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We compared three techniques for enhancement of
microcatheter tips in fluoroscopic images: conventional
subtraction technique (CST); averaged image subtrac-
tion technique (AIST), which we have developed; and
double average filtering (DAF) technique, which uses
nonlinear background estimates. A pulsed fluoroscopic
image sequence was obtained as a microcatheter was
passed through a carotid phantom that was on top of a
head phantom. The carotid phantom was a silicone
cylinder containing a simulated vessel with the shape
and curvatures of the internal carotid artery. The three
techniques were applied to the images of the sequence,
then the catheter tip was manually identified in each
image, and 100 x 100 pixel images, centered at the
indicated microcatheter tip positions, were extracted for
the evaluations. The signal-to-noise ratio (SNR) was
calculated in each of the extracted images from which
the mean value of the SNR and its standard deviation
(SD) were calculated for each technique. The mean
values and the standard deviations were 4.36 (SD 3.40)
for CST, 6.34 (SD 3.62) for AIST, and 3.55 (SD 1.27)
for DAF. AIST had a higher SNR compared to CST in
almost all frames. Although DAF yielded the smallest
mean SNR value, it yielded the best SNR in those frames
in which the microcatheter tip did not move between
frames. We conclude that AIST provides the best SNR
for a moving microcatheter tip and that DAF is optimal
for a temporarily stationary microcatheter tip.
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INTRODUCTION

T he number of endovascular interventions

performed for patients with intracranial an-

eurysms is increasing. These interventions are less

invasive than conventional surgery for intracranial

aneurysms. In these endovascular interventions,

coils, stents, and angioplasty balloons are trans-

ported via microcatheters. In such interventions,

knowledge of the 3-dimensional (3D) position of

the guide wire, the catheter tip, or the micro-

catheter tip relative to the vascular structures may

facilitate the interventions, but determination of

the 3D catheter position is difficult because the

fluoroscopic image that is usually employed is

2-dimensional and noisy. Magnetic resonance im-

aging-based navigation systems have been inves-

tigated.1Y7 These systems can provide accurate 3D

information during intervention, but they also

require particular hardware; moreover, special
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care and devices are needed because of the

magnetic field. Other investigators have proposed

methods that provide 3D catheter positions by

using devices which transmit electromagnetic

signals to allow detection and tracking of a

catheter tip in a body in conjunction with conven-

tional x-ray angiography systems.8,9 Image-based

techniques10 have been proposed for cardiac

interventions, which align a catheter model with

the catheter image in a single plane C-arm image

using the projection Procrustes method.11 Others

have developed techniques to detect guide wires

in fluorograms.12Y14

We are developing an image-based system (the

computer-assisted catheter guide system) to help

with the navigation of catheters during an inter-

vention for intracranial aneurysms.15 Specifically,

this system will provide image-based 3D catheter

locations. However, for full automation and image

fusion with this system, the catheter must be

detected and tracked automatically and accurately

in the images. To facilitate catheter detection, we

have developed three catheter enhancement tech-

niques. In this article, we compare these three

catheter enhancement techniques in terms of the

resulting signal-to-noise ratio (SNR). Evaluations

were performed by using a fluoroscopic image

sequence of a catheter as it was passed through a

carotid phantom.

MATERIALS AND METHODS

A fluoroscopic image sequence of a catheter passing

through a carotid phantom was obtained. The images were

processed by using three different enhancement techniques: a

conventional subtraction technique, a weighted sum of previ-

ous images, and a signal extraction technique involving local

averages of local pixel values. The quality of the enhancement

was evaluated by using the SNR of the resulting signal.

Fluorograms

A digital 1,024 � 1,024� 12 bit fluoroscopic image sequence

of a microcatheter passing through a carotid phantom was

acquired by using the CAS-8000 V (Toshiba America Medical

Systems, San Francisco, CA, USA) C-arm angiography system.

The carotid phantom (Fig. 1a) consisted of a 3-mm-diameter

polyethylene tube fixed in a silicone cylinder. The tube was

constrained or molded to have the 3D shape and curvatures of a

Btypical[ carotid (as determined by a neuroradiologist). The

carotid phantom was positioned on a head phantom (Fig. 1b) to

provide images similar to those that would be obtained during

interventions, specifically to provide bony structured background

in the fluorograms. The carotid phantom was set on the head

phantom in a lateral position, and then those phantoms were set on

the table of the angiography system. The carotid phantom was

filled with a glycerinYwater solution that provided smooth

movement of the microcatheter. A 2.5 F (0.833 mm) Fastrack-

18 Infusion microcatheter (Target, Fremont, CA, USA) was

placed in the phantom and drawn back during fluoroscopic

acquisition (Fig. 2). The pulsed fluorograms were acquired at 30

frames/second using 94 kVp and 50 mA. The sourceYsurface

distance was 100 cm and the magnification was 1.35. The 7-in.

image intensifier mode was used (pixel size = 0.174 mm). Total

acquisition time was 3.0 s. After acquisition, the 90 images were

transferred to our analysis computer.

