1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

"% NIH Public Access

O
H%

Author Manuscript

Published in final edited form as:
Ultrason Imaging. 2008 Octaber ; 30(4): 247-250.

Color Doppler Imaging of Cardiac Catheters Using Vibrating
Motors

Kalyan E. Reddyl, Edward D. Light2, Danny J. Rivera4, Joseph A. Kisslo4, and Stephen W.
Smith3

1Department of Biomedical Engineering, Duke University, Durham, NC 27708,
kalyan.reddy@duke.edu

2Department of Biomedical Engineering, Duke University, Durham, NC 27708, edl@duke.edu

3Department of Biomedical Engineering, Duke University, Durham, NC 27708,
stephen.w.smith@duke.edu

4Duke University Medical Center, DUMC 3818, Durham, NC 27710, danny.rivera@duke.edu,

joseph.kisslo@duke.edu

Abstract

We attached a miniature motor rotating at 11,000 rpm onto the proximal end of cardiac
electrophysiological (EP) catheters in order to produce vibrations at the tip which were then
visualized by color Doppler on ultrasound scanners. We imaged the catheter tip within a vascular
graft submerged in a water tank using the Volumetrics Medical Imaging 3D scanner, the Siemens
Sonoline Antares 2D scanner, and the Philips ie33 3D ultrasound scanner with TEE probe. The
vibrating catheter tip was visualized in each case though results varied with the color Doppler
properties of the individual scanner.
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l. INTRODUCTION

Most interventional device guidance during minimally invasive procedures is performed using
X-ray fluoroscopic imaging. However, x-ray fluoroscopy does not provide the physician good
tissue contrast, lacks depth information, and delivers ionizing radiation to the patient and staff.
One alternative is the use of ultrasound image guidance, which provides the clinician with
excellent soft tissue contrast without ionizing radiation.

However, imaging the device tip is often difficult since it is a specular reflector, which often
does not return the ultrasound echoes back to the transducer. Previously, our laboratory and
others have used piezoelectric buzzers at the proximal end to produce kHz vibrations along
needle like devices enabling guidance of device tips using ultrasound color Doppler. [1-5] The
needle tip is a vibration anti-node with motion x = A sin (2zft) and tip velocity v = dx/dt =
2xfA cos (2zft), where A is the amplitude for the vibration frequency (f). Previous analytical
modeling showed good agreement with measurements of needle motion for this design. [6]

The analogous problem for cardiac (EP) catheters is more difficult due to the flexible, lossy
catheter body surrounding the multiple conductors and steering mechanism. Despite trying a
variety of piezoelectric buzzers along with an audio amplifier we were unsuccessful in
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generating detectable kHz vibrations at the catheter tip. However, by attaching a miniature
motor onto the proximal end of a cardiac catheter, we hypothesized that we could induce
vibrations at the tip which could then be visualized using color flow Doppler on several
ultrasound systems.

IIl. METHODS

Using epoxy, we attached a high speed miniature motor (11,000 rpm = 183 rps, Jameco
Reliapro Mfg, 4.1 mm diameter, 11.2 length) approximately 2 cm from the proximal end of a
Boston Scientific Stereoocath-T Model 6303 quadrupolar catheter, (1.46 m long, 8 Fr where
1 Fr = 0.33 mm) normally used for cardiac EP mapping and ablation (Fig. 1a) in order to
produce vibrations at the device tip (Fig. 1b). The motor includes a camshaft to produce
mechanical vibrations for electronic pager applications. The catheter was then introduced into
a 4.8 cm diameter dacron vascular graft through an introducer sheath. The graft was imaged
while it was submerged in a water tank during these experiments. The motor was powered by
a variable voltage DC power supply (up to 3V) or a single AAA battery.

We imaged the catheter tip using the Volumetrics Medical Imaging (VMI, Durham NC) real
time 3D scanner using a 2.5 MHz transthoracic matrix array, the Siemens Sonoline Antares
2D scanner using a Model VF7-3 linear array operating at 4.2 MHz, and the Philips ie33 3D
ultrasound scanner with TEE probe operating at 5 MHz. For each scanner we optimized the
color Doppler images by adjusting user controls including echo and Doppler output power,
gain, reject, color Doppler scale and baseline. These adjustments altered the Doppler color bar
for each image.

lll. RESULTS

Figure 2 shows results obtained from the VMI 3D system including simultaneous long axis
Bscan (Fig. 2A), short axis B-scan (Fig. 2B) and long axis C-scan (Fig. 2C). Each figure shows
the wall of the vascular graft and vibrating catheter tip. Note the color vibrations are strongest
at the metal catheter tip. Note also the color reverberations extending below the tip.

Figure 3 shows the results from the Siemens scanner after carefully aligning the body of the
catheter with the transducer plane. The figure compares images with and without the motor.
Note that the catheter vibrations are well contained at the tip with little evidence of tip
reverberations so that the catheter tip could be easily tracked as it moved through the vascular
graft. More striking however are the strong vibrations in the wall of the graft produced by the
vibrating catheter and then displayed in color Doppler.

Figure 4 shows the results of the Philips ie33 3D ultrasound scanner with 5 MHz TEE probe.
In this case the walls of the vascular graft also showed strong distracting vibrations so the
catheter was removed from the graft and imaged in the water tank from two simultaneous
oblique planes. Vibrations in the catheter tip are again evident but here the reverberations in
the metal tip electrode were strongest producing the distracting color band extending in range
below the catheter. Extensive adjustments of color Doppler settings by an experienced
sonographer did not eliminate this artifact.

IV. DISCUSSION

Using an 11,000 rpm motor attached to the proximal end of a cardiac EP catheter, we were
able to produce vibrations at the distal end in order to enable tip detection which may allow
ultrasound color Doppler guidance during interventional procedures. However, the strong
vibrations caused significant color Doppler image artifacts which varied for each scanner
leading us to believe that customized Doppler settings may be necessary to optimize catheter
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guidance for each catheter and each ultrasound scanner. Note that there two different artifacts.
For the VMI and Philips 3D scanners there were significant reverberations in the metal ablation
tip of the catheter. For the Siemens 2D scanner the increased color Doppler sensitivity displayed
the vibrations present in the wall of the vascular graft. This artifact may not be present in vivo
with its increased attenuation.

In addition, further work can be done to determine the optimal motor speed for a catheter of a
given length. Perhaps using miniature pager motors, cell phone motors, and/or higher
frequency motors will result in a better tip visualization. Also, the placement of the motor at
various locations on the catheter and its effects on tip displacement should be considered.
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FIG. 1.
Proximal end of the cardiac EP catheter with vibrating motor attached (left). Catheter tip (right).
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FIG. 2.
Color Doppler images of the cardiac EP catheter using the Volumetrics 2.5MHz real-time 3D
ultrasound scanner. (A) Long Axis B-mode. (B) Short Axis B-mode. (C) Long Axis C-mode.
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FIG. 3.
Color Doppler images of the cardiac EP catheter using a 4.2 MHz 2D Siemens scanner. (A)
Vibrating motor off. (B) Vibrating motor on.
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FIG. 4.
Simultaneous oblique color Doppler images of the cardiac EP catheter using a 5.0MHz Philips
3D ultrasound scanner with TEE probe.
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