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(57) Abstract: A system (1) for measuring blood pressure during a limited number of blood pressure cycles at an area (2) overlying
an artery (3) of a living subject, comprising means (4) for applying a pressure (P) to the artery for occluding said artery in response to
a pressure signal (Uprise), and for subsequently releasing said pressure to re-open said artery in response to a pressure release signal
- (Uprelease), and means (11) for computing, by comparing a first time duration ((T1) with a second time duration ((T2), a delay time
(Tdelay1) from a reference point in time after which a next pressure release signal is to be supplied to said means (4) for applying a
pressure, and for computing a pressure (P2) to be applied to said artery in a next measuring cycle, and for supplying subsequently
a pressure signal (Uprise) and a pressure release signal (Uprelease) corresponding to said computed pressure (P2) and delay time

(Tdelayl) to said means (4) for applying a pressure.
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System for measuring blood pressure

The invention relates to a system for measuring blood pressure during a

limited number of blood pressure cycles at an area overlying an artery of a living subject.

A system of the type defined in the opening paragraph is known from US
4,660,566. '

The known system comprises a measuring unit comprising a sensor provided
on an inflatable cushion, and a processing unit. The cushion is provided on a carrier
comprising a bracelet of flexible material worn by a user around his or her wrist. In this
known system, pressure pulses are appl‘ied by means of the cushion to a local, discrete
external point overlying the radial artery of the subject, to effect a blocking and successively
an unblocking condition of the artery, or to effect an uﬁblocking and successively a blocking
condition of the artery. When the sensor detects said respective unblocking or blocking
condition, the instantaneous value of the pressure in the cushion is measured for the purpose
of providing through the processing unit a value of said subject's blood pressure. A
disadvantage of the known system is that the measurement results of the systolic and diastolic
blood pressure given by the system are not accurate due to the fact that the measurements
along the subjects pressure line cannot be exactly located, and it is not known whether there
is at least one measurement at the systolic peak and one at the diastolic minimum of the
blood pressure cycle. Because of this, long measurement times are needed in order to have a
high statistical probability that the measurements have taken place at those points in time at

which the systolic and the diastolic pressure occurred.

It is an object of the invention to provide an improved system for measuring
blood pressure which offers a more accurate and faster measurement of systolic and diastolic
blood pressures.

To achieve this object, a system according to the invention is characterized in

that it comprises:
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—~ means for applying a pressure to the artery for occluding said artery in response to a
pressure signal and for subsequently releasing said pressure to re-open said artery in
response to a pressure release signal;
— means for determining a reference point in time, and for
providing a reference time signal corresponding to said reference point in time,
— means for detecting a first point in time at which a maximum pressure occurs during a
blood pressure cycle, and for
providing a first time signal corresponding to said first point in time;

— means for computing, from the reference time signal and the first time signal,

a first time duration from the reference point in time to the first point in time;

— means for detecting a second point in time at which an opening of the artery occurs after

the release of said pressure, and for
providing a second time signal corresponding to said second point in time;

— means for determining the pressure in said means for applying pressure to the artery, at

the second point in time;

— means for computing, from the reference time signal and the second time signal,

a seqond time duration from the reference point to the second point in time;

— means for computing, by comparing the first time duration with the second time duration,
a delay time from said reference point in time after which a next pressure
release signal is to be supplied to said means for applying a pressure, and for
computing a pressure to be applied to said artery in a next measuring cycle,
and for supplying subsequently a pressure signal and a pressure release signal
corresponding to said computed pressure and delay time to said means for
applying a pressure,

The measurement of blood pressure is started by applying a pressure to the artery, until the

artery is occluded by said pressure. After that, the reference point in time is determined, from

which point in time the pressure in the cushion is subsequently released until the artery re-
opens. During this release of pressure, the point in time at which the maximum pressure
occurs is detected, and the point in time at which the opening of the artery occurs is detected,
and a first and a second time signal corresponding to these respective points in time are
provided. The pressure in the pressure applying means which indicates the blood pressure in
the artery is determined at the second point in time, being the time of the opening of the
artery. The first time duration from the reference point in time to the point in time at which

