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Introduction

The main challenge of modern cardiac perfusion 
technologies is the achievement of optimal biocompatibility 
for extracorporeal circulation (ECC) circuits. The 
unfavorable pathophysiological side effects of conventional 
cardiopulmonary bypass (CPB) circuits on the organ 
systems are triggered by complement system activation 
through foreign surfaces, hemodilution due to the priming 
volume, blood-air contact as well as negative and positive 
pressures in the reservoir (1,2). To overcome these effects, 
the concept of minimal invasive extracorporeal circulation 
(MiECC) circuits has evolved over the last 20 years as an 
alternative to the more conventional ECC circuits but 
also as an alternative to off-pump strategy for coronary 
artery bypass grafting (CABG) (3,4). The use of MiECC 
circuits is now expanding. These systems offer several 
potential advantages because they reduce the systemic 
inflammatory response and subsequent organ dysfunction 
(5,6). In order to be strongly characterized as MiECC, 
the main components of the system must include a closed 
CPB circuit; biologically inert blood contact surfaces; 
reduced priming volume; a cardioplegia system; a venous 
bubble trap/venous air removing device and a shed blood 
management system (6). MiECC circuits are classified in 
four different types with modular components, which are 
described in the following sections.

MiECC type I and II

The main goal of type I is the avoidance of CPB related 

shortcomings. The MiECC type I consists of a closed 
circuit, which includes the oxygenator and the pump. 
The circuit has no open venous reservoir. All components 
of the MiECC circuits are coated with heparin and the 
tubing system is significantly reduced in length. The main 
applications of type I is extracorporeal life support (ECLS) 
and CABG. For CABG, that is a closed heart procedure, it 
is possible to reduce the MiECC systems to a minimum (6),  
i.e., to the following components: a centrifugal pump; a 
membrane oxygenator and tubing lines. A venous bubble 
trap is not incorporated. Furthermore, no venting lines are 
included and the removal as well as retransfusion of shed 
blood is only possible with cardiotomy suction. The latter is 
the main difference between type I and type II. The MiECC 
circuits type II includes a venous bubble trap or a venous air-
removing device. Additionally, a pulmonary artery vent can 
be integrated in the MiECC type II circuit. Furthermore, 
shed blood can be separated and processed in both type 
I and type II circuits with cardiotomy suction (3). Due to 
the closed circuits construction of the MiECC there is no 
shifting of volume and the patient’s own venous capacitance 
serves as a volume compensation system. To avoid a volume 
overload with consecutive hemodilution the cardioplegia 
strategy needs to adapt. Therefore, the integration of 
low-volume cardioplegia technique is ideal and feasible 
in MiECC concepts (7). All components of the MiECC 
circuits are coated with heparin and the tubing system 
is significantly reduced in length. These characteristics 
permit for a reduction of the priming volume of between 
500 and 650 mL compared to the standard ECC (3,8). The 
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reduction of foreign surface area, separation of shed blood 
and the avoidance of blood-air contact also allow some 
reduction of the activated clotting time (ACT) targets in 
type I and type II MiECC circuits (3,8). Anticoagulation is 
achieved by administration of heparin infusion at 150 IE/kg  
with an ACT target of 300–500 seconds (6,9). 

From type I/II to type III

For open heart procedures, e.g., aortic and mitral valve 
surgery, the physiology of ECC changes fundamentally. 
In valvular surgery, where “venting” is routinely used and 
blood-air interaction is much more present, the modular 
set-up of the MiECC circuits need to be adapted to such 
procedures (10). The main difference between MiECC type 
I/II und MiECC type III is the ability to control volume 
shifts and variations more efficiently. This is achieved by 
different modular setups: First, the integration of a volume 
collection bag into the MiECC circuit, for situations 
during which simple patient positioning manoeuvres are 
insufficient to correct in excessive volumes shifts (10). 
Secondly, the implementation of specific components, 
such as an additional bubble trap, soft bag or a hard-shell 
reservoir to handle collected vent blood.

The main challenge for the MiECC type III is to 
preserve the main principles of the minimal invasive 
extracorporeal technology (MiECT), such as: a closed 
ECC circuit; biologically inert blood contact surfaces; 
reduced priming volume; a cardioplegia system; a venous 
bubble trap/venous air removing device and a shed blood 
management system (6), while maintaining the equilibrium 
and the ability to manage excessive volume in a closed 
extracorporeal circuit. 

However, one of the main issues for MiECC type III 
is the integration of one or more following components: 
(I) pulmonary artery vent; (II) aortic root vent; (III) left 
ventricular (LV) venting. Those modifications will help to 
guarantee a blood free surgical field.

