Trouble shooting for patients
with mechanical ventilation
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=%,58l : Disconnect and Bag

The Golden Rule

%_?f . Hﬁ%ﬁu¥u&%§ — 100% Oz Remove
Ambu Bag e

'
s ﬁq: —> F:ﬁ Eﬂ;ﬂ&gﬁﬁfﬁ ImprD:rement No improvement

= Ventilator problem = Patient problem
""=' ‘ =+ 4 r Y
e —
]: ! E Fcﬁ ErAﬁiﬁ Death imminent Death not imminent
= Airway obstruction * Physical examination
= * Pneumothorax (needle) * Monitor: Paw, V;
2B B2 88 V) E[E D ETT - Dislodged endotracheal | | + Chest radiograph
or tracheostomy tube




RIZHIRE - Hdi®m AR Air Hunger

Airway Pressure Waveform
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IRfE S EZEH . End-Inspiratory Hold

Resistance vs. Compliance

Peak Pressure = FE[E7] + [EfEHE | Plateau Pressure = |E/& %
$i8PH IR RE (Resistance 1) lIE &t R BF (Compliance |)
Peak 1 + Plateau — Peak 1 + Plateau 1
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HanEiEH) DOPES REHFFRIE

Systematic Approach

Displacement =K (EFIEMR )
Obstruction ZiEHZE (k- 28  RE)
Pneumothorax =/@ (£ /MEM0 )
Equipment /| Events {EHEsZR%EZE

Stacked Breaths &322 ( Auto-PEEP)

OVOO0O

# Disconnect & Bag /A& % — I Zl{kFFHEFR DOPES



D — Displacement :

Right Main-stem Intubation

( %r$x$ﬁ )

BR .
P& — Shunting — R4
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D — Displacement :

Esophageal Intubation

XA
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O — Obstruction : E/#T (Kinking)

Endotracheal Tube Kinking

ERERE :
SEUB B - MABRERIE
B3 RIMIEE :

RARE

BRI

/—/—/_




O — Obstruction : Cuff Herniation

Cuff Over-inflation

i
Cuff REBZE N
BE T BB E R

RE
FEEFPE K
HMEEEAES

EE : Cuff Deflation — IIBN4Ef#

Barker IR, Stotz M BMJ Case Reports CP 2013;2013:bcr2013200304.



O — Obstruction : {OIlFEZIHEE ?

Secretion Obstruction & Waveform
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P — Pneumothorax : B{tEE ?

Mechanism of Barotrauma

i . STEBAEER 2 B4R
t#= (Macklin Effect) :

Bronchiole

Bronchovascular

FEEE >> MEHE

l ’ —*7 7 / sheath ’ ' # 1 .
HI_'E E, FBE%BE&, A% @—Lvmenole d O @ ‘

~l« Venule ‘ ‘
R i EARBE — PIE \"s, 4' B /

\ Alveolus ‘ ‘ ' b
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P — Deep Sulcus Sign ( FiEEHZE )

WA [ m AR ZTE e F

ICU {MEAII X3¢ # BRI
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P — Tension Pneumothorax

Emergent Decompression

R3S i — 60-90% @EHK | W _aPsur

Bk
Peak 1 + Plateau 1 BIF#FA

Eunr_iE}E .
[MERERRE ~ OMEHFE ~ SEFFIKARER

EE :
AEE X H!
£ FhREE iR B




E— Equipment & Events : KM & 2&35

Causes of Worsening Oxygenation

ax ol RIRER
BB/ TR0 E ARDS &1t ~ fizK &
A ENE Pz ~ RUMAE

1 55 SSE EREETE
PlitEEE - AR MR - ZEE

IR A4 Bl 3¢ JIHE?F?E’”‘ =& V/Q



E— Events : {E1EKzsE ZF 0\l = iE

Hemodynamic Emergencies

BIS + REERE — #R5E PE !

