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autoPEEP capnography, breath stacking, recruitment

« Neuromuscular blockade (NMBA) usage and Patient
Self-Inflicted Lung Injury (P-SILI)
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- FARMER=ZAZE - FoIEEERR?

(A) BHiEHI1E T (pressure control mode) FF Ei#iR B #&(tidal volume) -

(B) &fFEHI1E{ (volume control mode)&EF =R EE S (airway pressure) -

(D) AEE&3E -



. ZENRZ[BEAR - [FRED ventilator mode ZEEEFHEEN - &
BE—1EI T Single mode - I FRUELOIERER :

(A) AC mode 15RYE R a8 2 BEEN O] FHIE IR 2R AR ERRAFE

(B) pressure control ventilation mode (PCV mode) {EFISERE - IFIRIE] -

RFEZREN - RERRTERE - MAERRIENIFTIEA tidal volume KIRTE -
(C) pressure support ventilation (PSV) H/ETZHRABTHEE)

(D) pressure support ventilation ;JREHRREM L RS LBRERRRTM



MEREF - ERERBOERROLMRIBINBEAZ L - BRALRAKIEE (positive
end expiratory pressure, PEEP)RYERE XS MITENNEMFE - MR QB ERR ?

(A) HRIMEAKDAENRA - PEEP SfEMER T
(B) IR ERE LRIGAIFAA - PEEP EriEMiKiE

(D) R = HEREBE%EF(ARDS)RE - E(EFHSPEEP - & & ifiai5EkE



allk

=R EBAEEEF(ARDS)RA - k252 E (£ At AR5 EE(PEEP)/G &R 0 & 8555 ?
(A) IREBEENES - F{E FiO2
(B) BrLEAmRRME - RIEFEWNHEBES

(C) 1B MNkhER 2 ThBEfm &5 = (FRC)

(D) BEEHAmHEB 2 IIE FE 14 (compliance)



F3I&EARZ high flow nasal cannula BI4EIBRE ?
(A) R EANRAEERENRRE
(B) tHERS NIV o LUEHER SRR ETFEE
(C) I LR/ = /Y PEEP X E

(D) E1&M dead space



High-flow nasal cannula (HFNC) oxygen therapy &K _ERERRREE - T35
{if&FIEF HFNC REZMEEL ?

(A) it warm and humidified air -

(C) 1= fixed FiO2 -
(D) i=f’/)5FRY PEEP -



- ARIEIRZZERTE driving pressure By D& 5B 3E ?
(A) driving pressure % plateau pressure & PEEP

(C) 48[E driving pressure T~ - PEEP &S - SECEAE
(D) driving pressure Kt 15cmH20 : SETERE LFH

PEE -
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Q. Pressure control model #1 pressure support

model &R X ARIRER
A. Trigger

B. Limit

C. Cycle

D. I EE=



Q. tkE#&EMAhigh flow nasal cannula /EZFEE - FOHEIEEEEE AT
A. Sa02
C. Respiratory rate
D. ROX index [SaO2/FiO2)/Respiratory Rate]



- T5IEBEAPRVC (pressure-regulated volume control) f#iti{o& 4" JE”
A. Dual control, f®@volume control
B. EA _E2—17& pressure control, FiAZF FEREpressure
C. Volume control T - 32 Evolume B Ti
D. BETERZETER 2L H{Epressure TREEERBE(TI)ITARE ZEETE

(volume)



Outline

- ERzE=AKEXEZ: trigger, limit, cycle
Tk z5tHER Rl =

Pplat &8, driving pressure, resistance, compliance,

[ ]
#

autoPEEP, capnography, breath stacking, recruitment

« Neuromuscular blockade (NMBA) usage and Patient Self-
Inflicted Lung Injury (P-SILI)



First workable iron lung designed by Woillez in
1876
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Polio myelitis epidemic (1952)
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Evolution of Ventilators

Drinker Sanborn Emerson
1931 1950 1952 13960

- : N Siemens
Bear Siemens 900C
1000 300A 7200AE

Hamilton
Galileo, G5
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PRI RIS E. R IETT (BT - mMABRB)

FIRBSE(FTZ2A): RBFITIRIEF] (RBITBNEAETR - RIEFTRAZIR)
BAOFTNNE): RAADT - BEI] (AAFTRXEAETR - BEIT I A5%)
OFFEEELR: {IEEREMN  BILREHM - RERA TR
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Ventilator = XKEXEZ

-Trigger SREMGFIGHIS
«;RTE F3 71089 L PR (i%5R8/88%&/ B )

eLimit
Cycle  “REEAITARREL

FIGfI RIS E ARG (BFTMmT - mARIKE])

TRBVSE(FTZA): RBFTRRIEFT (RBITRXEATFR - RIEFTRAZR)
BAOEFTWIE): RAADFT - BT (BAFTRKEA TR - EEITITA5)
OFEEFMLR: HIBEERANL - BHEEME - RERA TR
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Ventilator Graphic Waveform

1. Flow-time Z2.Pressure-time 3.Volume-time (4'/F)
R in HIZFTHIRHZE flow - B EFRIZE pressure®l volume

Flow
7 Pee 2405 1, 1}0 v L1
(L/m) % = P 290 1E1:76 v, .91
g == m=ia=al]
Pressure i
(cm HZO) SNV _~— PC— PS VIRG 78k
110 070 .[acbal §7al 2] 76 .
- A
Volume
(mL)
//I\ ODEE AR 0 CACAKAEA
(B RlvolumeBIH) Time (sec)

20



*Trigger
*Limit

*Cycle



Assisted: TRAREEE TS
Control: ixBBARZIGE IS

Assisted vs Controlled

T

Pressure

(cmrzm

Assisted Controlled

A C

Time (sec)
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Assisted ventilation

