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Abstract: There is little information showing the use of mi-
croporous polypropylene hollow fiber oxygenators during extra-
corporeal life support (ECLS). Recent surveys have shown in-
creasing use of these hollow fibers amongst ECLS centers in the
United States. We performed a retrospective analysis comparing
the Terumo BabyRx hollow fiber oxygenator to the Medtronic
800 silicone membrane oxygenator on 14 neonatal patients on

extracorporeal membrane oxygenation (ECMO). The aim of this
study was to investigate the similarities and differences when
comparing pressure drops, prime volumes, oxygenator endur-
ance, and gas transfer capabilities between the two groups. Key-
words: hollow fiber, silicone, oxygenator, extracorporeal mem-
brane oxygenation JECT 2007;39:71–74

The silicone membrane oxygenator has been the work-
horse for extracorporeal membrane oxygenation (ECMO)
in the United States since the inception of ECMO as a
medical treatment. Despite the technological advance-
ment of hollow fiber oxygenators used for cardiopulmo-
nary bypass, few, if any, had crossed over to the ECMO
population until recently. Presently, routine hollow fiber
use in the United States is 16%–19% in cardiac centers
(1,2) compared with 3% in 2002 (3). However, there is
little published information regarding the performance
characteristics of these oxygenators for periods of ex-
tended use.

We performed a retrospective analysis comparing the
BabyRx microporous polypropylene hollow fiber oxygen-
ator (Terumo Cardiovascular, Ann Arbor, MI) to the 800
silicone membrane oxygenator (Medtronic, Minneapolis,
MN) on 14 neonatal ECMO patients. The aim of this
study was to investigate the similarities and differences
when comparing pressure drops, prime volumes, oxygen-
ator endurance, and gas transfer capabilities between the
two groups.

MATERIALS AND METHODS

After Institutional Review Board approval, patients’
charts were retrospectively reviewed after undergoing
ECMO for either respiratory or post-cardiac support at
Doernbecher Children’s Hospital. The time period for the
study was from May 2004 through December 2005. Two
groups of patients were garnered from this time frame.
The Silicone Membrane patient group (SIL) included pa-
tients placed on ECMO from May 2004 to January 2005 in
which the Medtronic 800 silicone oxygenator was used.
The Hollow Fiber Oxygenator patient group (HFO) in-
cluded patients from March 2005 to December 2005 and
used the BabyRx hollow fiber oxygenator with Xcoating.
All other ECMO patients using different oxygenators
were excluded from the study.

All circuits were pre-primed with Normosol-R for up to
30 days. Silicone membranes were also preprimed up to 30
days. One hundred units of heparin was added to each unit
of packed red blood cells (pRBCs), and the pRBCs were
added to the circuit to chase out the Normosol. Two units
of pRBCs and 100 mL of fresh frozen plasma (FFP) were
used to prime the SIL circuit, whereas only one unit of
pRBCs and 50 mL of FFP was used to prime the HFO
circuits. The SIL group circuits included the Ecmotherm
(Medtronic) heat exchanger post-oxygenator, whereas the
HFO contained an integrated heat exchanger. All circuits
were made up of a HL20 roller pump (Jostra, Hirrlingen,
Germany) with interfaced pressure transducing, a bladder,
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arterial CDI in-line blood gas, venous saturation, and he-
matocrit monitoring (Terumo Cardiovascular, Ann Ar-
bor, MI). Nine of the 14 patients’ circuits were coated with
Smartx (Sorin Cardiovascular, Arvada, CO) surface coat-
ing (2 of 7 in the SIL group; 7 of 7 in the HFO group). The
hematocrit (>40%), activated clotting times (180–220 sec-
onds), international normalized ratio (INR) (<1.5), fi-
brinogen levels (>150 mg/dL), and platelet counts
(>100,000/�L) were all kept the same for both patient
groups.

