
Development status of Terumo
implantable left ventricular assist system.

Authors Nojiri, C; Kijima, T; Maekawa, J; Horiuchi, K; Kido, T; Sugiyama, T;
Mori, T; Sugiura, N; Asada, T; Umemura, W; Ozaki, T; Suzuki, M;
Akamatsu, T; Westaby, S; Katsumata, T; Saito, S

DOI 10.1046/j.1525-1594.2001.025005411.x

Download date 23/05/2023 04:55:10

Link to Item http://hdl.handle.net/2384/582905

http://dx.doi.org/10.1046/j.1525-1594.2001.025005411.x
http://hdl.handle.net/2384/582905


Development Status of Terumo Implantable Left
Ventricular Assist System

*Chisato Nojiri, *Toshihiko Kijima, *Jun Maekawa, *Kunio Horiuchi, *Takayuki Kido,
*Tomoko Sugiyama, *Takehisa Mori, *Naoya Sugiura, *Takehiko Asada,

*Wataru Umemura, †Takayoshi Ozaki, †Minoru Suzuki, ‡Teruaki Akamatsu,
§Stephen Westaby, §Takahiro Katsumata, and §Satoshi Saito

*Terumo Corporation, Research and Development Center, Ann Arbor, Michigan, U.S.A.; †NTN Corporation, Osaka;
‡Department of Mechanical Engineering, Setsunan University, Osaka, Japan; and §Department of Cardiothoracic

Surgery, Oxford Heart Centre, Oxford, U.K.

Abstract: We have been developing an implantable left
ventricular assist system (T-ILVAS) featuring a magneti-
cally suspended centrifugal pump (MSCP) since 1995. In
vitro and in vivo studies using a prototype MSCP com-
posed of a polycarbonate housing and impeller (196 ml)
have demonstrated long-term durability and excellent
blood compatibility for up to 864 days, and excellent sta-
bility of the magnetic bearing of the MSCP. These prelimi-
nary results strongly suggested that the magnetic bearing
of the MSCP is reliable and is a most feasible mechanism
for a long-term circulatory assist device. We have recently
devised a clinical version pump made of titanium (180 ml)
with a new position sensor mechanism and a wearable
controller with batteries. Cadaver fit study confirmed that
the Type IV pump could be implanted in a small patient
with a body surface area as small as 1.3. The in vitro per-

formance tests of the Type IV pump demonstrated excel-
lent hydrodynamic performances with an acceptable he-
molysis rate. New position sensors for the titanium
housing showed more uniform sensor outputs of a mag-
netic bearing than in the prototype polycarbonate pump.
The Type IV pump then was evaluated in vivo in 6 sheep
at the Oxford Heart Centre. Four sheep were electively
sacrificed at 3 months and were allowed to survive for
more than 6 months for long-term evaluation. In this par-
ticular series of experiments, no anticoagulant/antiplatelet
regimen was utilized except for a bolus dose of heparin
during surgery. There was a left ventricular mural thrombi
around the inflow cannula in 1 sheep. Otherwise, there was
no mechanical failure nor sign of thromboembolism
throughout the study. Key Words: Left ventricular assist
system—Centrifugal pump—Magnetic bearing.

Since 1995, we have been developing an implant-
able left ventricular assist system (T-ILVAS) using a
centrifugal pump with a magnetically suspended im-
peller (MSCP) (Fig. 1). The MSCP is a shaftless,
sealless rotor pump providing contact-free rotation
of the impeller without any material wear; therefore,
it is expected to be one of the most durable devices
suitable for long-term, permanent circulatory sup-
port. Preliminary studies using a prototype pump
made from polycarbonate were studied in vitro and

in vivo, and demonstrated excellent hydrodynamic
performance with a low hemolysis rate in vitro.
Chronic animal studies confirmed that the MSCP
could be operated continuously for up to 864 days
without any mechanical failure or thromboembolic
complication (1–3). Based upon these preliminary
results, we devised a pump made of titanium and a
wearable controller as a prototype of a clinical ver-
sion system. This study describes in vitro and in vivo
evaluations of the prototype system using a chronic
sheep left heart bypass model.

MATERIALS AND METHODS

The T-ILVAS components include a pump and
drive unit, a wearable controller, a wearable battery
pack, an AC/DC adapter and battery charger, and a
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hospital console. Figure 2 shows the anatomical con-
figuration of the T-ILVAS.

The MSCP is composed of 4 parts: a magnetic
bearing, an impeller, a housing, and a DC brushless
motor. The impeller rotates by a magnetic coupling
between the impeller and the motor, and is sus-
pended magnetically by 3 electromagnets. The elec-
tric current of the electromagnet is controlled by us-
ing 3 position sensors to keep the impellers free-
floating at the center of the pump housing. The
displacement volume of the titanium prototype
pump was 180 ml, including percutaneous cable.

