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The invention relates to a method of
deriving time-averaged moments of a con-
volution profile from dynamic input and ar-
rival profiles. A convolutive relation ex-
ists between the arrival profile and the in-
put profile. According to the invention the
time-averaged moment of the convolution
profile is calculated from time-averaged mo-
ments of the dynamic input and arrival pro-
files. The method is used notably for the
study of perfusion effects by means of mag-
netic resonance imaging.

e 1
ip
K] 39
PS _/@
cMR PS




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Céte d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
Nz
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
TD
TG
TJ
™
TR

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

WO 00/60520 PCT/EP00/02676

Deriving time-averaged moments.

The invention relates to a method of deriving a time-averaged moment of a
convolution profile from dynamic input and arrival profiles, the arrival profile being related to
the input profile according to convolution with the convolution profile.

The article "High resolution measurement of cerebral blood flow using
intravascular tracer bolus passages, part I: mathematical approach and statistical analysis" by
L. @stergaard et al in MRM 36 (1996), 715-725, concerns the study of the blood flow through
the brain. For such an examination a contrast agent is administered to a patient to be
examined; for example, a contrast liquid is injected into a blood vessel. The concentration in
which the contrast agent is fed, via an artery, to a part of the body of the patient to be
examined, is determined in a time resolved manner. The time-dependent concentration of
supplied contrast agent is referred to as the arterial input. Subsequently, the concentration of
the contrast agent encountered in veins of the part of the body of the patient to be examined is
determined in a time resolved manner. The time-dependent concentration of contrast agent in
the artery is called the venous output in said article. A convolutive relation exists between the
venous output and the arterial input. The convolution kernel is then the distribution of transit
times through the network of blood vessels connecting the artery via which the contrast agent
is supplied to veins in which the contrast agent is encountered somewhat later. This
distribution of transit times is referred to as the transport function.

A method of the kind disclosed in the heading of Claim 1 is known from the
cited article by L. @stergaard et al.; therein, the arterial input and the venous output are
examples of the dynamic input profile and the arrival profile, respectively, and the transport
function is an example of the convolution profile. According to the known method it is
necessary to deconvolute the venous output so as to determine the transport function. The
average transit time of the contrast medium through the network of blood vessels and the time-
dependent concentration of contrast agent in a selected volume (volume-of-interest) are

calculated on the basis of the transport function.
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For the known method to yield reliable results it is necessary to determine the
arterial input particularly accurately. It has been found nevertheless that, even when the
arterial input is extremely accurately measured, the reliability of the calculated results is rather
disappointing. Moreover, the known method involves rather complex and time-consuming
calculations.

It is an object of the invention to provide a method whereby perfusion
quantities can be accurately determined in a simpler manner in comparison with the known
method.

This object is achieved by means of a method according to the invention which
is characterized in that:

- atime-averaged moment of a dynamic input profile and '

- atime-averaged moment of a dynamic arrival profile are determined, and that

- the time-averaged moment of the convolution profile is calculated from thé time-averaged
moments of the dynamic input profile and the time-averaged moments of the dyhamic
arrival profile.

According to the invention the perfusion quantities are calculated from time-
averaged moments of the dynamic input and arrival profiles. Such perfusion quantities
represent the degree and speed of displacement of various liquids through the tissue, for
example the brain of the patient to be examined, under the influence of an external effect. For
example, they concern the flow of notably blood and cerebrospinal fluid through a network of
arteries, veins and capillaries. The perfusion of blood and other liquids through notably the
brain of the patient to be examined can be studied quantitatively on the basis of values of
perfusion quantities. In order to determine the values of the perfusion quantities, for example
the dynamic input and arrival profiles are measured in a time resolved manner. Such dynamic
input and arrival profiles are preferably measured with a temporal resolution of 2 s or less; this
means that liquid flow variations which take place at a time scale of a few seconds are reliably
measured. It has been found that the perfusion quantities can be calculated from various time-
averaged moments of the convolution profile. Notably deconvolution is thus avoided and
surprisingly simple calculations still yield a reliable, accurate result for the perfusion
quantities. The invention is based on the recognition of the fact that the perfusion quantities
are simply related to time-averaged moments of the arrival profile and that the convolution
relation between the arrival profile and the input profile is equivalent to an algebraic relation
between the Laplace transforms of the input and arrival profiles. This means notably that a