Pressure drops across oxygenators were measured by
subtracting the post-oxygenator line pressure from the
pre-oxygenator inlet pressure. Pressure drops were re-
corded hourly while on support. The two groups were
compared for statistical significance hourly during the first
72 hours of support.

Oxygenator FiO2 and sweep values were recorded
hourly for each patient on support. The two groups were
compared for statistical significance for each hour in the
first 72 hours of ECMO. The protocols for paO2 and
paCO2 parameters were kept the same for all patients in
the retrospective study.

Costs were compared by analyzing the three variables in
the circuit that were different when the switch was made
to the HFO group. These variables included donor blood
costs, cost of oxygenators (including changeouts), and ad-
ditional heat exchanger costs. Expenses were tabulated for
each group and divided by seven to give an average cost
per case. Oxygenator endurance was analyzed and is de-
fined as the length of time the oxygenator was used before
incapable of efficient gas exchange. All data were loaded
onto Excel spreadsheets. Two-tailed two-sample t tests
were used to determine statistical significance (p < .05).

RESULTS

A total of 14 patients were included in this review. Pa-
tient demographics are summarized in Table 1. The HFO
circuit prime was significantly less than the SIL group (p <
.05). The HFO circuit required 236 mL to prime, whereas
the SIL circuit needed 450 mL to prime.

FiO2 requirements are shown by mean values of each

group in Figure 1. Values that reached significance (p <
.05) between the two groups are highlighted by asterisks.
The SIL group favored lower FiO2 settings to achieve
acceptable arterial pO2 (>90 mmHg). The SIL group also
needed significantly (p < .05) lower oxygenator sweep set-
tings to maintain adequate paCO2 (35–45 mmHg) in the
majority of data points after hour 49 of ECMO (Figure 2).
Significant values are highlighted by asterisks.

The HFO group showed significantly less transmem-
brane pressures (p < .001) during the first 72 hours of
support at flow rates of 0.27–0.55 liters per minute (LPM)
(Figure 3). Oxygenator endurance was less in the patients
in the HFO group (four of seven were changed out) com-
pared with the SIL patients (two of seven were changed
out). The BabyRx hollow fiber membrane was changed
out at an average of 87.7 hours (range, 78–102 hours)
during the four instances it failed. The remaining three
ECMO runs had uncomplicated hollow fiber performance
(range, 76–160 hours). One silicone membrane was
changed out after 190 hours and one clotted off after 30
minutes of support and had to be replaced. The hollow fiber
group saw an average cost savings of $822.00 per patient.

DISCUSSION

There are several benefits to using the hollow fiber for
ECMO. First, the BabyRx hollow fiber takes less than a
minute to prime. The primer inserts the dry oxygenator
into a pre-primed circuit and keeps the outlet of the oxy-
genator clamped. The roller pump is slowly turned on,
deairing the oxygenator through open purge lines at the
top of the BabyRx. The decreased priming time has
caused a change in protocols when using this oxygenator
vs. the silicone lung. We no longer maintain a primed
oxygenator at all times and therefore do not have to dis-
pose of primed oxygenators if not used within a certain
time frame. Also, pre-primed oxygenators averaged lower
oxygen transfer values than freshly prepared oxygenators
(4). The HFO group also showed significantly less mem-
brane pressure drops under similar flow conditions than
the silicone group. Less pressure drop translates into a
reduction in shear forces and stresses resulting in less
hemolysis and leukocyte activation (5).

