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ORIGINAL ARTICLE

A Treatment Planning System for Transcatheter
Hepatic Therapies: Pilot Study

Stephen B. Solomon, Ray Thornton, Frederic Deschamps, Eric Pichon, Yves Trousset, Michel Grimaud,
Sylvain Houdant, George Getrajdman, Thierry de Baere

Background: Transcatheter hepatic therapies rely on two-dimensional (2D) projection angiography despite the liver being
a three-dimensional (3D) structure. New rotational angiography systems can provide three-dimensional imaging. However,
analysis of the three-dimensional data is time consuming.

Objective: The objective of this study was to demonstrate feasibility of a Hepatic Embolization Treatment Planning
System (HETPS) that could provide rapid analysis of three-dimensional rotational angiography.

Methods: The Oground truthO of all vessels feeding a particular vascular liver tumor was created. Ground truth was ret-
rospectively determined using all available computed tomography (CT), magnetic resonance (MR), and 2D and 3D angio-
graphic imaging. Then the number of tumor vessels correctly identified using 2D angiography and using HETPS were sepa-
rately evaluated. True positives, false positives, and false negatives were all determined. Time analysis for standard of care
analysis, ground truth analysis, and HETPS were measured.

Results: Sensitivity for standard-of-care imaging was 60% canpared to 80% for HETPS. The HETPS had fewer falseneg-
atives (2 vs 4) and fewer false positives (2 vs Xhan standard two-dimensional angiography analysisThe time for HETPS analy-
sis was significantly shorter (1 minute vs 10 minugs) than the time for standard 2D angiography, CT,and MR analysis.

Conclusions: Treatment planning systems can likely help guide transcatheter liver procedures through rapid analysis of
three-dimensional datasets. Further study is necessary to refine and better define the utility of this system.
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need for a Hepatic Embolization Treatment Planning
System (HETPS). This application would help the inér-
ventional radiologist to rapidly analyze the 3D angog-
raphy images during an embolization procedure.

In this manuscript, we report a preliminary study

Selective cannulation of the tumor feeding vessels
was performed to minimize embolization to non-
tumor-bearing liver. Bland embolization was per-
formed at the discretion of the operator with tris acryl
gelatin microspheres (Embospheres, Biosphere

to assess the accuracy, clinical relevance, and speed of Medical, Rockland MA) 40 to 120 or 100 to 300

the HETPS.

Methods

Patients

Six tumors in three patients who underwent 3D rota-
tional angiography during their hepatic artery tumor
embolizatons were included in this evaluation. Patient
clinical data were collected from a Health Insurance
Portability and Accountability Act (HIPAA) compli-
ant, IRB-approved database including age, gender,
tumor type, tumor number, and largest tumor size
were collected. All patients were evaluated by a multi-
disciplinary team prior to arriving at the decision of
embolization.

Imaging Technique

Minimal sedation with intravenous midazolam and
fentanyl were titrated so that the patient could coop-
erate with breath holding. A 6 French (Fr) vascular
sheath was placed via the right common femoral
artery. A 5 Fr Cobra-2 catheter was then used to ca-
nulate the celiac axis. A 3 Fr Progreat microcathesr
(Terumo, Tokyo, Japan) was then advanced coaxial-
ly to the proper hepatic artery where rotational
angiography was performed during a breath-hold.
From the same location a digital subtraction
angiogram from the antero-posterior projection was
performed as well.

Three-dimensional angiography was performed
with an Innova 4100 angiographic unit (, GE
Healthcare, Chalfont St Gilles, U.K.). For the rotation,
patient arms were elevated above their heads. After

breathing was suspended, there was a four-second

delay for contrast filling of the vessels and tumors
prior to the C-arm rotation. Contrast medium
(Omnipaque 300 mgl/mL; GE Healthcare) was inject-
ed at a flow rate of 3 cc/sec through the microcatheter
in the proper hepatic artery. The total contrast used
for the rotation was 27 mL. The C-arm rotated 2000
around the patient at 400 per second. During rotation
148 images were obtained at a frame rate of 30 frames
per second. The reconstructed 3D field of view was 23
by 23 by 23 cm and the image matrix size was 512 by
512 by 512 cm.

micron size until hemostasis.

Hepatic Embolization Treatment Planning System
(HETPS)

The system performs two consecutive steps:

¥ extraction of the entire arterial tree
¥ determination of arteries feeding a target region

In the first step, the user reviews the three-dimen-
sional angiography image (Figure 1) and provides an
initial seed point inside the hepatic artery. The arterial
tree is then automatically extracted. The resulting
image (Figure 2) allows for a first assessment of the 3D
anatomy of the arterial tree.

In the second step, the target tumor is first deter-
mined in a semi-automatic way. The user selects a
point close to the tumor center and the software auto-
matically proposes a spherical tumor target based on
local contrast (Figure 3). If desired, this target can be
manually adjusted. Based on a geometrical distance
model, arteries leading to the target region are auto-
matically highlighted (Figure 4). The feeding vessels
can be analyzed on cross-sections or 3D rendered

Figure 1. Native three-dimensional angiography image.
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Figure 2. Automated arterial tree segmentation produced by step 1
of the Hepatic Embolization Treatment Planning System.

images in order to better understand tumor vascular-
ization and plan catheter navigation. Multiple targets
can be processed consecutively if required, for instance
in order to analyze several tumors in the same patient.
Mathematically, the system aggregates voxels to
the initial user-supplied seed point based on their
intensities. Bright voxels (corresponding to vessels) are
added before darker voxels (corresponding to liver

Figure 3. Definition by the user of the target tumor.