R M F B REE ST
— BRI REE (PE)

R EF K52 1+ BEm 7K B2
— BEER/CVMIL R [ 3% 515 A e 32
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S — Stacked Breaths : Auto-PEEP jEfz£5

Dynamic Hyperinflation

REE (T, A2

— RiSHE — BRBETR

EEHBREMRER

Flow-Time waveform

ITRimELEOZEIZR
= Auto-PEEP Z1&

Airway pressure
cm H;0

A A
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Expiratory Flow Limitation

COPD Z/#578 /27 m i 82

COPD It mmiii = PR

Flow Healthy

max

I S0 37T 42 E22 i 22 JB2 ) e 4

BIfEANMS - EAIB IR ZER
(Effort-independent)

IIE HYBREE
4a T & 58911 R b5 E

IIVI[I'I'I‘.:'IN:
Pleural pressure

Inspiration Expiration



oA 2E A& Static Auto-PEEP

End-Expiratory Occlusion Maneuver

RIERE : 1.5 -
I S 7R PEL R 7

(End-expiratory occlusion)

Flow, L/s
[ ]

B Paw 72 FRME s PR

= Static PEEPi O 0 00 0
:Eu i i i i i

FOIRIRM 5

8 A WA SE 2 AR § o

SARIESHEE! ; : : : e T

Time, seconds



Stacked Breaths Eiffz 15K 5E (PEA)

Auto-PEEP Causing Cardiac Arrest

ti S Auto-PEEP — FHEEFEIR[ER — A0 BB AT IE
— REFEXME - EE 0S¥ 5B (PEA)

HESAR —  MEEHK (PEA) — ERENISCEACEIIN — AxEHIE !

MRS
Y BNEEREIF IR 22 (Apnea trial 1 min)
ERifeo el L — MEBEEFENIKE
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RASME R ? Dyssynchrony BYE8 424

Patient-Ventilator Dyssynchrony

I-E switchover

ﬁﬁéélﬁﬂ Prrr 3 Flow deliver
o o /\\\/\ é( ® I'E }Z:IE = - v ey A/
0Tr|gger|ng R - 3o 1_w
L —1
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e Flow Delivery ” BAE - BEMWE =3 20 N
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REXZFE # BRI

Triggering Phase

1&@an PSV
AR = 0 (Total PTP) |

3 E:\.- dP/dt
B2 : 159 Tmy R
& 55 BAMTN (Trigger PTP) o NL{\H\H 0 ”
— = 82 C?g ] -
E%XEEE-FBEF I T 0.6 ,,x/—
g | Trigger PTP 50'3_ F_'bz/ﬂ?/LWme+
BE : WANBLTER Auto-PEEP o) == ==~ ||
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Ineffective Triggering : P9t X S

Not Weakness — Threshold Load
BXFHET 1/3 Km3Eh - |y

= RaREE

BANRENSERE A E 33 o
E1H : .
Auto-PEEP > BEXBSEEEE E

AR AT AV TN
HELERKINEERS 38% ! ¢

s
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T T T T . ‘
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Flow Starvation : & Air Hunger

Inspiratory Flow Mismatch

- WAESN "k, B

Paw /&ﬁ/#‘.l‘ %ﬂ . 20 3 § EaiE |
Scalloping (WFMIE) 19 71 4 . A A A
EE : S oo

Flow 60 L/s Flow 90 L/s

& 1= 28 (60 — 90 L/min) o 7
R EFT 5 AR | 2 ol S VY
S 4 SELaSEs i ;
o 4 80 4 8

Time, seconds



Double Triggering : {& VT B9BE 7 & PR

Mechanical Tl < Neural TI

— R R — HEad4a 7 M RBER

e
TR T << fBZE T

= R REF
ARDS & VT RHIg
@ A EA S iy

6 mL/kg tr&&fi — 1B Double trigger
= T 12 mL/kg — {RIERIZIHIN

50

0 10 20 30
Time, seconds



Breath Stacking : BEHEEMNEE

Volume Stacking from Double Trigger

MR IE R ERE EMSELR 1
— HRBREMNEN -

Flow, L/s
Lo

BRIT AN SEGIE

&bz -
BTEIE (Volutrauma)
F B2 {S (Barotrauma)

Pes, cm H,O Volume (L)
o

0- W
10 -

Time, seconds




Delayed Cycling : &z FXBM3F

PSV in COPD

=R COPD + PSV &1}

COPD E® &R
— IRRME T EER1E

N Y Y Y AN

BRACELRRBEEMNR

EE : A5 Cycling-off F{&
(10 25% — 40%)

Transversus abdominis
EMG (arbitrary units)

Time, seconds
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Auto-PEEP £— : BRZE R

Qualitative Detection

Te 7812 A SR HE ZE PR TR B 6]
— B)REBE TR — Auto-PEEP

Flow

E M2 R BERER

7_|
>|§|:

