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Use compliance to titrate PEEP in ARDS
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De-recruited lung

Duggan and Kavanagh Anesthesiology 2005, 102: 838-854



How does APRV work?

1. Oxygenation by diffusion into open alveoli

2. CO2 clearance by ventilation



How does apnoeic oxygenation work?



Release phase

❖ Release phase is for CO2 clearance

❖ Release volume is NOT tidal volume

❖ Will be dictated by the pressure differential between 

P High and P low and patient’s lung compliance



Turning ventilation upside down

APRV with release ventilation (release of CPAP)
and spontaneous breathing during upper pressure plateau



decrease in PaCO2 as machine frequency
decreases. This has been previously de-
scribed and is similar to improved CO2
clearance with increasing I:E ratios (47–
51). Despite the intermittent nature of
ventilation, CO2 delivery to the lung is
continuous as cardiac output transfers
CO2 into the alveolar space, provided air-
ways remain open (52). During the brief
Tlow, released gas is exchanged with fresh
gas to regenerate the gradient for CO2
diffusion. In addition, cardiogenic mixing
results in CO2 movement toward central
airways during the Thigh or breathhold
period (46, 53–55), improving the efficacy
of the release for ventilation. The addi-
tion of spontaneous breaths during the
Thigh period at Phigh (higher lung volume)
further enhances recruitment and venti-
lation efficiency (Fig. 3).

The risk of using APRV as a cyclic
mode and attempting to increase the ma-
chine frequency and minute ventilation
by reducing Thigh may sacrifice alveolar
ventilation and oxygenation. Reducing

Thigh will lead to a reduction in mean
airway pressure, potentially resulting in
airway closure, decreasing alveolar sur-
face area for gas exchange.

In addition to spontaneous breathing,
ventilation is augmented during APRV as
a result of the release phase. The release
phase is determined by the driving pres-
sure differential (Phigh - Plow), inspiratory
lung volume (Phigh), the potential energy
(recoil or compliance of the thorax and
the amount of energy stored during
Thigh), and downstream resistance (artifi-
cial airway). Plow and Tlow regulate end-
expiratory lung volume and should be
optimized to reduce airway closure/
derecruitment and not as a primary ven-
tilation adjustment. Generally, to main-
tain maximal recruitment, the majority
of the time or Thigh (80–95% of the total
cycle time) occurs at the Phigh or CPAP
level. To minimize derecruitment, the
time (Tlow) at Plow is brief (usually be-
tween 0.2 and 0.8 secs in adults).

Because patients can maintain their
native respiratory drive during APRV,
spontaneous inspiratory and expiratory
time intervals are independent of the
Thigh, Tlow cycle (56). Thus, the release
phase does not reflect the only expiratory
time during APRV when patients are
breathing spontaneously. Therefore,
spontaneous expirations will occur at the
upper pressure or Phigh phase. Active ex-
halation during the Phigh phase may re-
sult in additional recruitment and vol-
ume redistribution analogous to
grunting respiration in neonates, thereby
improving ventilation/perfusion (V/Q)
matching (22, 57–61).

The release time (Tlow) may be titrated
to maintain end-expiratory lung volume
(EELV)/(end-release lung volume [ERLV]).
The end-release lung volume can be ad-
justed and continually assessed by using
the expiratory flow pattern (Fig. 4). The
expiratory gas flow is a result of the inspira-
tory lung volume, the recoil or drive pres-
sure of the lung, and downstream resis-
tance (artificial airway, circuit, and PEEP
valve) (Fig. 5). Experimental data in a por-
cine ALI model using dynamic computed
tomography scanning shows that airway
closure occurs rapidly (within 0.6 secs) (38,
62). However, the rapid airway closure in
pig models of ALI may be related to poor
collateral ventilation as opposed to human
lungs. Collateral ventilation may play a sig-
nificant role in recruitment/derecruitment
in ALI (63).

Using a Plow of zero allows end-
expiratory/release lung volume to be con-
trolled by one parameter (time). The in-
herent resistance of the artificial airway
behaves as a flow resistor/limiter and, if
coupled with a brief release time, can
effectively trap gas volume to maintain
end-release or expiratory pressure
(PEEP) (64, 65). During passive expira-
tion or release in patients with ARDS,
expiratory time constants are signifi-
cantly modified (increased threefold) by
the flow-dependent resistance of the arti-
ficial airway (66, 67).

