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Abstract

Background: Extracorporeal membrane oxygenation (ECMO) is used in a variety of indications worldwide. One of the most impor-
tant subsets is postoperative congenital cardiac surgery cases unresponsive to conventional therapies. In this study, we present our
ECMO experience in a single congenital cardiac surgery center.
Methods: ECMO was used in a total of 34 postoperative congenital cardiac surgery cases, whose operations had been performed by
the same congenital cardiac surgery team. Patients’ ages were between 3 days to 15 years. ECMO was used in four different indica-
tions; in case of unsuccessful weaning from cardiopulmonary bypass (OR-ECMO), in low cardiac output syndrome (LCOS-ECMO), in
refractory post cardiac arrest (CPR-ECMO) and in respiratory insufficiency after RSV infection (RSV-ECMO).
Results: The follow-up period of patients ranged from 1 to 80 months, whereas ECMO duration ranged from 23 to 2218 hours. Six
cases were OR-ECMO, 13 were LCOS-ECMO, 12 were CPR-ECMO and 3 were RSV-ECMO. Out of a total of 34 cases, 20 (58%) cases were
weaned from ECMO. Two of the patients, who were able to be weaned from ECMO passed away in the hospital; however, the other
18 patients (52.9%) were discharged from the hospital without having any significant neurological deficits. The top survival rate
(69%) and weaning from ECMO was in the LCOS-ECMO group and the worst weaning from ECMO support (33%) was in the RSV-ECMO.
The worst survival rate (25%) was in the CPR-ECMO group. Sepsis and associated multiple organ dysfunction were observed as the
major cause of mortality in these patients. The most common complications were bleeding and mechanical complications related
to cannulation.
Conclusions: ECMO may be required in postoperative congenital cardiac surgery cases in whom all other conventional therapies
have failed. Indications, timing and maintenance of equipment are very important points in successful ECMO management. In-
creasing ECMO experience in the near future, will provide much decrease in mortality of congenital cardiac surgery.
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1. Background

Extracorporeal membrane oxygenation (ECMO) is a
lifesaving modality in postoperative cardiac surgery pa-
tients unresponsive to other therapies. Initially start-
ing from 1970s, the usage of ECMO in pediatric cardiac
surgery has gradually increased over the last 40 years (1,
2). The most common indications for ECMO usage in post-
operative pediatric cardiac cases are low cardiac output
syndrome, pulmonary hypertension, inotropic refractory
cardiogenic shock, inability to weaning from cardiopul-
monary bypass, bridging to cardiac transplantation and
extracorporeal cardiopulmonary resuscitation.

The survival chance of children with ECMO treatment
after cardiac surgery, although varying according to differ-
ent centers, has been reported to be between 38 and 55%
(3-9). The causes of the high mortality rate are multifacto-
rial. However, the primary reasons are ECMO-related com-

plications, errors in ECMO management, delay of the deci-
sion to implement ECMO or decannulation, complex con-
genital cardiac pathologies and post-operative significant
residual defects (10).

In this study, we would like to present our ECMO expe-
rience including management strategies, complications,
and survival rates accompanied by the literature as imple-
mented in 34 pediatric patients.

2. Methods

This study includes 34 patients who have undergone
ECMO support after cardiac surgery between 2009 and
2016. Following the approval of the institutional review
board, the medical data of these patients were evaluated
retrospectively. During this period, a total of 1,620 pe-
diatric cardiac surgeries had been performed and ECMO
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was deemed mandatory in 2% of these cases. Apart from
one case, ECMO support was not applied to any of the
other cases before the surgery. ECMO support was imple-
mented in 4 different indications including: (i) ECMO ap-
plication in cases of failing to wean from the cardiac op-
eration with cardiopulmonary bypass (Operation Room
ECMO; OR-ECMO), (ii) ECMO application in postoperative
low cardiac output syndrome (Low cardiac output syn-
drome ECMO; LCOS-ECMO), (iii) after postoperative refrac-
tory cardiac arrest (Cardiopulmonary resuscitation ECMO;
CPR-ECMO) and (iv) ECMO application in the case of respi-
ratory insufficiency after respiratory syncytial virus infec-
tion (Respiratory Syncytial Virus ECMO; RSV-ECMO).