Figure 4. Automated identification of feeding vessels by Hepatic
Embolization Treatment Planning System.

parenchyma). The system keeps track of the order in
which voxels were aggregated. It is therefore capable
of backtracking from any target region (tumor) to the
initial seed-point (entrance of hepatic artery) and
applying the corresponding paths.

Data Analysis Methodology

Retrospectively, two successive analyses of the vessels
involved in feeding the targeted tumors were per-
formed by two radiologists with greater than 5 years
experience not involved with the treatment. The first
analysis was done by using standard of care imaging,
ie, pre-procedural arterial phase CT or magnetic reso-
nance imaging, as well as angiography. The results of
this first analysis are referred to as Ostandard of care
(SOC) resultsO in the rest of the paper. Then, a second
analysis was performed by taking into account 3D
angiography images in addition to the SOC images.
This second analysis was considered to be the Oground
truth,O since it incorporated all available imaging.
Ground truth was a consensus of the radiologists.
Special attention was paid in this ground truth analy-
sis to study the vessels individually in the 3D angiog-
raphy images and to corelate the findings with
angiography images.

This ground truth (ie, SOC imaging plus 3D
angiography) was then used to assess the ability to
identify tumor feeding vessels of both SOC analysis
and automated HETPS. For both SOC and HETPS,
the number of true positives, false negatives, and false
positives were computed. True positives were defined
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Table 1. Data on Six Tumors in Three Patients

Patient Cancer Number of Tumors Largest Tumor (cm)
1 HCC 1 1.2

2 Neuroendocrine Metastases 4 25

3 HCC 1 29

HCC = hepatocellular carcinoma.

Table 2. Number of True Positives, False Negatives, and False Positives

Number of

Feeders SOC SOC SOC HETPS HETPS HETPS
Patient (ground True False False True False False
(Tumor #)  truth) Positives Negatives Positives Positives Negatives  Positives
1 1 1 0 0 1 0 0
2 (1) 2 0 2 1 1 1 0
2 (2) 2 1 1 0 1 1 1
2 (3) 2 1 1 1 2 0 0
3 3 3 0 0 3 0 0
Total 10 6 4 2 8 2 1

HETPS = Hepatic Embolization Treatment Planning System; SOC = standard of care.

as vessels identified as feeders (by SOC or HETPS)

which were also identified as feeders in the ground

truth. False negatives were defined as vessels that were

not identified as feeders (by SOC or HETPS) but
which were identified as feeders in the ground truth.

False positives were defined as vessels identified as

feeders (by SOC or HETPS) but not identified as feed-
ers in the ground truth.

The sensitivity, defined as the number of true posi-
tives divided by the number of true positives plus false
negatives, was also computed for both methods.

Finaly, the average analysis time per tumor was
measured for both SOC, ground truth and HETPS.
For HETPS, the software computing time was also
measured, since it is different from the analysis time
(the HETPS analysis time being the sum of software
computing time and user interaction time).

Results

Patients

Six tumors in three patients were analyzed. Patiendata
are seen in Table 1. Two patients had hepatocellulacar-
cinoma (HCC) and one patient had neuroendocrine
hepatic metastases. Tumor size was relatively small

Data Analysis

The total number of feeding vessels determined in the
ground truth analysis was 10. The number of true pos-
itives, false negatives, and false positives is provided in
Table 2.

For patient 1 and 3, all feeding vessels were deter-
mined correctly in the SOC analysis. However, for
patient 2, only 2 of the 6 feeding vessels could be iden-
tified from SOC images, and an analysis of the 3D
angiography image was required to determine the four
other feeders.

The sensitivity was 60% for SOC and 80% for
HETPS. The false negatives and false positives of
HETPS ar analyzed in detail below.

Differences Between SOC and 3D Angiography
Findings

Patient 2, Tumor 1

Figure 5 summarizes the result of SOC analysis for
tumor 1 of Patient 2. SOC identified one vessel (indi-
cated by the caption OSOCO) as a feeding vessel.
Analysis of 3D angiography cross-sections demon-
strated that this vessel was actually anterior to tumor

1 and not feeding it, as can be seen in the axial cross-
section of the 3D angiography image displayed in
Figure 6. The 3D angiography image also found two
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Figure 5. Patient 2, tumor 1, angiography image. Figure 7. Patient 2, coronal cross-section of the three-dimensional
angiography image.

feeding vessels that were not identified in the SOC Patient 2, Tumor 2
analysis. They can be seen in Figure 6 (3D-1) and
Figure 7 (3D-1 and 3D-2). The location in the angiog-
raphy image is also depicted in Figure 5.

For tumor 2 of patient 2, the SOC analysis identified
only one feeding vessel, labeled OSOCO in Figure 8.
The same vessel was identified from the 3D angiogra-

Figure 6. Patient 2, axial cross-section of the three-dimensional Figure 8. Patient 2, tumor 2, angiography image.
angiography image.









