2019 CfietLharet =] =4

Management of
ECMO

ok

=2l



Nothing to declare



ECMO

« ExtraCorporeal Membrane Oxygenation
« ECLS(ExtraCorporeal Life Support)

NEGATIVE POSITIVE
PRESSURE PRESSURE Membrane

Pump
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Devices




Configurations

Venoarterial Venovenous

@ + &

Circulatory support
With oxygenation




Role of ECMO




Management of ECMO

Hemodynamic

Rehabilitation Respiratory

Nutrition Anticoagulation

Transfusion

Infection

Sedation Renal function




ECMO flow

« XX™SI flow ¢
1. Normal Cl=CO /BSA =2.4—-40L/min/m?
2. Adequate RPM

RPM =2{A{ Flow 23

Velocity Flow L/min




SN

Flow & @ X&

Pump speed

Size of cannulo
Position of cannula
Patient blood volume



Line Chattering

High negative pressure

Squeeze blood cells —
hemolysis

Cannula position

Patient’s low blood
volume




VA ECMO

 Drain-FV, IJV, RA
 Perfusion - FA,
axillary artery, aorta




« Drain FV '

. FV' Y ’ Perfusi 9




Veno-venous ECMO
physiologic
“simply elevate the oxygen in
central venous blood”



Hemodynamic

Normal blood pressure

Usually result in decreasing vasopressor and
INnotropic requirements

lung rest -> reduction of intrathoracic
pressure

Improved myocardial oxygen delivery

Maintaining adequate preload without
concern of worsening lung function



Respiratory support

VILl(ventilator induced lung injury)

“Lung protective” parameters

o Tidal volume < éml/kg

o Plateau airway pressures < 30 cmH20

o PEEP(positive end expiratory pressure) 10 cmH20
o Respiratory rate 10~12 breaths per minute

o FIO2 30 %, accepting PaO2 = 45 mmHg

Peripheral sat%: 85-92%



ECMO gas exchange

« Ventilator 2F FA}

o Sweep gas flow =
minute volume

Ehi
o ECMO flow : sweep
flow = 1:1

o FiO2 = ventilator
FIO2
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Gas exchange

Monitoring

B - ECMO ABGA =
v Oxygenator function
© Higf
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Re-circulation




ELSA

(assurance)

HOW THE ELSA MONITOR WORKS

Heat Exchanger
&Oxygenator

4{(,\ )=

E* st Flow (mLimen)
b 640
g C (%) 10] |
T @0

-1 I

Arteria
Flowsensor

T T !
X 0 X & L)
I {82c)

Art Flow = 640 mmin




V¢V, configuration
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Gas blender

Drainage
femoral cannula

VV ECMO
V¢V, Configuration

Console



Dual Lumen (dl) V;-V
configuration

VV ECMO
- (dl) Vi-V Configuration




VV ECMO with RV

failure
® Vf'VjAf
configuration

» Both, partial
support

« Sternotomy,
oXyRVAD

o RA-PA

\ \ i Return femoral
= \ ' —-artery cannula
Pum 3 el Drainage felranoral
= VrVjA; Configuration
Console



Weaning of VV ECMO

« Capping the gas inlet
o After12-24 hrs observation, decannulate

Blender

glile]

G m | j




Lung recovery

Tidal volumes long run ECMO

40vyo, viral ARDS, Awake alert on ECMO,

-ididation fOf 50 dayS courtesy of Palle Paimer, Karclinsia




Change

Change of concept of ECMO

ECMO | ECMO I
Sedation, Paralysis |Awake, Spontaneous breathing
Intubated Tracheostomy
Rest vent settings CPAP, extubate?
Specialist 24/7 ICU Nurse, ECMO Team role
Lung recruitment? | Watch and wait
Bleeding: major Bleeding: minor

.