Techniques

During interventions, the catheter is guided to the site of

intervention by observing the progress of the microcatheter tip

under fluoroscopy. This microcatheter tip consists of a radio-

opaque marker with dimensions smaller than 1 mm. The

fluorograms used for guidance usually include bone back-

ground and are generally noisy because of low dose. To detect

and track a microcatheter tip in fluorograms, techniques are

required which suppress the bone background and provide

good SNR for the catheter tip. In this article, we report on three

techniques to achieve these goals: the conventional subtraction

technique, the averaged image subtraction technique using

temporal averaging we developed, and a double average

filtering technique using spatial averaging.

Conventional Subtraction Technique

In the conventional subtraction technique (CST) (one of the

simplest techniques to detect object motion between frames),

the previous frame is subtracted from the current frame.

Microcatheters are darker in fluorograms than background.

Thus, the CST is defined as,

Dn x; yð Þ ¼ fn�1 x; yð Þ � fn x; yð Þ n ¼ 2; 3; 4; . . . ð1Þ

Dn x; yð Þ ¼
0 when Dn x; yð ÞG0

Dn x; yð Þ otherwise

(
ð2Þ

where Dn(x, y) and fn(x, y) are respectively the difference

image and the image at time point or frame number n. From

equation (2), we see that this technique uses a nonlinear

process, i.e., if the value of Dn(x, y) is negative, it is set to 0.

This nonlinear process should improve SNR by eliminating

signals that result from subtraction of high-intensity structures,

eg, the catheter tip appearing in the (n j 1) image. Using this

technique, stationary structures will be removed, and moving

structures will appear as brighter regions.

Averaged Image Subtraction Technique

Fluorograms are usually noisy because of the low dose. In

the conventional subtraction technique, the resultant image can

be noisier then the original. To reduce increment of noise and
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to improve the SNR of the feature in the resultant image, we

have developed a technique that uses an averaged image

generated from the frames preceding the current frame and the

current frame as a mask image. In this study, three preceding

frames were used, thus, the averaged image is defined by the

following equation.

An x; yð Þ ¼ 1

4

Xn

i¼n�3

fi x; yð Þ; n ¼ 4; 5; 6; . . . ð3Þ

where An(x, y) is the averaged image, n is the frame number,

and fi(x, y) is the original ith image. By using this averaged

image as a mask image, the noise in the resultant images is less

than that in the images generated using the CST. The equation

for this technique in fluorograms in which catheters are darker

than the background is thus as follows:

mn x; yð Þ ¼ An x; yð Þ � fn x; yð Þ n ¼ 4; 5; 6; . . . ð4Þ

mn x; yð Þ ¼
0 when mn x; yð Þ G 0

mn x; yð Þ otherwise

(
ð5Þ

where mn(x, y)is a resultant image, An(x, y) is an averaged

image generated by using equation (4), and fn(x, y) is the

original ith image.

Fig 1. The carotid phantom and the head phantom. (a) A picture of the custom-made carotid phantom. The shape of the centerline of
the tube fixed in silicon was based on carotid artery geometries observed by a neuroradiologist. (b) A picture of the head phantom that
was used to provide structured background and scatter in the fluorograms.

Fig 2. A microcatheter tip in a part of a magnified fluorogram and the path of the microcatheter. (a) White arrows point to the
microcatheter tip. (b) The curve represents the path of the microcatheter tip in the sequence of fluorograms.
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Note that this subtraction technique employs nonlinear

processing similar to that used in the CST and that process

could improve the SNR for this technique.

Double Average Filtering Technique

The double average filtering technique (DAF) was proposed

as a preprocessing filtering for a vessel tracking technique for

the coronary arteries in cine angiograms.16 The authors

indicated that the DAF did not amplify noise and did not

generate artifacts that may result from conventional edge

enhancement techniques. The double average filtering tech-

nique was defined as:

M1 x; yð Þ ¼
Xw

k¼�w

Xw

l¼�w

f xþ k; yþ lð Þ ð6Þ

M2 x; yð Þ ¼

Pw
i¼�w

Pw
j¼�w

f xþ i; yþ jð ÞW xþ i; yþ jð Þ

Pw
i¼�w

Pw
j¼�w

W xþ i; yþ jð Þ
ð7Þ

where

W xþ i; yþ jð Þ ¼
1 when f xþ i; yþ jð Þ G M1 x; yð Þ
0 otherwise

(

~ff x; yð Þ ¼
f x; yð Þ �M2 x; yð Þ when f x; yð Þ > M2 x; yð Þ
0 otherwise

(

where w is half-width of region of interest (ROI),f (x, y) is the

pixel value in the original image at coordinates (x, y), and

~ff x; yð Þ is the pixel value of final image after filtering by the

DAF at coordinates (x, y). M1(x, y) is the average pixel value of

all pixels in ROI, and M2(x, y) is the average pixel value of all

pixels in ROI with pixel value less than M1(x, y).