Pulmonary artery venting: The main advantage is 
the possibility to connect the vent directly to the venous 
MiECC line. Therefore, the vent performance is directly 
depending on the negative pressure generated by the 
centrifugal pump. However, this is also the limiting factor 
for vent performance. Thus, the speed of the centrifugal 
pumps needs to be adjusted to the amount of the venous 
return in order to avoid venous vascular collapse and a 
subsequent instability of the perfusion circuit. Furthermore, 
pulmonary artery venting does not directly drain the left 

ventricle and cannot actively de-air the left heart during the 
reperfusion phase.

The retransfusion of the volume drained by pulmonary 
artery vent into the MiECC circuit without any blood-air 
contact is one of the major advantages of this approach and 
can be performed safely without any further components.

LV venting: the integration of a LV vent combines 
the advantages of better LV drainage and effective de-
airing during the reperfusion phase. However, one of the 
principles of MiECT is given up: i.e., the avoidance of 
blood-air contact.

Consequently, the shed blood collected by the LV vent 
cannot be drained directly into the MiECC circuit without 
risking dangerous air entry. There are different approaches 
for retransfusion of the blood volume vented from the LV. 
One possibility is the use of a venous bubble trap which 
is connected in line with a soft bag reservoir for direct 
retransfusion into the MiECC circuit.

Another option, which avoids using a venous bubble 
trap, is the direct but manual cross-clamped connection to 
a hard-shell reservoir (Figure 1). The collected volume can 
be intermittently retransfused into the MiECC circuit by 
manually de-clamping the connection line. Also, the LV 
vent and pulmonary artery vent can both be controlled by 
an additional roller pump and therefore remain independent 
of the performance of the centrifugal pump.

This enables an improved performance control and 
avoids venous drainage-induced perfusion collapse.

Summary

The flow performance of MiECC circuits type I and II is 
directly dependent on the venous return, with the patient’s 
venous capacitance serving as a volume compensation 
system. Both types cannot adapt to large volume shifts and 
thus have a limited range of performance. The MiECC 
circuits type I and II are therefore primarily used in closed-
heart surgeries (e.g., CABG procedures) and for ECLS. 
Both circuit types offer effective reduction of system 
components and fulfil all principles of MiECC. The 
reduction of foreign surface area, separation of shed blood 
and the avoidance of blood-air contact even permit for a 
reduction of the ACT targets in type I and type II MiECC 
circuits (3,8). Cardiac surgery using MiECC type I and II 
requires intensive communication between the perfusionist, 
cardiac surgeon and the anaesthesiologist. 

For open heart surgery, e.g., aortic and/or mitral valve 
surgery, the MiECC type III is able to control the volume 
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shift more efficiently through the implementation of 
a volume reservoir bag and of either pulmonary artery 
venting or LV venting component (10). One of the 
main requirements during use of MiECC type III is the 
retransfusion of shed blood. The primary goal in the 
handling of shed blood in MiECC is its separation by using 
autologous retransfusion systems (3,11) Very critically 
thinking, types III and IV diverge from the very original 
concept of minimized CPB circuit.

To this regard, evidence is lacking as to whether the use 
of intraoperative autologous retransfusion systems reduces 
allogenic blood product utilization and which amount of 
shed blood volume can be processed without negatively 
influencing non-surgical haemostasis (3,11).

The requirement for MiECC types I and II focus mainly 
on maintaining a sufficient circulation during CABG 
procedures and ECLS. In contrast, the requirements for 
MiECC type III are higher since preservation of volume 
equilibrium is mandatory by closely managing shed blood 
retransfusion and avoiding venous collapse through close 

observation of centrifugal pump speed. Furthermore, 
if a hard-shell reservoir is used for LV venting or shed 
blood collection, the blood-air contact cannot be avoided 
completely, which in turn will increase inflammatory 
response (12).

The classification of MiECC circuits provides a clear 
definition of the different systems, and also give a clear 
distinction between conventional ECC und MiECC. 
MiECC presents a physiologically based perfusion strategy, 
not just another CPB circuit or a particular product. For 
this reason, a multidisciplinary approach is mandatory. 
Close collaboration between surgeons, anaesthesiologists 
and perfusionists is of paramount importance for the safe 
and efficient application of MiECC concepts (6).
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Figure 1 Schematic of MiECC type III circuit with additional components: cardiotomy suction line, vent suction line, shed blood reservoir 
(source: Handmade Drawing; Perfusion Division, Clinic for Cardiovascular Surgery, Bern University hospital, Bern, Switzerland). MiECC, 
minimal invasive extracorporeal circulation.
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