JECT. 2009;41:73-78
The Journal of ExtraCorporeal Technology

Trends and Emerging Technologies in Extracorporeal Life
Support: Results of the 2006 ECLS Survey

Alicia N. Sievert, MS, CCP; Anthony G. Shackelford, MHA, CCP; Mary M. McCall, MS, CCP

Cardiovascular Perfusion Program, College of Health Professions, Medical University of South Carolina, Charleston, South Carolina

Presented at the 8th Annual Emerging Technology Cancun Perfusion Conference, Moon Palace, Cancun, Mexico,

November 8-11, 2006.

Abstract: Extracorporeal life support (ECLS) is a procedure used
to support the failing heart and/or lungs via a heart lung machine.
Over 145 institutions perform this practice in the United States
with more than 24,000 ECLS cases recorded. While many articles
are published each year on common perfusion practice, little
information is shared on emerging technologies in ECLS and
common practices among perfusionists and ECLS specialists. This
article presents our 2006 ECLS survey results and discusses
emerging technologies and management topics new to the ECLS
arena. ECLS specialists were asked to participate in an online
survey. Two hundred twenty-two ECLS specialists responded.
This survey suggests positive displacement roller pumps are still
the leading pump used for ECLS 122/188 (64.9%). Silicone mem-
brane oxygenators are used by responders 75% of the time for

longterm use, while hollow fiber membrane oxygenators are used
44%. Forty-five percent of responders are using heparin or bio-
coated circuits exclusively, while 14.6% restrict their use to spe-
cific subpopulations. The most common coating is heparin coating
(67.9%). Activated clotting time (ACT) management is still stan-
dard of care for coagulation monitoring (98%), while partial
thromboplastin time (PTT) follows at 71.7%. The interquartile
range for ACTs is 160-220 seconds and 160-200 seconds with
active bleeding. This article suggests ECLS specialists are begin-
ning to incorporate different technology into their practice, such
as centrifugal pumps with hollow fiber oxygenators and coated-
circuits. Keywords: extracorporeal life support, extracorporeal
membrane oxygenation, survey, anticoagulation, oxygenators,
coated tubing. JECT. 2009;41:73-78

Extracorporeal life support (ECLS), also called extra-
corporeal membrane oxygenation (ECMO), is a proce-
dure used to support the failing heart and/or lungs using
an artificial heart-lung machine. The first successful means
of artificially supporting a human patient on ECLS was
reported by Hill et al. in 1972 (1). The patient suffered a
ruptured aorta, which was corrected on partial bypass and
later needed ECLS for respiratory insufficiency. Bartlett
et al. (2) reported successfully treating a neonatal patient
with meconium aspiration with ECLS in 1976. This success
provoked a unique study of 100 infants randomized based
on the success of each management treatment, known as
“randomized play the winner.” Of these patients, there was
an incredible 75% success rate with ECLS (3,4).

Over the years, a much higher success rate was seen
in infants compared with adults, which was attributable

Received for publication August 25, 2008; accepted January 26, 2009.
Address correspondence to: Alicia N. Sievert, MS, CCP, Cardiovascular
Perfusion, Medical University of South Carolina, 151B Rutledge Ave., PO
Box 250964, Charleston, SC 29425. E-mail: sievera@musc.edu

The senior author has stated that authors have reported no material,
financial, or other relationship with any healthcare-related business or
other entity whose products or services are discussed in this paper.

73

to earlier diagnosis, the neonatal lung being more easily
capable of repair and regeneration, and early institution
of ECLS in neonates (5). Duncan et al. (6,7) have reported
that survival rates for pediatric patients with congenital
heart disease needing ECLS for cardiac arrest had similar
survival rates compared with those needing for all other
indications.

