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Abstract

Atelectasis and inadequate oxygenation in lung donors is a common problem during the retrieval of these organs. Nevertheless,
the use of high positive end-expiratory pressure (PEEP) is not habitual during procedures of lung retrieval. Twenty-one
Sprague-Dawley male consanguineous rats were used in the study. The animals were divided into 3 groups according to the
level of PEEP used: low (2 cmH2O), moderate (5 cmH2O), and high (10 cmH2O). Animals were ventilated with a tidal volume of
6 mL/kg. Before lung removal, the lungs were inspected for the presence of atelectasis. When atelectasis was detected,
alveolar recruitment maneuvers were performed. Blood gasometric analysis was performed immediately. Finally, the lungs were
retrieved, weighed, and submitted to histological analysis. The animals submitted to higher PEEP showed higher levels of
oxygenation with the same tidal volumes PO2=262.14 (PEEP 2), 382.4 (PEEP 5), and 477.0 (PEEP 10). The occurrence of
atelectasis was rare in animals with a PEEP of 10 cmH2O, which therefore required less frequent recruitment maneuvers (need
for recruitment: PEEP 2=100%, PEEP 5 =100%, and PEEP 10=14.3%). There was no change in hemodynamic stability,
occurrence of pulmonary edema, or other histological injuries with the use of high PEEP. The use of high PEEP (10 cmH2O) was
feasible and probably a beneficial strategy for the prevention of atelectasis and the optimization of oxygenation during lung
retrieval. Clinical studies should be performed to confirm this hypothesis.
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Introduction

Knowledge about lung transplantation has greatly
progressed over the last decades. However, mean
survival after transplantation is 6 years according to data
of the International Society for Heart and Lung Trans-
plantation (ISHLT) (1). Despite the advances obtained,
post-transplant pulmonary complications such as primary
graft dysfunction still occurs in 25% of cases, impairing
the results (2).

Several techniques for lung preservation and mini-
mization of undesirable changes in the organs to be
transplanted have been investigated. A method of relatively
low cost is the use of ventilatory strategies in order to
preserve pulmonary tissues. Among the lung-protective
strategies that may minimize lung injuries are the use of low
tidal volume, alveolar recruitment, and adequate positive
end- expiratory pressure (PEEP) levels. However, these
strategies have not been well established (3–5).

The use of adequate PEEP is a lung-protective
ventilation technique that is being shown to be effective
and has been suggested in some protocols of ventilation
for brain-dead donors (6). PEEP can prevent airway
collapse and improve residual functional capacity, thus
reducing the proportion of non-aerated alveoli at the end
of expiration. However, very high PEEP levels may cause
alveolar hyperdistention with worsening of ventilation-
perfusion balance and hemodynamic repercussions (7,8).

The main benefit of adequate PEEP in lung donors
would be the prevention of formation of atelectasis, a quite
frequent complication during lung retrieval and perfusion.
Atelectasis of lungs to be transplanted can favor rapid
perfusion due to the reduced vascular area and lead to
high perfusion pressure in ischemic lungs, with conse-
quent pulmonary injury and edema. Thus, improving
alveolar recruitment before lung removal appears to be a
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safe procedure that may help prevent injuries due to
reperfusion (9).

Several methods for the treatment of atelectasis have
been studied, with most investigations using acute
alveolar recruitment maneuvers (3,9,10). Alveolar recruit-
ment maneuvers are also the procedures more frequently
used in clinical practice to treat atelectasis during lung
retrieval, yielding many benefits such as improved pul-
monary compliance and a reduced need for ventilatory
parameters. However, they may provoke the release of
inflammatory mediators causing pulmonary injury (9–12).

Therefore, the use of a ventilatory strategy that causes
the smallest possible number of atelectasis areas and
avoids the need for their treatment with recruitment
maneuvers would be ideal. The use of high PEEP
throughout the lung retrieval process could be an option.
Therefore, our hypothesis was that higher PEEP would
lead to better pulmonary recruitment and consequently
better oxygenation and less need for invasive ventilatory
maneuvers, contributing to the quality of the organ to be
transplanted.

The objective of the present study was to evaluate the
use of different levels of PEEP throughout the pulmonary
retrieval process in an animal model.

