
Dynamic Three-dimensional Reconstruction of ICUS 
Images Based on an ECG-Gated Pull-Back Device 

N. Bruining, C. von Birgelen, C. Di Mario, F. Prati, W. Li, W. Den Hoed, 
M. Patijn, P.J. de Feyter, P.W. Serruys, J.R.T.C. Roelandt 

Erasmus UniversityKJniversity Hospital Rotterdam Dijkzigt, Thoraxcenter, 
Rotterdam, The Netherlands 

Abstract 

At present most systems used f o r  three-dimensional 
reconstruction (3-0)  of two-dimensional intracoronary 
ultrasound ( ICUS)  images are based on an  image 
acquisition with a pull-back device which withdraws the 
catheter with a constant speed, not taking account of 
cardiac motion and coronary dynamics/pulsation. Cyclic 
changes of the vessel dimensions and the movement of 
the catheter inside the vessel result in artifacts and 
inaccuracies of quantitative measurements.  This  
phenomenon limits accuracy and resolution when an 
attempt of 3-0 reconstruction is performed, since images 
obtained in different phases of the cardiac cycle are 
compiled. 

To overcome these limitations we developed a custom- 
designed pull-back device driven by a stepping motor, 
which is controlled by a steering logic ensuring an ECG- 
gated image acquisition. 

1. Introduction 

Intracoronary ultrasound (ICUS) provides high- 
resolution cross-sectional imaging of the vessel wall 
which is increasingly used during diagnostic cardiac 
catheterization and as a guiding tool during interventional 
p rocedures .  However ,  i t  i s  hard  to  ge t  a t h ree -  
dimensional (3-D) concept of the spatial  vascular 
structure based on a series of two-dimensional parallel 
slices of ICUS images. The 3-D reconstruction of ICUS 
images allows to overcome this limitation, but at present 
most 3-D systems are based on an image acquisition with 
a pull-back device which withdraws the ICUS catheter at 
an uniform speed, not taking account of the cardiac 
motion and coronary dynamics/pulsation. Artifacts and 
inaccurate measurements of the 3-D reconstruction may 
result from the systolic-diastolic changes of the vascular 
dimensions and the cyclic movement of the catheter [ 11. 

This problem can be solved by the use of a pull-back 
device driven by an accurate stepping motor which is 
controlled by a steering logic of a 3-D acquisition 
station, ensuring an ECG-gated acquisition of the ICUS 
images. 

1.1. Background 

In recent years several methods have been developed 
to acquire tomographic ICUS data sets and perform 3-D 
reconstructions : 

- Manual pull-back. 
- Manual pull-back with the ICUS catheter shaft placed 

in a displacement sensing device [2]. 
- Motorized pull-back by an uniform velocity motor, 

applying a speed of 1 - O.Smm/sec [3]. 
- Motorized pull-back by an uniform velocity motor and 

use of an ECG-labelling device so that only one phase 
during the R-R interval is acquired at a continuous 
speed of 0.2mdsec ("Pseudo-Gating") [4]. 

- Motorized ECG-gated pull-back using a stepping 
motor. 

In this manuscript the ICUS acquisition by the latter, 
permitting a dynamic 3-D reconstruction of the coronary 
segment is described. 

2. ICUS Acquisition Setup 

A scheme of the set-up of the 3-D reconstruction 
system in the catheterization laboratory is shown in 
figure 1. 

The ultrasound examination has been performed using 
a 2.9F Microview 30 MHz mechanical rotating element 
catheter (CVIS, Sunnyvale, CA, USA) and the echo unit 
Insight 111. The 3-D acquisition and reconstruction station 
receives a video signal input from the ICUS machine and 

0276-6547/95 $4.00 0 1995 IEEE 633 Computers in Cardiology 1995 



Figure 1 Cathlab setup 

is connected to the patient to monitor the ECG and 
respiration (impedance method). The acquisition station 
is also connected to a custom-designed pull-back device, 
developed at the Thoraxcenter, to be controlled by a 
steering logic of the acquisition station (TomTec, 
Munich, Germany j, considering heart rate variability and 
(optionally) the respiration [5] .  