simple algebraic relation exists between the time averages of the input and arrival profiles.
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Moreover, a causal relation exists between the arrival profile and the input profile; this is
becaﬁse contrast agent will appear in the veins of the patient only after contrast agent has been
introduced into an artery. As a result of this causal relation, comparatively simple algebraic
relations exist between the N™-order time-averaged moments of the arrival profile on the one
side and the k™ -order time-averaged moments of the input profile and the k™ order time-
averaged moments of the convolution profile on the other side, k and N being natural numbers
and k being smaller than N. Thus, the perfusion quantities can be calculated by means of
simple, notably algebraic operations. It has been found notably that the calculation of the
perfusion quantities requires only rational functions, being polynomials or fractions whose
numerator and denominator themselves are polynomials of the time-averaged moments of the
input, arrival and convolution profiles. It is very simple to calculate such rational functions
quickly and accurately. Furthermore, in respect of the input and arrival profiles the calculation
of the perfusion quantities requires only the time-averaged moments of the ini)ut and arrival
profiles; notably an accurate time resolved determination of the variations in time of the input
and arrival profiles will not be required. According to the invention it is in particular possible
to dispense with a complex and time-consuming exact determination of the arterial input, an
accurate result nevertheless being obtained for the perfusion quantities.

These and other aspects of the invention will be further elucidated on the basis
of the following embodiments which are defined in the dependent Claims.

A first, particularly attractive application of the invention is the calculation of
the mean transit time of the contrast agent, for example through a part of the network of blood
vessels in the brain. According to the invention the average transit time is calculated as the
difference between the time of input and the arrival time. The times of input and arrival are
simply the same as the first time-averaged moments of the dynamic input profile and arrival
profile, respectively. Using the value of the average transit time of the contrast agent through
the network of blood vessels, it can be quantitatively checked whether or not the blood
circulation in the relevant organ, such as the brain, is in order.

A second particularly advantageous application of the invention is the
calculation of the transit fraction from the input and arrival volumes. According to the
invention the transit fraction is calculated as the quotient of the arrival and input volumes. The
arrival and input volumes are simply calculated as the time-averaged (zero-order moments) of
the respective output and input profiles. The transit fraction is a quantitative indication as to
which part of the supplied liquid, such as blood containing the contrast agent, has reached the

part of the body of the patient to be examined. The transit fraction, for example, accurately and
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quantitatively indicates whether blood circulates in the relevant organ. Furthermore, the so-
called "flow" can be readily calculated as the quotient of the transit fraction and the average
transit time. The flow represents the quantity of liquid, such as blood with the contrast agent,
which flows through the relevant organ per unit of tissue of the organ to be examined and per
unit of time. For example, the flow also accurately and quantitatively indicates whether the
blood circulation through the relevant organ is adequate. To the physician the flow constitutes
a physical quantity that is valuable in determining whether or not the relevant organ functions
correctly.

It is very well possible to measure the input and arrival profiles, that is to say
the time-dependent concentrations of contrast agent in the artery and the veins of the patient,
respectively, by means of X-ray computed tomography, by means of a magnetic resonance
imaging method or on the basis of X-ray shadow images.

