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Transcd;:taneous Energy and Information Transmission System
for a Totally-Implantable Artificial Heart

— Unification of Extemally—boupled Transcutaneous Transformer for Energy and Information Transmission —
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In Totally-Implantable Artificial Heart (TAH) system, Transcutaneous Optical Information Transmission System (TOITS) and
Externally Coupled Transcutaneous Energy Transmission System (ECTETS) are effective for driving, controlling and monitoring
the TAH. Using these systems, a patient needs to wear an optical coupler and a transcutaneous transformer separately, and then
the patient’s QOL (Quahty of Life) will be detenorated Therefore, we research the energy and information transmission by
wearing an unified transcutaneous transformer In this paper, the unified transcutaneous transformer for the energy and
information transmission was investigated. As a result, the unified transformer, by whlch the coupling between the energy and

information transrmssmn was rcduced was developed.
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Development of an Electrohydraulic Total Artificial Heart System
—Improvement of the Pump Unit——

Akihiko Homma™, Member, Yoshiyuki Taenaka™®, Non-member, Eisuke Tatsumi®, Non-member,
Yoshiaki Takewa™, Non-member, Toshihide Mizuno*, Non-member, Kybko Shioya™, Non-member,
Hwan Sung Lee™, Non-member, Tomonori Tsukiya®, Non-member, Yukihide Kakuta®, Non-member,
Nobumasa Katagiri *, Non-member, Tomohiro Nishinaka* *, Non-member, Kohji Koshiji* **, Member

An electrohydraulic total artificial heart (EHTAH) system has been developed. The EHTAH system consists of diaphragm-type
blood pumps, an electrohydraulic actuator, an internal control umit, a transcutaneous energy transfer system (TETS), a
transcutaneous optical telemetry system (TOTS), and an internal battery. The reciprocating rotation of the impeller generates oil
pressure which drives the blood pumps at alternating intervals. The blood pumps and the actuator were successfully integrated
into the pump unit without oil conduits. As a result of miniaturizing the blood pumps and the actuator, the displacement volume
and weight of the EHTAH system decreased to 872 ml and 2492g, respectively. Furthermore, the maximum flow rate and
efficiency increased up to 12 L/min and 15.4%. The pump units and the EHTAH systems were successfully implanted in 36
calves weighing from 55 to 87kg. In the longest case, the calf with the pump unit survived for 87 days and the calf with the
EHTAH system survived for 70 days. The EHTAH system was powered by the TETS, and was powered everyday by the internal
battery for 40 minutes. These results indicate that the EHTAH system has the potential to become a fully implantable cardiac
replacement system.

F—0—F : BRRERBREALLW, LERYT, 77V VADCE—#, BRIIVIEEL AT L, BRMEEVAT A
Keywords : electrohydrauric total artificial heart, blood pump, brushless DC motor, transcutaneous energy transfer system (TETS),
transcutaneous optical information transfer system (TOTS)

L Bl D 2004 EFTIC 14 FIOEDALA TN, Eom
L BAR T DL T ERN~EDIAL, BRENEEZEMCREST
AETHETOEB 2 EAN~NEDIADELEDALE & DEBERMATLME CardioWest TAHOORIZREE Tlo it
BN T 0 AbioCor IRHVD EESRIGERASENME S, 2001 ST 300 BILL EDEDAZMToNTVS, YERIZE
Y EMEREREL S A GEETISEL A — Department of Cardiovascular Surgery, Tokyo Women’s Medical
T565-8565 KRERFFRHETIRERS 5-7-1 University '
The Advanced Medical Engineering Center, Research Institute, 8-1 Kawada-cho, Shinjuku-ku, Tokyo 162-8666
National Cardio Vascular Center X REERRERERETERENERITEEY
. 5-7_-'_1 Fujishiro-dai, Suita, Osaka 565-8565 T278-8510 TEEREFHETTILIE 2641
* EREFERAE LBLESNE Tokyo University of Science, Faculty of Science and Technology
T162-8666 FIRERHTE XKIATHEET 8-1 2641 Yamazaki, Noda, Chiba 278-8510