Material and Methods

Animals
Twenty-one Sprague-Dawley male consanguineous

rats weighing 320–450 g were used as lung donors and
housed under optimal conditions. All animals were treated
in accordance with the ‘‘Guidelines for the use and care
of laboratory animals’’ published by the Spanish National
Health Institute. The study was approved by the Ethics
Committee for Animal Experimentation and Well-being of
Vall d’Hebron University Hospital (IAACUC 22/2012).

Lung retrieval technique
Right lungs from donor rats were used in the study.

Animals were randomized into 3 groups by the drawing of
sealed opaque envelopes, according to the PEEP level:
Group A, ventilated with a PEEP of 2 cmH2O (low); Group
B, ventilated with a PEEP of 5 cmH2O (moderate), and
Group C, ventilated with a PEEP of 10 cmH2O (high).

Animals were anesthetized with 0.25 mg/kg subcuta-
neous medetomidine (Domtors, Pfizer, Spain) and 50 mg/
kg intramuscular ketamine (Ketolar 500s, Pfizer). Animals
were intubated with an Abbocath 14G catheter (BD, USA)
and placed in supine position. Immediately after intuba-
tion, mechanical ventilation was initiated.

Ventilatory strategies and monitoring
Ventilation of the lung was initiated with a tidal volume of

6–8 mL/kg, a driving pressure of 12–14 cmH2O, inspiratory-
expiratory index ratio of 1:2, and a frequency of 60 breaths
per minute with a Servo ventilator 300 (Siemens, Germany)

for 10 min (time for lung removal). Gas temperature was
maintained at 36°C.

The leak was determined through the difference
between expiratory and inspiratory tidal volumes (VTe –
VTi). Only animals with a tracheal leak of less than 10% of
inspiratory tidal volume were ventilated. The temperature
and heart rate of the animals was monitored with a multi-
parametric monitor for rodents (PhysioSuites for Mice &
Rats, Kent Scientific, USA).

For gasometry, catheterization and extraction of 0.05 mL
of blood from the left ventricle for basal gas analysis with
I-Stats (Abbot Laboratories, USA) were performed. For
organ removal, the thymus was excised and the ascending
aorta was dissected and clamped with a 4-mm microclamp
(Yasargils, Medicom, Germany). After exsanguination and
cardiac arrest, anterograde perfusion (preservation solu-
tion) was performed with an incision in the base of the cone
of the pulmonary artery using an Abbocath 16G catheter
with 20 mL of cold preservation solution of low-potassium
dextran glucose (Perfadexs, XVIVO Perfusion, Sweden) at
a height of 30 cm.

Before removal, the lung was inspected by two
investigators; if there were areas of pulmonary collapse,
characterized by color alteration, associated with loss of
lung volume, with parenchyma retraction, it was consid-
ered as presence of atelectasis and the recruitment
maneuver was performed with an additional increase of
5 cmH2O in PEEP and in peak pressure for 5 min. The
PEEP used in the recruitment maneuver was 7 for group
PEEP 2, 10 for group PEEP 5, and 15 for group PEEP 10.
The driving pressure was maintained at 14 cmH2O during
recruitment. Recruitment maneuvers followed the principle
of recruitment monographs described by Meade et al. (13).
The FiO2 used was 100%. The researchers were not
blinded to the value of PEEP.

The cardiopulmonary block was extracted and sepa-
rated from the esophagus. After dissection, the right lung
was weighed on a high precision scale, submerged in
10% formaldehyde, and sent for histological examination.

Histological analysis
Formalin-fixed lungs were sectioned and embedded in

paraffin. One slide of each was stained with hematoxylin-
eosin and observed at an optical microscope by a pathol-
ogist (blinded about the groups). Histological deviations
from normality were recorded and graded 0–4, when
possible.

Results of the lung interventions was done according
to the guidelines of the Acute Lung Injury in Animals Study
Group (14).

Statistical analysis
ANOVA was used to compare the mean data of the

groups. When the null hypothesis was rejected for each
variable, orthogonal contrasts were estimated for multi-
ple comparisons. The Fisher’s exact test was applied to
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determine the association between groups and the need
for recruitment.

Poisson regression models were adjusted for the
counting variables such as pneumonitis, cellular bronchi-
olitis, and air space collapse, allowing multiple compar-
isons of the means between groups. The software used
was SAS 9.3 (SAS Institute, USA). The level of signifi-
cance was set at 5%.