PR e A A R AR
1 AR E RS ERERER CREREE)
2 {513k BT A (PR R ) ER5%  Neurally adjusted ventilatory assist (NAVA)
SATHEIFIETSRS [REZ RABTENEL Flow trigger [fR4HH - FrlE R ZIPressure T[]
4 FAEIEREE RS RERE R EET R EB /I TF% Pressure trigger

Assisted vs Controlled

pre;ure Assisted Controlled

e
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Ventilator = XKEXEZ

Trigger “REMIERMKITIR C A

< RTEF TR LR (KR /B2 T8/ )

CREEAILRAYITEE

FIGfI RIS E ARG (BFTMmT - mARIKE])

TRBVSE(FTZA): RBFTRRIEFT (RBITRXEATFR - RIEFTRAZR)
BTN AE): RAADIT - BET (AAITRKEAETFR - BEITIIA5SE)
OFEEFMLR: HIBEERANL - BHEEME - RERA TR
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Controlled Mode
(VC model, Volume controlled Ventilation)

Time triggered, Flow limited, Volume cycled Ventilation

Preset Peak Flow

~ VC

Flow PR
(L/m) /HaxX &
1. Volume
2. Flow
Pressure Dependent on .
(cm H,0) C, &R, BER
1. Pressure@&BX
Preset V, 2.Ti(RmHE2EBER
Volume
(mL) Volume Cycling

Time (sec)
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Flow
(L/min)

Pressure
(cm H,0)

Volume

(mli)

Controlled Mode (Pressure-Controlled)

Time-Cycled
PC

i
75X AE

1. Pressure
2. Ti

V4 N =
BE
/E / I%\

Volume=2&##/)\/ X

[ANVANVA

Time (sec)

Set PC level

Time Triggered, Pressure Limited, Time Cycled Ventilation
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Volume Control
Inspiration Expiration

20

Pressure Paw—

Volume

5 2

PR 4RI R R (AT §

i oL F

B BAGFRFER

Pressure Control

Inspiration Expiration

I3aw—

PR T RIR RS g
ERRA - Bk Aehi § SR

K

#m: (RHBRE A TR
34 (B F g7 ed) o
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Spontaneous Breath

L

N

Flow

-W (L/min)

Pressure

/.: /_\ (cm H,0)
Volume
-/\/\ (ml)

Essentials of Ventilator Graphics Time (sec) ©2000 RespiMedu
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Pressure Support

N

Ventilation

I\\/ I\l/ |\Ii3 oy

Set PS level Pressure
(cm H,0)
(ml)
Time (sec)
Essentials of Ventilator Graphics ©2000 RespiMedu
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Pressure Support Ventilation (PSV)

Te Do o N

-90
\

Flow

+20

t

p

0 ™ Trigger

Time

B>k EIEAZE 7 #F 1 (cycle)




Pressure support vs. pressure controlled

Pressure Support

Assisted Mode

. (Pressure-Targeted Ventilation)

«————  Ventilation
Flow
I\Q l\ l\ (L/min)
Set PS level Pressure
(cm H,0)
(ml)
Time (sec)

Essentials of Ventilator Graphics ©2000 RespiMedu
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Set PC level

Pressure
(cm H,0)
(ml)
Essentials of Ventilator Graphics Time (sec) ©2000 RespiMedu

FHEIEE: limit, Z5& pressure limited (¥] 25 EHYpressure)

A[EIE: cycle

pressure control ¥]—EGHFREIFTLIEtime cycle

pressure support R 2flow FEELEIEFTR ° FirllE flow cycle
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- FARMER=ZAZE - FoIEEERR?

(A) BHiEHI1E T (pressure control mode) FF Ei#iR B #&(tidal volume) -

(B) BfE#ZEHItE T (volume control mode)E X E R BB 1 (airway pressure) °

(D) AEE3E -
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. ZENRZ[BEAR - [FRED ventilator mode ZEEEFHEEN - &
BE—1EI T Single mode - I FRUELOIERER :

(A) AC mode 15RYE R a8 2 BEEN O] FHIE IR 2R AR ERRAFE

(B) pressure control ventilation mode (PCV mode) {EFISERE - IFIRIE] -

RFEZREN - RERRTERE - MAERRIENIFTIEA tidal volume KIRTE -
(C) pressure support ventilation (PSV) H/ETZHRABTHEE)

(D) pressure support ventilation ;JREHRREM L RS LBRERRRTM
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[T 0k z8 7S B0 BN (pressure support) Il - SEHEMRKRSEES (low minute
ventilation alarm) - F3IZFE{EOl&E e IR ?

(B) Midazolam &7
(C) miE 7 w18 10
(D) HmizKiE
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Q. Pressure control model #1 pressure support

model &R X ARIRER
A. Trigger

B. Limit

C. Cycle

D. I EE=



Mixed Pressure support and Controlled ventilation (VC/PC)



D

e

SIMV+ PS

_(Volume-Targeted Ventilation)

How
(L/min)

Set PS level

Reare

H (im H,0)

rCPAP level

Essentials of Ventilator Graphics

(ml)

Tirre(s)

©2000 RespiMedu

SIMV: Synchronized Intermittent Mandatory Ventilation (VC)

PS: Pressure support
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PC, VC = dual control

VC PC

JRERTE R TE

1. Volume 1. Pressure

2. Flow 2. Ti

HiERE HiER

1. Pressure2&B A Volume2& B/ K

2.Ti (kmif)EEBR

Ai2A10gEVolume control {EX o] #&EEPressure A EiB K
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PRVC (pressure-regulated volume control)
FERV/CER P/C, EREME



