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Optimizing intraoperative ventilation during one-lung
ventilation—is individualization the road to success?
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Avoiding ventilator associated lung injury in surgical
patients requiring general anesthesia is a primary focus
of anesthetic research—mechanical ventilation should
not induce further harm. With the knowledge gained
from important clinical and experimental research on the
acute respiratory distress syndrome, the principles of lung
protective ventilation (LPV) have been transferred to the
operating theatre with the aim of reducing postoperative
pulmonary complications in patients with healthy lungs.

Patients with pulmonary neoplasia are at high-risk
for developing postoperative pulmonary complications
after lung resection surgery. Injury to the isolated lung
results from lung collapse and direct surgical trauma.
The isolation of one lung during one-lung ventilation
(OLV) is accompanied by significant changes in
pulmonary mechanics and pulmonary perfusion due to
hypoxic pulmonary vasoconstriction. The main targets of
mechanical ventilation during OLV are therefore preserving
oxygenation and preventing injury of the ventilated lung.
However, the optimal LPV settings during OLV are
largely unknown. Furthermore, there is a lack of evidence
regarding the question whether or not the known principles
of LPV also apply to patients requiring OLV and if LPV
has the potential to reduce the incidence of postoperative
pulmonary complications in patients requiring lung
resection surgery due to malignant neoplasia.

In a recently published prospective multicenter trial,

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Marret and colleagues (1) examined the impact of an
LPV strategy on postoperative outcome in 346 patients
undergoing lobectomy or pneumonectomy for lung cancer.
Patients were randomized to receive either an intraoperative
LPV [defined as a tidal volume of 5-8 mL/kg ideal body
weight (IBM)] or a nonprotective ventilation strategy
with tidal volumes of 10 mL/kg ideal body weight without
positive end-expiratory pressure (PEEP). Tidal volumes
were not changed throughout anesthesia, but were adjusted
if the plateau pressure exceeded 30 cmH,O.

The main finding of the study was that major
postoperative complications or death occurred in 13.4% in
the LPV group vs. 22.2% in the nonprotective ventilation
group. Moreover, the rate of other pulmonary complications
not included in the primary end point (bronchial stasis,
atelectasis, hypercapnia, bronchial fistula) was also
significantly reduced in the LPV group. Additionally,
the reduction in postoperative pulmonary complications
resulted in a significantly shorter median hospital stay
(11 days in the LPV group vs. 12 days in the nonprotective
group, respectively, P=0.048), while the time of ICU-stay
did not differ between both groups.

This publication adds valuable information to our
knowledge concerning optimal intraoperative mechanical
ventilation of our patients. It provides evidence that the
use of lower tidal volumes and PEEP not only improves
intraoperative pulmonary physiology, but is also associated
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with a lower rate of postoperative complications in patients
requiring OLV for lung resection surgery. However, the
study from Marret and colleagues has some important
limitations that have to be kept in mind when interpreting
the findings.

First, there is no statement how OLV was performed
in the study population, i.e., if double lumen tubes or
bronchial blockers were used in equal proportions in both
groups. Bronchial blockers lack the possibility of evacuation
of the secretions in the dependent lung and might therefore
be associated with a higher rate of postoperative bronchial
stasis and pneumonia, which were the main complications
observed in the study (1). Furthermore, there was no
standardized protocol for recruitment maneuvers after
conclusion of OLV. It was left at the discretion of the
surgeons and anesthetists to determine how the reinflation
of the isolated lung was performed, which could however
have substantial effects on postoperative outcome.

Second, no information is given regarding the mean
duration of OLV in proportion to the total time of
mechanical ventilation. Additionally, the authors state that
the tidal volumes were not adjusted after the initiation of
OLV. The total lung volume is dependent on the patient’s
size and gender but independent of total body weight.
Lung protective tidal volumes of 5-8 mL/kg IBW however
refer to the calculated total lung volume. If approximately
half of the total lung volume is not ventilated—which is
the case during OLV—the given tidal volume is applied
to one lung only and may result in inadequately high tidal
volumes during OLV, which may cause potentially injurious
mechanical stress and strain to the residual ventilated
lung. In the study from Marret et a/., the “effective”
tidal volume during OLV can be calculated to be about
10-16 mL/kg IBW in the LPV group and up to 20 mL/kg
IBW in the nonprotective ventilation group. Therefore,
even in the LPV group, the applied tidal volume was
considerably outside the range of an LPV strategy. In a
prospective cohort study from Amar er /. (2), which failed
to show a significant association of an LPV during OLV,
missing adaption of tidal volumes after the initiation of
OLV was also the main point of criticism.