Because of its success in the neonatal community, an
international resurgence of adult ECLS began in 1986 (8).
During this time, the definition of appropriate diagnoses
for use of ECLS began to emerge in the form of criti-
cal pathways, and adult success rates increased to 45%
(University of Michigan) (9). Greater strength of evidence
for the technology, overall advances in medicine, increas-
ing acuity of patients, and increasing population have all
contributed to an increase in ECLS volumes and adoption
of the technology by more centers.

Naturally, as more centers adopt ECLS into their care
pathways, it is logical to conclude that some site-specific
modifications in respect to component circuitry, anticoagu-
lation protocols, and staffing are in use but have not been
reported. In an effort to capture the transformation, evo-
lution, and overall nuances of ECLS, a current snapshot
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of ECLS technology and modifications is desirable for the
development of best practices and overall benchmarking.
This survey aims to identify current trends in ECLS and
review new technology that may be contributing to the
improving ECLS outcomes.

MATERIALS AND METHODS

In January 2006, a survey was sent by e-mail to all Perflist,
Perfmail, and ECLS-net subscribers regarding ECLS
equipment use and patient management. Respondents
included perfusionists and ECMO specialists in both
pediatric and adult ECLS. This survey was not limited
to Extracorporeal Life Support Organization (ELSO)-
registered centers. The survey contained 42 questions in
four categories: general demographics, circuitry, staffing,
sterility, and anticoagulation monitoring. Sample questions
can be seen in Table 1.

Table 1. Sample of survey questions.

1. Are you using coated tubing for your ECMO circuits?
> Yes
» No
» Only for certain patients (example: short runs, active bleeding)
2. Have you noticed a change in bleeding with coated circuits?
» Yes, increased bleeding
» Yes, decreased bleeding
» No change
3. Have you changed your ACT protocol when using coated circuits?
> Yes
» No
4.What is your ACT protocol for a patient on ECMO that does NOT have
active bleeding?
» 120-140 seconds
» 140-160 seconds
» 160-180 seconds
» 180-200 seconds
» 200-220 seconds
» >220 seconds
5. What type of oxygenator is your institution using for ECMO?
» silicone membrane (e.g., Avecor)
» hollow fiber oxygenator (e.g., Minimax, Affinity)
» Quadrox oxygenator
» Other
6. Do you use a CDI or other inline monitoring device for arterial blood
gases?
> Yes
» No
7. Does your institution keep an ECMO circuit set up at all times?
> Yes
» No
8. Is it primed?
> Yes, the entire circuit is primed
» Yes, but the oxygenator is not primed
» No
9. How long do you leave a dry circuit set up?
»> 24 hours
» Up to 1 week
» 1-2 weeks
» 1 month
» 2 months
» Other
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Results were collected using Survey Monkey—an
Internet-based data collection program. Data were ana-
lyzed with SPSS version 12.0 for Windows.

RESULTS

The survey was open to participants from January 25,
2006 to February 28, 2006. A total of 222 responses were
recorded. Respondents were primarily from the east coast
(Figure 1). with representation throughout the world. The
majority of responders performed 11-25 ECMO runs per
year (36.9%; range, 1-100).

Circuitry

Pumps: Rollerheads are still the leading pump used
for ECMO (64.9%, 122/188). Pulsatile perfusion was only
used in 4.8% of the sampled population (9/187).

Oxygenators: The majority of responders were using
silicone membrane oxygenators (75% ), whereas 44% use
hollow fiber oxygenators. Some responders used more than
one type of oxygenator and were subsequently counted
in both the silicone and hollow fiber groups, making the
total >100% (77% + 44%). The diffusion membrane oxy-
genators, Quadrox and Quadrox-D (Maquet, Rastatt,
Germany), were occasionally used (14/188), and the Medos
Hilite (Medos, Stolberg, Germany), a hybrid between a
microporous and closed fiber oxygenator, was seldom used
(3/188). Note the Quadrox-D and Medos were not Food
and Drug Administration (FDA) approved for use in the
United States at the time of this survey.

