Unraveling the Mystigue of
Airway Pressure Release
Ventilation

Recommendations & Revisions



Airway Pressure Release Ventilation (APRV) is a recruitment mode that provides a high
mean airway pressure (MAP) by setting a prolonged inspiratory time, an adequate
inspiratory pressure, and a short expiratory time.

If adequately set, the mode provides a good recruitment and maintains adequate lung
protection.

The mode has been used initially to rescue patients with severe ARDS who fail on
conventional modes of ventilation.

However, If started late, it may be difficult to recruit the lung, and ventilation is often a
problem. This is why multiple studies have shown conflicting results.

This mode, if used, should be started early in the management of ARDS cases, as shown
in a study published in the Intensive Care Medicine Journal by Zhou et al. The study
included 138 patients who were randomized to APRV (71 patients) or low tidal
ventilation (67 patients).

Despite some limitations in the study, it showed that there is no statistical difference in
ICU mortality, but patients on APRV had more ventilator-free days, a higher rate of
successful extubation, and a lower rate of fracheostomy. More studies are certainly
needed to verify its benefits.



What is APRV?

* Airway pressure release ventilation
(APRV) is a ventilator mode that
utilizes a distending pressure along

with a long inspiratory phase(> 4
seconds)

 Utilizes collateral alveolar ventilation
to increase lung inflation
* Popcorn in microwave effect

* Required time to maximize lung
inflation >2 hrs.
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Definition :
“the ventilation of alveolar structures through passages or channels that
bypass the normal airways”

And these are:
*Inter-bronchiolar

*Inter-alveolar

*Bronchiolo-alveolar.

interolveolor
pore of Kohn

*Interlobar “ through
fissues “




APRV takes advantage of the collateral channels of
ventilation that are barely used at the FRClevel in normal,

healthy lungs
Martin
Bronchial)

Figure 4. Collateral channels of ventilation

They become important In diseased states
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Conventional Mode APRV

Animal surfactant
wash out model A




APRV Indications

* Refractory hypoxemia
* P/F<200 FIO2>70% and PEEP>10cm
 ARDS

 Patients with high risk of respiratory deterioration — traumatic chest
injury, aspiration, inhalation injury, pancreatitis

* Obesity BMI>35
* Bilateral atelectasis with increased oxygenation needs
* Unable to improve gas exchange via convention ventilation strategies



Airway Pressure Release (APRV) Parameters

» Two levels of Pressure
* Phigh
* Plow
» Marked by a long inspiratory time and short expiratory time
* Thigh
* Tiow
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APRYV Settings

APRV SETTINGS

When starting APRV, the
settings need to be
maximized according to
protective lung strategy.
There are four main
settings on APRV: P
High, P Low, T High, and
TLow. APRVisa
pressure control mode.

,

Each individual breath is
time-triggered, pressure-

targeted, and time-cycled.

Inspiration time (and thus
cycling) is determined by
setting the T-High.
Expirationtime is
determined by setting the
T Low. P High and T High
levels help in lung
recruitment and improve
oxygenation.

m

P Low and T low help in
maintaining lung
recruitmentin expiratory
phase. The P Low is
usually setat 0 cm H20
and lung recruitmentis
ensured by setting the
end-expiratory flow rate at
50-75% of the peak
expiratory flow (PEF) rate.

L

When the flow is cut by
50-75% of PEF, the lung
will not completely empty
and auto-PEEP will be
build up, like the dynamic
hyperinflation syndrome
in asthmatic patients.

Lastly, spontaneous
breaths must be
preserved with APRV as
they participate in a good
percentage of minute
ventilation.



Airway pressure Release ventilation

High

Set P, 5 cm H:0 abave mean ainway pressure frem
previous comentional mode of ventilation, (may set it at
the platesu pressure involume-targeted modes or the
pressure control in pressure-targeted modes).

Increase P gradually to improve oxygenation but do not
cexceed 30 cm H:O (35 cm H:O in severe obesity) to
maintain lung protection,

Larger P, causes large release volume, over-distention of
the lung, excess deiving pressure, and may impair
hemodynamics,

Inadequate P causes devecruitment, hypoxemia, low
minute ventilation, and hypercapnia.

HIGH

T,./T,.. determines release [requency pes minute and
affect ventilation.
Release frequency s 60/(T,_ + T, ).

Set 3t 4-6 seconds 1o deliver 9-13 releases/minute.
Increase T, gradually 1o improve oxygenation.

May decrease T toimprove ventilation (but on the
@pense of oxypenation).

Hypoxemia?