The ages of 13 female and 21 male patients ranged be-
tween 3 days and 15 years. Veno-venous ECMO was applied
to one of the cases whereas veno-arterial ECMO was ap-
plied in the rest. In one of the cases, wherein an emer-
gency double switch operation was performed, in the sec-
ond day of operation, the oxygenator has been removed
by changing the mechanical circulatory support to a left-
to-left system. Within the exemption of one case, cannu-
lation was performed in ascending aorta and right atrium
for arterial and venous lines, respectively. In one case, we
initiated the ECMO support with femoral artery and vein
cannulation. ECMO support was provided with a roller
(Stockert S3: Sorin Group Deutschland GmbH Lindbergh-
str. Munich, Germany) and/or centrifugal (Stockert SCP;
Sorin Group Deutschland GmbH Lindberghstr. Munich,
Germany) pump. A Dideco (Sorin Group Italia, Mirandola,
Italy) pediatric oxygenator and heparin-coated lines were
used in the ECMO setup.

In all patients, ECMO circuits were primed with fresh
whole blood and crystalloid solutions were not used. Ac-
cording to the patient’s coagulation status, 2 - 3 minutes be-
fore the cannulation, heparin was administered at a dose
of 30 - 50 IU/kg. Pump flow was set at 120 - 160 mL/kg/min.
Mean arterial pressure was kept around 40 mmHg in new-
borns, 50 mmHg in children and 60 mmHg in adolescents.
When ECMO was initiated in patients with a surgical his-
tory of a central shunt or Blalock Taussig shunt, the shunt
was clamped. After ECMO initiation, the ventilator set-
tings were changed to rehabilitate the lungs. The venti-
lator parameters were set as positive end-expiratory pres-
sure (PEEP) of 8 to 10 cm H2O, inspired oxygen fraction
(FiO2) of 0.3, tidal volume of 3 to 5 ml/kg, peak inspiratory
pressure of 25 cm H2O or less and ventilation rate of 10 to
15 breaths/min. While the temperature of the system was
adjusted to normal body temperature in patients without
cardiac arrest, in the cardiac arrest patients, the patients
were cooled down to 33 - 35°C in the first 24 hours. The ster-
num of the patients that underwent central ECMO was left
open and their skin was closed with polytetrafluoroethy-

lene patch. After the evaluation of neurological status of
patients, infusions of muscle relaxants, sedatives (mida-
zolam) and analgesics (fentanyl) were initiated. In only
one patient, who underwent peripheral ECMO, extubation
was performed following the first 24 hours of ECMO im-
plementation. Gram positive and gram negative broad-
spectrum antibiotherapy was administered to all of the pa-
tients. After ECMO support was started, vasopressor and
inotropic agents were terminated; patient’s liquid balance
were tried to be kept in negative, and when necessary di-
uretics were administered. Accordingly, modified ultrafil-
tration was implemented to patients who did not respond
to diuretics satisfactorily. Modified ultrafiltration target
was scheduled to hold a negative balance of 10 - 20 mL per
hour. All vital parameters were monitored; transcranial ul-
trasound was performed in patients when necessary.

Hourly arterial blood gas analyses were performed till
the patients’ situation was stable. Activated clotting time
(ACT) was evaluated quarterly. A complete blood count
and blood biochemistry were evaluated daily. Invasive
monitorization catheters were replaced when necessary;
blood and other cultures were taken weekly. Daily chest
X-ray was taken; cerebral or thoracic computed tomog-
raphy with ECMO transport was performed to patients if
needed. The ACT values were kept between 180 - 200 sec-
onds with continuous heparin perfusion, which was mea-
sured with Hemacro Jr. Signature Elite (International Tech-
nidyne Corporation, Edison, NJ, USA) device. The heparin
perfusion was paused during severe mediastinal, intracra-
nial or gastrointestinal hemorrhage. Oxygenators and tub-
ing sets were urgently changed in the presence of clot. The
oxygenator was also immediately replaced in case of de-
terioration in the patient’s oxygenation and occurrence
of hematuria. Hematocrit and thrombocyte counts were
kept over 30 and 100,000/mm3, respectively with blood
and thrombocyte transfusions when necessary.

