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Airway Pressure Release Ventilation
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« A/ EEFF (sedation K paralysis) 2 7 >K
- 15 iR BE H| %25 FH (atrophy)
- EEIMEZMERIEN - EHRFTFAREMERVAE - B

* I{Z= ventilation-perfusion matching

« J& ) intrapulmonary shunt
« JBL /) dead space
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HERIBELE R (CPAP)

Continue Positive Airway Pressure

AFRERTE A FAYRE- BIR
*'p #Xetex + PEEP
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é BB NERER APRV

« IRIUAIEAREIZEEAYCPAP (3E 1L GBI E = B SAITL IR + PEEP)
» FTESPE CPAP (Py,,) CHEITEENFIR - Z(XFE cPAP (P,) B
EZRENREBERIEN -
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« WAFRABAME - BIAPRV Rl PCIRV (/8 135 8L K2 LE Bl
SR, . pressure controlled inverse ratio ventilation)
* Madatory breath :
* Time-triggered : pressure-limited,& time-cycled ventilation °
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Compliance curve of the lung with its lower and upper inflection points

Collapse

Recruitment

Owverdistention

< “ o Y
Alveoli —= | 2 K A
~ - kY — -
1,000 —
Upper inflection point |— Volume-controlled
continuous
800 - mandatory
ventilation Mean
- ¥ =-—-—-—-—----r-——F"1T————"FT—"—"—"——————————=— lung
= 600 Airvway d volume
@ pressure release
£ ventilation (APRW)
=]
= 400 |—
g
ST %13 = IN =
200 | LIP : fRERAME#M AE T FRAVEEIR R, =
*-'—| Lower inflection point |
| | 1
O 10 20 30 Pressure

Pressure {(cm HxO)

REPRIMTED FROM PAPADARKCOS PR, LACHMAMBM B. THE OPEN LUNG CONMCEFT OF MECHAMICAL WENTILATIOMN: THE ROLE OF RECRUITMENT AND STABILIZATICON.
CRIT CARE CLIN 2007, 23:241-250, WITH PERMISSICOMN FROMN ELSEVIER.




@ APRV 32 %E(—)

+ Pygy - PALERMEBEIRTR (lung inflation pressure)
* Ppiateay OF desired P, . + 3 cm H,0
* 15735 cm H,0 (—fi%25cm H,0F4R)
* ldeally keep at 30 cm H,0 or below. (4-6 mL/kg )
* severe obesity : 35 cm H,0
- Problems with Py, -

Excessive P, Inadequate P

Over-distension Derecruitment
Driving pressure 1 hypoxemia
Lung injury hypercapnia
Hemodynamic unstable woB




. APRV 325 (7)
* Tug (BENNFERRE) . 5B - (REMERER

* 4-6 sec (average around 5 secs)
* Releage frequency = 60 / (T, + T,
o WIF4E 10-14 R/ D ERIERZESTIERY
- BRIEMos ¥ - BEEFHERS

* Problems with T,

igh
Excessive Ty, Inadequate Ty,
Release frequency | derecruitment
Hypercapnia Pmean |

Like CPAP, WOB Diffusive CO, clearance |




5 APRV 32 %E(Z)

o P, : TAPHRHIEIFEPE (lung deflation pressure)
* Always set this to zero.
- RHEEBRENTBR IEN
« BRKA Py, - Prow * IEZEPaCO,HIHET
* more lung-protective
* avoiding atelectasis
* Drawbacks of setting P
e tidal volume |
* Hypercapnia
* gecretion clearance $ (Reduction in driving pressure and expiratory flow

Low abOVe zero:

velocity may reduce secretion clearance).



Auto-PEEP

IZBENERREBEREA - 5/ L —{E B 3 14 PEEP -
- ARG N B2 1E PEEP

*FRC 1 * MAP 1 - oxygenation

- [REIERAE | B AIEERMEEE

o fA%Y :

o MRENTIZAIE - barotrauma




E APRV 327 ()
'TwiﬁﬁEMﬁﬁ'EEWE%ro

/71N

o RN TR 28 ( Exp.term : Termination of Peak Expiratory Flow Rate) :
50" 75%.

l » T high > |

Npirator‘y fFlow

~—__“

Expiratory flow

-%— 50%. of PEFR

PEFR C— 5o, (30 Ipm)

RS

Figure 2 | = - e - =
Full exhalation
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Automatic tube compensation
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-
without ATC with ATC
. Paw ‘ PR & 2
! O Y  Paw
| Ptrachea ‘A P tube | “wae
: @ : | Ptrachea

‘4 __________ ' P mus

Fig.1 Without ATC, the patient needs to apply the AP tube.
With ATC, the ventilator generates precisely this AP tube and provides relief for the
patient.