Oxygenator endurance proved to be an issue when com-
paring HFOs with SILs. Figures 1 and 2 show the con-
trasting FiO2 and sweep rates between the two groups.
Generally speaking, gas exchange capabilities were equal
until later in the runs. All four oxygenator changeouts in
the HFO group were caused by poor CO2 removal at high
sweep rates. For example, one patient had an arterial CDI
500 pCO2 value in the mid-50s mmHg at a sweep of 3
L/min. The sweep rate had increased from 3 to 4 L/min
over the previous 6 hours. It was apparent that we would
have to continue to increase the sweep rate to higher lev-
els to maintain acceptable arterial pCO2, so the decision to

Table 1. Patient demographics

Group
Medtronic

Silicone
Terumo BabyRx

Hollow Fiber

No. of patients 7 7
Male patients 5/7 5/7
Mean weight (range) 4.0 kg (2.2–6.0 kg) 3.4 kg (2.9–4.3 kg)
Mean age (range) 53 days (14–140 days) 35 days (3–71 days)
Respiratory ECMO 1/7 2/7
Veno-veno ECMO 0/7 1/7
Mean hours on ECMO

(range) 149 (15–278) 130 (76–160)
Survival to discharge rate 4/7 4/7
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change the oxygenator was made. One reason could be the
effects of plasma leakage through the hollow fibers not
seen in the silicone membranes. We frequently observed a
clear water-like fluid dripping from the exhaust port of the
hollow fiber oxygenator after the first 24 hours of support.
The condensation was evacuated by increasing the sweep
rate by 1 L/min for 1 minute once an hour. The amount of
fluid expelled out the exhaust was not measurable, nor did
it affect the hemodynamic status or electrolyte balance of
the patient.

Another advantage of the HFO group is the presence of
a surface coating on the gas exchange fibers, whereas the
silicone membranes cannot be coated. Although debate
still exists whether coated circuits are cost effective (6) or

truly evidence based, biocompatible surface coatings have
shown reductions in cytokine levels (7), thrombin forma-
tions (8), chest tube output, and improved biocompatibil-
ity (9,10). Since switching to coated oxygenators and cir-
cuits, we have experienced zero changeouts caused by clot
formation on circuit surfaces.

One more benefit to using the hollow fiber oxygenator
was the reduced amount of blood used to prime our
ECMO circuit. By decreasing the quantity of donor blood
exposure, febrile reactions, incompatibility reactions, and
infection transmissions may be greatly reduced (11). Al-
though we have not eliminated blood use, transfusion
dose, or the amount of RBCs transfused, is one of the
most significant predictors of infection, length of hospital

Figure 2. Sweep requirements during the
first 72 hours of ECMO support. Hours in
which statistical significance is shown be-
tween the two groups are noted by aster-
isks.

Figure 1. FiO2 requirements during the
first 72 hours of ECMO support. Hours in
which statistical significance is shown be-
tween the two groups are noted by aster-
isks.

73ANALYSIS OF HOLLOW FIBER AND SILICONE MEMBRANE OXYGENATORS

JECT. 2007;00:71–74



stay, days of fever, and antibiotic treatment (12). The com-
plete avoidance of RBC donation will be difficult because
of the variety of ECMO patients, but using less donor
blood will certainly prove beneficial. In addition, costs
were greatly reduced. We estimated our hospital costs to
administer a unit of blood to be at $300–400, although
some may place blood donation costs as high as $1500 per
unit after adjusting for risks, acquisition and fixed over-
head (13). Comparing total blood use throughout the
ECMO run could be of value with case-matched patients.
However, we could not draw a fair conclusion in this re-
gard because of our diverse ECMO patient population
and the low number enrolled in the study.

Outside the United States, ECMO centers are using the
polymethylpentene (PMP) fiber oxygenators exclusively
for neonatal ECLS support. These PMP oxygenators show
all of the similar attributes (14) stated in our study, with
the added benefit of longer endurance. The PMP fibers
have recently been introduced for adult ECMO but still
remain unavailable for neonatal oxygenators. Therefore,
until the PMP fibers are available for neonatal oxygen-
ators in the United States, we feel the advantages of de-
creased blood use, lower pressure drops, greater cost sav-
ings, and coated fibers all outweigh the lone drawback of
oxygenator endurance.
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Figure 3. Transmembrane pressure com-
parison during the first 72 hours of ECMO
support. All values show statistical signifi-
cance (p < .05).
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