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The small circuit pump, oxygenator, and
surface coating
Mark T. Ogino

Dr Robert Bartlett is the pioneer surgeon credited for
moving extracorporeal life support (ECLS) from the
operating room to the intensive care unit (ICU), where
the therapy has given hope for survival to thousands
of neonates, children, and adults with respiratory and/
or cardiac failure. Dr Bartlett describes the ECMO
timeline as ECMO 1 (1990–2008) and ECMO 2
(2008–present).1 The first phase of ECMO utilized
individual components, designed for other uses,
assembled together to provide ECLS at the bedside.
Circuit monitoring used equipment engineered for
other functions, and hence, the need for clinical
personnel to oversee the delivery of this techno-
logically complex therapy was extensive. ECMO 2, the
second phase in which we are currently practicing has
been revolutionized by low-resistance oxygenators,
centrifugal technology, and bicaval catheters that can
be placed using the Seldinger technique.2 ECMO
systems are now integrated, simplified, self-moni-
toring, and self-regulating, and have allowed for
changes in the bedside model of care. A remaining
challenge in providing ECLS is the systemic inflam-
matory response (SIR) induced by blood exposure to
the artificial circuitry. The renal, pulmonary, and
neurologic dysfunction seen after cardiopulmonary
bypass (CPB) has been attributed to the SIR.3 The
development of miniaturized extracorporeal circuits
(MECC) with reduced tubing length, smaller
oxygenators, biocompatible coatings, and fewer
components are hypothesized to reduce the blood–
foreign surface contact area, and hence, reduce the
SIR. A possible breakthrough in the reduction of a SIR
may allow transition into the next era of ECMO care.
Published reports have shown laboratory evidence
that MECC application in CPB blunts the systemic
inflammatory response with decreases in C-reactive
protein (CRP), leukocytes, and cytokines (IL-6, IL-8,
TNF), SC5b-9 (an inflammation complement
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complex), and activated neutrophil factors.4 In studies
evaluating the clinical outcome of patients who have
undergone ECLS with MECC, the benefit remains
debatable with respect to 30-day mortality, neuro-
cognitive disturbance, cerebrovascular events, renal
failure, and myocardial infarction. In the outcome
criteria of ventilation period, hospital stay, and ICU
stay, MECC showed benefit.5 In the meta-analysis
report by Harling et al., the authors found other
clinical benefits with MECC, which included the
reduction in blood production transfusions.6

The use of MECC for prolonged ECLS has not been
extensively reported in the literature, and may be
related to the functional longevity of the oxygenator.

A small number of case reports have been published
and a conclusion cannot be made from the current
level of MECC experience for its use as an alternative
equipment option in ECMO. Further research in this
area will be necessary before MECC can be clinically
adapted for ECMO.

Keywords: miniature extracorporeal circuits, systemic
inflammatory response, cardiopulmonary bypass,
surface coatings, heparin

REFERENCES
1. Robert BH. ECLS History. Lecture Given at the Latin

America ELSO Training Course. Clinica las Condes,
Santiago Chile, April 5, 2016.

2. Javidfar J, Wang D, Zwischenberger JB, Costa J,
Mongero L, Sonett J, Bacchetta M. Insertion of bicaval
dual lumen extracorporeal membrane oxygenation
catheter with image guidance. ASAIO J.
2011;57(3):203–205.

3. Wan S, LeClerc JL, Vincent JL. Inflammatory response to
cardiopulmonary bypass: Mechanisms involved and
possible therapeutic strategies. Chest.
1997;112(3):676–692.

4. Baikoussis NG, Papakonstantinou NA, Apostolakis E.
The "benefits" of the mini-extracorporeal circulation in
the minimal invasive cardiac surgery era. J Cardiol.
2014;63(6):391–396.

5. Curtis N, Vohra HA, Ohri SK. Mini extracorporeal circuit
cardiopulmonary bypass system: A review. Perfusion.
2010;25(3):115–124.

6. Harling L, Warren OJ, Martin A, Kemp PR, Evans PC,
Darzi A, Athanasiou T. Do miniaturized extracorporeal
circuits confer significant clinical benefit without
compromising safety? A meta-analysis of randomized
controlled trials. ASAIO J. 2011;57:141–151.

The small circuit pump, oxygenator, and surface coating Ogino

2 QATAR MEDICAL JOURNAL
VOL. 2017 / SWAC ELSO / ART. 77


