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Technical Note

Vascular phantom examination for trans-arterial CT angiography
(CTA) to depict small arteries
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ABSTRACT

Purpose: Vascular phantom study to examine the potential of trans-arterial CT angiography (TACTA)
using a 64 multi-detector rows CT (64-MDCT) for depiction of small arteries.

Material and Methods: Non-diluted contrast medium (lopamidol 300, contains 300 mgl/mL), 2 folds
diluted contrast medium (CM), 4 folds, 8, 16, 32, 64 were filled in each small tube 0.1 mm, 0.2 mm, 0.5
mm in inner diameter. These tubes were placed in a cubic cup filled with 64 folds diluted CM. Axial CT
image 0.5 mm in thickness was obtained using a 64-MDCT and observed with window width of 700. This
window width was preferably and often used in our institution when we observed TACTA images. The
visibility of each tube was judged by discussion and agreement between 2 interventional radiologists, and
classified into 3 categories; visible, faintly visible, invisible.

Results: 0.1 mm tube filled with non-diluted CM was faintly visible. 0.2 mm tube filled with 1-2 folds
diluted CM was visible, and that filled with 4 folds diluted CM was faintly visible. 0.5 mm tubes filled
with1-8 folds diluted CM were visible, and that filled with 16 folds diluted CM was faintly visible. The
rests were invisible.

Conclusion: TACTA using a 64-MDCT had a potential to depict small arteries 0.1 mm in diameter. Filling
of denser CM in arteries enabled depiction of smaller arteries.

© 2018 Toshiyuki Irie MD. Hosting by Science Repository.

DSA [1]. Trans-arterial CT angiography (TACTA) could depict smaller

Introduction

arteries compared with trans-venous CT, and depiction of smaller
arteries enables more precise and effective prediction of catheter position
for trans-arterial interventional procedures before super-selective

Although DSA depicts only vessels and stained organs/tumors, CT
depicts both vessels and surrounding structures clearly. Moreover, CT
image data are volumetric and three dimensional. It was reported that
CT during hepatic angiography (CTHA) superiorly detected extrahepatic
small arteries branching from proximal hepatic artery compared with

advancement of a catheter. In one report about trans-aortic CTA using
2 folds diluted contrast medium (CM), the detectable small artery was
considered as 0.5 mm or more in diameter [2]. However, in another
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manuscript about TACTA using non-diluted CM, it was reported that
small artery 0.2 mm or less was depicted [3].

The purpose of this phantom study is to investigate the potential of
TACTA to depict small arteries and the influence of CM concentration
on depiction of them.

Material and Methods
Preparation of Diluted Contrast Medium

Non-diluted CM (lopamiron 300; contains 300 mg lodine per mL,
lopamidol, Bayer, Osaka) and 2, 4, 8, 16, 32, 64 folds diluted CM was
filled in each 10-mL plastic syringe. All 7 syringes were scanned using
a 64 multi-detector rows CT (MDCT), and the CT value of each CM was
measured.

Vascular Phantom Simulating Small Arteries

A cubic cup including 3 sizes of small polyimide plastic tubes
(MicroLumen, FL, USA) was prepared as a vascular phantom (Fig. 1).
The inner diameter of the tubes and wall thickness were 0.1, 0.2, 0.5 mm,
and 0.02, 0.04, 0.04 mm, respectively. Next, CM in each syringe was
filled in each tube of each diameter, the cubic cup was filled with 64
folds diluted CM, and axial image of tubes was obtained using a 64-
MDCT.

CT Scanning

A 64 multi-detector rows CT (64-MDCT, Aquilion 64, Toshiba medical,
Tokyo) with 0.5 mm detector elements was used for scanning. The scan
parameters were 0.5 seconds/rotation, 300mA/second in tube current
with 120 kV in tube voltage, and 0.81 pitch table movement. Image
reconstruction parameters were 0.5 mm in width and interval, 320 mm
in field of view, and 512 by 512 in image matrix. The size of an image
pixel was 0.63 mm.

Image Analysis

The CT image of the vascular phantom was observed with window width
of 700 (Fig 2). This window width was preferably used to observe
clinical images of TACTA in our institution. Visibility of each tube was
classified into 3 categories by discussion and agreement between 2
interventional radiologists; visible, faintly visible, invisible. The
purpose for use of 7™ tubes, filled with 64 folds diluted CM (same CM
around the tubes in the vascular phantom), was to examine the influence
of tube wall on the visibility of tube. Filling of 64 folds diluted CM in
the vascular phantom was intended to simulate slightly enhanced soft
tissue surrounding the artery such as liver parenchyma.

Results
Analytical statistics

The CT values of non-diluted (1 fold) CM, 2 folds diluted CM, 4 folds,

8, 16, 32, 64 were 5787 HU, 3173, 1698, 953, 463, 270, 138,
respectively.
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0.1 mm tube filled with non-diluted CM was faintly visible. 0.2 mm tube
filled with 1-2 folds diluted CM was visible, and that filled with 4 folds
diluted CM was faintly visible. 0.5 mm tubes filled with 1-8 folds
diluted CM were visible, and that filled with 16 folds diluted CM was
faintly visible. The rests were invisible (Fig 2).

Any tubes filled with 64 folds diluted CM were invisible. Thus, the wall
of each tube did not give any influence on the visibility of tube filled
with CM.

