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ACUTE RESPIRATORY DISTRESS
IN ADULTS

Davip (3. ASHBAUGH
5.0, Ohio Stare

ASEISTANT PROFESSOR OF SURGERY

D. Boyn BiGeLow
M. I3, Colorade

AEEISTANT IN MEDICINE AWND AMERICAN THORACIC SOCIETY-MATIONAL
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ThHomas L. PETTY
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ASSISTANT PROFESSOR QOF MEDICINE

Berwarn E. LEVINE
MDY, Michigan
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Acute Respiratory Distress Syndrome
The Berlin Definition

The ARDS Definition Task Force*

JAMA, June 20, 2012—Vol 307, No. 23

Table 3. The Berlin Definition of Acute Respiratory Distress Syndrome

Acute Respiratory Distress Syndrome

Timing Within 1 week of a known clinical insult or new or worsening respiratory
symptoms

Chest imaging? Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or
nodules

Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload

Need objective assessment (eg, echocardiography) to exclude hydrostatic
edema if no risk factor present

Oxygenation®
Mild 200 mm Hg < Pao./FIo, = 300 mm Hg with PEEP or CPAP =5 cm H,0O°
Moderate 100 mm Hg < Pao./Fio, = 200 mm Hg with PEEP =5 cm H,O

Severe Pao,/Fio, = 100 mm Hg with PEEP =5 cm H,0




and Ongoing Challenges.

' Fan E. RESPIRATORY CARE APRIL 2020 VOL 65 NO 4
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Customized ventilation?
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Increasing Intensity of Intervention

Mild ARDS Moderate ARDS Severe ARDS
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The NEW ENGLAND JOURNAL of MEDICINE

n engl j med 372;8 nejm.org February 19, 2015

SPECIAL ARTICLE

Driving Pressure and Survival in the Acute

Respiratory Distress Syndrome

Marcelo B.P. Amato, M.D., Maureen O. Meade, M.D., Arthur S. Slutsky, M.D.,

Airway Pressure (cm of water)

AP = AV / fihES=

=,
ol .

APFUR %SRBI S S,

AP Difs

UNEG

Multivariate Relative Risk
of Death in the Hospital

= FEROBINCEEY B,

40

30

20

104

2.0

1.4

1.0

Resampling A:
Matched PEEP

576 607 635 574 597

Resampling B: Resampling C:
Matched AP Matched Plateau Pressure
40 40
"’ - ]
g 30 1 30
ot AP
AP -
204 i 20
- ]
. -
] 107 i e PEEP 10
PEEP -
0-

2.0
} 1.4-

566 577 696 568 582
No. of Patients in Subsample

604 574 592 622 597

0.7 0.7 0.7
054 P<0.001 054 P=0.61 05 P<0.001
0.0 T T T T 0.0 T T T 0.0 T T
S, S, S5 S, S S, S, S S, S S, S, S5 S, S;
A B C
AR =4 AN 4
Tt-<.____Contrast ___..--"" Contrast

Higher plateau pressure: Not always risky

Higher PEEP: Not always protective

AP

PEEP



n engl j med 372;8 nejm.org February 19, 2015
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P<0.001 0O
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Multivariate Relative Risk
of Death in the Hospital
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4
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Median V;
(10th—90th percentile) — AP (cm of water)
mg/kg of predicted

body weight 6.0 (5.9-7.5) | 61(58-92) 8.0 (5.7-12.1)



P-51L1 (Patient self-inflicted lung

injury)
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Interstitial 20
Fluid
fZEA LR EIER SESEIIN Iy oY R VNE
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Paw = SUBWIE; Pcap = EMEERKE; Ppl = MIRE; PL = #RA0E; PT = RMEE
PL = Paw - Ppl, PT = Pcap - Ppl
) BZEMIREFOPL=(+30) - (+10) = +20, fMEFFZECLDEEBEEIND PT=12-10=+2
BRMEREFOPL=(+30) - (-20) = +50, PT=(+8) - (-20) = +28
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Venovenous extracorporeal membrane oxygenation

xmhb=1-L

ange oc ur§’
AIR/OXYGEN i
. BLENDER

O|Q

@A mixture of room air and
oxygen is delivered in varying
fractions to the inner core of
the hollow fibers within

the oxygenator.