The invention also relates to a magnetic resonance imaging syStem which
includes a data processor which is arranged to carry out the method according to the invention.
The data processor is, for example a computer which is programmed so as to calculate the
values of the perfusion quantities. The data processor may also include a special purpose
processor which is provided with electronic circuits or integrated circuits especially designed
for the calculation of the values of the perfusion quantities. A magnetic resonance imaging
system according to the invention acquires magnetic resonance (MR) signals from at least a
part of the body of the patient to be examined. Such MR signals are generated by arranging the
patient in a magnetic field and by exciting spins, notably of the protons (hydrogen nuclei) in
the body of the patient by means of an RF excitation pulse; the MR signals are emitted upon
relaxation of the excited spins. In order to determine the perfusion quantities, the contrast
agent is administered to the patient. First magnetic resonance signals are acquired from a part
of the patient which contains the arteries wherein the contrast agent is pumped via the heart.
The input profile is derived from these magnetic resonance signals. When the blood with the
contrast agent reaches the part of the patient to be examined, for example the organ to be
examined, for example (a part of) the brain, magnetic resonance signals are acquired again
from this part to be examined. The arrival profile is derived from the magnetic resonance
signals from the part of the patient to be examined. The data processor in the magnetic
resonance imaging system according to the invention quickly and accurately calculates the
values of the perfusion quantities from the MR signals. Consequently, the magnetic resonance
imaging system according to the invention is particularly suitable for a quantitative study of

perfusion of liquids through the tissue, for example the brain, of the patient.
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These and other aspects of the invention are apparent from and will be
elucidated, by way of example, on the basis of the following embodiments and with reference
to the accompanying drawing; therein:

The Figure shows diagrammatically a magnetic resonance imaging system
according to the invention. _

The Figure shows diagrammatically a magnetic resonance imaging system 1
according to the invention. The magnetic resonance imaging system includes a receiving aerial
for picking up the MR signals from the body of the patient. The patient 12 to be examined is
arranged on an examination table 13 and moved into the examination space 14 of the magnetic
resonance imaging system. The main magnetic field is applied in the examination space 14, so
that the spins in the part of the patient which is situated in the examination space are oriented
in the direction of the main magnetic field. Spins are excited, for example by generating an RF
excitation pulse in the examination space. Application of a gradient field enables the excitation
of spins exclusively in a selected part, for example a slice of the head of the patient.A A read-
out gradient and phase encoding gradient fields are applied during the relaxation of the spins
so as to ensure that the MR signals are encoded in respect of the location of the spins
producing the respective MR signals. Furthermore, due to differences in the relaxation of spins
in different types of tissue within the patient differences arise between the signal levels of the
MR signals. The encoding and the differences in signal levels enable the formation of a
magnetic resonance image of the anatomy of the patient by means of the MR signals. Via a
signal output 10, the MR signals are applied, possibly after a few signal processing operations
for the correction of errors due to known error sources, to a signal processing unit 11. The
signal processing unit 11 includes a reconstruction unit which derives an image signal (IS)
from the corrected MR signals (¢cMR). The image signal (IS) represents, for example one or
more cross-sectional images of a part of the brain of the patient 12 to be examined. The image
signal (IS) is applied, for example, to a monitor 30 on which the image information of the
cross-sectional image is displayed.

The corrected MR signals (¢cMR) are also applied to the data processor 2. The
data processor 2 is arranged notably to calculate the values of the perfusion quantities from the
corrected MR signals (¢tMR). To this end, the data processor is, for example, a suitably
programmed computer; however, it may also be formed by a special purpose processor which
is provided with electronic integrated circuits especially designed to calculate the perfusion
quantities. In order to study the perfusion of liquid, such as blood, through, for example, the

