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when it is smoothed. This blurred appearance is caused by the removal of
the higher portion of the BACKGROUND OF THE INVENTION
spatial frequency. Acontrast image, i.e. an X-ray image obtained af- The
present invention relates to an apparatus for   5   ter the injection of a
contrast medium, consists of a processing an X-ray Image, and more
particularly to  vascular image added to the pre-contrast image. what Is
called an apparatus for digital subtraction an-  When viewed from the
standpoint of spatial frequen- giography (DSA), in which video signals
representing  cies, the contrast image Is an image formed by adding an
X-ray fluoroscopic image obtained from an X-ray  the high spatial frequency
of the vascular image to television system are digitalized and subjected to
sub-  10  the spatial frequency of the pre-contrast image. traction
processing so as to obtain a vascular Image.  The subtraction of the
blurred pre-contrast image There are some cases where X-ray images, such
from the contrast image results in removing the lower as contrast images
obtained from an apparatus for  portion of the spatial frequency from the
contrast im- DSA or vascular images obtained by subjecting the  age. The
result is that, although the vascular image above-mentioned contrast images
to contrast en-  15  remains almost intact, the images of skeletons and
hancement, are used as orientation Images in surgi-  soft tissues, which
were also originally included in the cal operations, etc. These contrast
images and vas-  contrast image, are reduced to contour lines. Thus an
cular images are characterized by a very large dy-  Image consisting solely
of the vascular image and the namic range, Including the images of soft
tissues  marginal images of skeletons and soft tissues is ob- where X-ray
absorption is low and the images of skel-  20  tained. This image permits
the very easy ascertain- etons where X-ray absorption is high. In order to
as-  ment of vascularity on the surfaces of skeletons, etc. certain
vascularity on the surfaces of skeletons, etc.,  and thereby makes itself
suitable for being used as an surgeons make an observation of low-density
vascu-  orientation image in surgical operations, etc. lar images set off
against the contrast Images.       A preferred embodiment of the present
invention Vascular images are formed by contrast media,  25  is hereinafter
described with reference to the accom- the X-ray absorption of which is
lower than that of  panying drawings. skeletons. Consequently the density
of the vascular images is lower than that of the skeletal images, and
BRIEF DESCRIPTION OF THE DRAWINGS vascularity is not easily ascertained.
WO-A-8,300,970 discloses an apparatus for  30     Fig.  is a block diagram
of an embodiment of the processing an X-ray image comprising a smoothing
present invention; and means for smoothing an X-ray image by averaging
Figs. 2A to 2E are spectrograms to help explain prior to injection of a
contrast medium.              the operation thereof. EP-A,0,117,155
features use of variable cutoff frequency filters, but always in
complementary low   35   DETAILED DESCRIPTION OF THE INVENTION pass-high
pass configurations. Referring now to Fig. 1, a pre-contrast image, i.e.
SUMMARY OF THE INVENTION                          an X-ray Image obtained
before the injection of a con- trast medium, has already been stored in a
frame It is an object of the present invention to provide  40   memory 1,
while a contrast image, i.e. an X-ray im,- such an apparatus for processing
an X-ray image as  age obtained after the Injection of a contrast medium,
to be suitable for delivering an orientation image  has already been stored
in a frame memory 2. The which permits easy ascertainment of vascularity in
readout from the frame memory 1 is fed to a smooth- surgical operations,
etc.                         ing circuit 3 and smoothed therein and further
fed to For the accomplishment of the above-described   45  a subtraction
circuit 4, while the readout from the object, the apparatus for processing
an X-ray image  frame memory 2 is directly fed to the subtraction cir- in
accordance with the present invention comprises:  cult4, in which a
subtraction between these two read- a smoothing means forsmoothing an X-ray
im-  outs is carried out. age obtained before the injection of a contrast
me-   Let it be supposed that a pre-contrast image has dium; and a
subtraction means for carrying out sub-  50  such a spatial frequency
spectrum as shown in Fig. traction between said X-ray image thus smoothed
2Aand that the smoothing circuit 3 consists of a low- and an X-ray image
obtained after the injection of a  passfilterwhich cuts off the spatial
frequency portion contrast medium, characterised in that            higher
than f cycles as shown in Fig. 2B. When the said smoothing means is a
low-pass filter and  pre-contrast image passes through this smoothing the
cutoff frequency of said smoothing means can be   55  circuit 3, the
frequency characteristic of the pre-con- changed.
