Role of Extracorporeal Membrane
Oxygenation in Pediatric and Adult
Cardiac Patients

Essay

Cardio- Gharacic Sugeny

Presented By

Mostafa Ahmed Rashad Elsaid
(M.B., B.Ch)
Faculty of Medicine — Al Azhar University

Supervised [y
Prof. Dr. Ahmed Samy Taha

Professor of Cardio-Thoracic Surgery
Faculty of Medicine — Ain Shams University

Prof. Dr. Hamdy Ahmed Abd El Warith

Professor of Cardio-Thoracic Surgery
Faculty of Medicine — Ain Shams University

Dr. Waleed Ismail Kamel lbraheem

Lecturer of Cardio-Thoracic Surgery
Faculty of Medicine — Ain Shams University

Oraculty of Medicine
Ain Shams (Iniversity
2018



YT au¥) byadl bygun



Acknowledgment

At first, I thank God; the most gracious and merciful

I would like to express my deep gratitude to
Prof. De. Ahmed Samy Faha, Professor of

Cardiothoracic Surgery, Faculty of Medicine, Ain
shams University, for his continuous guidance, his
great support during the preparation of this work
There are no words that can sustain my gratitude to
him.

I am also thankful to Prof. Dr. Foamdy
Aluned Abd Il Warith, Professor of
Cardiothoracic Surgery, Ain shams University, for
his brotherly support and continued encouragement
over the past months. His influence on this work has
been truly inspirational.

Last but by no means least; I'd like to thank
Dr. Waleed TFsmail Kamel Fbraheem,

Lecturer of Cardiothoracic Surgery, Faculty of
Medicine, Ain Shams University for his
illuminating discussion and continuous support.
His advices were the corner stone in building up of
this study.

A final thank you goes out to muy famuly,
friends and colleagues who have always

supported me; sharing the good times and the most

difficult of them as well.

Mostafa Rashad



Title Page No.
List of Tables ... v
List of Figures ....ooooiiiiiee e vi
List of Abbreviations ...........ccccceiviiiieiiiiecic et vii
ADSETACE ... 1b:¢
INtrodUuCtion ......oocvieci s 1
Aim of the WorK........ccooviiiiic e 11
Review of Literature...........ccccooveiiiiiiiiiiiccecce e 12
| D12 817 1) o HA 12
HiSTOTY: oo 14
PhySiology: ....ccooiiiiiee e 16
g 1TSS 21
TECRNIQUE: ... e 25
Materials and hardware: .............cccccovevevivccciecec e 34
Coagulation anticoagulation and inflammatory
=1 010) 01T < O PR PT ST UPRTRUPRTOURPPIN 44
INdiCations: ...oceiieee e 46
Indications in children: ............cccccoviiiiii i, 49
Indications in adults:........c.cccovieeiiiiiiecc e 60
Maintenance and Weaning: .........ccccocveviininiinineissc e 73
ECMO in awake patients: ..........ccccoevervveiirieinisceseessee e 74
ContraiNndiCationsS: .......cccccveiiiiieccie et sree e eree s 75
ComPliCAtIONS: ...ceiieiiciiiciie e 77
Long-term outcome of children treated with neonatal
extracorporeal membrane oxygenation:.............c.ccocveeveveiennnnn. 83
Outcome in Adults Treated With ecmo:........c.ccocovevvivevenenene. 86
ECMO milestones in EGYpPt........cccoviiiiviiinciiiniceenee e 92
Summary and Conclusion ...........ccoccoceiiiiiiiiniiienee e 105
ReferencCes ......cvoiivieiieccee s 106

Arabic Summary



Table No. Title Page No.

Table (1): ECMO indication for cardiac support (VA

ECMO 0nly) ..., 46
Table (2): ECMO indication for respiratory support............... 47
Table (3): Symptoms and signs of myocarditis.............cccuune.. 69
Table (4): Contraindications to ECMO...........cccccooeiiiiiiinnnn 76
Table (5): Problems and problem solving during ecmo........... 78

Table (6): Survival of Recent ECPR Cohorts Published
From 2000........eeeeeeeeeneennns 87

Table (7): Survival of Recent Pediatric Cardiac ECMO
Cohorts Published Since 2000 .......cc.ooovveeeevivicen.. 90



Fig. No.

Figure (1):

Figure (2):
Figure (3):
Figure (4):
Figure (5):
Figure (6):
Figure (7):
Figure (8):
Figure (9):

Figure (10):

Figure (11):

Figure (12):
Figure (13):

Title Page No.