Volume control 2:i% Volume + flow

Pressure control 2 &% Pressure + Ti

PRVC (pressure-regulated volume control) & Volume + Ti

Q1. #l|EXEvolume control &= pressure control
Q2. MR Evolume control, 3B flow R E

Q3. MR Epressure control, Apressure ERE

1 PRVC =» Dual control
T s i. 38 % — 18 B {2volumF 41 23 — B K5 BR (Ti)

ii. R EHES Hlpressure - A BENFHZEflow/pressure

T insp. rise
| 0.05 !
— = - iii. BAYTEE AR /)VBYPressure it s ENTIAZERFR EAIvolume
—p 8 [T rise > ZHrElpeak - BAEARARAETBERE ; RAEFABFREBBRFIE - 15
50" Trise A BRI TSRS - EXZIERTpressure R B R HIZE]



PRVC (pressure-regulated volume

control) Zl,

« PRVC & dual control

KE<V/CE=Z P/C,

#nzﬂ

e

» wmEV/C - BEEX5IMa—(E

Ti - pressure i34tz ; REBHIFEBMNERSE/)

H9PressureREREMTIANEZIZ

SEMVolume -

A28 0 gEVolume control {EX o] 3 EEPressure A EiE X



PRVC, VC+, APVcmv

APVcmv
PRVC VC+ Adaptive Pressure Ventilation
Pressure-regulated Volume control Volume control plus -Control Mode Ventilation

MEDICA

INTELLIVENT
( Patient rAdditions (" Modes

B
P-SIMV SIMV
[ DuoPAP [ apvemv |
APRV Arvsimy
[ sponT [ s
[ N AV
J' NIV-ST
Servol PB840 G5 Hamilton
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Examples of proprietary names for the 5 basic modes and 2 feedback features

PBE840 Avea/Vela Servo | G5 Evita V500
VACY ASC (VC) VAC VC (S) CMV VC-AC
PACVY AIC (PC) PAC PC P-CMV PC-AC
VSIMY SIMV (VC) VSIMVY SIMV (VC) SIMV VC-5IMY
PSIMV SIMV (PC) PSIMY SIMV (PC) P-SIMV PC-SIMV
PSSV SPONT (PS CPAP/PSY PS/CPAP SPONT PC-P5V

VC-AC (Autoflow

)

APRV

APRV

PC-APRV
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- T5IEBEAPRVC (pressure-regulated volume control) f#iti{o& 4" JE”
A. Dual control, f®@volume control
B. EA _E2—17& pressure control, FiAZF FEREpressure
C. Volume control T - 32 Evolume B Ti
D. BETERZETER 2L H{Epressure TREEERBE(TI)ITARE ZEETE

(volume)



MTE - iEERENERTHERSRZ

Pressure

Flow

Volume

A. Volume-targeted control ventilation)
B. Pressure-targeted control ventilation)
C. Pressure-regulated volume control

D. Pressure support ventilation

Answer: C



T351ARE volume control model, pressure control model #E{#9Dual
control mode #itifA&ER" FE”

A. EERTENEvolume E1Ti

B. EA L 2—#& pressure control, FRAEF {FE& EEpressure
C. BREREMNRZE L REpressure TIRERERE(TI)ITAREZEETE
(volume)

D.AEIHEKZEB A EEZHE - fVolume control + + pressure-regulated
volume control (PRVC) + CMV-AutoFlow * APVecmvE & 18

Answer: B
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I K 2% 46 e Al =

v’ Pplat £l

v" Driving pressure

v Auto-PEEP

v Compliance

v" Resistance

v EtCO2 (capnography)

v' Recruitment



|-hold and E-hold

&
o &% z ) p 24 . 108 v, &1
2% € 1:7.6 v, 91
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| 16,_‘. 070 . [2000| &) 20/ 70 .

EER
L2

ODER <K 0 ACAFAEA

I-hold for Pplat
(PC/PRVCIEEI_EPplatit 228 EHIE H)

i-hold &Pplat

e-hold Hauto-PEEP



Peak
inspiratory
pressure
A

|

Pressure

To measure Pplat:
Inspiratory-hold

Inspiratory
hold
Peak
inspiratory

pressure

\

4

!

Plateau '
pressure

V/C mode, constant flow, Pressure-time curve

Time
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ARDSnet Protocol

*
* *

Tre at m e nt " G Oa I S " NIH NHLBI .'3\RDS/:I';Ik Network

Mechanical Ventilation Protocol Summary

OXYGENATION GOAL
— Pa0,55-80 mmHg or SpO, 88-95%

PLATEAU PRESSURE GOAL

_— < 3 O C m H O Compliance, Resistance, driving pressure
- 2 Pressure
p H G OA L } [ Cst=dV / (Pplat-PEEP)
: = pplat | R=(PIP-Pplat) / Flow
_ 7 3 O - 7 4 5 | l Transthoradic

|: E RATIO GOAL

— Recommend that duration of inspiration be < duration of expiration.



Driving pressure and survival in the acute respiratory
distress syndrome

Compliance, Resistance, driving pressure
Resampling A: Resampling B: Resampling C:
Matched PEEP Matched AP Matched Plateau Pressure
Pressure
§ A
: Cst=dV / (Pplat-PEEP)
U
g AP AP \ 4
: Pt R= (PIP-Pplat) / Flow
£ 4
g
g PEEP ivi = Pplat-
£ PEEP Driving pressure = Pplat - PEEP
\ 4
566 577 696 568 582 604 574 592 622 597 PEEP
No. of Patients in Subsample
time
2.0+ 2.0 2.0
oF L4 * 1.4 1.4
5 £
i+ ! |
3 10 104 % { ———————— % 10 i
g }
E.:: 0.7+ 0.74 0.7
2§
i
2% .. P<0.001 054 P-0.61 054 P<0.001
0.0 T T T T T 0.0 T T T T T 0.0 T T T T T
59 % 5 5% 5 51 5% 5% 5 55 55 5% 5 5 5 ]
A B c pressure
.. P > volume
eeeoo. Contrast _---T Treee... Contrast -7
Higher plateau pressure: Not always risky Higher PEEP: Not always protective

