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Development of a novel skin penetrating pad for preventing the exit site infection of VAD driveline
T MIZUNO1, Y NEMOTO2, Y TAENAKALI, E TATSUMII,

1. Artificial Organs, National Cardiovascular Center Research Institute
2. Chemical Products Division, BRIDGESTONE Co.

Clinical application of VAD is a potent therapeutic option for treating the patients with
heart failure. However, as the duration of VAD support has become prolonged, infectious
complications originated in the exit site of the driveline has found to be a serious and most frequent
problem. In this study, we developed a novel infection-resistant skin penetrating pad, and evaluated
it in a long-term animal test. The pad, made of a biocompatible segmented polyurethane, is
composed of two layers. The lower layer, which consisted of porous material with an average pore
diameter of 200-300 micrometers, was designed to promote tissue-ingrowth into the material, and to
be unified to the epidermis without compromising the blood supply. The topmost layer, which
consisted of a non-porous pad, was designed to relieve the mechanical stress underwent at exit site
of the drivelinecaused by the external force put on the driveline. Four prototype pads were implanted
surgically on the skin of an adult goat, and maintained for 6 months. Dressing was not conducted at
all throughout the experiments. During the experiment, external force loading test on the driveline
was conduct intermittently, in which all pads adhered to the skin securely and no dislodgement was
observed. There was no sign of local infection in any pads throughout the experiment. We
pathologically found the mature granulomatous tissue infiltrated into the porous layer in the
subcutaneous tissue, and neovascular formation was observed in the tissue within the pores. The
present study demonstrates that our novel skin penetrating pad can maintain the VAD driveline

without causing infection for at least 6 months even under no dressing condition.
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TACROLIMUS ONCE-DAILY FORMULATION IN THE DE-NOVO
PROPHYLAXIS OF TRANSPLANT IHKTDNINHMMLOGIAF!
RECIPIENTS
Akhim Koch, Ali Ghodsizad, Ursel Tochtermann, Matthias Kard:, Arjang
Ruhparwar, Surgery, Uniklinik Heidelberg, Heidelberg, NRW, DE.
mdﬁcuywmﬁypawmdummm\oasm.m
agent to i fe;echonveweﬂdeﬁud Once-
dzdy{OD)TACisamoml' I of the established i
suppressive agent tacrolimus. Because iance with dosing was
mm:mdmb::mm!m&ndnﬂmmmdm;:ﬁ
loss. We investigated the of the new OD TAC in de nove
after dxmral h«n transplantation. Twenty-four
heart allograft recipients 2007 and 2008 were
emolledmﬂumdy Thereupmmpredunmwrmleﬂs'ﬂ
mamn;geduymlwm 61). tmmnm:ppmsmwhh
oral OD TAC was started on day 1 and adapted to main-
1ain a target TAC fevel of 10 - 12 ug/ L. The recipients received
ﬂ'-cell adapted Wimluﬂvmﬂmapywm amﬂmmxyie?obunmand

mmunosuppression with
donwcardialbmpﬂu(iMB)muhnon > day 8. The
ipients had ion in 75 %, hyperlipidemia in 58 % and
dtabmmZS%OquDperatlvedayB&ewnmldadydmeof
TAC was 6, 4 mg. The plasma through TAC levels were 7, 6 ug/ L and
of creatinine 1, 08 mg/ dl. No recipient had a rejection above ISHLT
mmlhefmamb Themu!sonmswdydumnmaedmco
AC is a safe and effecti to the for de novo
adukheanumpbmmpom:s_ThenewODTAC formulation may
improve compliance and thus reduce rejection rate while enabling the
use of the same therapeutic monitoring and patient care techniques
historically used for TAC.

BRIDGE TO RECOVERY WITH A THORATEC BIVENTRICULAR ASSIST
DEVICE FOR POSTPARTUM CARDIOMYOPATHY: A CASE REPORT

Hannah Zi R Coetho-And Richard G Smith, Paul
Nolan, Jack G Copeland. Surgery, University of Arizona, Tucson, AZ.
A 25 ywddM:anNnmanfumlepremkdwdhshmu{

breath 7 days after a vaginal delivery.
anepcnmﬁwmdlmmdshewasdaa@medwnhpnﬂpam
cardiomyopathy. She was placed on standard heart failure medications
including: diuretics, ace inhibitor and beta blocker. Over the next 5
, the patient had mult ions to the hospital for exacer-
balmdmnmhmfaubre On her last admission, she was
wardmedbmm&xmluamnforaunﬁncmmplmim
She was placed on multi with w, heart
failure in cafdtogemcshock A Thoratec Biventricular Assist Device was
impianted. She remained on the device for 26 days. After two weaning
ma!smﬂxehospuulward,ﬂwwumﬂedondabmnneb“houm

and then taken to the fofathm! malwnﬂ-athedevrce
turmed off and a simult i She
mamtamedashbbbloodprme,heaﬂrmmd&ndemcewn
explanted. She was d off of i - and discharged to

home with a normal ejection fraction. Thepohenlw:sfoliawedfmi
months after device explantation, was noted to have ¢ i!