the maximum pressure occurs is then compared with the second time duration from the
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reference point in time to the point in time at which the opening of the artery occurs. From
this comparison the delay time is computed. This delay time is the delay time from the
reference point in time, after which a next pressure release signal is supplied to the means for
applying the pressure. Furthermore, the pressure to be applied to said artery in a next
measuring cycle is computed in dependence on this comparison. Signals, which correspond,
to this computed delay time and pressure are then supplied to the means for applying a
pressure to the artery. The delay time and the pressure for the pressure applying means are
refined by repeating this measurement a limited number of cycles. The comparison of the
first time duration with the second time duration is thus repeated until the point in time at
which the opening of the artery coincides with the point in time at which the maximum
pressure occurs within a pretermined tolerance time interval. The pressure determined in the
pressure applying means at this moment gives an accurate indication of the systolic blood
pressure of the subject. In this way the systolic blood pressure is derived with accuracy and in
a fast manner.
An embodiment of a system in accordance with the invention is characterized

in that the reference point in time is a point in time at which a start of a systolic phase in a
blood pressure cycle occurs. The measurement starts at a point in time which corresponds to
the start of the rise in blood pressure in the artery, and thus the measured pressures are known
to be in the vicinity of the maximum pressure, which is the systolic blood pressure. This is
advantageous for increasing the speed with which the systolic blood pressure is measured,
because only a limited number of measurements is needed for determining the systolic blood
pressure.

An embodiment of a system in accordance with the invention is characterized

- in that the means for detecting the start of said systolic phase comprise a sensor for detecting

during operation a point in time at which a pressure pulse in the means for applying a
pressure to the artery rises above a predetermined threshold value. The start of the systolic
phase is thus determined in an easy manner.

An embodiment of a system in accordance with the invention is characterized
in that it comprises said means for computing, which are furthermore designed for
determining a further delay time from said reference point in time after which a further
pressure release signal is to be supplied to said means for applying a pressure in a next
measuring step for measuring the diastolic blood pressure and for supplying a further
pressure release signal corresponding to said further delay time, means for determining, from

the timing of at least two heart beats of the subject, a heatt rate duration from the reference
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point in time to an end point in time corresponding to an end of one pressure cycle, means for
detecting a further point in time at which an opening of the artery occurs after the release of
said pressure in response to said further pressure release signal, and for providing a third time
signal corresponding to said further point in time, means for computing, from the reference
time signal and the further time signal, a third time duration from the reference point in time
to the further point in time, said means for computing further determining, by comparing the
heart rate duration and the third time duration, a next value for said further delay time after
which a next pressure release signal is to be supplied to said means for applying a pressure in
said next measuring step, and for supplying subsequently a next value for said further
pressure release signal corresponding to said next value for said further delay time to said
means for applying a pressure.

For determining the diastolic pressure, a further delay time from said reference
point in time, after which a further pressure release signal is to be supplied to said means for
applying a pressure, is determined in a next measuring step. A further pressure release signal
corresponding to said further delay time is then supplied to the means for applying a pressure,
and the pressure in the cushion is subsequently released until the artery re-opens. During this
release of pressure, the point in time at which the opening of the artery occurs is detected,
and a third time signal corresponding to this point in time is provided. Next to this, a heart
rate duration from the reference point in time to an end point in time corresponding to an end
of one pressure cycle is determined from the timing of at least two heart beats. This heart rate
duration and this third time duration are compared. This comparison provides a next value for
the further delay time. A signal which corresponds to this computed next value for the further
delay time is then supplied to the means for applying a pressure to the artery. The following
next values for the further delay time for the pressure applying means are refined by
repeating this measurement a limited number of cycles. The comparison of the heart rate
duration with the third time duration is thus repeated until the point in time at which the
opening of the artery coincides within a predetermined tolerance time interval with the point
in time at which the blood pressure cycle ends, this being the point in time at which the
minimum pressure occurs. The pressure determined in the pressure applying means at this
moment gives an accurate indication of the diastolic blood pressure of the subject. In this way
the diastolic blood pressure is derived with accuracy and in a fast manner.

An embodiment of a system in accordance with the invention is characterized
in that said means for detecting said first point in time comprise a pressure sensor for

measuring a pressure in the means for applying a pressure to the artery during operation, and
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a processor for determining said first point in time from a signal provided by the pressure
sensor. The pressure sensor measures the pressure in the means for applying a pressure to the
artery and provides a signal to the processor in response to this. The processor then
determines said first point in time from this signal. In this way the first point in time is
determined in a simple manner.