One of the most important points that we observed
during ECMO implementation was the decision for the ter-
mination of ECMO and decannulation. For this decision
making, cardiac and pulmonary parameters were carefully
evaluated along with observation of the general condi-
tions of the patient. Cardiac evaluation was evaluated by
transthoracic echocardiography. Echocardiography was
performed at least once per day during the ECMO process
during which the ECMO flow was temporarily reduced to
30 % of normal. The cardiac parameters such as ventricular
functions, left ventricular and left atrial dimensions, valvu-
lar regurgitation, any residual intracardiac defects/shunts
and pulmonary artery pressure were evaluated. For the
pulmonary assessment, we evaluated the radiological ap-
pearance of the parenchyma, ventilation parameters and
tidal volume. Minute doses of inotropic support (0.03 mi-
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crograms/kg/min epinephrine and 0.5 mg/kg/min milri-
none) were started in the period of the ECMO weaning.
The criteria for weaning from ECMO were determined as
cardiac functions returning to normal in echocardiogra-
phy, normal values of blood gas and laboratory data, lac-
tate level below 2 mmol/L, mixed venous oxygen satura-
tion over 65%, normalization of chest radiographs and ven-
tilator parameters. While weaning from ECMO, the flow
was reduced by 50-100 ml per minute flow rate and ECMO
was terminated in a maximum of 12 hours. The recircu-
lation flow was started after the bridging connection be-
tween arterial and venous systems and after placing the
clamp to the cannulas. In case of unexpected hemody-
namic deterioration, increased lactate levels and acido-
sis, the mechanical circulatory support was started again.
While patients on ECMO were isolated from other patients,
nursing care was provided by one person. After evalua-
tion of hemodynamic parameters and blood gas analysis
as well as echocardiographic studies, decannulation was
performed in the following 6 hours of termination of the
ECMO. The sternum of the patients was closed in the follow-
ing day.

3. Results

Extracorporeal membrane oxygenation support was
applied in 34 (2.09%) cases out of a total of 1620 pediatric
heart surgery patients who were operated in our center
in the last eight years by the same surgical team. The
follow-up period of patients was ranging between 1 and 80
months. ECMO duration ranged from 23 to 2218 hours. Six
patients were OR-ECMO, 13 patients were LCOS-ECMO, 12 pa-
tients were CPR-ECMO and 3 patients were RSV-ECMO. The
demographic characteristics of the patients, diagnosis, op-
erative data, ECMO weaning state, neurological deficits,
mortality, causes of mortality and duration of ECMO are
demonstrated in Table 1.

Out of a total 34 cases with ECMO support, 20 cases
(58%) were successfully weaned. Two of the patients, who
were able to be weaned from ECMO passed away in the
hospital; however, the other 18 patients (52.9%) were dis-
charged from the hospital without having any significant
neurological deficits. The top survival rate was in the
LCOS-ECMO group (69%), whereas the worst rate of wean-
ing from ECMO support was in the RSV-ECMO population
(33%). In addition, the worst survival rate (33%) was in the
CPR-ECMO group. Sepsis and associated multiple organ
dysfunctions were observed as a major cause of mortality
in these patients. The most common complications were
bleeding and mechanical complications related to ECMO.
For simplicity, the results will be discussed under 4 sep-

arate subgroups as LCOS-ECMO, OR-ECMO, CPR-ECMO and
RSV-ECMO.

- Group 1 (OR-ECMO): 6 of 34 (17.6%) cases in our pa-
tient population were OR-ECMO. It was performed in the
case of not being able to wean the patient from cardiopul-
monary bypass. In 4 patients, ECMO was successfully com-
pleted (66.6%) whereas 2 patients passed away. The cause
of mortality in one patient was multi-organ dysfunction
syndrome (MODS) due to sepsis. The second patient was
lost due to accidental displacement of the aortic cannula
during sternum undressing and transport. Among the sur-
viving patients, there was no evidence of any neurologi-
cal complications. We performed mediastinal revision for
bleeding in 3 of the cases in the intensive care unit. Late
mortality was not encountered in this group.

- Group 2 (LCOS-ECMO): the indication in 13 patients out
of 34 cases (38.2%) was ECMO implementation due to low
cardiac output status. In this group, 10 out of 13 patients
(76.9%) were weaned from ECMO. 9 cases (69%) that were
weaned successfully from ECMO support were discharged
from the hospital. After ECMO implementation, mortality
was observed in one case related to significant cerebral in-
farction. Along with this, the cause of mortality in two pa-
tients was MODS due to sepsis. The cause of mortality en-
countered in another patient was exsanguination follow-
ing an unexpected rupture of the lines. In 9 discharged
patients in this group, two had cerebral infarction with
insignificant neurological sequelae. The remaining 7 pa-
tients were in good neurological condition. A repeat ECMO
implementation was deemed necessary between the ter-
mination of the circulatory support and decannulation pe-
riods due to hemodynamic and blood gas disturbances in
two patients in this group, both of whom were weaned
successfully at the end. In one of these patients, a bidi-
rectional cavopulmonary anastomosis and a concomitant
pulmonary artery banding was performed. This patient
failed for 3 times while weaning from the ECMO support.
This patient was reoperated under ECMO support and a
Hemi-Mustard operation was performed. Late mortality in
LCOS-ECMO group was not observed. Two of patients in this
group underwent a revision due to mediastinal bleeding.

