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Abstract. A clinical engineer has to do a lot of work including the manage-
ment, the operation, and the maintenance of various medical equipments,
requiring highly specialized techniques and up-to-date knowledge. However, it
is very difficult for him to master such an enormous amount of knowledge
within the limited time as university student, particularly the ability for trouble
shooting to ensure safety. In order to solve these problems, this study presents
an education system for clinical engineers with a representative education and
training case for the operation of heart-lung machines. Although two contents,
i.e., the basic operation and trouble shooting, respectively, should be included in
such a training system, we pay more attention to the basic operation in this
paper.
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1 Introduction

A clinical engineer (CE) has to do a wide range of work including the management,
operation, and maintenance of various medical equipments, requiring highly special-
ized techniques with advanced knowledge [1].

However, it is very difficult to train students or other learners to become qualified
CEs who have to master so many techniques within a very limited period of time in
university. As the results, the CEs quite often feel the lack of knowledge and skill when
they start working in a hospital after graduation.

On the other hand, with the advanced technologies such as computer-support
systems, multimedia, CG, and VR, together with a lot of new display equipments, not
only visual data but also data for other human senses can be provided to the learner,
ensuring a quick and effective training effect [2-6]. Following the advancing trends of
medical engineering, we have studied several education/training systems [7-9]. And
more recently, a computer-supported education system for clinical engineers focused
on operations of medical machines was presented [10, 11].

The conventional E-learning method, though, focuses mostly on the learning of
knowledge like that from textbook, paying less attention to how to operate medical
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systems. Obviously, the knowledge learnt from textbook only cannot be compared with
that from experience (empirical knowledge), body movements (embodies knowledge),
and explicit knowledge in addition to the knowledge from textbook [12]. In this study,
we present an education system for clinical engineers with a representative case for the
operation. Although two contents, i.e., the basic operation and trouble shooting,
respectively, should be included in such a training system, we are discussed by
focusing on education and training for basic operation in this paper.

2 Education and Training for Clinical Students

One problem emerges to the students that all of them have to take national licenses for
doctor or clinical engineer without much chance to do realistic and enough medical
treatments on patients. Furthermore, there may be similarly less chance to operate
medical machines even in their practice period in hospitals. Obviously, practice should
be done as many as possible for reducing any medical accident. Therefore, effect
methods of learning the methods of operation, confirming what is a safety operation,
experiencing emergency cases, knowing the avoidance of dangers, and so on, have
always been the research subjects of university.

Being the same in the Department of Medical Engineering in our university, the
students have to master both medical knowledge and engineering one within their
limited university time. Furthermore, they need to be trained with practical techniques
to operate various clinical equipments at a high level of safety. The huge contents and
limited time span bring to students a lot of pressure.

We did a questionnaire last year on the 4th grade students in our university by
asking “did you forget the operation sequence of heart-lung machines after you have
become the 4th grade student (right before the hospital practice). Surprisingly, all
31 students regardless of gender answered with “yes, I forgot”! The reasons may be
multiple, but “less chance to touch and operate the medical system” becomes the

dominant (Fig. 1).
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Fig. 1. Questionnaire results (1)

Therefore, it becomes much more important to build up a computer-added training
system for CEs to match the increased medical need, and the importance should be
increasing with time.
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Another questionnaire was put upon the 4th grade students by asking “do you want
to use a computer simulation system capable of providing simulated experience in the
preparation and review of your text”. The answers divided by different training items
are shown in Fig. 2, in which 90 % of students answered “yes”.
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Fig. 2. Questionnaire result (2)

As stated above, it is very much expected by the students to have a training system
using the advanced computer technology with multimedia presentation, particularly
those with operational capability and towards different clinical equipment.

3 Teaching of Basic Operation Methods on Heart-Lung
Machine

3.1 Instruction to the Construction of Extra-Corporeal Circuit

The teaching system is made for students in the 3rd grade for a better understanding on
heart-lung machine operation and related knowledge.