DEVELOPMENT OF A NOVEL INFLOW CANNULA FOR LESS INVA-
SIVE AND ANTITHROMBOGENIC LVAD SUPPORT
Ynshlaki Talwwl. Eiwke Tmumi Aku!nlwﬂum Tomonori Tmhya.
of Artificial
National Cﬂdimu)ﬂcwkwmh Institute, Suita, Osaka, Ji
Leﬁmmcuiummdwia(tw\mnmnhnb«nmu&cme
treatment for refractory heart failure, however, there are several prob-
lems to solve in order to. get better outcome of its use. One of them is
related to an inflow cannula that is usually inserted into the LV apex and
sometimes causes complications such as LV thrombus and/or stricture of
the conduit due to intimal hyperplasia around the tip of the cannula. In
mlssbudy wlnwmmdﬂwmmnd:hemﬂmmmmdm
inflow and d d a novel one. Eight adult
goutsandﬁvecalveswue Hed pul or conti flow LVAD
I inflow ¢ in acute or cbromcemerfmntWe
traud!mlnm LV flow using color Doppler and three-dimensional (3D)
echomgins,&m-dbloodsugmtiwmﬂatv:mmdwmes
found LV thrombi around the tip of the cannula. Then we developed a
novel inflow cannula which was designed like the shape of the trumpet
to reduce blood surface area and blood stagnation in the LY.
Moreover it was designed to insert less invasively from the LA append-
agemdphczdakmewapeanhwtanyoﬂmnsiﬁcmumionmd
cardiac amest. Three adult goats were easily inserted the novel inflow
cannula into the beating LV with a specially designed introducer and
installed a continuous flow LVAD. Color Doppler and 30D echoimagm%
dcm:nﬂmedd’ebewblwdﬂowpmemmlhlvm
inflow ional inflow lae, and at au-
topsy the novel one ﬁud lhe endocardium well. The novel inflow
cannula has a potential to accomplish safer LVAD support than conven-
tional cannulae do.

MODELING AND NUMERICAL ANALYSIS OF PLATELET ACTIVA-
TION, ADHESION AND AGGREGATION IN ARTIFICIAL ORGANS
Mehdi Behbahani,' Jaewook Nam,? Christian Waluga,'! Marek Behr,’
Matteo Pasquali,” Khosmmeaghy * "Chair for Computational Anal-
yslsof Technical Systems, RWTH Aachen University, NRW, DE: ?Chem-
ical and Biomolecular Engmemng, Rice University, TX; *Physiology,
Aachen University Hospital, NRW, DE.
Purpose of Study: mmmm complications are amoeng the
lﬂdingcausesiotmbldhyand mommy in patients who depend on

artificial organs. For the p of platelet bebavior both the flow
cmdﬁomms«delhedwioeandmemrombugmitpmpmbaflhe
blood-c surfaces must be idered. ctions under

the lnﬁuencem‘:fswe"-deﬁmd shear rates are experimentally evaluated
and numerically simulated. The approach is intended for the analysis of
VAD and design. Methods Used: A mathematical model of
platelet activation, adhaionmdaggmgaﬂmhsbemmqﬂm&d into
2 finite el CFD (Computational Fluid Dy code. The ap-
proach nbasadmnnadveanemddﬂhsmmmpmmumﬁ:r
resting and activated lets and

ments with c:m-anhcoagulamd frnhly—drawn whole blood are per-
formed in a perfusion flow chamber as well as in a system of rotating

dwmmmmaawuksddmly llv&ng,'ﬂ\epauenhs

now 2 years after explantation with an frachonn‘ﬁ%mher
most recent echocardiogram, on maximal medical therapy without clin-
ical symptoms.

cylinds brCmmdeaylowomﬂm Different biomaterials are
used. Thed«' i n;mgg gati arequannﬁad using
scanni ectron microsc a cytometry. Summary
Regm?amﬂmmndﬁmorgywlmahxytpmalformmm
could be identified. The experiments clearly show the influence of the
blood contacting material and goveming shear rates. Numerical analysis
cmexphmobservedad!mmpmemsmdu\edegud thrombus
formation.
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support and after in partial support conditions,

Material and Methods: Four healthy minipigs (around 20 Kg) were used for this
study. A 25 cc Berlin Heart Excor VAD had been implanted connecting the inflow
cannula 1o the apex of the left ventricle and the outflow cannula anastomosed
to the ascending aorta. The VAD was connected to a console developed by our
group (Artificial Organs 34 {zl.pp 138-140, 2010). Once the VAD was placed,
a first (basal) injection of yeliow Sph ntneleﬁauﬂclewaspedormed
Then the VAD was started and i to the
maximum pump flow (Total support). Thescomdnmswerammamed during
30 minutes and then a second injection of eosin microspl was perf
Thenmemmpﬁowwasraducedtoahaﬁoﬂhenmxmmﬂow(pamalsuppon)
and maintained during the next 30 minutes, after that, a third injection of violet
microspheres was performad. Finally the animal was sacrificed and samples of

was inserted 1o the coronary sinus. We compared the amount of coronary flow,
the oxygen consumption of the native heart (MVOZ), and the pressurs volume
area (PVA) under varied assist rates and circuit-clamped condition (basefine).
Results: There were no remarkable changes in mean aonic pressure, mean
central venous pressure, total fiow, and systemic vascular resistance. Coronary
fiow, MVO2, and PVA remained unchanged at 50% assist rate compared with the
baseline condition. At 100% assist rate, all of these parameters were diminished
significantly. (Coronary flow: 121.8+34.6 vs 94.4212.4 mUmin, p=0.048, MVO2:
0.0529+0.0171 vs 0.0384+0.0161 mi/bsat/LV100g, p=0.043, PVA: 1320.32312.3
vs 637.5£380.9 mrmmHg/LV100g, p=0.00018, Baseline vs 100% assist rate,

ively). There was an upward trend in coronary vascular resistance dy
100% assist (0.56120.178 vs 0.863+0.294 mmHgmin/mL, p=0.36, Bassline vs
160% assist rate, respectively).

myocardium, kidneys. lung, liver, bowe! and brain were obtained tor the
regional blood flow during the experience.

Results: During total support the regional flow in kidneys and lung increases 10
levets around 150% as compared with the basal biood flow. in partial support
conditions the biood flow remains around the basal levels. In myocardium, liver,
bowel and brain modifications in regional biood flow are not so significant.
Conclusions: Kidneys and lung have a different behavior in terms of regional
blood flow during total support conditions as compared with myocardium and
other argans studied. Next steps of this project will include measurements of
regional blood flow with pulsatile devices in synchronous mode and with non-
puisatile (continuous flow) devices.