Vv ecmo double stage single cannular

APPTOACKH ..o 26
Vv ecmo two cannulation approach....................... 27
Peripheral Va ecmo cannulation approach. ........ 31
Central Va ecmo cannulation approach............... 31
Percutaneous cannula..........cccocooeiiiiiiiiicnn, 35
Membrane OxXygenator ..........cccocoevvvniiniininnieniennnns 39
Central Unit Controller..............cccoooevviviiviiiiienennn, 39
Centrifugal pump ..o, 41
Mobile ECMO........c.ccooviiiiiiieieie e 43
Monza’s flow chart for ECMO support in

refractory Cardiac Arrest ..., 64
Survival percentages for each simple

cardiac ECMO SCOT€ ........cccceovriiiiiineieincneeee 77
Pretreatment. ..........ccccooovviiiiii 94
Post treatment. ...........cccooeeviiiiiiici 95

Vi



List of Albdreviations

Abb. Full term

ACT .........ccouu.... Activated Clotting Time

AFM .................. Acute Fulminant Myocarditis

AKI ..., Acute Kidney Injury

APTT .................. Activated Partial Thromboplastin Time

ARDS ................. Adult Respiratory Distress Syndrome

avECCO2-R ....... Arteriovenous Extracorporeal Membrane
Carbon Dioxide Removal

AV-ECMO .......... Arteriovenous ECMO

CA ... Cardiac Arrest

CA .., Catheter Ablation

CF-LVADs ......... Continuous Flow Left Ventricular Assist
Devices

CPB ... Cardiopulmonary Bypass

CPR ECPR ......... Ongoing Refractory

CS s Cardiogenic Shock

ECGE ................. Extracorporeal Gas Exchange

ECMO ................ Extracorporeal Membrane Oxygenation

ECSL ................. Extracorporeal Life Support

HTx .cccovvveennnnnn.. Heart Transplantation

IABP ... Intraaortic Balloon Counter Pulsation

LA ..o, Interventional Lung Assist

IVC ... Inferior Vena Cava

MOF ................... Multiorgan Failure

PCCS ... Post-Cardiotomy Cardiogenic Shock

pECLA .............. Pumpless Extracorporeal Lung Assist

PGD ................... Primary Graft Dysfunction

PIVSD .............. Post-Infarct Ventricular Septal Defect

PVR ... Pulmonary Vascular Resistance

SBP ......cccouuuu.. Systolic Blood Pressure

vii



KList a% HAlbbrnerviations (Cout...)

Abb. Full term

SIRS .........c....... Systemic Inflammatory Response Syndrome

SNHL ................. Sensorineural Hearing Loss

SVC ..o, Superior Vena Cava

TAPVC ............... Total Anomalous Pulmonary Venous
Connection

TAVI .................. Transcatheter Aortic Valve Implantation

TPN ....oovvvnnnn... Total Parenteral Nutrition

VA e Veno-Arterial

VADs ......uuun...... Ventricular Assist Devices

VAPa................... Veno-Arterio-Pulmonary-Arterial Cannulation

VAV o, Follows Venoarterio-Venous

VT e Ventricular Tachycardia

VV o, Veno Venous

viii



Abstract

Introduction:

Extracorporeal membrane oxygenation (ECMO) is a rescue
therapy to support severe cardiac and/or pulmonary failure. Both veno
venous (VV) and veno-arterial (VA) ECMO {or extracorporeal life
support (ECSL)} are increasingly being used.

Methods:

A systematic review of studies that reported data about the effect
of ECMO and its indications in different centers serving and treating the
cardiac patients around the world with illustrating the benefits of its usage
and outcomes.

Conclusion:

ECMO is currently being used in ICUs worldwide for neonatal,
pediatric, and adult respiratory and cardiac failure. Evidence to support its
use is strongest in the neonatal population, but treatment in the pediatric
population is also generally accepted.
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INTRODUCTION

C/ritical illness with severe pulmonary or cardiac failure is
\_J associated with high mortality. Advances in lung-
protective strategies and cardiac assist devices * 2 have helped
to improve survival for patients with lung or heart failure.
However, even if evidenced-based best practices are followed,
mortality rates can still be as high as 30 to 40% for patients
with ARDS and 50% for patients with cardiac failure.