ERBENE ATC (—)

« B/ BRET. S Tr.[H ) 1HEA 2 IR 1M

REHY -

- AR A BT R R A EAE9BE
SHEHHE0E - BT
S BRETHIEE I8R5 -

- SHERENRATE - IRERE
) P HEFTHE -

- WERATIFRRES -

(patient -ventilator synchrony)
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Permissive hypercapnia

P& 2 2 47 0K %245 -

- IMMETER “F R AR AT

- BB TS i B8 M &= UNAE.

« BB - V/Q wmismatching
DI E 247 =1 Y

NE AN *HCO, reabsorption 1
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oI o] LAZ BAPRVITA?

* P/F ratio=2 3% 55 S ARDS (P/F < 100mmHg)
« B% 2 KM 5 (Refractory hypoxemia)

- BEMPREENENLS

o« FHEBHIETPCVZEES] ~ PEEP ~ RR ~ FiO, LUERERA

\

o« BHEIUPCVE S 1ZPCVIEE J1+PEEP - Total pressure 35cm H,0

. Fi0,FEFHSEFF(>50%)

- FEESFIIREBEBEFHMACHIREE S ZE200m H,0)

« RHEEAPRVESIEUREMERIBE D & kB AT

DT E SR B RIS R ME L L E i ER ERUFAPRY
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Phigthd Plov d Fi0: B Mov maz d Tow
Date ! ;

16-S¢p-21
16-Sep-21

PCAC
PCAC

PCVT BB N1 E153E35emH,0 EFR - LUE S PEEPHEFF 1T RIBEEE /1'20cmH 0
BRESEARESXRE

Auto Release

Auto Release 06 045

06 05

Auto Release

FEEAPRVZ EOIEEE SV FI9RER - Hu st IREaRiRE 5ol aRERE
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RIENM FIMZE Exp.term 50~ 75 %

10% 25% 50% 75%
Figure 6 - Alveolar Microscopy at 4 different Tiow settings with Es/Ere [left to right] at 10%, 25%, 50% and 75%. As the
Es/Egp increases towards 75%, more EELV is retained and alveolar stability increases. Black arrows illustrate interstitial

expansion and alveolar collapse between aerated alveoli at expiration. A progressive decrease in interstitial expansion
and greater number of recruited alveoli occupying the field is seen moving left to right from 10% to 75% Ex/Ess.
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Auto-release

% XE Expiratory termination 75%
(Exp. Term 75%) * T low max 1 T low
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PC-APRV

AutoRelease

Expiration time Tlow max.
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& Mean airway pressure

o Calculate the P/F ratio from the most recent ABG

(P High <x T High) + (P Low x T Low)
(T High + T Low)

e Mean Paw —

TABLE 4 m Example of Airway Pressure Release Ventilation Settings in an
Uncomplicated Case of Acute Lung Injury*3*

Calculated Mean

P High T High P Low T Low Airway Pressure
(cm H.0) (seconds) (em H.0) (seconds) (em H.O)
35 4.0 0 0.8 29.2
33 45 0 0.8 28.0
30 5.0 0 0.8 25.9
28 55 0 0.8 24.4
26 6.0 0 0.8 229
23 7.0 0 0.8 20.6
20 8.0 0 0.8 18.2
18 10.0 0 0.8 16.7
15 12.0 0 0.8 14.1




Adjustment : hypoxemia

* To improve oxygenation via higher P
* Ensure Exp.term 75%

mean

<30. or < 35 c¢m H,0 in morbid obesity.

* Last resort : Increase P, by 1-Z cm H,0.

Low

* Increase Fi0,



® Adjustment

- FEVVIET:
* A Pyey - Prow
« BN effort
- B A& 15
« SREBPHTT -

B34 481
* /BN

PaC0,

VAN

. hypercapnia (—)

+ :

« m A\ BB IRRE

* A Py - Prow

- R IR
- B FEME -

\2/
S EAN

==

wmEfa7] -



® Adjustment : hypercapnia (—)

* Permisgsive hypercapnia
* weaning sedation . for more breathing spontaneously..
* Increase Py, by 1-Z cm H,0. (up to 30 or 35¢m H,0 in obesity).
* Reducing Ty, : increase the frequency of releases
* increasing the minute ventilation.
* Decrease P, by 1-2 cm H,0. (if positive).
* Last resort : Exp.term % #8[E - 140 75% - 50%
* but only if the expiratory flow of a realease doesn’t drop below 25% of
the PEFR.

