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INTRODUCTION

Extra-corporeal membrane oxygenation (ECMO) for
postoperative support has become an invaluable tool in the
management of patients at a majority of centers performing
pediatric cardiac surgery.! In the western world, the first
application of ECMO following repair of congenital heart

disease in a pediatric patient was done in 1970.2 Around

ABSTRACTS

Background and Aim: Cardiac extra-corporeal membrane
oxygenation is a mechanical life support system initiated in
patients with extreme cardiopulmonary failure. Extracorporeal
circulation after cardiac surgery supports the heart and lungs
recover from the acute injuries of the surgery. Aims of this study
were to present our initial experience about complications and
outcome with the use of extracorporeal membrane oxygenation

following open-heart surgery for congenital cardiac anomalies.

Methods: Medical records of all pediatric and neonatal patients
requiring extracorporeal life support following cardiac surgery
for congenital cardiac anomalies were retrospectively reviewed.

Patient and extracorporeal system characteristics were evaluated.

Results: Between 2009 and 2012, eight children were treated
at our institution with mechanical extracorporeal life support
system following open heart surgery. Median age was four
months and mean weight was 7.24 kilograms. The indications
for initiation of extracorporeal support were difficulty in weaning
off cardiopulmonary bypass despite maximal inotropic support,
refractory pulmonary oedema immediately after cardiopulmonary
bypass and right ventricular dysfunction in postoperative period.
Two patients were weaned from the extracorporeal support

successfully.

Conclusions: [nitial results of our extra-corporeal membrane
oxygenation programme do not meet the international standards.
1t can still be a valuable strategy for saving lives after paediatric

cardiac surgery.
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the world, the number of children treated by ECMO has
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increased gradually over the past decade.** This study
intended to evaluate the demographic profile, clinical
variables, technical considerations and clinical outcome of
children in whom ECMO was used after repair of congenital
cardiac anomalies and to report the initial experience after

starting an ECMO programme in a tertiary cardiac centre.

METHODS

After approval from the institutional review board, we
retrospectively reviewed the medical records (hospital
admission records, operative reports, perfusion data,
and pediatric intensive care unit sheets) to collect the
demographic information, clinical variables, technical
details and clinical outcome of the patients supported
with ECMO after cardiac surgery from October 2009 to
September 2012.

ECMO circuit design

The ECMO circuit consisted of a venous cannula draining
the blood to a centrifugal blood pump (Bio-Pump BP-50;
Medtronic, Inc, Minneapolis, MN, USA) in conjunction
with an oxygenator (ECMO 0800, membrane oxygenator,
Medtronic, Inc, Minneapolis, MN, USA). The oxygenated
blood from the oxygenator was returned to the patient
through an arterial cannula. The system was operated
by ECMO machine (Bio console-560, Medtronic, Inc,
Minneapolis, MN, USA). There was a connecting bridge
between arterial and venous line of the ECMO circuit.
All components were heparin coated. Temperature of the
patient was regulated by temperature controller (Bio Cal
® 3701, Cardiopulmonary bypass temperature controller,

Medtronic, Inc, Minneapolis, MN, USA).

Patient management during ECMO support

The patients were heparinized to attain an activated
clotting time of 180 to 250 seconds. The goal was to provide
a systemic oxygenated blood flow of average 2.4litres/
minute/metre? as full circulatory support. The patients were

not cooled during ECMO mechanical circulatory support.
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Inotropes and vasopressors were used to maintain mean
arterial pressure of 40 to 60 mmHg. Echocardiography
was performed everyday to determine whether the left
ventricle was distended and whether decompression was
necessary or to determine if any potentially correctable
cardiac defects were present. Ventilator settings were
generally set to a rate of 16 breaths per minute, positive
end-expiratory pressure of five, FiO, of 40% and tidal
volume of eight mL/Kg. All patients on mechanical
support were given neuromuscular blocking agents and
heavily sedated with benzodiazepine and narcotics. Alpha
stat blood gas management was employed routinely. When
there was evidence of multi organ failure, severe sepsis or
profound neurological impact, termination of ECMO was
considered. Successful separation from ECMO support
was determined by transient reduction in ECMO flows
with echocardiographic guidance to assess ventricular
filling and function. Once ventilatory and inotropic support
was increased according to the patient’s needs, flows were
gradually decreased. When indicated, the arterial and
venous lines were clamped while full anticoagulation was
maintained to allow a temporary period for hemodynamic
assessment. Decannulation of aortic and venous cannula
was considered when patient was haemodynamically stable

for 15 to 20 minutes.