Amato MB, et al. N EnglJ Med. 2015 Feb 19;372(8):747-55



Driving pressure

1.EGZ Ekm A mAYEE ) =

1|

2.<14-16 BIFE

3.0REER - A=2E

(& complianceZ - Frlddriving pressure EX 7 53T H B 5589tidal volume)




- ARIEIRZZERTE driving pressure By D& 5B 3E ?
(A) driving pressure % plateau pressure & PEEP

(C) 48[ driving pressure T~ - PEEP &S - SECERAE
(D) driving pressure Kt 15cmH20 : SETERE LFH

PEE -
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|-hold and E-hold

# 3%
E2

rﬁ

mmmn

R
LEL

SNV _~——PC—— PS VWG 784
i[j')-_'-mb : |mpm[_;:'—-g5_tl7_lg_
X 4 PEEP

305
FEX =
S ¢

ODER <K 0 ACIEAEA

I-hold for Pplat
(PC/PRVCIEEI_EPplatit 228 EHIE H)

E-hold for true PEEP

(RE2ZMER B #auto-PEEP)

i-hold &Pplat

e-hold Zauto-PEEP
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EEEs dauto-PEEP

PEEP total: 7.8
PEEP set: 6
Peep intrinsic: ~1.7




Il

Air Trapping

=

Inspiration

(L/Mil):

Normal
Patient

Time (sec)

Expiration

Air Trapping
Auto-PEEP
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Auto-PEEP (Intrinsic PEEP, PEEPI)

i

Auto-PEEP

Causes
1. Inadequate time for expiration
2. Expiratoryflow limitation

Auto-PEEP

57



*
Clinical management to relieve auto-PEEP

1. ‘& ¥ disconnect (10-15 sec) GErFwig &% B B A fFiE 8 B4 L c)
might be life-saving in some conditions, such as severe asthma attack.

2.8 Kb FHFE GEY P §F ARG
a. "% 1% respiratory rate (¢ & PF _} sedation)
b. H 4% § (37 F ) flow (B ehi e § #F)
c. "# ttidal volume (/¢ ;i %, ventilation volume ¥_% &_%3-> f/u PaCO2)

3. %% Mg [E 4 (jo K bronchospasm )
a. bronchodilators  b. steroid  c. antibiotics to control airway infection

4. *%¥ ™M ventilation demand
a. to reduce dead space ventilation/anxiety/pain/fever/asynchronization-> anxiolytict+sedation
b. to reduce carbohydrate intake -> high-fat diet

5. ¢ * external-PEEP 5 PR intrinsic PEEP
mostly applied in COPD. Applied PEEP ~ 80% of auto-PEEP
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MEREF - ERERBOERROLMRIBINBEAZ L - BRALRAKIEE (positive
end expiratory pressure, PEEP)RYERE XS MITENNEMFE - MR QB ERR ?

(A) HRIMEAKDAENRA - PEEP SfEMER T
(B) IR ERE LRIGAIFAA - PEEP EriEMiKiE

(D) R = HEREBE%EF(ARDS)RE - E(EFHSPEEP - & & ifiai5EkE
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Pressure-time

Resistance and compliance

60



Compliance, resistance, and driving pressure

Compliance, Resistance, driving pressure

Pressure

Cst =dV / (Pplat-PEEP)
pplst | R=(PIP-Pplat) / How

Driving pressure=Pplat - PEEP

 PEEP

time

i EE AR E>E

W/

l

volume

X

Transairwa
pressure

_x_

JTransthoracic,

pressure

2\V/C modelB constant flow7A = 4318
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Components of Inflation
Pressure

A
N

1. PIP

2. P, /Alveolar Pressure
A. Airway Resistance

B. Distending Pressure

(cm H,0)

Time (sec)

Begin Inspiration Begin Expiration
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Resistance

Resistance and compliance

Compliance

D FRIR B
P73 =

transairway pressure )

( Resistance) A iz (Flow)

. B

755 ( volume)

A
IEEN: =

( compliance) A &fgEE (transthoracic pressure)

(cm H,0) A

Components of Inflation

Pressure
1. PIP
1 2. P,,/Alveolar Pressure
A. Airway Resistance
2 B. Distending Pressure
B

Begin Inspiration

Begin Expiration
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/R

PIP vs P,

(cm :IIVZO)

High Flow

P

Time (sec)
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Airway problem
(resistance)



1 Compliance + Resistance

1. :AVolume control

2. constant flow

3. I-hold

= Cstat= 2Volume /2Pressure

(Tidal volume / P, -Ppgep)
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ARDSnet Protocol

*
* *

Tre at m e nt " G Oa I S " NIH NHLBI .'3\RDS/:I';Ik Network

Mechanical Ventilation Protocol Summary

OXYGENATION GOAL
— Pa0,55-80 mmHg or SpO, 88-95%

PLATEAU PRESSURE GOAL

_— < 3 O C m H O Compliance, Resistance, driving pressure
- 2 Pressure
p H G OA L } [ Cst=dV / (Pplat-PEEP)
: = pplat | R=(PIP-Pplat) / Flow
_ 7 3 O - 7 4 5 | l Transthoradic

|: E RATIO GOAL

— Recommend that duration of inspiration be < duration of expiration.