* de-recruited



Table 2 Troubleshooting with APRV

Physiological Responses
derangement
Hyperoxaemia (i) Reduce Flo, first.
(ii) Once the Flo; is at 40—50%, start to reduce P-high.
Hypoxaemia () Increase P-high by 2 emH-0.
(ii) Increase T-high by 0.5-1 s.
(iii) If T-high =10 s, consider reducing T-low by 0.2 s.
(iv) Increase Flos.
Hypercapnia (i) Tolerate hypercapnia if pH »7.25 and there are no adverse

Hypocapnia (assuming
adequate cardiac output)

Hypotension

effects of acidosis.

(i) Ensure that the patient is making spontaneous ventilatory
effort and aim to reduce sedation further to enhance this.

(ii1) Ensure that ATC (if applicable) is set to 100% with the correct
tracheal tube size.

(iv) Decrease T-high by 0.2 s down to a minimum of 3 s.

(v) Check that ventilator circuit and heat and moisture
exchanger filter are free of secretions or excessive moisture.

(vi) Consider increasing P-high to maximise recruitment and
minimise dead space.

(i) Increase T-high by 0.2 s.
(11) If oxygenation is adequate or excessive, decrease P-high.

() Administer a fluid bolus of 250—500 ml crystalloid.
(ii) Adjust or initiate vasoactive medicines.
(ii1) Consider urgent echocardiography to assess filling status and
biventricular function.

BJA Education, 20(3): 80e88 (2020)
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é Intrinsic PEEP

[57 B R e o & 11 S

a o A Nt R RE+T R
m | —% ic P 4L—rf—
A LY k‘ | ]

I

PP E E P

| | !

- HEIZINBER PEEPIZETTHIE

« LML SRR Paw=PEEPS, B IS RARI IR i AN R, &% B Fair trap, ILRF 0 R
Auto-PEEP (mes. Time 1)

HIETNEBRRIIEE g8 1R —EIRRE B2 flow?] = (mes. time 2)
5k £ max mes. Time L, 48 FH IR & B[] O] 15 Ftrapped volume




@ | Clinical challenges during measurement of PEEP i |

4 ) 4 )
— —EERERE
o I R NN T
BAAR—REIT iREE - USRS RB R
B
\ VAN Y,
4 R (MEE : AT
8 L R 53 Total PEEP = RRSILRS - BT
I0_E Extrinsic e e X
Auto PEEP A B R IRRIAOME X
PEEP 9 FRREMS




PEEPI maneuver finished!

PEEPi 130

incl. PEEP 03
Virap 246
19:18

mL

03-Jul-2018
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weaning from APRV

2 Fi0, < 0.5 % > ZENRL Pyey

« SRFIE 2-3em H,0

* Not significantly hypercapneic

c RIBARZIZE - EHBRER o RIERT ye
© Tyey ERIER 0.5 - 2 sec (8-10 sec) -

. RS - AR EEETP,,,

o HEIPq BP, BERS - LI EERES
CPAP

1

% P, AR DAL Pev BB A B &
PEIEIR

* B Pyeu IE 14716 cmH 05X B (K - T, 12-15 sec

> t])3& CPAP mode

- m— e A e B e S N
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Ventilator Settings (—)

MODE APRV-AR 1
) — Resistance : H20/L/S
FIO2: 40.0 % PEEP: PL:0 2o measure L B2 MY B B
VT mea Compliance : mifemHz0
Preset VT : _ ml/ ml Sensitivity Flow : 70%  min
FL te - I/mmin Expiratory VE - 6.79 Sensitivity Presure : e
PH:28 fmh2o Peak - 29.0  _uoc Base Flow - min
HE 82 ki Mean Airway Pressurd) - H.pressure alarm = 45.0
Insp.time : 5.0 sec/ - 67 2=
N0 e Plateau - SRl =EMAP Cuff Pressure : emHz0
: : IPAP Measured - Humidifier Set : 9 H
IPAP : EPAP : cmH20 -
EPAP Measured - cmHzZ0 [ HME(ED)
Rate preset: 11.0 x/min/
TPR T: PR : 89 SPOZ : 100 BP(S/D) - 109 / 63 mmHg EREEE |«
BEEE S i)\ T8 e [aamass [an
Blood Gad | % piood GasEgs : [2022-09-22 | BA8:(mmiss) 16:46 | PH: 7.47 |Pa02: 113 e L) BIORML
ot PaC0O2 : 34 mmeg ETCO mmug HCO3 © | 24.7 ol BE: 1.5 mmap @02 © (99.0
Lab Dat
al Qrgaf)
FiE I FIEN(Z)
V-V ECMO(&8i#:2359 rpm/blood flow:4.88 Ipm/ gas flow:2 Ipm/Fi02:40%)
-ABG UNDER FIO2:40.0% F'EEP PI_ 0 cmH20(PH:28/PL:0 /T LOW-limit:0.9"/EXP
— = 5 6n ==
610 ml ; total PEEP:12.2; T low:0.7sec @ = PEEPi