Data was analyzed with the SPSS 12.0 for Windows soft-
ware program (SPSS, Chicago, IL, USA). Demographic
variables are expressed as absolute values and continuous
data as meantstandard deviation (SD) when they were ap-
proximately normally distributed but as medians and rang-
es when they were not. Variables observed included age,
weight, sex, duration of CPB during surgery, duration of
aortic cross clamp, duration of ECMO support, surgical site
bleeding, creatinine >1.5mg/dl, need for renal replacement
therapy (RRT), pneumothorax, inotrope requirement on
ECMO, cardiac arrhythmia, culture proven new infection,

acidosis with pH < 7.2, transfusion requirement on ECMO.
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RESULTS

During the three year study period eight infants
and children were supported on ECMO. The patient
characteristics, the mean cardiopulmonary bypass time
(CPB) and the mean aortic cross-clamp time are shown in
table 1. ECMO support was indicated due to difficulty in
weaning from CPB despite maximal inotropic support in
three patients, refractory pulmonary oedema immediately
after CPB in two patients and right ventricular failure
with low cardiac output in the post-CPB period in three
patients. Extracorporeal support was initiated in the
operating room in seven patients and in the intensive care

unit in one patient.

Original Article

Table 1. Patient Characteristics

-

Sex (male/female) 3/5
Median age (range) in months 4 (2 to120)
Height in cm (mean+SD) 73+26.88
Weight in Kg (mean+SD) 7.37£7.89
CPB time (mean+SD) 239.25+81.42

Aortic Cross clamp time (AoX)
(mean+SD)

99+29.76

The diagnoses, operative procedure, duration of ECMO

support and outcome are shown in table 2.

Table 2 : Diagnosis, Procedure, Duration of ECMO support and outcome

Age Weaned off

Diagnosis Surgery

(month) Ventilator

TAPVC 2 Re-routing of TAPVC 7 No -
D-TGA VSD . :
4 Arterial Switch VSD closure 2 No -
PAH
TAPVC PDA 4 Re-routing PDA ligation 3 Yes No
D-TGA PDA 2 Arterial Switch 5 No -
Truncus . g
. 2 RV-PA conduit Truncal Valve repair 2 No -
Arteriosus
VSD PAH MR 8 VSD closure MV repair 6 Yes Yes
TOF post central . .
60 Intracardiac Repair 5 No -
shunt
DORYV PS 120 Intracardiac repair 6 No -

TAPVC - Total Anomalous Pulmonary Venous Connection, D-TGA — D-Transposition of Great Arteries, VSD — Ventricular
Septal Defect, PAH — Pulmonary Artery Hypertension, MR — Mitral Regurgitation, TOF- Tetralogy of Fallot, DORV -
Double Outlet Right Ventricle, PS - Pulmonic Stenosis

Two patients with Total Anomalous Pulmonary Venous Connection (TAPVC) and a patient with Truncus Arteriosus required
ECMO support for pulmonary oedema refractory to conventional medical management while being weaned from CPB. The

patients who underwent arterial switch operation and the patient after closure of ventricular septal defect (VSD) with repair
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of mitral valve (MV) required ECMO because of difficulty
in weaning from CPB despite maximal inotropic support.
Patients with Double outlet right ventricle (DORV) with
pulmonic stenosis (PS) and Tetralogy of Fallot (TOF)
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had undergone intracardiac repair via trans-atrial trans-
pulmonary approach. They required extracorporeal

support for post-operative right ventricular failure.