Bridge to transplantation

Type of
support
Rehabilita ‘
tion

[,




Ambulatory, BTT

Ambulatory Lung Assist
PA-LA implantation, 5 weeks, bridging to transplant
Regensberg, 2007



Veno-arterial ECMO

More complicated



Hemodynamic

1. Mean arterial blood
pressure = 60

A mmHg
vasoactive agents
ﬁ + Q’Q QQ 3. Avoid hypertension
1. Afferload S7t2
Séffﬁ‘iﬁ;’;iﬁ:ﬁé’,?“ rgyt?éﬁjrdiol recovery
2. Cen’rrn‘ugol pump?e| 4

O
L2 venous return= gt
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Monitoring

* Monitoring for
adequate fissue
perfusion
1. Serum lactate level
2. acidosis

3. Adequate urine
output

4. Mixed venous
saturation (SVO2)

> 70%




Central Cannulation

Peripheral
cannulation

Peripheral Cannulation

Central
cannulation

Monitor -

Peripheral Cannulation
with Distal Perfusion
o Catheter ®



Central vs perlpheral

Open

Good ECMO flow
On-site Left vent
Bleeding

Percutaneous
Limited flow

Additional vent
procedure

Harlequin syndrome
Limb ischemia



Harlequin syndrome

Two circulation syndrome(VA)

1. Rt. Radial a. ABGA
2. Ventilator and ECMO setting
3. Additional catheter (central cannulation, VAV Tz}




Peripheral Saturation

SpO2 target
1. 95% tor VA ECMO

Lung rest

o Avoid high fidal volume and pressure < 25
cmH20

Avold hyperoxia
Avoid respiratory acidosis



Vf AfV configuration

* Peripheral VA
ECMO with lung
failure

 V-VA ECMO
-> VV ECMO
-> weaning

VVA ECMO
V-V;A; Configuration




Vent the LV

e Pulmonary edema despite of diuresis and inotropes

Prevent Avoid Promote
lung injury stasis myocardial
within the recovery

LV




» Septostomy,
frans-aortic
venting

* Open surgical
venting

Figure 2. Inflow/outflow cannula configurations
for the TandemHeart and Impella Recover 2.5
percutaneous ventricular assist devices
(PVADs).

Blood inlet
areainthe left
ventride

Impella Recover 2.5 PVAD




Limb ischemia

Most vascular complication
Golden time, doppler check every 2 hrs.
Reperfusion injury

AcCidosis

ARF



Distal perfusion




Reassurance

PNUH MI1.0 Tis1.7 12L-RS
06/112/16 12:44:19 AM  ADM e LEV
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Worksheet

WF 198 Hz
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Peripheral, but upper
extremities

~__ Latneter e JUQU|C1I’ V. —
subclavian a.

 Need open
technique

« Arm swelling

Peripheral Cannulation via Internal
Jugular Vein and Axillary Artery Possible Ambulation with
Internal Jugular and
Axillary Artery Cannulation



Central ECMO
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Wean ECMO

FIGURE 2 Suggested ECMO Weaning Algorithm

Recovery of end-organ function and/or support
via replacement therapy

Incremental decrease pump flow 0.5-1 L/min per turn until £ 1.5 L/min

Echocardiography

CVP<15 mmHg LVEF 2 25%
PAM:CVP21.5 No LV/RV distention
MAP 2 65 mmHg No stasis/”smoke”
Pulse Pressure 230 mmHg Aortic VTI >10cm
Success /\ Failure
v - ¥
Final Wean in OR — Failure ———>  Consider Durable MCS
SV02 > 60%, Cl 2 2.2 or Heart
¥ YES Transplantation

Decannulate

VTI=Velocity-time integtal



Short-term mechanical circulatory support as a bridge to durable left
ventricular assist device implantation in refractory cardiogenic shock:
a systematic review and meta-analysis

European Journal of Cardio-Thoracic Surgery 52 (2017) 14-25

AMI Myocarditis End-stage : Biventricular
cardiomyopathy ; failure
(IABP) ECMO | IABP IABP
TandemHeart TandemHeart L/R TandemHeart
Impella 2s/ce/s.0 Impella 5.0 L/R Impella
CentriMag HeartMate PHP CentriMag
ECMO CentriMag ECMO
l ECMO l
v v
If not If no signs of ASAP: If RV does
weanable by recovery by Bridge to not recover:
day 5: Bridge day 14; LVAD (or Bridge to
to LVAD Bridge to recovery)§ HTX or
LVAD/HTX palliation

Figure 2: Current application of short-term mechanical circulatory support and possible timing towards durable left ventricular assist device in patients with refractory
cardiogenic shock. § Bridge to recovery is only realistic in case of de novo heart failure or in acute on chronic heart failure when a clear cause for exacerbation exists.



