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“Differential” Characteristics of C-ARDS
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• Diffuse bilateral patchy infiltrates
Ground glass opacifications
Sparing of aerated spaces

• Initial Hypoxemia out of proportion from the
derangement in lung mechanics and radiologic
expresión

• Profound derangement in gas exchange
Increased shunt and later stages Dead space

• Angiocentric Pathophysiolgy
Involment: endothelium >> endothelium
Vascular dysfunction (thrombosis
Perfusion mal-distribution
Vasodilation- vascular shunt
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CRS

Ferrando C, Suarez-Sipmann F et al. Intens Care Med 46, 2200–2211 (2020).
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Lessons (I..) Learned From the Pandemic
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• Lung Protection is key
• Reapraisal of the use of Adjuvant interventions: Sinergies! 
• PEEP Individualization is Key
• Dangerous transition to spontaneous breathing  



HULP
Ventilatory Management of C-ARDS
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VT limitation to 4 - 8 mL/kg  ideal 6-mL/kg

Pplat limitation ideal ≤ 28 cmH2O  max ≤ 30 cmH2O

Driving Pressure limitation ≤ 15 cmH2O

RR minimum necessary to ensure suffcient CO2 elimination

Adjuvant measures
Muscle relaxation
Prone positrioning
Recruitment maneuvers
Nitric oxide 

PEEP individualized to minimize lung collapse and overdistension

Lung Protective Ventilation
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The complex heterogeneous ARDS lung
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Inflated

Overinflated

Airway 
Collapse

Consolidated

Collapsed
(Compression)

AlveolarCollapse
(Reabsorption)

Reduced perfusion
(increased VDalv)

Uneven redistribution of 
blood flow
Capillary Stress failure

Capillary recruitment-de-
recruitment
(high interstitial
perivascular forces)

Capillary Collapse
HPV 

RV uncoupling-
RV Dysfunction
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Use of Adjunctive Measures in ARDS 
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2377 ARDS patients
459 ICUs
50 countries
5 continents. 

LUNG SAFE Study

Prone position
Recruitment Maneuvers

iNO

Muscle Relaxants

ALL

MILD 
ARDS

MODERATE 
ARDS

SEVERE
ARDS

Status Before the Pandemic 

9%
8%

21%
22%
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Synergies
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The search and use of synergistic effecs is common
(and necessary) in clinical medicine

Oncology
• Chemotherapy

(adyuvant, early consolidation) 

Infectious diseases
• Antibiotics

(early, combined, correct)

….. Many others..

Knowledge of mechanisms of action and predominant pathophysiological
aspects of each stage of the in the evolution is critical for applying the
correct therapeutic strategies

Ventilatory Management of ARDS?
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Adjuvant Measures

• Homogenize Ventilation
Minimize collapse and overdistensión
functional size of the lung

Improve compliance--- reduce driving pressure
“strain”

• Reduce cyclic changes in transpulmonary pressure

• risk of pulmonary vascular dysfunction and RV failure

• Improve gas-Exchange and    FIO2 needs

Prone Positioning

Recruitment
Maneuvers

Nitric Oxide

Objectives
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Prone

Re-aeration of dorsal lung regions that maintain a greater perfusion

Supine

Non-Dependent lung Dependent Lung
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Effects of proning measured by EIT 
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Perier F et al AJRCCM 2020 epub) 

9 C-ARDS patients

21%
13%

33%
45%

High V/Q

Low V/Q

Supine Prone
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Changing the Prone Postioning Paradigm
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Prolongued/Delayed Prone 
Positioning

• Feasible 
• Safe (Low incidence of 

adverse events)
• Potential clinical –

organizational benefits 
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Prolongued/Delayed Prone sessions
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Mean duration of Prone sessions 48h 
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Lung Recruitment and individualized PEEP 
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Baseline Post-Recruitment + PEEP

Increased functional size
Increased compliance

Less heterogenity

Lager EELV

When lung collapse is an important pathophysiological component…



HULP
Autmated Open Lung Procedure
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Recruitment Phase