© 2008 The Institute of Electrical Engineers of Japan. 943



THEHHEREE T HMAEDIAL N AR MEED
ALDEE WS HERERIC L, 1987 £L 0 EXMESE
BRELENEDALE S AT O (EHTAH) 27 A9
OBEFEIZEF L, 1995 £ X VR miEmiz ks
TOREBELAANAYT a4y NCERINEZT /T
2T FEEET~RETILHELER  THRE2 =
FEBEL, BEBHEREEBLE, TO®, TI/F=
T—xO/NEE, EERRLIZEY, MER 7T 7F=
T—% F—{ (b L CHIRERN A~ DA te— B M iR A o T BE
Blaooy FEBEL, ILHITEREREDBIBEDIASLE
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BB LT 7 Faxz—%, BIUSEED)L—FRA~KE
L7zMiERy 7RE 2=y b, BLUOEV AT ADHREFT
BEBRB I OEEEMERORBRICOVWTHRET S,

Blood outflow

Blood outflow Blood inflow

Blood inflow

)

Actuator Silicone oil

Disk impeller

The reciprocating rotation of the impeller, using the brushless DC
motor, generates oil pressure which drives the blood pumps at
alternating intervals.

Fig. 1. Mechanism of the pump unit

/
—

Blood pumps

{

O{l condui{s

Actua?gor

(a) System configuration

(b) Pump unit A

Tthe pump unit A has the oil conduits which connect the blood pumps
and the actuator A. The blood bumps are implanted in the pericardial
space and the actuator is placed in the subcutaneous pocket.

Fig. 2. Previous system A
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TIFaz—EnbERENE (K1), T7Faz—FNR
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Y, FANTLF oy NEAAT Y VAR TH D, MEE
FiZixyya—rFA 0 (SH200, BV - Fya—=r7
(BR)) ZERALTWVWA, $£7z, MERY7TOAE TS
M (HALL Valve (Aortic), 25mm (inlet), 23mm (outlet),
BAARNba=vz ) 2AVTVEY,

(2-2) MmFERY TEREI=v FOHBR  FIVAT A
(2 2()) THIBR B N7 BREPIC IR MR Y T DB ZEE L,
FIFaxz—FEFANTrTFaly PTHLTEET~
RETAHEEOER TEHS 2=y b A (R20b) Lo
TW3, AANVAYFT oA v MNIBERCTERIIERTE,

iternal controller

External controller

Internal Battery

(a) System configuration

(b) Pump unit B
The pump unit B does not have the oil conduits, and the blood pumps
connect with the actuator B directly. The EHTAH system consists of
diaphragm-type blood pumps, an electrohydraulic actuator, an internal
control unit, a TETS, a TOTS, an internal battery, and an external
controller.

Fig.3. Newly developed system B
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Table 1. The displacement volume and the weight of the
pump units

Pump unit A Pump unit B
The blood pumps Volume: 390mL Volume: 314mL
The Actuator Volume: 180mL Volume: 151mL
Weight: 720g Weight: 600g
The pump unit Volume: 1106mL Volume: 498mL
Weight: 1500g Weight: 1181g
Oil port Divider
Flow path
Rotor ~—_] | T T
1 67mm76mm
Stator 7 V ' l l
. N\ Impeller
I€— 47mm—p|

(a) The actuator A

Flow path

Rotor

. Impeller

‘ g
l(— 52.8mm —P>

(b) The actuator B

The height of the actnator B is longer than that of the actuator A.
However, the diameter of the actuator B is shorter than that of the
actuator A.

Fig. 4. The actuator
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Pump pressure head [mmHg]

450 A The actuator A (1200rpm)

O The actuator B (1200rpth)
A The actuator A (1600rpm)
400 @ The actdator B (1600Tpin)
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Pressure-flow relations for the actuator B are compared with the
actuator A. The performance of the actuator B is better than that of the
actuator A at 1600rpm.

Fig. 5. Pump pressure head of the actuator
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The maximum efficiency of the pump unit A is 26.1% at 1600rpm and
that of the pump unit B is 30.4% at 1600rpm.

Fig. 6. Efficiency of the actuator
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The maximum flow rate of the pump unit A is 11 L/min at 140bpm and
that of the pump unit B is 12 L/min at 150bpm.

Fig. 7. Flow rate of the pump unit
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