051 (115)

PORCINE IN VITRO MODEL OF ACUTE AORTIC DISSECTION

T.Dziogzio, A. Juraszek, M. Czemy, M. Stoiber, V. Scheiki, H. Schima

Dept. for Cardiac Surgery, Center for Medical Physics and Biomedical
Engineering, Med. Univ. Vienna; Ludwig Boftzmann Cluster for Cardiovascular
Research, Vienna, Austria

Objectives: Our aim was to evaluate the mechanisms of Type B dissection
development depending on the position of the initial lesion and on flow in the
porcine aorta.
Methods: 25 aortic specimens from 120kg domestic pigs were clamped to a
circulatory model with puisatile pump and arterial impedance. The dissection was
introduced via contralateral incision site 2 cms downstream the origin of the left
subciavian artery. In 17 cases the dissection was placed in the concavity and in 20
cases in the convexity of the aorta. Inclusion criteria, termination criteria, exciusion
critenia, pressure, pump time and flow in the aortas were recorded in our protocol.
Results: The mean time of circulation was 66x44 min. A mean pressure of
154243 mmHg and the mean flow of 4.521.0 /min were reached. The mean
Wmmdmm%ﬁm{mm 12 mm; p < 0.01) antegrade
grade 6235 mm | 5 mm, p < 0.01). Within those resuits, the left
subclavnananeryandmmialhgmnmwmfnmdtobemwmcm
that can stop the propagation of the dissection. Another observation was that
the propagation of the dissection mostly took place at the beginning of the
experiment, and stabilized within a short period.
Conclusions: Porcine aortas are suitable for dissection modeling in an in
vitro circuit, leading to similar dissections as known from clinical findings.
Interestingly, the propagation of the dissection took place at the beginning of the
expenment and stayed then rather stable over the following entire experi
period. Furthermore the results suggest that the downstream development
occurs faster than the up: n evolution of di ion and natural anatomical
structures may stop or decelerate the process.

0s2 @77
FULL BYPASS BY A CONTINUOUS-FLOW LEFT VENTRICULAR ASSIST
DEVICE CAN DIMINISH CORONARY FLOW IN NORMAL GOAT HEARTS

M. Ando
National Cerebral and Cardiovascular Center Research Institute, Osaka, Japan

Objectives: Continuous-fiow left ventricular assist devices (LVADs) have greatly
improved clinical outcomes of patients with end-stage heart failure; however, its
effect on coronary circulation has not yet been clearly elucidated. The purp

fusi Full by byaoonhmms-ﬂow LVAD can diminish coronary
pen‘mion ibky duetn d ds of the native heart and
memwemmmmmmmmtomgummy
system. This experiment was performed in normal heart models, and further
investigation on ischemic heart models is currently in process of preparation.

053 (218)

IN VIVO TEST OF A NOVEL INFLOW CANNULA FOR LESS INVASIVE AND
ANTITHROMBOGENIC LVAD SUPPORT

Y. Takewa, E. Tatsumi, N. Katagir, T. Mizuno, T. Tsukiya, Y. Taenaks

Nationa} Cerebral and Cardiovascuiar Center Research Institute, Department of
Artificial Organs, Osaka, Japan

Objectives: Left ventricular assist device {LVAD) support has been an effective
treatrent for refractory heart failure, however, there are several probiems to solve in
order 10 get better outcome of its use. One of them is related to an inflow cannula
that is usually inserted into the LV apex and sometimes causes complications such
as LV thrombus and/or stricture of the conduit due to intimal hyperplasia around
the tip of the cannula. In this study, we investigated the reason of the complications
related to conventional inflow cannulae and developed a novel one.

Materials and Methods: Nine adult goats and six calves were instalied puisatile
or continuous flow LVAD with conventionat inflow cannulae in acute or chronic
axperiment, We traced intra LV flow using color Doppler and three~dimensional
{3D) echo imaging, detected blood stagnation in the LV apex, and somatimes
found LV thrombi around the tip of the cannula. Endoscopic observation of the
intra LV space after LVAD support sometimes indicated adhesion of the tip of
the cannuia on the endocardi Then, we ped a novel inflow cannula
which was designed like the shape of the trumpet 1o reduce blood contacting
surface area ang blood stagnation in the LV. Moreover it was designed to insert
less invasively from the LA appendage and 1o place at the LV apex without any
other assist circulation or cardiac arrest.

Resuits: Three adult goats were easily inserted the novel inflow cannula into the
beating LV with a specially designed introducer and installed a continuous flow
LVAD. Color Doppier and 3D eche imaging demonstrated the better blood flow
paﬁemmtmLVwﬂhmenwelmﬂowwmhmpmdmuommwmﬁaw
cannulae, and at autopsy the novel inflow fitted the end dium well,
Conclusions: The novel inflow cannula has a potential to accomplish safer
LVAD support than conventional cannuiae do.

LIVER AND VARIOUS TISSUES

054 (249)

HEPG2C3A ENCAPSULATION FOR FURTHER LIVER IMPLANTATION

S. Capone’, M. Dufresne’, M. DaujaF, P. Paullier’, C. Dure®®, A. Harrerc?,

C. Legalais’

'UMRGB00 Biomechanics and Bioengineering, University of Technology of
Compiégne (UTC), Complagne, France: YINSERM U832, Hepatic Physio-
pathology, IRB, CHU St Eloi, Montpellier, France

Thehvensanorgmwlﬁahmahmyahagmermn but some factors such

of the current study was to investigate the amount of the coronary flow under
continuous-flow LVADs support.