Capnography

Irregular HR

E “imC0z 0

etC0O2: end-tidal CO2

PaCO2 F] etCO2 ANF20A9EZ=>»PaCO2 = etCO2 + 20
[AACO2 sensorizin R Inm - PRI R/IRBICO2E #hiP ik —Eh]
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=R BB &2 (ARDS)BA - EIkzs
(A) IREBEENES - F{E FiO2
(B) BrLEAmRRME - RIEFEWNHEBES
(C) 1B MNkhER 2 ThBEfm &5 = (FRC)

(D) BEEHAmHEB 2 IIE FE 14 (compliance)

allk

2 7E £ At R[5 B2 (PEEP)A BT & 557 ?
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Recruitment
40 cmH20 for 40 sec



Recruitment methods

Sustained inflations

AJ

20 40
Time(¥)

B f@EMMERNIES - XB/EERRNEMEE
% 40 cmH,O #45 40%) o

Increased tidal volume sighs

0 T T T T 1

0 20 40 60 80 100
Time(i))

B RIFR—E(REE) : T FRIFRAEG TR
BURBRE (IR R 45 cmH0 A LIRZEMR
Bit) o

Elevated PEEP sighs

80+

60+
]

$3e
S

20

0 10 20 30 rl
Time(iV)

= RFRHB—ERN(TEE) | T RIFRREE
FREBURKRIER (—RETFIRN/FE) -

Extended sighs

0 100 200 300 400
Time()
B0 : RIFERAY—I18 (ERIVETFR)(TEE) : 8%
D08, 52 #5 48 1 A BRZ AR - %8I8 000t SR IE R B2 &
W R R T R R R 2 B RS 8 B B AR
(FFMETEIERE 30 cmH,O# 530 1)) + 2 &M
BONRKRIERREZNEQWHREHE

BN 18, ARIEET 2013:24,86-93
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( L ™
Criteria
P/F=150 mmHg with a
Fi0,=60% and
PEEP=5cmH,0
J
h 4
f N

1.Alarm re-setting:
L. "

Y

2.Ventilator-setting:
2-1. Mode:PSV mode
2-2. PS level:0cmH,0
2-3. PEEP:40(20)cmH,0

2-4. Fi02:100%

Y

3. Change Mode:
840-ventilator:

Accpet->37 ¥ manual breath
.

v
4 N\
4. Monitor:

4-1. ventilator alarm selience

4-2, vital-sign variety
. J

Recruitment in PB840

(40 cmH20 for 40 sec)

1P't paralysis l. High pressure alarm $i/5502 |

g Il. Back up m%gso*//l\

— PS mode, Fi02 100%, PS 0, PEEP 40

; Accept + Manu breath

Time:20~40s

EEEE)  Back to previous mod

1. Rate of recurrence: Q8H

| 2 SREM2-3X(RIPI ML)
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ffiEsR1EFEF % ( Recruitment Maneuver )

Recruitment Maneuvers in Sepsis-Associated Moderate-Severe ARDS

= EERIE

X 35 55 \ EAEIE (vs e AmT s i D EEPTUR e
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MESHPEE ARDS Recruitment HNHEEREER - BERMUTIAN
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Conditional 2026 55| : ABIEE
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GUIDELINES

Surviving Sepsis Campaign: international

. . guidelines for management of sepsis and septic
2 Revisited — A5 incremental PEEP shock 2026

255 . RYERIEIET PEEP jEE RS

Recommend Against Incremental PEEP Titration

FERBEHEKIE
L) s#%0E ( Strong Recommendation - Moderate Certainty
) SRBMES P EE ARDS MR A - BIGRH R ERE ART 58 (2017) Mg NEEE
12 PEEP ;@ ERHEE (incremental PEEP titration / staircase ’Eiﬁﬁ PEEP Bt (S 2E S RE 4R (* = PEEP JEI8IBTE thT] 2 fE e
recruitment maneuver) - zzzzEé;%:—:qucgm;;gé;& EIE - O ETERE L
(55.3%vs.49.3% ) ZEIHACPERE - 1EANMITREN S EB

For adults with sepsis and moderate-severe ARDS, we e
"recommend against” using an incremental PEEP titration AEEER

strategy. I
57, B2 155 [l B

BENRERNENREMN - ftlRRIESRBSEER

B3 2021 L&

2021 iRE " EZF B EH Recruitment Maneuver ; BIEIIET - B0
BERE incremental PEEP - 2026 IR E #iiEaEAERIRIBIR - #1587
REII135 -



& New — & EZAI

255 - BREEAS
Hypoxemia Monitoring

A2 New &5 ?

2021 151K SRR ERA S IR L ARTERE S - 2026 hRE X% A
TEXASMAZZREE - 2l KAB A KE—SERA -

(i

#3250 ( Conditional Recommendation - Very Low Certainty ) ¥
REMEERABE - EEERIKBMEST (SpO, ) SENARMAEATIE (
Sa0, ) & HBaF it R B R FIER - SREDAIREAREE -

O
_ _ _ SpO; by Pulse Oximeter Sa0, by ABG
For adults with sepsis, we "suggest" measuring oxygenation by either pulse
oximeter (SpO,) or arterial blood gas (Sa0,) in conjunction with physical HiFkE SEZSHEM -
examination and clinical acumen. JERAM - EEEH - BR RESRE
AIRIREOT
SpO,/FiO, BB R o= o jms BRPREZ : "In our practices — /MEREEMMES
jocrdine * ABG IhEREIRE D HEURakEREBEED - SpO, BENK 90% (
OZE -92% ) & % —-98% =]
Eﬁqoﬁ ‘.ﬁrg?ﬁ’;"‘%;pm EYBRILS 5 #7126 pH - PaCO, - %L IQR90-92% ) & 96% ( IQR 94-98% ) ZfE
<90% EE >97/f> Y& e B - EERESHINEEEMN - FH
SpOZ/FIOZ E PaO,/FiO; RY%E REBELEGER -

(

RN TS - S EME - ‘

Pa0,/FiO, <300 mmHg 8 SpO,/FiO, <315 ” 0
Pa0,/FiO, <200 mmHg =% SpO,/FiO, <235

i E ARDS Ri{& $¥E ARDS (&

PingFang TC PingFang TC
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v’ Pplat

v" Driving pressure

v Auto-PEEP

v Compliance

v Resistance

v EtCO2 (capnography)
v Recruitment

v Optimal oxygnenation



Outline

- ERzE=AKEXEZ: trigger, limit, cycle
Tk z5tHER Rl =

Pplat &8, driving pressure, resistance, compliance,

[ ]
#

autoPEEP, capnography, breath stacking, recruitment

« Neuromuscular blockade (NMBA) usage and Patient Self-
Inflicted Lung Injury (P-SILI)



Taiwan Severe Influenza Research
Consortium (TSIRC)

2016/03/12
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Administered-day of NMBA in subjects with influenza-related
severe ARDS by participating hospital

12.0—

=Y

o

=]
|

Use of muscle-relaxant (day)
0
o
|

Hospital

Taiwan Severe Influenza Research Consortium (TSIRC) investigators.
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Optimal use of NMBA in ARDS:
the role of spontaneous breathing

Fifty Years of Research in ARDS. Spontaneous Breathing During
Mechanical Ventilation - Risks, Mechanisms & Management.

