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Outline
• 1. Obesity effects on the abdomen
• 2. Obesity effects on the respiratory system
• 3. Implications for mechanical ventilation

Thorax 2008
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Abdominal Compartment Syndrome
• Syndrome well recognized by surgeons
• Increasing evidence in Medical ICU patients
• Transduce Foley catheter or paracentesis
needle or measure gastric pressure

•50% had IAP > 12 mmHg
•8% had ACS
•BMI was the only significant
independent predictor of IAP
in multivariate analysis
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Critical Care Medicine 2006

Thorax 2008
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Summarize ACS
• Elevated IAP is common in obesity
• Important effects on abdominal viscera
• Raised pleural pressure has implications for
mechanical ventilation
• Awareness of pleural pressure is critical for
interpretation of CVP and Wedge
• Raised ICP may respond to laparotomy

Outline
• 1. Obesity effects on the abdomen
• 2. Obesity effects on the chest wall/lung
• 3. Implications for mechanical ventilation

Thorax 2008; Chest 2012
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Obesity Effects on Chest Wall
• Compliance of the lung but not the chest wall
is reduced in a number of obesity studies.
• Baseline position is altered i.e. pleural
pressure is positive but pressure/volume
characteristic is preserved.
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rest, lateral recumbent.
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Owens et al. Obesity 2012
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•Studied modest obesity by today’s standards
•Normal lung compliance
•Reduced chest wall compliance
•Likely confounded by behavioral influences during
wakefulness i.e chest wall muscle activity

JAP 1960 Cherniack

•Early chest wall studies were likely confounded by
behavioral influences
e.g. muscle activity during wakefulness
•Subsequent studies done during relaxed
wakefulness or paralysis or sleep
•Chest wall compliance is likely normal in obesity

JAP 1984
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Chest Wall Compliance vs. BMI
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CCM 2006
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Summarize Obesity and Chest Wall
• Most data indicate that the lung not the chest wall is stiff
• Evidence of alveolar collapse suggests benefits to PEEP
• Airway opening pressures tell us little about distending
pressures across the lung.
• 6 cc/kg tidal volume gives variable lung stretch.

Obesity 2012
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Outline
• 1. Obesity effects on the abdomen
• 2. Obesity effects on the chest wall/lung
• 3. Implications for mechanical ventilation

Thorax 2008

How Many Have a Good Sense How to
Ventilate this patient ?
• 45 year old with bilateral infiltrates has ABG of
pH=7.35 PaCO2=43 mmHg, PaO2=70 mmHg on
FIO2=0.6
• Who would give PEEP=8 cmH2O vs. 15 cmH2O?
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Malhotra et al, NEJM CPC 2003

NEJM 2013
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Conservative views expressed
6 cc/kg volume pre-set is the gold standard
Lower is better
Goal is to do no harm with ventilator i.e. prevent
mechanical injury
NEJM 9/07

Stress Concentration
• Estimated
concentration of
stress could be > 4
times that applied to
the airway
• Airway pressure of
30 cmH2O  140 cm
H2O in some regions
Mead, JAP 1970, 28(5):596
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• Very high shear forces can occur at
junctions of normal and abnormal lung
• No safe pressure (AJRCCM 2007)
• Strategies to promote homogeneity may
promote lung protection
• “get it open, leave it open”

• Homogeneity is everything

Recruitment Maneuver
• Prolonged high alveolar pressure to recruit
collapsed lung units
– PEEP 30 ‐ 40 cm H2O

–  PC of 20 cm H2O, Rate 10/min; I:E 1:1
– ½ ‐ 2 min

• PEEP to maintain recruitment

Before recruitment

After recruitment

Crit Care Med 2000, Chest 2007
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Baptista et al AJRCCM
2006

•
•
•
•
•

Open Lung Ventilation
PEEP > Pflex and Plateau < UIP
Permissive hypercapnia and recruitment maneuvers
Studied n=53 RCT sick patients
28 day survival 71% vs 38%

Amato et al NEJM 1998; Ranieri JAMA 1999
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Amato – caveats?
• Some have argued 71% control
mortality too high (3.6 organ failures)
• Small sample size???
• Findings confirmed by Ranieri et al.
who demonstrated lower cytokines
using lung protective strategy

Ranieri JAMA 1999

• Set ventilator based on PV curves
• Similar to Amato’s strategy

• one protocol violation kept this out of NEJM
CCM May 2006
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Transpulmonary Pressure
• Transpulmonary pressure (PL) is the pressure
actually distending the lung.
PL = Pao ‐ Ppl
• Knowing pleural pressure (Ppl) could allow
calculation of transpulmonary pressure (PL) to
individualize pressures appropriate to the lungs.
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NEJM 2015

