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Abstract: To facilitate research and development (R&D)
and to expedite the review processes of medical devices, the
Ministry of Health, Labor and Welfare (MHLW) and the
Ministry of Economy, Trade and Industry (METT) founded
a joint committee to establish guidance for newly emerging
technology. From 2005 to 2007, two working groups held
discussions on ventricular assist devices and total artificial
hearts, including out-of-hospital programs, based on previ-

ous guidance documents and standards. Based on this
discussion, the METI published the R&D Guidelines
for innovative artificial hearts in 2007, and in 2008 the
MHIW published a Notification by Director regarding
the evaluation criteria for emerging technology. Key
Words: Guidance—Evaluation criteria—Ventricular assist
device—Total artificial heart.

Although heart transplantation and artificial heart
implantation are two complementary approaches for
severe heart disease, the number of donor hearts is
limited in Japan. The total number of registrations for
heart transplantation was 159 over the past 12 years,
while only 70 donors were found in Japan, with an
average of five to six a year. Recent innovations in
artificial hearts, on the other hand, particularly in
reducing the pump size and in developing noncontact
bearings, have enabled devices to be implanted and
have allowed patients to be discharged home. Artifi-
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cial hearts are applicable as bridge-to-transplantation
(BTT), bridge-to-bridge, bridge-to-recovery (BTR),
or destination therapy (DT). Devices for DT, particu-
larly those for long-term home care, will be necessary
in the near future. However, in Japan there has been
a device lag of several years compared with the USA
from the application to the approval of medical
devices. To this end, the necessity has been recog-
nized not only for promotion of research and devel-
opment (R&D) for these devices among academia
and industry, but also for the establishment of guid-
ance for R&D and for clinical evaluation.

There have been several previous guidance docu-
ments and standards for ventricular assist devices
(VAD:s) and total artificial hearts (TAHs): the Food

.and Drug Administration (FDA) Guidance for VAD/

TAH (1), the National Institutes of Health Request
for Proposal for TAH (2), the American Society for
Artificial Internal Organs {ASAIQO)--Society of Tho-
racic Surgeons (STS) Reliability Recommendation
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for Mechanical Circulatory Support Systems (3), The
Association for the Advancement of Medical Instru-
mentation Technical Information Report for VAD/
TAH (4), the Japanese Society for Artificial Organs
Guidance for Clinical Trials (5), the Reliability Rec-
ommendation by the National Clinical Trial Initiative
Subcommittee (6), and International Organization
for Standardization (ISO) 14708-5 on Circulatory
Support Devices as Active Implants (7).

To facilitate R&D and to expedite the review
processes of medical devices, the Ministry of Health,
Labor and Welfare (MHLW) and the Ministry of
Economy, Trade and Industry (METI) founded a
joint committee to establish guidance for newly
emerging technology. Under the joint committee,
two working groups were formed to establish Japa-
nese guidance for VAD/TAH. The members of the
committee represented the Japanese Association for
Thoracic Surgery and the Japanese Society for Arti-
ficial Organs. From 2005 to 2007, the two working
groups, chaired by Dr. S. Kyo and Dr. H. Matsuda,
respectively, held discussions that referred to (i)
previous guidance and standards; (ii) the results of a
questionnaire on an out-of-hospital VAD program
for domestic hospitals; and (iii) a survey on out-of-
hospital VAD programs through a mission to US
hospitals and universities. Based on this discussion,
the METT published the R&D Guidelines for inno-
vative artificial hearts (8) in 2007 and the MHLW
published a Notification by Director in 2008 regard-
ing the evaluation criteria for emerging technology
(9,10).

R&D GUIDANCE

The R&D Guidance, published as METI R&D
Guidelines for innovative artificial hearts (8), is com-
posed of the following items:

1 Purpose of use: The present guidance covers left/
right ventricular assist devices, biventricular assist
devices, and TAHs for bridge and destination
therapy.

2 Human factors and environments: Thére should
be no adverse events during transportation or
exercises. No adverse events in any environment
during air travel or computed tomography. No
impingement or necrosis of surrounding tissues.
Allowable level of noise/vibration. Usability
should be considered for controllers and
batteries. Alarms should satisfy the International
Electrotechnical Commission (IEC) 60601-1-8.

3 Fluid dynamic characteristics: Nonpulsatile
pumps should satisfy ISO 5198 and pulsatile
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pumps ISO 4409. Supplemental information can
be introduced by numerical analyses and/or flow
visualizations.

4 Heating characteristics: There should be no

adverse events on surrounding tissues caused by

hot spots. The temperature rise should satisfy ISO

14708-1.

Electronic safety: The device should satisfy IEC

60601-1 and ISO 14708-1.

6 Electromagnetic compatibility: The device should
satisfy IEC 60601-1-2 and IEC CISPR-11.

7 Control and monitoring: Device should be able to
keep intended flow and flow stability and be
implemented with necessary limiters and with
necessary momnitors.

8 Conduits, grafts, artificial heart valves, or heart
cuffs: The conduits should be evaluated with ISO
7198 and the valves with ISO 5840. The conduits,
grafts, or heart cuffs should not induce stenosis or
cause air sacks. Junctions should be evaluated
against tension, twist, vibration, kink, or leakage.