Indirect evidence for the application of inadequately
high tidal volumes during OLV in the study of Marret ez al.
is found when the driving pressures are analyzed: driving
pressures were 22.7+5.6 cmH,0 in the control group
and 14.124.7 (mean = SD) in the LPV group. Two large
studies, one retrospective analysis (3) and one prospective
observational study (4), demonstrated higher mortality for
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patients with acute respiratory distress syndrome if driving
pressures exceeded 14-15 ¢cmH,O. Therefore, in the
study of Marret er al., even in the LPV group, a significant
proportion of patients were not ventilated according to
the principles of LPV (1). In a recent meta-analysis of
patients with normal lungs during anesthesia, intraoperative
driving pressures were also significantly associated with the
development of postoperative pulmonary complications (5).

Unfortunately, the effects of PEEP and tidal volumes
were not analyzed separately in the study by Marret et l.
The observed postoperative complications may therefore
also be attributed to the development of intraoperative
atelectasis caused by the absence of PEEP in the control
group, which would question the concept of “permissive
atelectasis” (6) in thoracic surgery patients requiring OLV.
However, in the PROVHILO-trial (7), the application of
higher PEEP levels in general failed to reduce postoperative
complications if low tidal volumes of 8 mL/kg IBW were
consequently applied during open abdominal surgery.
Conversely, nonprotective ventilation was associated with
higher postoperative pulmonary complications in the
IMPROVE-trial (8), where a TV of 10-12 mL IBW with
no PEEP was compared to a TV of 6-8 mL with a PEEP
of 6-8 cmH,0 and repetitive recruitment maneuvers in
abdominal surgery.

Taken together, there is growing evidence that the
lung strain induced by the use of high tidal volumes above
10 mL/kg IBW in combination with high driving pressures
is highly injurious even if it is applied for only a relatively
short period of time in the operating theatre. If low tidal
volumes are applied, PEEP may play a secondary role
in healthy lungs but may help to improve pulmonary
compliance with the aim at keeping driving pressures low
when mechanical ventilation is necessary in patients with
preexisting pulmonary disease. Furthermore, the PEEP
levels applied in the clinical trials mentioned above were
relatively low and the PEEP levels used might be too low to
exert a significant effect on postoperative outcomes, even in
patients of normal weight.

Pereira and colleagues (9) found that individualized
PEEP settings using electrical impedance tomography (EI'T)
were able to significantly reduce intraoperative driving
pressures and postoperative atelectasis in open as well as
in laparoscopic abdominal surgery. Individual PEEP levels
varied markedly across individuals with a median PEEP of
12 emH,0O. PEEP may therefore have no beneficial effects
if it is not adapted to the patient’s individual pulmonary
mechanics. EIT based PEEP titration might further
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Figure 1 EIT Images of a patient undergoing lung resective surgery with general anesthesia and spontaneous breathing laryngeal mask

airway. (A) Intraoperative image during OLV of the right lung. Note that spontaneous breathing favors ventilation of the dependent lung

regions; (B) postoperative image in the post anesthesia care unit. EIT, electrical impedance tomography; OLV, one-lung ventilation.

improve our understanding of LPV in the future.

In a recently published trial in morbidly obese patients
undergoing bariatric surgery, individualized PEEP
titrated using EIT significantly improved intraoperative
oxygenation and end-expiratory lung volume compared to
standard ventilation with low PEEP levels but the observed
differences vanished after extubation (10).

In conclusion, we suggest that lung protective
perioperative management should not only include
individualization of mechanical ventilation during surgery
but should be extended to measures such as application of
continuous airway pressure in the post-anesthesia care unit
in high-risk patients.

Perspectively, newer anesthetic concepts in video-
assisted thoracoscopic surgery include even the avoidance
of endotracheal intubation and performing lung resection
surgery with spontaneous breathing laryngeal mask
anaesthesia (11) (see Figure 1), or even “tubeless” pulmonary
resections (12) harboring the potential for further reducing
pulmonary complications and providing faster postoperative
recovery in non-small-cell lung cancer thoracic surgery (13).
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