Results

Twenty-one animals with a mean weight of 383 g were
used. Groups A, B, and C had respective mean weights of
361, 400, and 391 g.

The group with PEEP of 10 presented better oxygena-
tion (PO2) than the group with PEEP of 2. There was no
difference in oxygenation between PEEP 10 and PEEP
5, and PEEP 10 induced hypercapnia and respiratory
acidosis (Table 1).

No significant difference was found between the
hemodynamic parameters of the different groups (Table 2),
demonstrating that the groups presented the same
hemodynamic stability. Higher saturation levels (hyper-
oxia) were also observed in animals with PEEP 5 and 10.

The need for pulmonary recruitment was evi-
dently lower in the group that used PEEP 10 (14.3%).
In the other groups, all animals (100%) required
recruitment maneuvers due to the presence of atelec-
tasis areas.

The macroscopic and histological aspects of the
lungs studied are illustrated in Figure 1. The inflated
lungs were smaller in PEEP 2 than in PEEP 5 and PEEP
10, as well as hemorrhagic areas were present only
in PEEP 2. Histomorphologically, the alveolar sack was
more uniform and homogeneous in PEEP 5 and PEEP
10 compared to PEEP 2. However, focal septal thicken-
ing was more evident in PEEP 5.

The mean weights of the lungs were 0.96, 1.2, and 1.1 g,
for PEEP 2, 5, and 10, respectively, with no significant
difference between groups (P=0.11). The distribution of
the lung weight data is presented in Figure 2.

Discussion

The data demonstrated that protective ventilation is
adequate for lung transplantation, although there are
not many studies on different uses of PEEP during lung
retrieval (15–18).

Table 1. Comparison of gasometry mean values for different final positive end-
expiratory pressure (PEEP) groups.

Gasometry PEEP 2 PEEP 5 PEEP 10

pH 7.2 (0.09)* 7.2 (0.01) 7.1 (0.09)
PCO2 (mmHg) 72.0 (19.5)* 73.0 (14.6)# 100.0 (17.3)

PO2 (mmHg) 262.0 (147.4)* 382.0 (129.0) 477.0 (38.5)
HCO3 (mEq/L) 32.0 (1.9)* 31.6 (1.2)# 33.9 (1.5)

Data are reported as means (SD). PEEP 2, ventilated with a positive end-
expiratory pressure (PEEP) of 2 cmH2O; PEEP 5, with a PEEP of 5 cmH2O, and
PEEP 10, with a PEEP of 10 cmH2O. PCO2: partial pressure of carbon dioxide;
PO2: partial pressure of oxygen. *Po0.05 vs PEEP 10; #Po0.05 vs PEEP 10
(ANOVA).

Table 2. Mean values of cardiopulmonary parameters and saturation for different
final positive end-expiratory pressure (PEEP) groups.

PEEP 2 PEEP 5 PEEP 10 P

Heart rate 464.0 (142.2) 382.0 (114.5) 366.0 (110.2) 0.11
Lactate (mg/dL) 0.6 (0.3) 0.6 (0.26) 0.6 (0.3) 0.99
Temperature (°C) 36.2 (0.8) 36.1 (0.7) 36.0 (0.8) 0.88
Perfusion (s) 0.2 (0.1) 0.2 (0.1) 0.08 (0.05) 0.11

SaO2 (%) 96.0 (7.4) 99.0 (8.2) 100.0 (0.09) 0.52

Data are reported as means (SD). PEEP 2, ventilated with a positive end-
expiratory pressure (PEEP) of 2 cmH2O; PEEP 5, with a PEEP of 5 cmH2O, and
PEEP 10, with a PEEP of 10 cmH2O. Data are reported as means (SD) (ANOVA).
SaO2: peripheral oxygen saturation.
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A multicenter randomized controlled trial of patients
with beating hearts who were potential organ donors was
performed at 12 European intensive care units. The study
concluded that the use of a lung protective strategy (tidal
volumes of 6–8 mL/kg, PEEP of 8–10 cmH2O) in potential
organ donors increased the number of eligible lungs in the
intensive care unit, but it did not evaluate the use of PEEP
during lung retrieval (15).