Because the artificial airway produces a
nonlinear, flow-dependent resistive load
and the release results from a high lung
volume, flow resistance will be highest at
the initial portion of the release phase (67–
69). The Tlow or release phase is terminated
T-PEFR rapidly before the flow-dependent
expiratory load is dissipated, resulting in
end-expiratory volume and pressure.

The residual pressure and volume in
the lung during the brief release phase
typically yields end-release or end-

Figure 2. Ventilation during airway pressure release ventilation is augmented by release volumes and
is associated with decreasing airway pressure and lung distension. Conversely, tidal volumes during
conventional ventilation are generated by increasing airway pressure and lung distension. Reprinted
from ICON educational supplement 2004 with permission.

Figure 3. Gas exchange during airway pressure release ventilation. A, mean airway pressure (lung
volume) provides sustained mean alveolar volume for gas diffusion. B, alveolar gas volume combined
with cardiac output provides continuous diffusive gas exchange between alveolar and blood compart-
ments despite the cyclic nature of ventilation. C, CO2-enriched gas is released to accommodate
oxygen-enriched gas delivered with the subsequent inspiratory cycle. New inspiratory volume is
introduced, regenerating diffusion gradients. Reprinted from ICON educational supplement 2004 with
permission.
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compared with a protective conventional
ventilation strategy.

CONCLUSION

Clinical and experimental studies
with APRV demonstrate improvements
in physiological end points such as gas
exchange, cardiac output, and systemic
blood flow (3, 4, 6, 11, 13, 26, 90). APRV
facilitates spontaneous breathing and
improves patient tolerance to mechan-
ical ventilation by decreasing patient–
ventilator dyssynchrony. Additional
studies document reduction in sedation
and NMBAs with APRV, and some, but
not all (10), studies suggest less venti-
lator days and shorter length of inten-
sive care unit stay (3, 4, 11, 12, 23, 25,
111). An adequately designed and pow-
ered study to demonstrate a reduction
in mortality or ventilator days with
APRV compared with optimal lung pro-
tective conventional ventilation has not
yet been performed. APRV (combined
with tube compensation software) re-
mains unique among potential “open

lung” approaches to lung protective
mechanical ventilation with the ability
to facilitate spontaneous breathing.
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Figure 8. Airway pressure release ventilation weaning and gradual transition to pure continuous positive airway pressure (CPAP). Tube compensation may
be used with the onset of spontaneous breathing and is not limited to the final weaning phase. A, sequentially decreasing Phigh and increasing Thigh

simultaneously results in a gradual reduction of mean airway pressure. Mean airway pressure is reshaped to produce a lower and extended pressure profile.
B, patient’s increased spontaneous minute ventilation increases as fewer releases in Phigh contribute less to the total minute ventilation. Eventually, the
release phase provides minimal contribution to the total minute ventilation, and the patient has transitioned to CPAP (tube compensate remains active).
Reprinted from ICON educational supplement 2004 with permission.
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Thigh. During conventional ventilation,
inspiratory tidal volumes must overcome
airway impedance and elastic forces of
the restricted lung from a lower baseline
resting volume, increasing the energy or
pressure required to distend the lung and
chest wall. Furthermore, as thoracic
compliance decreases, the inspiratory
limb of the volume/pressure curve shifts
to the right, i.e., more pressure is re-
quired to deliver a set tidal volume. How-
ever, the expiratory limb remains unaf-
fected by the prevailing volume/pressure
relationship and extends throughout all
phases of injury (30). APRV uses the more
favorable volume/pressure relationship of
the expiratory limb for ventilation by ap-
plying a near-sustained inflation or re-
cruitment state (31).

Alveolar recruitment is a pan-inspira-
tory phenomenon. Successful recruiting
pressure depends on the yield or thresh-
old opening pressure (TOP) of lung units.
ALI/ARDS may have a multitude of TOP
distributed throughout the lung (32–35).
In addition to TOP, the time-dependent
nature of recruitment should also be con-
sidered. Although the exact mechanisms
are not known, the lung is interdepen-
dent and recruitment of air spaces results
in radial traction of neighboring alveoli,
producing a time-dependent ripple effect
of recruitment (36–38).

As lung units recruit, the additional
time (Thigh) at Phigh provides stability as
an “avalanche” of lung units pop open
(37, 38). Conceptually, superimposed

spontaneous breaths at a high lung vol-
ume rather than brief and frequent tidal
ventilation between PEEP and end-
inspiratory pressure may be more suc-
cessful in achieving progressive and sus-
tained alveolar recruitment.