9 Materials safety: The device materials should be
evaluated with ISO 10993-1.

10 Biocompatibility: The device biocompatibility
should be evaluated with ISO 10993-1, ISO
10993-4, and ASTM F1841-97.

11 Animal testing: There should be no severe
thrombosis caused by the device. The sample
size should be at least six animals and the dura-
tion 60 days. Whether a test involving more than
eight animals and 90 days is necessary should be
considered from the point of international har-
monization.

12 Durability (Reliability): The reliability tests
should be conducted with 80% reliability, 60%
confidence level (80% is preferable), and a period
of 6 months, to be extended to over 2 years, Test
conditions such as flow and pulsatility should be
defined in advance.

wn

Annex A. Supplement for TAH: Common factors
and discrepancies between TAH and VAD.

Annex B. Supplement for durability test: Test con-
ditions should reflect the patient’s physiological con-
ditions and lifestyle. Handling rules for various
events should be defined in advance.

Annex C. Supplement for out-of-hospital program:
Requests for organizing a medical team for VAD; for
establishing a training system for patients and car-
egivers; for establishing discharge criteria; for clarify-
ing the emergency system to patients, caregivers, the
medical team, and the ambulance system; for arrang-
ing a monitoring system; and for arranging a device
maintenance system.
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CLINICAL EVALUATION GUIDANCE

The clinical evaluation guidance, published as
MHIW Notification by Director (9), is composed of
the folowing items:

1 Fundamentals: Human factors and environments
2 Nonclinical evaluation

In vitro evaluation (including Annex 1)

In vivo evaluation (including Annex 2)
3 Clinical evaluation

3.1 Compliance with good clinical practice

3.2 Clinical trial protocol

3.2.1 Fundamentals: End points, other treat-
ments, control, informed consent,
patient management/follow-up, out-of-
hospital program (Annex 3), training
program for medical and co-medical
staff, data safety monitoring board, cri-
teria for discontinuing the clinical trial,
etc.

3.2.2 Applicable diseases: End-stage cardiac
diseases as defined by the Japanese Cir-
culation Society.

3.2.3 Objectives: BTT, BTR, or DT.

Inclusion criteria: Patients with end-
stage heart disease with extremely low
quality of life (QOL).
Exclusion criteria: Severe infection, irre-
versible multiorgan failure, pregnancy,
complications of chronic pulmonary
disease, pulmonary thrombosis, or pul-
monary hypertension, etc.

3.2.4 Sample size and duration: Overseas
data allowed. End points suitable for the
feasibility study or the pivotal study
(Annex 4).

3.2.5 Facility qualification (Annex 5)

3.2.6 Data acquisition rules

3.2.7 Adverse events

3.2.8 Safety evaluation

3.2.9 Final evaluation (Annex 6)

Amnnex 1. Durability test (Same as R&D guidance
section 12)

Annex 2. Sample size and duration for animal
testing (Same as R&D guidance section 11)

Annex 3. Out-of-hospital program (Same as R&D
guidance Annex C)

Annex 4. Sample size and duration for clinical trials:
Recommendations for clinical trials are around five
cases for a feasibility study and around 15 for a pivotal
study. The recommendations for end points are 3
months for the feasibility study, and, in a pivotal study,
6 months for BTT and 12 and 24 months for DT.

Annex 5. Facilities for clinical trials: Institutions
certified as VAD facilities that perform more than
100 cardiac surgeries a year. VAD implantation expe-
riences for more than five cases. They should have
adequate transplantation facilities or be closely affili-
ated with these. Staff members must have finished
a training course and there must be a committee
including a cardiologist. The procedure should be
switchable to paracorporeal VAD.

Annex 6. Final evaluation: (the Global Harmoni-
zation Task Force [GHTF] SGS5/N1R8 and SG5/
N2R8) For bridge VAD (BTT and BTR), clinical
evaluation should be conducted (i) when patients
remain alive for more than 6 months with satisfactory
QOL, (ii) in the case of heart transplantation within 6
months, or (iii) in the case of recovery within 6
months. For DT VAD, clinical evaluation should be
conducted (i) when patients remain alive for more
than 12 months with satisfactory QOL, (ii) in the case
of heart transplantation within 12 months, or (iii) in
the case of recovery within 12 months. For TAH,
clinical evaluation should be conducted when
patients remain alive for more than 2 months with
satisfactory QOL.

DISCUSSION

Table 1 shows a comparison between historical
guidance and standards. Regarding reliability testing,
the FDA guidance (1) requested that X or more
devices are used with less than Y failures over twice
the intended use for short-term use and over Z years
for long-term use. The ASAIO-STS (3) required 80%
reliability with at least 60% confidence for 1-year
mission life. The National Clinical Trial Initiative
Subcommittee (6) required the same level before
Investigative Device Exemption (IDE).The ISO/DIS
requires that a reliability of X with at least Y confi-
dence for a Z-year mission life is described. The Japa-
nese guidance requires 80% reliability with at least
60% (80%) confidence for 6 months, similar to the
ASAIO-STS recommendation.

Regarding animal testing, the FDA (1) required a
duration of 5 months. The ASAIO-STS reduced the
request to eight animals for 90 days before IDE. The
ISO/DIS requires only that the sample size and dura-
tion are described. The Japanese guidance reduced
the request to at least six animals for 60 days with
consideration of eight animals for 90 days if neces-
sary, which is a small reduction from the ASAIO-STS
recommendation.