The only study similar to the one presented here was
conducted by Schumann et al. in 2010 (18). They studied
the influence of different levels of PEEP (4 and 8 cmH2O)
in an animal model (pig) during lung retrieval. However,
they did not evaluate the need for lung recruitment and
other factors involved, as different preservation perfusion
rates hampered an adequate evaluation of the effects of
PEEP (18).

Figure 1. A/a: PEEP 2; B/b: PEEP 5; C/c: PEEP 10. Inflated lungs are smaller in A than in B and C and hemorrhagic areas
are present only in A. Histomorphologically, alveolar sacs are more uniform and homogeneous in b and c compared to a.
However, the focal septal thickening is more evident in b. PEEP: positive end-expiratory pressure at 2, 5, and 10 cmH2O. Scale
bar: 50 mm.
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Our study also evaluated the immediate effects of
PEEP on the pulmonary structure during lung retrieval;
however, the infusion rate of the preservation solution was
a constant factor in our experiment, being the main object
for studying the effect of PEEP.

Appropriate lung oxygenation of donor patients is an
indicator of good prognosis, being required in most
transplant programs. In 2015, only 20% of lungs suitable
for donation were transplanted, and many of the unsuc-
cessful cases were due to problems with ventilatory
strategies, among them poor oxygenation (6,14).

Our model revealed that the use of PEEP 5 and
10 permitted achieving optimal PO2. There is a relative
increase in the risk of death when the donor has PaO2/FiO2

o350 mmHg (13). In our study, PaO2/FiO2 o350 mmHg
was observed with PEEP 2, but not with PEEP 5 and
PEEP 10.

The animals with PEEP 10 presented hypercapnia and
respiratory acidosis. However, these parameters were not
evaluated during the decision of the viability of a lung for
transplantation (19,20). Song et al. indicates that CO2 may
play a positive role in a rat model of lung transplantation,
with anti-inflammatory and anti-apoptotic properties and
potent cytoprotection (21).

Regarding oxygen saturation, there was a clinical
difference between animals in which PEEP 2 was used
(96% saturation) and those receiving PEEP 5 (99%
saturation, hyperoxia) and PEEP 10 (100% saturation,
hyperoxia), with the same FiO2 (100%). Therefore, in
PEEP 5 and 10 the oxygen supply could have been

lower, a desirable fact since studies have demonstrated
that a very high FiO2 may generate antioxidant substances
that are toxic to the pulmonary parenchyma and may favor
the onset of atelectasis (22–24).

The use of high PEEP is a well-established strategy in
other ventilatory situations (25). Despite these data, the
use of PEEP 2–5 is common in animal models (26) and
in humans during lung retrieval (3,6). The reason why a
high PEEP is not routinely used in lung transplantation has
not been well described in the literature. The deleterious
effects of PEEP reported in other types of patients as
cardiovascular instability and excessive alveolar disten-
tion were not studied in lung donors (8).

In the present study, the animals remained hemody-
namically stable, regardless of the PEEP administered,
with all groups showing similar heart rate, perfusion,
and lactate levels, data similar to those of the literature
(4,7,13).

In addition, the present model showed that the use of
PEEP 10 during lung retrieval caused lower occurrence
of atelectasis and pulmonary recruitment was necessary
in only one animal, whereas in the groups the received
PEEP 2 and 5, all animals required the maneuver due to
the presence of atelectasis.

The occurrence of atelectasis during lung retrieval and
perfusion is very frequent and quite deleterious. This may
lead to gasometrical values that do not reflect the real con-
dition of the lung parenchyma, favoring very rapid perfusion
with consequent pulmonary injury and edema and minimiz-
ing the effects of protective ventilation (5,6,25–27).

Figure 2. Box-plot of lung weight according to the
study groups. Group A, ventilated with a positive
end-expiratory pressure (PEEP) of 2 cmH2O;
Group B, with a PEEP of 5 cmH2O, and Group C,
with a PEEP of 10 cmH2O. Data are reported as
medians and interquartile ranges.
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The use of pulmonary recruitment during retrieval is
a common procedure. However, recruitment leads to the
production of inflammatory mediators and pulmonary
edema that may negatively affect the results of the
transplant (28–35). In our study, PEEP 2 animals presented
more lesions and PEEP 5 presented focal septal thicken-
ing, possibly characterizing greater pulmonary injury com-
pared to animals treated with PEEP 10.

