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Introduction:
Earlier, we developed a system that enables image-guided prostrate needle interventions in a conventional 1.5T MR scanner. This APT-MR system (Access to Prostate
Tissue under MRI-guidance) provided transrectal needle access to the prostate while a patient was imaged inside a ‘closed’ 1.5T scanner and successfully combined
tissue biopsy and fiducial marker placement with MR imaging in clinical trials [1]. The APT-MRI system consists of a remotely actuated manipulator [2], using active
fiducial tracking [3], which allows for targeting of a needle with millimeter accuracy. The purpose of this work is to investigate the ability of the APT-MRI to work
with a 3T Philips Intera MR system. The modified 3T APT-MRI system provides the potential for improved target selection by taking advantage of the improved
sensitivity provided by the higher field strength for diagnostic imaging, MR spectroscopy, and dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI).
Materials/Methods:
The challenges of moving the APT-MR system to a higher field strength scanner included the increased field inhomogeneities and the decrease in wave length and
phase variations, which cause larger imaging artifacts from the metallic components of the manipulator and adverse affects on the tracking coils. As shown in Figure 1,
the 3T APT-MR system is composed of a manipulator that enables transrectal insertion of a biopsy needle. Three tracking microcoils are integrated into the manipulator
to encode its position during the intervention. An endorectal imaging coil provides anatomical images of the prostate and surrounding tissue. A software program
provides real-time feedback to the operator. In addition to the endorectal coil, a large double-looped, phased array coil was constructed to improve the visibility of the
surrounding structures. All coils operated as receivers and were actively decoupled from the body coil to ensure patient safety and high image quality. To interface the 6
coils of the system to the scanner, a box was built (Figure 1B) that contained both an RF board and a digital board. While the RF board serves as a low-noise
preamplifier, the digital board functions as a coil identifier for the scanner and handles the decoupling control signals to switch the pin diodes used for decoupling. Pulse
sequences were modified to enable accurate fast device tracking. DCE-MRI was used for the planning of target sites.
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Figure 1: A. Picture of the APT-MR
system showing the different
components of the manipulator, the
endorectal sheath, positioning stage,
flexible actuation shafts, and mount
with a biopsy needle from MRI
Devices, Daum. B. The 6 channel
interface box that connects all of the
coils to the 3T Philips Intera scanner.

Results:
After confirming both the electrical and mechanical safety of the device, it was approved by the Safety Subcommittee of the NMR center, and the clinical research
protocol was approved by the IRB-NCI for human research. To date, four successful fiducial marker placement procedures with four implanted markers each have been
performed in patients using the 3T APT-MRI system. Four successful clinical biopsy procedures were also performed, where four to six biopsy samples were obtained
per patient. There have been no unexpected severe adverse events. Figure 2 shows an example of images obtained during one of the biopsy procedures, where a target is
selected on an anatomical image and then the needle is guided to its target by remotely positioning the mechanical manipulator via the flexible actuation shafts with the
aid of the tracking mechanism. The needle’s position is then verified on both axial and sagittal images. Figure 3 shows a comparison of the targeting accuracy between
the clinical procedures performed under 1.5T and 3T, which reveals similar accuracy values for the different field strengths.
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Figure 3: Comparison of targeting accuracy of clinical procedures under
1.5T and 3T. The table shows mean biopsy needle placement errors for 6
procedures under 1.5T and 4 procedures under 3T, and marker placement
errors for 10 procedures under 1.5T and 4 procedures under 3T.

Figure 2: Targeting and needle visualization images. A: A target (red dot) is selected on an axial TSE T2weighted image. B: The needle tip void is visualized in an axial TSE Proton Density image. It can be seen
that the desired target matches the actual position of the needle. C: The needle void is visualized on a sagittal
TSE Proton Density image, where the estimated needle path (red and purple dots) matches the actual path.
Conclusions:
We successfully adapted the APT-MRI system to conduct needle interventions for prostate cancer diagnosis and therapy under 3T MR image guidance. The system’s
performance has been verified in eight clinical procedures. Targeting accuracies of the procedures performed under 3T were comparable to the accuracies of the
procedures under 1.5T, which confirms that safe and accurate needle placement can be performed with the APT-MRI system under 3T. Further work is being conducted
to take advantage of the higher field by including MR spectroscopy and DCE-MRI for the selection of target sites.
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