Airway pressure
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K 57 e 48 Bl
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0 2 4 6 8 10
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a# R Auto-PEEP i5EHl=

Expiratory Hold Maneuver

R{E ISR PE A A or

(End-expiratory occlusion)

Paw, cm H,O
o

fHERE Paw EFH 2 FRE
= Static PEEPiI
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o
L
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o
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o
1
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Dynamic Auto-PEEP :

Esophageal Balloon Application

ﬁ E = 9 03 B3 24 i P i ) Orsatinsi ot
}EH F' EE=] f—k \% /':é:' ] Onset inspir flow

=0 "\ J‘\\ j\ﬂ k J\\
—

A&

r
RREOFESB - RRERAESE 2
Z EIR Pes BB &L ~ 5J/KM \[/L\M

Flow, L/s

Paw, cm H,O

= m A=Ak Auto-PEEP B9 "
KR E{EA R

Pes, cm H,0
S o
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0 2 4 6 8 10 0 1 2 3 4
Time, seconds



Auto-PEEP #%;%5 1 : [E{K VE

Reduce Minute Ventilation

BB —D . 2

BEEHEERE (VE) [ |
B - g
6% RR 81 VT AR L
. SN E SRR 0] —— oL N
H T L
_

KE .
BRI S i BE [MAE
(pH > 7.20 BEZD)

V) 100 70 40 100 70 40 100 70 40

Te 54 51 45 32 29 23 1.7 15 14



rimpVEEE | #& VE

End-Inspiratory Volume Monitoring

mERImnEZA]
ﬂ&,—ﬁﬁﬂﬂi@%a (VEI)

VEI > 20 mL/kg B
(B + &SRS - F

BERERRER -
Plateau Pressure < 30 cmH,0

2.2

2.0

1.8 4

1.6 1

1.4

1.2 1

1.0 1

0.8

0.6

VE| L)

e e e <
e % ® ¢
.. Q

e ©
8 o 0<%
e o e ¢
e o
..‘ o O
e o
e 8
e o
e o

Absent Present
Complications

@ Hypotension

<> Barotrauma



Auto-PEEP E#% 2 : fRIRAZERYEM

High Flow May Backfire

B
HE = SRR — #RAE TI — SEfR TE

— 3§/ Auto-PEEP v . j
3 i |
R e e B R B A 0
BSFRFGRE : COPD B IEMRES Q, 40~ Swing- 188t 06 -t 21s
SR - IKEME 5 5 a0 PEER 183 | 144 tss
— RR IRE &R | N D issEnensasancrte R
— ANt 57 RS 2 T AR 2 55 O :
=

0 10 20 30
Time, seconds



Auto-PEEP #%;% 3 : Ml PEEP

Waterfall Analogy

COPD Al mmiii 2R

(Expiratory Flow Limitation)

R E
S T KA (9NN PEEP)
K& & Eif KA ( Auto-PEEP )

3% € : Static Auto-PEEP #4 70-
85%

— IREERERE  ERAE

— AgENhSERER S

|

Auto-PEEP
10 cm HO

External PEEP
0 cm H,O

I

Auto-PEEP
10 cm H,O

i

e e et —— e — e e e s

External PEEP
10 cm H,O

|

Net PEEP
12em HO

l

e e e e i e e ]

External PEEP
12 cm H,O




2L finAEARMER !

Asthma vs COPD — PEEP Danger

COPD : & Flow Limitation v

Rexp 5 Rexp 5 —
S\ PEEP B2 C/:': 0 o

#% choke point FE#E
— AERFEHMEET] 5
Rexp 30

10 ZEEP

Rexp 30

sl& : 3278 Flow Limitation X

SN PEEP £3[8 ! o o

PEEP B L' B2 imiator
~ B{LBE TR zeep s pep
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ARDS : XE=ERFARAIBEERRE VT

Predicted Body Weight (PBW)

ARDS B9 Baby Lung :
HIFsERRNEER/N

MBaEAA/NREE .
55 - il B

EIE RIS EHER | .

WEER PBW 5t &
VT < 6 mL/kg PBW

...............

V+ mL/kg predicted body weight

% TLC'

20 A

10 . .!.