In vitro studies
The prototype MSCP made of titanium was evalu-

ated in vitro for hydraulic performances, heat gen-
eration, and hemolytic properties using bovine

blood. The pump generated up to 10 L/min of flow
rate at the maximum pressure head of 150 mm Hg.
The normalized hemolytic index was lower than
0.003 at the nominal operational condition of a flow
rate of 5 L/min and a pressure head of 100 mm Hg.

Chronic animal study
The details of the chronic animal experiments at

the Oxford Heart Centre, U.K., have been reported
elsewhere (4). Briefly, the prototype MSCP was im-
planted in 6 sheep (70–90 kg) through a left thora-
cotomy as a left heart bypass between the left ven-
tricular apex and the descending aorta. The pump
was operated at a fixed rotational speed in all stud-
ies. The pump was percutaneously driven by a wear-
able controller. The system parameters including
motor rotational speed, pump flow rate, motor cur-
rent, electromagnet current, position sensor outputs,
and input power were measured continuously
throughout the duration of all experiments. The he-
matologic parameters of the animal were periodi-
cally monitored throughout the study. In this series
of experiments, no anticoagulant or antiplatelet
agent was used. All animals recuperated from sur-
gery and were allowed free access to a standard
sheep diet and water. The surgical procedures and
postoperative care were undertaken humanely by li-
censed personnel in compliance with U.K. Home Of-
fice guidelines.

Table 1 summarizes the results of the chronic ani-
mal studies. Four sheep were electively sacrificed at
90 days and 1 was sacrificed 210 days after implan-
tation. The other sheep was allowed to survive for 1
year for longer-term evaluation.

Input power for the system was 8 to 13 W through-
out the study in all animals. One pump stopped for
18 h due to malpositioning of the inflow conduit
abutted to the interventricular septum. However, the
pump spontaneously started rotation again by using
the automatic start-up mode. Otherwise, all pumps
continuously operated throughout the study without
any sign of mechanical failure or thromboembolic
complication with no anticoagulant therapy. Plasma

FIG. 2. The anatomical configuration of the T-ILVAS is depicted.

FIG. 1. The components of the MSCP are shown.

TABLE 1. Preliminary results

Sheep
Body weight

(kg)
Location
of pump

Duration
(days)

1 63 Intrathoracic 90
2 65 Intrathoracic 90
3 68 Intrathoracic 90
4 69 Intrathoracic 90
5 74 Intrathoracic 210
6a 63 Intrathoracic >300

a Sheep 6 will be allowed to survive for 1 year.
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free hemoglobin levels remained at lower than 5 mg/
dl throughout the study except for early postopera-
tive periods. Renal and hepatic functions were kept
in the normal range throughout the duration of the
study in all animals. There was no thrombus forma-
tion found on the blood contacting surfaces of the
pump or inlet/outlet conduits. Figure 3 shows the
disassembled pump retrieved after 90 days’ implan-
tation, showing very clear surfaces without thrombus
formation.

Renal infarct was found in 1 animal which expe-
rienced the 18 h pump stoppage. This may have been
due to left ventricular mural thrombus formation
caused by the abutted inflow conduit onto the sep-
tum. Otherwise, no thromboembolism was detected
in any major organs of the animals.

DISCUSSION

There have been a number of approaches to the
development of a rotary blood pump for use as an

implantable VAS. However, the conventional rotary
blood pumps have had limited durability and non-
thrombogenicity due to the problems associated with
the bearings and the seal. To overcome these prob-
lems, continuous purge systems have been imple-
mented in the pump system by several groups, and
other groups have employed blood-immersed bear-
ings. However, all of these pumps are subject to me-
chanical wear. The use of a magnetic suspension sys-
tem has been one of the most promising approaches
to obtain mechanical reliability as well as nonthrom-
bogenicity of a rotary blood pump. We have devel-
oped a sealless MSCP which operates completely
contact-free without any material wear. This MSCP
theoretically would provide years of long-term dura-
bility. The present chronic animal studies confirmed
that the prototype MSCP was a reliable system with-
out mechanical failure or thromboembolic complica-
tion with a low hemolysis rate for up to 210 days.
One temporal pump stoppage likely was due to the
rigid inflow conduit. Currently, the development of
clinical devices with a flexible inflow conduit is un-
der way toward clinical application.
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FIG. 3. The photograph is of the disassembled MSCP retrieved
90 days after implantation.
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