\/

Exhaust gas

under positive pressure and
drives it to the oxygenator.

Blood flows into the oxygenator, washing
0 ver bundles of hollow fibers where gas»—j\

&I Loy — 1© Orygenation and decarboylation ¥
|
|

@ Oxygenated, decarboxylated
blood exits under attenuated
positive pressure.

@ The pump expels the blood ’L"’-Ii/ t. 1
& %\

A cannulais placed in
the right internal jugular
vein. The tip is advanced

hJE\\\

t
\ - -"-\.'_
RIGHT 8 [
ATRIUM

74

€D Venous withdrawal

Acann j%l s placed in the
| rlght femoral vein. The tip
is advanced to a point near
the right atrium.

@ Deoxygenated blood is
drawn into the pump

Brodie D, et al. JAMA 2019; Volume 322, Number €
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SEMNIRARICHNITEIVV- Extracorporeal life support for adults -3
ECMO3fEXsEDE—R with acute respiratory distress syndrome

Alain Combes'?"®, Matthieu Schmidt"?, Carol L. Hodgson®, Eddy Fan*®, Niall D. Ferguson®’, John F. Fraser®,

SamirJaberg'w, Antonio Pesenti”, Marco Rameri”, Kathryn Rowanu, Kiran Shekar"”s, Arthur S. Slutskyw7

and Daniel Brodie'®'?
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-Viedmifky . Vi o denlinz - Nt dan]fkg
- It < 2-30/min 2 B | RH £ 10-20/min" R 20-30/mis
PEEP » 10¢m H 0 Pump i i % - PEEF 2 1w H, 0 - Fill, : 50-100%
Tllodd - Fich, < 600 Fil < 6l AP 150m 1,0
femoml mnnula = F € Licm H, O - 4P < 15em H 0
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Lmemp = &8 Limin
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eI

B AT —X>-hZ1—-L (AR%EERK) VV-ECMO

C Extra-corporeal CO2 removal (ECCO2R) ; BENSHEFEREDARDSZXI SR, — ALK Rz
EI50H . fifRERGEIEZBIELT, VT, Pplat, RR, AP, mechanical power
(SUPERNOVA /{1O0vhZHT 1 DERTE)
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ECMO®DiE (1)
ELSO Guideline:

ECMO for Respiratory Failure (Ver 1.3, Dec 2013)
| (REESRTEMFIRAS (LR 2R1%)

FETDEMRMENS50%L E; ECMODEAZZEE
BTDOEMRMEDNS0%E E; BADE

)R N T IFIREIR(CEREINS T,
»F,0, >90%ICC. PaO,/F,0, < 150nD/Ffc(dMurray Lung Injury
Score 2-3 — AT OEMREIS0%. #fFE &L

— »F,0, >90%I(CT. PaO,/F,0, < 100nD/Ffz(EMurray Lung InJury
Score 3-4 — ﬁEtﬂ)fLBﬁIE(JSO%uJ: BAEL ! *
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1 ECMO®DiE i (2)
ELSO Guideline:

ECMO for Respiratory Failure (Ver 1.3, Dec 2013)
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ORIGINAL

. . ®
ECMO for severe ARDS: systematic review =

and individual patient data meta-analysis

Alain Combes'?"®, Giles J. Peek?, David Hajage®, Pollyanna Hardy?, Darryl Abrams®’, Matthieu Schmidt'?,
Agneés Dechartres* and Diana Elbourne® ]
Intensive Care Med (2020) 46:2048-2057

