Three-Dimensional Motion Display of Human Heart from Medical Ultrasonic Images

Masaaki KUROZUMI, Osamu OSHIRO, Ayumu MA T ANI, Kosuke SA TO

Kunihiro CHIHARA, T aisei MIKAMI

�

and Akira KIT ABA T AKE

�

Graduate Scho ol of Information Science, Nara Institute of Science and T ec hnology .

�

Hokk aido Universit y Scho ol of Medicine.

1 In tro duction

Because of the real time pro cessing, the noninv asiv eness, the easy op eration, the low

cost and so on, ultrasonic diagnostic devices are widely employ ed in clinical use, i.e.,

visualization of a structure of internal organs and a blo o d velocity in vessels. F urther-

more, two-dimensional(2-D) dynamic images are also obtained with the device and ef-

fective in observing the motion of a heart. Since the 2-D anatomical information do es

not lead to go o d understanding of the inside structure of organs, three-dimensinal(3-D)

presentation hav e b een the key technology for detailed observ ation of internal organs in

medical engineering �eld. How ev er, as it is di�cult that the op erator recongnizes a three-

dimensional(3-D) structure and mov ement from tw o-dimesional(2-D) images sensed by

scanning a ultasonic b eam, a 3-D visualization technique is exp ected.

Three-Dimensional visualization technique is develop ed in the �eld of computer graph-

ics and some 3-D reconstruction metho ds are presented in the medical image �eld, mag-

netic resonance imaging and computerized tomography[1]-[3]. Indeed, the presentation

using computer graphics is suitable to display organs such as a brain and a b one. How-

ever, it is di�cult to reconstruct a 3-D image from some ultrasonic tomograms b ecause of

the following problems; the region segmentation of the p o or contrast image, the suitable

transform from the pixel to the vo xel, and so on.

The rapid progress of computer technology for the last decade promoted the develop e-

ment of ultrasonic 3-D imaging of fetus and 3-D dynamic imaging of a heart[4], [5]. The

image is viewed from the �xed direction and little inv estigation hav e b een p erformed on

the 3-D dynamic heart imaging from any viewing p oints.

W e have inv estigated the 3-D dynamic heart imaging using a vo xel metho d and suc-

ceeded in observing a mitral v alve from any viewing p oints at ab out cardiac cycles[6].

How ever, the surface of reconstructed images is not smo oth and the metho d do es not �t

detailed observ ation of the heart motion. Here, we reconstructed the 3-D dynamic heart

image using a surface mo del and improv ed the ab ov e problem. This pap er describ es the

metho d of the 3-D dynamic heart imaging and exp erimental resuls.

2 Measuremen t of Ultrasonic B-Mo de Images

Ultrasonic B-mo de images cov ering a mitral v alv e in a human heart were acquired by

a transesophageal prob e connected to an ultrasonic diagnostic device(ALOKA SSD870,

frequency 5MHz) along longitudinal axis as in Fig.1.

Figure 1: A metho d of acquiring ultrasonic images. Ultrasonic tomograms are acquired

by transesophageal prob e.

Twen t y B-mo de images were measured on a scanning plane during ab out one cardiac

cycle. After that, the scanning plane was rotated at an angle of 2.5degree and 28 images

of di�erent scanning planes were measured with synchronizing to an electro cardiography .

B-mo de images have 320x240pixel and 7bit(128gray scales) as shown in Fig.2.

Figure 2: One of ultrasonic heart images. Left atrium is cav e on mitral v alv e and left

ven tricle is cav e under v alv e.

T otally

, 560 B-mo de images were stored in a magnetic tap e and captured in a graphic

work station(SGI ONYX Reality Engine

2

).

3

3 Three-Dimensional Reconstruction

Before p erforming 3-D image reconstructions every B-mo de image was subsampled to an

image with 40x30pixel. The subsampled images were divided into 20 groups by the phase

on a cardiac cycle and one group consists of 28 subsampled images of di�erent scanning

planes.

The metho d of 3-D image reconstructions was describ ed as follows.

1. The threshold gray scale � was set to separate the internal and external region of

heart.

2. F rom the co ordinates and gray scales of a voxel and the neighboring one, which

lo cate in the opp osite region each other, co ordinates of p oints on the surface f were

calculated as follows,

f =

(g (a) � � )b + (� � g (b))a

g (a) � g (b)

(1)

where a and b are co ordinates of a vo xel and the neighb oring one, resp ectively

, and

g (a) corresp onds to the gray scale of a vo xel a.

