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Types of mechanical circulatory suppc

w Impaired cardiac function
w Ventricular assist device (VAD)
w Extracorporeal membrane oxygenation (ECMO)
w Intra-aortic balloon counter pulsation (IABP)
w Conventional CPB circuit

w Impaired cardiopulmonary: function
w ECMO

w Impaired pulmonary function
w Vencvenous ECMO




Physiological fundamental of
circulatory support

Cardiac function

w Adequate cardiac output
w Preload
w Afterload
w Myocardial contraction
w Heart rate and rhythm

Pulmonary function
w Lung mechanics
w Gas exchange




ECMO

Extracorporeal membrane oxygenation

- wECMGOis temporary supportof heart and

lung function by partial cardiopulmonary
bypasqupto 75 %of cardiacoutput) Itis

used for patients who have reversible
cardiopulmonaryfailure from pulmonary,

cardiacor otherdiseass.



Cardiopulmonary function
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Principle of ECMO

Venovenous

1. object to preoxygenate blood before the
lungs
2. no reduction in the pulmonary hypertension

3. provide no circulatory support

Venacarterial
1. provides total cardiopulmonary support

2. rest the lung



ECMO Indications

w After cardiac surgery, unable to wean off CPB
w Acute MI with cardiogenic shock

W

W
W

Heart failure after transplantation due to graft
rejection

Respiratory distress syndrome

Persistent pulmonary arterial hypertension of the
neonate

w Congenital diaphragmatic hernia
w Sepsis
w Acute respiratory insufficiency

w In pts. receiving at least 48 hours of optimal conventional
}/entltl_atorytherapy with no improvement in pulmonary
unction

w due to a viral or bacterial pneumonia, aspiration
pneumonia, respiratory burns

w diagnosis must be reversible within 14 days



ECMO Indications

w Refractoryfaliling circulation
. wPost CPR

. (hSevere sepsis

wRespiratory failure

wBridge to transplant

wBridge to bridge

wBridge torecovery




ECMO Indications
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w Oxygenation index (Ol): if > 40 predicts 80
% mortality without ECMO

MPaw FI1O2.10C

PO2(mmHg
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NeonatalECMO
Inclusion criteria

w Gestational age > 35 weeks
w Birth weight > 200@m

= wNo bleeding abnormalities

w No majorintracerebralhaemorrhage

w No major congenital chromosomal defects
w Mechanical ventilation <-80 days

w No Irreversible cardiopulmonary disease
w Reversible lung disease



Neonatal ECMO
Inclusion criteria

. wFailure of maximal medical therapy
- @Ol > 40 for 3 hours
.= oNormal echocardiography




ECMO contrandications

- wPatients with irreversible conditions
= wChronic pulmonary disease

< wBleeding problems

wDocumented irreversible brain damage

wProgressively degenerative systemic
disease



Decision to Institute ECMO

Several considerations must be weighed:

1 Likelihood of organ recovery.: only appropriate if disease
process is reversible with therapy and rest on ECMO

1 Cardiac recovery: to either wait for further cardiac recovery to
allow implant of device (LVAD) or to list for transplantation.

1 Disseminated malignancy
1 Advanced age

1 Graft vs. host disease

1 Known severe brain injury

1 Unwitnessed cardiac arrest or cardiac arrest of prolonged
duration.

1 Technical contraindications to consider: aortic dissection or
aortic incompetence




WHE BEGINNING




Evolution

w1916 Jay McLean discovered heparin

& 101953John H Gibbons Jr and his first hee
- lung machine

& 11954C WaltorLillineiand controlled
cross circulatiorg first biological
extracorporeal oxygenation

A 1970,Baffeset al reported successful use
of ECMO In infants CHD after undergoir
cardiac surgery




John H Gibbon
and his heatting machine




C WaltorlLilleheand controlled cross
circulation for open heart surgery

;-




lliustration of controlied cross-circulation as described by
Walton Lillehei in 1954.