brain tissue of the patient to be examined, a contrast liquid is injected preferably into an artery
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of the patient. To this end, the magnetic resonance imaging system according to the invention
includes an injector control unit 15 whereto an injection needle 16 for the injection is
connected. The injector control unit 15 drives the injection needle so as to inject the contrast
liquid in a predetermined, time-dependent concentration into the artery of the patient. When a
magnetic resonance imaging system is used to record the dynamic input and arrival profiles,
use is preferably made of a paramagnetic contrast agent, for example a contrast medium
containing gadolinium. The injector control unit 15 is also connected to the data processor 2.
The injector control unit 15 applies the time-dependent concentration profile, representing the
time-dependent concentration of contrast agent injected into the patient, as a dynamic input
profile (ip) to the data processor. The magnetic resonance imaging system according to the
invention, however, can also suitably operate without the injector control unit 15; in the
absence of the injector control unit, the dynamic input profile or time-averaged moments of
the dynamic input profile are derived from the MR signals. To this end, MR signals are
generated in the artery during the administration or injection of the contrast agent, so that the
contrast agent is transported to the organ to be examined. For example, the reconstruction unit
of the signal processing unit 11 forms a number of temporally successive MR images of the
artery. The dynamic input profile is derived from the MR images of the artery by the data
processor 2. The signal processing unit 11 then applies the dynamic input profile to the data
processor 2.

Furthermore, the data processor 2 measures the dynamic arrival profile or time-
averaged moments of the dynamic arrival profile. To this end, the magnetic resonance imaging
system notably measures MR signals from a part of the body of the patient which contains
blood vessels, notably veins, via which the injected contrast agent arrives. For example, MR
signals are measured from a network of capillaries via which blood with contrast agent arrives
in the brain. The time-dependent concentration of contrast agent which arrives in the part to be
examined, for example the brain, is derived from these MR signals. Evidently, it is also
possible for the reconstruction unit to form cross-sectional images which show the
concentration of contrast medium injected into the artery or transported via the veins.

The data processor of the magnetic resonance imaging system according to the
invention is also particularly suitable for calculating the perfusion quantities. The dynamic
input profile, such as the time-dependent concentration of contrast agent supplied via the
artery, will be referred to as a(t) hereinafter. The reference v(z) will be used to denote theA

dynamic arrival profile, such as the time-dependent concentration of contrast agent found in
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the part of the patient to be examined. There is also a convolution kernel 7(z) which relates the
dynamic arrival profile to the dynamic input profile in conformity with:
w(t) = j a(t,)r(t—1,)dt, | ¢))

0
It is to be noted, however, that according to the invention it is not necessary to know the
convolution kernel r(t) exactly. Because of causality, of course, it holds that: () = 0 fort < 0.

The time averages, the zero-order moments, are expressed as

V, = [v@)dt, V, = [a@)dt,V, = [r@t)dr. @)
0 1] o
It then holds that:
Vv = VrVa ¢ . (3)

The quantities V, and V, are the input volume and the arrival volume, respectively. The
average transit time of the contrast agent through the region to be examined is:
17 V, |
M, =—|tr(t)dt =—=. 4
=7 { (e = @

The time-averaged first moments of the input profile and the arrival profile are:

1 A

17 V. T
=—|ta(t)dt =—= and V, = — | vl )dt = 5
Ai Va -0[ ( ) Va t Vv _([ ( y Vv ( )
By transforming the integration variables and using equation (3) it is obtained that
v, V
VW = ‘IIGVF + ‘,trVa = Vv[—‘;t-a_-*.—z-) (6)

so that the average transit time can be readily calculated as
M, =A -V, .
According to the invention the average transit time M; can be readily calculated as the
difference between the first time-averaged moments of the dynamic input profile A, and the
dynamic arrival profile V;. The moments A, and V; can be derived either directly from the MR
signals or from the dynamic input profiles a(z) and v(z). Because of the integration over time, it
is not necessary to measure the input profiles particularly accurately in order to measure
sufficiently accurate values of the moments such as A; and V..