Regarding clinical trials, the Japanese guidance
referred to practical goals for a feasibility study
and for a pivotal study, although most guidance

Artif Organs, Vol. 34, No. 9, 2010
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twice the expected duration.
Permanent implant device for

=

Durability and performance for

IDE**: In a minimum of 8 animals
for 90 days

appropriate for demonstrating

Sample size and implant duration
the safety

At least six animals for 60 days
(eight animals for 90 days).

test
(in vivo)

Animal

S months.

=

and performance for the

intended use.

T. YAMANE ET AL.

(Preliminary IDE study: 5-10

required for the conclusions
about the safety and efficacy
patients at 1-2 centers)

A raticnale for the number of
patients and institutions

* The number of patient-years.

clinical data reported by
* The number of patients;

PMA***; All in vitro, in vivo, and
category

1SO 14155-1 and ISO
14155-2

study, 6 months for BTT, and 12
(and 24) months for DT for a

End point: 3 months for a pilot
pivotal study.

pivotal study (around 5 cases

Sample size: Around 15 cases for a
for a feasibility study).

trial

Clinical

,80% confidence for 80% devices not to fail for 1 year. Ex.2. If 15 systems for 1 year with one failure, 80% confidence for 80% devices not to fail for 1 year. ** IDE: Investigational Device Exemption.

* Ex.1.1f eight systems for 1 year with no failure

*+* PMA: Premarket Approval.

documents and standards do not refer to practical
periods. The present guidance is expected to con-
tribute to the clinical application of VAD/TAH in
Japan.

CONCLUSIONS

The R&D guidance and the clinical evaluation
guidance were established through collaboration
between academia, industry, and government. Such
collaboration is very important, not only for artificial
hearts but also for all newly emerging medical
devices. Since the present article is an overview pre-
sented by the authors and is not an authorized guid-
ance by the MHLW or PMDA, it is recommended
that readers refer to the original guidance.

Acknowledgments: The introduction of guidance
is funded by the METI Introduction Program of
R&D Guidelines for Medical Devices and the
MHLW Introduction Program of Evaluation Criteria
for Newly Emerging Medical Devices.
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Introduction

Members of the Editorial Committee of the Journal of
Artificial Organs (JAO) are pleased to introduce to col-
leagues worldwide through the publication of JAO a broad
spectrum of important new achievements in the field of
artificial organs, ranging from fundamental research to
clinical applications. We believe that the JAO has very
high potential for promoting interest and research in arti-
ficial organs not only in Japan but in other parts of the
world, and the specialization, originality, and level of sci-
ence of the journal are at the highest levels in the field. An
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electronic version of the JAO has also been available
through our publisher’s electronic publishing system since
2002. The full text journal is accessible at more than 4000
institutes and libraries in the world. Beginning with Vol-
ume 1, papers from 18 countries have been accepted for
publication, and the number of cited JAO articles in other
journals has also been dramatically increasing. In 2008,
JAO was accepted for abstracting and indexing in the Web
of Science/Citation Index Expanded, and the first Impact
Factor will be available in the middle of 2010. Four years
ago we started reviewing and summarizing all the articles
published in the previous year in the JAO in order to
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facilitate an overview for our readers [1-4]. We are
continuing this practice this year as well, and we have
summarized below the articles published in Volume 12,
2009. Volume 12 of the JAO published 44 articles
including 25 original papers, 8 review papers, 3 minire-
views, 3 case reports, 4 brief communications, and 1
technical forum paper related to the many aspects of the
basic research, development and clinical applications of
artificial organs. These included articles on artificial heart,
cardiopulmonary bypass, artificial lung, blood vessel
prosthesis, artificial valve, dialysis, artificial kidney, bio-
materials, tissue engineering, regeneration therapy, and
other topics. We are pleased to present such excellent work
in our journal. For Volume 12, we had a total of 59
reviewers who are specialists in the field of artificial
organs. We offer our profound gratitude to our reviewers
for their thoughtful reviews, critiques, and suggestions,
which help our authors to improve the work they submit for
publication.

Artificial heart (basic)

One original paper, and a brief communication in the field
of basic research of artificial hearts were published in 2009.
These articles include important information about signif-
icant peripheral technology to develop cardiovascular
support systems.

Tamura et al. of the Tokyo University of Science
introduced the unmifying transcutaneous transformer for
simultaneous transmission of energy and information with
a single transformer for a totally implantable artificial
heart. They intersected perpendicularly the electromagnetic
fields generated from the transformer windings for the
energy and information transmissions to suppress the
electromagnetic coupling between energy and information
transmission. The developed unified transcutaneous trans-
former for the simultaneous transmission of energy and
information indicated sufficient performance experimen-
tally [5].

Masuzawa et al. of Ibaraki University presented the
effect of hydraulic force, estimated by computational fluid
dynamics (CFD) simulation, on magnetically levitated
(maglev) pumps to certify the suspension performance of
the pumps. Transient CFD analysis was performed to
estimate the hydraulic force on the levitated impeller. The
analysis revealed that the direction of the radial force
changed dynamically as the vane’s position changed rela-
tive to the outlet port during one circulation, and the
magnitude of this force was about 1 N. Transient CFD
analysis is not only useful for observing dynamic flow
conditions in a centrifugal pump but is also effective for

@ Springer

obtaining information about the levitation dynamics of a
maglev pump [6].

Artificial heart (clinical)

A minireview, three original papers, and two case reports
in the field of clinical research of artificial hearts were
published in 2009.

