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MIECT: How did it start?
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Abstract: Transiently assuming the functions of both heart and lungs as surgeons repair critical valves
and vessel lesions can be achieved by mechanical circulatory support has its origins in cardiopulmonary
bypass (CPB). However, CPB technologies induce also some unintended adverse effects. During the 90s, a
mayor trend pushed many physicians to reconsider the place of coronary artery bypass grafting (CABG) and
challenged the surgical reference treatment by less invasive catheter-based angioplasties. Nevertheless, best
long-term patient outcomes were related to surgery. Therefore, a small number of multidisciplinary teams
in Regensburg and Paris started to develop a minimally invasive CPB system. The basic concept relied on
a closed-loop perfusion circuit with a non-occlusive pump. Moreover, the team in Paris pushed the concept
further and developed a complete fully integrated CPB system allowed first closed-heart and later open-
heart surgery with aortic cross-clamping and efficient cardioprotection. Those were the initial steps towards
the future developments of minimally invasive extracorporeal circulation technologies. Initial clinical results
were clearly positive in terms of overall morbimortality. Moreover, several preliminary results pointed out
the biological benefits that decreased hemodilution, improved preservation of the immune reactions and
more stable anticoagulation could bring to the field of ECT.
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Whereas complete revascularization is necessary
especially for high-risk patients, the surgical procedures,
meaning coronary artery bypass grafting (CABG) using
cardiopulmonary bypass (CPB) technologies represented
the reference treatment for this category of patients
during the 90s (1,2). However, this therapeutic option also
triggered severe adverse effects, like systemic inflammatory
syndrome (SIRS) (3,4). Over the time increasing concerns
raised about the postoperative side effects linked to CPB
and cardiologists considered alternative approaches based
on innovative catheter-based angioplasties. Such therapeutic
strategies were not based on CPB assistance but operated
on beating hearts. During the 90s significant improvements
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occurred in this field and coronary angioplasty became a
key therapeutic strategy for patients with coronaropathies.
Independently of these technical evolutions, blood
transfusion became a major issue in health care and more
particularly in the context of cardiac surgery, where
transfusion needs remained very high (ref. transfusion
requirements in cardiac surgery). Side effects linked to
blood transfusion have been identified more accurately
and perioperative transfusion patterns might have led to
inappropriate use of blood products. Therefore, medical
strategies aiming at avoiding or at least reducing blood
transfusion were developed. Over time the variability in
transfusion practice has led to recommendations regarding
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standardization within many countries (5).

The benefits of intraoperative autologous blood donation
were not universally considered as a consistent and general
strategy in order to reduce allogenic blood transfusion (6).

After the discovery of contamination of collected blood,
the global management of blood collection and use of
blood products was about to be deeply changed especially
in France. Health care system integrated the notion that
transfusion implies some intrinsic risk factors and a strong
trend evolved towards reduction of the use of exogenous
blood products during the perioperative periods (7-9).
Cardiac surgery with CPB had high needs in transfusion
of blood products and as such was considered to bear great
risks for blood borne diseases.

Taken together a strong trend developed against the
use of CPB, whenever possible. A large consensus among
the community of cardiac surgeons appeared in favor
of off-pump CABG (OPCABG) (10). New instruments
were developed and rapidly, renewal of the old OBCABG
techniques demonstrated positive results (11,12).

However, compared to standard CABG, OPCABG
revealed that the number of grafts decreased, that some
circumflex arteries were frequently more difficult to
revascularize and that quite some procedure had to
be converted to CPB assisted procedures. Coronary
angioplasties underwent significant developments, but
overall angioplasties remained less efficient than surgical
procedures on the long-term.

Considering the complexity of the coronary pathology,
a small number of cardiac surgeons, anesthesiologists,
perfusionists and physiologists tried to reevaluate in depth
the needs of circulatory assistance and cardioprotection
during cardiac surgery.

Initial aims for new CPB techniques

The leading concept for improved CPB was decreased
invasiveness, and more specifically low systemic
inflammation after a surgical procedure involving CPB.
A more conservative blood product management was
an important part of the concept, partly based on low
hemodilution. Improved anticoagulation management
appeared as another key feature during the use of CPB. The
balance between systemic anticoagulation and clotting is a
major biological challenge. The physiological interphase the
contact between blood and the vessel wall relies heavily on
the integrity of the endothelial layer. Unlike these biological
conditions, CPB introduces direct contact of non-biological
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materials to the blood and triggers thereby the coagulation
cascade. This intrinsic adverse effect had been recognize
since the early days and almost ever since treated by
massive doses of heparin (13,14). Various coatings options
were available aiming at improved management of the
systemic anticoagulation strategies during CPB. Heparin-
bonded coatings represented an important step in that
direction (15,16). Moreover, we aimed at a patient-oriented
anticoagulation strategy including on-site point-of-care
technologies, even if still based on unfractionated heparin
(UFH) (14).

Stable and efficient operative conditions for the surgeons
were obviously a major issue in favor of the use of CPB vs.
OPCABG.

