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Overview of Research and Development

Advances in reperfusion therapy have substantially reduced acute mortality from acute myocardial infarction (AMI). However
approximately 30% of patients still develop post-AMI heart failure (HF), which is associated with poor long-term outcomes.
Infarct size is a key determinant of both the development and prognosis of post-AMI HF. Early reperfusion with thrombolysis,
balloon angioplasty, or stenting is currently the only established strategy to limit infarct size. At the same time, further
shortening of reperfusion time has reached a practical limit, and additional improvement through this approach alone is
unlikely. A safe and effective adjunctive therapy that can further reduce infarct size remains one of the most important unmet
needs in cardiovascular medicine.

The investigators have long studied autonomic cardiovascular regulation and demonstrated that vagal nerve stimulation
(VNS) during AMI can markedly reduce infarct size. Direct cervical VNS, however, requires an invasive and time-consuming
procedure and is not well suited to acute cardiovascular care. To address this limitation, the investigators focused on the
anatomical course of the vagal nerve along the posterior aspect of the superior vena cava and developed a catheter-based
method to stimulate the cardiac branches of the vagal nerve from within the superior vena cava. In canine AMI models, this
approach reduced infarct size and prevented late-phase HF. Through previous projects supported by the Japan Agency for
Medical Research and Development (AMED), the investigators developed JOHAKU, a dedicated intravenous VNS (iVNS)
device that allows stimulation to be initiated without interfering with reperfusion procedures.

The final goal is to commercialize JOHAKU as the world’s first catheter-based VNS device originating from Japan and
to establish it as a therapy for reducing infarct size and preventing HF after AMI. Because direct approval as an AMI treatment
catheter would involve a high regulatory hurdle, and this strategy was not recommended in consultation with the
Pharmaceuticals and Medical Devices Agency (PMDA), the current project aims to first bring the device to market as a
bradycardia-inducing catheter, taking advantage of its ability to reduce heart rate.

During the project period, additional nonclinical studies suggested by the PMDA and non-GLP large-animal studies were
completed. A stepwise clinical trial design, in which the study progresses from pilot to pivotal phases within a single protocol,
was agreed upon with the PMDA. After approval by the Institutional Review Board (IRB) at Kyushu University in July 2023,
the clinical trial began in September 2023. The first Level 1-1 first-in-human case was performed in fiscal year 2023, followed
by a second case in fiscal year 2024. After safety review, progression to Level 1-2 was approved. The trial is ongoing, and
completion of Level 1-2 is expected within fiscal year 2026.

This project is positioned within the field of cardiovascular neuromodulation, where active development is underway
worldwide because of its medical impact and market potential. Large medical device companies, particularly in Europe and
the United States, are conducting clinical trials of therapies such as VNS, baroreceptor stimulation, and renal denervation,
and these approaches are increasingly viewed as next-generation cardiovascular treatments. In AMI, VNS before reperfusion
is considered especially effective for limiting myocardial injury. Our catheter-based device was designed to make early
stimulation before reperfusion feasible in clinical practice. In the chronic phase after AMI, implantable VNS has shown
beneficial effects on cardiac remodeling and HF progression in animal studies, although clear clinical efficacy has not yet
been established. The future therapeutic concept is to use this catheter-based device for early intervention in the acute phase
and, in selected patients with residual myocardial damage, to combine it with implantable neuromodulation to suppress

adverse remodeling and support comprehensive management of post-AMI HF.



