
transpulmonary pressure during laparoscopic surgery. Anesthesiology
2013; 118: 114−122.doi: 10.1097/ALN.0b013e3182746a10.
Cinnella G, Grasso S, Natale C et al: Physiological effects of a lung-recruiting strategy applied during one-lung ventilation. Acta Anaesthesiol
Scand 2008; 52: 766−775. doi: 10.1111/j.1399-6576.2008.01652.x.
Klafta J: Strategies for success in one-lung anesthesia. American Society
of Aneshesiologists 2013 Refresher Course, San Francisco 2013; 236: 1−8.

6

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

Bikker IG, van Bommel J, Reis Miranda D, Bakker J, Gommers D: End- expiratory lung volume during mechanical ventilation: a comparsion with
reference values and the effect of positive end-expiratory pressure in
intensive care unit patients with different lung conditions. Crit Care
2008; 12: R145. doi: 10.1186/cc7125.
Yang M, Ahn HJ, Kim K, Kim JA, Yi CA, Kim MJ, Kim HJ: Does a protective
ventilation strategy reduce the risk of pulmonary complications after
lung cancer surgery? A randomized controlled trial. Chest 2011; 139:
530−537. doi: 10.1378/chest.09-2293.
Maslow AD, Stafford TS, Davignon KR, Ng T: A randomized comparison
of different ventilator strategies during thoracotomy for pulmonary
resection. J Thorac Cardiovasc Surg 2013; 146: 38−44. doi: 10.1016/j.
jtcvs.2013.01.021.
Zick G, Elke G, Becher T et al.: Effects of PEEP and tidal volume on ventilation distribution and end-expiratory lung volume; a prospective
experimental animal and pilot clinical study. PLoS One 2013 8: e72675.
doi: 10.1371/journal.pone.0072675.
Michelet P, Roch A, Brousse D et al.: Effects of PEEP on oxygenation and
respiratory mechanics during one-lung ventilation. Br J Anaesth 2005;
95: 267−273.
Heinze H, Sedemund-Adib B, Heringlake M, Meier T, Eichler W: Relationship between funcional residual capacity, respiratory compliance and oxygenation
in patients ventilated after cardiac surgery. Resp Care 2010; 55: 589−594.
Dresse C, Joris J, Hans G: Mechanical ventilation during anaesthesia:
Pathophysiology and clinical implications. Trends in Anaesthesia and
Critical Care 2012; 2: 71- 75.
Suarez-Sipmann F, Böhm S, Tusman G et al.: Use of dynamic compliance
for open lung positive end-expiratory pressure titration in an experimental study. Crit Care Med 2007; 35: 214−221.
Tsuzaki K: Intraoperative risk managment during thoracic procedures. Masui 2009: 58: 566−571.
Babik B, Csorba Z, Czövek D, Mayr P, Bogáts G, Peták F: Effects of respiratory
mechanics on the capnogram phases: importance of dynamic compliance
of the respiratory system. Crit Care 2012; 16: R177. doi: 10.1186/cc11659.
Weingarten TN, Whalen FX, Warner DO et al.: Comparsion of two ventilatory strategies in elderly patients undergoing major abdominal surgery.
Br J Anaesth 2010; 104: 16−22. doi: 10.1093/bja/aep319.
Lloréns J, Ballester M, Tusman G et al.: Adaptive suport ventilation for
gynaecological laparoscopic surgery in Trendelenburg position: bringing ICU modes of mechanical ventilation to the operating room. Eur
J Anaesthesiol 2009; 26: 135−139. doi: 10.1097/EJA.0b013e32831aed42.
Maracajá-Neto LF, Vercosa N, Roncally AC, Giannella A, Bozza FA, Lessa
MA: Beneficial effects of high positive end-expiratory pressure in lung
respiratory mechanics during laparoscopic surgery. Acta Anaesthesiol
Scand 2009; 53: 210−217. doi: 10.1111/j.1399-6576.2008.01826.x.
Al.-Rawas N, Banner MJ, Euliano NR, Tams CG, Brown J, Martin AD, Gabrielli A:
Expiratory time constant for determinations of plateau pressure, respiratory system compliance and total resistance. Crit Care 2013; 17:
R23. doi: 10.1186/cc12500.
Bigatello LM, Davignon KR, Stelfox HT: Respiratory mechanics and
ventilator waveforms in the patient with acute lung injury. Resp Care
2005; 50: 235−245.
Shekar K, Foot CL, Fraser JF: Independent lung ventilation in the intensive
care unit: desperate measure or viable treatment option? Crit Care
Resusc 2008; 10: 144−148.
Cho SR, Lee JS, Kim MS: New treatment method for reexpansion pulmonary edema: defferential lung ventilation. Ann Thorac Surg 2005;
80: 1933−1934.
Cheatman ML, Promes JT: Independent lung ventilation in the management of traumatic bronchopreural fistula. Am Surg 2006; 72: 530−533.
Garlick J, Maxson T, Imamura M, Green J, Prodham P: Differential lung
ventilation and venovenous extracorporeal membrane oxygenation
for traumatic bronchopreural fistula. Ann Thorac Surg 2013; 96:
1859−1860. doi: 10.1016/j.

Corresponding author:
Katarzyna Trela-Stachurska, MD
Chair and 1st Department of Anaesthesiology and Intensive Therapy
Medical University of Lublin
ul. Jaczewskiego 8, 20−950 Lublin, Poland
e-mail: anest@umlub.pl
Received: 15.10.2014
Accepted: 22.11.2014

