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Background and Purpose

Although assisted reproductive technology (ART) has enabled many couples who would otherwise be unable to conceive,
the low pregnancy rate after embryo transfer (ET) remains as a serious problem. The failure of pregnancy after ET is caused
mainly by the poor quality of the embryo or the implantation of the embryo at inappropriate position in the uterus.
Preimplantation genetic screening has been developed to solve the former problem. However, there is no countermeasure to
prevent the inappropriate positioning of the embryo in the uterus. After ET, the embryo is floating or passively moving in the
uterus, and likely to leave the area suitable for implantation, thus causing a failure of pregnancy or an ectopic pregnancy.
Therefore, our purpose is to keep the embryo at the right position in the uterus after ET.

Description of the New Method

To solve the issue, we propose a novel ET system composed of a microrobot, a catheter, and a guiding magnet. In this system,
at first, an embryo is contained in the microrobot, and the microrobot is attached to the tip of the catheter. Next, the catheter
is inserted in the patient’s uterus, and the microrobot is released at the position suitable for implantation. Then, the direction
and the position of the microrobot is adjusted on the uterus wall by the guiding magnet placed outside of the body. While the
embryo hatches from the microrobot and finishes implantation in a few days, the microrobot mechanically keeps the embryo
in the suitable area.  After all, the guiding magnet is detached, and the microrobot is released and collected from the uterus
by using the catheter.

Prototypes and Experimental Results

We have developed several prototypes of the catheter and the microrobot. The catheter has two parts, an outer catheter and
an inner wire. The outer catheter is made of polymer and a coil is placed at the tip for monitoring the attachment state of the
microrobot. The inner wire is made of super-elastic alloy with a tip of soft magnetic material (permalloy). The microrobot
has a magnet and an embryo container, which is fabricated by using hybrid micro-stereolithography.  The catheter has a
mechanism to catch and release a microrobot as follows. When the inner wire is inserted in the outer catheter, the catheter can
catch a microrobot by the magnetic attractive force between the microrobot and the tip of the inner wire. When the tip of
the inner wire made of permalloy is magnetized by the attached microrobot, the magnetic permeability of the tip decreases,
which is detected as the change of coil inductance. The microrobot can be released by just extracting the inner wire.  Lastly,
the proposed ET method was verified by using a female reproductive organ model. The microrobot on the catheter was
inserted and released in the uterus, and then attached on the uterus wall with the embryo hatching side facing the right direction.

After all, the microrobot was smoothly collected by the catheter.
Conclusion

We have proposed a new magnetically controlled microrobot system for embryo transfer in ART. The first prototype of the
system composed of a microrobot and a catheter was successfully developed. The microrobot accommodates and transports
an embryo into the patient's uterus and controls the position of implantation by using magnetic field. The catheter has a
mechanism for catching and releasing a microrobot with a sensing system for the state of catch/release. By using a human
phantom, transport of the microrobot into/ out of the uterus and the position control of the microrobot were successfully

demonstrated. This minimally invasive system will increase the pregnancy rate and prevent ectopic pregnancy in ART.



