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Introduction

The number of clinical applications of extracorporeal 
membrane oxygenation (ECMO) has progressively 
increased, with a total of over 50,000 patients as of 
January 2013, more than half of whom are neonates with 
an overall mortality rate of over 50%.1 Obviously, such 
interventions are related to long hospitalization periods 
with high costs. Although the poly-methylpentene 
(PMP) oxygenators have significant advantages in 
ECMO implementation, their usage may be limited in 
some situations, which may be related to economic con-
straints or legal issues regarding to cessation of the 
unprecedented PMP oxygenators in the market.1 
Shipment of the Quadrox iD, (Maquet Cardiopulmonary 
AG, Hirrlingen, Germany), which had been the only 
available PMP oxygenator for ECMO implementation in 
the U.S., had been blocked by FDA for several weeks for 
safety concerns, which led the ECMO Centers to find a 
rapid solution, such as using a hollow-fiber oxygenator 
in the ECMO setup.

In this report, we aimed to share our initial clinical 
experience about the mandatory usage of a hollow-fiber 
membrane oxygenator, due to limited funds, in the 

ECMO circuit, which provides a cost-effective solution 
for the treatment of patients during the neonatal period.

Patients and Methods

A retrospective analysis of the cardiac surgery database 
was performed in order to identify patients for whom the 
ECMO intervention was performed between the years 
2012 and 2013. The patient characteristics, indications for 
the ECMO usage, perioperative course and details about 
the system setup were obtained for this analysis. The 
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ECMO system consisted of a centrifugal pump, RotaFlow® 
(Maquet Cardiopulmonary AG, Hirrlingen, Germany) 
and a hollow-fiber oxygenator, Capiox® FX05 or Capiox® 
Baby RX05 (Terumo Corporation, Tokyo, Japan) (Figure 
1). After the initial de-airing with the multiple electrolyte 
solution Isolyte-S®, (Eczacıbaşı-Baxter, Istanbul, Turkey), 
the ECMO system was primed with fresh frozen plasma 
(FFP) and erythrocyte suspension (ES). Neither heparin 
nor any other additive was used at the prime solution. 
The total time needed for the priming of the system was 3 
minutes. Mediastinal access was preferred for the venous 
drainage and arterial return. The venous drainage was 
performed by the DLP® Single Stage Venous Cannula 
(Medtronic Inc., Minneapolis, MN) with the cannula 
sizes between 12-20 French. The arterial return cannula, 
DLP® Pediatric One Piece Arterial Cannula (Medtronic 
Inc., Minneapolis, MN) at the sizes between 8-12 French 
was inserted into the ascending aorta.

Results

A total of 5 patients (2 males, 3 females) had ECMO 
implementation. The average age was 7 months (ranging 
from 8 days to 12 months), the average weight was 6.240 
grams (ranging from 2.400 grams to 10 kg) and the aver-
age body surface area was 0.31 m2 (ranging from 0.17 m2 
to 0.45 m2). The operative characteristics of the patients 
are summarized in Table 1. The primary indication for 

ECMO implementation was post-pericardiotomy low car-
diac output status and the associated respiratory compli-
cations. All implementations were performed with 
sternotomy, followed by cannulation using the venoarte-
rial route; the venous cannula at the right atrium and the 
arterial cannula at the ascending aorta. All of the ECMO 
implementations were at the early postoperative period 
except for patient no.5, who could not be weaned from 
cardiopulmonary bypass (CPB) and, therefore, the ECMO 
implementation had to start in the operating room. Two of 
the ECMO implementations (patients no.1 and 2) were 
initiated following cardiopulmonary arrest. All the 
patients received moderate doses of inotropic infusions 
and peritoneal dialysis. Initial ECMO settings were aimed 
to bypass >75% of the cardiac output, with maintenance of 
adequate oxygenation, mean arterial pressure and acid-
base status. All the ECMO support was conducted under 
normothermia. The patients who had cardiac arrest before 
ECMO initiation were passively cooled down to a body 
temperature of 34ºC. Activated clotting time (ACT) count 
and arterial blood gas analysis were performed at two 
hour intervals unless more frequent studies were needed. 
The goal was to achieve an ACT value between 150 and 
200 seconds by means of continuous intravenous heparin 
administration. Platelet, ES and FFP transfusions were 
held on a routine basis in order to provide a hematocrit 
level of 35% and platelet count of 100,000/mm3. The 
mechanical ventilation support was set at 6-8 breaths/min, 

Figure 1. Schematic presentation of the extracorporeal membrane oxygenation system with separate membrane oxygenator.
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positive end expiratory pressure (PEEP) at 5-8 cmH2O 
and FiO2 at 0.50-0.60, respectively. The average ECMO 
duration was 121 hours (ranging from 41 to 272 hours).