Equation (9) is for the image with the signal intensity above

the background. Although DAF is not only for such images, we

inverted the pixel values in the fluorograms for DAF because

the SNR for DAF was calculated by the same equation as for

the others (see equation 10).

A size of ROI used in DAF is usually set to twice to triple the

size of the feature. We investigated sizes of 5� 5 up to 21� 21;

15 � 15 yielded the best results. The size of the marker at the

microcatheter tip in the fluorograms was about 5 � 5 pixels.

Measurement of Signal-to-Noise Ratio

To compare the three techniques described above, positions

of the catheter tip in the fluorograms were first determined

manually. Next, 100 � 100 pixel regions, centered at the

indicated microcatheter tip positions were extracted from the

fluorograms and processed by using the three techniques. We

calculated SNR in each cropped image as:

SNR ¼ S � B

SD
ð10Þ

where, S is the mean pixel value in a 3� 3 pixel region of 3� 3

at the center of the extracted fluorograms (at the microcatheter

Fig 3. Variation of SNR for the three techniques. The AIST yields the best results, i.e., highest average SNR, whereas the DAF yields
the lowest SD of the SNR values.

(9)

(8)

370 TAKEMURA ET AL.



tip position), B is the mean value of the background, and SD is

the standard deviation of background pixel values. A mean

value of SNRs was also calculated from all the frames in the

image sequence.

RESULTS

Variation in SNRs for each technique is shown

in Figure 3, and mean values and SDs of SNRs for

the three techniques are shown in Table 1. Based on

mean values in Table 1, AIST has the highest

overall SNR, and DAF has the lowest SNR but it

also yielded the smallest SD. As shown in Figure 3,

AIST and CST yielded negative SNR values in

some frames, which occur when the catheter tip did

not move between frames.

DISCUSSION

SNRs for AIST are similar to those for CST,

but AIST showed higher SNRs than CST in

almost all frames. It should be noted that AIST

and CST are basically motion detectors and yield

unreliable results (e.g., negative SNR values)

when little or no motion occurs between frames

(Fig. 4b and c). However, AIST resulted in fewer

frames with negative SNR compared to CST.

Thus, AIST appears to provide better enhance-

ment than CST for microcatheter tip tracking in

fluorograms.

The mean value of SNRs for DAF is less than

those for AIST and CST. However, when the

catheter tip does not move, DAF can provide an

adequate SNR (Fig. 4d). Thus, AIST and DAF may

complement each other in that AIST enhances the

moving tip well and DAF enhances the stationary

tip well.

When the microcatheter tip is on or near bony

background, the tip is enhanced well with AIST

and CST, whereas it is obscured with DAF

because the local background averages (M1 and

M2 in Double Average Filtering Technique) have

lower pixel values. This is a limitation of DAF.

Table 1. Mean value and standard deviation of Signal-to-Noise

Ratio in a sequence of fluoroscopy

Technique CST AIST DAF

Mean value 4.36 6.34 3.55

Standard deviation 3.40 3.62 1.27

Fig 4. Examples of the original images and the images processed by the three techniques. (a) Original image of frame number seven in
the sequential fluorograms. The images resulted from CST (b), AIST (c), and DAF (d). The image of the 7th frame is one of the images in
which the catheter tip was not moved, so that the signals of the catheter tip in (b) and (c) have disappeared. (e) Original image of frame
number 69 in the sequential fluorograms. The images resulted from CST (f), AIST (g), and DAF (h). The 69th frame is one of the images
in which the catheter tip was on a bone edge. The DAF could not isolate the catheter tip signal.
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In this study, fluorograms of the head phantom

and the carotid phantom were obtained. We be-

lieve that addition of the carotid phantom did not

affect our results, because each of the techniques

estimates and subtracts out the local background.

The carotid phantom introduced a slowly varying

low-contrast background structure. Thus, the ca-

rotid phantom in the fluorograms probably only

contributes in increasing the noise near the cathe-

ter tip.

CONCLUSIONS

Using SNR, we evaluated three techniques for

tracking a microcatheter tip in fluorograms. From

our results, we conclude that the averaged image

subtraction technique (AIST) is the best of the

three techniques for a moving microcatheter tip,

and the double average filtering technique is use-

ful for a nonmoving microcatheter tip.
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