Some articles demonstrated that pulmonary edema,
characterized by the variation of lung weight (14), could be
reduced with the use of high PEEP (36–39). In our study,
there was no statistical difference in lung weight. This
finding is in disagreement with the literature, and we
attributed the non-variation of the pulmonary weight to
the fast lung removal, without storage, not allowing time
for the manifestation of important pulmonary edema.

Our study confirmed the benefit of the use of high
PEEP. Although other analyses of inflammatory substances

and capillary permeability were not possible, this
study demonstrated the differences between ventila-
tory strategies.

We suggest that the use PEEP 2 is not adequate
during lung retrieval procedures. The use of PEEP 5
resulted in adequate oxygenation, but there were many
atelectases requiring alveolar recruitment. Histological
alterations associated with pulmonary injury were also
observed. Animals with PEEP 10 presented good oxyge-
nation without significant atelectasis and, therefore, did
not require alveolar recruitment and presented histologi-
cal characteristics that were more adequate than the
other groups.

Therefore, the use of high PEEP (10 cmH2O) was
feasible and possibly a beneficial strategy for the prevention
of atelectasis and the optimization of oxygenation during
lung retrieval. Clinical studies should be performed to
confirm this hypothesis.

References

1. Cypel M, Levvey B, Van Raemdonck D, Erasmus M, Dark J,
Love R, et al. International society for heart and lung
transplantation donation after circulatory death registry
report. J Hear Lung Transplant 2015; 34: 1278–1282,
doi: 10.1016/j.healun.2015.08.015.

2. Israni AK, Zaun D, Bolch C, Rosendale JD, Schaffhausen C,
Snyder JJ, et al. OPTN/SRTR 2015 annual data report:
deceased organ donation. Am J Transplant 2017; 17: 503–
542, doi: 10.1111/ajt.14131.

3. Verbeek GL, Myles PS. Intraoperative protective ventilation
strategies in lung transplantation. Transplant Rev 2013; 27:
30–35, doi: 10.1016/j.trre.2012.11.004.

4. Thakuria L, Reed A, Simon AR, Marczin N. Mechanical
ventilation after lung transplantation. Chest 2017; 151: 516–
517, doi: 10.1016/j.chest.2016.10.064.

5. Lindstedt S, Pierre L, Ingemansson R. A short period of
ventilation without perfusion seems to reduce atelectasis
without harming the lungs during ex vivo lung perfusion.
J Transplant 2013; 2013: 729286, doi: 10.1155/2013/
729286.

6. Bansal R, Esan A HD, Hess D, Angel LF, Levine SM, George
T, et al. Mechanical ventilatory support in potential lung donor
patients. Chest 2014; 146: 220–227, doi: 10.1378/chest.12-
2745.

7. Petrucci N, De Feo C. Lung protective ventilation strategy
for the acute respiratory distress syndrome. Cochrane
Database Syst Rev 2013; CD003844.

8. Collino F, Rapetti F, Vasques F, Maiolo G, Tonetti T, Romitti
F, et al. Positive end-expiratory pressure and mechanical
power. Anesthesiology 2019; 130: 119–130, doi: 10.1097/
ALN.0000000000002458.

9. DeCampos KN, Keshavjee S, Slutsky AS, Liu M. Alveolar
recruitment prevents rapid-reperfusion-induced injury of lung
transplants. J Hear Lung Transpl 1999; 18: 1096–1102,
doi: 10.1016/S1053-2498(99)00082-0.

10. Chacko J, Rani U. Alveolar recruitment maneuvers in acute
lung injury/acute respiratory distress syndrome. Indian J Crit
Care Med 2009; 13: 1–6, doi: 10.4103/0972-5229.53107.

11. Chiumello D, Algieri I, Grasso S, Terragni P, Pelosi P.
Recruitment maneuvers in acute respiratory distress syn-
drome and during general anesthesia. Minerva Anestesiol
2016; 82: 210–220.

12. Halbertsma FJ, Vaneker M, Pickkers P, Neeleman C,
Scheffer GJ, Hoeven van der JG. A single recruitment
maneuver in ventilated critically ill children can trnaslocate
pulmonary cytokines into circulation. J Crit Care 2010; 25:
10–15, doi: 10.1016/j.jcrc.2009.01.006.

