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Bleeding control is critical in surgery. Although minor bleeding can be stopped spontaneously by
the blood coagulation reaction, bleeding from large veins or arteries requires compression
hemostasis with a hemostatic agent. However, existing hemostatic agents require a long time for
hemostasis, and/or there is an undeniable risk of transmission of infectious diseases derived from
human blood components, which imposes a burden on both physicians and patients. In this study, we
designed a new hemostatic agent based on a polyethylene glycol (PEG) hydrogel, which is a fully
synthetic material that solidifies in response to blood, that can instantly stop bleeding. The
effects of various design parameters on hemostatic performance and safety were evaluated through
animal studies, and the required specifications for the prototype manufacturing stage were

clarified with a view to commercialization.

This research and development was conducted in the following steps: (1) establishment of formulations
for animal experiments, (2) performance evaluation and establishment of methods of use in animals,

and (3) comprehensive evaluation.



(1) In establishing the formulation for animal experiments, we assembled a circulatory system for
phosphate buffer solution using a liquid pump and artificial blood vessels, and then created a needle
hole in the artificial blood vessel part of the system to allow the liquid to flow out from the hole.
Next, a TetraStat patch was prepared by soaking a porous sponge composed only of PEG in a PEG solution
(TetraStat), which instantly solidifies when it contacts neutral blood. Using the in vitro evaluation
system, we investigated the sealing performance of TetraStat while changing the PEG concentration,
and found that stable sealing performance was achieved at concentrations above a certain level. This

formulation was used as the basic formulation for animal experiments

(2) In the performance evaluation of TetraStat in animals and the establishment of its method of use,
we established a bleeding model in which rats were induced to bleed by puncturing blood vessels with
a needle. In the established bleeding model, we conducted hemostatic performance evaluation tests
using TetraStat as a function of PEG concentration. Specifically, after puncturing the inferior vena
cava just above the right renal vein bifurcation with an 18G or 20G needle, a patch soaked with
TetraStat was immediately applied to the bleeding point and compressed for 1 minute. One minute after
each TetraStat application, the patch was carefully removed. The bleeding was visually evaluated. The
same protocol was used to test oxidized cellulose, SURGICEL Original Absorbable Hemostat (Johnson &
Johnson), and thrombin/fibrinogen, TACHOSIL Fibrin Sealant Patch (Baxter). In the range tested in
this study, the off-the-shelf product showed a variation in performance that depended on the outer
diameter of the puncture needle. In contrast, TetraStat showed a stable hemostatic performance
independent of the diameter of the bleeding point when the PEG concentration was above a certain
level. In the same animal model used for the previous performance evaluation, the abdomen was opened
and tissue sections were prepared one week after hemostasis with TetraStat and the two off-the—shelf
hemostatic agents (SURGICEL® and TACHOSIL?). Inflammatory reactions were observed in all groups, but
the degree of inflammation was lowest in the TetraStat group. No adhesions were observed in the
TetraStat group with PEG concentrations below a certain level. From these results, we concluded that
TetraStat with a certain range of PEG concentration is likely to be relatively safer than existing

products.

(3) In the comprehensive evaluation, based on the various experimental data, we discussed the required
specifications for the prototype manufacturing stage with a view to commercialization, and concluded
that a certain range of PEG concentration that shows stable hemostatic performance and no significant
adverse events is useful, and that a compression time of 1 minute is necessary. We believe that the

above steps have achieved the intended goals of this study.
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