An embodiment of a system in accordance with the invention is characterized
in that the means for detecting said second point in time comprise an electro-optical sensor
for detecting the presence of blood in the artery and a further processor for determining said
second point in time from a signal provided by the electrb-optical sensor. The electro-optical
sensor is placed near the artery and detects the presence of blood in the artery by checking
the absorption of light emitted by the sensor. When the artery opens, blood enters the artery
which absorbs said light. The electro-optical sensor detects this change in the absorption of
light, and provides a signal to the processor in response to this. The processor then
determines said second point in time from this signal.

An embodiment of a system in accordance with the invention is characterized
in that said means for computing also determine a pressure-time profile according to which
said pressure is released, said means for computing supplying a pressure release signal
correspoﬁding to said profile. The pressure-time profile of releasing the pressure in the means
for applying pressure can be adjusted in this manner within a limited number of measuring
cycles so as to achieve an accurate measurement. Thus a smaller number of measuring cycles

is needed, and a faster measurement is achieved.

The invention will be described in more detail hereinafter with reference to the
drawings, in which

Figure 1 shows in functional blocks a first embodiment of a system according
to the invention,

Figure 2a is a perspective view of a device comprising the system of Figure 1,

Figure 2b diagrammatically shows a sensor of the device of Figure 2a,

Figure 3a is a diagram of a measurement of the systolic blood pressure with
the system of Figure 1 in a first measurement cycle,

Figure 3b is the diagram of the measurement of Figure 3a after a number of

cycles,
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Figure 4 is a diagram of a measurement of the diastolic blood pressure with

the system of Figure 1 in a further measuring step.

Figure 1 shows a system 1 for measuring blood pressure during a limited
number of blood pressure cycles at an area 2 overlying an artery 3 of a living subject. The
system 1 comprises means 4 for applying a pressure P to the artery 3 for occluding said artery
3 in response to a pressure signal Uprise, and for subsequently releasing said pressute to re-
open said artery 3 in response to a pressure release signal Uprelease. The means 4 for
applying pressure comprise, for example, an airbag which can be inflated and deflated, but
alternative types of pressure applying means are also possible. The system 1 further
comprises means 5 for determining a reference point in time and for providing a reference
time signal Uref corresponding to said reference point in time. It further comprises means 6
for detecting a first point in time at which a maximum pressure occurs during a blood
pressure cycle and for providing a first time signal Umax corresponding to said first point in
time. It further comprises means 7 for computing, from the reference time signal Uref and the
first time signal Umax, a first time duration AT1 from the reference point in time to the first
point in time. It further comprises means 8 for detecting a second point in time at which an
opening of the artery 3 occurs after the release of said pressure and for providing a second
time signal Uopenl corresponding to said second point in time, and means 9 for determining
the pressure in said means for applying pressure to the artery 3 at the second point in time.
The system further comprises means 10 for computing, from the reference time signal Uref
and the second time signal Uopenl, a second time duration AT2 from the reference point to
the second point in time. It further comprises means 11 for computing, by comparing the first
time duration AT1 with the second time duration AT2, a delay time Tdelay! from said
reference point in time after which a next pressure release signal is to be supplied to said
means 4 for applying a pressure, and for computing a pressure P2 to be applied to said artery
3 in a next measuring cycle, and for supplying subsequently a pressure signal Uprise and a
pressure release signal Uprelease corresponding to said computed pressure P2 and delay time
Tdelay1 to said means 4 for applying a pressure. Means 11 for computing further determine,
by comparing the heart rate duration AThr and the third time duration AT3, a next value for a
further delay time Tdelay2 after which a next pressure release signal is to be supplied to said
means 4 for applying a pressure in said next measuring step, and for supplying subsequently

a next value for said further pressure release signal Uprelease2 corresponding to said next
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value for said further delay time Tdelay2 to said means 4 for applying a pressure. Said means
11 for computing also determine a pressure-time profile according to which said pressure is
released, said means 11 for computing supplying a pressure release signal Uprelease
corresponding to said profile.

Figure 2a shows a device comprising the system of Figure 1. The system 1' is
incorporated in a wrist blood pressure monitor 21 comprising a band 20, on which a pressure
applying means 4' is provided, here formed by an inflatable and deflatable airbag. In this
embodiment, said means 5 for determining a reference point in time and for providing a
reference time signal Uref corresponding to said reference point in time comprise means 5'
for detecting the start of a systolic phase in a blood pressure cycle. These means 5' comprise a
sensor 25 for detecting during operation a point in time at which a pressure pulse 14 in the
means 4' for applying a pressure to the artery rises above a predetermined threshold value 15.
This will be further shown in Figure 3. In this embodiment, furthermore, said means 6' for
detecting said first point in time comprise a pressure sensor 26 for measuring a pressure in
the means 4' for applying a pressure to the artery 3 during operation, as well as a processor 36
for determining said first point in time from a signal provided by the pressure sensor 26.