Saito et al. reported a bridge-to-transplant case sup-
ported with a Toyobo left ventricular assist system
(LVAS). The patient had cannula-exit site infection, which
was appeared to have been overcome with conservative
treatment. However, at the time of transplant, they found
an abscess around the left ventricular apical cuff, which
was successfully treated with orthotopic heart transplant
and omentopexy. Exit site infections of LVAS patients
should be followed very carefully [7].

Saito and his co-workers reported their 15-year experience
with the Toyobo LVAS used as a bridge to transplantation or
a bridge to recovery. The 1-year survival rate had improved
t0 45.9% in recent years, but there was still a significant
morbidity rate especially for long-term support [8].

Ueno and Tomizawa of Tokyo Women’s Medical Uni-
versity extensively reviewed cardiac rehabilitation in the
clinical artificial heart field. They describe the concept of
rehabilitation followed by cardiac rehabilitation for
patients with heart failure, patients after open-heart sur-
gery, and patients with implanted left ventricular assist
devices (LVADs). They concluded that cardiac assist
devices can be implanted at only a limited number of
facilities in Japan. When the number of implantations
increases, the level of medical treatment will advance. For
patients with heart disease, cardiac rehabilitation can be
used as an adjunct to both invasive and noninvasive
treatments, and improvements in quality of life (QOL) and
prognosis are expected [9].

Scherer et al. of J.W. Goethe University, Germany,
demonstrated the effectiveness of extracorporeal mem-
brane oxygenation (ECMO) for patients with cardiogenic
shock to stabilize organ function prior to LVAD implan-
tation. Five patients in cardiogenic shock were supported
with ECMO before LVAD implantation. All patients were
transferred to LVAD and the ECMO-LVAD interval was
8 £ 4 days. Overall survival was 80%. To avoid right
ventricular failure, the ECMO was not removed at the time
of LVAD implantation and was used as a right heart sup-
port. The authors concluded that ECMO support can
immediately stabilize circulation and provide organ per-
fusion in patients with cardiogenic shock. To ayoig RV
failure, the ECMO should not be removed at the time of
LVAD implantation [10].
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Neumann et al. of the University of Essen, Germany,
investigated whether a new percutaneously inserted sys-
tem, which allows continuous aortic flow augmentation
(CAFA), could be shown to be clinically effective with
neurchormonal benefit in patients admitted with decom-
pensated heart failure. Five acute heart failure patients
were treated with a CAFA system made up of a centrifugal
pump, a 12 F inflow cannula positioned in the left iliac
artery, and a 12 F outflow cannula positioned through a
right femoral arterial sheath terminating just below the
subclavian artery level. The CAFA system was driven at a
flow rate of 1.0~1.5 I/min. Brain natriuretic peptide (BNP)
levels after CAFA treatment were decreased in all patients.
None of the patients died or experienced severe adverse
events [11].

Adachi et al. of the Osaka University Graduate School
of Medicine reported on management of critical myocar-
dial abscess resulting from cannula exit-site infection by
LVAD replacement and omentopexy following extensive
debridement of infected myocardial tissue. The best man-
agement for this condition is urgent heart transplantation.
However, because of the severe shortage of donors,
replacement of the infected LVAD might be an option that
could save patients who otherwise would not survive [12].

Cardiopulmonary bypass

Accidents in cardiopulmonary bypass operations can be
very serious problems and have begun to receive public
attention recently. In 2009, we published one review, one
original, one brief communication, and one technical forum
contributions on cardiopulmonary bypass. Three of them
discuss the training process or troubleshooting procedures
for perfusionists.

Kenmoku published a review for practical simulation
training for troubleshooting the heart-lung machine.
Trouble in operating the machine is rare but could be
lethal. Kenmoku showed from his experience, as well as
with a literature review, that simulation training for such
problems is very useful as preparation for handling them
properly [13].

For patient safety, the perfusionist should be ready to
prevent any accidents, and for that, education is important.
Tomizawa from Tokyo Women’s Medical University,
Tokyo, reported the distribution of certified perfusionists as
of 2008 in Japan, finding that 18 of 93 (19.4%) core
institutions without certified perfusionists are university
hospitals: 16 are the main hospitals of medical schools and
2 are branch hospitals. Additionally, 3 university hospitals
accredited by the Japanese Board of Cardiovascular Sur-
gery as affiliated institutions have no certified perfusionist
(14]. The Committee for the Education of J apanese Society

on Artificial Organs believes that the teaching of safety
with respect to extracorporeal circulation technique is
important [15].

Takahashi et al. of Osaka City University investigated the
clinical efficacy of a new non-di-(2-ethylhexyl)phthalate
(DEHP) bilayer tube. Sixteen patients undergoing coronary
artery bypass grafting were randomly assigned to the non-
DEHP bilayer group (group B, n = 8) or to the noncoated
PVC group (group N, n = 8), and the blood levels of DEHP,
interleukin-6 (IL-6), p-dimer, and thrombin-antithrombin
complex (TAT) were measured before and after cardiopul-
monary bypass (CPB). As aresult, DEHP, IL-6, and p-dimer
levels were significantly lower in group B after CPB com-
pared with group N. The authors concluded that the use
of this new bilayer tube had implications for developing a
new method to minimize the influence of DEHP exposure
on the human endocrine system while maintaining
biocompatibility [16].

