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Postoperative Hypoxemia: 833 patients from Cleveland Clinic
SpO2 < 90%/48h



Futier et al. IMPROVE NEJM 2014: 35%
ProveNet. PROVHILO Lancet 2015: 40%
Ferrando et al. iPROVE Lancet respir Med 2018: 40%

N = 9864



4First question: How do you ventilate
your patients in OR and ICU?

What means PMV for you?
A. Stay inside the OR
B. To apply the protocol
C. Prevent Lung Injury

Avoid overdistention: Low VT
Prevent colapse and 

closing-reopening: PEEP

A. PROTECTIVE MECHANICAL VENTILATION
B. NON PROTECTIVE MECHANICAL VENTILATION
C. NONE OF THE ABOVE
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Crit Care Med 2004;32:1817-1824

Factors associated with the development of Acute Lung Injury: 
Use of high VT 
Acidemia, Transfusion of blood products 
Restrictive lung disease.

OR for ALI development: 
1.3 for each ml VT above 6 ml/kg PBW.

332 patients without ALI 
under VM ³48h

25% developed ARDS 
after 2,5 days of MV
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N Engl J Med 2013;369:2126-36.

VILI Physiopathology
High VT

Barotrauma
Alveolar rupture
Volutrauma
Overdistention

Repetitive
Opening-closing

Atelectrauma

Mechanical injury:
activation proinflammatory cytokine cascade 

Biotrauma
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VILI Physiopathology
High VT

Barotrauma
Alveolar rupture
Volutrauma
Overdistention

Repetitive
Opening-closing

Atelectrauma

Mechanical injury:
activation proinflammatory
cytokine cascade 

Biotrauma

Lung protection
Low VT

Barotrauma
Alveolar rupture
Volutrauma
Overdistention

PEEP
Atelectrauma

Avoid Mechanical injury:
activation proinflammatory
cytokine cascade 

Biotrauma
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TO PREVENT INJURY FROM THE 
VENTILATOR BOB HERE WILL BE 
GIVING YOU MOUTH TO MOUTH 
FOR THE NEXT SEVERAL DAYS

Mechanical ventilation
induces lung injury

See paper
s



9Lung protective ventilation strategy ARDS

Cochrane Database of Systematic Reviews 2013/2017

Low VT is associated with a 17% lower risk of mortality at 28 days

5 Randomized trials: 1297 patients
High VT (control) 
10-15 ml/Kg: 9.5 ml/kg
Paw: 31-37 cmH2O

Mortality at day 28: 40%

Low VT (LPV) 
£ 7 ml/kg: 5.2 ml/kg 

Paw: 22-30 cmH2O

Mortality at day 28: 30%

RR: 0.83

Ventilation with lower VT vs traditional VT in adults for ALI/ARDS
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Serpa-Neto A et al. JAMA. 2012;308(16):1651-1659
20 Articles: 2822 study participants VT 6 m/IBW vs 10 ml/IBW



11

Crit Care Med 2015; 43:2155–2163

2,184 patients under MV >2 days. 
VT: <7, 7-10, >10 mlPBW
Four observational studies and four RCTs
Composite of occurrence of ARDS or pneumonia
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Anesthesiology 2015; 123:66-78
15 RCT 
Abdominal and thoracic surgeries 2127 patients
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General surgery
40 years ago

ANESTH ANALG
1987;66:64-70



14

Driving Pressure and Survival In ARDS
9 RCTs individual data from 3562 ARDS patients: dP as independent variable associated with survival

Amato, N Engl J Med 2015; 372:747-755

Driving Pressure: dP
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Driving Pressure and Survival In ARDS
9 RCTs individual data from 3562 ARDS patients: dP as independent variable associated with survival

Amato, N Engl J Med 2015; 372:747-755

dP > 15 cmH2O 
is associated 

with increased mortality



17 randomised controlled trials, including 2250 patients.



Protective strategy components



Awake Anesthesia, spontaneous breathing

Anesthesia, and paralysis Spontaneous breathing 48 hrs postop

Strandberg A, Hedenstierna G, Tokics L, Lundquist H, Brismar B. Densities in dependent lung regions 
during anaesthesia: atelectasis or fluid accumulation? Acta Anaesthesiol Scand 1986;30:256-9.
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Collapse
region

Overdistension
region

Lung 
protective

“zone”Vo
lum

e

PressurePressure

PROTECTIVE
STRATEGY
Low VT
RM-PEEP
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Ventilatory strategy aimed at re-expanding previously collapsed lung tissue
by means of a brief and controlled increase in transpulmonary pressure…

…and maintain lung re-expansion by the minimum level
of PEEP that avoids end-expiratory lung collapse. 

