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Mechanical ventilation during thoracic surgery: towards 
individualized medicine
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Lung protective ventilation during the intraoperative period 
has been associated with controversial clinical benefits in 
patients undergoing general anesthesia (1,2). While there is 
unity on the application of physiological tidal volumes (VT 
6–8 mL/kg of predicted body weight), at least for double 
lung ventilation, there is a lack of consensus on how to set 
positive end-expiratory pressure (PEEP) intraoperatively. 
Individual characteristics, such as body mass index, chest 
wall dimensions, preoperative lung condition, and pleural 
pressures, make it impossible for anesthesiologists to choose 
the optimal PEEP level without additional monitoring.

Some authors advocate personalized PEEP titration 
based on several techniques, while others suggest that this 
fine-tuning is clinically irrelevant and recommend the 
use of low and fixed PEEP levels to all patients. Too low 
PEEP levels, however, can lead to atelectasis and lung 
heterogeneity, which can increase driving pressure (ΔP), a 
variable associated with the development of postoperative 
pulmonary complications (PPC), including ARDS (3,4). To 
complicate things further, the development of atelectasis 
depends not only on the intraoperative PEEP, but also on 
the type of surgery, the use of recruitment maneuvers, the 
postoperative ventilator weaning process, and respiratory 
therapy.

With a much higher incidence after thoracic than after 
abdominal surgeries, PPC are associated with increased 

hospital mortality, ICU admission, and hospital length of 
stay (5). Thoracic surgery is particularly risky in elderly 
patients (6), in whom details can make a difference. In 
these patients, a personalized perioperative approach 
to reduce the risk of hypoxemia, lung injury, and other 
pulmonary complications seems justified. One should 
pay especial attention to chest wall and thoracic spine 
deformities, respiratory muscle weakness, increased 
alveolar dead space, and diminished ventilatory response 
to hypoxia and hypercapnia. This individualized care gives 
more emphasis on physiology and functional status than 
on chronologic age (6).

Unsafe ventilator settings, mainly when applied on top 
of atelectatic lungs, as well as atelectasis per se, are factors 
associated with PPC. Adequate management of these two 
modifiable factors during the perioperative period can 
lead to improved outcomes. For instance, a postoperative 
intensive alveolar recruitment strategy in the ICU to reduce 
atelectasis in hypoxemic patients after cardiac surgery 
resulted in less severe pulmonary complications and reduced 
hospital and ICU length of stay (7). Intraoperative unsafe 
ventilator settings not always cause clinically relevant lung 
injury and PPC. One can ventilate healthy lungs with low 
PEEP values and moderately high driving pressures without 
producing significant damage if the duration of ventilation 
is short, and the surgery does not trigger a systemic 
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inflammatory process that facilitates lung injury (8,9). The 
combination of unsafe ventilator settings and high-risk 
surgeries, nevertheless, increases the risk of PPC.

In most clinical trials, it is hard to distinguish the role of 
lung injury and postoperative atelectasis in the development 
of lung complications. In thoracic surgeries with one-lung 
ventilation (OLV), differentiating these modifiable factors 
seems to be a more significant challenge. In this scenario, 
there is an increased risk of lung injury due to considerable 
lung stress and strain in addition to the presence of 
atelectasis of at least one whole lung. Moreover, the damage 
to the lungs can be aggravated by the inflammation induced 
by this type of surgery (10). Hence, one should not overlook 
the importance of adequate ventilator settings in mitigating 
lung injury.

In OLV, however, there is no solid consensus on how 
to set the ventilator (11). A Canadian multi-institutional 
survey on the use of lung-protective strategies during 
OLV, published in 2018 (12), concluded that most 
anesthesiologists defined low peak airway pressure as the 
primary target of lung-protective ventilation. Furthermore, 
in this survey (12), only 64% of the respondents actively tried 
to minimize VT, a variable associated with a lower incidence 
of PPC when accompanied by adequate PEEP (13). Previous 
studies on protective ventilation during intraoperative 
OLV showed the benefits of associating physiological VT 
and PEEP (14-18). Three clinical trials compared low 
VT (<8 mL/kg) with high VT (≥8 mL/kg) (14,15,17), and 
another study randomized patients to an individualized 
PEEP which produced the lowest driving pressure or to a 
PEEP of 5 cmH2O (16). All of them (13,15-17) pointed to 
an association of high VT and high driving pressure with 
pulmonary complications. Finally, an additional risk for 
PPC following thoracic surgery is the use of high FIO2, 
which is often necessary to maintain oxygenation with 
insufficient PEEP levels (19).

In this issue of Annals of Translational Medicine, Liu et al. (20) 
performed a randomized clinical trial to evaluate the 
influence of PEEP on oxygenation and lung mechanics in 
elderly patients undergoing elective thoracoscopic surgery. 
The authors randomly allocated 100 patients aged 65 years 
or more into one of two groups: (I) PEEP of 5 cmH2O 
(PEEP5) or (II) PEEP titrated according to electrical 
impedance tomography (PEEPEIT). During a decremental 
PEEP titration from 15 to 1 cmH2O, the authors defined 
PEEPEIT as the intercept point between overdistention and 
collapse after a recruitment maneuver. Other ventilatory 
parameters were the same during double-lung ventilation 

and OLV. They found that PEEPEIT was significantly 
higher than PEEP5; furthermore, PaO2/FIO2 and dynamic 
compliance (Cdyn) were higher while driving pressure was 
lower in PEEPEIT compared to PEEP5. After surgery, all 
patients were extubated with PEEP of 5 cmH2O. There 
were no differences in the use of vasopressors, PPC or 
hospital length of stay.