13. Meade MO, Cook DJ, Guyatt GH, Slutsky AS, Arabi YM,
Cooper DJ, et al. Ventilationstrategy using low tidal volumes,
recruitment maneuvers, and high positive end-expiratory
pressure for acute lung injury and acute respiratory distress
syndrome: a randomized controlled trial. JAMA 2008; 299:
637–645, doi: 10.1001/jama.299.6.637.

14. Matute-Bello G, Downey G, Moore BB, Groshong SD,
Matthay MA, Slutsky AS, et al. An official American Thoracic
Society Workshop Report: Features and measurements
of experimental acute lung injury in animals. Am J Respir
Cell Mol Biol 2011; 44: 725–738, doi: 10.1165/rcmb.2009-
0210ST.

15. Mascia L, Pasero D, Slutsky AS, Arguis MJ, Berardino M,
Grasso S, et al. Effect of a lung protective strategy for organ
donors on eligibility and availability of lungs for transplanta-
tion: a randomized controlled trial. JAMA 2010; 304: 2620–
2627, doi: 10.1001/jama.2010.1796.

16. de Perrot M, Imai Y, Volgyesi GA, Waddell TK, Liu M, Mullen
JB, et al. Effect of ventilator-induced lung injury on the
development of reperfusion injury in a rat lung transplant
model. J Thorac Cardiovasc Surg 2002; 124: 1137–1144,
doi: 10.1067/mtc.2002.125056.

17. Pêgo-Fernandes PM, Werebe Ede C, Cardoso PF, Pazetti
R, Oliveira KA, Soares PR, et al. Experimental model of
isolated lung perfusion in rats: technique and application in
lung preservation studies. J Bras Pneumol 2010; 36: 490–
493, doi: 10.1590/S1806-37132010000400015.

18. Schumann S1, Kirschbaum A, Schliessmann SJ, Wagner G,
Goebel U, Priebe HJ, et al. Low pulmonary artery flush

Braz J Med Biol Res | doi: 10.1590/1414-431X20198585

Positive end-expiratory pressure for transplantation 6/7

http://dx.doi.org/10.1016/j.healun.2015.08.015
http://dx.doi.org/10.1111/ajt.14131
http://dx.doi.org/10.1016/j.trre.2012.11.004
http://dx.doi.org/10.1016/j.chest.2016.10.064
http://dx.doi.org/10.1155/2013/729286
http://dx.doi.org/10.1155/2013/729286
http://dx.doi.org/10.1378/chest.12-2745
http://dx.doi.org/10.1378/chest.12-2745
http://dx.doi.org/10.1097/ALN.0000000000002458
http://dx.doi.org/10.1097/ALN.0000000000002458
http://dx.doi.org/10.1016/S1053-2498(99)00082-0
http://dx.doi.org/10.4103/0972-5229.53107
http://dx.doi.org/10.1016/j.jcrc.2009.01.006
http://dx.doi.org/10.1001/jama.299.6.637
http://dx.doi.org/10.1165/rcmb.2009-0210ST
http://dx.doi.org/10.1165/rcmb.2009-0210ST
http://dx.doi.org/10.1001/jama.2010.1796
http://dx.doi.org/10.1067/mtc.2002.125056
http://dx.doi.org/10.1590/S1806-37132010000400015
http://dx.doi.org/10.1590/1414-431X20198585


perfusion pressure combined with high positive end-expira-
tory pressure reduces oedema formation in isolated porcine
lungs. Physiol Meas 2010; 31: 261–272, doi: 10.1088/0967-
3334/31/2/011.

19. Weill D, Benden C, Corris PA, Dark JH, Davis RD,
Keshavjee S, et al. A consensus document for the selection
of lung transplant candidates: 2014--an update from the
Pulmonary Transplantation Council of the International Society
for Heart and Lung Transplantation. J Heart Lung Transplant
2015; 34: 1–15, doi: 10.1016/j.healun.2014.06.014.

20. Thabut G, Mal H, Cerrina J, Dartevelle P, Dromer C, Velly JF,
et al. Influence of donor characteristics on outcome after lung
transplantation: a multicenter study. J Hear Lung Transpl
2005; 24: 1347–1353, doi: 10.1016/j.healun.2004.10.016.