Coating: Forty-five percent of responders were using
coated circuits on every patient, whereas 14.6% were
using coated circuits only in special population groups. The
most common coating was heparin coating (67.9%). Thirty-
three percent of responders suggested a decrease in bleed-
ing in response to the use of coated circuits. Responders
did not notice a change in platelet administration or oxy-
genator change out in patients receiving coated circuits
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Figure 1. Demographics of survey respondents.
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(19.8% had increase in change out, 12.3% reported a
decrease, 67.9% showed no change).

Temperature: 'The majority of the responders manage
patients at normothermia (86.5%, 160/185) for both adult
and pediatric populations (92.5%).

An overview of circuitry trends from this survey can be
seen in Figure 2.

Anticoagulation

Activated clotting time (ACT) management was still the
standard of care for coagulation monitoring on ECMO,
with use by 98% of responders. Platelet count, fibrinogen,
and partial thromboplastin time (PTT) closely follow (at
89.4%, 76.7%, and 71.7% respectively). Other common
tests included heparin concentration (17.8%), anti-Xa
heparin levels (10%), thromboelastographs (6.1% ), ATIII,
D-dimers, and factor VII (all <5%; Figure 3). The inter-
quartile range for ACT parameters was 160-220 seconds.
For patients with active bleeding, the range decreased to
160-200 seconds. Heparin alternatives were seldom used
among responders unless active heparin-induced thrombo-
cytopenia was noted. In this survey, the most common hep-
arin alternative used was argatroban (66.7%), followed by
bivalrudin (35.4%). Note some responders used both arga-
troban and bivalrudin, which is why the percentage sum of
heparin alternatives is >100%.

Sterility

Sixty-seven percent of centers kept an ECLS circuit set
up at all times, whereas 6.1% have a circuit set up only if
one is requested by a surgeon or physician. Of those that
keep a circuit set up, 60% (75/125) are primed. The dura-
tion of time a responder left a circuit set up varied, with
the largest percentage keeping a circuit dry or primed for 1
month [50% (60/120) and 61 % (77/126), respectively]. The
majority of the responders do not test for contamination,
relying on tests in the past that have all come back nega-
tive (60%). However, sterility measures taken include set-
up with masks and gloves (54%), set-up in sub-sterile area
(59%), using only non-vented caps (76%), draping the cir-
cuit (82%),and keeping the circuit in a locked room (89%).
Other sterility measures included checking the circuit at
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Figure 2. Trends in circuitry based on the 2006 ECLS survey. n = 222
respondents. Data are listed as a percentage of the total respondents.
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Figure 3. Anticoagulation monitoring trends based on survey responses.
Values listed as % of total respondents.

least once daily to ensure intactness, use of an antibiotic in
the prime, and the use of a .2-um filter during prime (these
sterility tactics were used by <10% of respondents).

The average responder wastes ~4 circuits per year (range,
0-18) at an average hospital cost of $4060 (range, $0-40,000).
Most ECLS specialists feel this cost is worth the alternative
of not having a pump set up at all times (82.8%, 101/122).

Staffing

Of the centers surveyed, perfusionists are responsible
for setting up and priming the ECMO circuit 65.5% of the
time (133/203), whereas 26.6% of responders have other
members of the ECMO team set up and prime (54/203),
and 7.9% of these efforts are joint between perfusion and
other members of the ECLS team (16/203).

The majority of responders have ECLS-trained nurses
monitor the ECLS pump (54.8%, 108/197), whereas 35%
use respiratory therapists (70/197), and 32% of centers
hold perfusionists responsible for managing the ECLS
pump (65/202). Others responsible parties include resi-
dents, physicians, ECLS specialists, and students.