Yoshida T et al. Am J Respir Crit Care Med. 2016 Oct 27
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Spontaneous breathing in ARDS

NO



Esophageal pressure swings during spontaneous
breathing in normal conditions and with ARDS

Esophageal g
pressure g *30q Healthy Iung
- - =
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P, —m—» = g
== a 0
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E
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(P,: trans-pulmonary pressure) ' T T T )

Time (seconds)

Oleic acid-induced ARDS sheep model

Langer T. Santini A, Bottino N, Crotti S, Batchinsky Al, Pesenti A, Gattinoni L.
Crit Care. 2016 Jun 30;20(1):150.




Quantifying unintended exposure to high tidal volumes from
breath stacking dysynchrony in ARDS: the BREATHE criteria

NMBA reduced the breath stacking from 23/hr to 0/hr

600

00

Volume (mL)

00

1.0
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o
]
5]

BSD Frequency (breaths/hour)
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N W e OO0 N ®
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100 1
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Disconnect
——

vy
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BSD Minute-Volume

NMB Initiated
(Hour 32)
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Time from Study Enroliment (hours)

r 250
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r 100

50

BSD Minute-Volume (mL/kg/min)

Table 4 Breath stacking dyssynchrony applying BREATHE criteria among recipients of neuromuscular blockade

No. breaths analyzed

No. stacked breaths

No. stacked per hour

Set V; of stacked breaths (ml/kg PBW)
BSD V; (ml/kg PBW)

42,860 + 24,057 46,677 + 31,697
_5(2-15) 576 (5321332
0(0-1) 23 (7-31) J]
6.0 (58-6.3) 6.3 (60-6.8)

11.8(11.1-14.1)

11.5(10.5-13.3)

0811
0.004
0.004
0.125
0461

Beitler, JR et al.

Intensive Care Med (2016) 42: 1§£7..



Probability of Survival

Neuromuscular blockers in early acute
respiratory distress syndrome

1.0,
094
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1+

0.0

ACURASYS

Cisatracurium

o2 days of Cisatracurium

" Placebo
 Patients with severe ARDS.
(P/F ratio < 150)

* The impact of VILI appeared to
be prominent after day-15

T T | T T T
0 10 20 30 40 50 60

Days after Enrollment

(Baseline mortality: 45%)

T T |
70 80 90

Papazian L. et al. ACURASYS Study Investigators.
N Engl J Med. 2010 Sep 16;363(12):1107-16.

W
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Neuromuscular blocking agents in ARDS

Before paralysis

Respiratory cycle

t

‘ ; Dyssynchrony
Pressure §

generated

l : Dyssynchrony
Ventilator 1 :

Lung
volume

Active
expiration

After paralysis
Respiratory cycle

Patient No pressure sign,

T No dyssynchrony

Pressure
generated

Ventilator

Lower tidal
volume

Lung
volume

No active expiration

Slutsky AS.
N Engl J Med. 2010 Sep 16;363(12):1176-80. 86



Mechanical Ventilation to Minimize Progression of

Lung Injury in Acute Respiratory Failure

Initial Capillary ] > Lung
|Lr_1TLTr?: ) Leak Edema
Patient Self-Inflicted Lung Injury
* High respiratory drive
P-SILI Impaired
o High Pes swings L Palv Gas Exchange
TVt, Pendelluft Mechanics

Increased Pes swings

 Pendelluft

Increased
Respiratory Drive

Figure 2. llustration of the vicious cycle of injury present in patients with acute respiratory failure.
Palv = alveolar pressure; Pes = esophageal pressure swings; P-SILI = patient self-inflicted lung injury.

Laurent Brochard, Arthur Slutsky, Antonio Pesenti
Laurent Brochard

Am J Respir Crit Care Med . 2017 Feb 15;195(4):438-442. PMID: 27626833
Paris University 87




Spontaneous effort causes occult pendelluft
during mechanical ventilation

solid-like

fluid-like

Electrical impedance tomography
image

Nondependent

Regional change in air content
(Delta Z, %)

Dependent

Yoshida T, Amato BP, et al. PMID: 24199628
Am J Respir Crit Care Med. 2013 Dec 15,188(12):142Q-7



Spontaneous breathing in ARDS

YES



Rapid disuse atrophy of diaphragm fibers in
mechanically ventilated humans

« Background: Diaphragm inactivity post mechanical ventilation for 18 hours in animals.
« Study-design:

v’ Case: Costal diaphragms of 14 brain-dead organ donors. (MV: 18-69 hours)

v’ Control: Intraoperative diaphragm-biopsy of 8 patients. (MV: 2-3 hours).

Control Active caspase-3 (protein degradation)
Molecular
3 Weight  Control Case
Fiber Size 37 .. -”; : ; Procaspase-3
- ] ol
25 -
20_‘ s ey | S —A\ctive caspase-3
Slow Myosin
Heavy Chain g

Atrogin-1/MuRF-1 (ubiquitin ligases)

12007 g Case (N=6) [ Control (N=6)

Fast Myosin P=0.01

Heavy Chain

nscripts

Relative to MBD4
w
2

8

8

P=0.002

Ratio of mRNA Tra

0
Atrogin-1:MBD4 MuRF-1:MBD4

Levine S. et al.
N Engl J Med. 2008 Mar 27;358( 13%1327-35.