Cardiopulmonary bypass
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ECMO System
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ECMO

CRB ECMO

1. Membrane oxygenator |1. Silicone membrane

2. Longer tubing system | 2. Smaller tubing system

|| 3. Ordinary membrane 3. Longer function
2| oxygenator up to only 8r | oxygenator up to & days

4. Hard shell reservoir 4. Small soft bladder
reservoir

5. Highdoseheparinisation | 5. Lower anditratable
heparinisation

6. Higher priming 6. Smaller priming volume
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iInfant  with

recovered,lead

respiratory and
of problems

ECMO for Hope Esperanza

> 1125w Robert H. Bartlett, M.D.
A In 1975 we were asked to see a newborn

meconium aspiration and

persistentfetal circulationin the neonatal ICU
We attached this little girl to our laboratory
heart-lung machine The nurses named this
child Esperanza“hope” in Spanish After three
days on extracorporeal support Esperanza

Ing to continued application of

this technologyto other newborn infants with

cardiac failure from a variety
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ECMO

wDr Bartletts idea

. wa?S alLkr1s 2F 2yS 4
= like flying to the moon

Developed the concept of titrating hepar

cwhich substantionally reduced bleeding
complications.

Refined circuit design with exclusion of
stagnant flow areas







PROLONGED EXTRACORPOREAL PARTIAL BYPASS
Heparin Requirement

Lre

\. 20 mg/Kg LOADING DOSE

X

HEPARIN
DOSE
mg/Kg/hr

Drinker and Bartlett, 1968




PROLONGED EXTRACORPOREAL PARTIAL BYPASS
Physiologic Effects
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Esperanza at 34 years old




IHE CURRENT ERA




Current advances

wExpanded indications
- wRationale use
~ wAdvancing perfusion technology




Category |: Cardiac support

w In case of low cardiac output or cardiac
dysfunction of any cause and unresponsive to
Inotropic drugs and intraortic balloon pump.

» 2 Postcardiac surgery

w Post acute myocardial infarction with
cardiogenic shock

w Acute fulminating myocarditis
w Endstage CHF
w PostCPR (extracorporeal CPR, ECPR)



Adult group

Indication for ECMO in adult cardiac failure is cardiogenic
shock:

w Inadequate tissue perfusion manifested as
hypotension and low cardiac output despite adequate
Intravascular volume.

w Shock persists despite volume administration,
Inotropes and vasoconstrictors, anttraaortic balloon
counterpulsationf appropriate.

w Typical causes: Acute myocardial infarction,
Myocarditis,PeripartumCardiomyopathy,
Decompensated chronic heart failure, Poatdiotomy
shock.

w Septic Shock is an indication in some centres.



Guidelines on relative surviva
without ECMO:

Options for temporary circulatory support
w Surgical temporary VADAbiomed Levitronix
w Percutaneous/AD:TandemHeartimpella

w ECMO: Advantages: Biventricular support, bedside

Immediate application, oxygenation, Biventricular
failure, Refractory malignant arrhythmias, Heart failure
with severe pulmonary failure

w9/ ah Aa | ONARIS 02X

w Recovery: Acute MI after revascularisation, Myocarditis,
Postcardiotomy

w TransplantUnrevascularisablacute MI, Chronic heart failure
w Implantable circulatory support: VAD, TAH



ECPR group

ndications

w AHA guidelines for CPR recommends consideration of
ECMO to aid cardiopulmonary resuscitation in patients
who have an easily reversible event, have had excellent
CPR.

Contraindications:

w All contraindications to ECMO use (such as Gestational
age < 34 weeks) should apply to ECPR patients.

Futility: Unsuccessful CPR ( no return of spontaneous
circulation) for 530 minutes.

ECPR may be indicated on prolonged CPR if good perfusic
and metabolic support is documented.




Extracorporeal cardiopulmonary resuscitation in patients with
inhospital cardiac arrest: A comp:mson with conventional
cardiopulmonary rfsuscltatmn*
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Cardiopulmonary resuscitation with assisted extracorpore
life-support versus conventional cardiopulmonary
resuscitation in adults with iFhospital cardiac arrest: an
observational study and propensitgnalysis

w Of the 975 patients with Hmospital cardiac arrest events who
underwent CPR for longer than 10 min, 113 were enrolled in
the conventional CPR group and 59 were enrolled in the
extracorporeal CPR group. Unmatched patients who underw
extracorporeal CPR had a higher survival rate to discharge (
rank p<0-0001) and a betterykar survival than those who
received conventional CPR (log rank p=0-0B&)ween the
propensityscore matched groups, there was still a significan
difference in survival to discharge (hazard ratio [HR] 0-51, 9!
Cl1 0-3§0-74, p<0-0001), 3@ay survival (HR 0-47, 95% ClI Q -2
0-77, p:0-003), andyear survival (HR 0-53, 95% ClI Qe333,
pP=0-006 favouring extracorporeal CPR over conventiiCiRR.