Rapidly it appeared important to us that the option of
aortic cross-clamping and cardiac arrest was a key step in
developing an optimal CPB system. Therefore, the use of a
simple and efficient cardioprotection was mandatory.

Initial attempts to set up a new CPB technique

During the mid-90s a multidisciplinary team headed by
Olivier Bical in Paris started to develop a minimally invasive
CPB system focusing on coronary surgery. The use of an
assist device with a centrifugal pump served as the basis for
the circulatory support. The idea to add circulatory support
to OBCABG surgery was discussed at several meetings on
cardiac surgery. The team at the University of Regensburg
in Germany probably led the most active promoters of the
concept of simple circulatory assistance during CABG. On
the other hand, the Parisian team promoted since its origins
the notion that cardiac arrest would allow best surgical
conditions for optimal revascularization. Therefore, our
strategy included the option for aortic cross clamping. After
evaluation of several cardioplegic solutions, cardioprotection
was mainly based on a blood cardioplegia solution (17-19).
Common to other teams the circuit was based on short
AV lines and no cardiotomy reservoir in order to reduce
as much as possible hemodilution and thereby early
transfusion requirements. Kinetic venous drainage with
arterial pump flow allowed developing a compact closed
circuit that could be installed close to the patient’s chest. In
order to improved biocompatibility all lines and oxygenator
were coated. At these times mainly two types of coatings
were commercially available. Heparin-coatings seemed to
be more attractive with regards to anticoagulation strategies.
However, technically speaking these coatings required
several steps in order to caver the plastic support and
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complex surfaces could not really be coated efficiently. On
the other hand, inert coatings either lipid- or amphiphilic
polymer-based had appeared. Such coatings allowed
more extensive coatings, including complex surfaces. Our
team in Paris favored the later solutions and as much as
possible went for tip-to-tip coating, including the cannulae.
Basically, our main aim was to decrease the activation of the
intrinsic (contact phase) pathway of the coagulation cascade.
Pharmacologically no specific drugs exist that could achieve
this goal per se, but improving biocompatibility might help
to achieve the goal.

To some extend the simplification of the circuit allowed
some simplification of the monitoring. The fact that the
concept was based on a closed veno-arterial loop, we
considered that filters could be suppressed. A double sling
purse secured a double-staged venous cannula in order to
avoid blood leakage and air aspiration. Therefore, a rather
simple way to de-air was included in the closed-loop circuit.
Fundamentally, we did not include a venous reservoir into
the main loop, considering that the best blood reservoir
would be the venous capacitance of the patient.

Finally, one important evolution was to generalize
separate management of shed blood by cell saving/
washing device and retransfusion. From the perspective of
coagulation, this approach was designed to reduce the blood
concentrations of tissue factors that activate the extrinsic
pathways of the coagulation cascade.

After multiple discussion about the surgical rationale and
the physiological requirements a first circuit was designed
around a low-prime centrifugal pump and a membrane
oxygenator, no venous reservoir, with short 3/8” venous line
and a short 3/8” arterial line. The circuit was placed closed
to the shoulder of the patient. Initial prime volume was less
than 500 mL.

First clinical experience was gained during the late
90s and progressively we could demonstrate not only the
feasibility of CABG with such a minimal circuit and cardiac
arrest, but more importantly the safety and absence of
significant adverse effects. First presentation of the clinical
results of the Parisian team was reported to the international
community at the BelSect meeting in 2000 (20).
Later presentations at the FECECT, the CREF, the
EACTS and the AHA meetings confirmed the initial
experience of the team in Paris (21-24). The Regensburg
team reported similar experience in 2001 and thereby
confirmed the general strategy based on a minimal CPB
circuit (25). Clinical results were promising, and several
other teams adhered to the concept. While the Regensburg
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team focused on CABG and developed their practice mainly

in order to optimally reach this goal, the team in Paris was

aiming at an extension of the notion of minimally invasive

CPB. Several technical variations were implemented over

time in order to allow open-heart surgery:

% A cardiotomy reservoir, with a Y connection to the
main circuit, keeping a closed main loop and a side
line converting to a partially open circuit.

s A venous line filter, with bubble detector and
automated clamp, leading to improved air handling.

% The oxygenator design, hollow fiber design vs.
membrane oxygenator; were modified at least
in some clinical settings. Silicone membrane
oxygenators have been the standard at the
beginning of our developments, as they have
excellent biocompatibility. They provide good
gas-exchange characteristics, and they are relatively
non-thrombogenic, but and cannot be coated with
heparin. However, they have a high resistance to
blood flow, so global efficiency remains modest.
Moreover, they are difficult and time-consuming
to prime. On the other hand, new generation of
polymethylpentene hollow-fiber oxygenators do not
develop significant plasma leak, have lower platelet
consumption, and require limited blood product
support. Hollow-fiber membrane oxygenators
produce lower membrane pressure drops and
pre- and post-oxygenator ECC pressures during
normothermic CPB.

% Newer generation oxygenators with integrated
arterial line filters might further improve the
efficiency of CPB.

% Opver time different centrifugal pump heads with
various impeller designs were tested and concept of
minimal invasive CPB design reveal to be robust and
safe independently from any given material.