Critique of Amato et al.
• Driving pressure independent of tidal volume
predictive value is surprising if not implausible
• Statistics were robust but complex
• Primary studies had relatively fixed tidal
volume diminishing its predictive value
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• Plateau pressure minus PEEP predicts mortality
in lots of different trials
• Incorporates scaling based on lung compliance
• Still emphasize importance of transpulmonary
pressure in determining lung stress

NEJM 2015

• Limiting driving pressure may help in
preventing ARDS (Blondonnet et al.)
• Caution if spontaneous breathing
• Raising PEEP is not the same as lowering tidal
volume even though similar driving pressure
• Tidal recruitment may maximize atelectrauma
but could lower driving pressure

Respirology in press
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NEJM 2013

Did Prior Studies Use the Right Target?
Vent

PL = Pao - PPl

Pao
PPl
Lung

PL is the pressure actually
distending the lung.
This may be very different
from the pressure measured
at the airway.

Chest Wall
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PL May be Very Different then Pao
Vent

PL = Pao - PPl

Pao

PPl
Lung

Titrating ventilation
based on
ventilator
pressures does
not allow us to
take this variability
into account

Chest Wall

In Humans

Gattinoni. Am J Respir Crit Care Med Vol 164. pp 1701–1711, 2001
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Patient Oxygenation‐ Repeated Measures
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• Studied high vs. low PEEP and showed
no difference
• PEEP set based on oxygenation tables
which were reasonably arbitrary.
NEJM July 2004

Clinical Trial Oxygenation vs. Mechanics
Oxygenation
ALVEOLI ‐ negative
LOVS ‐ negative
Mechanics
Amato ‐ positive
Villar ‐ positive
EpVent ‐ positive
? Express ‐ equivocal
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ICM 2014, Crit Care 2015

Convenience
Debate over mechanism
Likely not just a function of paralytics
Patient ventilator synchrony may be important
It may be the only thing that works !

JTD 2018
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Effect of Lung Recruitment and Titrated Positive End-Expiratory Pressure (PEEP)
vs Low PEEP on Mortality in Patients With Acute Respiratory Distress Syndrome
A Randomized Clinical Trial
Writing Group for the Alveolar Recruitment for Acute Respiratory Distress Syndrome
Trial (ART) Investigators, Alexandre Biasi Cavalcanti, MD, PhD, [...], and Carlos
Roberto Ribeiro de Carvalho, MD, PhD

Increased mortality using strategy I recommend
Ouch
Maybe some design flaws e.g. best compliance

JAMA 2017

Rethinking the ARDS Lung

46
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Clinics Chest Medicine 2016
The ARDS “Baby Lung”

Well
aerated
Poorly
aerated

Collapsed

47

Figure from: Moloney. Br J Anaeth. 2004;92:261-270.

Baby Lung: Implications for Lung Injury
• Well-aerated regions

Risk of overdistension
(volutrauma/barotrauma)

• Poorly aerated regions

Risk of cyclic atelectasis

• Collapsed regions

Decrease lung volume
available for ventilation

• Inhomogeneity
(border zones)

High shear forces

Best evidence: therapies targeting optimal mechanics
48
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Recruitment Maneuver Volume (VRM)
Continuous Positive Airway Pressure of 40 cmH2O
for 30 seconds

Flow: AUC = VRM

Recruitment Maneuver Volume (VRM)
49

Beitler et al. Crit Care Med. 2016;44:91-99

Recruitment Maneuver Volume (VRM)

50

Beitler et al. Crit Care Med. 2016;44:91-99
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Predicting Lung Stress & Mortality
• End-inspiratory stress: Ptp = Paw – Ppl

• VRM predicts risk of death (OR 0.84, 95% CI 0.71-1.00; p = .02)
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Beitler et al. Crit Care Med. 2016;44:91-99

VT/VRM: Scaling VT to Baby Lung Size
• VRM = maximum insufflation volume achievable under
clinically plausible conditions
• Analogous to relative inspiratory capacity measured beginning
from PEEP

• VT/VRM = fraction of the potentially available lung
volume that is insufflated with each tidal breath
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Beitler et al. Crit Care Med. 2016;44:91-99
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VT/VRM: Scaling VT to Baby Lung Size

CCM 2016
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Beitler et al. Crit Care Med. 2016;44:91-99

Summary
• Oxygenation is one of many factors that influences ventilator settings
• Mechanics may be more important than oxygenation since patients rarely
die from low PO2 and the goal is to do no mechanical harm with ventilator
• Multiple factors including individual’s hemodynamics and mechanics should
influence PEEP decisions as well as response to therapy (recruitability)
• We need more RCTs but small existing studies which have titrated ventilator
settings based on lung and chest wall mechanics have succeeded.
• Providing tidal volume consistent with the available lung for gas exchange
deserves further study
• EPVENT 2 and ROSE are soon to release
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