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FREQUENCY



Effects of Decreased Respiratory Frequency on

Ventilator-induced Lung Injury

“…decreasing respiratory frequency can improve 
these indices of lung damage”

Hotchkiss,Jr., et al. Am J Respir Crit Care Med 

161,463-468, 2000



Lethal Systemic Capillary Leak Syndrome Associated 
with Severe Ventilator-induced Lung Injury:  An 

Experimental Study

Srinivas Mandava, et. al.

-Peak inspiratory pressure of 50 cm H2O  
-Respiratory rate of 4 breaths/min
-No capillary leak syndrome 

-Increased respiratory rate from 4 to 8 breaths/min 
-Lethal systemic capillary leak syndrome
-Multiple system organ failure

Crit Care Med 31:2003 



* p < 0.05 for the comparison with F20P35



FREQUENCY
HYPERCAPNIA



Shibata, et al. Hypercapnic acidosis may attenuate acute lung 
injury by inhibition of endogenous xanthine oxidase AJRCCM 
1998; 158:1578-84

Laffey, et al. Therapeutic hypercapnia reduces pulmonary and 
systemic injury following in vivo lung reperfusion. AJRCCM 
2000;162:2287–2294



FREQUENCY
HYPERCAPNIA
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FREQUENCY
HYPERCAPNIA

IRV
IRV WITH PEEP

REC MANEUVER
REC MANEUVER WITH PEEP



Ventilation with Lower Tidal Volumes as Compared with 

Traditional Tidal Volumes for Acute Lung Injury and the Acute 

Respiratory Distress Syndrome

The Acute Respiratory Distress Syndrome Network

The New England Journal of Medicine, Vol. 342;1301-1308:2001

(Only 160/867 patients had P/F < 200 mmHg!)
)



From IMV with CPAP To 
APRV:

A Natural Evolution From 

Protective to preventive 

Ventilation



AND

   A Logical Approach to Lung Protective

                 Ventilatory Strategy



IF
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WHY NOT
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APRV ≠ BIPAP



Spontaneous breathing during ventilatory support 
improves ventilation-perfusion distributions in patients 
with acute respiratory distress syndrome.
      Putensen C, Mutz NJ, Putensen-Himmer G, Zinserling J.

These findings indicate that uncoupling of spontaneous and 
mechanical ventilation during APRV improves V A/Q matching in ARDS 
presumably by recruiting nonventilated lung units. Apparently, 
mechanical assistance of each inspiration during PSV is not sufficient 
to counteract the V A/Q maldistribution caused by alveolar collapse in 
patients with ARDS.

                                            Am J Respir Crit Care Med. 1999 Apr;159(4 Pt 1):1241-8. 



  PSV  PCV  APRV
Paw (cm H2O)  21 ± 1  20 ± 1   21 ± 1

Pes (cm H2O)  9.2 ± 1.3 11.8 ± 0.9* 8.2 ± 0.7**

PL (cm H2O)  11.8   8.2   12.8

   *P<0.05 to PSV
   **P<0.05 to PSV & PCV

      Putensen, et al
      AM J Respir Crit Care Med
      159: 1241-1248, 1999



  PSV  PCV  APRV
QSP / QT (%)                29 ± 4  33 ± 4   24 ± 3*

Pa O2 (mmHg)                 86 ± 4  82 ± 4  102 ± 4*

VD/VE (%)    41 ± 7  44 ± 9  38 ± 6*

   *P<0.05 
   
      Putensen, et al
      AM J Respir Crit Care Med
      159: 1241-1248, 1999



    PSV    PCV  APRV
PVR (dyne/sec/cm5) 115 ± 0.2 130 ± 19 95 ± 17**

CI (L/min/m2)  5.3 ± 0.2  5.0 ± 0.2 5.6 ± 0.2**

O2 DEL (L/min)                   684 ± 26   683 ± 30               782 ± 28**

VO2 (ml/min/m2)                   170 ± 7        157 ± 5*  163 ± 6

 O2 ER (%)    23 ± 1                     23 ± 1    21 ± 1**

   *P<0.05 to PSV
   **P<0.05 to PSV & PCV

      Putensen, et al
      AM J Respir Crit Care Med
      159: 1241-1248, 1999   

• 



Pressure Support Ventilation 
(PSV) IS NOT spontaneous 
ventilation



Spontaneous breathing 
improves lung aeration in 
oleic acid-induced lung 
injury.

Wrigge M et al. Anesthesiology. 2003;99:376-84. 





Effects of spontaneous 
breathing during airway 
pressure release 
ventilation on intestinal 
blood flow in experimental 
lung injury.
           Hering R, et al.  Anesthesiology. 2003;9):1137-44. 



Effects of spontaneous 
breathing during airway 
pressure release ventilation 
on respiratory work and 
muscle blood flow in 
experimental lung injury.

Hering R, et al.  Chest. 2005;128:2991-8. 



Airway pressure release ventilation as a primary 
ventilatory mode in acute respiratory distress 
syndrome.

Varpula T, et al.  Acta Anaesthesiol Scand. 2004 Jul;48(6):722-31. 

Initial P/F was 150 mmHg. Inspiratory pressure was lower in 
the APRV-group (25.9 +/- 0.6 vs. 28.6 +/- 0.7 cmH2O), but 
mortality was equivalent (17% and 18%, respectively).  