Although initially introduced for the support of infants
with severe respiratory failure, (ECMO) has gradually become
the standard of care for the support of patients with
complications of many forms of congenital heart disease. The
ability to support both a patient’s circulation and gas exchange
has allowed many patients with transient cardiopulmonary
failure to survive after complex repairs or with severe
physiologic derangement such as pulmonary hypertension. *

It has become essential tool in the care of adults and
children with severe cardiac and pulmonary dysfunction
refractory to conventional management. > ® Nowadays ECMO
has become more reliable with improvement in equipment, and
increased experience, which is reflected in improving results. ’
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AIM OF THE WORK

The aim of the study is to go through the literature to
Ievaluate the outcome of the use of extracorporeal
membrane oxygenation in pediatric and adult patients with
aiming to introduce this modality in our Egyptian cardiac
surgical centers.

11



Review of Titerature S

REVIEW OF LITERATURE

Definition:

Extracorporeal membrane oxygenation (ECMO) is the
A_Aqgeneral term used to define a technique that allows gas
exchange to be performed outside of the body in order to support
the failing heart and/or lungs. Despite being the most commonly
used term, ‘ECMO’ is not entirely correct. Indeed, extracorporeal
membrane lungs do add oxygen (O2) and remove carbon dioxide
(CO2) from the blood so the term extracorporeal gas exchange
(ECGE) would therefore be more appropriate.®

Extracorporeal membrane oxygenation (ECMO) is a
technique for providing life support for patients experiencing
both pulmonary and cardiac failure by maintaining oxygenation
and perfusion until native organ function is restored. *

Another term extracorporeal life support (ECLS) refers
to devices used to support the heart and lungs, and includes
extracorporeal membrane oxygenation (ECMO) and ventricular
assist devices (VADs). °

Other external gas exchange systems provide similar
functions without the pump component of VV- or VA-ECMO.
These arteriovenous extracorporeal lung assist devices bypass
the lungs, but not the heart, and use the patient’s blood pressure
in order to sustain circulation of externally oxygenated blood. *°
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Because of the requirement for adequate cardiac function
in candidate patients, these systems have more limited
application. These devices are known by a variety of names,
including pumpless extracorporeal lung assist (pECLA),
arteriovenous extracorporeal membrane carbon dioxide
removal (avECCO2-R), or interventional lung assist (iLA). In
this report, we refer to these devices by the name used by their
clinical investigators, although it is our understanding that these
devices are functionally equivalent. *°

When using the ‘“heart-lung machine” to completely
bypass the cardiopulmonary circulation, it is referred to as
cardiopulmonary bypass. When ECLS is used in the intensive
care unit (ICU) or emergency department (ED) to augment
oxygenation, ventilation, or cardiac output it is generally referred
to as extracorporeal membrane oxygenation (ECMO).

13
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History:

Kolff and Berk ** in 1944 noted that blood became
oxygenated as it passed through the cellophane chambers of
their artificial kidney. This concept was applied in 1953 by
Gibbon who used artificial oxygenation and perfusion support
for the first successful open heart operation.13 In 1965,
Rashkind and colleagues were the first to use a bubble
oxygenator as support in a neonate dying of respiratory
failure.™ In 1969, Dorson et al. reported the use of a membrane
oxygenator for cardiopulmonary bypass in infants. 15 In 1970,
Baffes et al. reported the successful use of extracorporeal
membrane oxygenation as support in infants with congenital
heart defects undergoing cardiac surgery. *°

The first case report appeared in 1972 and described a
24-year-old who had sustained blunt thoracic trauma that was
successfully treated using ECMO, Thereafter; the first
randomized, prospective study of ECMO in severe acute
respiratory failure was published in 1979. *'

Bartlett and colleagues reported the first case series of 28
patients (14 children, 14 adults) who were treated with ECMO
in 1977."° Although only 5 of 28 patients were long-term
survivors, the early successes in near-moribund patients led to
the first randomized trials of ECMO therapy for respiratory
failure in neonates. *°
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During the same years, Kolobow was developing a new
membrane lung optimized for carbon dioxide (CO2) removal as
a possible application in patients with chronic obstructive
pulmonary disease. While testing this new device in
spontaneously breathing animals, however, we observed when
part of the metabolically produced CO2was removed by the
membrane lung that the ventilation of the animals
proportionally decreased to maintain a constant blood partial
pressure of CO2. %

The first applications in humans of the concept of lung
rest were reported in 1980.* However, a small randomized trial
conducted in the United States at the beginning of the 1990s
failed to show an outcome advantage of additional
extracorporeal support as compared with conventional
mechanical ventilatory support. %
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