- Group 3 (CPR-ECMO): 12 out of 34 ECMO patients
(35.2%) needed mechanical circulatory support follow-
ing cardiopulmonary arrest. The unexpected cardiopul-
monary arrest incidence was susceptible (12 arrests in 1620
patients, < 1%). In this group of patients except for a sin-
gle case, the CPR-ECMO was implemented in intensive care
unit when there was no response to medical and mechani-
cal cardiopulmonary resuscitation at the 20th minute of
external cardiac massage. The exceptional case was a 15-
year-old male with the diagnosis of ventricular septal de-
fect and pulmonary atresia. This patient had undergone
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Table 1. Demographic Characteristics of the Patients

Age Diagnosis Type of Operation Duration, h Wean Mrt Oxy# ECMOGroup UF

21mo Multiple VSD + PH Multiple VSD Closure 2218 Yes None 4 2 Yes

13 yr s/p Fontan + AV Regurgitation Fenestration Closure, AV Valve Plasty 1416 No Yes 5 3 Yes

6mo TOF, Hypoplastic PA Left MBTS 1176 No Yes 3 3 Yes

22 d Truncus Arteriosus Type I Total Correction 1116 No Yes 2 1 Yes

7mo TAPVR TAPVR Correction 868 No Yes 3 2 Yes

3mo AVSD (Rastelli Type A) Total Correction 816 No Yes 2 1 Yes

9mo TOF, PA, PDA Central Shunt, PDA Ligation 745 No Yes 2 2 Yes

8mo VSD, PS, TA Bilateral Bidirectional Glenn procedure 744 No Yes 2 3 Yes

8mo TOF, PA Central Shunt 650 No Yes 3 3 Yes

1 yr AVSD (Rastelli Type A) Total Correction 650 Yes Yes 3 2 Yes

1 yr TOF Total Correction 410 Yes None 2 1 None

2 yr TOF Total Correction 408 Yes None 1 3 None

4mo TGA Arterial switch operation 363 Yes None 2 3 None

9 yr s/p Glenn, DORV, PS Fontan, AV valve plasty, atrial septectomy 330 No Yes 2 3 Yes

2 yr s/p VSD + PAB Pulmonary Debanding, pulmonary patchplasty 288 Yes None 1 2 Yes

3 yr DORV,PS,VSD, s/p Brock Operation Total Correction , Transannular Patch 264 No Yes 2 3 Yes

7mo TGA + ASD Hemi-Mustard operation 262 Yes None 3 2 None

1 yr Unbalanced AVSD, DORV, PS Bidirectional Glenn procedure 254 No Yes 1 4 None

10mo TGA Arterial switch operation 236 Yes None 1 2 None

6mo TOF, PA Right MBTS 216 No Yes 2 3 None

5mo AVSD (Rastelli Type A) Total Correction 208 Yes None 2 2 None

8mo ASD+PH ASD closure 206 Yes None 1 2 None

9mo c-TGA + s/p PAB DSO 196 Yes None 1 1 None

18 yr Cardiac arrest, s/p VSD, PS V-A ECMO 144 Yes None 1 3 Yes

8mo DORV, VSD, PS Atrial septectomy, PAB, BDG 92 Yes None 1 4 None

4mo s/p Central shunt + TAPVR Total Correction 88 Yes None 1 2 None

8mo IAA + PDA+ PH + DILV + MVA IAA Repair, atrial septectomy, PDA ligation, PAB 81 Yes None 1 2 None

10mo TOF Total correction 79 Yes None 1 2 None

9mo VSD VSD Closure 75 No Yes 1 4 Yes

11mo TOF Total correction 72 No Yes 1 3 None

8mo Ebstein’s anomaly+ ASD +TR Tricuspid plasty + ASD Closure 70 Yes None 2 1 Yes

3 d HLHS Norwood Stage I 60 No Yes 1 2 Yes

10mo TGA, VSD, ASD Senning + VSD closure 37 Yes Yes 1 3 None

7mo ASD, VSD, PDA, PH AV Valve Plasty + PDA Ligation + PAB 23 Yes None 1 1 None

Abbreviations: ASD, atrial septal defect; AV, atrioventricular; AVSD, atrioventricular septal defect; c-TGA, congenitally corrected transposition of the great arteries; DILV, double inlet left ventricle; DORV, double outlet right ventricle; DSO,
double switch operation; HLHS, hypoplastic left heart syndrome; IAA, interrupted aortic arcus; MBTS, modified Blalock-Taussig Shunt; mo, months; Mrt, mortality; MVA, mitral valve atresia; Oxy#, number of oxygenator replacement; PA,
pulmonary atresia; PAB, pulmonary artery banding; PDA, patent ductus arteriosus; PH, pulmonary hypertension; PS, pulmonary stenosis; TA, tricuspid atresia; TAPVR, Total abnormal pulmonary venous return; TGA: transposition of the
great arteries; TOF, tetralogy of Fallot; TR, tricuspid regurgitation; VA, veno-arterial; VSD, ventricular septal defect; UF: ultrafiltration; yrs, years.