CONCLUSION: We conclude that when used as a primary 
ventilatory mode in patients with ARDS, APRV did not differ 
from SIMV with PS in clinically relevant outcome. 



83% SURVIVAL!!!



JAMA Surg. doi:10.1001/jamasurg.2014.1829 
Published online September 17, 2014. 



Use of Time to Recruit





JAMA Surg, 2014

ARDSNet Ventilation Method





Optimizing Time

Inspiratory Time ~ 1.0 second Inspiratory Time ~ 5.0 seconds





JAMA Surg, 2014

Time Controlled Adaptive Ventilation (TCAV) Method of Setting APRV



HOW TO DEBUNK JUST ABOUT 
ANYTHING
                                   Daniel Drasin



Avoid examining the actual evidence. 
This allows you to say with impunity, 

  "I have seen absolutely no evidence to 
support such ridiculous claims!" 



(Note that this technique has withstood the test of time, and 
dates back at least to the age of Galileo. By simply refusing to 
look through his telescope, the ecclesiastical authorities bought 
the Church over three centuries' worth of denial free and clear!) 



“The only thing new is 
history we don’t 
remember.”

    Harry S. Truman
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AIRWAY PRESSURE RELEASE VENTILATION MAINTAINS ALVEOLAR STABILITY 
BY LIMITING LOSS OF LUNG VOLUME DURING RELEASE PHASE OBVIATING PEEP

N. Habashi, L. Gatto, P. Andrews, S. Roy, J. Satalin, K. Snyder, A Ghosh, B Emr, G. Nieman  
1) R Adams Cowley Shock Trauma Center - University of Maryland School of Medicine, Baltimore, MD; 

2) SUNY Cortland, Cortland NY; 3) SUNY Upstate Medical University, Syracuse, NY

SHOCK June 2012
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N. Habashi, L. Gatto, P. Andrews, S. Roy, J. Satalin, K. Snyder, A Ghosh, B Emr, G. Nieman  
1) R Adams Cowley Shock Trauma Center - University of Maryland School of Medicine, Baltimore, MD; 

2) SUNY Cortland, Cortland NY; 3) SUNY Upstate Medical University, Syracuse, NY



MacMacro vs Micro Ventilation vs 
vs Micro Ventilation

Normal Alveolar Microstrainar M-Strain Abnormal Alveolar Microstrainolar M-Strain
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Maintaining FRC with Time 









Macro vs Micro Ventilation

Normal Alveolar M-Strain Abnormal Alveolar M-Strain











Intensive Care Medicine Experimental 2015;3:35



Kollisch-Singule, et al. Intensive Care Med 2015;3

LTV APRV



Kollisch-Singule, et al. Intensive Care Med  2015;3

LTV APRV



Jnl Surg Res 166, e71-81 (2011)



Albert S et al J Surg Res 2011;166



Prior to developing ARDS, most 

patients receive mechanical 

ventilation for some period of time.

Preventive





J Trauma Acute Care Surg. 2012. 73;2:391-40040-0



Roy, et al. J Trauma Acute Care Surg 2014;73



Roy, et al. J Trauma Acute Care Surg 2014;73



Shock 2013;40:210-216



Roy, et al. Shock  2013;40



JAMA Surg. Doi:10.1001/jamasurg.2013.3746

Published online September 11, 2013



Emr, B, et al. JAMA Surgery  2013



J Trauma Acute Care Surg 2013;75:635-641





Roy, et al. Shock  2013;39

APRV LTV


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: AND
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21:    PSV  PCV  APRV Paw (cm H2O)  21 ± 1  20 ± 1   21 ± 1  Pes (cm H2O)  9.2 ± 1.3 11.8 ± 0.9* 8.2 ± 0.7**  PL (cm H2O)  11.8   8.2   12.8     *P<0.05 to PSV    **P<0.05 to PSV & PCV        Putensen, et al       AM J Respir Crit Care Med       159
	Slide 22
	Slide 23:      PSV    PCV  APRV PVR (dyne/sec/cm5) 115 ± 0.2 130 ± 19 95 ± 17**  CI (L/min/m2)  5.3 ± 0.2  5.0 ± 0.2 5.6 ± 0.2**  O2 DEL (L/min)                   684 ± 26    683 ± 30               782 ± 28**  VO2 (ml/min/m2)                   170 ± 7    
	Slide 24: Pressure Support Ventilation (PSV) IS NOT spontaneous ventilation
	Slide 25:           Spontaneous breathing improves lung aeration in oleic acid-induced lung injury. 
	Slide 26
	Slide 27
	Slide 28: Effects of spontaneous breathing during airway pressure release ventilation on respiratory work and muscle blood flow in experimental lung injury. 
	Slide 29: Airway pressure release ventilation as a primary ventilatory mode in acute respiratory distress syndrome. 
	Slide 30
	Slide 31
	Slide 32: Use of Time to Recruit
	Slide 33
	Slide 34
	Slide 35
	Slide 36: Optimizing Time
	Slide 37
	Slide 38
	Slide 39: HOW TO DEBUNK JUST ABOUT ANYTHING                                    Daniel Drasin
	Slide 40
	Slide 41
	Slide 42: “The only thing new is  history we don’t  remember.”      Harry S. Truman
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49: Maintaining FRC with Time 
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74