Study ECMO Conventional | Weight Risk Ratio [95% CI] httpsofﬂ’deI*or‘g!‘I 01 OO?HS‘O{}‘I 34_020_06248_3
CESAR 31/90 44790 — 408 0.70 [0.49, 1.00] 1.0
EOLIA 467124 597125 e 59.2 0.79 [0.59, 1.06]
0.8 —
Total 771214 103 /215 g ECMO group
RE one-step model —— 0.75[0.60, 0.94] E
RE two-steps model —— 0.75 [0.60, 0.94] 5 06 =
Q=022 df=1,p=064; F =0.0%, <* =0.00 ! ‘s
2 Conventional group
025 05 1 2 = 04 — HR: 0.65 85% CI[0.49, 0.88]
Favours ECMO Risk Ratio Favours Cenventional 'E
Fig. 1 Forest plot of 90-day mortality in the intention-to-treat population o
0.2 S —_—
P=0.013
EOLIA [17] randomised trials, there is strong evidence 0 : : : : : : : : |
to suggest that early recourse to ECMO leads to a reduc- o P »® W 4 H & N 0 ®
tion in 90-day mortality and less treatment failure com- pave
No. at risk

pared v:nth conventional ventilatory suppprt. Patients oMo 216 180 1 et s 1 me 19 17
randomised to ECMO also had more days alive out of the Soventional 215 157 190 125 120 118 114 113 118 112

ICU and without respiratory, cardiovascular, renal and Fig. 2 Kaplan—Meier survival estimates in the intention-to-treat
neurological failure. population of the time to death within the first 90 study days
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Ventilator Settings

Pressure Control Ventilation

F.O, 1.0
Driving Pressure 15 cmH,0
PEEP 12 cmH-0

Respiratory Rate 18/min
Circulation

Norepinephrine 0.7 pg/kg/min
Epineprine 0.15 pg/kg/min
Vassopressin 2.4 U/h

HR 110 /min BP 107/59 mmHg

Blood gas analysis

pH 7.221

PaCO; 44.7 mmHg
PaO, 71.4 mmHg
HCO5™ 17.0 mmol/I




Veno-venous ECMO
AR (Access) : AABEERAK 25 Fr (HLS cannula)

ELI'ILUI:IL/Dni- irn) - tlj(l(((ﬁifﬁﬂﬁ 72 Fr (HI € ~anntia)
z> \l\\a\. |/ "

JIRBTHIN &9 11 \(1ILo LAliniuviay

ERICN> T . Rotaflow® centrifugal pump

NN : MERA NHP Excelung NSH-R
HPO-23WH-C®

ECMO flow :4 L/min (2860rpm),

Sweep Gas : 100% O, 4L/min

HAERARZ M EREESICU



ECMOT> A —EIEIFDOMENARRE
VV-ECMO flow 4L/min, sweep gas 4L/min

Ventilator Settings

Pressure Control Ventilation

F.O, 0.4
Driving Pressure 5 cmH-0
PEEP 12 cmH,0

Respiratory Rate 10/min
Circulation

Norepinephrine 0.3 pg/kg/min
Adrenaline 0.03 pg/kg/min

HR 132 /min, BP 137/84 mmHg

Blood gas analysis

pH 7.42

PaCO; 39.3 mmHg
PaO> 85.8 mmHg
HCO5 25.0 mmol/I

[ECMOZEAEROL>NY]



Lung

ECMO flow ==y 3 Compliance
(L/min) AEEER (ml/cmH,0)
5 80
4 60

3
40
2
1 20
0 0
1 2 3 4 5 6 7 8 9 10 11 12 13 (day)

Penicillin G 1200/ E{i7/day >

[ECMOE A EE] [ECMO&EMRE %] ({R'ER]



TEGIEX &8

> T NAEFIEF LR RIR B THDN ., EREHITIEARDS - il i % 44
W\, ZiB2s N ECHRDEIEMRIRREE D,

> BAEBITIE. ECMOICLBMTIRYN—N2ZE BT DENDD,

> AR MMCXFU T, Lung restTE$DPEEP(>10cmH,0) . AU ®D

EREZ RIS hO— )L TR BEEE(aPTT <60, >40). M/MRE%S

P EGH#FFUTHIEITER,




ARG 55m WIE

IRJmREE

HEBISFEE, THRMNSD. EEZXZ.
S2UEBBX 2N, BHAFHREE D, BIE(C

2 ox, mAb(CEREE2. IDHSAEHD.
EEATR + ARDS &2, IEEE. X701 K.
QEEE. ALHIRERE (APRV) . BEMIBERER
ITOHBP/FEE=70&41KTF. VV-ECMOEBEMNAMNE LN
e (CERfRioX SR fe.