During OLV, the authors did find better oxygenation 
and lower driving pressures in the PEEPEIT group 
compared to the PEEP5 group. These findings suggest 
that their recruitment maneuver and PEEP choice were 
able to achieve their goal of avoiding atelectasis in the 
ventilated lung. They, however, did not take advantage 
of the improved oxygenation by lowering FIO2 to the 
lowest safe level possible, which could have further avoided 
absorption atelectasis and possibly lung injury. Moreover, at 
the end of the surgery, after lung recruitment, all patients 
resumed double lung ventilation with PEEP of 5 cmH2O, 
neutralizing the beneficial effects of PEEP individualization 
on respiratory system compliance and driving pressure. A 
significant difference in oxygenation persisted, though (20). 
These results suggest that the postoperative recruitment 
maneuver followed by PEEP of 5 cmH2O was enough to 
equal the protection of an individualized PEEP selection in 
terms of postoperative atelectasis and PPC. In other words, 
the additional lung protection gained with lower driving 
pressures and better compliance did not translate into a 
clinical benefit in the postoperative period. This finding is 
indicative that the difference in lung injury between groups 
was mild at most, perhaps because of the short duration of 
the procedures. However, it is impossible to know from the 
data at hand if atelectasis and PPC would have been lower 
if patients from the PEEPEIT group had been maintained 
with the titrated PEEP until liberation from mechanical 
ventilation.

By protocol, the benefits of PEEP individualization 
during the intraoperative period did not extend to the 
postoperative period. This choice brings to attention 
the weaning phase, another critical component of the 
ventilatory management during the perioperative period. 
Before extubation, anesthesiologists usually wean patients 
on spontaneous breathing, without PEEP and on high 
FIO2, a practice that can favor lung collapse. The use of 
positive pressure (CPAP) and low FIO2 during weaning can 
preserve, at least partially, the lung recruitment reached 
during surgery (21). For example, Pereira et al. (22)  
had patients during the weaning period under pressure-
support mode, keeping FIO2 at 50% and maintaining PEEP 
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according to randomization to mitigate atelectasis formation. 
Such a strategy most likely contributed to the difference 
in postoperative collapsed lung tissue evaluated by whole-
lung computed tomography between groups: 6.4%±4.1% in 
PEEPEIT-arm vs. 10.8%±7.1% in PEEP4-arm.

In an attempt to provide the best compromise between 
collapsed and overdistended lung, Liu et al. (20) titrated 
PEEP according to EIT. They chose the nearest PEEP 
above the intersection of the curves representing collapse 
and overdistension, as previously reported (22). This 
titration criterion usually results in PEEP levels equal 
to or lower than the PEEP of best compliance and 
can reduce the incidence of postoperative atelectasis 
following abdominal surgeries (22). In Liu’s study, 
PEEP varied from 9 to 13 cmH2O, values similar to 
those reported in a Spanish study in which PEEP 
was titrated, after a recruitment maneuver, according 
to the best compliance in 690 patients on OLV (23).  
Other authors have used different PEEP titration methods, 
such as the incremental PEEP selection targeting the 
lowest driving pressure (16). Incremental PEEP titrations, 
however, might result in overdistention without lung 
recruitment. Not always surpassing opening pressures, 
this method does not focus on avoidance of atelectasis and 
results in small differences between the groups during the 
intraoperative period (16).

We want to call attention to yet another aspect of the 
ventilation protocol: recruitment maneuvers. Both groups, 
PEEPEIT and PEEP5, were submitted to a bag-squeezing 
recruitment maneuver of 35 cmH2O for 15 seconds at the 
restart of double lung ventilation. For healthy nonobese 
patients, inspiratory pressure less than 40 cmH2O might not 
be enough to open all the atelectatic areas in all patients (24). 
Besides, the bag-squeezing recruitment maneuver often 
leads to depressurization when switching from manual to 
controlled ventilation (Figure 1A), resulting in partial lung 
collapse (25). Conversely, recruitment maneuvers using 
controlled ventilatory modes are safer against derecruitment 
(Figure 1B).

The study of Liu et al. shed light on relevant aspects 
of lung protection in elderly patients undergoing OLV 
for thoracic surgery. The association of recruitment 
maneuvers, PEEP titration, and physiological VT led to 
better physiological respiratory variables, some of them 
directly related to better postoperative outcomes in other 
studies. Perhaps even more important than the answers they 
provided were the questions their results provoked. Why 
did better intraoperative settings fail to improve outcomes? 

Figure 1 Curves of airway pressure (left Y-axis) and relative 
impedance changes (right Y-axis), representing EELV, of two 
recruitment maneuvers in the Drager Primus anesthesia machine 
in a swine with healthy lungs monitored with EIT. In the maneuver 
in (A), starting from a PEEP of 12 cmH2O, the anesthesia machine 
was switched to manual ventilation, and the bag squeezed with 
the adjustable pressure-limiting (pop-off) valve in 40 cmH2O. 
In detail, the drop in airway pressure close to 0 cmH2O (arrow) 
when switching from manual to controlled ventilation; in (B), a 
recruitment maneuver in PCV mode, in the same animal, with a 
PEEP of 20 cmH2O and total inspiratory pressure of 45 cmH2O, 
resulted in no decrease in airway pressure below the adjusted 
value in the ventilator. EELV, end-expiratory lung volume; EIT, 
electrical impedance tomography; PEEP, positive end-expiratory 
pressure; PCV, pressure-controlled ventilation; ΔZ, impedance 
changes; AU, arbitrary units.
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Was it a matter of time? Was the thoracic surgery too mild 
an inflammatory first hit? Is the weaning phase a more 
critical determinant of postoperative outcomes? Negative 
but carefully performed studies can challenge our current 
knowledge and push science further. “The only true wisdom is 
in knowing you know nothing” (Socrates).
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