Cycling Pressure Controlled Ventilation
Incremental PEEP steps with fixed ∆P

PEEP titration
Volume Controlled Ventilation
2 cmH2O PEEP steps
Automatic detection of optimal PEEP 
Based on maximal Cdyn
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Individualized PEEP
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PEEP that minimizes lung colapse and overdistension

Suarez Sipmann et al Crit Care Med 2007; 35:214–221

Decremental PEEP titration
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Automatic PEEP detection
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PaO2/FIO2  161 mmHg
PaCO2 49 mmHg
Cdyn 37 mL/cmH2O

Automatic
PEEP 
detection at 
10 cmH2O 
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Before After…….. (10 min later)

PaO2/FIO2  161 mmHg
PaCO2 49 mmHg
Cdyn 37 mL/cmH2O

PaO2/FIO2  136 mmHg
PaCO2 47 mmHg
Cdyn 33 mL/cmH2O
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Assessment of recruitability
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Constant Increase in Cdyn

Closing Pressure could not be detected

Possible reasons:

• Patient not depending on PEEP

• Check for leaks

Minimum or no collapse
Low needs of PEEP
No need for RM
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Decremental PEEP titration by EIT
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Individualizing the PEEP level
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Careful when selecting your PEEP!
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ComplianceRS PPlat PDriving

90 Fully recored Decremental PEEP titrations (60 in supine 30 in prone) 

Overall improvement in lung mechanics 

PEEPClin   11.3 ± 3.6
PEEPCdyn 10.5 ± 3.1

PEEPCdyn < PEEPCLIN  62%  (2.6 ± 2 cmH2O)

PEEPCdyn > PEEPCLIN   28%  (3.1 ± 1.7 cmH2O)

PEEPCdyn = PEEPCLIN   10%

Sanchez Giralt et al. ICMex 2020 Conf-Abs
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• Selective Pulmonary Vasodilator

• Improved VQ 
Blood Flow redistribution to better
aerated regions
Dosis ≤10 ppm

• Improved Pulmonary Hemodynamics
↓PVR and PAP
Dosis ≥15-20 ppm
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HULP
Nitric Oxide in C-ARDS 

iNO improves oxygenation in a 
majority of C-ARDS  patients 

Causes for lack of response are not 
known

There may be benefits beyond 
oxygenation (not thoroughly studied)
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With RV disfunction Without RVD-disfunction

PaO2/FIO2 improvement

iNO 20 - 30 ppm

24.1% [9.2–43.5] 3.3% [-10.8 –11.5]

p = 0.069

Pulmonary Vascular Dysfunction 
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• Variable response
• Shift of perfusion measured by EIT 
• Dorsal shift --- decrease in oxygenation and efficiency
• Ventral shift – Increase in oxygenation PaO2/FiO2 by  30± 28% 
• Decrease in PaCO2 by 2.3%
• Best response evident between 5 and 15 ppm of iNO    

N= 8 

BaselineiNO 20 ppm
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Prone position

Recruitment Maneuvers

Muscle Relaxants

ARDS
(LUNG SAFE data) 

8%
21%
22%

COVID 19
76%

79%
72%

x 9 !!
x 3 !!

Ferrando C, Suarez-Sipmann F et al. Intens Care Med 46, 2200–2211 (2020).
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The transition to spontaneous breathing
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Impaired Gas Exchange
Impaired Mechanics

Increased
respiratory drive

↓Palv
↑VT, Pendelluft
↑ Ptp swings

P-SILI

VILI 
ARF 

Capillary Leak
Lung Edema

P-SILI Patient Self Inflicted Lung Injury

Modiified from Brochard et al AJRRCM 2017;195, 438–442 
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Patient ventilated with set VT = 6 mL/kg –
Sacked breaths :    VT = 12 mL/kg  and PPLAT = 28 cmH2O
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C-ARDS  after 3 weeks of evolution
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