21. Song R, Kubo M, Morse D, Zhou Z, Zhang X, Dauber JH,
et al. Carbon monoxide induces cytoprotection in rat
orthotopic lung transplantation via anti-inflammatory and
anti-apoptotic effects. Am J Pathol 2003; 163: 231–242, doi:
10.1016/S0002-9440(10)63646-2.

22. Han CH, Guan ZB, Zhang PX, Fang HL, Li L, Zhang HM,
et al. Oxidative stress induced necroptosis activation is
involved in the pathogenesis of hyperoxic acute lung injury.
Biochem Biophys Res Commun 2018; 495: 2178–2183, doi:
10.1016/j.bbrc.2017.12.100.

23. Rothen HU, Sporre B, Engberg G, Wegenius G, Henden-
stierna G. Reexpansion of atelectasis during general
anaesthesia may have a prolonged effect. Acta Anaesthe-
siol Scand 1995; 39: 118–125, doi: 10.1111/j.1399-6576.
1995.tb05602.x.

24. Rothen HU, Sporre B, Engberg G, Wegenius G, Reber A,
Hedenstierna G. Atelectasis and pulmonary shunting during
induction of general anaesthesia – can they be avoided?
Acta Anaesthesiol Scand 1996; 40: 524–529, doi: 10.1111/
j.1399-6576.1996.tb04483.x.

25. Neumann P, Rothen HU, Berglund JE, Valtysson J,
Magnusson A, Hedenstierna G. Positive end-expiratory
pressure prevents atelectasis during general anaesthesia
even in the presence of a high inspired oxygen concentra-
tion. Acta Anaesthesiol Scand. 1999; 43: 295–301, doi:
10.1034/j.1399-6576.1999.430309.x.

26. Santana Rodríguez N, Martín Barrasa JL, López García A,
Rodríguez Suárez P, Ponce González M, Freixinet Gilartb J.
Lung transplantation in rats: a viable experimental model.
Arch Broncopneumol 2004; 40: 438–442.

27. Bendixen HH, Hedley-Whyte J, Laver M. Impaired oxygena-
tion in surgical patients during general anesthesia with
controlled ventilation. A concept of altelectasis. N Engl J
Med 1963; 269: 991–996, doi: 10.1056/NEJM196311072
691901.

28. Dreyfuss D, Soler P, Saumon G. Mechanical ventilation-
induced pulmonary edema. Interaction with previous lung
alterations. Am J Respir Crit Care Med 1995; 151: 1568–
1575, doi: 10.1164/ajrccm.151.5.7735616.

29. Neves VC, Koliski A, Giraldi DJ. Alveolar recruitment
maneuver in mechanic ventilation pediatric intensive care
unit children. Rev Bras Ter Intensiva 2009; 21: 453–460, doi:
10.1590/S0103-507X2009000400017.

30. Schreiter D, Reske A, Stichert B, Seiwerts M, Bohm SH,
Kloeppel R, et al. Alveolar recruitment in combination with
sufficient positive end-expiratory pressure increases oxyge-
nation and lung aeration in patients with severe chest
trauma. Crit Care Med 2004; 32: 968–975, doi: 10.1097/01.
CCM.0000120050.85798.38.

31. Parto S, Shafaghi S, Khoddami-Vishteh HR, Makki SM,
Abbasidezfuli A, Daneshvar A, et al. Efficacy of recruitment
maneuver for improving the brain dead marginal lungs to
ideal. Transplant Proc 2013; 45: 3531–3533, doi: 10.1016/
j.transproceed.2013.09.001.

32. Di Bella C, Lacitignola L, Grasso S, Centonze P, Greco A,
Ostuni R, et al. An alveolar recruitment maneuver fol-
lowed by positive end-expiratory pressure improves lung
function in healthy dogs undergoing laparoscopy. Vet
Anaesth Analg 2018; 45: 618–629, doi: 10.1016/j.vaa.
2018.03.007.

33. Santos RS, Moraes L, Samary CS, Santos CL, Ramos MB,
Vasconcellos AP, et al. Fast versus slow recruitment
maneuver at different degrees of acute lung inflammation
induced by experimental sepsis. Anesth Analg 2016; 122:
1089–1100, doi: 10.1213/ANE.0000000000001173.

34. Rocco PR, Pelosi P, de Abreu MG. Pros and cons of
recruitment maneuvers in acute lung injury and acute
respiratory distress syndrome. Expert Rev Respir Med
2010; 4: 479–489, doi: 10.1586/ers.10.43.