Common management



Antlcoagulatlon (Heparin)

o Target

180-220 sec

o aPTT, factor Xa
assay

o Futhan,
argatroban




Blood product
administration

Platelet count > 10 BF/mm3
Hematocrit > 35-40 %

> 150 mg/dl (50-100 mg in 1 pack of
cryoprecipitate)

Hypovolemia, 1 2XEE, AT 5
Vit. K 20| EE38}= 70| =L}
Aloumin > 2.5 mg/dl
Electrolyte imbalance (potassium...)



Practice

Table 7-3. Laboratory Schedule.

Table 7-4. Blood Product and Factor Replace-

Anticoagulation Lab Guideline

ACT Qlh—Q2h

aPTT Q6h—Q12

Anti-factor Xa Assay Q6h

Platelets Q6h - O12h

INR Q6h - Q12h

Fibrinogen QI2h - Q24h

CBC Q6h - Q12h

Antithrombin Level Daily - PRN

Thromboelastography Daily — PRN for bleeding
or clotting complications

ment.

Anticoagulation Lab | Guidclines

Platelets Platelet transfusion to maintain counts
>80,000 uL to 100,000 ul,

INR FFP transfusion to maintain INR. <2.0

Fibrinogen Cryoprecipitate to maintain fibrinogen
>100 mg/dL. OR
>150 mg/dL if bleeding or prior
surgical intervention

Hematocrit PRBCs to maintain hematocrit >30%
{consider higher goal for neonates and
children with cyanotic congenital
heart disease or lower goal for stable,
adult patients)

Antithrombin >50%-80% (>0.5-0.8 w/mL), consider

AT replacement if on maximum dose
of UNFH and unable to obtain
therapeutic anti-factor Xa assay




Cannula site
Bleeding

« Compression

* Purse-string sufure
 Coagulopathy /™
* Revision



Fixation

A

E
E
E
E
E
E
F




ECMO emergencies



Pump failure

« Acute thrombosis

« Circvuit change




Air embolism

Massive air embolism from central venous
catheter during veno-arterial ECMO therapy

CVC Extremity

Anaesth Crit Care Pain Med 37 (2018) 271-272
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Accidental de-cannulation

« Clamp
« Compress
o Stop pump

« Call for help
« Resuscitate the patient




« Re-boofing
e Another machine

* Hand crank




ASAIO Journal 2019 Case Report

Recovery from Total Acute Lung Failure After 20 Months
of Extracorporeal Life Support

KrisTen MNetson-MoMitean, *+3F Luca AL VRICELLA,* Y Dyian STEwarT, * 1l Jons Youna,** AsHisH 5. SHaH, T+ NARUTOSHI
Higino, * 9 # anD Jonn D. Coulson®t§

Tablel. Organ Support by Phase

ECMO ECMO
(Phase 1) (Phase 2) ECMO (Phase 3) ECMO (Phase 4) ECMO (Phase 5)

ECLS 1-7 7—61 G1-420 420-552 553-605
Day #
Type of extracorporeal VA-ECMO VWV-ECMO  RVAD-oxygenator “CentriMag with  Peds RVAD-oxygenator ECCOR

support Quadrox” “PediMag with

Ped-Quadrox”

Supports oxygenation X X X X
Supports carbon diokide X X X X X

removal
Supports left ventricle X

Supports right ventricle X X X




F@ home massage

Viable exit strategy

Management goal

Timely change of
type of support



Thank you for your
attention