Figures

Figure 1

Toriginal
2 folds

Figure 3A
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Figure 3B Figure 4C

Figure 4A Figure 4D

Figure 4B Figure 4E
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Figure Legends

Fig. 1: Polyimide plastic tubes - Polyimide plastic tubes were shown
with a measuring device. The inner diameter of each tube was 0.1 mm,
0.2 mm, and 0.5 mm, respectively

Fig. 2: Axial CT image of the phantom - The width of the phantom
was 7 cm, and the phantom was filled with 64 folds diluted CM. Each
row was consisted with 7 tubes. The tubes of the top row were 0.2 mm
in inner diameter, those of the middle row were 0.5 mm, and those of the
bottom row 0.1 mm. The distance between each row was 1 cm and the
interval between each tube was 5 mm. The tubes of the right column
were filled with non-diluted contrast medium, those of second one from
the right were filled with 2 folds diluted CM, those of third one with 4
folds, 4™ one with 8, 5™ with 16, 6™ with 32, and 7" with 64.

Fig. 3: Embolization of a small hepatocellular carcinoma - Thin slice
TACTA depicted a small hepatocellular carcinoma nodule (white
arrowhead, A) and a small tumor feeding artery (white arrow, A). The
CT value of the common hepatic artery was 2900 H.U. A micro balloon
could be easily placed adjacent to the nodule referring the TACTA
images. Spot radiography during super-selective transcatheter arterial
chemoembolization showed the nodule (white arrowhead, B) and a small
tumor feeding artery (white arrow, B). The width of the catheter tip
(black arrow, B) was 0.64 mm in width, and the diameter of the tumor
feeding artery was less than 0.2 mm.

Fig. 4: Embolization of a nasal tumor before surgical resection -
Trans-arterial CT angiography was performed via the right external
carotid artery while non-diluted contrast medium was injected at a rate
of 1.5 mL/sec for 7 seconds. The CT value of the artery was 4900 H.U.
MIP image with bone (A), slab-MIP image (B), and thin slice TACTA
images (C) showed arterial system and contrast medium pooling in the
tumor clearly (black arrow, A, B). Analysis of thin slice CTA images
revealed a feeding artery branching from the greater palatine artery
(white arrow, B, D). No other feeding arteries were depicted, and we
speculated that embolization of the great palatine artery only would be
sufficient to eliminate the pooling. Sagittal slab-MIP image with bone
structure and axial thin slice CTA image depicted the feeding artery
(black arrowhead, B, D), peripheral smaller ones (white arrowheads, B,
C) from the tumor feeding artery, and contrast medium pooling in the
tumor (black arrow, A, B, D). The diameter of these peripheral small
arteries (white arrowhead, B, C) were evaluated as less than 0.2 mm by
referring the microcatheter 0.43 mm in inner diameter (large white
arrow, D) and these small arteries (white arrowhead, D) depicted on
DSA. The microcatheter could be efficiently navigated and placed at the
greater palatine artery (white arrow, B, D) referring the TACTA images.
No contrast medium pooling was shown after successful coil
embolization of the greater palatine artery (white arrow, E). Surgical
resection was performed with 200 mL blood loss.

Discussion

TACTA is widely used for evaluation of liver tumors. Since introduction
of MDCT, double phase CTHA is preferred to single phase CTHA. First
phase CTHA is aimed to obtain three-dimensional volumetric image data
of hepatic arterial system, and the second phase one to detect hepatic
nodules [4, 5]. The primary aim of traditional CTHA is to detect and
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characterize small hepatic nodules, and 2-3 folds diluted CM has been
widely used [4 — 7]. Because CM is diluted with blood after injection,
our study indicates that small artery 0.2 mm or less would not be well
depicted when 2 folds diluted CM was injected

In a report of trans-aortic CTA, 2 folds diluted CM was used, and CT
value of artery was approximately 800 HU. The authors described that
the minimum diameter of detectable artery was approximately 0.5 mm
[2]. In our phantom study, 0.5 mm tubes with 8 folds diluted CM (953
HU) was visible and 0.2 mm tube with 8 folds diluted CM was invisible.
Our phantom study well explains clinical data of this trans-aortic CTA
study. Inaclinical report of TACTA, small peripheral hepatic artery 0.2
mm in diameter was well depicted by injection of non-diluted CM into
celiac or superior mesenteric artery at a rate of 5 mL/sec [3]. In our
phantom study, 0.2 mm tube filled with 2 folds diluted CM was visible,
and the result of this clinical study could be also well explained (Fig 3).
Both clinical studies were done to detect tumor feeding arteries for
embolization of hepatocellular carcinoma. Our phantom study showed
that depiction of small tumor feeding artery 0.1 mm in diameter on
TACTA was potentially possible when non-diluted CM was filled in
arteries during CT scanning. This TACTA technique, filling of dense
contrast medium in arterial system during CT scanning in order to depict
smaller arteries, can be applied to other interventional procedure using
TACTA (Fig. 4).

Although numerous CT studies using phantoms were reported according
to depiction of small objects, these were focused on accuracy in
measuring several millimeter objects [8 - 10]. As far as we know, no
report was seen according to depiction of small artery 0.1 mm in
diameter.

There were limitations in this study. In our phantom study, the structure
surrounding the tubes was liquid and homogeneous. But in human body,
the structure surrounding arteries is organ and inhomogeneous. Thus, it
should be more difficult to depict small arteries in clinical imaging
especially when arteries were surrounded with dense subjects such as
bone or strongly enhanced soft tissue. It should be also reminded that
64-MDCT could depict small artery 0.1 mm in diameter, but it could not
resolute adjacent small arteries 0.1 mm in diameter. Moreover, the pixel
size of CT image matrix was 0.6 mm and small tube 0.1 mm in diameter
was depicted as an object 0.6 mm or larger. Thus, small artery could be
depicted, but its size could not be measured precisely on TACTA.

In conclusion, TACTA has a potential to depict small artery 0.1 mm in
diameter. The key point for good depiction of smaller arteries is filling
of denser contrast medium in arteries during CT scanning. Injection of
non-diluted contrast medium with high flow rate is one of the simplest
methods to achieve this condition.
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