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• Define and describe the terms "driving pressure" and 
"transpulmonary pressure“

• Discuss how driving and transpulmonary pressures are 
affected in patients with morbid obesity and ARDS

• Discuss how driving and transpulmonary pressures can 
be utilized to assist in the care of patients with morbid 
obesity and ARDS

Lecture Objectives



Background

ARDS
• Driving Pressure
• Esophageal Balloon / Transpulmonary Pressure

Obesity
• Driving Pressure
• Esophageal Balloon / Transpulmonary Pressure

Quick Demonstration

Summary / Key Take Home Points

Road Map



Background

Prospective
Retrospective



Stress – force per unit area
Strain – change in length vs original length



Am J Respir Crit Care Med Vol 195, Iss 11, pp 1429–1438, Jun 1, 2017

“No single method of PEEP 
titration has been shown to 
improve clinical outcomes 

compared with other
approaches of setting PEEP”



Meta-analysis revealed no statistically significant differences between the two 
groups nor was any statistically significant difference seen in the risk of barotrauma 

- Oxygenation was improved in the high-PEEP group

Meta-analysis



Defining Terms: Driving Pressure
1. Plat (cmH2O) – PEEP (cmH2O), generally want < 15

2. Inspiratory Pressure with zero flow (cmH2O) – PEEP (cmH2O)

3. Tidal Volume (ml) ÷ Respiratory System Compliance (ml / cmH2O)



Defining Terms: Transpulmonary Pressure
Transpulmonary pressure (TPP) = airway pressure - pleural pressure
Generally, want (+) end expiratory and < 10 to 15 end inspiratory



TPP & Driving Pressure: ARDS



Anesthesiology 2019; 131:594–604
retrospective study of 154 ARDS patients

ü x ü

Retrospective



Respir Care 2021;66(3):403–409, n=161 pediatrics 1 to 15 years old

Low DP < 15  High DP > 15

Retrospective



4,549 ARDS patients in a pooled database

Driving Pressure and RR = significantly associated with mortality

Pooled data from
Retrospective and
Prospective RCT’s



N Engl J Med 2015;372:747-55, 3562 patients from previous studies

Decreasing DP with changed vent settings was associated with increased survival

Increasing DP Same DP Reducing DP

Pooled data from
Previous RCT’s



N Engl J Med 2008;359:2095-104. n=61 “EPVent 1”

Prospective RCT



N Engl J Med 2008;359:2095-104. n=61



N Engl J Med 2008;359:2095-104. n=61



N Engl J Med 2008;359:2095-104. n=61



JAMA. 2019;321(9):846-857, n=200
Balloon vs high PEEP table

“Among patients with moderate to severe ARDS, PES-guided
PEEP, compared with empirical high PEEP-FIO2, resulted in no
significant difference in death and days free from mechanical
ventilation. These findings do not support PES-guided PEEP

titration in ARDS”

Prospective RCT

“EPVent 2”



JAMA. 2019;321(9):846-857, n=200
Balloon vs high PEEP table

“Among patients with moderate to severe ARDS, PES-guided
PEEP, compared with empirical high PEEP-FIO2, resulted in no
significant difference in death and days free from mechanical
ventilation. These findings do not support PES-guided PEEP

titration in ARDS”



JAMA. 2019;321(9):846-857, n=200
Balloon vs high PEEP table

“Among patients with moderate to severe ARDS, PES-guided
PEEP, compared with empirical high PEEP-FIO2, resulted in no
significant difference in death and days free from mechanical
ventilation. These findings do not support PES-guided PEEP

titration in ARDS”



JAMA. 2019;321(9):846-857, n=200
Balloon vs high PEEP table

“Among patients with moderate to severe ARDS, PES-guided PEEP, compared 
with empirical high PEEP-FIO2, resulted in no significant difference in death and 
days free from mechanical ventilation.These findings do not support PES-guided 

PEEP titration in ARDS”



No difference 
between high PEEP 

and low PEEP

EPVent 1 - Balloon vs low PEEP – Balloon Better???
EPVent 2 - Balloon vs high 

PEEP – No Difference



We already know ARDS long term outcomes include: cognitive, psychiatric & physical issues

Higher driving pressure = worse long-term pulmonary function and structure even with 
“protective ventilation”

Ann Intensive Care (2018) 8:119, n=33 ARDS pts @ 6 months

Prospective
not an RCT



TPP & Driving Pressure: Obesity



“PEEP improves respiratory function in morbidly 
obese patients but not in normal subjects”



Falcão et al. International Anesthesiology Clinics (2020) 58:3



Intensive Care Med (2018) 44:1106–1114 – n=362

Non-obese patients – Increases in DP, Plat and Compliance are independently associated 
with mortality
Obese patients – increases in DP, Plat and Compliance are not associated mortality

Retrospective



Anesthesiology 2020; 133:867–78, n=51

• PEEP needed to keep 
airways open?