Low
In most pratocols, P, issetatOcm HO

Advantages of P, above ze10 (5 cm M O} may peovide more
lung-protection (by avoiding ateloctasis and wide
fluctuations in alrway pressure) and may allow for better
oxypenation without intreasing the P, to dangerous levels,

Disadvantages of F,_above zero: may reduce tidal volume
and thereby promote hypercapnia, and will reduce driving
pressure and expiratory flow velogity which may impair
secretion clearances,

Low

Taeget 50-75% of Peak Expiratory Flow (PEF) 1o ensure
adequate auto-PEEP, keep the lung recruited, and prevent
collapse,

* Reduce T by 0,05-0.1 second i end.expiratory flow rate
is <500% of the peak expiratory flow rate or if the release
volume is >8 mi/kg of ideal body weight,

e Increase P by 1-2 cm MO if 530 ¢m WO (6 <35 ¢m H:0

gh
| in morbid obese patients).,

Setting T, a1 >75% of PEF causes small releases and
ineflective ventilation.

Setting T, at <50% of PFE causes large releases, loss of
auto-PEEP, and lung decruitment,

T, /T, determines release frequency per minute and
affect ventitation,

Requices attention and adjustment when lung compliance
changes,

Hypercapnia?

- Decrease sedation Lo encourage spontanecus breathing.
sIncrease P by 12 om Hi0 (up 10 ~30¢mH:0 0¢ =35 In
obese patients).

= Tolerate permissive hypercapnia down to pH ~7,15, ]
= T, is a double-edged sword: increasing T, impeowves ‘
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'"AIRWAY PRESSURE RELEASE VENTILATION (APRYV)

Evidence-Based Ventilator Mode

A WHAT IS APRV?
« Uses brief pressure releases for CO, elimination.
« Allows spontaneous breathing throughout the entire cycle.

~ Airway Pressure Release Ventilation (APRV) is an advanced invasive
: ventilator mode that:
%
o~ = 9 Commonly used in ARDS & severe hypoxemic respiratory failure
&* HOW APRV WORKS %, §

« Maintains prolonged high airway pressure to keep alveoli open.
Pohigh: CLINICAL LIMITATIONS &
& e o N INDICATIONS | CHALLENGES

ThighTme ol Sponianeos ﬁ?'péféﬁ?am“ I el cirve
(spem 8o 7/' \{ eullwg e & Risk of hypercapria
m i "mn egies & i derecrutmen
x ! Limited standardized
g aleledasns protocols
« 0 Patients difficult to i
release time g& @D cedate or paralyze |||/ Emﬂ_udal VoRiRe
(prevents col Spontaneous 9
i auto-PE! breathing i & Select trauma Not ideal for COPD,
allowed in asthma, or neuro
% P-low: Brief pressure phases * Sepedmmn%awumam& patients
release (CO, removal) Possible 1 work of
Requires trained &' breathing without
A dmnaans and close pressure support
@ KEY APRV SETTINGS - maroring

Parameter Purpose Typical Range o ADVANTAGES OF APRV
1| phigh | Oxygenation& .6 35.my0 =2 Improved oxygenation

recruitment
£ Alveolar recruitment
2| Pow | COrelesse | 0-ScmH,0 ® Reduced ventilator-induced lung injury (VILI)
3| T-high |Sustainedinflation| 4-6sec @ Less sedation & paralysis
4| Tdow | Controlled release| 0.2-0.8 sec O Better hemodynamic stability

@ Efficient CO, elimination
| 4 Improved patient-ventilator synchrony

@D APRV vs BiPAP
A KEY TAKEAWAY
gy
1 Invasive Non-invasive Aﬁg;&m ':;:n. Ve Siratepy Swe:
2 Critically ill Stable patients . ISummﬂs spomam;?us breathing.
« Improves oxygenation.
3 Time-cycled Patient-triggered « Reduces sedation needs.
4 ARDS focus COPD / 0SA @ Most effective when used by experienced clinicians
APRV is also called BiLevel Ventilation €D Not suitable for all patients

(ventilator-dependent term)



Goals of APRV

Goals:

e Reduction of Volume Induced Lung Injury [VILI] by preventing the
shearing forces brought on by the repetitive opening and closing of
compliant and non-compliant airways.

* Providing alveolar stability
* Recruitment of alveoli by maintaining a higher mean airway pressure
* Minimizing de-recruitment.

