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Treatment of acute respiratory failure:
extracorporeal membrane oxygenation

Jin-Young Kim, MD - Sang-Bum Hong, MD

Department of Pulmonary and Critical Care Medicine, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Background: Extracorporeal membrane oxygenation (ECMO) support for tissue oxygenation can improve the
survival of patients with life-threatening respiratory distress syndrome or cardiac failure.

Current Concepts: Recently, the use of ECMO in acute respiratory distress syndrome has first been reported
by a multicenter randomized controlled trial, known as the conventional ventilation or ECMO for severe adult
respiratory failure trial. The ECMO application is dramatically increasing with the increasing number of patients
experiencing acute respiratory failure due to coronavirus disease 2019 pneumonia. In this review, we explain the
indications of the ECMO application and ECMO-associated complications.

Discussion and Conclusion: The ECMO application in lung diseases, such as coronavirus disease 2019 and
acute respiratory distress syndrome, has significant outcomes in securing the treatment periods and reducing
mortality. Therefore, accumulating knowledge and experience in the ECMO application can produce positive

outcomes.
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Figure 1. lllustration of (A) femoroarterial venovenous (VV) extracorporeal
membrane oxygenation (ECMO) demonstrate a right femoral drainage cannula
and right artrial return cannula and (B) peripheral venoarterial (VA) ECMO
demonstrate the drainage cannula is advanced in the distal inferior vena cava
(IVQ) to the level of the diaphragm and the arterial return cannula is not
advanced very far. Adapted from Lee S, et al. Insights Imaging 2014;5:731-
742, according to the Creative Commons license [2].
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Table 1. Respiratory ECMO Survival Prediction score

Parameter Score

Age, yr
181049
50 to 59
=60

Immunocompromised status®

Mechanical ventilation prior to initiation of ECMO
<48h 3
48hto7d 1
>7d

Acute respiratory diagnosis group (select only one)
Viral pneumonia
Bacterial pneumonia
Asthma
Trauma and burn
Aspiration pneumonitis
Other acute respiratory diagnoses
Nonrespiratory and chronic respiratory diagnoses

Do N o

—
o

N s - Yo - S wow

Central nervous system dysfunction®
Acute associated (nonpulmonary) infection?
Neuromuscular blockade agents before ECMO
Nitric oxide use before ECMO
Bicarbonate infusion before ECMO
Cardiac arrest before ECMO
PaC0O, mm Hg

<75

=75 -1
Peak inspiratory pressure, cm H,0

<42

=42 -1

Total score 221015

Hospital survival by risk class

Total RESP score Risk class Survival

=6 | 92%
3t05 Il 76%
-1t02 1l 57%
-5t0-2 v 33%
<6 \ 18%

Adapted from Schmidt M, et al. Am J Respir Crit Care Med 2014;189:1374-1382 [22).

ECMO, extracorporeal membrane oxygenation; RESP, respiratory ECMO survival prediction. 2" Im-
munocompromised” defined as hematological malignancies, solid tumor; solid organ, trans-
plantation, human immunodeficiency virus, and cirrhosis. 9" Central nervous system dysfunction”
diagnosis combined neurotrauma, stroke, encephalopathy, cerebral embolism, and seizure and
epileptic syndrome. 9" Acute associated (nonpulmonary) infection” is defined as another bacterial,
viral, parasitic, or fungal infection that did not involve the lung.
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Assess, prevent and manage pain

Choice of analgesia and sedation
Delirium : Assess, prevent and manage

Early mobility and exercise

Family engagement and empowerment

Figure 2. ABCDEF bundle. Adapted from Marra A, et al. Crit Care Clin 2017;33:225-243 [23].

o 3|84 H&EF A= ATk
E3F 1987 AJ-54Q H) o]4] Bl o] % A eubibAg

2]
o4 th7] T ZFFA AYA| o4 A A 7= A

N
o.

E
N
-~
g

A7 (bridge to lung transplantation), ©]4]
e“g 2hro]| QlojA] ZAIR]of| ol HAAQ] Auks
| $1gt = 9] shb= ARSE|AL Qe 16-21],

H dr oo
ra,

—Orll‘
N
o
o

SERTOIM HLUMABITR| S U

JE;

FHAA VV ECMOE 35549 3|5 715 ofiof
wa} A-8-2 rieljof gitt, o & S Respiratory ECMO
Survival Prediction score 1 ©]4H(Table 1) [22], risk class
III ool Al 57% ode] EaS HolEtt, Tt 7Y o

30 em HLOF 238k w2 Aol 0.8 2349 =2 &

ik =Y |ATINE g BRfol AL Sk ALS
o 3717} Hie BE BR| 28 F4o] ikl Aejupiba
TN AL XlO%HOF v&u}

2 529 A AARAL BAke] St Abs
40E Zol7] SIS AT AR 210l A3
o2 g 4 oLt AT IRNE AASHE 7]
2H 5ok AFH 0 ATE 5] 913 BARE o] G A

CHetlALESIX]

Both spontaneous awakening trials and spontaneous breathing trials

o Ft}. B go] £7] AT Fxfe] 4l
AT Serel 49 Zojed 3
ojch, =& Aupika
st 71t ¢tols 82 4
Aol gbAke) Qbgo] XE*I’JP—‘LO—E 5
P 2ol A ABCDEF W& 4]
o] uj-- F-stch(Figure 2) [23]. & 2
Aol A Qhof SR oflejakato] Qick
Richmond Agitation—Sedation Scale
—1oA +1 Ao F2 JAHE FAlskaL, Aol Wi
A GHES ARl S|t 715 te] 11Ust Azt B3
=% 845 Hasfsfol & AlolrH24].