In this embodiment, furthermore, said means 8' for detecting said second point
in time comprise an electro-optical sensor 28 for detecting the presence of blood in the artery
and a further processor 38 for determining said second point in time from a signal provided
by the electro-optical sensor 28. The electro-optical sensor 28 in this embodiment comprises
a configuration of electro-optical detectors 48 with a light source 58, for example a Light
Emitting Diode. During operation, the light source 58 emits light to the area overlying the
artery. When the artery is firstly closed by the pressure applying means 4", the area overlying
said artery reflects a certain amount of the light coming from the light source 58. When the
pressure in the pressure applying means 4' is released in response to a pressure release signal,
said artery re-opens and blood enters the artery again. A change in the reflection of light by
said area occurs because the blood present in the artery absorbs a certain amount of the light.
The electro-optical detectors 48 detect this change and provide a signal to the processor 38
signal according to it. The processor 38 then determines said second point in time, being the
point in time at which an opening of the artery occurs.

Figure 3a shows a diagram of a measurement of the systolic blood pressure
with the system of Figure 1 in a first measurement cycle. In the diagram, a time t and a
pressure P, being the pressure in the pressure applying means 4, are plotted against each

other. A blood pressure wave 13 is also shown in the diagram. As can be seen in Figure 3a,
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the pressure P in the pressure applying means 4' is increased to a first level at a point in time
a, at which the artery is occluded by the pressure applying means 4'. The pressure P in the
pressure applying means 4' is subsequently released to re-open the artery at a certain point in
time. The pressure in the pressure applying means will equal the pressure in the artery at
some point in time during this release, which can be seen in the diagram at the intersection of
P and the blood pressure wave 13. At this point, the pressure X in the artery is determined.
However, as can be seen in the diagram, this pressure X determined in the artery in this
measurement does not represent the systolic blood pressure S, but a pressure lower than this,
since its measurement took place before the occurrence of the systolic blood pressure S. In a
next measuring cycle, therefore, the pressure P in the pressure applying means 4' is increased
to the level at which the artery is occluded by the pressure applying means 4'. At a further
point in time b, a reference point in time is determined by means 5', and a reference time
signal Uref is provided corresponding to said reference point in time. The reference point in
time in this embodiment is a point in time at which a start of a systolic phase in the blood
pressure cycle occurs. This start of the systolic phase is detected by the sensor 25, which
detects the point in time at which the pressure pulse 14 in the pressure applying means 4'
rises above the predetermined threshold value 15. This point in time is indicative of the start
of the systolic phase. From this point in time b, the pressure P in the pressure applying means
4' is subsequently released to re-open the artery. The pressure sensor 26 measures the
pressure in the pressure applying means 4' during this release, and the processor 36
determines a first point in time ¢ at which a maximum pressure occurs from a signal provided
by the pressure sensor 26. A first time signal Umax is provided corresponding to this point in
time. A first time duration AT1 from the reference point in time b to the first point in time c is
computed from the reference signal Uref and the first time signal Umax. Next to this, the
electro-optical sensor 28 of means 8' detects the presence of blood in the artery 3 when the
artery opens, and the further processor 38 determines a second point in time d at which the
opening of the artery 3 occurs from a signal provided by the electro-optical sensor 28.
Corresponding to this point in time d, a second time signal Uopen] is provided. A second
time duration AT2 from the reference point in time b to the second point in time d is
computed from the reference time signal Uref and the second time signal Uopenl.
A comparison of the first time duration AT1 and the second time duration AT2

serves to compute a delay time Tdelay! from said reference point in time b after which a next
pressure release signal is to be supplied to said means 4' for applying a pressure and a

pressure P2 to be applied to said artery in a next measuring cycle. A pressure signal Uprise