DISCUSSION

Circuitry

This study suggests that the use of positive displacement
roller pumps for ECLS is on the decline. Although stud-
ies in 1990 and 2002 showed that >90% of ECMO pro-
cedures used positive displacement pumps (10,11), these
results suggest use is down to 65%. This difference may be
because of the sample population of our survey or because
of improvements in centrifugal pumps, making them less
susceptible to hemolysis than in years past. Additionally,
the study of Allison et al. (10) only looked at the neonatal
population, which may still primarily use positive displace-
ment roller pumps; we did not differentiate between pedi-
atrics and adults in this survey.

Currently, the Medos Deltastream DP1 (Medos) rotary
blood pump is capable of pulsatile perfusion and many
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positive displacement pumps. Although pulsatile perfu-
sion is still far from standard of care in the ECLS arena,
new data are beginning to emerge, suggesting faster lactate
recovery, reduced need for inotropic support, and easier
intensive care unit (ICU) management with pulsatile com-
pared with non-pulsatile ECLS (12).

One of the biggest developments for ECLS in the last
decade is that of coated oxygenators with smaller prim-
ing volumes. Hollow fiber oxygenators offer smaller prime
volumes and higher gas rates at a lower resistance; how-
ever, long-term use of these oxygenators has led to plasma
leakage and impaired gas exchange, resulting in multi-
ple oxygenator change-outs with associated blood prod-
uct administration. Silicone membranes are still the most
commonly used oxygenator for long-term support (75%),
although priming volume is often greater than that of hol-
low fiber oxygenators. It is suggested that hollow fiber
oxygenators have increased in popularity among ECLS
institutions by the increased use in surveys from 2002 to
2004 (although some of these surveys do not include the
adult population) (13). New alternatives are being pro-
duced, such as the Quadrox-D and Medos Hilite, offering
low prime volumes, improved gas exchange, and resistance
to plasma leakage in long-term use. The Quadrox-D has
been shown to favorably decrease prime volume and has
superior air handling compared with traditional long-term
oxygenators (14). A study by Khoshbin et al. (15) com-
pared long-term use of the Medos Hilite 7000LT (a poly-
methyl pentene hollow fiber oxygenator with a plasma
tight polymer matrix for hydrophobic properties) vs. a tra-
ditional silicone membrane oxygenator in 40 adult ECMO
patients. The Medos showed lower blood path resistance,
less heparin resistance shown by ACT and PTT values
(p = .01), and better preservation of extrinsic coagula-
tion factors and platelets (p = .05 and .07, respectively).
In a similar study using the neonatal Medos Hilite SOOLT,
preservation of coagulation proteins was significantly
improved compared with silicone membrane oxygenators,
but there was no reduction in blood product consumption.
Additionally, this oxygenator needed higher sweeps com-
pared with the silicone membrane (15).

Forty-five percent of institutions sampled use coated
tubing in all ECLS circuits compared with only 2% in 2002.
Common concerns with heparin coating include increased
bleeding, increased blood product use, heparin leak, and
susceptibility to heparin-induced thrombocytopenia syn-
drome (HITS). Of institutions using heparin-coated cir-
cuits,only 1.8% (2/109) saw an increase in bleeding, whereas
33% noticed a decrease in bleeding (36/109). Several stud-
ies have suggested that heparin coating reduces expres-
sion of systemic inflammatory response syndrome (SIRS),
reduces neutrophil, eosinophil, monocyte, and comple-
ment activation, and decreases fibrinogen consumption
(16,17). There have been mixed reviews on the reduction
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of platelet adhesion and consumption with coated circuits,
probably because heparin does not reduce platelet activa-
tion or platelet consumption caused by the exposure of
blood to a foreign surface (18-20). New coating materials
are being tested, such as the poly-2-methoxyethylacrylate
coating, which has shown superiority in platelet preserva-
tion compared with heparin coating (21).