The mean duration of extracorporeal support was 4.50+1.92
days. Extracorporeal support was successfully weaned in
two patients and one of them was weaned off ventilator.
The causes of death were related to cardiogenic shock
and multiorgan dysfunction, bleeding due to coagulation
abnormalities causing decreased venous return on ECMO
circuit and renal impairment in majority of the cases. The
complications associated with extracorporeal life support
are shown in Table 3. Renal replacement therapy (RRT) with
the use of peritoneal dialysis was considered in six patients.

Table 3. Complications Associated with ECMO

Parameter observed

Inotrope Requirement on ECMO 8
Creatinine >1.5mg/dL 7
Need for RRT (peritoneal dialysis) 6
Surgical site bleeding requiring re- 5
exploration

Cardiac Arrhythmia 3
Metabolic acidosis (pH <7.2) 2
Pneumothorax 2

DISCUSSION

Extracorporeal life support with centrifugal pump and
membrane oxygenator has been used with satisfactory
results in cardiac centers for many years.">¢ It is an effective
method to achieve control over severe hemodynamic
instability or respiratory alterations in the post-operative
period after cardiovascular surgery.® It also allows the
recovery of target-organs or as bridge for ventricular assist
device (VAD) and transplant in selected cases.”'*!

In this study, ECMO was restricted to a pediatric
population, with six of eight patients being infants and all
the patients had biventricular heart. Extracorporeal support
was successfully weaned from two out of eight patients and

one patient was successfully weaned off ventilator. ECMO
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is a treatment modality that has a high complication rate
and mortality. However the mortality associated with
ECMO is less than that of conventional medical therapy.
So ECMO should be considered in those patients who are
likely to benefit from it.

The mortality observed in our study population is higher
than that of international reported data'?, which includes
registered centers that send their data voluntarily.
Those data'? includes initiation of ECMO for respiratory
indications too. Recent international registry data
survival rates for pediatric patients placed on ECMO
for respiratory and cardiac indications are 64% and
62%, respectively.”” The outcome of patients placed on
ECMO varies according to the center, reflecting several
types of indication and adverse factors related to the
patient. Clinicians at the University of Michigan have
suggested that an institution must treat a minimum of
10 to 20 patients to demonstrate consistent reproducible
management strategies and outcomes for ECMO
recipients." The results of our ECMO population should

improve with further exposure and experience.

Alsoufi et al identified age, weight, type and duration of
assistance, univentricular physiology, re-exploration,
number of complications, sepsis, renal and respiratory
failure as mortality risk factors for patients placed on
extracorporeal support after paediatric cardiac surgery.”
Similarly, Balasubhramanian et al' evaluated factors
influencing outcome of paediatric cardiac surgical
patients on extracorporeal support and found that
abnormal neurology, bleeding complications on ECMO
and arrhythmias are prognostically poor indicators of
outcome. Inotrope requirement on ECMO is another poor
predictor'” and all of our patients required high doses of
inotropes and vasopressors during extracorporeal support.
Similarly, cardiac arrhythmias, renal failure, bleeding
from mediastinal cannulation site were other factors that

might have contributed to poor outcome of our patients.

The majority of patients in our institution were placed on
ECMO in the operating room. The mechanical support was
maintained via the original bypass cannulae and converted
to a closed ECMO system. Early initiation of ECMO is
the key to survival.”® Similarly, delayed commencement
of ECMO leads to unsatisfactory outcomes.'” Our ECMO
patients must have benefited in this aspect but was not
reflected in the results.
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With the initiation of CPB, widespread activation of the
haemostatic system occurs. This involves the coagulation
system, endothelium and regulatory proteins, platelets,
and fibrinolysis. This can result in micro thrombi
generation during CPB, coagulation defects after its
termination, and even hypercoagulability leading to
thrombotic complications in the postoperative period.?
A significant inflammatory response and subsequent
organ dysfunction is known to be associated with the use
of CPB and almost all patients treated with ECMO develop
systemic inflammatory response syndrome characterized
by cytokine release, leukocyte activation and multisystem
organ dysfunction.?! Most of our ECMO patients developed
multiorgan dysfunction and had to be on high inotropic
support, developed bleeding complications, metabolic
acidosis and renal insufficiency that required renal

replacement therapy.
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