trast image undergoes a change and comes to be rep- Apre-contrast image
i.e. an X-ray imate obtained  resented by a characteristic curve shown in
Fig. 2C. before the injection of a contrast medium, is blurred  Thus the
higher portion of the spatial frequency is cut 2   
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now consists merely of the lower   medium; and a subtraction means (4) for
carrying portion thereof, with the result that the marginal por-  out
subtraction between said X-ray image thus tion of the image is rendered
vague and blurred.      smoothed and an X-ray image obtained after the A
contrast image consists of a vascular image      injection of a contrast
medium, added to the pre-contrast image. Therefore, the fre-   5
characterised in that quency spectrum of a contrast image consists, as
said smoothing means (3)is a low-pass filter and shown in Fig. 2D, of the
frequency R of a vascular im-  the cutoff frequency of said smoothing means
age added to the frequency characteristic shown in    can be changed. Fig.
2A. When viewed from the standpoint of spatial fre-  10 quencies, the
subtraction of the blurred pre-contrast  Patentanspruche image from the
contrast image is represented by the subtraction of the curve shown in Fig.
2C from the  1. Eine Vorrichtung zum Verarbeiten eines R6nt- curve shown in
Fig. 2D. The result of this subtraction  genbildes, umfassend: is shown in
Fig. 2E. The frequency characteristic of an   15  eine GlAttungseinrichtung
(3) zum GlAtten eines image shown in Fig. 2E is such that this image con-
Rontgenbildes, das vor der Injektion eines Kon- sists merely of the higher
portion of the spatial fre-  trastmittels erhalten worden ist; und eine
Sub- quency. The vascular image is represented by a por-
traktionselnrichtung (4) zum Durchfthren einer tion R provided with oblique
hatching, while a portion  Subtraktion zwischen dem genannten R8ntgen- S
represents the margins of skeletons and soft tis-  20  bild, das derart
geglittet worden ist, und einem sues, the images of which were included in
the con-   Rontgenbild, das nach der Injektion eines Kon- trast image (and
also in the pre-contrast image be-   trastmittels erhalten worden ist, fore
it was smoothed). Consequently an image out-     dadurch gekennzlechnet,
daI die genannte putted from the subtraction circuit 4 consists solely of
Glattungseinrichtung (3) ein Tiefpalf liter ist und the vascular image and
the marginal Images of skel-  25  die Abschneidefrequenz der genannten
Glat- etons and soft tissues. This image permits the very
tungseinrichtung geandert werden kann. easy ascertainment of vascularity on
the surfaces of skeletons, etc. By changing the cut-offfrequency of the
smooth-  Revendlcatlons ing circuit 3, it is possible to adjust the degree
in which   30 a pre-contrast image is smoothed of blurred and    1. Un
appareil de traltement d'une image de rayons thereby adjust the amount of
Information about the    X, comprenant: margins of skeletons, etc,
des moyens de lissage (3) pour lisser une image Although a pre-contrast
image and a contrast im-   de rayons X obtenue avant I'lnjection d'une
subs- age are stored in frame memories 1 and 2 respective-  35  tance de
contraste; et des moyens de soustrao- ly in the above-described embodiment,
a pre-contrast  tion (4) pour effectuer une soustraction entre image and a
subtraction image may be stored there-    I'image de rayons X ainsi lisshe
et une image de in. In the latter case, the contrast image is reproduced
rayons X qul est obtenue aprbs I'lnjection dune by adding the pre-contrast
image to the subtraction   substance de contrasts, image, and Is subjected
to the same processing as   40  caractbrisM en ce que mentioned above.
lea moyens de lissage (3) consistent en un filtre From the foregoing, it
will be apparent that an im-  passe-bas et Is frdquence de coupure de ces
age consisting solely of the vascular image and the   moyens de lissage
peut Otre changee. marginal images of skeletons and soft tissues is ob-
tained from the apparatus in accordance with the   45 present invention.
This image is very suitable as an orientation image in surgical operations,
etc. be- cause, by making an observation of this image, one can very easily
ascertain vascularity on the surfaces of skeletons, etc.
