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Abstract

1) Improvement and final prototype of standalone drivable ultra compact ECMO system that can be
used from emergency to a long term: A disposable unit with enhanced durability, rapid
preparation and operability was developed as a cardiopulmonary support circuit consisting of a
compact oxygenator, antithrombotic surface treatment technology and a novel contactless
rotation centrifugal blood pump. A driver unit with enhanced safety and operability was
developed by integrating multiple sensors and touch panel display into pump driver. The ultra
compact ECMO system had the size of W290 x D205 x H405 mm (without gas cylinder unit: H260
mm),and the weight of 8.9 kg (without gas cylinder unit: 6.6 kg). This ECMO system was able to

use continuously for 1 hour in the stand-alone state.

2) In-vitro and in-vivo evaluation of the final prototype system: The centrifugal blood pump with a
hydrodynamically bearing was tested using a durability test apparatus developed in NCVC and
proved to be able to be used continuously for 30 days. Evaluation on the circuit setup time were
carried out and setup within 2 minutes was possible. In the evaluation of the basic performance by
acute experiment using goat, under the extracorporeal VA bypass circulation condition, it was proved
that this ECMO system has the performance no less than the target value (the gas transfer
performance of the maximum oxygen transfer rate of 250 mI/min and the maximum carbon dioxide
transfer rate of 180 mL/min (At 100 mL/kg /min bypass flow rate) and the pump performance to keep
60 mL/kg/min of blood flow rate). In the evaluation of long-term durability and antithrombogenicity
by chronic animal experiment using goat, we conducted 4 case with anticoagulant therapy by
continuous administration of heparin and 1 case without any anticoagulation therapy using heparin
etc. The prototype system could run continuously for over 2 weeks without device exchange, and no
significant thrombus formation in the ECMO circuit was observed in all cases, except for a thrombus
at the peripheral portion of the oxygenator outflow housing in 1 case with no anticoagulation therapy.
In the evaluation on usability and operability of the prototype system, we gathered the opinions of
clinical engineering technicians, doctors, nurses, engineering researchers at the exhibition in the
academic conferences, etc.. These opinions led to improvement in operability and safety of this
system.

3) GLP tests and various safety tests: Regarding various safety tests including GLP tests, we also
accumulated data for regulatory approval of the constituent parts of this system, and also conducted
tests that aimed to extend the term of approval of the long-term ECMO system.

4) Clinical trial under IRB approval: Based on the relevant guidelines, we examined the applied
cases and the trial policy by discussing in a meeting reflecting several PMDA counseling. We
prepared for the IRB application and facility organization for sponsor-initiated clinical trial.

5) Investigation of commercialization strategy, regulatory approval and insurance redemption

strategy: Following PMDA general consultation and pre-development consultation, we proceeded
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with investigation of commercialization strategy / regulatory approval / insurance redemption
strategy, and prepared for PMDA protocol consultation of clinical trial.

6) Manufacture and sales, promotion of clinical application, globalization strategy and overseas
advance: We present the achievements of this research and development, investigated the latest
trends, and advanced the global development of state-of-the-art medical equipment at relevant
academic meetings both in Japan and abroad.

7) Development of a pediatric extracorporeal pulsatile VAD system (blood pump & driver) and a
precedent regulatory application of the blood pump: We conducted risk management involving
doctors, clinical engineering technicians, engineering researchers for a compact driver for a pediatric
extracorporeal pulsatile VAD system. We developed prototype driver in the size of W140 X D400 X
H240 mm and the weight of 9.0 kg with keeping maximum number of pulse rate of 130 bpm. The
pediatric blood pump was developed by improving the compact size of the blood pump of the
commercialized extracorporeal pulsatile VAD system. 4 cases of chronic animal experiments were
conducted in order to evaluate long-term durability and antithrombogenicity of a pediatric
extracorporeal pulsatile VAD system consisting of the improved blood pump. It showed adequate
safety and effectiveness in comparing with the results of nonclinical study for the adult sized blood
pump of the commercialized extracorporeal pulsatile VAD system. With regard to a precedent
regulatory application of the blood pump, we decided to undertake a sponsor-initiated clinical trial in

response to a PMDA preliminary counseling.
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