• PEEP needed to keep 
TPPee positive?

Pooled data from a 
prospective and 
retrospective study



Crit Care Med 2016; 44:300–307
n=14, two methods of titrating positive end-expiratory pressure for BMI >35

5.5 ft
321 lbs

57 in
59 in

25+ ml/kg

Commonly used PEEP levels for morbidly obese patients are too low, cause atelectasis 
and hypoxemia – TPP or decremental trails with RM’s may benefit these patients

Prospective
not an RCT



Crit Care Med 2016; 44:300–307
n=14, two methods of titrating positive end-expiratory pressure for BMI >35



Crit Care Med 2017; 45:1374–1381,  n=16 crit ill obese patients (most 300-400lbs)

Optimizing the PEEP with TPP and/or decremental PEEP Trial

Prospective
not an RCT



RESPIRATORY CARE Paper in Press. Published on 20 April, 2021, n=20

Results: higher PEEP, lower FIO2 , better pulmonary mechanics, and higher 
oxygenation for adult obese subjects

Retrospective



RESPIRATORY CARE Paper in Press. Published on 20 April, 2021, n=20

Results: higher PEEP, lower FIO2 , better pulmonary mechanics, and higher 
oxygenation for adult obese subjects

Retrospective



RESPIRATORY CARE Paper in Press. Published on 20 April, 2021, n=20

Results: higher PEEP, lower FIO2 , better pulmonary mechanics, and higher 
oxygenation for adult obese subjects

Retrospective



• Single center retrospective study at MGH
• Class III Obesity (BMI > 40) with ARDS and mechanical ventilation > 48 hours
• Compared ARDSnet Low PEEP Table to PEEP settings determined by a Lung Rescue Team 

using:
• Lung recruitment maneuvers
• Esophageal manometry
• Hemodynamic monitoring

• Decreased mortality in the group with settings determined by the Lung Rescue Team 

Retrospective



• PEEP increased an average of 10 cmH2O - 9 ± 2 cmH2O versus 19 ± 4 cmH2O
• End-exp TPP from − 6.3 ± 3.7 cmH2O to + 1.7 ± 3.2 cmH2O
• Driving pressure decreased 3.4 cmH2O by day 4
• Compliance improved 12 mL/cmH2O suggesting lung recruitment
• PaO2/FiO2 ratio from 153 ± 88 mmHg at admission to 282 ± 102 on day 2

“We found that in patients with an average BMI of > 50 kg/m2 , an individualized lung 
rescue approach based on individualized cardiopulmonary physiology is associated 

with a decreased in-hospital mortality”



Esophageal Balloon:
The ChristianaCare Experience 

44 esophageal balloon patients (out of 2205 vent patients Dec 2019-Sep2020)
•2% of ventilator patients used a balloon (balloons are ~$40)

We increased PEEP an average of 6 cmH2O above standard clinical PEEP settings 
prior to balloon use (next slide)

Patients with BMI > 35 and high PEEP requirements outcomes were compared to the 
previous year without balloon management:

2020 population with balloon management resulted in 8% reduction in mortality





EndInsp End Exp SpO2 FiO2 PEEP MAP DP PLAT PIP Vt Vt ml/kg Cst

Baseline 94.6 79.8 12.8 19.1 15.2 28.5 44.6 428.7 6.9 28.9

Optimized with Balloon 10.3 -0.9 96.7 57.1 19.2 25.0 13.3 31.9 45.3 436.3 6.9 36.0

Change 2.1 -22.7 6.4 5.9 -2.1 4.6 0.7 7.7 0.0 8.3

52 patients – 92% success rate inserting balloon

Further Analysis

31 Patients with BMI > 35



Demonstration























(2 patient examples)















Summary / Take Home Points
TPP – measured with an esophageal balloon
Driving Pressure – Ventilating Pressure

ARDS Patients:
• TPP – hopeful for improved management of ARDS?  EPVent 1 & 2
• DP – correlates to mortality, keep under 15

Morbidly Obese Patients:
• TPP – manage PEEP needs to keep pleural pressure (+) and avoid 

lung collapse 
• DP – does not seem to correlate to mortality in this population



Thank you!
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