A study by Ota et al. (22) tested heparin-coated circuits
for the mobilization of heparin and showed no increase in
systemic heparin levels. To identify whether an increased
incidence of HITS exists with heparin-coated circuits,
Koster et al. (23) studied the development of heparin/plate-
let factor IV antibodies in patients with heparin-coated vs.
non-coated ventricular assist devices and saw no signifi-
cant difference in heparin/platelet factor IV antibodies
between groups (n = 55). There has been little research on
the use of heparin-coated circuits in patients with active
HITS. For this reason, it is probably good practice not to
use heparin coating in patients that test positive for hepa-
rin/platelet factor I'V antibodies.

Other emerging trends in ECLS circuitry include lower
prime circuits and alternative uses for ECLS. Yamasaki et
al. (24) had success with a heparin-bonded neonatal ECLS
circuit containing a prime volume of only 99 mL. The cen-
trifugal pump sat by the chest area of the patient using an
expansion and contraction arm. This could be primed with-
out donor blood. This circuit did not have a heat exchanger
and was only used for short periods of time before initia-
tion of traditional ECLS.

Anticoagulation

Although ACTs remain the standard of care for anticoag-
ulation monitoring during ECLS (98%), new data suggest
other methods may be more valuable for measuring sys-
temic anticoagulation over long periods of time (25),such as
thrombin generation and heparin levels via anti-Xa activity.
Studies have shown that ACTs do not correlate with throm-
bin generation in the pediatric population, possibly because
of increased hemodilution and lower fibrinogen levels com-
pared with the adult population. In a study by Owings et al.
(26),10 children and 10 adults undergoing CPB were antico-
agulated with 300 U/kg of heparin sulfate. Anticoagulation
was monitored by ACTs, heparin management tests, throm-
bin—-antithrombin complex, and heparin concentration.
Adult mean ACTs were >400 seconds, whereas child ACTs
were >999 seconds at equivalent heparin-loading doses.
However, although the adult heparin management tests
were within therapeutic range, the child heparin manage-
ment tests were sub-therapeutic. Additionally, thrombin—
antithrombin complexes and prothrombin fragments were
found in the pediatric circuits, indicating ongoing throm-
bin production. Another study by Codispoti et al. (27) sug-
gested that tailoring heparin and protamine doses based on
a calculated in vitro heparin dose-response test significantly
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increased heparin administration and decreased protamine
administration. Thrombin generation (p < .02) and fibrinoly-
sis (p = .05) were also significantly lower in this group. Baird
et al. (28) conducted a retrospective review of 604 ECLS
patients using regression analysis to find predictors of sur-
vival, which showed that increased heparin administration is
an independent predictor of survival in ECLS patients (p <
.0001). Autopsies on 73/255 non-survivals showed evidence
of thrombosis. Several other studies showed similar results
(29-31). Inadequate heparinization may lead to acceler-
ated activation of pro-coagulants and fibrinogen, leading to
formation of micro-emboli and factor consumption. With
sub-therapeutic doses of heparin, coagulation factors are
consumed, causing a consumptive coagulopathy, which may
cause increased blood loss and blood product administra-
tion (32), as well as complicate therapeutic heparin admin-
istration during ECLS. These studies suggest that ACT
management in itself is not effective for long-term antico-
agulation management in the pediatric population and may
lead to under-heparinization.

Because of the nature of this research, there were limita-
tions to this study that should be noted. There is a chance
that more than one person could have responded from
each hospital and that not all ECLS centers responded. The
structure of the survey did not allow for a means to identify
the number of responses from each center, which may have
impacted our results and conclusion. Not all responders
answered each question, which accounts for the variabil-
ity in totals from question to question. Additionally, there
were a limited number of fields for each question, which
may have limited responses.

CONCLUSION

Although it seems that ECLS technology has remained
relatively constant since its initiation, new technology and
clinical management are beginning to make an appear-
ance in practice. Because the volume of ECLS cases per
year makes it difficult to perform many studies within one
institution, more multi-institutional studies should be per-
formed. Areas of future research may include prime vol-
ume reduction, heparinization while using heparin-coated
circuits, finding more biocompatible surfaces, and alterna-
tives to heparin.
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