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Abstract: Although serious accidents during extracorporeal circu-
lation are infrequent, potential adverse events with both equip-
ment and operation do still occur and require immediate and
well-coordinated responses. Hence, perfusionists need to be well
trained in both standard and emergency procedures, and this would
be aided by the establishment of an official education and training
curriculum. In particular, the establishment of a simulator-based
educational program and corresponding evaluation methods will
spur development of increasingly medical simulators. Extra-
Corporeal Circulation SIMulator (ECCSIM-Lite) was used during
repeated sessions of undergraduate students (n = 12) using a sim-
ple training scenario. Trainees aimed to maintain reservoir volume
around a constant mean, and increase or decrease the arterial flow
avoiding rapid variations, and their performance was monitored.
Ability to prevent backflow was also recorded as a measure of
accomplishment. Skills in performances were evaluated by using a
scoring system based on task accomplishment. Accomplishment

score was improved in all participants after 1 week of training.
Accomplishment scores reflecting ability to maintain flow improved
to an average of 78%; in the third and final practice session back-
flow was prevented in 100% of cases. The average reservoir level
maintenance score in the flow-up phase was 75%, in the flow-
maintenance phase was 92%, and in the flow-down phase was 58 %.
During skill training, in which trainees learn methods of avoiding
adverse events, the use of simulators combined with tractable skills
scores can ease the transition from training session to clinical prac-
tice. Use of these training scenarios within a perfusion education
system also has the advantage of providing an index of trainees’
current proficiency and improvement by providing tractable skill
scores. In conclusion, the use of ECCSIM-Lite simulations, together
with evaluation of task accomplishment over repeated training ses-
sions, is an effective method of basic skill training for perfusionists.
Keywords: extracorporeal circulation, education, skill training, per-
fusion, simulator system. JECT. 2010:42:139-144

In medical education, simulator-based education is gain-
ing widespread acceptance as a teaching tool within the field
of anesthesiology (1,2). The particular advantage of medi-
cal simulations is the fact that no harm can come to patients
(3). Simulation training is particularly useful for learning to
manage rare or infrequent events (4). To learn to manage
various events, trainees have to understand basic skill.

Recent years have seen the widespread introduction of
simulation training involving extracorporeal circulation
(5-7). Perfusionists need to be well-trained in both stan-
dard and emergency procedures, as complications during
extracorporeal circulation can be potentially fatal (8). It is
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therefore beneficial to establish an appropriate and official
perfusion-specific education curriculum and training sylla-
bus (9), and although many institutions recognize this, few
carry out such training programs. This is in part because the
educational program must adhere to the structure of the
education system already in place, which differs between
countries and partially as a function of culture (10). Regard-
less of this, simulator-based education has become com-
mon in medical education and there is speculation that
the use of simulators will continue to spread in extracor-
poreal circulation training (3). Given this, and in the light
of increasing sophistication of medical simulators (11), the
establishments of validated evaluation methods are likely
to be a valuable addition to the educational program of
perfusionists. Ideally, parallel to advances in development
of extracorporeal circulation simulator systems should be
protocols for education and skill evaluation.

The goal of this study was to explore whether a simulator
system could facilitate extracorporeal circulation programs
within a teaching environment. We first developed the
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ExtraCorporeal Circulation SIMulator system (ECCSIM)
(12,13) for use during basic skill training within the edu-
cational program of an undergraduate school. We then
performed quantitative evaluation of the skill training
incorporating the simulation training procedure, which
centered on changes in task accomplishment over repeated
practice sessions.

MATERIALS AND METHODS

Equipment

A simulator system (Figure 1) designed for the basic skill
training relating to extracorporeal technology (ECCSIM-
Lite, a non-commercial device from Ninomiya’s Laboratory)
was used (12).