V+ mL/kg actual body weight




ARDS 89 P-V Curve &

Pressure-Volume Relationship

ARDS P-V B4R 451E -

HESA% - RIREY (EEE | )

1325 (LIP) : BPEm e iB#IER (Recruitment)
1324 (UIP) : filieiE2iBER (Overdistension)
ZZE = LIP £1 UIP z[&

e PEEP0cmH,0O » PEEP 10 cm H,O

e PEEP5cmH;0 e PEEP 15¢cm H,0O
e PEEP 20 cm H,0

S S T S U [N (N (N N ——
I 1 1| | || 1| -

0 10 20 30 40 50
Pressure (cm H;0) Pressure (cm H,0) Pressure (cm H;0)

A Health B ARDS c COPD




PEEP : Recruitment vs. Overdistension

How to Judge PEEP Response

RXII1E5s (Recruitment) iBEHESR (Overdistension)
P-V Hi#R @ ¥ P-V HIZROGRHEY
PaO, 1 * PaCO, | Plateau 1 ~ SpO, AE S E=
& JFEE 4k 52 4f — 2R E PEEP B2[o]2k
1800 - !_,:-;:.""’3 1800
% 1200 //Z % 1200
: 3} - 2
S 600 ”"J L g S 600 e —
LIP —> =%~ | —
vidb—"_5 , . . V=P | | |
0 10 20 30 40 50 0 10 20 30 40 50

A Pressure (cm H:0) B Pressure (cm H:0)



PEEP Setting Algorithm

HEEERE

F—F  BEEZEAR
Plateau = 28-30 cmH,0

High PEEP ( > 13 ) &

e IRlaE B
si= PEEP %% PaO, 1 PaCO, |
& FE =

Low PEEP ( 6-12 ) i&F8

BEREmL/BEEL
s9= PEEP &[0 E1=
Plateau 317+

PEEP R BIREZR — KIZTHES
BIERE

Maximum plateau pressure = 28-30 cm H;O —————»f

Vi of 5-8 mLkg PBW ————»

Pressure range within which PEEP should be individually set

Evaluation of potential for recruitment and overdistension Hemodynamic consequences of PEEP
a. Morphology of lung injury (chest X-ray and/or CT scan) a. Arterial blood pressure B
b. A EELV and Vrec with different PEEP (5-10-15-20 cm H,0) b. Arterial systolic and pulse pressures variation )

(P-V curve, equal pressure method)

c. Linear compliance of the P-V curve at ZEEP or low PEEP (j.e. 5 cm H;0)
(estimated by sequential Cst calculation with incremental VT size)

d. Pag, and Pacg, changes with different PEEP (5-10-15-20 cm H,0)

Low potential for recruitment/High risk of overdistension/Hemodynamic impairment: PEEP 6-12 cm H,O
High potential for recruitment/Low risk of overdistension/No hemoadynamic impairment: PEEP = 13 cm H,O

Source: Tobin MI: Principles and Practice of Mechamical ventiation,
3rd Edition: www.accessanesthesiology.com
Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

514 @



Plateau (R&E = Mi#RIZR 715 ?

Transpulmonary Pressure (Ptp)

e B2 IR FE i = s
(BAERY - BBk ) 7 :
ZRiEESRERT

40 A

ISR Ptp : . Lo

Saw| v ehe
= Paw - Pes ( REE ) T RS
o g% 4 A ata a g,
i n
§ 20 A ®*s . 155:‘ Ak

B EH IR R E - N
185 A B i 2 ol mE

» End-expiratory

oo S A (S . 3 A :“ : » End-inspiratory
MIFE AR TIE B °y Lo

[I] 20 40 60 80 100
Pao (cm H;0)
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Trouble Shooting #45 : IBE2@m&E Ao/

Physical Examination Matters

BERANEERKIES]

Mg SEZL 32BN (SCM) BIZUUN AR~ Recession of

supraclavicular

e FEEARS EIIYE jossa
se M= (Tracheal tug)
Bt € > & IR IR

B Decrease in
cricosternal distance

R ERA - BRARNEFIRMEAS

EIEEMEHAIER : BERHALZE - 5% Disconnect and Bag !



Troubleshooting #24&

IEREEBZES

R R IFRIES 1R 23 FEZEHY (COPD/Asthma)
Ineffective trigger — Auto-PEEP f% VE » IR RKE
Double trigger — %3 s 5 E Slm AZELINSMI0 PEEP

Scalloping — M&EAE

ARDS fREE =%

PBW & 6 mL/kg Wesdtil - A M
Plateau < 30 — Disconnect and Bag !

ko] #5214 58 PEEP
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