Blood vessel prosthesis

Major topics in blood vessel prosthesis in the past decade
have been the development of a scaffold structure using
electrospinning in basic research, and clinical use of both
stent grafts and coronary stents. The vascular characteris-
tics with an electrospinning method could be excellent with
regard to physical properties and biocompatibility. In
clinics, although the results from a randomized trial com-
paring conventional and endovascular repair of abdominal
aortic aneurysms were reported, long-term follow-up is still
needed to determine whether this advantage is sustained.
Angiographically proven late stent thrombosis is still
controversial in patients treated with a drug-eluting stent.

Nishi from Sapporo Higashi-Tokushukai Hospital,
Sapporo, developed a self-expanding stent graft covered
with an expandable segmented polyurethane (SPU) mem-
brane with micropores and a drug delivery system.
Micropores were formed, and then an argatroban coating
was added. An in vivo study was performed to compare the
developed stent graft and the bare self-expanding stent as a
control using experimental canine aneurysms in the carotid
artery position. Complete occlusion of aneurysms was
accomplished by the developed stent graft [17].

Stents are currently in wide use in cardiovascular
medicine. Hanawa from Tokyo Medical and Dental Uni-
versity, Tokyo, reviewed metals used for metallic stents.
From the viewpoint of material engineering, the desirable
properties and characteristics of metals are presented, and
problems and disadvantages related to metallic stents are
discussed. Also, metals including stainless steel, nickel-
titanium  alloys, tantalum, cobaltchromium alloys, and
magnesium alloys are explained [18].
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Artificial valve

With regard to basic and clinical research on the artificial
valve, we published four original articles and one case
report in 2009.

Bagno et al. [19] from the University of Padua, Italy,
reported phonocardiographic analysis of bileaflet mechan-
ical heart valve (MHV) closing sounds. Five commercial
bileaflet MHVs (On-X, CarboMedics Top Hat, Sorin
OverLine, Medtronic Advantage, and St. Jude Medical
Regent valves) were studied under different conditions that
were simulated in vitro using a Sheffield pulse duplicator
for the aortic position. The closing sounds were captured
by means of a phonocardiographic apparatus and were
analyzed by a specifically implemented algorithm. They
showed two patterns of the spectra of tested valves: the
spectra of On-X, CarboMedics Top Hat, Sorin OverLine
valves were centered on £12 kHz, and the St. Jude Med-
ical Regent and the Medtronic Advantage valves were
centered on 17 kHz. They also applied statistical analysis
to the spectra of the MHVs acquired for different heart
rates (60, 70, 80, 90, and 100 bpm). The On-X, the Med-
tronic Advantage, and the St. Jude Medical Regent valves
were characterized by the highest reproducibility under the
examined experimental conditions. They concluded that by
investigating the speciral features of the closing sound it is
possible to identify the typical “fingerprint” of each MHV.

Sugiki et al. [20] from the Hokkaido University Grad-
uate School of Medicine reported a new automated wavelet
analytical system with a cellular phone for recording
intercellular phone remote transmitted bileafiet valve
sound. They developed a continnous wavelet transform
(CWT) using the modified Morlet wavelet (Morlet CWT)
to detect the split interval (SI) of the closing sound of
normally functioning bileaflet valves (NBVs), and in 2008
they reported that the signal analysis method using the
Morlet CWT could be a useful tool to screen the function
of bileaflet valves (BLVs) in a clinical situation. However,
this system was difficult to apply to testing of bileaflet
valve function in routine clinical practice because of lim-
itations concerning both BLV sound (BLVS) recording and
analysis procedures. To resolve the technical difficulty,
they refined the analytical system and introduced a cellular
phone for collecting and recording BLVS. They also
developed a system of intercellular phone remote trans-
mission of BLVS (ICTB). Remote transmission of BLVS
was carried out between a patient’s cellular phone and the
doctors’ cellular phone. They analyzed 51 St. Jude Medical
bileaflet valves in 36 patients. The new system showed
great improvement over the original system by simplifying
BLVS recording and reducing analysis time by approxi-
mately 65%. ICTB also proved to be a useful BLVS
recording method.
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Oda et al. [21] from the Kurume University School of
Medicine reported nonstructural dysfunction of a Carpen-
tier-Edwards pericardial (CEP) bioprosthesis in the mitral
position due to pannus overgrowth 9 years after implan-
tation. During surgery, excessive pannus overgrowth was
seen on the left ventricular side of the CEP bioprosthesis.
Pannus encroachment on the leaflet cansed poor coaptation
of the bioprosthesis.

Lee et al. of the National Cardiovascular Center and
Osaka University compared three kinds of bileaflet artifi-
cial valves, a 21-mm ATS valve, a 21-mm St. Jude valve,
and a 21-mm Sorin Bicarbon valve, mounted in their
pneumatic ventricular assist device, by downstream visu-
alization of the outlet valve using the particle image
velocimetry (PIV) method. As a result, the maximum flow
velocity of the Sorin Bicarbon valve was shown to be less
than that of the other two valves; however, it decreased
slightly with increasing distance in the X-¥ plane in all
three valves. The authors concluded that the geometry of
the leaflet was an important factor when selecting a
bileaflet mechanical heart valve for use in an artificial heart
[22]. '

Lee et al. of the National Cardiovascular Center inves-
tigated cavitation pits formed on the inlet valve (Medtronic
Hall valve) surfaces of both the left and right blood pump
of their electrohydraulic total artificial heart during in vivo
testing. The presence of cavitation was determined by
observation of cavitation pits on the explanted valve sur-
faces in three sets of valves used in four animals. They
found that the longer the time of pump operation, the larger
the cavitation pit number and size tended to be. A high
driving pressure slope corresponded to an increase in the
size of the area in which cavitation pits were observed. The
authors concluded that, when estimating cavitation inten-
sity in in vivo testing, both a high driving pressure slope
and operational time are important factors [23].

