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Abstract
This case illustrates the ability of electromagnetic tracking navigation to localize difficult targets
in real time during biopsy or ablation of lesions that are only transiently apparent on arterial phase
computed tomography and may be unapparent on sonography. Readily available technology
enabling multimodality registration to sonography allows for the use of positron emission
tomographic, magnetic resonance imaging, and computed tomographic information during
sonographically guided procedures and examinations.
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Biopsy of lesions only transiently apparent on arterial phase computed tomography (CT) can
be technically challenging or even impossible, particularly if these lesions are also
unapparent on sonography. Under these circumstances, physicians are often faced with a
high suspicion for hepatic malignancy but lack the tools to adequately sample the lesion in
question. This case illustrates the ability of electromagnetic tracking navigation to localize
these difficult targets in real-time during biopsy or ablation. Readily available technology
enabling multimodality registration to sonography allows for the use of positron emission
tomographic, magnetic resonance imaging, and CT information during sonographically
guided procedures and examinations.

Technical Procedure
This procedure was a part of a clinical trial that was approved by the Institutional
Investigational Review Board, and this patient gave written informed consent.

A 61-year-old woman presented with presumed ectopic corticotropin secretion producing
Cushing syndrome of an unknown source. Contrast-enhanced CT (256 row; Philips
Healthcare, Cleveland, OH) of the abdomen revealed 3 subcentimeter enhancing liver
lesions that were apparent only on arterial phase CT. These lesions were not detected on
unenhanced or equilibrium (portal venous) phase CT (Figure 1A). Sonography (iU22;
Philips Healthcare, Bothell, WA) using a 5-MHz convex transducer showed a possible
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subtle heterogeneous area in the region of concern but no definite identifiable mass (Figure
1B). Because of the limited and transient conspicuity of these lesions, the patient was
scheduled for a biopsy using electromagnetic tracking navigation.

The procedure was performed on the CT table, with the sonographic and tracking units
positioned next to the table. A procedural setup for using electromagnetic tracking and
navigation was followed and has been reported previously.1 First, the abdomen was
sterilized and draped, and 3 sterile registration patches (containing 6 fiducials [markers];
Traxtal/Philips Healthcare, Toronto, Ontario, Canada) were placed on the skin. A standard
needle guide was attached to a 5-MHz convex transducer, and the ultrasound sensor coil
tracker (Traxtal/Philips Healthcare) was attached to the guide in a sterile fashion (Figure
1C). The electromagnetic field generator was covered with a sterile drape and positioned on
a portable articulated arm near the patient and registration patches (Figure 1D). A
preprocedural dual phase CT scan (3-mm-thick sections with 1.5-mm overlap) was obtained
over the liver section of interest as well as the skin fiducial patches. The arterial phase
images were uploaded onto the tracking unit workstation via the hospital network. The
lesions were identified on the arterial phase CT, and the target was selected for biopsy and
entered into the workstation (Figure 1E). The registration patches were semiautomatically
identified and verified by the sonographer (Figure 1F), and autoregistration was used to
rigidly fuse the sonographic images with the CT images. Uploading the CT images to the
Traxtal unit and performing registration took approximately 5 to 10 minutes. Once the
images were fused, the interventional radiologist was able to scan semitransparently overlaid
sonographic and CT images in real time, allowing identification of the lesion. The two
modalities have different color maps, allowing them to be easily distinguished and blended.

Using the guidance system, a tracked introducer with an internal sensor coil embedded in its
tip (Traxtal/Philips) was then inserted into the lesion with the help of real-time virtual needle
position feedback registered with the arterial phase CT images (Figure 1G). Fine-needle
aspirations and core biopsies were obtained from the lesion and evaluated by a
cytopathology technologist at the bedside. Anatomic and cytopathologic analysis, including
immunohistochemical staining, was diagnostic for a corticotropin-producing neuroendocrine
tumor. The total procedure time from preprocedural CT to final biopsy was approximately
60 minutes.

Discussion
Image guidance is essential for procedures such as biopsy and radio frequency ablation, and
outcomes may be predicated on the adequacy of target identification and definition.
Although standard techniques are adequate most of the time, image guidance may be limited
when lesions are difficult to visualize on conventional imaging. This can often lead to
increased CT or fluoroscopy exposure in addition to an increased number of needle
insertions or repositioning during intervention. It is possible, although speculative, that
electromagnetic tracking can enable the physician to perform these procedures without the
use of additional ionizing radiation by allowing use of prior CT images instead of requiring
new CT images.1–5 The planning phase of the tracking software also allows the radiologist
to select the appropriate needle insertion site before beginning the biopsy, which could
eliminate additional needle insertions or repeated repositioning.

Electromagnetic tracking and image fusion allow the physician to navigate within a 3-
dimensional space precisely, rather than relying primarily on a mental reconstruction of
complex anatomic spatial relationships during an intervention. This can be useful when a
lesion is only seen for a transient period (during the arterial phase). Localization would
normally require the physician to imagine where to best place the needle by mental
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estimation of the target location based on recognizable nearby anatomy that can be mentally
matched. With this technology, real-time referencing of a preprocedural image can be done
automatically and with the reproducibility and dependability of a computer.

Historically, sonography has been fused to other imaging modalities for surgical procedures
using optical, infrared, or electromagnetic tracking.6 Prior reports have shown that this
technology can enable biopsy and ablation procedures that otherwise would have been
impossible or difficult to perform. Furthermore, needle angles (toward predefined point
targets) can be markedly improved with the addition of this multimodality navigation
technology. Specifically, the needle angle error was improved by 13.3° ± 6.5°, and the
distance between the needle and target was improved from 17.8 ± 17.1 to 3.3 ± 3.1 mm with
the use of the technology, compared to standard methods.4

Although sonographically guided biopsy is highly accurate (exceeding 90%) for diagnosis of
focal liver disease,7 this does not account for situations in which lesions cannot be seen on
sonography. Electromagnetic tracking enables multimodality registration to reference the
sonographic image to preprocedural positron emission tomographic, magnetic resonance
imaging, and CT images during sonographically guided procedures and examinations.
Accurate overlay is required for successful fusion guidance. For small enhancing lesions in
the liver that are only apparent during the arterial phase, electromagnetically tracked
sonography may enable real-time biopsy or ablation with ultrasound that otherwise would be
difficult or impossible with use of a conventional technique alone.
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Figure 1.
Corticotropin-producing neuroendocrine tumor in a 61-year-old woman. A, Arterial phase
computed tomography shows an enhancing liver lesion (arrow). B, Sonography of the liver
shows no discernable mass. C, Ultrasound transducer with a disposable electromagnetic
tracking sensor (short arrow) attached to a sterilizable needle guide (long arrow). The sterile
cover can go above or below the sensor. D, The electromagnetic field generator (white
arrow) is mounted on an articulated arm and covered with a sterile drape. Fiducial patches or
markers (black arrows) on the skin provide references for registration. E, The graphical user
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interface shows the lesion in 3 planes, which may be helpful for confirming selection of the
center of the target in all planes. F, Skin fiducials (markers) are identified and confirmed to
ensure accurate registration, ie, matching of anatomic points on the skin coordinates within
the imaging data. G, The tracking screen during needle placement displays the relationship
between the targeted lesion (T) and the needle tip (arrow).
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