Figure 1. Schematic diagram of the simulator system ECCSIM-Lite.
S, a soft bag representing the patient body; FSU, flow sensor unit;
R, reservoir; PS, pressure sensor with a built-in amplifier for the
measurement of water volume, which is shielded to reduce the
electromagnetic noise; CP, centrifugal pump; OX, oxygenator; IFU,
analog/digital interface unit; TS, training scenarios; PC, personal
computer for performing the scenario and recording; SP, speaker unit;
T, trainee.
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This system is composed of a) a flow sensor unit with
three electromagnetic flow sensors (FD-M10T, flow rate
.5-10 L/min; Keyence, Osaka, Japan) for measuring arte-
rial flow and venous return, b) a venous reservoir (Capiox
RX-25, Terumo, Tokyo, Japan) with a built-in pressure sen-
sor for water level measurement, ¢) a soft bag that repre-
sents the patient body, d) an interface unit that transmits
sensor drive power supply and measurement signals to
the computer, which simulates the patient’s hemodynamic
conditions and displays it on e) the screen monitor.

The system provides information to the trainee accord-
ing to a pre-defined scenario in real-time, audibly, through
the speakers, and visually, on the display screen. Details
of arterial/venous flow and reservoir level are measured
throughout. Blood flow is simulated with a centrifugal
pump system equipped with an extracorporeal circulation
circuit. The circuit was filled with water and gravity pro-
vided the force for venous drainage.

Procedure

To evaluate performance in basic skills, a training ses-
sion involving a simple training scenario was presented
to several beginners. A fully trained perfusionist must be
able to maintain a patient’s hemodynamic conditions ade-
quately to accomplish the given surgical objective, and
therefore students have to practice the control of arterial
and venous drainage flow at the primary stages of training.
In this study, the trainees’ targets within the scenario were
to maintain stable reservoir volume, to prevent backflow,
and to prevent rapid variations in flow.

In this scenario, the trainee was instructed to first reach
arterial flow of 3.5 L/min within 30 seconds (“flow-up”
phase), maintain flow for 30 seconds (“flow-maintain” phase),
and to reduce flow within 30 seconds (“flow-down” phase).
During all periods, he/she was instructed to maintain a reser-
voir level of 500 mL (Table 1).The target flow rate 3.5 (L/min)
was selected as representative of that of the standard
patient (body surface area = 1.5, Perfusion index = 2.4).
The duration of one drill was 3 minutes.

The subjects (n = 12) were undergraduate students in
the clinical engineering course of Hiroshima International
University who had not previously participated in any
training procedure of this kind. All participants provided
consent for the use of their training records in the current
study.

Performance Measures of Basic Perfusion Skill

Degree of accomplishment in basic perfusion skills was
defined as the largest absolute error in the arterial and
venous line flow rate less than 3.5 + .2 L/min (Table 2A),
the largest absolute error on the venous reservoir level less
than 500 + 30 mL (Table 2B), and the prevention rate of
backflow. To fully compare accomplishment levels across
training sessions, scores were recorded as a function of
phase (flow-up, flow-maintain, and flow-down). Each trainee
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Table 1. Simulation scenario and tasks.

Time [sec] Guidance Tasks
0(0) “We will start the training session. Control the
arterial and venous flow rate and maintain the
reservoir level. After the guidance says pump on,
keep the arterial flow rate at 3.5 L/min and keep
the reservoir level at 500 mL.”
35 (30) “Pump on! Maintain the full flow at 3.5 L/min and Flow up (0— 3.5 L/min)
the reservoir level at 500 mL.”
69 (30) “Maintain the flow rate and reservoir level, keep the Flow keep (3.5 L/min)
fluctuation to within 30 mL.” Maintain to reservoir level (500 mL)
108 (30) “Decrease the flow rate while maintaining the Flow down (3.5— 0 L/min)
reservoir level at 500 mL.”
Prevention of the backflow
149 “Pump off and clamp the venous line.”

Table 2. Task evaluation standards and the accomplishment scores.