Biomaterials

One review article, an original article, and a brief com-
munication were published in the field of biomaterials in
2009.

Because synthetic polymer materials elicit severe
inflammatory reaction when they are applied to the cover
films of stents, much effort has been concentrated on
finding a new method to prevent the outgrowth of smooth
muscle cells. Nagai et al. of the Creative Research Institute
“Sousei,” Hokkaido University, developed self-expand-
able or balloon-expandable covered stents with a biode-
gradable salmon film. The covered stents were fabricated in
two steps: gelation of salmon-collagen solution on the
stents and subsequent lyophilization. They first implanted
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the balloon-expandable covered stents in the common
carotid arteries of beagles for 1 month. Their findings
showed that all stented arteries were patent with no sig-
nificant neointimal thickening [24].

Tanaka et al. observed differences of platelet adhesion
and its spreading and the formation of fibrin network
depending on types of metal oxide. Surface oxide films
containing Cr,03 on SUS316L and Co-Cr—Mo showed less
adhesion than those of TiO, on Ti~6A1-4V, Ti-6A1-7Nb,
and Ti. It is deduced that more albumin adsorption owing
to a lower relative permittivity of Cr,O, causes less platelet
adhesion and the formation of a fibrin network [25].

For retinal prostheses Matsuo et al. developed polyeth-
ylene films coupled with photoelectric dye molecules, 2-[2-
{4-(dibutylamino)phenyl]ethenyl]-3-carboxymethyl-ben-
zothiazolium bromide, which converts photon energy to
electrical potentials. In this review article, preparation of a
photoelectric dye-based retinal prosthesis is briefly men-
tioned, followed by safety considerations as well as in vitro
and in vivo evaluation [26].

Tissue engineering

The combination of artificial organs and tissue engineering
will become an indispensable choice in new treatment
technology. In 2009, we had seven original articles in the
field of tissue engineering.

Miskon et al. of the National Cardiovascular Center
Research Institute reported the effect of extracellular
matrices on beating duration and cardiac-differentiation of
cells. Beating of the isolated rat neonatal cardiomyocytes
was strong and it continues for a long period of time on
gelatin matrices. Interestingly, not only the beating dura-
tion but also the cardiac-differentiation of P19.CL6 into
cardiomyocytes was strongly improved on the gelatin. This
finding is useful for preparing cardiomyocytes as a source
for cell transplantation therapy [27].

Yuan et al. of Shanghai Jiao Tong University reported
the effects of genistein on rodent renal mesangial cells
cultured in high glucose. The expression levels of type
IV collagen, fibronectin, and TGF-b were studied because
these proteins are considered to be harmful to the renal
glomerulus if they are overexpressed by mesangial cells.
They found that high glucose concentration enhanced
type IV collagen, fibronectin, and TGF expression, while
high concentrations of genistein inhibited their synthesis.
This inhibition of the protein secretion by genistein may
be beneficial to renal glomeruli in diabetic nephropathy
[28].

Nieuwoudt et al. of the University of Pretoria, South
Africa, succeeded in quantitatively observing the func-
tionality of hepatocytes in bioreactors using positron

emission tomography (PET). Because such bicreactors are
sterilized and sealed, the detailed functions of reactors are
difficult to analyze. Nieuwoudt et al. are the first to report
overcoming this obstacle in a noninvasive manner. Cell-
seeded bioreactors without perfluorocarbon were more
glycolytic than those with perfluorocarbon. The system is
attractive for studying in situ O,-dependent bioreactor
metabolism [29].

Imanishi et al. of the Osaka University Graduate School
of Medicine conducted cell transplantation therapy using
synovial membrane-derived mesenchymal stem cells (SM
MSCs). They transplanted 5 x 10° SM MSCs to the rat
myocardial infarction model and proved that the cells
improved cardiac performance significantly. They also
pointed out the possibility of the transdifferentiation of
engrafted cells into a myogenic lineage that inhibits myo-
cardial fibrosis. Recently, the differences in the MSCs
derived from different tissues such as bone marrow, adi-
pose tissue, fetal membrane, or synovial membrane, have
been widely studied and discussed. Although details are
still unclear, such information is very important for suc-
cessful autologous cell transplantation therapy both in
preclinical and in clinical studies {30].

One of the most important issues in tissue engineering is
quality control of the sample. Oie et al. from the National
Cardiovascular Center Research Institute developed a
tactile mapping system (TMS), which enabled easy
observation of the distribution of the elastic modulus over a
tissue-slice sample. They demonstrated the feasibility of
TMS application in elasticity mapping of native tissues at
the extracellular matrix level. By adjusting the tip diameter
of the sensor probe to the size of the microstructure of the
tissue, it was possible to easily adjust the space resolution
and the indentation depth and to significantly reduce the
measuring time. They concluded that TMS will prove to be
a powerful tool for successful in vivo tissue fabrication and
precise evaluation of the degree of tissue maturation after
implantation [31].