2.1. Pull-back Device 

The pull-back device consists of a front-plate and a 
back-end, containing the stepping motor,  were in- 
between a table is pulled on a spindle driven by the 
stepping motor. The pull-back device is displayed in 
figure 2. The handgrip to which the catheter is connected 

Figure 2 Pull-back device 

contains the motor unit driving the rotation of the 
imaging cable. It can be clamped onto the table of the 
pull-back device. To move the table lmm the motor 
needs to receive 220 stepping pulses. Thus, theoretically 

it is possible to pull the catheter with a minimum step 
resolution of 1/220mm (0.0045" = 4.5ymj, but the 
s o f t w a r e  has  cu r ren t ly  a l ower  l imi t  of 0.1" 
longitudinal step intervals. 

The catheter configuration (external echo-transparent 
sheath with an independent imaging cable inside) 
guarantees that pulling a defined distance at the proximal 
end of the catheter results in an equivalent movement of 
the tip of the catheter. The stepping pulses are generated 
by the steering logic in the acquisition station where the 
scan distance, the longitudinal step resolution, the ECG, 
and the respiration intervals can be set. 

2.2. Image Acquisition 

The acquisition station digitizes images with 40 ms 
intervals to a maximum of 25 frames for one heart cycle. 

A c c e p t e d  S t e p  R e j e c t e d  A c c e p t e d  S t e p  

R - R  I n t e i u a l  = I O 0 0  mr * I -  1 0 0  m s  
R e ~ p I r a t I o n  g i t l n g  = O F F  

Figure 3 Acquisition scheme 

It starts with the digitization after detecting the peak of 
the R-wave and the first vertical synchronization of the 
video signal of the echo unit (see figure 3). It is also 
possible to delay the start of the image acquisition with 
X * 5 ms intervals to a maximum delay of 400 ms. This 
is useful if one desires to acquire only one phase instead 
of 25 phases for one R-R interval. 

At first the station monitors the ECG and respiration 
for two minutes and produces two histograms of the 
measurements. The software determines the upper and 
lower limits of the duration of the cardiac cycle and the 
depth of inspiration/expiration, but the range can also be 
defined by the operator. The ECG and/or respiration 
gating can be switched on/off by the operator. After the 
ICUS images of one  heart  cyc le  are  acquired the 
software retrospectively checks if the R-R interval and 
respiration depth meet the predetermined ranges, before 
the digitized frames are stored. Otherwise, the cycle is 
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rejected, removed from the computer memory, and a new 
sequence at the same transducer position is acquired. 
After a valid acquisition of one cycle the stepping motor 
receives pulses until the next position on the longitudinal 
axis is reached. The proces is repeated until the end of 
the scan distance is reached. Now the operator must 
calibrate the echo images for on- and off-line quantitative 
measurements, and the acquired images can be stored. 

The mean acquisition time to obtain one data set was 
3+2 minutes, applying longitudinal intervals of 0. lmm, 
image resolution of 256*256 pixels with 8 bits per pixel, 
6 phases per R-R cycle, and an average scan length of 
3cm. 

3. Image Processing 

During the post-processing phase the images are 
formatted in the correct sequence according to their ECG 
phase in volumetric data sets (256*256*256 pixeldeach 8 
bits). A grey level range is used to separate and subtract 
the blood pool and background from the coronary wall 
structures in each cross-section, followed by the 
application of several  algorithms to reduce noise, 
enhance edges, and reduce spatial artifacts (ROSA filter). 
Volume rendering techniques are then applied for 
dynamic three-dimensional reconstruction. 