The transit fraction rCBV is also calculated by the data processor 2 as
rCBV = “j_ (8)

a

and the flow parameter F; is calculated by the data processor 2 in conformity with:
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F = rCBV
M

®

'
The data processor 2 is also connected to a printer 31. The results of the calculations of the
perfusion quantities, such as the average transit time, the transit fraction and the flow
parameter, are applied to the printer in the form of perfusion signals (ps) representing the
values of the perfusion quantities. The perfusion signals are, for example electronic or optical
signals. The printer prints the values of the perfusion quantities on paper. The data processor is
also connected to the monitor 30 and the perfusion signals are applied to the monitor 30 in
order to display the values of the perfusion quantities on the monitor. For example, the data
processor reproduces the spatial variation of the values of the perfusion quantities in the form
of an image on the monitor. Such an image, representing the spatial variation of the perfusion
quantities, is called a perfusion image. For example, the values of the perfusion quantities are
encoded in (false) colors. The color distribution in the perfusion image then represents the
spatial variations of the perfusion quantities. Furthermore, the data processor 2 may be
connected to an information network 32, such as an intranet or a digital radiology information
system, so as to supply the perfusion signals to the information network 32. A number of
workstations 33 are connected to the information network 32. Via their own workstations
which are remote from the magnetic resonance imaging system, various physicians can thus
consult the values of the perfusion quantities and the perfusion images yielded by the

examination.
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CLAIMS:

1.

A method of deriving a time-averaged moment of a convolution profile from

dynamic input and arrival profiles,

the arrival profile being related to the input profile according to convolution with the

convolution profile,

characterized in that

a time-average moment of a dynamic input profile and

a time-averaged moment of a dynamic arrival profile are determined, and that

the time-averaged moment of the convolution profile is calculated from the time-averaged
moments of the dynamic input profile and the time-averaged moments of the dynamic

arrival profile.

A method as claimed in Claim 1, characterized in that
the time-averaged moment of the convolution profile is calculated from the time-averaged
moments of the dynamic input profile and the time-averaged moments of the dynamic

arrival profile by means of algebraic calculations.

A method as claimed in Claim 2, characterized in that
the time-averaged moment of the convolution profile is calculated as a rational function of
the time-averaged moments of the dynamic input profile and of the time-averaged

moments of the dynamic arrival profile.

A method as claimed in Claim 1, characterized in that
an input time is determined as the first time-averaged moment of the dynamic input
profile,
an arrival time is determined as the first time-averaged moment of the dynamic arrival
profile, and that
an average transit time is calculated as the difference between the input time and the

arrival time.
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5. A method as claimed in Claim 1, characterized in that

— an input volume and an arrival volume are determined as the zero-order time-averaged
moments of the dynamic input profile and the dynamic arrival profile, respectively, and
that

— atransit fraction is calculated as the quotient of the arrival volume and the input volume.

6. A method as claimed in Claim 1, characterized in that
— the input and arrival profiles are derived on the basis of magnetic resonance signals,

notably on the basis of one or more magnetic resonance images.

7. A method as claimed in Claim 1, characterized in that
— the input and arrival profiles are derived on the basis of absorption profiles measured by
means of an X-ray computed tomography method, notably on the basis of one or more

cross-sectional images reconstructed from the absorption profiles.

8. A method as claimed in Claim 1, characterized in that

— the input and arrival profiles are derived on the basis of one or more X-ray images.

9. A magnetic resonance imaging system which includes a data processor which is

arranged to carry out a method of deriving a time-averaged moment of a convolution profile

from dynamic input and arrival profiles,

— the arrival profile being related to the input profile according to convolution with the
convolution profile,

characterized in that

- atime-averaged moment of a dynamic input profile and

— atime-averaged moment of a dynamic arrival profile are determined, and that

— the time-averaged moment of the convolution profile is calculated from the time-averaged
moments of the dynamic input profile and the time-averaged moments of the dynamic

arrival profile.