A heart-lung machine is such an artificial system to replace temporarily the function
of blood circulation and oxygen introduction of a patient. Such a medical treatment is
also called “cardio-pulmonary bypass”. The heart-lung machine has been taken as a
typical example of clinical systems with complex circuits and numerous parts,
requiring particular operations and most importantly, directly related to the life sup-
porting of a patient.

We divided the contents of the training system into two parts, i.e., the basic training
for the most fundamental operations and the trouble-shooting during practical treat-
ments, as demonstrated in Table 1. This study focuses on the basic operation training.

In learning operation of heart-lung machines, it is considered difficult to master
skills from textbook together with necessary operations within a short period of time
because the medical machines differ from each other in makers and years of production.

Most importantly, operations must be taken without any mistake because they may
relate directly to the patient’s life. Therefore, such knowledge as the circuit construction,
the machine parts and their functions, the determination of operation parameters, the
safety devices and monitors, and the correct operation sequence, are required.

For this purpose, the instruction of basic operations of the extra-corporeal circuit
was taken as an example. The figures and graphs from textbook are made comparable
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Table 1. Contents of the system

Operation training system of the heart-lung machine

Basic procedures Troubleshooting
> Circuit configuration > The trouble types
Fundame >  Basic knowledge Advanced 5  The trouble types
I . . Operations . .
ntals >  Time series tables of »  Operation process with
operating procedures detailed operation methods
> The operation presentation > Confirmation of learning
by video presentation effect
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Fig. 3. Extra-corporeal circuit figure in a textbook

to the practical circuits displayed on a computer screen. Figure 3 is the flat figure of the
circuits to help the students to get a rough understanding of the system at first.

Figure 4 shows the construction of circuits by photo images taken from a practical
machine. It is understood that the shape of each parts, the connection of circuits are
demonstrated very vividly. In addition, the names of parts, the detail of each image, and
the related knowledge, function, and operation key points, are also demonstrated.

3.2 Operation Sequence by Time Series Presentation

A model operation sequence with video made under the advices of experienced clinical
engineers was produced as the time series table. Related knowledge was made into a
database, with which the operation contents and sequence, the easy-occur mistakes and
the prevent methods were summarized to form digital text and connected with retri-
evals and networking.
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Fig. 4. Circuit construction with practical machine images

The study case using the above operation sequence table is as the following:

(1) To get the total flow of operations; (2) Study the related knowledge and
operation points from explanations; (3) Get detailed by retrieval and networking;
(4) Summarize the model video into the time series and make it visible when necessary.

Figure 5 shows the time series table of the operation. Knowledge/Images/Video in
the right hand are linked with operation sequence in the left hand. For example, the star
mark links to the related knowledge to the related page with knowledge represented by
instructions with description sentence and tables. When click the Image, it is demon-
strated as a detailed photo and suitable descriptions.
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Fig. 5. Time series table of operation sequence

3.3 Instruction with Model Video

It is easier to memorize an operation with one’s eyes tracking the traces of a moving
body than keeping them staring at typed words in textbook. In fact, the model operation
text was produced using the images and video taken from a real machine and real
operation after consulting experienced clinical engineers. The parts in text can be
emphasized by magnifying, added with new words or red colored to help the students
for better understanding. Figure 6 demonstrates an example of operation instruction by
video.
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Fig. 6. Operation instruction with model video

4 Conclusions

A training system for operations on heart-lung machines was studied for the “Practice
of Circulation Support Technologies” of the 3rd grade student in university.

As the content for the basic operation knowledge learning, the circuit construction
and model operation methods were presented with digital text. Instruction on operation
sequence was provided with time series table with necessary links to related knowl-
edge, images and videos. A combination of audio-visual stimuli provided by multi-
media led to a better understanding and higher efficiency in the training.

The effect of system was evaluated with the questionary on the trained students of
the department. Over 80 % of them confirmed the usefulness of the system in helping
them to master necessary skills and knowledge during study. It is expected that a much
higher training efficiency can be obtained with further accomplishment of the present
training system.
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