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Lung transplantation is an established treatment for advanced pulmonary disease. In spite of the use of marginal donors
and donation after circulatory death (DCD) donors as well as aggressive organ donor management, the utilization of
donor lungs is still limited to 20% in the USA. Ex vivo lung perfusion (EVLP) is an emerging technique applied to donor
lungs outside of the body before transplantation and preserves and evaluates lung function. However, there is no
established protocol in EVLP to identify transplantable lungs. The purpose of the project is to develop EVLP system for
a non-invasive evaluation and preservation of donor lungs and evaluate in animal experiments using a porcine model.

We developed an EVLP system having an EVLP circuit, a measurement system, and a control system as a research
platform for EVLP study. For non-invasive evaluation of donor lungs, thermal images of the lower lobes were
continuously monitored using an infrared thermography. Oxygen saturation imaging was performed using a near-infrared
hyperspectral imaging camera to quantitatively assess the regional gas exchange potential of the lower lobes. In addition,
real-time lung weight gain was measured by loadcells positioned at the bottom of the organ chamber. For a preservation
of donor lungs, we developed a feedback control system for EVLP. This control system automatically controlled
perfusion conditions.

To evaluate the developed EVLP system, we performed animal experiments using 45 kg pigs. Fifteen pigs were
randomly allocated to three groups: a control group or DCD groups with 60 or 90 min of warm ischemia (n = 5, each).
In the control group, EVLP was performed after 1 h of cold ischemia. In the DCD group, following 60 or 90 min of
warm ischemia, lungs were stored on ice for 5 h, and then EVLP was performed. The perfusion protocol followed the
Lund-type EVLP protocol. Pulmonary function was assessed by blood gas at 1 and 2 hours after the start of perfusion.
At 2 h, transplant suitability was determined. As a result, lungs in all cases in the control group and in four cases in the
DCD group with 60 min of warm ischemia were judged as transplantable. In contrast, lungs in the remaining six cases
were judged as non-transplantable.

As a result of thermal images of lower lobes, at 8 min, lung surface temperatures of non-suitable cases were
significantly lower than those in suitable cases (P < 0.001, cut-off = 26°C). A lung surface temperature of < 26°C was
significantly correlated with poor pulmonary function and transplant non-suitability. For the evaluation using a
hyperspectral imaging camera, non-suitable cases were associated with lower oxygen saturation and higher wet/dry ratio
than suitable cases (P <0.01). For the evaluation of lung weight measurement, lung weight gain in non-suitable cases
was significantly higher than that in suitable cases at 40 min (P < 0.01, cut-off = +12 g). For the evaluation of control
method, when the pulmonary artery pressure was reached the upper limit of 20 mmHg, the rotational speed of the blood
pump was automatically controlled to reduce the pulmonary artery pressure.

Finally, in collaboration with supporting team with our project, a product concept of EVLP was conducted.
Specifically, the following studies were conducted. (i) For needs exploration of EVLP, a needs statement was created to
clarify the issues in the clinical field. (ii)) We examined the needs criteria including the “must-have” and “nice-to-have”
specifications for each element. (iii) In order to clarify the product concept, a gap analysis with competing technologies
was conducted. (iv) As a regulatory strategy, the regulatory strategy based on the approval information of EVLP by FDA
was investigated. (v) As a patent strategy, we investigated the existing patent of EVLP. (vi) As a risk assessment, we
analyzed the risks of technical feasibility, intellectual property, medical device approval, insurance coverage, and
business model. (vii) Through interview of experts, we exchanged opinions with venture capitalists on each scenario of
commercialization. To obtain clinical needs, we exchanged opinions with medical surgeon, and were able to obtain
valuable information on clinical needs in Japan. (viii) Finally, we had a presentation in a pitch event (Medtec Academy
Pitch Day). With the assistance of these supports, we were able to clarify the business strategy scenario and product
concept and create a roadmap for approval and commercialization.
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