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Figure 1 (Color online) The magnetic navigation equipments. (a) The first generation MSS system “VFT”; (b) the second-generation MSS system;

(c) the first generation MGS system “Telstar”
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Figure 2 (Color online) The fourth generation MSS system (second
generation MGS, MNS) “Niobe”
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Figure 4 (Color online) Supiee-developed by Institute of Electrical Engineering, Chinese Academy fo Sciences. (a) Operating room; (b) MNS Supiee

(single photon emission computed tomography, SPECT)
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Table 1 Advantages and disadvantages of imaging methods
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Figure 5 (Color online) Schematic diagram of the microstructure of
T:-T, combined imaging agent for MRI. (a) Mounted; (b) embedded

Gd.0(CO;),

=

Sio,

MnFe,O,
Eub S g

B 6 (R R GBI DA IIT, T I )7 B TEM
a5

Figure 6 (Color online) Schematic and TEM image of magnetic nano-
core-shell structure T-T> co—developer”ﬂ
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Figure 7 (Color online) Color MRI images of mouse brain scanned with 7;-T, combined developer
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Figure 8 (Color online) Use of magnetic nanoparticles as MRI-PET
combined developer results. (a) Structural map of 2%.SA-MnFe,0, and
results of PTE and MRI scan of mouse neck lymph nodes®"; (b) *Cu
mounted Fe;O4 nanoparticles structural diagram and PTE and MRI scans
of lymph nodes in the mouse leg
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Figure 9 (Color online) Conventional interventional therapy based on magnetic resonance system. (a) The bed and magnetic resonance apparatus are
in one room, but the bed is placed outside the line of 5 gauss; (b) the bed and magnetic resonance apparatus are in different rooms

861



4 % B B 20194538 He4%s L8

Bl 10 (MR @) AR TER IR AR NN AT, () T OEXBIHRBZR NN ARG (b) ETRAZEPIER# IR RSN

A ARIRIT; (o), (d) EETIHARILRRERN AT

Figure 10 (Color online) Interventional treatment by medical personnel in a magnetic resonance system. (a) Interventional therapy based on a sepa-
rate magnetic resonance system; (b) interventional therapy based on a large-aperture cylindrical magnetic resonance system; (c), (d) based on openness
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Figure 12 (Color online) Magnetic resonance gradient magnetic field as the interventional treatment technology. (a) Ferromagnetic ball connecting
rod actuation device; (b) esophageal drug delivery device; (¢) intravascular drug delivery containing magnetic particles
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Applications of high magnetic field in interventional medical
treatment
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* Corresponding author, E-mail: qiuliang @mail.iee.ac.cn

High magnetic field technology is increasingly used in interventional therapy. The strong magnetic field-involved inter-
vention technology is a large-scale, integrated medical technology in which an in vitro, variable magnetic field is used to
remotely control a magnetic substance (a drug, a catheter, or a stent, etc.) located in the body to realize interventional
treatment. Through this technology, accurate targeted drug delivery and rapid positioning therapy can be achieved, which
brings great convenience to the treatment and also improves the treatment efficiency and accuracy. The cardiac interven-
tional magnetic navigation system for cardiovascular treatment is such a new type of interventional navigation system
that has emerged in recent years. Through the remote-control manipulation technique guided by the external magnetic
field, it can completely avoid the severe serious complications such as cardiac perforation caused by the traditional man-
ual operation, shortening the training cycle and reducing the X-ray radiation to doctors and patients. This technology can
further realize remote interventional treatment through the Internet system and expert system. Due to its intrinsic high
magnetic performance, the magnetic nanoparticles can be directly used as drug delivery system under high magnetic
field, and also as negative contrast of MRI. Combining with the ingenious nanostructures such as core—shell structure,
the dual contrast of MRI and other iconography method can be successfully developed. In this paper, some latest research
results of dual T,-T, contrast of MRI and dual contrast of MRI and PET/SPECT have been reviewed. Moreover, the
MRI-guided intervention technique has aroused comprehensive attention in the image-guided intervention scope. The
corresponding methods can be roughly divided into following aspects: (a) MRI non-compatible intervention, which plac-
es the operation apparatus in a region far away from the MRI system and then the patient can be transferred to the imag-
ing area; (b) MRI-compatible intervention, which applied compatible materials to fabricate the operation apparatus and
actuator device; (c) MRI-powered intervention, which uses gradient field or RF field-actuated apparatus to realize auto-
matic operation.

interventional magnetic navigation, electromagnets, magnetic nanoparticles, developer, magnetic resonance
imaging, gradient field

doi: 10.1360/N972018-00625
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