The Lancet, 372(9638), p5&861



ECMO and acute myocarditis

Pathogenesis

Direct myocyte injury

Acute Myocarditis

Viral
infection

Myoecyta
necross

Macrophage
activation

\

Cytokine
EXPression
« Intarleukin-1
« Intarleukin-2
= TuMmor necrosis
factor
* Interferon-y

Subacuts Myocarditis

InTiltrating
mononuclear
cells

Natural

killer calls

Cytotoxic
T ymphocytes

+ B lymphocytes
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e Mitric oxice

Meutralizing
antibodies

Chronic Mycearditis

Fibrosis
Cardiac dilatation
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E

Viremia

Viral clearing

~ ey
14 days 90 days

Absence of virus

Immunological activation

Autoimmune mediated

{Magnani JW, Dec GW. “Myocarditis: current trends in diagnosis and treatment.” Circulotion. 2006 Feb 14;113(6):876-90




MCS Devices to support Myocarditis

Acute Myocarditis

Fulminant Myocarditis Heart Failure / DCM
Lung Injury Slow Deterioration
CPR Increasing Support
v b
ECMO Short Term VAD
Durable VAD

Type of MCS in Myocarditis

ECMO+VAD

Limited data:

u a ..__/

20%

Ghelani 5. Circ Cardiovascul Qual Outcomes 2012




Rationale behind ECMO suppc
for myocarditis

w Timely ECMO deployment

w Early LV decompression
wPromotes Myocardial Recovery
wDecreased lung Injury due to decreased LAF

w Timely transition to VAD & Heart Transplantatic
evaluation



Category Il

Respiratory support

w Adult respiratory failure

w Neonatal respiratory failure
w Paediatric respiratory failure




secondary) ECLS should be considered when the risk of mortality is
50% or greater, and is indicated when the risk of mortality is 80%
or greater.

w 50% mortality risk is associated with a Bé#)O, < 150 on
FIO, > 90% and/or Murray score2

w 80% mortality risk is associated with a BaaQ, < 100 on
FIO> 90% and/or Murray score&8despite optimal care for 6
hours or more.

CQ retention on mechanical ventilation despite higplat(>30
cm HO)

Severe air leak syndromes

Need for intubation in a patient on lung transplant list

Immediate cardiac or respiratory collapse (PE, blocked airway,
unresponsive to optimal care)

W
W
W
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Paediatric respiratory failure

Indications:consideration for ECMO is best within the first 7 days of mechanical

ventilation at high levels of support

Contraindications

w Recent neurosurgical procedures or intracranial bleeding (within 10 days). Grade |

i or lll intracranial haemorrhage is a general contraindication.

58 0 Recent surgery or trauma: increased risk of bleeding. Care to maintain adequate
O2 IdzA I GA2Yy FFOU2NREI LI I 4980Bmay@2 dzy ( a
helpful.

w Age and size: No weight limit although obese patients (especially >100kgs) may
require special beds, have high risk of decubiti. May also be more difficult to
cannulate.

w Patients with severe neurologic compromise, genetic abnormalities (not including
Trisomy 21).

w Relative: enestage hepatic failure, renal failure, primary pulmonary hypertension.




ECMO Indications

w Oxygenation index (Ol): if > 40 predicts 80 %
mortality without ECMO

MPaw FiO2.100
PO2(mmHQg

w MPaw

(PawTi) +(PEEPT#

Ti+Te




Neonatal respiratory failure

Contraindications:

w lethal chromosomal disorder (includes trisomy 13, 18 but not 21)
or other lethal anomaly

w Irreversible brain damage

w Uncontrolled bleeding

w Grade Il or greater intraventricular haemorrhage.

Relative contraindications include

w Irreversible organ damage (unless considered for organ
transplant)

w <2 Kg

w <34 weeks GA because of the increased incidence of increased

intracranial haemorrhage.

Mechanical ventilation greater than 114 days.

Patients with disease states with a high probability of a poor

prognosis.

e €



Extracorporeal membrane
oxygenatlon (ECMO)

Queen Elizabeth Il visited 6ne 0 VIS
patients at GOSH on its 150" anniversary
on 14 February 2002.