35. Ambrosio AM, Luo R, Fantoni DT, Gutierres C, Lu Q, Gu
WJ, et al. Experimental ARDS study group. Effects of
positive end-expiratory pressure titration and recruitment
maneuver on lung inflammation and hyperinflation in
experimental acid aspiration-induced lung injury. Anesthe-
siology 2012; 117: 1322–1334, doi: 10.1097/ALN.0b013e3
1827542aa.

36. Murray JF. Pulmonary edema: pathophysiology and diag-
nosis. Int J Tuberc Lung Dis 2011; 15: 155–160.

37. Iskender I, Cosgun T, Arni S, Trinkwitz M, Fehlings S,
Yamada Y, et al. Cytokine filtration modulates pulmonary
metabolism and edema formation during ex vivo lung
perfusion. J Heart Lung Transplant 2017; pii: S1053–S2498
(17)31802–31808, doi: 10.1016/j.healun.2017.05.021.

38. Ware LB. Targeting resolution of pulmonary edema in
primary graft dysfunction after lung transplantation: Is
inhaled AP301 the answer? J Heart Lung Transplant 2018;
37: 189-191, doi: 10.1016/j.healun.2017.11.013.

39. Crespo A, Novoa E, Urich D, Trejo H, Pezzulo A, Sznajder
JI, et al. Effect of changes in airway pressure and the
inspiratory volume on the fluid filtration rate. and pulmonary
artery pressure in isolated rabbit lungs perfused with blood
and acellular solution. Invest Clin 2006; 47: 323–335.

Braz J Med Biol Res | doi: 10.1590/1414-431X20198585

Positive end-expiratory pressure for transplantation 7/7

http://dx.doi.org/10.1088/0967-3334/31/2/011
http://dx.doi.org/10.1088/0967-3334/31/2/011
http://dx.doi.org/10.1016/j.healun.2014.06.014
http://dx.doi.org/10.1016/j.healun.2004.10.016
http://dx.doi.org/10.1016/S0002-9440(10)63646-2
http://dx.doi.org/10.1016/j.bbrc.2017.12.100
http://dx.doi.org/10.1111/j.1399-6576.1995.tb05602.x
http://dx.doi.org/10.1111/j.1399-6576.1995.tb05602.x
http://dx.doi.org/10.1111/j.1399-6576.1996.tb04483.x
http://dx.doi.org/10.1111/j.1399-6576.1996.tb04483.x
http://dx.doi.org/10.1034/j.1399-6576.1999.430309.x
http://dx.doi.org/10.1056/NEJM196311072691901
http://dx.doi.org/10.1056/NEJM196311072691901
http://dx.doi.org/10.1164/ajrccm.151.5.7735616
http://dx.doi.org/10.1590/S0103-507X2009000400017
http://dx.doi.org/10.1097/01.CCM.0000120050.85798.38
http://dx.doi.org/10.1097/01.CCM.0000120050.85798.38
http://dx.doi.org/10.1016/j.transproceed.2013.09.001
http://dx.doi.org/10.1016/j.transproceed.2013.09.001
http://dx.doi.org/10.1016/j.vaa.2018.03.007
http://dx.doi.org/10.1016/j.vaa.2018.03.007
http://dx.doi.org/10.1213/ANE.0000000000001173
http://dx.doi.org/10.1586/ers.10.43
http://dx.doi.org/10.1097/ALN.0b013e31827542aa
http://dx.doi.org/10.1097/ALN.0b013e31827542aa
http://dx.doi.org/10.1016/j.healun.2017.05.021
http://dx.doi.org/10.1016/j.healun.2017.11.013
http://dx.doi.org/10.1590/1414-431X20198585

	title_link
	Introduction
	Material and Methods
	Animals
	Lung retrieval technique
	Ventilatory strategies and monitoring
	Histological analysis
	Statistical analysis

	Results
	Discussion
	Table  Table 1. Comparison of gasometry mean values for different final positive end-expiratory pressure lparPEEPrpar groups
	Table  Table 2. Mean values of cardiopulmonary parameters and saturation for different final positive endhyphenexpiratory pressure lparPEEPrpar groups
	Figure 1.
	Figure 2.

	REFERENCES
	References