F00] glo] ALIATTYA g2 e
7149 A7} drbHo|nf A|ejepitagaA] ARg- 717t
Z AP B3 oy, & A&
AoEAtag B X5 o4 7 ojele] 47| 3
"Ry A APgEo] S718HHTable 1 F1gure 2) [22,23,25].

7

oul

F—uﬂi
l‘k?lolbbooﬁ_

1)

ﬂl

:L/\—] _—g

’

AT T PA ST HHE 715t

vena cava)9] 7Hy| F&of YA|sk= o] ?—HEM jjeyo]
st =7 ke wi= ArdEe] $AE 2E f= &Y
4= itk 01“41 ??JEI% *J?JJ?H 7z Aol AT

A= Xw—o}" U A S
7] $lsiA & 24 5\137} “‘JPLO}E} sllutelo] 78 wWol A
S5, o Flukd Fol= 2= E3 9 TS A
2= QlojA SAJFHEE. EE%&&%/\V Hactivated partial
thromboplastin time, aPTT)o|u}, XS ML TA|7F] =
7159l AL sk H9e) 57} Helch sluae
ANH O FUT % Ik, w3 S5kl AL 3 heparin
induced thrombocytopenia”| @)A1 ¥thd direct thrombin
inhibitors2 °fE& WY o= 3ot F5LE A L&
2ol gjmhelo] Hasirhd anti Xatt antithrombin 11T 5-2]

ﬂl
2
ol
of
2k




Table 2. Criteria for ECMO weaning
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Criteria for ECMO weaning

Weaning trial
W ECMO F.0,=21%
Sweep gas flow 1 L/min or stopped
Duration: several hours
VA ECMO F.0,=21%

Sweep gas flow 1 Umin
Reduce pump blood flow by steps of 0.5 L/min
Duration: several hours

Poe4<25 to 30 cmH,0 with TV around 6 mL/Kg and PEEP<12 cmH,0
And Pa0,>70 mmHg on Fi0,<60% or Pa0,/Fi0,>200 mmHg
And pH>7.3 with PCO <50mmHg
And no acute cor pulmonale

Per<25 t0 30 cmH,0 with TV around 6 mL/Kg and PEEP<12 cmH,0
And Pa0,>70 mmHg on Fi0,<60% or Pa0,/Fi0,>200 mmHg
And pH>7.3 with PCO,<50 mmHg
And no acute cor pulmonale
Without left ventricular failure:
Left ventricular ejection fraction >25% to 30%
Velocity-time integral >12 cm

Adapted from Richard G, et al. Ann Intensive Care 2014;4:15, according to the Creative Commons license [26].
ECMO, extracorporeal membrane oxygenation; VV, venovenous; TV, tidal volume; PEEP, positive end-expiratory pressure; VA, venoarterial.

Table 3. Complications associated with ECMO use

Vessel dissection

Vessel perforation

Pseudoaneurysm

Limb ischemia (poor flow or embolic events)

Machine, pump thrombosis
Hemolysis
Harlequin, north/south or dual circulation syndrome

Access site bleeding
Retroperitoneal hematoma
Intra-abdominal bleeding
Stroke, cerebral hemorrhage
Gastrointestinal bleeding
Hemopericardium/hemothorax
Soft tissue hematoma

Vascular complications

ECMO circuit-related
issues

Bleeding

Intracardiac thrombus
Thrombo-embolic stroke
Vascular thrombosis
Pump/oxygenator thrombosis

Thrombosis

Bacteremia
Cellulitis
Ventilator-associated pneumonia

Infectious complications

End-organ hypoperfusion  Ischemic hepatitis
Acute kidney injury, acute tubular necrosis

Seizures, hypoxic brain injury

Adapted from Elliott A, et al. US Cardiol Rev 2021;15:13, according to the Creative Commons li-
cense [27].
ECMO, extracorporeal membrane oxygenation.
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Treat underlying cause of acute respiratoru distress syndrome
Standard lung-protective ventilation strategy
Diuresis or resuscitation as appropriate

17

PaO,/Fi0,<150 mmHg

V

Strongly recommended
* Prone positioning (unless contraindication)

Recommend
o Neuromuscular blockade
o High PEEP strategy

Consider
© Inhaled pulmonary vasodilators
® Recruitment manoeuvers

|

Continue No
current >
management

Are any of the following criteria met?
 Pa0,/Fi0,<80 mmHg for >6 h

 Pa0,/Fi0,<50 mmHg for <3 h

® pH <7.25 with PaCO, = 60 mmHg for >6 h

¥
Pa0,/Fi0,=150 mmHg
pH <7.25 with PaCO, = 60 mmHg for >6 h
No | Continue
—>| current
management
Yes ¢
Contraindication to ECMO? Consider
Yes i i
> adjunc_tlve
therapies
appropriate

o )

Recommend ECMO

Figure 3. Algorithm for management of acute respiratory distress syndrome, including indication for extracorporeal membrane oxygenation (ECMO). PEEP, positive
end-expiratory pressure. Adapted from Badulak J, et al. ASAIO J 2021;67:485-495 [30].
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