Extracorporeal membrane
oxygenation (ECMO)

wPrinciple of
P cardiopulmonary
; bypass
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Equipments for ECMO

wPump: roller or centrifugal

. wMembrane oxygenator

. wBladder reservolr

“ wTubing

wCannula

wAIr bubble detector

wHeat exchanger

wAdditional equipment: haemofiltration




The Heart

w Roller pump
w Centrifugal pump

w Non pulsatile
w Pulsatile is more physiological
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ECMO

wMembrane oxygenator

. wAvoid direct contact between oxygen and
~{ red blood cell

. wLesghrombogeniceffect
wSuitable for prolonged use

2 major types
w Hollow fiber
w Silicone membrane




Membrane oxygenator

A\ wewirane owveenaror N\

SWEEP GAS FLOW
PCO2 O kPa

_ 2 100 kPa

¢¢¢¢¢
T I T & O 1 LI Sz e te PAT TS D 6T T3 5O BRI LT ern D B A

el Y T EEY MY D R L S e e e e L T OETH KA RIS D3 e el
LR~ - Y Noroess eTTorTa e esI . ol S NI T G A RS a3 /Y

T3 == OST TS Y Writes mm o e TP B Y IR A R TR 0 P N e

Tz om D ED e an | G DN e e3> Bl 7 8 O3 FIF ESR £I3 RS I Ofy YR INA ETE LA A TR
—hd TIIEIR NS IR O R L4 SNy Lol eaN @l \e
S TES B3 R AR DN 4R SEP LTS Ew wmd S
-
-



Silicone membrane




w Silicone membrane
wRolled silicone sheet
wPlasma leak




Hollow fiber




|




Current oxygenator

wHallow fiber
w Polymethylpentene
wHeparincoated

w Effective In
wBlood oxygenation
wCQ elimination
wLow pressure drop
wlast 1521 days







ECMO cannulae




Bladder reservolir

B soft silicone bag

w Observe amount of
blood coming in and
out the reservolir






Pressure monitor and
flow detector

Premembrane and posinembrane
oressure monitor

—low detector
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ECMO techniques armannulation

w Common sites
1. Venous
a. right atrium
b. femoral vein
C. jugular vein
2. Arterial
a. aortic

b. carotidartery
c.femoral artery

d. axillaryartery




VENOARTERIAL ECMO CIRCUIT INTERNAL
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ECMO circuits
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Initiation and maintenance of
ECMO

w Clircuit setup

6| wHeparinisation
w Cannulation
wFlow:

wPaediatric 10aL.50 mi/kg/min
wAdult 80¢ 100% cardiac output

wMonitoring




Haemodynamic support

wInotropic drugs: Dopamine, Dobutamine,
etc.

< wIn some cases: Noradrenaline may be

¢ needed because of low SVR. Blood presst
generated by ECMO depends upon ECMC
flow and SVR.

MABP = Flow x SVR
wFluid replacement
wBlood component



Ventilatory management

Rest setting
Rate 10 bpm
-10,0.21
PEEP 10
PIP 20

wlncreased ventilation setting may be usec
for VV ECMO or cardiac ECMO

e £ & g »




Monitoring

~ wpO2 6680 mmHg
__ wpCO2 445 mmHg
¢ wpH 7.40

to Iinstitution), present 166180 sec.

wFluid intake and output should be
balanced

wRespiratory tidal volume of 10ml/kg



Haematocrit

For VV ECMO:
Keep 4645 %

For VA ECMO
Keep > 40%



Anticoagulation management

wLoading of heparin00 units/kg/dose (70
units/kg/dosebefore cannulation

; wMaintenance:30¢ 60 units/kg/hour

wAdd heparin25 units/kg in 1mobf 0.9%NacCl or
5% D/W 50 ml

wStart infusion when ACT < 350 sec.



Anticoagulation monitoring

wActivated clotting time (ACT)
. wUse diatomaceous earth as the activator

Z. ¢y Required level 18@50 sec. (GOSH 1200

sec.)
wMaintained by continuous heparin infusio



Anticoagulation monitoring




Cerebral monitoring

wElectroencephalography: periodically
done in case of monitoring CNS function




Applications of ECMO

wCardiopulmonary support
. wBridge to recovery

o ()Bric ge to destination

wBridge to bridge

wBridge to transplantation




ECMQO: as a bridge to bridge

A Y"$E 8§ PC }( >" 38} Ju%o Vv$
to heart transplantin adult patients who are In
need of circulatory support and who are not
initially candidates for other forms of
mechanical support. The favorable results of
this strategy support utilization of ECLS even In
situations where myocardial recovery Is thought
to be unlikely.

Francis D. Pagani, MD, PhD, Keith D. Aaronson, MD, Fresca Swaniker, MD, and Rol
Bartlett, MD Ann Thorac Surg 2001;71:871/