Methods: In 10 adult goats (61.326.4 kg), a centrifugal LVAD (EVAHEART, Sun
Medical) was instalied with an outflow cannula in the descending aorta and an
inflow cannula in the apex. Pump flow and ascending aortic flow were monitored,
and an assist rate was caiculated by dividing pump flow by total flow, which is
a sum of pump flow and ascending aortic flow. Pressure volume loop and the
coronary flow of the left main trunk were monitored. A biood sampling catheter

as d drugs or ak may affect it and lsad to cirrhosis. Up to now,
liver transplant is the only treatment available in the most severe cases and
many patients die while waiting for an organ. Several artificial and bioartificial
systems are under study, aiming at replacing either detoxication or whole fiver
functions in an extracorporeal circuit. Such systems are of extreme interest for
the patient’s recovery during acute phases.

in paraliel, a new app h can be proposed to supply liver function on jong-
term basis: encapsulated in porous biomaterials could be directly
implanted in the patient’s liver.

434 © 2010 Wichtig Editore - ISSN 0397-3988
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Chronicanimal test of an implanted VAD system with a novel infection-resistant skin button

MAIN AUTHOR
Toshihide MIZUNO, DVM, Ph.D, National Cerebral and Cardiovascular Center, Suita, Osaka, Japan, TEL
+81-6-6833-5012, FAX +81-6-6835-5406, Email toshi@ri.ncve.go.jp

COAUTHORS

Tomonori Tsukiva, PhD, National Cerebral and Cardiovascular Center, Suita, Osaka, Japan, TEL +81-8-
6833-5012, FAX +81-6-6835-5406, tsukiya@ri.ncve.go.jp; Yasushi Nemoto, Ph.D, BRIDGESTONE Co.,
Yokohama, Kanagawa, Japan, TEL +81-45-825-7585, FAX +81-45-825-7552, Email
nemoto.yasushi@bridgestone.co.jp; Toshiyuki Osada, PhD, Mitsubishi Heavy Industries, Ltd Takasago,
Hyogo, Japan, TEL +B81-79-445-6225, FAX +81-79-445-6933, Email toshiyuki _osada@mbhi.co.jp;
Takashi Yamane, PhD, National Institute of Advanced Industrial Science and Technology, Tsukuba, Ibaraki,
TEL +81-29-861-7057, FAX +81-29-861-7014, Email yamane.t@aist.go.jp; Yoshiyuki Taenaka, MD, PhD,
National Cerebral and Cardiovascular Center, Suita, Osaka, Japan, TEL +81-6-6833-5012, FAX +81-6-
6835-5406, Email taenaka@ri.ncve.go.jp; Eisuke Tatsumi, MD,Ph.D, National Cerebral and Cardiovascular
Center, Suita, Osaka, Japan, TEL +81-6-6833-5012, FAX +81-6-6835-5406, Email tatsumi@ri.ncve.go.jp

PURPOSE

Clinical application of VAD is a potent therapeutic option for treating the patients with heart failure. We
developed an implantable VAD system for long-term use which has the compact and light body. However,
astheduration of VAD suppoert has become prolonged, infectious complications originated in the exit site
of the driveline has found to be a serious and most frequent problem. In this study, we developed a novel
infection-resistant skin-button for preserved dermal exit site of VAD driveline. The button, made of a
biocompatible segmented polyurethane, is composed of two layers. The lower layer, which consisted of
porous material with an average pore diameter of 200-300 micrometers, was designed to promote tissue-
ingrowth into the material, and to be unified to the epidermis without compromising the blood supply.
The topmost layer, which consisted of a non-porous pad, was designed to relieve the mechanical stress
underwent at exit site of the driveline caused by the external force put on the driveline. We purposed to
evaluate our new VAD system with infection-resistant skin-button in a chronic animal test.

METHOD

We used a healthy calf weighting 91.5 kg. The whole implanted VAD components were installed surgically
into the thorax, and skin-button were mounted at exit site of driveline connecting from intra-thoracic
compenent. Dressing and sterilization was not conducted at throughout the three months experiment.

RESULT

This case was supported for 90th days and sacrificed on schedule. During the experiment, external force
loaded on the driveline intermittently. However, the button adhered to the skin securely and no
disiodgement was observed. There was no sign of local infection in exit site, We pathologically found the
mature granulomatous tissue infiltrated into the porous layer in the subcutaneous tissue.

CONCLUSION

This study demonstrates that our newly developed blood pump has sufficient performance for the
implantable device for VAD therapy, and our novel skin-button can maintain the VAD driveline without
infection even under no dressing condition.
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Development of a novel inflow cannula, ‘Lantern cannula’ for simple and less invasive continuous
flow LVAD support

MAIN AUTHOR

Yoshiaki Takewa M.D,, Ph.D., Laboratory Chief, Department of Artificial Organs, Advanced Medical
Engineering Center, National Cerebral and Cardiovascular Center Research Institute, 5-7-1, Fujishirodai,
Suita, Osaka 565-8565 JAPAN, Phone: +81-6-6833-5012 ex. 2368, Fax: +81-6-6872-8090, E-mail:
takewa@ri.ncve.gojp

COAUTHORS
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Cardiovascular Surgery, 5-7-1 Fujishirodai, Suita, Osaka, 565-8565, Japan, +81-6-6833-5012, +81-6-
6872-8090, ktoda2002@yahoo.cojp; 2. Hirohito Sumikura, Ph.D., Department of Artificial Organs,
Advanced Medical Engineering Center, National Cerebral and Cardiovascular Center, 5-7-1, Fujishirodai,
Suita, Osaka 565-8565 JAPAN, Phone: +81-6-6833-5012 ex. 2368, Fax: +81-6-6872-8090, E-mail:
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Yoshiyuki Taenaka, M.D., Ph.D., Advanced Medical Engineering Center, National Cerebral and
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2368, Fax: +81-6-6872-8090, E-mail: taenaka@ri.ncve.go.jp; 6. Eisuke Tatsumi, M.D., Ph.D., Department
of Artificial Organs, Advanced Medical Engineering Center, National Cerebral and Cardiovascular Center,
5-7-1, Fujishirodai, Suita, Osaka 565-8565 JAPAN, Phone: +81-6-6833-5012 ex. 2368, Fax: +81-6-6872-
8090, E-mail: tatsumi@ri.ncve.gojp

PURPOSE

We have developed a novel inflow cannula which enables to conduct continuous flow LVAD support
easily and less invasively. The novel inflow cannula, ‘Lantern cannula’ is made of elastic silicon reinforced
with wires. The cannula tip has six slitson the side and fills out fike a lantern in the LV, so that it decreases
flow resistance and also prevents sucking complication around. The cannula tip keeps the shape slim by a
stylet before insertion and enables to conduct LVAD support easily and less invasively without another
assist circulation. We composed left heart bypass with the Lantern cannula, a centrifugal pump
{RotaFiow) and an outflow cannula, and measured the basic performance in acute experiment and
checked the antithrombogenicity in chronic experiment.