(A) Control of the Arterial Flow

Tasks

Maintenance flow of the flow
(Phase of flow-maintenance)

The prevention of the backflow
(Phase of all)

Average data of phase: 3.5 + .2 L/min

Must not cause backflow

Standards for task achievement criteria

The transition of accomplishment
scores 1st—2nd—3rd (n = 12)
58% —67% —67%

67% —100% —100%

(B) Control of Reservoir Level

Phase Tasks

Flow-up Maintain the reservoir level at 500 mL
Flow-maintenance

Flow-down

Standards for task achievement criteria

Remain in target range of 500 + 30 mL

The transition of accomplishment
scores 1st—2nd—3rd (n = 12)

33% —33% —=75%

50% —75% —92%

58% —33% —58%

was instructed in how to operate the simulator system from
an instructor with experience in cardiopulmonary bypass
procedures. The first trial was performed after this instruc-
tion. After practicing freely for a period of 1 hour, train-
ees completed a second trial. One week later, a third trial
was completed. Time courses of arterial/venous line flow
and the reservoir level were recorded as quantitative data
for the performance measures. The accomplishment score
of the task (i.e., variation of the largest absolute error on
the arterial/venous line flow, the largest absolute error on
the venous reservoir level, and the prevention rate of back-
flow) were recorded for each phase of each session.

RESULTS

Validity of Procedures

After brief instruction for the training scenario and the
manipulation procedure of the simulation circuit by an
instructor, each trainee started the training session. All
were able to raise flow rate and adjusted it to reach the
target value and finish training correctly according to the
automated guidance.

The majority of trainees found difficulty in altering
blood flow within the instructed 30 seconds on this first
trial, and exact manipulation was not possible for them.
However, skill performance improved over trials, and on
the last trial the majority of trainees achieved flow changes
within 30 seconds. The flow-down phase appeared to be
most demanding for the participants. These observations
demonstrate that the present scenario and the training
procedure are suitable for beginners.

Changes in Accomplishment over Repetitions of Training

Significant variations in operating results were observed
in the time courses of arterial flow rate, venous flow rate,
and blood volume of reservoir. A typical example for one
trainee is shown (Figure 2A-C).

On the first training session this participant showed dif-
ficulty in controlling the arterial/venous flow and a sud-
den rise in the reservoir volume was observed (Figure 2A).
On the second training session, held 1 hour later, the varia-
tion in arterial flow rate and reservoir level was maintained
adequately and backflow was not observed (Figure 2B).
On the third training session held 1 week later, this skill
level was maintained (Figure 2C). The accomplishment
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Figure 2. Trend graphs of performance over practice sessions for one
trainee. During first training, a rise of the reservoir level is observed
(A). During the training session 1 hour later, the reservoir level was
maintained (B). The graph (C) of the training session after 1 week shows
that target arterial flow rate is achieved, a stable reservoir level
maintained, and backflow prevented.

score was improved in all participants by 1 week training
(Figure 3).

The averaged accomplishment score became 78 % in the
third and final training procedure. The prevention of the
backflow score reached 100%. The improvement in main-
tenance of the flow in the flow-maintain section score was
not found to differ in the second trial compared to the
third. The reservoir level maintenance score became 75%
in the flow-up phase, 92% in the maintain-level phase. The
accomplishment score of level maintenance in the flow-
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Figure 3. The improvement of the accomplishment score from first to
third training session. (A) The control of arterial flow. (B) Maintenance of
the reservoir level.

down phase, 58% in the second trial, was not improved in
the final trial, possibly because the trainee’s attention was
dedicated to prevention of backflow.

DISCUSSION

The present training procedure may be useful to trainees
who may find themselves in situations where swift appro-
priate action is necessary during extracorporeal circulation
procedures. However,scores in reservoir level maintenance
during the flow-down phase did not improve. It is possible
that this arose because trainees gave backflow prevention
priority. Performing tasks with multiple objectives is not a
simple process. The results of this study suggest that devel-
opment of more effective scenarios might aid training in
basic skills related to extracorporeal circulation, potentially
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enhancing practical skill education at the undergraduate
level. Moreover, during skill training in which trainees
learn about measures that can prevent adverse events, the
use of a simulator can ease the transition from training sce-
nario to actual patient (14,15).

