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i Principles of ECMO

= [emporary support the failed lung
= Not suitable for irreversible lung failure

= Less suitable for the lung condition required long time
to heal (complication risk > benefit)

= Buy time for the lung to recover
= Keep patient alive
= Create an optimal condition for the lung to heal

= Avoid complications related to ECMO




Zapol, : (NIH Trial) (VA ECMO +ventilation and ventilation only) Severe ARF. A
Randomized Prospective Study.
JAMA 1979:242:2193-6

= 90 patients from across the US between 1974 and 1977.

= No benefit shown with survival of <10% in both groups

= Issues with the study:
= Primitive ECMO design
= Limited experience with ECMO and IPPV
= During ECMO, lungs were not put to rest
= High bleeding complications



Morris et al. PC-IRV vs Extracorporeal CO, Removal
Am J Respir Crit Care Med 1994;149:295-305

= 40 patients with severe ARDS enrolled

= 33% survival in 21 patients ECCO,R + LFPPV
m 42% survival in 19 patients PCIRV

= P=0.38

= 7/19 cases on ECCO,R with bleeding resulting in
premature discontinuation of Rx

= High pressure ventilation used before and ECCO,R with
peak inspiratory pressure 45-50cm H,O



Efficacy and economic assessment of conventional

ventilatory support versus extracorporeal membrane
oxygenation for severe adult respiratory failure (CESAR):
a multicentre randomised controlled trial

Glles| Peek, M wu:uf;(M--:g.ﬂ.:rd, Ravindranath Tiruvoipati, Andrew Wilsan, Elizabeth Allen, Mariarnma M Thalanany, Clore L Hibbert,

Ml

by
B
“ b

Ann Truesdal e, Felicity Cermens, Nicola Cooper, Richard K Firmin Diana E'bourne, for the CESAR trial collaboration

www.thelancet.com Published online September 16, 2009

| Lancet 2009, 374:1351-63
= 177 UK patients, aged 18-65 years

= Randomly allocated
= Consideration for treatment by ECMO or to receive conventional management

= Survival to 6 months without disability
= 63% (57/90) in the group considered for treatment by ECMO
= 47% (41/87) in the group of conventional management
= Relative risk 0.69 (0.05-0.97) & p=0.03
= No. needed to save one life without disability is 6



ECMO for 2009 Influenza A(H1N1)
i Acute Respiratory Distress Syndrome

The Australia and New Zealand Extracorporeal Membrane Oxygenation (ANZ ECMO) Influenza Investigators
JAMA. 2009;302(17):1888-1895. Published online October 12, 2009(doi:10.1001/jama.2009.1535)

= During winter 2009 (1 June 2009 to 31 August 2009), Australia
& New Zealand ICUs

= 68(34%) required ECMO out of 133 patients with IPPV

= For patients given ECMO

= 48/68 (71%) survived ICU
= 32/68 (47%) survived hospital
= 16/68 (24%) still in hospital

= 6/68 (9%) still in ICU
= 14/68 (21%) died



B CARING FOR THE
CRITICALLY ILL PATIENT

Referral to an ECMO center and mortality among
patients with severe 2009 H1N1 — UK Study

JAMA. 2011;306(15):doi:10.1001/jama.2011.1471

= Cohort study involving 4 adult ECMO centers

= 80 ECMO referred patients: H1N1 with severe ARDS,
referred, accepted and transferred

= 69(86.3%) actually received ECMO therapy
n 22(27.5%) died
= Hospital mortality
= Individual matching: 23.7% vs 52.5%, RR 0.45, p=0.006
= Propensity score: 24.0% vs 46.7%, RR 0.51, p=0.008
= GenMatch matching: 24.0% vs 50.7%, RR 0.47, p=0.001

= Number needed to refer to save 1 life is 4



Adult Respiratory (18 years and over)

Annual Respiratory Adult Runs
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Pediatric Respiratory (> 30 days and < 18 years)

Annual Respiratory Pediatric Runs
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i Respiratory ECMO in Hong Kong

Survival rate 72.1%
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i Types of ECMO




International Summary

i ECLS Registry Report

Respiratory Support Mode

VVDL

Adults, 18 years and over

VA

——Unknowi
VV-VA
VA-VV
VA+V
Other
VVA
VVDL+V



VV & VV-DL ECMO

Dual Lumen ECMO Cannula



Difference between VA and VV ECMO
W W

Hemodynamic
Systemic perfusion ECMO flow and cardiac output Cardiac output only

Arterial BP Pulse contour damped Pulse contour full

PA pressure Decrease in proportion to Not affected
ECMO flow

Effect of R-L shunt Present None

Differential body Occurs (in peripheral VA) Does not occur

perfusion



{Difference between VA and VV ECMO

W W

Weaning Cannot decrease O2 flow  Can disconnect O2 flow
to zero

Arterial cannulation  Risk of limb ischaemia None



i Case 1

= LSS, female/41 year-old

= Necrotizing pneumococcal pneumonia
= Complicated R empyema thoracis

= Severe respiratory failure & intubated

= Progressively worsen despite maximal support
including IPPV

= Pa02 <10kPa with FiO2 1.0 & PEEP >15¢cmH20
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i 1SS, F/41