* Prevention of VILI will allow further reduction in decreased airway
pressures

e Stable mean airway pressure and thus hemodynamics



Patients Who May Not Do Well on APRV

e Obstructive diseases
 COPD/Asthma
* Mucus plugging

* Hemodynamically marginal
* Increase in mean airway pressure

* High minute ventilation requirements to maintain acid-base balance
* Lose the effect of a increase I-time and collateral gas distribution
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Clinician Controlled Parameters

—~
P High
_ — Recruitment/Oxygenation
T High
_
\
P Low
~ Release Phase/Ventilation
T Low
_
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Pressure

T high

Wl 1P high

T low

P low
P

Time (sec)



SET UP

* P high ( plateau pressure (o) +2 cm H20 (usually 30 — 35 cm
H20)

*Plow (0 cm H20) *
* Thigh >5 seconds
* T low (maintain exp. flow 33%-66%)

* Allow for greatest CO2 clearance in the shortest duration



P High

Selecting the best P High is vital in APRV. P Hi?h increases the mean airway pressure on APRV, helps to
recruit the lung, and improves oxygenation. IT also helps in ventilation as more alveoli are available to
parficipate in gas exchange when the lung is recruited.

If the patient is already on the conventional mode of ventilation, P High is set at 5 cm H20 higher than
the mean airway pressure on the conventional mode of ventilation. For example, if the MAP was 19 on
CMYV, the P High should be set at 24 cm H20.

Alternatively, you can set the P High at the plateau pressure in volume-targeted modes or the pressure
control in pressure-targeted modes.

P High can be gradually increased to improve oxygenation but should not exceed 30 cm H20O (35 cm

H2O in severe obesity) to stay within the limitation of protective lung strategy. A larger P High causes

Ir?rge éeleqse. volume, overdistention of the lung, excess driving pressure, and possible impairment of
emodynamics.

On the other hand, an inadequate P High causes derecruitment of the lung, hypoxemia, low minute
ventilation, and hypercapnia.



P Low

Ié)Tr\w/wé)lgr &é‘?*ﬁ&%r@ L,r%\év Hséngrﬁ]hg 6m H20O. However, some prefer 1o set it

The o?lvon’ro es of .P Low above zerg are 1Q U|or0vi e more lung-
rotectian bf Ovomjrm %’relec’roms and wide tluctuations in airw
Bressure IN the expira or?/p ase.

méﬂlﬁg\/gghgelﬁ%vﬁs gl/pesls’r.o Improve oxygenation without increasing the P

305, ARSBR R b A SRS E LR IPGHER A fidal volume anc

It may. also. reduc? drivling ressure and expiratory flow velocity which
could'impair secrefion clearances.



T High

Inspiratory tim el s determined by setting the T Hi

The longer the T High, the higher the MAP an ’rhus the better the lung recruﬁrmen’r ond
oxygenation. The rdtio between T High and T Low defermines the reledse freq uencP/
mw]u;rﬁ, v%/h|ch Ioffec’rs ventilation and CO2 removal. The release frequency is calculate

Wi is formula:

Release frequency = 60 /(THigh + TLow)

T High is usually set at 4 seconds and gradually increased ’ro |m rove Ygeno’non It IS
Important to pAy attention to the number of releases, as a hi decreose the
release frequency per minute and thus decrease venfilation cmd COQ removo

Depending on the T High and T low, the release frequency may vary between 8-14
releases/minute.

A longer T High may improve ventilation as more recruited alveoli participate in gas
exchange.

However, if the releases qre decreased significantly, ventilation and CO2 removal is
decreased. In many sifuatfions, the outcome must be assessed. Eventually, it may be
necessary to decrease the T High to improve ventilation at the expense of oxygenation.



T Low
T low is set to target 50-75% of Peak Expiratory Flow (PEF) to ensure adequate auto-PEEP.

Au’ro PEEP is respon5|ble for keepmg the lung recruited during expiration and preven’nng collopse

Setting T Low aft > ?/ cause small releases and ineffective ventilation. On the other

gond Tse’rhr]rg T Low CIT <50% of PFE may cause large releases, loss of auto-PEEP, and lung
ecruitmen

T Low is the mos’r critical se’r’rmg on APRV as it needs to be adjusted. occordmg to chonfges Ig Iung
physiology Low moc}/ be op timal for a certain lung compliance. However he lung
compllonce |s Worsene e lung will be emptied faster as the Time Constant is now shorter. Thus
the same set mg% of the Low will cut the expiratory flow at a lower value and cause
derecruitment of The lung.

On the other hand, improvement in lung compliance caquses a longer Time Constant and will cut
the expiratory flow at a higher value, causing worsening in the auto-PEEP and possible ventilation.