3. The co ordinates-calculation were carried out for the 6-neighb oring vo xels.

4. Pro cess 2 - 3 were p erformed for all voxels.

5. The surface of heart was determined by the p oints obtained from the ab ov e pro cesses

using Deformed Cub es metho d.[7]-[9]

Surface normals are unit-length vectors that are p erp endicular to a given surface at

a particular vertex. Each vertex normals of the surface was determined by relationship

vertices p osition of neighb oring vertices. The normals and the de�ned light source de-

termined colors of vertices. Colors within the surface was estimated with interpolating

b etw een the colors at the sampling vertices of the surface. The surface of a 3-D heart

image was display ed smo othly with this metho d.

The dynamic imaging was p erformed with displaying the 3-D static images obtained

with the ab ove metho d sequentially .

The image reconstruction was carried out on the graphic workstation and it to ok 10sec

to reconstruct 20 3-D static images. The 3-D dynamic image was display ed at a frame

rate of 16frames/sec and was viewed from any p oints in real time by a mouse op eration.

4

4 Results and Discussion

Firstly

, the 3-D dynamic heart image was reconstructed for featuring a mitral v alv e. The

3-D dynamic image was display ed from any viewing p oints at a cardiac cycle rate and

observed the mitral v alve motion. Figure 3(a) - (d) are 3-D heart images with at a

threshold gray scale � = 24. Figure 3(a) and (c) are the heart images on systole and (b)

and (d) on diastole.

(a) (b)

(c) (d)

Figure 3: 3-D heart images. Both of end slices in 3-D mo del are texture mapping of

ultrasonic images. (a) and (b) are heart images as seen from left atrium to mitral v alv e.

(c) and (d) are heart images as seen from left ven tricle to mitral v alve. (a) and (c) are

images on systole and (b) and (d) on diastole.

The results show the spatial relationship among mitral v alve, left atrium(LA), left

ven tricle(L

V) and right ven tricle(R

V) separation easy . F urthermore, the mouse op eration

v arying a view p oint help to understand the structure of a heart. The motion of mitral

5 v alve in one cardiac cycle is visualized by animation of 3-D reconstructed heart images.

W e can easy obtain a 3-D impression of anatomy of heart from 3-D reconstruction images.

Secondly

, the stereoscopic dynamic heart image was display ed to enhance the 3-D

impression. Figure 4(a) and (b) are the stereoscopic image of a heart on systole. Figures

4(a) is a heart image as seen from left atriume to mitral v alve and (b) is from left ven tricle

to mitral v alv e.

(a)

(b)

Figure 4: Stereoscopic heart images. (a) is a heart image as seen from left atriume to

mitral v alv e. (b) is a heart image as seen from left ven tricle to mitral v alve. Both of

images are on systole. Please watc h the stereograms by metho d of crossing eyes.

The angular viewing separation b etween the two images is 0.5degree. The stereo-

6 scopic images was also displayed at a cardiac cycle rate from any viwing p oint by mouse

op eration. The result provides the su�cient parallax to obtain additional depth cues.

The results show b etter 3-D impression among mitral v alve, LA, L

V and R

V than no

stereoscopic images.

This metho d, which do es not need binary images, reconstructs smo oth 3-D surface

heart images, and is fast calculation time b ecause B-mo de images are subsampled to

image with 40x30pixel.

5 Conclusion

W e prop osed the 3-D dynamic heart imaging system using ultrasonic B-mo de images ob-

tained from a transesophageal prob e. With this system, the 3-D dynamic image viewing

from any viewing p oints was displayed at a cardiac cycle rate and observed mitral v alv e

motion. The 3-D impression of a heart was enforced by the stereoscopic image. Appli-

cations of this metho d are exp ected for clinical use in resp ect of fast calculation time of

this metho d and smo oth 3-D reconstruction images.

In future, a real-time 3-D ultrasonic tomograms will b e useful to visualize the inside

structure of a heart.

References

[1] M.Joliot and B.M.Mazoy er: IEEE T rans. Med Imaging., 12, (1993)269.

[2] W.E.Higgins, C.Morice and E.L.Ritmana: IEEE T rans. Med Imaging., 12, (1993)439.

[3] A.M.T aratorin and S.Sideman: IEEE T rans. Med Imaging., 12, (1993)521.

[4] R.Pini, M.Costi, L.Masotti, K.L.Novins, D.P

.Green b erg, B.Greppi, M.Carofolini and

R.B.Devereux: Acoustic Imaging., 20, (1993)425.

[5] T.Kyo, R.Omoto, S.T ei and M.Nak a jima: Image T ec hnology & Information Display .,

25, (1993)632.

[6] M.Kurozumi, O.Oshiro and K.Chihara: ISCIE., 38, (1994)79.

[7] T.Nagae, T.Agui and H.Nagahashi: IEICE T rans. Inf. & Syst., E76-D, (1993)269.

[8] T.Nagae, T.Agui and H.Nagahashi: IEICE T rans. Inf. & Syst., E76-D, (1993)905.

[9] T.Nagae, T.Agui and H.Nagahashi: IEICE. J76-D-I I, (1993)1704.

7