Ventilator Settings ()

MODE PC | J
: %I _ I Resistance : cmH20/ LS
FIO2 : 40.0 FEEP : 14.0 crffH2 Compliance : mlfemH2d]
Preset VT - _ mi/ InSp | 655.0 i ~EXP 644.0 o Sensitivity Flow : F3.0  i/min
FL E I/mmin Expiratory VE : 6.5 I/min Sensitivity Presure : o
1| 14.0 cmH20/ Base Flow : V/min
PS et : cmHZ0 H;_OI H | 45.0
cm .pressure alarm : .
i SR LS </ Plateau : -
n _ . ateau - emH20 Cuff Pressure : 28 cmH20
: : IPAP Measured : Humidifier Set : 9 H
IPAP - EPAP : cmH20 -
EPAP Measured - cmH20 [ ] HME(ED)
Rate preset: 10.0 fmin/
TPR T: PR: 91 SPO2: 99 = BP(5/D) - 116 /|60 mmHg B EEE |“
BREN | EEE | O s Owep Damsans s
Blood Gas

o
& Blood GasHgE : | 2022-09-23 ERS:(mm:ss) 09:02 PH: 7.45 Pa02: 113 I £l Ll
-/ PaC0o2 : 34 mmeg ETCO = nmug HCO3 1 23.6 f— BE: 0.1 o 3@02 1 99.0 e

Lab Data
Q)

R W E

s e ]

-V-V ECMO(83%:2359 rpm/blood flow:4.94 Ipm/ gas flow:2 |pm/Fi02:40%)
-ABG UNDER FIO2:40.0% PEEP:PL:0 cmH20(PH:28/PL:0 /T LOW-limit:0.9"/EXP
e TERM:70%) and above ECMO setting

-f8&t FiEremove ECMO

-9/23 09:10 change mode to PCV , adjust above setting.
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Ventilator Settings (=)

MODE PC ]
: - Resistance : cmH20/L/S
- o : measured : 10.0  z/min : .
VT measured : Compliance : mlfemH20
Freset Vi Insp 610.0 ml ~EXp 600.0 Sensitivity Flow  F3.0  |fmin
FLOW Rate : etz Expiratory VE: 5.9 Fariin Sensitivity Presure : cmH20
PC Preset: 14.0  cmuz0/ Peak: 31.0 of Base Flow : I/min
PS Preset : HzO .
Insp.time: 3.00 sacf Platean : i
: o .
I1 :E 1.0 . Cuff Pressure : emH20
IPAP Measured . PR .
IPAP : EPAP : cmii20 ) S © "
EPAP Measured : cmH20 (] HME(ED)
Rate preset: 10.0 Zzfming
TPR T: PR: 91 SPD2: 100 « BP(S/D) : |95 /|51 | REEYSH |»:; 2022-03-23 03:57
BRI | B [Oieate Owen Dnmmses Umsts
Blood Gas @ Blood GasHHH : B f: (mm:ss) PH : Pa0n2 : mmHg E EERm
) PacC02: ety ETCO g HCO3 : mmay.  BE Sa02?:
Lab Data I ﬁ i
i I
-Fentanyl - Midatin * Atracurium pump
-Dr. order keep Sp02 88% E1T]
thsE -W-V ECMO(&8:%:2359 rpm/blood flow:4.96 Ipm/ gas flow:2 lpm/Fi02:40%)
-t T Eremove ECMO
-9/23 09:35 Sp02 down -= adjust above setting.




& Weaning APRV to PCV

m How to set PEEP level ?

ANS : Detected Virap of Auto-PEEP (N F 10 - BRITEAZIHFA)
m How to set PCV level ?

ANS : Original PIPF] AR A8 5R TEPEEP=AEE @ EIRFEIZ=2VTRIMVE

m The most important data is based on ?

ANS : Mean Airway Pressure ([ 5 4E )
—>First weaning, should keep Mean Airway Pressure at least -2%3 emH,0 than original
Mean Airway Pressure during APRV

After changing to PCV, monitor CXR and ABG and Vital signs
,keep monitoring Oxygenation and lung expansion
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* EXRRMIERBPURRNSRHS

® APRV or BIPAP ( Evita ~ V300 ~ 500 ~ 600)
® Bi-vent (Servo-l)

® Bi-Level ( N840 )

* APRV/Biphasic ( vela )

® R&60 : APRV
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« BEMFIRAF : Automatic Tube Compensation (ATC) must be turned on.
AR RERT]

« AZEMODE - EMIINTNAEE

« IR AEEIRTLH

- IRsm ER 2 Nr s ER#R ol MYINATC

* premature closure of unstable airway in COPD patients.
* ¢liminate dynamic hyperinflation
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