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• Prone Position
Why/Benefits

Why not/Contraindications

How/Logistics

• Esophogeal Balloon Manometry
Why/Benefits

Why not/Contraindications

How/Logistics

Objectives



Our Lungs



How do we Breath





Prone position



History 

• 1974 Bryan et al suggested that anaesthetized and paralyzed patients 
in the prone position exhibit a better expansion of the dependent 
(dorsal) lung regions with consistent improvement in oxygenation, 
indicating prone’s potential beneficial impact on lung mechanics.

• 1976 Piehl et al reported dramatic effects on oxygenation 
improvement by prone position in five patients with ARDS

• 1977 Douglas et al. reported similar findings in six ARDS patients, 
confirming that prone positioning could effectively improve 
oxygenation in this patient group.



Early Prone studies
Short time 7-8 hrs/day

Gatinoni et al. N Engl J Med 2001; 345:568-573 Guerin et al. JAMA. 2004;292(19):2379-2387





Newer Studies
Early initiation, 20 hrs/day

Mancebo et al. Am J Respir Crit Care Med Vol 173. pp 1233–1239, 2006



Newer Studies



Newer Studies

PROSEVA

Guerin et al. NEJM 368;23, 2159-2168



Prone position underutilized ≈ 13%
More use in Europe compared to North America
Main reason for not using PP: Hypoxemia not considered severe
Complications rare and similar to supine position 





Prone Position
Mechanisms

• Alteration of distribution of ventilation

• Redistribution of blood flow

• Improved matching of Ventilation & Perfusion (V/Q)

• Improved homogeneity of lung units

• Decreased alveolar Stress and Strain

• Recruitment maneuver 

• Decrease VILI

• Relief of Left lower lung compression by the heart

• Relief dorsal lung compression by abdominal organs

• Enhanced secretion clearance

• Improved RV output and Pulmonary pressures



Ventilation and Perfusion



Ventilation/Perfusion (V/Q)

More homogeneous alveoli and more homogeneous Trans-Pulmonary pressures



Ventilation/Perfusion (V/Q)



Stress and Strain



Effect of Abdominal pressure and abdominal contents 

on the lung



Heart weight and position



Complications



Contraindications



Esophageal Balloon Manometry



History

• 1949, Buytendijk first showed that it was possible to use esophageal 
pressure as a surrogate for pleural pressure. 

• In 1952, Dornhorst and Leathart showed that changes in pleural and 
esophageal pressures were similar and useful to understand respiratory 
mechanics. 

• In 1955, Cherniack and colleagues confirmed that changes in pleural 
pressure were similar to changes in esophageal pressure, although the 
absolute values of pressures in the pleural space were often more

negative than in the esophagus 



Esophageal Balloon
Benefits

• Measuring Trans-Pulmonary pressure to set Inspiratory pressure and PEEP

• Assess WOB during spontaneous breathing

• Aid in diagnosing Patient-Ventilator dys-synchrony

• Aid in assessing recruitability during recruitment maneuver 

• Measuring Chest wall and lung elastance separately

• Aid in weaning off mechanical ventilation

• Transmural vascular pressure (i.e. the difference between intravascular 
and extramural pressure reflected by Pes)

Despite all those benefits, this tool remains confined to research

Used in less than 1% of ARDS patients  



• A physiologically based ventilator strategy should take the trans-pulmonary pressure into 

account

• Despite all those benefits, this tool remains confined to research

• Used in less than 1% of ARDS patients  

Am J Respir Crit Care Med Vol 189, Iss 5, pp 520–531, Mar 1, 2014





NEJM 2008;359:2095-104.



Trans-Pulmonary Pressure
Ptp = Palv – Ppl. 

Is the distending pressure of the alveoli 

Too high during inhalation -- boom 
rupture (stress)

Too low during exhalation -- fssss 
collapse (strain)



Trans-Pulmonary Measurement

• Goal is to keep Inspiratory PL < 15-20 cmH2O, to 
avoid lung stress (over distension, i.e. volutrauma
and barotrauma) i.e. Stress

• Goal to keep Expiratory PL > 0 (0-5) cmH2O to avoid 
lung strain (repeated opening and closing of alveoli, 
i.e. atelectatotrauma) i.e. Strain

N Engl J Med 2008;359:2095-104



Transpulmonary Measurement



Compliance 
Respiratory System, Chest Wall, Lung



It is NOT enough to look for the Plateau 
pressure (1 side of the coin)



Patient – Ventilator Asynchrony 



Weaning from mechanical ventilation

• Esophageal Balloon is needed to calculate both:

Work Of Breathing (WOB)

Pressure-Time Product (PTP)

• Multiple studies have shown the significance of monitoring the WOB 
& PTP during weaning trials. The higher the variables, the high 
likelihood of failing the trial

Am J Respir Crit Care Med 1997;155:906–915



Understanding the real Filling pressure of the Heart

Mean Pes is the more convenient technique to estimate extramural 
pressure and therefore the transmural filling pressures, that is, the 
intravascular minus the surrounding extravascular pressure

CVP-Pes

PAWP-Pes

LVEDP-Pes



New: Use in APRV

Can J Respir Ther Vol 54 No 3 Fall 2018



Thank You
Questions

THANK YOU



Be Happy, Be Thankful, Appreciate what you have

MAHALO