A new idea in tissue-engineered blood vessels was pro-
posed by Nam et al. from Tokyo Medical and Dental
University, who attempted to chemically crosslink decell-
ularized blood vessel tissue and to perform crosslinking
with a polymer in order to control its stability and func-
tionality. For this purpose, they crosslinked tissue by in-
trahelical, interhelical, and intermolecular crosslinking
between the polymer and the collagen helix. The tissue
intermolecularly crosslinked with polymer showed the
highest stability against heat and degradation caused by
collagenase. The mechanical strength test showed that the
Young’s moduli were different for the intra-/interhelically
and intermolecularly crosslinked tissues, with the latter
being stiffer. They concluded that by crosslinking the tissue
with polymer, it is possible to provide the tissue with
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antithrombogenic and anticalcification properties. Throm-
bosis and calcification have been problems in the clinical
application of engineered tissues [32].

Culture conditions are important factors for tissue
engineering. Conventional methods for differentiation of
chondroprogenitor cells on plastic plates have been
reported to face several problems that hinder the appli-
cation of this method for the treatment of chondrogenic
injury. Atashi et al. from Tarbiat Modares University,
Iran, reported the effect of poly-L-lysine (PLL)-coated
plastic surfaces and fetal calf serum concentration on the
chondroprogenitor cells. Histochemical analysis and
toluidine blue staining showed that cartilaginous proteo-
glycans accumulated in aggregated cells. According to the
results, PLL-coated plates seem to be an advantageous
extracellular matrix choice for the preparation of aggre-
gates for chondrogenesis differentiation. Atashi et al.
concluded that PLL may have some effect on the adhe-
sive properties of chondroprogenitor cells and may be
useful for cartilage engineering (33].

Dialysis

On the topic of dialysis, we published two original articles
in 2009.

Tomisawa and Yamashita revealed that the strong
adsorption characteristics for low molecular weight pro-
teins in PMMA showed good agreement as they established
that the clearances for cytokines in clinical PMMA-CHDF
were dependent on concentration. They also revealed the
differences in the adsorption mechanism between PMMA
and PEPA membranes. The former may be due mainly to
occlusion of the pores and the latter to hydrophobic inter-
action. They mentioned that the amount of adsorbed
alburnin loss by the dialysis membrane should be taken into
account in discussions of the clinical criterion of albumin
loss [34].

Petrovi¢ and Stojimirovi¢ reported on the possible pre-
dictive value of cardiac troponins (cTnT and ¢Tnl) on the
outcome in 115 hemodialysis (HD) patients over a 2-year
follow-up period. They revealed that serum cTnT con-
centration was increased in 37.39% of patients and elevated
serum cTnl concentration in 11.3% of HD patients without
acute coronary syndrome symptoms or signs. They also
reported that patients with serum c¢TnT levels greater than
0.10 ng/ml had significantly lower overall and cardiovas-
cular survival rates than patients with less than 0.10 ng/ml
and that patients with serum cTnl levels greater than
0.15 ng/ml had significantly lower overall and cardiovas-
cular survival rates than patients with less than 0.15 ng/ml.
They concluded that ¢Tn levels are significant outcome
predictors in regular HD patients [35].
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Artificial liver and pancreas

With regard to artificial liver and pancreas, we published
one review paper and two original articles in 2009.

Hoshino et al. of Shisei Hospital, reviewed recent pro-
gress in mechanical artificial pancreas (MAP). In this
review, MAP is composed of three major components: a
blood glucose control algorithm, a drug administration
system, and a glucose sensor. Although significant progress
in the development of MAP has been made, its use in
clinical situations or for research purposes is limited at
present. The authors insisted that the main limiting factor is
the slow progress in the development of glucose sensors;
however, more widespread clinical application of MAP
will occur in the near future, considering the number of
reliable long-life intravenous glucose sensors under
development [36].

Yoshimi et al. of the Shibaura Institute of Technology
contributed to the development of a glucose sensor for
MAP. They developed an enzyme-free glucose sensor
using the gate effect of a molecularly imprinted polymer.
This sensor has the advantages of improved stability and a
simplified manufacturing procedure. The sensor, an elec-
trode grafted to a glucose-imprinted polymer (methylene
bisacrylamide), can detect glucose in aqueous solution
through the gate effect with sufficiently high selectivity, a
wide dynamic range, and fast response [37].

Okura et al. of the Osaka University Graduate School of
Medicine investigated the transdifferentiation of human
adipose tissue-derived stromal cells (ADSCs) into insulin-
producing clusters. The important point in their method
was the culturing of under-floating conditions in the final
step of differentiation. Their insulin-producing cells
derived from ADSCs could be potentially useful for cell
therapy of type 1 diabetes mellitus [38].

Recently, the importance of strict blood glucose control
and intensive insulin therapy has been elucidated in critical
care medicine. Therefore, rapid progress of this field is
expected.

Artificial skin, muscle, bone, and neuron

One review article, a minireview, two original and a brief
communication contributions were published in the journal
in 2009 on the topic of musculoskeletal systems.

A review by Date and Yasuhara summarizes clinical
research in cell transplantation and regenerative therapy for
the treatment of Parkinson’s disease and cerebral ischemia
from the first report in 1985 to the present. In their sum-
mary, various types of cells, such as chromaffin cells,
nigral cells, and carotid body cells, as well as neurotrophic
factors are introduced. Neural stem cells are promising
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sources for dopaminergic neurons if a more suitable pro-
cedure is established in differentiation. In the treatment of
cerebral ischemia, intracerebral neural transplantation,
neutrophilic factor-secreting cell line grafting, and adult-
derived neural stem cell grafting are mentioned [39].

