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Outline

1. Intraoperative PLV & one-lung ventilation
- what’s make it different

2. Mechanism of injuries in Lung Isolation
- Ventilated lung & deflated lung

- How to mitigate

3. PLV and ARM
- unseparated couple



Intraoperative- Protective Lung Ventilation

• Cyclic tidal overdistention causing VILI

• Atelectrauma is the most concern 

(not volume trauma or barotrauma as ARDS)

• Diaphragm dysfunction (atrophy)

• Surgical manipulation



Pellegrinin, 2024: Intensive care Medecine



Intraoperative- Protective Lung Ventilation

PIP  = Flow x resistance + Pav

Resistance = (PIP – Pplateau)/Vi

P mean = 0,5 x (PIP–PEEP) x (Tisp/Ttotal) + 
     PEEP 

P plateau = (Vt/Compliance) + PEEP 

VedrenneCloquet M, Khirani S, Khemani R, et al. Thorax 2023;78:97–105.



Intraoperative- Protective Lung Ventilation

Results: PPCs= 8/145 patients (5.5%) in ∆P group, 18 of 147 (12.2%) in the PLV group 
 (P = 0.047, odds ratio 0.42; 95% CI, 0.18 to 0.99). 

Conventional PLV:
FiO2 100%
Vt=6ml/kg

PEEP= 5
Tins pause 30%

I:E=1:2
 RR

∆P guided
PEEP from 2- 10 cm H2O 

Vt=6m;/kg
PEEP=5
RR=12

PEEP level that produced the 
lowest driving pressure was 
chosen and maintained 
throughout one-lung ventilation



✓ In 2018, at 3 high volume Canadian tertiary centers 
(205-300 cases of lung cancer/year)

✓ Survey on anesthesiologists who perform OLV surgeries

Kidane B, Choi S, Fortin D, O’Hare T, Nicolaou G, Badner NH, Inculet RI, Slinger P, Malthaner RA. 
Use of lung-protective strategies during one-lung ventilation surgery: a multi-institutional survey. Ann Transl Med 2018;6(13):269. doi: 10.21037/atm.2018.06.02

What’re we doing



When asked to rate in order of importance what 
defines LPV, the aggregate order placed minimization 
of PAP as most important followed by minimization of 
TV
1-> 4: the most important-> the least important



Lung Isolation

Mechanism of Injuries



Lung Isolation Mechanism of Injuries



Lung Isolation Mechanism of Injuries

Bx = lung biopsy; Lobe = lobectomy; 2-lobe = bilobectomy;
MDA = malondialdehyde; Pneum = pneumonectomy.



PLV implication in OLV

OLV in pig-model:
more tidal recruitment during OLV,
resulting in increased amounts of poorly aerated lung tissue 
on resumption of 2-lung ventilation 
(#P < 0.05; Vt 5 vs 10 mL/kg). 

Kozian A, Schilling T, Schütze H, Senturk M, Hachenberg T, Hedenstierna G. 
Ventilatory protective strategies during thoracic surgery: effects of alveolar 
recruitment maneuver and low-tidal volume ventilation on lung density distribution.
Anesthesiology 2011;114:1025–35 



Intraoperative- Protective Lung Ventilation

A: Il-6       B: driving pressure      C: P/F ratio



Intraoperative- Protective Lung Ventilation

A: risk of ALI       B: length of hospital stay

Favor outcomes of: 
reduced risk of ALI, Il-6 secretion, driving pressure, 
P/F oxygen

 But not length of hospital stay



Lung Isolation



Lung Isolation
Overview of OLV

An Update on one lung ventilation in children-Anesthesia & Analgesia 132(5):p 1389-1399, May 2021. Templeton, T. Wesley MD*; 
Piccioni, Federico MD†; Chatterjee, Debnath MD, FAAP‡

https://journals.lww.com/anesthesia-analgesia/toc/2021/05000


Surgical manipulation

• But it’s the unavoided things!

• Just sure to be aware of this & MIS



PLV 
implication 
in OLV

Tusman G, Bohm SH, Suarez-Sipmann F. Alveolar Recruitment Maneuvers for One-Lung Ventilation During Thoracic Anesthesia. Curr Anesthesiol 
Rep.2014;4(2):160-169



PLV & ARM

Contraindications for RMs:

- hemodynamic instability

- COPD and lung emphysema 

- bronchopleural fistula

- acute cor pulmonale. 

Relative contraindications:  ICP



ARM in Lung isolation

- When?

- How to do?

- How to evaluate

 it’s efficacy



ARM in Lung isolation

- When?
- After intubation

- ? Not right before OLV:  risk of     quality of collapsed lung

- Lung recruitment and PEEP titration should be repeated in case of 
deteriorating oxygenation, but not routinely



ARM in Lung isolation

- How to do?
- Stepwise increasing PEEP

- Use programmed ARM in anesthesia machine

- Prolonged RM can benefit the lung



ARM in Lung isolation

- How to do?

Marini, J.J. Recruitment by sustained inflation: time for a change. Intensive Care Med 37, 1572–1574 (2011). 
https://doi.org/10.1007/s00134-011-2329-7

P/V Tool® Pro on Hamilton Medical ventilators



ARM- PEEP



PLV & ARM

How to evaluate it’s efficacy: 

 Maximum volume change from end-expiratory

 Elastance: decrease ( if over-distention ∆El positive)

 Trans-pulm pressure: peak, mean

 Maybe have role of Lung Ultrasound



My key points:

- Use Bronchial Blocker for lung isolation in children

- PLV while one lung ventilation, manage to reduce duration of OLV 

- Tailoring ARM & PLV for individual patient



Thank you 
for listening!
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