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Why so many ñmodes?ò



Hierchical set point control

Hierchical servo control

Hierchical dual control

Adaptive dual control

Auto- set point control

Tactical control

Strategic control

Intelligent control

Classification of ventilators:
Feedback control function

Gee, thanks, Rob!



Please, isnªt there 
a simpler way to describe 
these «modes?¬



ñModesò of Ventilation

1: spontaneous breathing

Negative 
intrathoracic 

pressure aids in 
venous return



ñModesò of Ventilation
2: mechanical PPV

Positive intrathoracic 
pressure decreases 

pulmonary blood flow & 
impedes cardiac function





So, why donªt we use 
Negative Pressure

Vents?

How about the «cuirass¬
Vent?



CMV
No spontaneous

breaths

CPAP
All spontaneous

breaths

A/C

SIMV
MMV

APRV

The spectrum of patient- ventilator interaction

PSV



Current concepts in Ventilator- Patient Management:
Ventilation Modes

Who are the patients we treat?



Restrictive Lung Disease

Pulmonary Fibrosis

ARDS 

Pneumonia 



Decreased lung volume results in
increased work of breathing

Livinô low on 
the curve:

ÅWOB high 
(less V for the P)

Ålow VT

Åhigh rate to 
maintain Ve

Åincreased VD/ VT



Decreased lung volume results in 
right to left shunting

Low V/Q

Åhypoxemia

Åunresponsive to
increased FiO2 
if QS/QT > .30

ÅTx:  PPV + PEEP



Conventional Ventilation in ARDS/ ALI

Low PEEP - Normal VT High PEEP - Normal VT High PEEP - Low VT

Åde- recruitment
Åshear force injury

Åoverdistention
Åvolutrauma

Åhypercapnia
Åheavy sedation



Results of the ARDSnet low tidal volume study

ÅStudy was halted at 831 
patients because mortality was 
significantly lower in the Low VT
(31.0%) group than the High VT
group (39.8%).

ÅCompared High VT (12mL/ kg) 
to Low VT (6 mL/kg) in severe 
ARDS/ ALI.

Still, mortality of 31% is unacceptably high, right?

BTW, all patients in both groups received CMV.



Gravity dependence in lung disease

ARDS: A-P CXR, supine ARDS: CT scan, supine



Effects of Positive End-Expiratory Pressure on Regional 
Distribution of Tidal Volume and Recruitment in Adult 

Respiratory Distress Syndrome

Gattinoni, Pelosi, Crotti, Valenza: Am J Resp Crit Care Med 1995

ARDS
is not a 

diffuse lung 
disorder



Gattinoni, et al: Am J Resp Crit Care Med 1995

Ålung volume recruitment

Åmore homogenous gas 
distribution

Ådecreased QS/QT

Åimproved oxygenation

Åmay overdistend 
ñhealthyò lung areas

Åshear forces of PPV may 
injure lung further 

Effects of PEEP in ARDS/ ALI



Positive Pressure Ventilation preferentially 
ventilates non- dependent areas of the lungs

Volutrauma!

Atelectrauma!

Biotrauma!

Starts an ñinflammatory cascadeò which may lead to 
multi- organ systems failure, and high risk of death.  



Use the other ñModeò of ventilation:
Spontaneous Breathing



1979- 1985 

Tx of Acute 
Respiratory Failure 

with 
High- level
Face CPAP

- John B Downs, MD, et al



ñIf this...

why not this?ò



Airway Pressure Release Ventilation

What is it ?

ÅCPAP at level for lung recruitment

Åspontaneous breathing during CPAP

Åintermittent release of pressure for ventilation

Åshort release time that doesnôt cause loss of FRC 

with:



Just a different way
of looking at things...



Pulmonary Mechanics of Spontaneous and 
Mechanically Assisted Breaths

*

Mammel, Fisher, Bing. Pediatric Pulmonology, 1990

***
***

**

Breath type

Mechanical (n=9)

Spontaneous (n=9)

Vt 
mL/ kg

5.6 ± 1.3

3.0 ± 1.0

C/ kg 
mL/ cm H2O/ kg

0.41 ± 0.19

0.61 ± 0.39

Raw
cm H2O/ L/ sec

71.5 ± 40

29.5 ± 24

P 
cm H2O

16.0 ± 4.2

8.0 ± 3.6

* P < 0.05 P < 0.01 P < 0.001***
**



Spontaneous Breathing During Ventilatory Support Improves 
Ventilation- Perfusion Distributions in Patients with ARDS

adapted from:Putensen, Mutz, Putensen- Himmer, Zinserling: Amer J Resp CCM 1999

Å24 adults randomized to PSV,  APRV with and without spontaneous breathing

Åcomparison at equal Paw or equal Ve (12 each group)

Å12 ± 3 days ventilatory support, 71% (17/ 24) cumulative survival
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Airway Pressure Release Ventilation (APRV) Enhances Cardiac 
Performance in Patients with ALI/ ARDS

adapted from:Kaplan, Bailey, Formosa: Crit Care 2001
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Å12 adults crossed over from PCV or PCV-IR to APRV

Åimproved hemodynamics and oxygenation at lower peak and mean Paw

Åless sedation, no paralytics with APRV

PCV (NO SB) APRV (allowed SB)



The Use of Continuous I.V. Sedation is Associated 
with Prolongation of Mechanical Ventilation.

adapted from:Kollef MH, Levy NT, Ahrens TS, et al: Chest, 1998 

ÅProspective study of 242 ventilated ICU patients
Å93 received continuous I.v. sedation
Å149 received either bolus (64) or no (85) sedation

Duration of MV (hrs) ICU stay (days) Hospital stay (days)

Continuous sedation Non- continuous sedation

185

56

13.5

4.8

21.0

12.8

p < 0.001



Long- Term Effects of Spontaneous Breathing During Ventilatory 
Support in Patients with Acute Lung Injury 

Putensen, Zech, Wrigge, et al: Amer J Resp CCM 2001

APRV PCV

Survivors, n (%) 12 (80) 11 (74)

ARDS, n (%) 3 (20) 11 (74)

ALI non ARDS, n (%) 8 (53) 4 (27)

sepsis, n (%) 9 (60) 10 (67)

Duration of MV, days 15 ± 2 21 ± 2

Duration of intubation, days 18 ± 2 25 ± 2

ICU stay, days 23 ± 2 30 ± 2

YELLOW = p ¢0.03

Å30 trauma adults randomized to PCV or APRV  for 72 hours

ÅAPRV allowed spontaneous breathing, PCV group received NMB

ÅAPRV group had better Crs, PaO2, CI, DO2, V/Q



Anesthetized

Awake

Hedenstierna, G, Lichtwark- Aschoff. Interfacing 
spontaneous breathing and mechanical 
ventilation
Minerva Anestesiologica 2006

CT scans & V/Q



What is the only �O�X�Q�J���´�U�H�F�U�X�L�W�P�H�Q�W���W�H�F�K�Q�L�T�X�H�µ��
that has consistently shown to be effective?