Maximal twitch airway occlusion

Rapidly progressive diaphragmatic weakness and injury

10

pressure (cm H,0)
o

v

during mechanical ventilation in humans

Dose-response

= 80 b4
P=0.03  _ P=0.0006 :T’ r2=0.8; P<0.001

® 60 -

| [ =
= 40 -

] 2 Short-term MV group (n=10) ©O

- % 20 Long-term MV group (n=15) @
o g 8
g | | I I T T 1

y 0 50 100 150 200 250 300
HO0.5 - DO-D1 D1-D2 D3-D4 D5-D6 Duration of MV (HOUI"S)

Jaber S. et al. PMID: 20813887
Am J Respir Crit Care Med. 2011 Feb 1;183(3):364-71.



Early Neuromuscular Blockade in the Acute
Respiratory Distress Syndrome

lightly sedated (RASS 0 to -1) ROSE trial

The ROSE Trial

Intervention Group Control Group

e Usual care
Pao,/Fio,

<150 mmHg * Deep sedation * Light sedation

¢ 48 hr of continuous e No neuromuscular
cisatracurium blockade

1006 Patients within 48 hr

of diagnosis of moderate-to-severe ARDS

PEEP of 28 cm

Same ventilator care

1,408 =» early stopped

Marc Moss
Moss M et al. PETAL Clinical Trials Network. PMID: 31112383

Prevention and Early Treatment of Acute Lung Injury (PETAL)
N Engl J Med. 2019 May 23,380(21):1997-2008.
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Early Neuromuscular Blockade in the Acute
Respiratory Distress Syndrome

100+
] L’ Survived to hospital
] discharge,
90+ "?P" intervention group
1 W
50 “':'-__r]
1 N
1 o
70 / ]
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§ o] JEF_L_'_\#—'_
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PETAL Clinical Trials Network. PMID: 31112383
Prevention and Early Treatment of Acute Lung Injury (PETAL)

N Engl J Med. 2019 May 23;380(21):1997-2008. o



Early Neuromuscular Blockade in the Acute
Respiratory Distress Syndrome

ROSE trial
1,408 = 1006 early stopped

Adverse Events System/disorder Event Severity Intervention Control
Blood/lymphatic Methemoglobinemia Serious 2 o
Cardiac Complete atrioventricular block Serious 1 o
- Atrial fibrillation (paroxysmal) Non-Serious 1 o
ICU -achIrEd weakness Atrial fibrillation \:Iarap:i vent response Serious 1 o
. Bradycardia Serious 1 o
At Day 7: 41.0% vs. 31.3% (Difference -9.7, 95% Cl -21.5 to 2.1) ' ——— 7
. i r r Cardiac arrest Serious 6 2
At Day 28: 46.8% vs. 27.5% (Difference -19.4, 95% Cl -38.2 to -0.6) Cardiac arrest S
. Cardiac arrhythmia (NOS) Non-Serious 1 o
6:2
Serlous adv&rse eyents i;d deg;eelat;ioventricular block ierious o 1
yocardial infarction erious 1 1
35 events VS, 22 events {P:OJ:JQ} Serious prolonged bradycardia Non-Serious 1 o
Tachycardia Non-Serious 1 o
Barﬂtrauma 4.00."'.'0 VS, 6.30."".0 {P:O"] 2} Supraventricular tachycardia Serious 1 0
Torsades De Pointe Serious 1 o
Serious adverse cardiovascular events: 14 events vs. 4 events (P = 0.02) RRR bl L :
Ventricular tachycardia Serious 2 o

PETAL Clinical Trials Network. PMID: 31112383
Prevention and Early Treatment of Acute Lung Injury (PETAL)
N Engl J Med. 2019 May 23;380(21):1997-2008.



Early Paralytic Agents for ARDS?

Yes, No, and Sometimes. |

< =
)

Slutsky AS, Villar J.
N Engl J Med. 2019 May 23;380(21):2061-2063.

Therapeutic strategies in ARDS should ideally be tailored to the specific underlying disease or

injury mechanism at any given point in time, rather than being applied uniformly to all

patients.

Early paralytic agents for ARDS? Given their long-term neuromuscular safety profile in the ROSE

trial, we sugqgest that paralytic agents can sometimes be used, when physiologically and

clinically indicated.
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we might/should/must reduce the use of

NMBA in subjects with ARDS in Taiwan

12.0—

—
@ o o
o [=] [=]
| 1 |

Use of muscle-relaxant (day)
=
o
1

-L

2016 guideline
2021 guideline

Hospital

Taiwan Severe Influenza Research Consortium (TSIRC) investigators.
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Prolonged use of neuromuscular blocking agents is associated with increased long-term

mortality in mechanically ventilated medical ICU patients: a retrospective cohort study

1.00-

0.754

Log-rank: p<0.001

LI
- -
-, e L
]

- -

— 0.50+
o
>
]
2 I — longer than 48 hours I
82 0.25-
o E =+ Equal or less than 48 hours
ow - None
0.00 . . T . . T
0 60 120 180 240 300 360
Days
Number at risk
I exceed 48hrs 535 291 258 246 238 233 228
Equal or less than 48 hrs 765 502 466 441 425 405 398
2337

None 4409 3199 2854 2681 2546 2427

Lin Chun et al.
J Intensive Care. 2023 Nov 17;11(1):55.
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Mechanical Ventilation to Minimize Progression of

Lung Injury in Acute Respiratory Failure

Initial Capillary ] > Lung
|Lr_1TLTr?: ) Leak Edema
Patient Self-Inflicted Lung Injury
* High respiratory drive
P-SILI Impaired
o High Pes swings L Palv Gas Exchange
TVt, Pendelluft Mechanics

Increased Pes swings

 Pendelluft

Increased
Respiratory Drive

Figure 2. llustration of the vicious cycle of injury present in patients with acute respiratory failure.
Palv = alveolar pressure; Pes = esophageal pressure swings; P-SILI = patient self-inflicted lung injury.