Kawada and Sugimachi of the National Cardiovascular
Center Research Institute reviewed the artificial neural
interface for bionic cardiovascular treatment. They intro-
duced the following significant basic technologies: first,
the rule for decoding native sympathetic nerve activity
into a heart rate using transfer function analysis as a
framework for a neurally regulated cardiac pacemaker;
second, a bionic baroreflex system to restore the barore-
flex buffering function using electrical stimulation of the
celiac ganglion in a rat model of orthostatic hypotension;
third, the implantation of a neural interface into the right
vagal nerve, demonstrating that intermittent vagal stimu-
lation significantly improved the survival rate in rats with
chronic heart failure following myocardial infarction.
Although several practical problems need to be resolved,
such as those related to the development of electrodes
feasible for long-term nerve activity recording, studies of
artificial neural interfaces with the autonomic nervous
system have great possibilities in the field of cardiovas-
cular treatment [40].

To develop a bio-actuator using tissue-engineered
muscle, control of the contractility by an exogenous signal
such as electrical pulse stimulation is essential. Yamasaki
et al. cultured C2C12 myoblasts and differentiated them
into myotubes using a differentiation medium containing
horse serum. They found that the myotubes contracted
synchronously with electrical pulse and depended on the
pulse frequency. In addition, tissue-engineered skeletal
muscle made from C2Cl12 cells embedded in type-I col-
lagen gel, approximately 13.5 mm in length, showed sim-
ilar contractile performance and the contraction was visible
with the naked eye. They concluded that a bio-actuator
could be developed and controlled using electrical pulses
[41].

Choi and colleagues from The University of Tokyo
reported a new tailor-made artificial bone implant with
both horizontal and vertical cylindrical holes 2 mm in
diameter prefabricated from o«-tricalcium phosphate (a-
TCP) powder using an ink-jet printer. The implants,
15 mm x 15 mm, were implanted into bone defects cre-
ated in dog skulls and tested for bone defect repair ability.
Computed tomography and histological examination
revealed that the new implants showed better defect repair
compared with sintered hydroxyapatite bone substitute.
However, when compared with their previous results of
similar implants without vertical holes, the amount of
regenerated bone was even less, suggesting that the addi-
tion of vertical holes had no advantage [42].

Saijo et al. from The University of Tokyo reported a
series of clinical applications of artificial bone implants
made from «-TCP using ink-jet printing technology. Ten
patients with maxillofacial deformities were implanted
with computer-aided dimensionally fabricated artificial
bones according to the shape of the bone defect determined
in simulation surgery using a plaster model. The implants
showed dimensional compatibility, leading to reduced
operation time and hemorrhage, partial integration to host
bone, and satisfactory esthetic results in all patients,
without serious complications. Their technologies merit
much attention and further investigation [43].

Others

- In 2009, we had four articles in the category of “Others”:

one original article, two reviews, and one minireview.
Ifukube introduced some basic unresolved issues and
potential solutions in the development of artificial sensory
organs, such as cochlear implants, brainstem implants,
artificial vision, and artificial retinas. Surprisingly, with
advanced cochlear implants, 50000 hearing-impaired
patients have regained hearing, accompanied by activation
of the speech area in the brain. We would expect the same
success for artificial retinas although it is not kmown
whether the plasticity of the brain can function as well as
has been shown with the cochlear implants [44].
Currently, no treatment can restore vision to patients
with retinitis pigmentosa once they have lost their sight.
Sakaguchi et al. of the Osaka University Medical School
evaluated the safety and efficacy of artificial vision by
using a direct optic nerve electrode in a blind patient with
retinitis pigmentosa. They implanted the device, compris-
ing three wire electrodes (0.05 mm in diameter), into the
optic disk of the patient. They reported that no complica-
tion occurred intraoperatively or during the follow-up
period, and that the wires remained functionally stable for
at least 6 months of follow-up. They reported that localized
visual sensations were produced in a blind patient with
advanced retinitis pigmentosa 6 months after implantation
of the visual prosthesis system [45]. :
Advances in devices and techniques continue in the field
of medicine. However, unpredictable problems such as
device failure and other adverse events sometimes occur.
Tateishi and Tomizawa of the Department of Cardio-
vascular Surgery, Tokyo Women's Medical University,
reviewed the literature on unretrieved medical device
fragments, and summarized causes, complications, meth-
ods, and indications of retrieval. They reviewed the causes
of intravascular foreign bodies in terms of three categories:
inappropriate techniques and procedures, device defects,
and patient factors. They concluded that use of a device
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tracking system, a reporting system of adverse events, and
patient information is recommended to promote patient
safety as a first priority [46].

Biomechanics is one of the backbones in research on
artificial organs. Nishida of the National Institute of
Advanced Industrial Science and Technology reviewed
research achievements in the field of biomechanics that
have been attained in the past few years. Recent advances
in certain biomechanics subfields continue to extend the
frontier of those studies that seek to understand the most
basic life phenomena as well as application studies into
advanced medical techniques. He summarized recent
achievements in the following subfields of biomechanics:
computational biomechanics, circulatory biomechanics,
cell biomechanics, muscle and skeletal biomechanics, bio-
mechanics of the motion of bodies and living things,
impact biomechanics, and biomechanics in artificial organ
studies [47].
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