METHOD

In3 adult goats of acute experiment, we compared the blood flow rate (BF} and the pressure loss through
the Lantern cannula with 2 commercially available venous cannulae. In other 3 adult goats of chronic
experiment, we continued the LVAD support for several weeks, continuously monitored BF and checked
thrombi around the devicesand organs after the experiment.
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RESULT

Through the all {acute and chronic) experiments, the Lantern cannulae were easily inserted into the
beating LV without any assist circulation. The lantern cannula revealed the better BF and lower pressure
foss compared other 2 cannulae in acute experiments. In chronic experiments, the goats were continued
left heart bypass for 7, 28 and 14 + a (on going) days and maintained stable BF (3.5-4 Limin at about
2,500 rpm pump speed). There were no remarkable thrombi around the LV and the Lantern cannulae, but
small thrombi in the centrifugal pump after 28 days support.

CONCLUSION
The newly developed Lantern cannula has a potential for simple and less invasive continuous fiow LVAD
support.
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Development of the next-generation artificial heart and artificial lung systems at the
National Cerebral and Cardiovascular Center of Japan

Eisuke Tatsumi

Department of Artificial Organs, National Cerebral and Cardiovascular Center Research Institute
tatsumi@ri.ncve.go.jp

P: +81-6-6833-5012 ext 2517

F: +81-6-6835-5406

Ventricular assist device (VAD) and extracorporeal membrane oxygenation (ECMO) are becoming
indispensable therapeutic options for treating the patients with severe circulatory and respiratory failure.
There still remain, however, several crucial problems in these systems for safe long-term use, such as
infection and thromboembolism in VAD, and plasma leak and bleeding complication in ECMO. The
next-generation VAD and ECMO systems have been developed in our institute by employing various
cutting-edge technologies to overcome these problems.

The implantable VAD system for destination therapy consists of an extremely small axial flow
pump (75 X ¢ 29 mm in core dimensions), in which a state-of-the-art contact-free hydrodynamic bearing
technology is employed to ensure high durability and reliability. This VAD system is currently in
preclinical long-term in vivo evaluation of over three month. In this system, a newly developed skin button
unit is used to prevent skin-penetrating driveline infection. This unit with 3-D reticulated microstructure
merges with skin to create virtually seamless tight adhesion. In animal experiments the unit could be
maintained uninfected for up to 2 years without any aseptic wound care.

The thrombo-resistant ultra-durable ECMO system consists of an innovative artificial lung
made of special leakless hollow fiber membrane. The entire circuit is coated with a novel
heparin-bonding material, T-NCVC coating, to impart powerful antithrombogenicity and to eliminate
systemic heparin administration. The system demonstrated a capability of continuous support for as long
as 3 months in heparin-free ECMO animal experiments, and has been already applied to clinical
heparin-free ECMO with good initial outcomes.

Our VAD and ECMO systems with various cutting-edge technologies have thus brought a
dramatic breakthrough in their performance and opened the door to their extensive clinical application. In
this symposium, we will introduce the details of R&D process and clinical application of these
next-generation systems.
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HBHloRBESICEET 3 LTcas—FraltoilafetrVy 7 22 EWE°HE
CEBEICBZILEBLERY, 4, 8200 MEOBAREMOEOREL X iIcE A
Kt hs, L, COEXIRARABROAR, ARHATVLIS AR THRE
BOFPHABROHEOHMEILEAZINZI D DT RV,

[005 4]

SAME=ZRTHAREEZE LS ABEFOFEHABIEIE0~1, 000 umT., EBR
BICET2RBUEENO0, 01~0. 5g/cm? TH32, HFELEHALFEIIZ20
0~600pum, XV HFZLIE200~500umTH3, RBIFEELLTIXO0. 0
1~0, 5g/cm® @HAATHNI, MEABEENBF T, BLA-YENREL EFL
BB A. EFL. MBAEL-BCETHEB L EN L - HERSERB oSN, FE
L0, 05~0, 3g/ cm3, Xb@FELWEO0, 056~0. 2g,/ cm3Th3
[0055]

COFPHABRRURBUIBEORNEAERRDEY TH 2,

[0056]

[FHAERDHE]

WHAIYYVTOH LARANOFE (UWE) 2EFEME (P 7348, SM20
0) KTHRELABEE2MHALT, AI—FELOBE4O0A2=EXT@REZ0OERE» A
HEIn7-2KEE L THBLE (BRLBEBIXI=1LaDLUZEX APZ2#HAL. B
BERHDRAACCDAIATRY=—HRAREHDLE N5GO:2MA, ) L. B2oRKEOE
BEzHET S, Ch2HEABRLL., S T2HOERZRODABRLET S, 2# L., %7
BHEBRROEDBEOBRICL> T, FABOEBRBICELINTUIHMAALIERL T
A—YELtoEBELOAZHAET 2,

[0057)

[REUTEE B E]

ZHERBEEZHN I OmMmX ]l OmmX 3 mmOBEAEICHEIII VY UKL, &
B (Nikon, V-12) KTHELTEBZITHEIVGhEER®, Z0BEB2HEHETR
LAEE»SR>»PIEBEEE2KD 3,