a Rastelli operation with a 19 mm pulmonary heterograft
years ago, and 6 months before the event of cardiac arrest,
an injectable pulmonary valve was implanted via femoral
vein by the interventional cardiology. He was admitted
to our emergency department with severe respiratory dis-
tress and cardiac arrest occurred there. The spontaneous
cardiac beats were detected at the 10th minute of resus-
citation whereby he was taken into cardiac surgery inten-
sive care unit. Femoral veno arterial ECMO was performed
under maximal inotropic support because the patient had
hypotension, bradycardia and significant arrhythmia. The
patient waked up after 24 hours and ECMO support was

continued while the patient was awake. In this group, the
weaning from ECMO was achieved in 5 (41.6%) cases. Four
patients out of 5 were discharged, whereas in one case, late
mortality occurred in the hospital due to severe cerebral
infarction. Along with this case, in CPR-ECMO group, mor-
tality was observed in 8 (66.6%) patients. The following rea-
sons were identified as a cause of mortality: MODS due to
sepsis in 4 cases, disseminated intravascular coagulation
(DIC) in 2 cases and cerebral infarction in 2 cases. No late-
term mortality was observed among discharged patients
in this group.

- Group 4 (RSV-ECMO): An ECMO support was imple-
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mented in 3 of our patients with RSV infection. One
(33.3%) of the patients was weaned from ECMO and was dis-
charged without having any problem. Veno-venous and
veno-arterial ECMO was implemented in two cases and
one case, respectively. The causes of mortality observed in
these two cases were sepsis and hypoxic encephalopathy,
respectively.

The overall causes of mortality observed in our patient
population are demonstrated in Table 2.

Table 2. Causes of Mortality

Causes ofmortality No. (%)

Sepsis +MODS 9 (57)

Massive consumption coagulopathy 2 (12)

Hypoxic-ischemic brain injury 3 (19)

Mechanical complications 2 (12)

Total 16

Abbreviation: MODS, multiple organ dysfunction syndrome.

4. Discussion

The indications for ECMO implementation are variable
among many health centers over the world. When cardiac
surgery is concerned, failure of weaning from CPB after the
operation, postcardiotomy cardiac and pulmonary failure
and cardiopulmonary resuscitation for refractory cardiac
arrest may be focused on. Despite the technological de-
velopments and increased experiences, the chances of sur-
vival after cardiac surgery with ECMO implementation in
children remain between 38% - 55% (3-9).

According to study carried out by Chrysostomou and
colleagues in a patient population of 3,524 children who
underwent congenital heart surgery, 95 (3%) required
ECMO and their short-term and mid-term survival rate
were 73% and 66%, respectively (10). In our patient pop-
ulation, 34 patients out of a total of 1,620 congenital car-
diac surgery cases, 34 (2%) of them required ECMO support.
Twenty (58%) of these patients were weaned from ECMO
and 18 (52.9%) were discharged. Although Chrysostomou
and colleagues stated that the chance of survival in CPR-
ECMO group was as high as 75%, some studies report worse
results ranging between 30% and 50% (5, 6, 11, 12). In our
study, the lowest chance of survival was observed in the
CPR-ECMO and RSV-ECMO groups. Furthermore, Chrysos-
tom et al reported that the chance of survival in OR-ECMO
and LCOS-ECMO groups were as high as 77% and 62%, re-
spectively. In our study, the highest rate of survivors was in
the LCOS-ECMO group with 69% and this was followed by

the OR-ECMO group with a survival rate of 66%. The lowest
survival chances were encountered in the CPR-ECMO and
the RSV-ECMO groups in our patient population with a rate
of 33%. The extracorporeal life support organization (ELSO)
Registry report states that in CPR- ECMO the chance of sur-
vival rate was 39% in neonates and 40% in children; and
in cardiac etiology for the implementation of ECMO, the
chance of survival was 40% in neonatal and 49% in pedi-
atric patients (13).

