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What is APRV?

• APRV is different from conventional mechanical 

ventilation

– Conventional: Peep maintains recruitment, and volumes 

are delivered on top of peep. Peep should be above the 

lower inflection point of the volume/pressure curve. 

Volumes should be minimized (ARDSnet)

– APRV: Pressure limited, time-cycled, time-initiated, 

volume-variable mode which limits peak airway pressure 

and allows spontaneous breathing to occur at a higher 

FRC throughout the entire ventilator cycle



APRV

• Maintains continuous high-pressure which 

overcomes tendency to atalectasis

• Increases FRC (to baseline)

• It allows spontaneous breathing throughout the 

respiratory cycle

• As opposed to conventional ventilation, maximal 

inspiratory pressure is at inspiration and occurs of 

80 – 95% of the respiratory cycle, and alveolar 

collapse is limited by timing the release to the time-

constant of the expiratory flow



Lower inflection point and peep

Am J Med Sci 2009; 337:360

Why not start here??



What are the arguments against APRV?

• Too high a pressure…this must be bad for the lungs

• Auto peep…you are not measuring it!

• We already have perfection in ARDSnet..it is the 

only mode that reduces mortality in ARDS in the 

literature!

• People stay on the vent too long

• Too complex

• Before we get to how to use it, lets address these



It’s bad for the lungs…too much pressure

• Actually the opposite…if Phigh is too high, yup you 

are going to have trouble. With appropriate Phigh the 

lung is stented open at its normal volume.

– Less alveolar collapse and re-recruitment which decreases 

lung injury!

– More to come on this
• Am J Respir Crit Care Med 1999;160(6):2118-2124 



Autopeep = bad you are not measuring it!

• No, you are not measuring the exact pressure of the 

autopeep, but that does not matter!

– It is less than the Phigh

– It is titrated by the Tlow

– It should be based on the time constant (t) of expiratory 

flow
• t = C X R where C = compliance and R = resistance of the airway circuit

• 4 time constants equal full deflation of the lung (think of it like a half-life)

• 1 time constant is needed to empty the lung to 63% of total lung volume at 

Phigh

• At this level alveoli stay open, but ventilation occurs

• It represents a reduction in peak expiratory flow (which is a product of 

compliance and resistance….aha!) to somewhere around 2/3 peak flow



But ARDSnet is already proven to reduce 

mortality!

• Really? Mortality still 30+% in the experimental 

group



Too complex and people stay on the vent too 

long

• This may be a legitimate critique…



Lets delve into all of these a little deeper

• First…the pressures are too high! Too much 

intrathoracic pressure will decrease preload then 

decrease cardiac index and be bad for the patient



• Improved cardiac index

• Improved O2 Delivery

• Improved shunt

• Improved compliance

• Reduced sedation requirements

• Reduced vasopressors and inotropes

• (Compared to paralyzed patients)

– Putensen et al. Am J Respir Crit Care Med 2001; 164:43

• Increased lung compliance, and more open alveoli 

reduces pulmonary vascular resistance and allows 

for increased flow and therefore filling of the L heart!



But auto-peep….you have auto-peep you are 

not measuring!

Again, we are using a plow of zero and titrating the 

auto-peep via limiting the time of expiration. There are 

a bunch of gory details we need to delve into to 

understand this process



• Using Plow of zero restricts the variable needed to 

control end-expiratory volume to a single easily 

measurable variable: time

• The artificial airway itself is a resistor in the circuit 

limiting expiratory flow

• By limiting the time of expiration against this resistor, 

peep/auto-peep is maintained. 

• IT IS ALWAYS LESS THAN Phigh!

– Am Rev Respir Dis 1989; 140:10 –16 

– Crit Care Med 1989; 17:671– 677 



Crit Care Med 2005 Vol. 33, No. 3 (Suppl.): S228 



• The final result is when applied correctly, the lung 

will move from a full but not over-distended FRC to 

about 2/3rds FRC.

• In a lung that is fully recruited, this may mean the 

release volumes are up to a liter, but each alveoli is 

only shrinking by a 1/3 and is maintained in an open 

manner….more on this later



OK, I am beginning to get it now….but 

ARDSnet actually improves outcomes right?

• Randomized controlled trial

• Volume assist/control

• High tidal volume group: 12 cc/kg predicted body weight 

or decreased to keep plateau pressure ≤ 50 cm H20

• Low tidal volume group 6 cc/kg, could be increased to 7 

or 8 cc/kg if plateau ≤ 30 cm H20





Sounds great

• But 12 cc/kg

– This was not standard of care at the time
• 8 – 10 cc/kg more common

– How does ARDSnet compare to standard of care at the 

time?

– Still was a 30% mortality!
• Can we be any more specific?



Yes we can! Crit Care Med 2005 Vol. 33(5): 1141



So we can use APRV safely but how?

• Start with Phigh…generally set at desired plateau 

pressure, or alternatively 2 – 4 cm H2O above mean 

pressure if on conventional mode

• Adjust to optimize FRC (This cannot be taught easily 

and is the toughest variable to account for.)

– Product of lung compliance, chest wall observation, 

mechanics and flow.

• Usually 20 – 35 cm H2O, though if significant 

extrinsic compliance exists, maybe higher

– My record is 89/0….patient did not die from their lung 

disease!

• Set Plow at zero ALWAYS!



• Thigh can usually be set from 4 – 6 seconds. 

– With a very high Phigh, may need to drop to 3

• Tlow is the most “complex” but the most easy

– Usually start around .3 - .6 seconds
• (higher in patients with obstructive disease)

– Titrate rapidly for T-PEFR of 50 – 75% with a good goal 

being 66% (2/3 PEFR)



I still don’t see how the lung doesn’t 

overdistend? 



What happens on the vent?

Compliance worsens

• Lung elasticity increases

• Chest wall recoil and 

ability to fight the lung 

decreases

• Edema and swollen 

abdomens push in

• FRC drops, RV drops

• Phigh “stents” the lung at 

normal FRC and allows 

easier spontaneous 

breathing!





Simply adding a tidal volume overdistends anterior 

and apical alveoli!

Large tidal volume



Stress index

Am J Respir Crit Care Med 2007; 176:761



Stress index

Am J Respir Crit Care Med 2007; 176:761



What about real world data…what you have 

shown me is great, but……I need data!

J Trauma Acute Care Surg. 2013; 75(4):635



J Trauma Acute Care Surg. 2013; 75(4):635



Shock. 2013; 39(1):28



JAMA Surg. 2013;148(11):1005



Shock 2013; 40(3):210



Shock 2013; 40(3):210



Shock 2013; 40(3):210



Final word

• It may not be the tidal pressure, volume delivered, 

nor what we are measuring at the vent that counts in 

regards to ventilator induced lung injury

• It may be the actual pressure and flows at the 

alveolar level

• “low tidal volume” may not be so low at the alveolar 

level in certain instances

– If only ¼ of the alveoli in the anterior apical spaces are 

receiving the majority of the LTV, they may overdistend



• In a fully recruited lung, large release volumes may 

still result in less distension and gas movement over 

individual alveoli

• Maybe ARDS is a preventable disease?



Thank you