[005 8]

¥, FPHARPA - TH-oTHABROSH/LEL TR, MEOBAICEELALRBY A X
TH2150~400umOPADEEENF I LHEET L, AB150~400um
DADEFEEERN 1 OB E, FELIR20%ME, XVHFETLE30%BHE, BioiF
FLCWR40%LE BItHFFLRS50%UETH2E, MIABBALEL., £, &
AlLZzfEBEE. RELR2Twid, HE L,

[0059]

BB, FAREZRATERBEEODEHABRICKIZIARIS0~4 00 umOADEER
L3, LBOPHAROHUEAECET L, 2AOHICHNTIAB®IS5S0~400umD
logogeax®ET,

[0060)]

SO LPHAR. RBUEBEERVARIHOSABZRTHERBE T IE., Mk
VEZLLEABI~BEL. 2AUNE=XRXTHREET~~EEIES. RELE. EMM
BoOBEBIZIN, HABCBOWTHETHEHBEATF—F LRI 2a—LEDOHEMNEBT
RELA7BHEBBZILEBTES,

[006 1]

CDEI)REARZRTHERBET 2R T 28 TEEBB R IABELLEEBEL L Tl
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RV LY VBB, RY 7S FEE. RVABEE., fUYALv 7 vBEB. RV AT
Ve, 7y RBE. REBE. 72/ —VEE. X BB, RV4IFHEE. 77
VVBEBREAY 7V VEBELECCZACOFEAD | BX R 2EBU EBHARTE 3 5,
FELLRARYVYILY VEIBTHD, b e/ A MRV T LY BN EFETDH 3

[006 2]

AV MERYT LY VERBE., RVLT -V, PAVVYTE—LFRUHEREFAD 3 K
BLOLERIN, WHbOWAEIN—FE AV IFEFEY 727XV B2 FRICAET
5370y 7R Y —RBBRLIZIIAL—REE2EETEILD, T0kI T XV ML
RV L I UVEBEBE2#HERALZBACBONBHERER. BERPHIT —TAUXRBR A= a2 —
LVBHVEBAY, BEFERSCHNABRARZORME 28 » LABECKRTHBRE 2 78
HMORBICELZ2RNEZHBSI X I20RVHB/FTE S,

[006 3]

AFEHTR, A7BHO7 Iy BEDIL, TREM (£464) 2. LEREOSAKE=
RTEWERBE2HRLELBZ2E1OoBLEL., COB1IOBRRECRL2BE0E20E%:
BEBLAABMEDDDLTZILIAETHS, COF20FLLTIR. BMEELAAEDOTHR
7400, Bz, F10BOSAMZRTHRBEL I FHABRCRBUETERRR
2HAH=EZRLTERBEBLEATRTH 5,

[006 4]

ABAEXIBHFEOFEAKELLTIE1I00~5, 000cc,/ cm?2 / minn@EHEHDD
DTHhNITA#HEME, ETHBLOBABELLYATHFEI LY, 8, ZoBfAEER. JI
S L 1004ixbhfilExhsfic,. EAfECoERBEL VI LD DB,
[0065]

MEEABLLTIR, RV Vv Yy UyEIB. RY 7S FEEB. RVARBBE. RVt L7
4 VR, RVIAFUEE. 7yRBE. 72V VEBEBRUEAY 7V AVBEBETICCHN
COFHEEK LY L 2BPBREINZ IBEXRZ 2EUE» O 225 BERTH-oTHR
AL Fh, 74704y, 3F v, v RETVE—RBTICINSOFEHEGED» S E
REn2 1 BXR2EUNELEOIILRXAYDEROBEI» SO LZ2bDIFEATRETH S, &
BB L RRYEROBRBELZHALLZDDOTH>THR L,

[0066]

. TBE74aVLELTHR, BTEEEE 74 A BRI, RY YLV U@
B, Y73 FEE. RVABEE. VL1724 v@E. V27 VvEEB. 7y %8
fE. REBB. 7=/ —VEE. X 3BE. FVAIFEE. 72V LVEERUIXS
ZJUNVEBEYT I hooFEEI ) 2B BRI IBEX B 2B U EXY RS2 7
ANLBFRTE, FELR, RVZXFALEE. 7y FEHKB., Rvrv sy 8B, 7
7YV, Blte=n, 7y RBERECVaVvERIVLZ2HEDLPOERINSG IEX
X2EBMUEXDRB7400TH B,

[006 7]

HEEZ7ANVLELTRPEIANLOALRLTHABESCKBEOIEATETCH S, F
EOMBER 74 VLI LERBLIEBAICIE, MENYTHESIRES, BREFEEICENL A 7
BB ons,

[006 8]

FPHARRPRBUETELE I OBOSAEMZ R clRBEL IR 25 AKE=ZXTHER
BE2F20BLITHA. COSAE=RTHEREBEL LTI, FHARO., 1~20
OuUmMTREBIBEO., 01~1, 0g,/ cm’ BEOHZAAE=ZXRTHEREBEL2A V2
BT E B,

[006 9]

CNLDBE20BESAUZRAHARBEB BB T2/ ELLTR, BZB20BM
HEEE, THEE74 VL, BLOBOSAUZXRAHERBEL I PFHALELPRBIER
VEL2H5AMEEZXTHARBEBOBA IR, BEAZ2FERALCEETIHE, gty
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FALV P ABAG 2B I OBLE2OBLEOMICRAIATERBL, MBTCESET 255
BENEFTONE, TOEIBRRY PANVIABHEL TR, AIAIE, BEMBERP AL
001Dk RY 7S FHHBMES -2 EBFRATETHS, hicd, BAZHEAL
TEMRAORBETZ2BR L (EETI2HE, Bl ko TRBER2BMLCEST2HE
HEBECERABER2AAT I AR EBHIRTE S, £, Bl OBORERIC, AU
—F— 7 BEESBRPTEE 7 A VL E2BBLTRETZ2L2E, ERNICEBHERT 3
IEMTE S,