According to a large multicenter study, the prolonged
period of ECMO reduces the chance of survival and there
is no significance difference in mortality below 7 days of
duration of ECMO. However, after 7 days and beyond, ev-
ery additional 24-hour increased the mortality by 18%2. In
our study, we found that in cases where ECMO was applied
for less than 7 days, the mortality rate was 30% (3 of 10 pa-
tients); whereas in cases where ECMO support was applied
for seven or more days, mortality range was 60.8% (14 of
23 patients). Only one out of 10 patients whom we sup-
ported more than 410 hours (about 17 days) with ECMO
support survived. We observed 65% survival rate (15 of
23 patients survived) in the patient population who were
treated with ECMO support for 410 hours or less. Ulti-
mately, we think that with prolonged ECMO duration, sev-
eral factors such as ECMO associated bleeding, infection,
increases of complications as central nervous system com-
plications, increased mechanical ventilation support, ob-
servation of multiple organ failure, and increased length
of stay in intensive care unit are responsible for increased
mortality rate. Gupta et al. in their study related to chil-
dren with acute respiratory and cardiac failure reports that
in cases that were treated with ECMO duration within 28
days and above the incidence of 4 and more organ dys-
functions was encountered in 69%. Moreover, they ob-
served neurological deficits in more than half of their pa-
tients, thromboembolic and hemorrhagic complications
were observed as 25% and 37%, respectively (14). Accord-
ing to study conducted by Hintz et al. (15) and Aharon et
al. (16), the critical duration for decent survival of children
who underwent cardiac surgery was provision of 3 days or
below ECMO support.

In ELSO reports, ECMO complications were classified
into two groups: complications associated with patient
such as intracranial hemorrhage, cannula site bleeding,
surgical site bleeding, cardiac tamponade, clinical seizures
and mechanical complications such as cannula problems,
tube rupture, pump malfunction, oxygenator failure (13).
In our patient population, we encountered mechanical
complications in almost all of the patients who were
treated with ECMO support over 10 days. One of the pa-
tients passed away at the 1176th hour of ECMO treatment
during the dressing due to accidental displacement of the
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aortic cannula. Another annoying mechanical complica-
tion occurred in 745th hour of ECMO treatment at the head
of the roller pump due to rupture of tubing set and this
patient also passed away. The position of cannula should
be checked when the echocardiography is performed. It is
very important to place aortic and venous cannulas prop-
erly in the right place. Placement of the aortic cannula very
close to the valve may result in aortic regurgitation and
cardiac perfusion defect, whereas placement of aortic can-
nula very distal, may disturb the cerebral perfusion. There-
fore, in the aortic cannulation for ECMO treatment, we
choose the DLP brand (Medtronic Inc., Minneapolis, MN,
USA) wire guided aortic cannula. The diameter of the can-
nula is selected according to weight of the patient and they
were placed approximately 1.5 to 2 cm distal to the aortic
root. It is very important to ensure adequate return with
appropriate venous cannulation on ECMO. Venous cannu-
lation from the right atrium was achieved with the metal-
tipped venous cannula. In our cases, we did not perform
left atrial cannulation for left ventricular decompression.
In some centers, the left ventricular decompression is per-
formed routinely during ECMO and the advocates of this
opinion stated that left ventricular decompression is a sig-
nificant point in the success of ECMO15, (17).

Oxygenator failure was observed in almost all of our
cases lasting longer than 10 days. During the ECMO treat-
ment, as a part of the protocol, ECMO oxygenator was
changed in every 10-14 days. However, in the presence of
oxygenation problems, hemolysis and hematuria in pa-
tients, we changed oxygenator regardless of time. In pa-
tients, whereby heparin treatment was suspended due to
bleeding in the presence of thrombus in the cannula or
in tubing system, or under heparin treatment in tubing
system or in the cases of thrombus detected in cannulas,
we changed cannula(s) and/or tubing sets without waiting
for the occurrence of any complication. We observed that
as the team’s experience increased, the replacement of the
tubing system decreased from 10 minutes to 1 minute. Dur-
ing the replacement process of cannula, the second cannu-
las were positioned firstly by placing a second purse string
in aorta or to the right atrium. Subsequently the previous
cannulas were removed, purse stitches were tied, bleeding
control was achieved and new cannulas were mounted on
the ECMO system. We believe that these problems are in-
versely proportional with surgical team’s and perfusion-
ist’s experience. In our congenital cardiac surgery center,
the head of the surgical team and chief perfusionist were
the same people throughout the stated time interval. A
significant amount of ‘know how’ experience is accumu-
lated in our clinic with more than 4.000 cases in the last
decade. A pre-setup algorhythm and management proto-
cols are produced in order to systematically manage any

patient with any complication from admission to the hos-
pital until discharge.