Perfusionists are required to maintain high levels of
knowledge and understanding of new equipment and
techniques. Therefore knowledge and skill sets may also
be taught and assessed using simulation technology.
Complications during cardiopulmonary bypass procedures
may be prevented or predicted, if perfusion simulators are
used appropriately during the introduction of new equip-
ment and techniques. It is likely that simulators will con-
tinue to be used and their role will grow.

Simulation equipment has broad applications through-
out the health care industry and will become an integral
part of teaching and training programs in most health care
areas (3). Morris and Pybus developed an extracorporeal
circulation simulator system in 2007 (11). The validity of
this system was discussed, and it has many possible applica-
tions that include: skill training, certification and accredita-
tion of perfusionists, development and practice of crisis and
the team management protocols, and evaluation of new or
existing perfusion equipment and/or techniques. However,
the link between improvements in technical skills (16,17)
and dexterity from simulator training has yet to be estab-
lished. We suggest that the quantitative evaluation meth-
ods, such as those described here of task accomplishment,
together with repeated practice of skill training, will be use-
ful in the establishment of quantitative educational evalua-
tion procedures.

In this study, we suggest that the use of a simulator sys-
tem (ECCSIM-Lite) can provide effective skill training of
new trainees through repetitive practice of a basic perfu-
sion sequence, and can also provide quantitative indices
of trainee performance for analysis and evaluation. As
trainee skills improve and objectives change, complexity
can be increased and the time stream made to parallel real
time. Trainee proficiency and progress can be evaluated
using data provided by the simulator, and this function is
likely to become more sophisticated as training devices
develop (18). Furthermore, extracorporeal circulation sim-
ulation may improve patient safety not only by improving
skills, but also by training perfusionists to better anticipate
and avoid complications and to manage them should they
occur (19). Education protocols that use simulation sys-
tems over a series of training sessions may improve stan-
dards for perfusion education (20). Moreover, as perfusion
simulators become more advanced, it is expected that the
skill performances of perfusionists will be evaluated dur-
ing the execution of standardized scenarios. In the future,
perfusion simulation devices may be programmed with dif-
ferent input information (patient data) such as is observed
in pilot simulations.

Perfusionists are required to operate the heart-lung
machine within the normal physiological range in clinical
settings, which differs from the simulator system described
here. However, the scenario created in this research is
suitable for training in the use of clamp maneuvering.
Therefore, it is necessary to establish a scoring system that
systematically relates performance in simulated scenarios
to clinical competency.

The question of correspondence of learning from a sim-
ulator operation and the improvement of clinical skills is
an important one. In this training procedure, the same sce-
nario is repeated and practiced. Improvements in perfor-
mance observed following training with a simulator may
not translate into better clinical practice. Pre-clinical train-
ees may become very effective at completing simulation
protocols, but there is potentially an enormous conceptual
difference when working with a real patient. The engag-
ing properties of the simulation may arise in part from its
similarity to a game, where consequences of actions are
relatively minimal: it is of course undesirable that such an
attitude be generalized to clinical practice. Then validity
of the developed scenario and measures of task accom-
plishment must be evaluated by experienced clinical
perfusionists.

In this system, use of these training scenarios within a per-
fusion education system also has the advantage of providing
an index of trainees’ current proficiency and improvement
by providing tractable skill scores. Quantitative evaluation
methods of task accomplishment using ECCSIM-Lite over
repeated practice sessions are effective in basic skill train-
ing of students and novice perfusionists.

CONCLUSION

We consider it is necessary for the development of the
perfusion education system to link systematic training sce-
narios and evaluation methods to simulated patient infor-
mation. Perfusionists play an important role in determining
the outcome of cardiac surgery. Effective training of per-
fusionists would benefit from the establishment of a stan-
dardized syllabus and training regime, similar to the system
adopted in clinical training. Repetitive practice of proto-
cols which develop key skills is effective in the training of
new trainees. A full investigation of the utility of simula-
tion training could track the clinical progress of graduated
students who used this simulator in comparison with those
who received only the traditional lecture-based training.
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