In a rather systematic fashion, we investigated not
only the clinical benefits, but also some biological effects
of the new way to proceed with minimal CPBs. From
a clinical perspective, the use of such minimal circuit
improved teamwork in the operation room. Hemodilution
was reduced drastically and intra- as post-operative
transfusion could be reduced significantly. Even if it was
difficult to predict the management of the intra-operative
hemodynamics, we did not observe increased use of
vasoactive drugs. Specific management of shed blood by
means of a cell collecting/washing device did not deeply
change the usual way to proceed by our surgical team. Use
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of blood cardioplegia had been implemented prior to the
switch to minimal circuits but contributed largely to the
reduced hemodilution. Nevertheless, the main arguments
in favor of the blood cardioplegia were mainly its good
efficiency, before considering reduced hemodilution.
Port-operative management confirmed the good tolerance
and improved hemodynamic stability in patients who
underwent CABG with minimal CPB. Therefore, at least
the team in Paris was confident to extend the experience
to high-risk patients. Meanwhile our investigations of the
biological effects of minimal CPB compared to standard
CPB revealed some interesting features (23).

Reduced circuit length and suppression of the air-blood
interface were implemented by design in order to obtain
better biocompatibility. To further improve interaction
between blood and non-biological surfaces we generalized
the use of coatings. However, monitoring systemic
inflammation at an early stage was not trivial at those
times. Acute phase reaction could of course be monitored
in a clinical setting by dosing C-reactive protein, but this
represents mainly a delayed indicator and its biosynthesis
can be triggered by many stimuli during a surgical
procedure as complex as CABG, so it remains difficult
to conclude on specific effects of the CPB circuit per se.
Few pro-inflammatory biomarkers could be used in a non-
research setting, but some allowed us to gain some insight
on the biological effects of the new designed way to conduct
extra circulatory support during cardiac surgery.

Another initial assumption was that improved blood
management should lead to more stable anticoagulation
profiles. Since the early days of the new minimal CPB, we
paid quite some attention to optimize the anticoagulation
profile. Our strategy was based on a patient-targeted dosing
of UFH, with reversal of its effects by protamine at the
end of surgical procedure. Even if UFH is far from having
the optimal pharmacokinetic profile, it was the drug of
reference in the context of cardiac surgery.

Limitations and developments

Several limitations have to be recognized linked to the
initial design of the circuit. One has to acknowledge that
increased pressure was put on the perfusion team as a short
circuit implies also shorter reaction times towards changes
in the hemodynamic conditions. This allows improved
reaction times but needs closer collaboration between
members of a multidisciplinary team around the patient.
The absence of a venous reservoir implies that the venous
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capacitance represents a physiological reservoir of blood,
thus the perfusion reserve is no longer extracorporeal. Some
adjustments with reference to the classical management
of the CPB had to be implemented. Given the excellent
collaboration within the team in Paris, development went
steadily. Sophistication of the circuit in order to extend
the field of applications was implemented soon, i.e., blood
volume displacement out of the main circulating loop
(adding a reservoir). Similarly, we improved monitoring
capacities (26) and continued to refine the anticoagulation
strategies (27).

Conclusions

Data still highlight the deficiencies of the current
knowledge base that physicians rely on to guide patient
care during CPB, but in the 90s medical evidence based
on clinical experience considered that CPB had multiple
adverse effects that could be avoided by non-surgical
treatments.

At the same time a few multidisciplinary teams in the
cardiac surgery departments in Paris and Regensburg,
started to develop an innovative new design of CPB circuits
and the way to use them during surgical procedures in
order to make them minimally invasive and provide optimal
surgical support.

Whereas the team in Regensburg aimed at circulatory
assistance during CABG procedures, the team in Paris
intended to develop a full CPB system that allowed cardiac
arrest. The conduct of adult CPB to achieve optimal
perfusion was key in the new design of a minimal CPB
circuit. The design of components of a CPB circuit may
influence tissue perfusion and clinical outcomes. Given
the theoretical advantages to centrifugal blood pumps
over roller pumps the initial design included a compact
centrifugal pump head. The kinetic venous drainage by
arterial pump flow and short venous and arterial lines
contributed to significant reduction of the priming volume
and thus the intraoperative hemodilution. Our minimal
circuit was based on a closed-loop perfusion system, without
cardiotomy reservoir. Significant controversy related to
appropriate management of physiologic variables during
CPB remains and are not specific to minimal CPB circuits.
No distinct clinical benefits have been observed when open
venous reservoirs have been compared to closed systems.
Nevertheless, multiple clinical trials have established the
non-inferiority of minimal CPB circuit over conventional
circuits. Moreover, systematic coating of the CPB circuit
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may attenuate inflammation and coagulation pathways as
minimal circuit have contributed to demonstrate.

Those were the early days of minimally invasive
extracorporeal technologies (MiECT), and even if much
has to be done to further improve the concept, one has to
acknowledge that at least partly several of the basics of this
innovative way to perform CPB have been integrated in a
large proportion of more conventional CPB circuits.
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