Lung Recruitment

PEEP titration

Open Lung Approach



+4CPAP 0 +10 +20
+30

+35
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23OLA Protocol: RM + PEEP titration

Protocol
PCV (10-15 cmH2O in normal lungs) for VT ≤ 8ml/kg 
+ PEEP increments in steps of 5 cmH2O, from 5 to 20.

Csr=V/P         Low low maximal
Volume Low low high



24OLA Protocol: RM + PEEP titration

Protocol
PCV (10-15 cmH2O in normal lungs) for VT ≤ 8ml/kg 
+ PEEP increments in steps of 5 cmH2O, from 5 to 20.

Csr=V/P         Low low maximal
Volume Low low high



PEEP 30
PCV 30 
2 min

8 pigs with ARDS (lung lavage): RM+ decremental PEEP trial
P/F, Crs, CT-scan

Lung collapse:
a) Cdyn max during PEEP trial
b) ¯ PaO2/FIO2 max ³10% 
c) NonA ³5% of the total lung

Full recruitement: 
a) Gain in compliance > 30% 
b) PaO2/FIO2 >400 mm Hg
c) NonA £ 5%





Conclusions:
Cdyn identified the beginning of collapse after recruitment. 
This is confirmed by oxygenation and CT-scans. 



PLoS One 2017; 11;12(5):e177399



When compared to pre-RM
OLA resulted in a 22% increase in Compliance and a 28% decrease in Driving pressure
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9 (66 Kg) vs 9 (149 Kg) 
VCV Siemens 900C: VT 683±43 and RR:13.8±0.7 bpm

ISOLATED PEEP
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Br J Anaesth. 1999;82:8-13
3 groups of 10 patients: VT 7-9 ml/kg, RF: 10-12 pm
ZEEP - PEEP 5 cmH2O - RM 40 cmH2O + PEEP 5



Lancet 2014;384:495-503



Lancet 2014;384:495-503



PROVHILO TRIAL. PROVE network investigators. Lancet 2014 



Optimal PEEP



There is not a magic value!!!! 

Optimal PEEP
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Anesth Analg 2014;118:137–44

20 morbidly obese patients undergoing laparoscopic bariatric surgery



Protocol
Measurements:
Paw, Ppl, Ptp
Csr, CL, Ccw

Vcap
BGA

SpO2

AAS 2018;62:608-619.

30 patients undergoing laparoscopic surgery: RM at FiO2: 0,21 



Anesthesiology 2018; 129:1070-81
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Randomized ( n = 1012)

241 were included in the 
final analysis

238 were included in the 
final analysis

244 were included in the 
final analysis

244 were included in the 
final analysis

5 withdraw informed consent
1  had exclusion criteria
2 had not surgical intervention
7 screening failure
1 had extensive illness

2 withdraw informed consent
4 had exclusion criteria
5 had not surgical intervention
6 Screening failure
1 Had extensive illness

1 withdraw informed consent
1 had exclusion criteria
1 had not surgical intervention
3 Screening failure

2 withdraw informed consent
3 Screening failure

257 assigned to Individualized
perioperative

iPEEP-iCPAP

256 assigned to Individualized 
intraoperative + CPAP

iPEEP-CPAP

250 assigned to Standard 
intraoperative + CPAP

5PEEP-CPAP

249 assigned to Standard 
perioperative
5PEEP-O2



N = 956 patients

Lancet Respir Med
2018;6:193-203

Individualized PEEP + individualized postoperative CPAP reduced PPCs when compared to an
intraoperative PEEP of 5 cmH2O



Severe
PPCs

Any
PPCs



Protocol

Measurements:
Paw, Ppl, Ptp
Csr, CL, Ccw

Vcap
BGA
SpO2

AAS 2018;62:608-619.

30 patients undergoing laparoscopic surgery: RM at FiO2: 0,21 

Air-Test Positive or negative??



No differences in 
oxygention, lung

efficiency and mechanics
between those patients
SpO2 >96% (FIO2 0.21) 

vs those patients
SpO2 < 96% in whose an

OLA was applied

Variables
Open-Lung
without RM

n=6

Open-Lung
WITH RM

n=20
P-Value

SpO2 97 98 0.98

PaO2/FIO2 397 435 0.27

PtpEE 1.6 1.2 0.66
DPEE 10.1 10.0 0.98
Cdyn 23 35 0.09
CLdyn 56 53 0.41
VDBöhr 0.38 0.33 0.36

AAS 2018;62:608-619.



iPROVE algorithm
42%

32%

10%

Minerva Anestesiol 2017; 83:1007-1009

Ferrando C, Belda FJ.



Summary
We learned setting protective ventilation in OR:
To reduce postoperative complications

Lung protective ventilation:
Individualized way: VT 6-8 ml/Kg IBW

iPROVE algoritm: Air-test
RM + PEEP at the best Compliance-Oxygenation
During and after surgery

Invasive and non invasive





Thank you very much
for your attention