[0070]

AB. F20BLLTIR,. MEELGE, AIEE 7 1A, ZAB=ZXTHERBEE® 2
BUEBEIToNTHWTHLRL, ¥, B20BE2N LTHEIOBOSAE=XRTxMREE
BrEEIXINZ3IBHEETH > THERL,

[0071]

AEHAD A 7 BMOSAE=ZRTHRBER IR, a7 -V s4L 71, a5-4Fv%
A7, a5=% %4711, as5—4 v A4 71V, 79aBas—-—4%v, 7470%
7F v, ¥IFTFv, BT ARV, ARXY) Y XS5 VB, avyFu4Fry, avyFaodg
FUHB., 3V FRAFUBBB, T9ARAFY, AT U, I=v, br VYRR
VI, EbBRITFUV ARTARXIF, ¥ IF Yy, EFRIIIFART T
V—bPEIRXRFATE)ZFARAYZ )V L—LrOHREAEE, EFRFVYIFALXI I YL
—PERXSZITVALVBOXESGHE, TAVX VB, RYVTI7IAVTIF, RUISXFATIY
VTZ7IFRUERYVE=Z AR Y Fribh 2B ro0BRINS I Ix2EMENREFR
NTLTHRL, Bl REARHERF., EEHERT. PEERHEBER T o, £ v R
VUYRBEBEEF. A YAV URBEBEFHAOER. FENERT. OEAREBERT.
TYvPARLALFy, WRHEERT. MERXBRRERT., ERGHERERT. HEE
BRHEETL. BERMEAEBMBBERETFL. 7275y, BHESY v 7, BEEF My
AT, BEBHEETFL. —HEFBREFHREBERF. ~ Y VB EEHBERFRHY
ERF. a7/ —<=HhEHBERF, 7741 7Yy, R=F—AYrv,6 TEISLY
vV vEFEbFrry, 2V 2Aux LA xFr, BEEREFa. f v —0 AL FU—18
AvI—pALFr—-6,. Av¥—ufFxr—8,. A vI¥—uLxrr—-17, £ vF¥—7
zaY., FivALRE, AEARCRAEYE IV b2 »o BRI 2 1EXR2EME
BRFINWTWTHRL, B, BB #iE (g hTtwTtdbRY, ) MERNEMRE
PR ESRME. FESMR. REOLEMERE. RUBEMEBIY 2280 EBRI NS 1
BEXr2@ltofilasEgEEILTuTHRYL,

[007 2]

¥, REHOD 7BMIZ. 20S A= RAEREEB 2 BE T 2 AT EHEME XX
BRELAEMBI L 2BRBHACOHMMAALZRIZILEAETHE., D& MM
ik, BRREBL2FBLRACACHEELRMNMNO S 2ERMmMEL, a7 - F Uy PHlBEHEER
FRLORBREZLEHTHY, R L CHBoESEE 2 LT LRTETHE, 7
L. COBEOHMAAR. ARETVLISAE=ZXRTHERBEEBOFHAROHEOHSE
NEBEAINBZHIDTIER WV,

[007 3]

DT, ARHDO A 7B M 2BR TR TEEAYV LY UBEBEIYV 2235 A=k
MRABEGOHELTEO 2B 20, FEHO I 7BHOMEFERZMTSUTOHE
CREIND D BDTIER W,

[007 4]

BAUEER YL Y VY ERBIYV L2 AR cMRBEES2ZHET I, 9. £
YLy rvERLE, AEBRAIL Lo RO KEREFLEBE., RV YL Y V@B
BBRBTHI2FRMBRLZEAL AV >—F—728ET3, BRI, YL ¥
VHEZEBBBEICRALTHBRLELLEE, COBRFEABEESTFLEYEZES
DHMEEL, ABABRELTIE. N, N=SAXAFAFVLLTIF, N—-XFL—-2—-VFu
YY) v, T Fu 73 v lhbad, BABEERY YL U EIBRZABTBL L
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BTENRIZORDTRI AL, £, ARAE2RBE T 2> XNEEAR T CHOMFATR
YLy UoEBERMBL., CCRABRAZES TSI LEDAREBTH S,

[007 5]

LERAE L TCOKBEETFLABELTR, RVZFLYZYa—n, RY Ful
vvZyva—n, Y= vz ra— i, RV ALY Fy, 7TLE VB, VR *
YAFNENU—R, EFOFTUERLLLE—R, AFAEALT—-—RA, T FNELDO
— AR EBETFTONLIY, RAUEEMBELHECYBEL TRV F—72FBRT 31D
THhNITZCORYTIIH v, £, BABEEBBOESECI> TR, AXBEEYFLEY
THL, 79 VBIATFAL, %374 2 E08BMELLADCELIF YL, RBAIL Y
TAREOEREEERHEATIILLABTHE, . BOTHAOEEKALR Y 2AA
LTHERO__XNFOER,. HL, FABOEBEREREMETEILLAIETH 5,
[0076]

RAEERY LY UBR. FBABRRUCABEEES TR XV HEILERY
T=F=73. ROTHTWEER VI LI Vv BROBABEL2 ST 28EB P ICBEL.
BEBPCEARBEERVABUEBITILED 2HERET 2., COXICEBBRERTK
BB FLLEO—BRXReW2zRETE LI, RUYLY U BE»6 2 2%
=X THEHREEM N 2Bt TE3, ZICTHAVWSEBRBREL LTI, k., EET7 L
a— N, BEREZEDODXY P ELENFIRTES, BEALELZY LY VBRI, BRBIC
., K ETHEBLICBE T2 FRBECABRAZEBRETNRITIR W,