A total number of eight oxygenators (3 Capiox® Baby 
RX05, 5 Capiox® FX05) were used in five patients. The 
criteria to replace the membrane oxygenator during 
ECMO implementation was a drop in partial blood oxy-
gen pressure below 70mmHg in arterial gas analysis. 
The membrane oxygenator was replaced at the 92nd 
hour, 173rd hour (after 81 hours of usage) and 272nd 
hour (after 99 hours of usage) on patient no.1 and at the 
90th hour and 166th hour (after 76 hours of usage) on 
patient no.2 during the ECMO period, where the final 
replacements indicate ECMO termination. The analysis 
of the ECMO implementation is summarized in Table 2. 
Following the termination of ECMO, the system was 
broken down into its components for macroscopic anal-
ysis. Neither gross blood clots nor plasma leakage were 
observed in any of the ECMO systems. Three patients 
could not be weaned from the ECMO intervention. The 
reasons for mortality in patients no.1, 2 and 3 were 
necrotizing fulminant pneumonia, intracranial hemor-
rhage with disseminated intravascular coagulation and 
sepsis with multiorgan failure, respectively. Patients 
no.4 and no.5 were successfully weaned and discharged 
without any complication at the 48th and 20th days after 
the termination of ECMO, respectively.

Discussion

Many clinical indications leading to cardiac and/or 
respiratory complications have been successfully treated 
with ECMO implementation today. The usage of ECMO 

represents a wide spectrum of patients, more than 
13,000 of whom have been treated with survival to dis-
charge rates of 40%, 49% and 39% for neonates, pediat-
ric and adults, respectively.2 As well as in primary 
cardiac etiologies, initiation of a rapid ECMO therapy 
before the circulatory collapse comes into consideration 
and is an important strategy in such patients.3,4 Since the 
primary purpose of the hollow-fiber oxygenator design 
is to be used in a CPB setup, the data about its clinical 
usage in ECMO systems is limited.5 In our patients, we 
observed that it provides a cost-effective alternative 
without adverse effects when it has been integrated in 
the ECMO system. The low prime volume and wide 
blood flow range enables the safe clinical usage in 
patients especially under the weight of 10 kg.

Plasma leakage, which seems to be a major problem 
when a hollow-fiber oxygenator is used in a prolonged 
implementation, was not encountered in our patients, but 
could have necessitate the earlier replacement of the oxy-
genator than expected. We also did not encounter any 
significant hemolysis over the physiological range of the 
newborns. Routine blood parameters (direct-indirect 
bilirubin, free plasma hemoglobin) for hemolysis were 
continuously monitored in order to determine an early 
finding of hemolysis at a level more than the physiologi-
cal jaundice of the newborn. Oxygenator types, mean 
venous inlet pressure and mean pump speed are related 
with the risk of hemolysis in ECMO.6

We would like to clarify one important point about 
our setup. The cost of one Capiox® series oxygenator is 
about $500 (USD) whereas a typical ECMO oxygenator 
is about $6000 (USD) in our country. We had to use a 
cheaper CPB oxygenator instead of a routine use of PMP 

Table 1. The operative characteristics of the patients.

Pt. No Age Body Weight (kg) BSA (m2) Primary Diagnosis Type of Operation

1  6 months 7 0.32 TA, VSD, RV hipoplasia Glenn Shunt
2  1 month 2.4 0.17 truncus arteriosus Rastelli Procedure
3  8 days 2.8 0.19 TGA, VSD ASO
4 12 months 9 0.42 TOF Total repair
5 10 months 10 0.45 TOF Total repair

TA: Tricuspid atresia; VSD: Ventricular septal defect; RV: Right ventricle; TGA: Transposition of the great arteries; TOF: Tetralogy of Fallot; ASO: 
Arterial switch operation.

Table 2. The analysis of the ECMO duration.

Pt. No ECMO 
implementation 
time

ECMO 
on CPR

Aortic 
Cannula (Fr)

Flow (Lt/
min/m2)

ECMO 
duration 
(hours)

Mortality

1 po. 5. day Yes 12 768 272 +
2 po. 6. day Yes 8 408 66 +
3 po. 3. day No 8 455 41 +
4 po.12. hour No 12 1008 63 –
5 early after CPB No 12 1080 166 –

PO: Postoperative; CPB: Cardiopulmonary bypass; CPR: Cardiopulmonary resuscitation.
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ECMO oxygenator because of limited funds and reim-
bursements. We do not recommend replacing the rou-
tine use of CPB oxygenators with PMP ECMO 
oxygenators. When funds are limited, then we recom-
mend the use of hollow-fiber CPB oxygenators instead 
of PMP ones in neonatal ECMO patients, in whom even 
multiple replacements are more cost effective than using 
PMP ECMO oxygenators.

Although this report includes a limited number of 
patients, we wanted to share our experience with this 
setup. The safe period of the membrane oxygenators is 
obviously shorter than the spiral coil silicone mem-
branes and PMP oxygenators which were originally 
invented for prolonged usages.7 We do not find it neces-
sary to conduct a clinical trial in order to compare PMP 
ECMO oxygenators with hollow-fiber CPB oxygenat-
ors, since our only thought was to create a solution in 
patients in this limited number of our patients where the 
funds were limited.

Conclusion

A centrifugal pump and a separate hollow-fiber oxy-
genator may provide a cost-effective ECMO setup 
without plasma leakage, hemolysis and thromboem-
bolic complications. This simple and low cost setup 
may encourage the usage of ECMO with extended indi-
cations in the neonatal period, in particular, when the 
funds are limited.
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