PAIERE ; #BAR (RIGHER : HbAlc 11.1%)



VV-ECMOE AmI

AT FIKR25E%TE : APRV
F OZ 10/ Phlgh 30CmHZO, PLOWOcmHZO,
Thignb.7 sec, Ty, 0.3 sec

BGA;pH7.432, PCO, 32.5mmHg, PO, 70.7 mmHg,
HCO5 21.2 mmol/L

Noradrenalin 0.2 mcg/kg/min
HR 70 bpm, BP90/60 mmHg




VV-ECMO :first run

AMNSEERIRAR DD : 25Fr HLS 38cm
AXRERFRAMXNT : 21Fr HLS 15cm
System: Rotaflow + XSNHPIZOtZ=>

RESP score:453,
Estimated survival:65-85% |




VV-ECMO :first r

.

MEPM 1g gq12h
LVFX 500mg g48h
VCM¥$FE

AT PR ERESTE > T
PCV F,0, 0.6,PEEP15, f10, AP10 | § " <—==

Prone

o XEFEEARORK

n

Al VV-ECMO

position  FERERL—>  BHAR

vy




Prone
position

6 7 8
IEAGT SR

Day11-13
mPSL1g 3HE
Day14-
PSL1mg/kg/day
~ FD#10Mgd DEmE




VV-ECMO: second run

KL-6:5200 U/ml

A70-4 RJVULX : 1g/day 3HFfE
>200ARXT7=RKR)VULX : 500mg/m?2
CRRT (AN69STHR)
AERAIED A

VV-ECMO

A KRBEERIRAR DD : 23Fr HLS 55cm
AANSEFRAMXIT : 21Fr HLS 15cm
System: Cardiohelp

m) 50Lung rest”/\
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VV-ECMO :second run

§ Aday4-2week EAday20-EXZR B A day42-56
PSL1mg/kg/day &EAday21-33 TOBIKZ A
") TOB+CFPM

| #EAday33-REZE1H2ME
| ATIFIRESRSERA

Pre-MDRP
0 4 0 7 3 8 0 5
Prone 13K 321 13K 321 iR A
position
6 Pre-MDRP: Pre-Multi
b i - Drug Resistant
- i’g e, Psedomonas
. T _ aeruginosa
o _ - .7 - TOB: Tobramycin
< L s -
*= T ¢ CFPM:Cefepime
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VV-ECMOH®D”Lung Rest” (Bib{RERIFEEE )
N R

. E—R: ECMOEAE%(Z. ACE—RPPPCVTHIIG. mEBRSEIESR. SH(CARMIE
K&V CEIREsWingt A E R £ 3,

- TEINIE. BEMINZ ANTZSIMVPPS/CPAPE(CHINE X TELL,

CEE  REENNROE, P-SILL CLORMEEENS.

CMSE  BERI1EBRE(<4 ml/kgIBBIKRE ) K.,

CIRETSN—IE : BNRICHNZ 3(<25 cmH,0).

. MFIREIEY : +37RECMOYR—MCUL T, pHEPACO,Z IE R EH (CHERF TE D5/
PROETE. HIZ(L. 4~10[El/57,

. PEEP : B0 HEEANDEEZ&/INRICU. AIRMICATREDER ZBHCERE . I Z (E
10~15cmH,O01E(CT 3.

. EHEEA T Awake and extubaitonzit# THEEL),
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