Laurent Brochard, Arthur Slutsky, Antonio Pesenti
Laurent Brochard

Am J Respir Crit Care Med . 2017 Feb 15;195(4):438-442. PMID: 27626833

Paris University
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Physiological Comparison of High-Flow Nasal Cannula and Helmet
Noninvasive Ventilation in Acute Hypoxemic Respiratory Failure

« Fifteen patients with hypoxemia with PaO2/FiO2 < 200 mm Hg
« NIV (PEEP =10 cm H20, pressure support = 10-15 cm H20)

« HFNC (50 L/min)

Oxygenation, PaCO2, Respiratory rate

Oxygenation
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Conclusions: As compared with HFNC in hypoxemic respiratory failure, helmet NIV improves oxygenation,

reduces dyspnea, inspiratory effort, and simplified pressure—time product, with similar transpulmonary
pressure swings, PaC02, and comfort.

Domenico Luca Grieco et al.

Am J Respir Crit Care Med. 2020 Feb 1,201(3):303-312.



Low versus high positive end expiratory pressure in noninvasive ventilation

for hypoxemic respiratory failure: a multicenter randomized controlled trial

Design: Multicenter, open-label, randomized controlled trial across seven ICUs in China.

Population: Adults aged 16-85 years with acute hypoxemic respiratory failure (PaO,/FiO, < 300 mmHg, PaCO,
< 50 mmHg), anticipated NIV >12 h, and preserved consciousness (GCS =>13).

 |nterventions:

« Low PEEP Group: PEEP 5 cmH,0O, IPAP 10-20 cmH,0.
« High PEEP Group: PEEP 10-15 cmH,O, IPAP 15-20 cmH,O0.

Jun Duan, et al.
The First Affiliated Hospital of Chongging Medical University, Intensive Care Med. 2025 May;51(5):861-869.

Yuzhong District, Chongqing, China.




Low versus high positive end expiratory pressure in noninvasive ventilation

for hypoxemic respiratory failure: a multicenter randomized controlled trial

. NIV failure occurred in 43% (82/190) of the low PEEP group versus 32% (61/190) of the high

PEEP group (absolute difference 11.1%, 95% CI 1.3-20.5, p=0.034).

28-day mortality: 41% in the low PEEP group and 30% in the high PEEP group (absolute

difference 11.1%, 95% Cl 1.4-20.4, p=0.032).

Mediation analysis: 77% of the observed benefit of high PEEP on NIV failure was attributed to

improvements in PaO,/FiO,; 14% was mediated through lower tidal volume.

Jun Duan, et al.
Intensive Care Med. 2025 May;51(5):861-869.



Patient Self-Inflicted Lung Injury: P-SILI

April 21, 2020
Critical Care Compendium CCC

- Patient self-inflicted lung injury (P-SILI) is a controversial, emerging

concept.

« Concerns about P-SILI must be balanced against the harms from

prolonged controlled ventilation, over-sedation, and paralysis, when

allowing patients to breathe spontaneously.

Dr Chris Nickson

Alfred ICU in Melbourne.
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Practical suggestions

Controlled ventilation is a preferred strategy for early severe ARDS

Timing of the transition is complex due to potential for P-SILI balanced against

the harms from prolonged controlled ventilation, over-sedation, and paralysis
Optimisation of patient-ventilator synchrony is necessary for a safe transition to
spontaneous breathing

Novel tools: esophageal manometry and diaphragm electromyography

April 21, 2020
Dr Chris Nickson

W9 | AlfredICUin Mélbourne.



2] Revisited — NMBA {EFsRES

2% - ERENE NMBA S ERISERE

Intermittent NMBA Boluses over Continuous Infusion

O gmeEg ( Conditional Recommendation - Moderate
Certainty ) SRR MMAESHPEE ARDS RIRK A - & {FERAESR MY
NMBA 51 - MmIE NMBA #E&E 83 AR #iE -

For adults with sepsis and moderate-severe ARDS, we "suggest" using
intermittent NMBA boluses over continuous NMBA infusion.

B 2021 LE#R ( Revisited )

2021 hRZEZEE & NMBA ( Moderate certainty ) - 2026 k#1548 [E 1135
- {B4R#% ROSE i Bz pY R EAMERA 2% K 1 meta-analysis - ¥1 2 EAVIEHE
TEMEG® -

FA#Ez{As : ROSE &A% ( 2019)

ROSE Hit"%l%ﬂn%

NMBA #5&#&iE 48 /W54 vs. BREFEFRREEA - 900 RIETREL
EEE (425%vs.42.8% ) - ##7T ACURASYS alharI R HAE43R

FEmERIEITER
R HA NMBA £ ICU-acquired weakness ( ICU #ES 4 ESS ) EZ1HE

 HBEBENAEWER ICU IR
[ &R 1 5 3 AV 4B I i

gHRREARARD - BXREERF - (FEAINITE =
EERGERSR  g=mE el ER NMBA



Take home message

Trigger, limit, and cycle variables constitute the fundamental phase components of

mechanical breath delivery.
Systematic monitoring of pulmonary mechanics, including Pplat, driving pressure,
auto-PEEP and application of capnography are crucial to guide effective ventilation.

Neuromuscular blockade serves as a critical intervention to mitigate patient self-

inflicted lung injury by suppressing excessive spontaneous inspiratory drive.



Thank you.

Chao, Wen-Cheng,
M.D. Ph.D. [ORCID 0000-0001-9631-8934]

Contact information
e-mail. cwc081@vghtc.gov.tw
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