3.1. Image Display 

The 3-D reconstruction of each volumetric data set is 
used to produce a dynamic reconstruction display of the 
coronary vessel (maximum: 25 data setdcardiac cycle). 
The tissue display of these reconstructions has a close 
resemblance to the actual pathology of the coronary wall. 
Distance shading, grey level gradient shading, and 
texture mapping algorithms are applied to produce a 
sur face  shaded 3-D display of the coronary wall  
anatomy. Any desired cross-section of the coronary 
vessel can be computed and displayed in motion with 
zoom facility in cine-loop format (dynamic anyplane 
intracoronary ultrasound). However the most favoured 
display mode is a longitudinal cut-plane, projected with a 
slight angle. The system has multiple screen formats for 
operator-defined dynamic anyplane and 3-D displays. 

A "maximum mode d isp lay"  a l lows  to  create  a 
"transparent" echographic view of the coronary vessel. In 
this representation an operator defined maximal grey 
value a long  each ray through the da ta  volume is 
displayed so that only bright structures in the volume are 
represented. This display mode can be useful to visualize 
implanted stents in coronary vessels. The software also 
allows to  produce a reconstruction with the same 
perspective as an angioscopy catheter (endoscopic view). 
Furthermore, it is possible to remove objects from the 

data set by manually drawing the contours of an object 
and then removing it (masking). The catheter artifact 
(blindspot) and/or the blood pool can thus accurately be 
removed from the data set. Undesired signal information 
can be suppressed by filtering, permitting to display only 
signals derived from calcified plaques or implanted 
stents. 

3.2. Three-dimensional Reconstruction 

An example of an ECG-gated pull-back reconstruction 
is displayed in figure 4. 

Figure 4 Calcified coronary vessel 

It can be appreciated that the coronary vessel wall is 
calcified. The typical saw artifact of non ECG-gated 
reconstructions is not present here. 

The proposed approach may also show tiny details as 

Figure 5 Implanted wall-stent 
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metal stent struts, shown in figure 5. 
The figure displays a longitudinal view of a coronary 

artery after implantation of a metal mesh stent. The 
following parameters were applied : 
Scan distance : 2cm 
Longitudinal step size : 0.1” 
Viewing angle : 145O 
Phase : systolic 
Render mode : gradient 

The struts of the stent at the left side of the coronary 
vessel in the 3-D reconstruction are clearly visible. This 
is possible because this type of stent has a predominantly 
longitudinal orientation of its struts. At  present the 
resolution of the ICUS catheters (150pm by 250pm) 
does not allow to acquire da ta  sets of stents with a 
transverse strut orientation (coil stents). These stents 
cannot be sufficiently visualized in a reconstruction. The 
echo resolution makes i t  also difficult to routinely 
reconstruct the struts of stents with a predominantly 
longitudinal strut architecture. Echo-catheters with higher 
resolution and application of smaller longitudinal step 
intervals (<O. lmm) may improve the results in the future. 

3.3. Off-line Analysis 

Besides achieving high quality data sets for producing 
3-D reconstructions, the approach also provides excellent 
data sets for off-line analysis. At the Thoraxcenter an in- 
house produced semi-automated contour detection 
program for cross-sectional and volumetric quantification 
of 3-D ICUS data sets is used [6,7]. 

4. Limitations 

The proposed technique has some limitations : 
- No realistic curvature of the vessel but an artificially 

straightened reconstruction is shown. 
- The resolution of the ICUS transducers determines the 

upper resolution limit of 3-D reconstructions. 
- The acquisition time is longer compared with uniform 

velocity pull-backs. 

5. Conclusion 

The feasibility of ECG-gated pull-backs for producing 
dynamic 3-D reconstructions could be demonstrated. 
High-quality reconstructions were obtained, not showing 
cyclic saw-shaped artifacts as  seen by non-gated 
approaches. 

The data sets can also be used to perform a volumetric 
and cross-sectional quantification by a custom-designed 
contour detection system for off-line analysis. 
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