[007 7]

o HEAEBI, FEFLAR, ZO0LABELZHEELTCV2EREMEFR T OHER
LERITLEIENFELY, iz, FHABEN100~650um, ZRREBEIZBIT
ZRPIFEENO. 10g/ cm’ UTOEBEROIZRTHREEZHERLTED, o
VESANEESRTOMARBERABETIRY LY VB L2 ERBENERETO
BUEDOHEAEETHD, o, ZEERELORZBRMMANAET IBELRBTH S C
ENRFEFLY, O hMHMALE. BERREZ2EBLRECASCEELMMNO S 3 RE
EL, 29— FryoliABERTFLRLEORFLVETHY, BRLLTHRBOEER 2
EF2 e BABTHE, EL. COBAOHMAE., FREHATVISAE=ZXRTHER
BMEBOFHABROHEIHMEICEAINSE b TRV,

[0078]

FI13MRIR, LROIICEREMBERCLIBML2AZRI LAV ILY Uy UEAHKD
BEDOSEMBTHY, BLARNARIDODRY LY VHUBSABOEBOSEMER, &
1 4AMBRZOBIBRBETHS, $13, 14A, 14BREH., SAB2HEHRT2E
BEICHELNRETEILEETH» 5,

[0079]

F1ARKBFOREVWHTHALEED 2 72— vy —THIliL, ZOoOHE2HEL
FEELAZEODEHETHBREINT-HLONE ISR TH? (BABLRPTSTE3LDHIZKEL
ACHEFL B2 UK L tBRLAZY, EBCRI VS LCEETIUNE»CASE
DEBFICHY T 2HETFL2EIRLRE) .

[0080]

BISEEY, RV LY VBBSABOERONBRIBLEZREOSAELE> TR D
DD, ZORBEIWERBTHBINLTED, o, AENKHBIRBELAZVWREZD
WML (RN8DPMEATHEINZLEHR) 2ALCEROAFTLEBELTVE I Lxby
%,

[0081]

RYIILV I VEABOBENTEH. Todbd TZXRAHARBELZ2HETIEREALHE
EBREOSAETH-T, 2, ZOBRBREFORBRBEB CHEINLTED ., KEN
CEATIHMAZA L TARLEBEBINR TS B, UTO X 2 R2HEAT 2, B
B, RV VI VESABROBREBERSAETCH2LDIL, TInad—Friroi
AebYv 272, 7L73v, BR., EEY. XK. ERELIPEBEHL., £46EBL0HE
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THH  -XEBRINE, —H. AT EEBRATICREELT., 2Fbh, fildzoBREIz
BEREBOBMEEB TNV T7EINSE, TDXIHIIWLT, ZABOEBEILINELETH -
T, 2, fild (FHEYT) B“RELEBEZVWEZDIC, BEEAPBERBEEEI T L.
SABEE~BE, XETEHBE TIORBEHFE T 2L TE, CORR, BFZHEM
DERME., £F. RA. MBEFHFEL W IABEAMB L L TEACBRESREE IO 3,

[008 2]

CORYVIVIUVSEABOERBIOEREZRDZICE., £7. FHLEBOHE %8
RHOBEYTH. L, FAMBEEOMETE AL L. 2R (Z58By) 282L L CHEHE
MEBHREZIVDABZOEBRLERBRTOEMZHE T2, BHRALBICI VBN LAERT
BEE:, ZRESBEEEL. JIS K7311kk3R8YV2 vy vEEOKELDE
BEFtORBUEELZ2RX®2, CORBUEEIZ, ~BCENEIILINIOFEUERER
B3, CHEEBEBBIRRVILY VBE» k2 EMETHBILRELELZ LI
IWEUCEERTHZ, 220, HELORBUFTEALEAEORBYFEB &£ 25t 8
X (A-B) JAX100 (%) RALTHETZZLIZLY, ZABOBEREGKDZE
BMELIROZILEPARLEL S, HELORBIFENO0. 91 g/ cm?® ThHhH, £H
EORBIFENO, 077,/ cm® 0BE, BREI1, 5%DLAETH2 LA
Ihs,

[008 3]

ZOXRVILIYVEAEKTE, BROFZFHRICHMAREEL TSN, ThizMiEnE
HMLBI2YAXATREL, B ECHBOEBZBOHI CLZ2MMHWBEOLIDTHBZ I LT
HARDEYTHS, COBBOBMMAR. SREVCEBL2HB TAILE2ENE LM
DERBVADLETRK2DIOD, KEWNKIR, MiBoBHEBE L LELEM, FFE. TH
HEODRE) tholBBic, BERED, SHABD0, BREXES. BR. Kok# - X
BRIEBABEFLEI 2200 AL L THETZILDOTH B,

[008 4]

LEEEOHEBR., REHO—-FATHH, ARAR LERBOHBIEREINZIDDOT
v, REHATE, 77 v VB3, ARB3I b ERRNACEHTA2RRFLR T T
b, COFRBFOANAREADOI atAE» >ARTHY, Fa—76BHEEEINS,
(BT o> flf B8 72 B A )

[0085])

(K1) EBOWBFRZ A 7BHOEBRRTH 5,

(K2l 1o 7@ HoAAZz2RINERTSH 3,

(H3) #7BH0HUEFE2FTHERTD 3,

(K4] 75 PBOPERTH 3,

(H5) BREOKHIER TS 3,

[M6)] BREOKWERTDH 3,

(M7) BREOKNBERTH 3,

(M8) BRré4MNEF2—TOWMERTH 3,

(M9) BRéEMNEF o2 —TOWERNTH 3,

(M1 0) BREBLFa2—-—TLORERTH 3.,

(K1 1) loRBOHBICRI2A7EH 2=y FOHEARTH 3,

(M1 21 10oA2 7B 2=y rOKERTH 3,

(R13] VYLV vy SABOKEOSEMERETH 5,

(R14)] RVIVIVYSABDORBOSEMEETH 3,

(R15) #V Vv v SABfOMENDSEMEETH 3,

(B HH]

[0086]

1 A78#Ma2=vt

2 A 7HM
3 79vYW
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