One of the most serious complications of ECMO related
to patient is bleeding. In case of bleeding, heparin infu-
sion may be ceased for a while. It has been reported that
ECMO implementation without heparin infusion is feasi-
ble between 1 - 28 hours when the heparin coated circuits
are used (18). In case of a bleeding situation, we preferred
intermittent heparin administration rather than contin-
uous infusion or complete cessation of heparin infusion.
However, in one of our cases with severe cerebral hemor-
rhage, we had to stop heparin administration for one week
out of 92 days of support and we continued ECMO support
with heparin-coated tubing. During this period, the lines
and the oxygenator were replaced for two times and the
patient was successfully discharged with minor seizures.
Bleeding can be seen in any organ systems or at the can-
nulation sites, as well. If necessary, mediastinum can be
opened and bleeding control can be performed in inten-
sive care unit. Furthermore, in case of bleeding in other or-
gans such as brain or gastrointestinal system, we believe
that heparin should be discontinued and it should not be
given until acute hemorrhagic period ends. It has been re-
ported that in cases of discontinued heparin, application
of nitric oxide and prostacyclin into the system may pre-
vent platelet activation, adhesion, and aggregation until
the bleeding due to heparin is controlled (19). There are
also ongoing studies related to ECMO treatment without
heparin as well (20).

Hervey and colleagues reported that three most com-
mon neurological complications related to ECMO imple-
mentation are cerebral hemorrhage, central nervous sys-
tem infarcts and seizures (21). Cerebral hemorrhage is the
most common complications of ECMO application and in
early life and cerebral complications decrease when the
age increases (13). Cerebral hemorrhage is termed as a ma-
lignant complication, since it is often the primary cause of
mortality (22). In order to avoid these complications, rou-
tine use of heparin coated sets and a better selection of
anticoagulation management regimen (thromboelastog-
raphy, platelet aggregation tests) may be suggested. In our
study, cerebral hemorrhage was observed in 3 patients and
in 2 of them mortality occurred, whereas one patient was
discharged.

Many studies have shown that the application of ECMO
may cause deterioration in renal functions and acute re-
nal injuries that can lead to increase in mortality rates (23-
25). Nephrotoxic agents used in the patients treated with
ECMO lead to decreased renal perfusion during ECMO sup-
port and infections, blood transfusions, systemic inflam-
matory reaction syndrome and hemolysis may be associ-
ated with renal damage. In 15 out of our 34 cases, acute re-
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nal failure occurred in the first three days. In the study con-
ducted by Zwiers and colleagues, it was observed that in a
total of 242 cases, 63% of patients developed acute renal in-
jury, and in most of these cases acute renal injury was ob-
served in the first 2 days of ECMO treatment (26). The treat-
ment of acute renal failure is managed with fluid restric-
tion, diuretic therapy, peritoneal dialysis, hemodialysis in
ECMO system and renal replacement therapy including
hemodiafiltration. Higher mortality rates have been ob-
served in cases of ECMO with acute renal damage requiring
renal replacement therapy (27). In 10 out of our 14 cases, liq-
uid administration modifications and normal urine out-
put was ensured and the renal damage was treated with
medication alone. However, in 4 cases, modified hemodi-
afiltration was deemed mandatory. We implemented peri-
toneal dialysis in one case and 3 of these cases died due to
sepsis. The other causes of mortality in our patient popu-
lation were hypoxic-ischemic brain injury 3 cases, massive
consumption coagulopathy in 2 cases, in mechanical com-
plications of ECMO in one case and accidental removal of
the arterial cannula in another case. The mechanical com-
plication was due to the explosion of roller pump head.

Infections (sepsis), cerebral hemorrhage and renal in-
sufficiencies are major causes of death in patients treated
with ECMO (28). In our study, the most common cause
of mortality seen in 16 patients was sepsis with a rate of
56% and related multiorgan failure (with involvement of
at least 3 organ systems) that was encountered in 9 of 16
cases. However, the age, diagnosis and the duration of
ECMO are not similar in our subgroups, which obviously
affected the morbidity and mortality results. When the
ECMO duration gets longer, susceptibility to infection in-
creases due to presence of invasive catheters, the open
sternum with a PTFE patch, factors related to health per-
sonnel in the intensive care unit, daily dressings, bleed-
ing or other problems. As soon as we start with the ECMO
treatment, broad spectrum antibiotics with gram-positive
and gram-negative effect are administered to all of our pa-
tients. We take catheter tip cultures with daily wound site
culture, deep tracheal aspiration culture, and blood cul-
tures when there’s a febrile attack. Antibiotherapy is then
set up according to the results of the antibiograms. In
cases with a prolonged antibiotic therapy for longer than
2 weeks we generally add antifungal agents, as well. The
patient follow-up during the ECMO period is provided by
a single nurse and support personnel, in order to reduce
contact with other patients. Intravenous lines such as arte-
rial, central venous catheters and urinary catheter are re-
placed every 10 days for reducing the risk of catheter infec-
tion. The patient’s chest dressings are completely imple-
mented in a sterile environment.