The ratio between T High and T Low determines release frequency per minute and affects
ventilation and CO2 removal, as mentioned above.



Recruit Phase P High & T High

* Regulates: end inspiratory volume
Determines mean airway pressure

* Maintenance of increased surface area for maximum gas exchange



Release Phase (T Low & P Low)

* T Low is brief (0.4 — 1.2) should not allow de-recruitment (depends on elastic recoil)

T Low phase requires the assessment of the expiratory flows, (maintain 50-75% of PEF)

* T Low that is too short may cause breath stacking on apneic patients or those who
occasionally “ride the vent”( Exp flow waveform resembles the “tomb stone”).

* T Low that is too long will cause the lung to de-recruit (exp flow > 50 % waveform returning
close to baseline).



Tlow Recommendations

* At least 25% gas released but not more than 50%

* Fpe 60 I[pm=at least 15 [pm but not more 30 l[pm
* 60 lpm x.75=45 lpm 60 lpm x .5 =30 lpm (end expiratory flow between 30-
45 lpm)
* ARDS recommendations
* Mild .4-.6 sec
* Moderate .3-.5 sec
* Severe .2-.4 secC



Expiratory Flow
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Release Volume

* Release volume will reflect the patient’s FRC volume
and is not a cyclic tidal volume

* VVolumes can exceed 1.0 liter
* In ARDS pts. target 6-8cc/kg/IBW
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Only one day of treatment between these two films

hn o g

De-resuscitative APRV: This man was transferred to Genius General Hospital after receiving 14 liters of crystalloid




PRE APRV on CMV with 14cm PEEP

Post APRV 34/0 12 hrs.



RIGHT

AP
PORT ERECT
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Post APRV 4 hrs




ADJUSTMENTS After the initial seftings of APRV, oxygenation and ventilation can be
assessed through arterial blood gases and adjustments can be made, as
necessary.

!ws!, !!e ‘eve‘ o! permissive !ypercopnio must be defermined. Most patients can

’rgr)lebrlo’re permissive hypercapnia with a pH of ~7.15 if they are hemodynamically
stable.

Adeqguate spontaneous breathing must also be ensured. It may be necessary to
decrease sedafion to encourage spontaneous breathing. Adjustments on APRV fo
improve ventilation include the following:

sIncrease P High by 1-2 cm H20 (up to ~30 cmH20 or ~35 in obese patients).
‘Increase T High b]y 0.5-1 second to improve Iung recruitment and thereby improve
CO2 clearance (if the patient is derecruited). On the other hand, reducing T High
increases the frequency of releases, thereby increasing the minute ventilation and
improving CO2 clearance.

*Decrease P Low by 1.2 cm H20 (if positive) to increase the release volumes.

Last resort: may increase T Low by 0.05-0.1 second if end-expiratory flow rate is
>50% of the PEF to allow more time for the release volume..



Last resort: Increase P Low by 1.2
cm H20.



What if the patient has
hypocapnia?

If the patient is hypocapnic, you
need to decrease minute
ventilation by decreasing the
release volume frequency or
the volume of the releases. This
can be done by the following
interventions:

Decrease T Low.

Decrease P High if able from
oxygenation standpoint.

Increase T High.




Weaning the APRYV Patient

* Reduce Py, and Increase T,

* Allow Patient to perform more
spontaneous breathing (add PSV)

* “Drop and Stretch” concept

* Drop Phigh by 2-4cm and extend Thigh by
.5-.6 seconds

e Switch to conventional ventilation when
Phigh is<22cm



* The patient spontaneous breathing should contribute to 30% of minute ventilation
during implementation

* The Tlow should not be increased solely to improve exhale volume or improve CO2
elimination

* Can lead to RACE(shear trauma)
* Maintain between 50-75% of Fpe

A P RV Key * Plow should not be set above 0

* Alters the expiratory flow slope
PO i ntS + Decreases expiratory flow

* Reduces secretion removal
* No PSV should be used above the Phigh

* Can cause lung strain
* Changes the flow dynamic from sinusoidal flow pattern to decelerating pattern ’

/

* Monitoring of APRV waveforms should be assessed a minimum of every 4 hrs.
* Any change in pulmonary physiology will necessitate changing the Tlow

o




Conclusion

* APRV is indicated for treatment of reduced oxygenation
secondary to loss of lung volume or fluid congestion

* May take a few hours for maximized results

* APRV is best utilized early in the disease process
* APRV may reduce mean arterial blood pressure
* APRV is not indicated for acid-base disturbances
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