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. Introduction

Image Fusion (co-registration) is by no means a new post processing technique [1].
There are numerous technical approaches described to combine imaging data
obtained from different modalities [2]. Algorithms for co-registration of functional and
anatomical data sets has been shown In fixed organs such as the brain [3,4] but also
In organs subject to respiratory motion, such as the lung [5]. Major challenges due to
motion and the non-rigid nature of abdominal organs (such as the kidney and the
liver) have limited the use image fusion. Co-registration has proven useful in the
evaluation of patients with cancer for diagnostic / staging and monitoring the response
to therapy [6]. Minimal invasive image-guided therapy like radiofrequency thermal
ablation (RFA) has become very popular recently, especially in the liver, lung, bone
and kidney, [7] and may improve survival for certain patients [38].

e-positioning, and early detection of
A) of Iwer kldney, and adrenal
| ne relationship
mors and to

A =

= i g =
e .

. Method and Matémdﬂ'f er'

)._

L) Patients

Image fusion was performed on 33 thrs in 20 patients un
treatment of either liver or kidney tumors. Mgst post-treatment 1mMa: Se(
taken approximately two months after the ablation® ;-« performe FoSi=procedure
aging. F or fss N tom w

S N

HEP\\f

Optimal outcomes of percutaneous RFA are however dependent upon accurate targeting of the
neoplastic tissue and monitoring of the resulting thermal lesion. Success of treatment is
intimately linked to the volumetric spatial relationship of neoplastic tissue to the thermal lesion
margins. An accurate understanding of this relationship that is readily accessible may provide
feedback during pre-treatment planning, procedural navigation, and early detection of re-growth.
Image guidance for RFA necessitates accurate probe placement to effect sphere-packing with
sufficient overlap to avoid gaps of sub-lethal heating, and to include a small margin of normal
tissue ("safety margin”) beyond the neoplastic tissue borders. This can be a challenging task
prone to human error. Image fusion was therefore used as a post-processing tool to help
oncologic treatment planning and to guide the interventional radiologist before, during, and after
the RFA procedure.
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A NIH-written java-based
software package (MIPAYV,
Medical Image  Processing
Analysis and Visualization, NIH)
was used for image fusion [9].
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Fig. 3: Image fusion (affine - 12
degrees of freedom) of pre and post
CT studies. An affine registration
model is typically sufficient to register
these images. However, if artifacts
(e.g. breathing) are significant, a
nhon-linear model might be required
to accurately register the datasets.
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Fig. 4. Image co-registration of PET
and CT datasets using a voxel
simularity-based registration
measure termed normalized mutual
information (NMI) [13].
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the two images that are to be fused, as shown in Figure 6. Using
rotation and translation, which allows for six degrees of freedom, the
least squares method minimizes the distance between the two sets of
anatomic landmarks to register the two images (see example in Figure
). Thin-plate spline is an alternate method that is non-linear and
deforms or warps the images (see Figure 5) In an elastic fashion to
fuse the anatomic landmarks chosen; an example of this method is
shown In Figure 5. MIPAV also has the capacity to automatically
register images using voxel simularity-based measures (i.e. mutual
information, correlation ratios, cross correlation, etc.) using the
optimized automated registration (OAR) method [12], as explained in
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contrast.

Registration [12] techniques are easily extended into Flgu_re 6. This apprgach allows up to twelve degrees of freet_:lom €
| 3D. Fig. 6: Explanation of optimized automated registration, rotations, 3 translations, 3 scales and 3 skews), and ultimately
showing the actual parameters used for registration. automatically fuses the images.

. ) Therapy

Percutaneous Iimage-guided radiofrequency ablation is a
minimally-invasive technique to destroy neoplastic tissue. This
procedure Iinvolves transforming a patient info an electric circult.
Grounding pads are placed on the patient’'s thighs. A small gauge,
needle-like electrode (see Figure 7) that projects low frequency
radio wave current is inserted into the patient's tumor using
ultrasound (US) and computed tomography (CT) guidance. This
alternating current causes oscillations among ions, or frictional
energy, which increases the temperature to levels high enough to
be lethal to all tissue surrounding the electrode.
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unfavorable.



. Results

Image fusion was possible in all studies attempted, with fusions of varying quality routine navigation, whereas with the OAR technique, reasonable processing time could be
dependent upon organ shift, respiratory variation, lesion or organ shrinkage, and achieved, allowing real-time fusion during treatments. Region cropping facilitated rapid
positional changes. In two of tumor fusions attempted, fusion was extremely processing. The semi-automated OAR technigue proved to be the fastest and most reliable
suboptimal mostly likely due to significant organ shift and respiratory variation. The method for real-time navigation during treatments, but the other methods of rigid and elastic
semi-manual methods (least squares, thin-plate splines) are typically time consuming fusion were better in selected cases for specific patients.
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which could be visualized by surface rendering based on CT data (Fig. 17).
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Discussion & Conclusions

Image co-registration may assist before, during, and after RFA. Often the morphologic
and functional imaging studies provide separate complimentary information. Co-
registration of pre- and post-RFA images may provide another window into the often
subtle spatial relationships between tumor and post-RFA thermal lesion. Normal

The second problem encountered was that thermal lesions tends to shrink over time. This is
problematic because, upon fusion, the thermal lesion looks smaller than the tumor, making It
seem as though the entire tumor was not treated. Since these studies were retrospective, it
was known that these patients did not suffer recurrence.

Interpretation uses mental co-registration; however computer processing may provide The semi-automated technique was the most feasible for clinical real-time navigation. Versatile
a more objective and exact view. Because image fusion has been around for such a fusion software with multiple available methods of rigid and elastic fusion may improve
long time for rigid structures (brain and bone), many technical details have already chances for optimal fusion for a given patient, as each method has weaknesses that may be
been worked out. However, two problems emerged while performing image fusion unpredictable.

after RFA

Further validation is indicated before these techniques can be routinely utilized or applied to
The first problem is inherent to the imaging itself. Image fusion is easily performed on navigation systems or treatment planning software.

the brain, because the skull is a rigid structure that prohibits any significant
movements. Unlike the brain [6], the abdominal cavity is not stationary, and organs 1
can significantly alter their shape and location. These changes can be due to
breathing, the position of the patient on the table, organ shift, change in organ shape,
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the contents of the patient's stomach, and the RFA procedure itself, etc. This miss-
registration hampered the fusion process in the kidney and liver.
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