Airway opening is dynamic as the lung
creeps to the recruited lung volume.
Compliance and resistance (time con-
stants) of recently recruited lung units
decrease the inflating or sustaining pres-
sure requirements. Therefore, progres-
sive extensions of Thigh may be critical for
sustaining recruitment as time constants
evolve (38). Furthermore, the sustained
Thigh period may encourage spontaneous
breathing at an upper and open lung vol-
ume, improving efficiency of ventilation.

Although recruitment maneuvers may
be effective in improving gas exchange
and compliance, these effects appear to
be nonsustained, requiring repeated ma-
neuvers (39, 40). Alternatively, APRV may
be viewed as a nearly continuous recruit-
ment maneuver with the Phigh providing
80% to 95% of the cycle time creating a
stabilized “open lung” while facilitating
spontaneous breathing. Fundamentally,
assisted mechanical breaths cannot pro-
vide the same gas distribution as sponta-
neous breaths. Therefore, during a re-
cruitment maneuver in a passive
respiratory system, the nondependent
lung regions distend first until applied
airway pressure reaches and exceeds the
high TOP of the dependent lung units,
increasing the threat of overdistention.

Conversely, spontaneous breathing favors
dependent lung recruitment through the
application of pleural pressure. Sponta-
neous breaths at the CPAP level (Phigh)
improve dependent ventilation through
pleural pressure changes rather than the
application of additional applied airway
pressure (5, 6, 26). The recruited lung
requires less pressure than the recruiting
lung. Therefore, maintaining lung vol-
ume and allowing spontaneous breathing
from the time of intubation by using
APRV (CPAP with release) may reduce the
need for recurrent high CPAP recruit-
ment maneuvers (41). If a recruitment
maneuver is desired during APRV, the
Phigh and Thigh can be adjusted to simu-
late a conventional CPAP-type recruit-
ment maneuver (e.g., Phigh 40–50 cm
H2O and Thigh 30–60 secs).

Conventional volume ventilation lim-
its recruitment to brief cyclic intervals at
end-inspiration or plateau pressure. Lung
regions that are recruited only during
brief end-inspiratory pressure cycles pro-
duce inadequate mean alveolar volume.
Because alveolar volume is not main-
tained, compliance does not improve, re-
quiring the same inflation pressure on
subsequent breaths. Reapplication of the
same distending pressure without ade-
quate lung recruitment is likely to pro-
duce recurrent shear forces and does not
attenuate potential lung injury (42). Con-
versely, sustained recruitment is associ-
ated with increased compliance allowing
successful, sequential airway pressure re-
duction and improving gas exchange by
increasing alveolar surface area (4, 42–
44). Increased alveolar surface area may
improve stress distribution in the lung.

Gallagher and coworkers (45) demon-
strated a direct correlation among mean
airway pressure, lung volume, and oxy-
genation. The use of APRV to optimize
mean airway pressure/lung volume pro-
vides a greater surface area for gas ex-
change. Allowing sustained duration
(Thigh) of Phigh and limiting duration and
frequency of the release phase (Tlow) of
Plow permits only partial emptying, lim-
iting lung volume loss during ventilation.
As lung recruitment is sustained, gas re-
distribution and diffusion along concen-
tration gradients have time to occur. The
mixture of alveolar and inspired gas
within the anatomic dead space results in
a greater equilibration of gas concentra-
tions in all lung regions, improved oxy-
genation, and reduced dead-space venti-
lation (26, 46) (Fig. 3).

Figure 1. Airway pressure release ventilation is a form of continuous positive airway pressure (CPAP).
The Phigh is equivalent to a CPAP level; Thigh is the duration of Phigh. The CPAP phase (Phigh) is
intermittently released to a Plow for a brief duration (Tlow) reestablishing the CPAP level on the
subsequent breath. Spontaneous breathing may be superimposed at both pressure levels and is
independent of time-cycling. Reprinted from ICON educational supplement 2004 with permission.
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Typical initial settings

❖ P High - 25 -30 cm H2O

❖ P Low - 0 - 5 cm H2O

❖ T High - 4-6 sec

❖ T Low - 0.4 - 1.0 sec



Download at

http://www.jvsmedicscorner.com
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