= VV-ECMO was started

= R chest drain, pus drainage was good initially
= Later blocked by fibrin

= Urokinase locally instilled to R chest drain

= Developed massive hemoptysis two days later




i Massive hemoptysis

= Spigot the
endotracheal tube for
two days

= Surgeon performed
rigid bronchoscopy to
clear the blood clots
later




L Supine

Portable




i Rigid bronchoscopy record

Preoperative Diagnosis:
Blood clots in main airways. Necrotising pneumonia with haemoptysis
Qmﬁy_g_nhgnm (*Medifier: ?=Provisional; C=Complications)
Haemorrhage from respiratory passage
Upper airway obstruction
Procedure:
Removal of intraluminal foreign body from trachea and bronchus without incision ( blood clots )
Lavage of bronchus and trachea
Bronchoscopy, rigid

Fibre-optic bronchoscopy

Lower trachea and both main bronchi completely occluded by blood clots.
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i 1SS, F/41

= On day 26, hemodynamics stabilized but
oxygenation remained very poor

= Patient was put on “awake ECMOQO’, i.e. extubated
the patient & off mechanical ventilation

= Gradually patient’s oxygenation improved
= Weaned off ECMO on day 35

= Discharged from ICU on day 39

= Discharged from hospital on day 77
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FU at OPD 5
months later
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i Awake ECMO

= Body saturation supported by ECMO only
= No intubation
= |mprove patient’s comfort
= Easy to monitor neurological status

= No ventilator associated lung injury
= Already having pneumothorax with persistent gas leak

= No ventilator associated pneumonia
= Immunocompromised patient
= Patient waiting for transplant

= Allow patient to cough but needs
= A conscious and cooperative patient
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i Complications of ECMO

= \essel damage during insertion
= Unidentified heart failure

= Bleeding

= Circuit thrombosis

= Oxygenator failure

= Haemolysis

= Air embolism

= Circuit rupture

= Infection



i 2 Forms of VV-ECMO

= Extracorporeal membrane oxygenation (ECMO)
= High flow (4 — 6 L/min) .
= Both oxygenation & CO2 removal //

= Extracorporeal CO2 removal (ECCO,R) * L"
= Low flow (0.5 to 1 L/min)
= Only CO2 removal

w

15.5 Fr Femoral Catheter



i Extracorporeal flow needed

N

10000 -
— 2 cannulae,
‘= 1000 - $ ECMO Access cannula - Fr 21
E to 25
= [ ECccoR
o 100 - $ 1 dual lumen cannula - < Fr15
H- IHD

10




Physiology Of O2 delivery

= O, consumption ~ 240 ml/min

= Amount of O, added to the
blood via ECMO ~ 40-60 ml/L

s 1.34"Hb* (S

0,-540,)

out

s 4 -6 L/min blood flow is

needed
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Physiology of CO2 removal

CO2 generation ~ 200 ml/min

Amount of CO2 stored in blood
~ 500 ml/L

Achieved adequate CO2
removal with < 1L/min
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Tidal Volume Lower than 6 ml/kg Enbhances Lung

Protection

Anesthesiology 2009;111:826-35
Role of Extracorporeal Carbon Dioxide Removal

Pier Paolo Terragni, M.D.,* Lorenzo Del Sorbo, M.D.,* Luciana Mascia, M.D., Ph.D.,* Rosario Urbino, M.D.,*

Erica L. Martin, Ph.D.,” Alberto Birocco, M.D.,t Chiara Faggiano, M.D.,T Michael Quintel, M.D.,¥ Luciano Gattinoni, M.D.,§
V. Marco Ranieri, M.D.||

Ultra-Protective Lung Ventilation

IMAGNOSIS of ARDS

"ARDSNet" strategy & VT (ml/Kg PBW) 35 - PPLAT (Cm HzO)
Jor 72 bery A
N=12 o)
- - 30

WPy q<X Waly s
emil O emll O
N=22 N=10

. .
BAL and CT seun BAL and CT s
popssarii s ——

o ;,;)Airs;fr.‘_k—;;(li\:\'n“/( ARBON
DIOXIDE REMOVAL:

*ARDSNet" * Reduce V, to achiese 25<P,  <2¥ 15
strategy emi;0
for 72 "'.‘ * PEER-FIO, comblaation set acenrding to N
’4\‘ .22 the Wigher PEEP arm of the ALVEOL] wo . Pa0,/FiO,
sudy

« Increase respiratory rate wp to 80 Wanio
* Bicarbouate lnfusion ap to 20 mEgh

I pH < 7 28 apply 15
CARBON IMOXIDE REMOVAL for al
least 72 s
N=1o
. L 10
BAL IN=15) and T BAL and CT sean
scan (N=I2) Nl




i ECCO,R potential applications

= ARDS (moderate severity) with ultra-protective lung
ventilation

= Ventilated using tidal volume of 4 ml/kg,
= Less lung injury but hypercapnia

s COPD exacerbation
= Failed NIV

s Status Asthmaticus

= Bridge to lung transplant (COZ2 retention problem only)



ECCO,R machines

height adjustable

2EI3C OCOCOCH

Connects to cannula placed |
in femoral vein




i Conclusions

= ECMO - Evolving life support technology for respiratory
failure

= Definite role in very severe respiratory failure

= ? How about its role in less severe failure

= ? What should be the positions of
s ECCO,R (low flow & less invasive)

= Especially in the presence of new modes of ventilation,
prone positioning, ...... efc.



Thank you for your attention.