50 Claims 1. An apparatus for processing an X-ray image,  55 comprising: a
smoothing means (3) for smoothing an X-ray image obtained before the
injection of a contrast 3    3                   EP 0 331 274 B1
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off, and the image now consists merely of the lower   medium; and a
subtraction means (4) for carrying portion thereof, with the result that
the marginal por-  out subtraction between said X-ray image thus tion of
the image is rendered vague and blurred.      smoothed and an X-ray image
obtained after the A contrast image consists of a vascular image
injection of a contrast medium, added to the pre-contrast image. Therefore,
the fre-   5  characterised in that quency spectrum of a contrast image
consists, as      said smoothing means (3) is a low-pass filter and shown
in Fig. 2D, of the frequency R of a vascular Im-  the cutoff frequency of
said smoothing means age added to the frequency characteristic shown in
can be changed. Fig. 2A. When viewed from the standpoint of spatial fre-
10 quencies, the subtraction of the blurred pre-contrast  Patentanspruche
image from the contrast Image is represented by the subtraction of the
curve shown in Fig. 2C from the  1. Eine Vorrichtung zum Verarbeiten sines
RMnt- curve shown In Fig. 2D. The result of this subtraction  genbildes,
umfassend: isshown In Fig. 2E. Thefrequencycharacteristicof an   15  eine
GlAttungselnrichtung (3) zum GlAtten sines image shown in Fig. 2E is such
that this Image con-  R1ntgenbildes, das vor der Injektion eines Kon- sists
merely of the higher portion of the spatial fre-  trastmittels erhalten
worden ist; und sine Sub- quency. The vascular image is represented by a
por-   traitlonseinrichtung (4) zum Durchfflhren einer tion R provided with
oblique hatching, while a portion  Subtraktion zwischen dem genannten
Rbntgen- S represents the margins of skeletons and soft tis-  20  bild, das
derart geglattet worden ist, und einem sues, the images of which were
included in the con-   R8ntgenbild, des nach der Injektion eines Kon- trast
image (and also in the pre-contrast image be-  trastmittels erhalten worden
ist, fore it was smoothed). Consequently an Image out-     dadurch
gekennzelchnet, da, die genannte putted from the subtraction circuit 4
consists solely of  GlAttungseinrichtung (3) ein TiefpaSf liter ist und the
vascular image and the marginal images of skel-  25  die Abschneidefrequenz
der genannten Guat- etons and soft tissues. This image permits the very
tungseinrichtung geAndert werden kann. easy ascertainment of vascularity on
the surfaces of skeletons, etc. By changing the cut-off frequency of the
smooth-  Revendications ing circuit 3, it Is possible to adjust the degree
in which  so a pre-contrast image is smoothed of blurred and    1. Un
appareil de traitement d'une image de rayons thereby adjust the amount of
information about the    X, comprenant: margins of skeletons, etc.
des moyens de lissage (3) pour lisser une image Although a pre-contrast
image and a contrast im-  de rayons X obtenue avant l injection d'une subs-
age are stored in frame memories 1 and 2 respective-  35  tance de
contrasts; et des moyens de soustrac- ly in the above-described embodiment,
a pre-contrast  tion (4) pour effectuer une soustraction entre image and a
subtraction image may be stored there-   I'image de rayons X ainsi liss6e
et une image de in. In the latter case, the contrast image Is reproduced
rayons X qui est obtenue aprbs l'injection d'une by adding the pre-contrast
image to the subtraction   substance de contrasts, image, and is subjected
to the same processing as  40  caracthris6 en ce que mentioned above.
lea moyens de lissage (3) consistent en un f iltre From the foregoing, It
will be apparent that an im-  passe-bas et la frdquence de coupure de ces
age consisting solely of the vascular image and the   moyens de lissage
pout Stre changee. marginal Images of skeletons and soft tissues is ob-
tained from the apparatus in accordance with the   45 present invention.
This image is very suitable as an orientation image in surgical operations,
etc. be- cause, by making an observation of this image, one can very easily
ascertain vascularity on the surfaces of skeletons, etc.
50 Claims 1. An apparatus for processing an X-ray image,  55 comprising: a
smoothing means (3) for smoothing an X-ray Image obtained before the
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