The indication for ECMO implementation following

congenital cardiac surgery may be various and in our study
the most common pathology requiring ECMO support was
Tetralogy of Fallot (TOF). Similarly, in the study of Bala-
subramanian and colleagues, the most common pathol-
ogy was TOF with an incidence of 30% in 53 cases (29). In
another study, the most common pathology for ECMO im-
plementation was reported to be arterial switch operation
(30). Although we did not reveal a significant difference
in our patient population, ECMO implementation in pa-
tients with two-ventricle (biventricular) repair is reported
to be more successful than ECMO treatment in cases follow-
ing with univentricular palliation (16). On the other hand,
Morris and colleagues did not report such a difference in
their patient series (3).

One of the main points for a successful recovery follow-
ing the ECMO support is the presence of a complete car-
diac surgery meaning that the heart has a good biventricu-
lar function without any residual defects or shunts follow-
ing the operation. In cases of ECMO treatment during in-
complete repair of hemodynamically significant residual
defects, the mortality rates are reported to be as high as
100% (31). A completion surgery is deemed mandatory in
such cases. We did not encounter such a problem in our
study.

There are large number of studies and conflicting re-
sults in ECMO treatment regarding indicators of mortal-
ity. A variety of factors are used to identify poor prog-
nosis in ECMO practice such as age, sex, cardiac physiol-
ogy (univentricular or biventricular), type of repair, pro-
longed CPB and cross-clamp times, use of total circulatory
arrest, utilization of intraoperative ultrafiltration, anes-
thetic agents, renal failure, hepatic failure, mediastinal
hemorrhage, cerebral hemorrhage, cardiac arrest time, in-
fections, reasons related with pump, end-organ damage
that may occur during ECMO (3, 31-33). Low pH values are
the only factor representing poor hospital survival dur-
ing ECMO treatment and it was stated that at the lowest
pH levels, in 48 hours when the highest level of lactate is
reached, death is almost inevitable (33). Duration of car-
diopulmonary resuscitation until the implementation of
ECMO in patients with cardiac arrest has not been clarified
yet. However, according to our opinion, initiating ECMO
support faster and shortening the CPR duration may in-
crease the chance of survival and reduce cerebral compli-
cations. In the study conducted by Walter and colleagues
wherein ECMO support was performed in 42 children af-
ter cardiac arrest, it was found that the average CPR du-
ration in survived 17 children was 30 minutes, whereas in
25 patients, where mortality had been observed, the aver-
age CPR duration was 46 minutes (34). It was pointed out
that extension of CPR duration and usage of high-dose in-
otropic treatment was associated with increased mortality
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(34). Moreover, CPR with a chest compression performed
accurately can merely provide 20% - 30% of the systolic car-
diac output (35). Chen et al. pointed out that if the start-
ing time of ECMO support is under 60 minutes in cardiac
arrest, the survival rate of patients is higher (36). There-
fore keeping a non-primed but ready ECMO system in pedi-
atric cardiac surgery centers would obviously aid in reduc-
ing the initiation duration of ECMO. We keep centrifugal
ECMO system ready for emergencies in the intensive care
unit. Awake ECMO can also be a choice of treatment modal-
ity where appropriate peripheral ECMO implementation
strategy is available. Extubation of these patients will elim-
inate the negative effects of ventilatory support. We have
performed this in one of our patients and achieved an en-
couraging result.

As a result, the implementation of ECMO has now be-
come an integral part of pediatric cardiac surgery. In
our study, ECMO was performed with 52% survival success
and with concomitant mild neurological deficits in pa-
tients who underwent cardiac surgery with the diagnosis
of congenital heart defects in our center. Our success mo-
mentum is developing with a strict ECMO protocol in our
clinic, training of the surgeons, perfusionists, nurses and
health personnel. We believe that the survival rate will in-
crease with the improvement of practices in clinics utiliz-
ing ECMO.

4.1. Limitations

Our primary aim was to present and discuss our
clinical experience with ECMO implementation in differ-
ent subgroups undergoing congenital cardiac surgery.
Our data is composed of retrospective analysis, therefore
an important limitation is the non-similar demographic
properties of the subgroups. Moreover, age of the patients,
diagnosis, as well as the duration of the ECMO will obvi-
ously affect the morbidity and mortality rates when these
groups are compared. Secondly, the ages, diagnosis and
the duration of ECMO of our patients were not similar
in the subgroups, which obviously affected the morbidity
and mortality results.
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