PCT/EP00/02676

WO 00/60520

11

15

1JC

ip

32

=




INTERNATIONAL SEARCH REPORT

Intern« al Application No

PCT/EP 00/02676

A. CLASSIFICATION OF SUBJECT MATTER
TPC 7 CGOGF19/00

According to Intemational Patent Classification (IPC) or to both nationai classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 GO6F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consuited during the intemational search (name of data base and, where practical, search terms used)

WPI Data, INSPEC, EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 5 150 292 A (DOI KUNIO ET AL) 1-9
22 September 1992 (1992-09-22)
abstract
column 2, line 42 - line 62
column 3, line 26 - line 58
A US 5 249 122 A (STRITZKE PETER) 1-9
28 September 1993 (1993-09-28)
abstract
column 1, line 45 -column 2, 1ine 5
A US 5 396 418 A (HEUSCHER DOMINIC J) 1-9
7 March 1995 (1995-03-07)
abstract
column 7, line 50 - line 62
column 8, Tine 10 - Tine 19
column 9, Tine 40 -column 10, line 6
)

m Further documents are listed in the continuation of box C. E Patent family members are listed in annex.

° Special categories of cited documents :

A" document defining the general state of the art which is not
considered to be of particular relevance

"E" eadier document but published on or after the intemational
filing date

"L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0" document referting to an oral disclosure, use, exhibition or
other means

*P* document published prior to the intemational filing date but
later than the priority date claimed

T* later document published after the intemational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underying the
invention

*X" document of particular relevance; the claimed invention
cannot be considered novei or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
m%(lms, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the intemational search

14 September 2000

Date of mailing of the intemational search report

21/09/2000

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 3402040, Tx. 31 851 eponl,
Fax: (+31-70) 340-3016

Authorized officer

Gonzalez Ordonez, 0

Form PCT/ISA/210 (second sheet) (July 1982)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Interne al Application No

PCT/EP 00/02676

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A

PRASAD P V ET AL: "MAGNETIC RESONANCE
PERFUSION IMAGING"

INTERNATIONAL JOURNAL OF IMAGING SYSTEMS
AND TECHNOLOGY,US,WILEY AND SONS, NEW
YORK,

vol. 6, no. 2/03,

1 June 1995 (1995-06-01), pages 230-237,
XP000620343

ISSN: 0899-9457

abstract

right-hand column, line 40 - 1ine 58

1-9

Form PCTASA/210 (continuation of second sheet) (July 1952)

page 2 of 2




INTERNATIONAL SEARCH REPORT

ation on patent famlly members

Interne

al Application No

PCT/EP 00/02676

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5150292 A 22-09-1992 JP 2989878 B 13-12-1999
JP 3184531 A 12-08-1991

US 5249122 A 28-09-1993 AU 7548691 A 10-10-1991

. AU 7696791 A 10-10-1991
EP 0524217 A 27-01-1993
EP 0520038 A 30-12-1992
Wo 9114232 A 19-09-1991
WO 9114233 A 19-09-1991
us 5287273 A 15-02-1994

US 5396418 A 07-03-1995 us 5262946 A 16-11-1993
us 4965726 A 23-10-1990
us 5276614 A 04-01-1994
DE 69417140 D 22-04-1999
DE 69417140 T 16-09-1999
EP 0648468 A 19-04-1995
JP 7178079 A 18-07-1995
us 5485493 A 16-01-1996
us 5544212 A 06-08-1996
DE 69325485 D 05-08-1999
DE 69325485 T 28-10-1999
EP 0587334 A 16-03-1994
JP 6205771 A 26-07-1994
DE 69128114 D 11-12-1997
DE 69128114 T 05-03-1998
EP 0471455 A 19-02-1992
EP 0713677 A 29-05-1996
JP 6125890 A 10-05-1994
DE 68917846 D 06-10-1994
DE 68917846 T 22-12-1994
EP 0365301 A 25-04-1990
JP 2249535 A 05-10-1990
JP 3008356 B 14-02-2000
us 4947412 A 07-08-1990
us 5166961 A 24-11-1992
us 5228070 A 13-07-1993
EP 0429191 A 29-05-1991
JpP 3172975 A 26-07-1991

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