10

15

20

25

30

WO 01/95797 PCT/EP01/06052
9

and a pressure release signal Uprelease are subsequently supplied to the pressure applying
means 4', corresponding to said computed pressure P2 and delay time Tdelayl. The delay
time Tdelay and the pressure P for the pressure applying means 4' are refined by repeating
this measurement a limited number of cycles. The comparison of the first time duration AT1
with the second time duration AT2 is repeated until the point in time at which the opening of
the artery coincides within a predetermined tolerance time interval with the point in time at
which the maximum pressure occurs. The pressure determined in the pressure applying
means 4' at this moment gives an accurate indication of the systolic blood pressure S. Said
means 11 for computing determine the pressure-time profile according to which said pressure
is released, said means 11 for computing supplying the pressure release signal Uprelease
corresponding to said profile. As can be seen from this Figure, the adjustment of the
pressure-time profile according to which said pressure in the pressure applying means 4 is
released also renders it possible to achieve an accurate measurement in a limited number of
cycles.

Figure 3b shows the diagram of the measurement of Figure 3a after a limited
number of cycles. Accurate measurement of the systolic blood pressure S is achieved after
this limited number of cycles. This is done by adjusting the delay time after which the
pressure is to be released in accordance with computed next values for Tdelay1, or by
adjusting the pressure as applied by the pressure applying means 4' to the artery in
accordance with computed next values for P2. It is noted that it is possible to adjust the
pressure or the delay time, or to adjust both, depending on the calculations.

Figure 4 shows a diagram of a measurement of the diastolic blood pressure
with the system of Figure 1 in a further measuring step. A heart rate duration AThr from the
reference point in time b to the end point in time f is determined from the timing of at least
two heart beats of the subject. The heart rate duration AThr and a third time duration AT3
from the reference point in time to a further point in time e at which an opening of the artery
occurs, are compared, from which comparison is computed a second delay time Tdelay2
from said reference point in time b after which a next pressure release signal is to be supplied
to said pressure applying means. Subsequently, a second pressure release signal Uprelease2
corresponding to said computed second delay time Tdelay2 is supplied to said pressure
applying means 4'. The delay time for the pressure applying means 4' is refined by repeating
this measurement a limited number of cycles. The comparison of the heart rate duration AThr

with the third time duration AT3 is thus repeated until the point in time at which the opening



WO 01/95797 PCT/EP01/06052
10
of the artery coincides within a predetermined tolerance time interval with the point in time at
which one heart rate duration reaches its end, and thus a minimum blood pressure occurs.
The pressure determined in the pressure applying means at this moment gives an accurate

indication of the diastolic blood pressure D of the subject.
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CLAIMS:

1.

A system (1) for measuring blood pressure during a limited number of blood

pressure cycles at an area (2) overlying an artery (3) of a living subject, comprising:

!

means (4) for applying a pressure (P) to the artery for occluding said artery in response to
a pressure signal (Uprise), and for subsequently releasing said pressure to re-open said
artery in response to a pressure release signal (Uprelease);
means (5) for determining a reference point in time (b), and for
providing a reference time signal (Uref) corresponding to said reference point in time (b);
means (6) for detecting a first point in time (c) at which a maximum pressure occurs
during a blood pressure cycle, and for
providing a first time signal (Umax) corresponding to said first point in time
(c);
means (7) for computing, from the reference time signal (Uref) and the first time signal
(Umax), V
a first time duration (AT1) from the reference point in time (b) to the first point
in time (c);
means (8) for detecting a second point in time (d) at which an opening of the artery
occurs after the release of said pressure, and for
providing a second time signal (Uopen!) corresponding to said second point in
time (d);
means (9) for determining the pressure in said means (4) for applying pressure to the
artery, at the second point in time (d);
means (10) for computing, from the reference time signal (Uref) and the second time
signal (Uopenl),
a second time duration (AT2) from the reference point in time (b) to the
second point in time (d);
means (11) for computing, by comparing the first time duration (AT1) with the second
time duration (AT2),
a delay time (Tdelay1) from said reference point in time (b) after which a next

pressure release signal is to be supplied to said means (4) for applying a
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2.

12
pressure, and for computing a pressure (P2) to be applied to said artery in a
next measuring cycle, and for
supplying subsequently a pressure signal (Uprise) and a pressure release signal
(Uprelease) corresponding to said computed pressure (P2) and delay time

(Tdelay1) to said means (4) for applying a pressure.

A system as claimed in Claim 1, characterized in that the reference point in

time (b) is a point in time at which a start of a systolic phase in a blood pressure cycle occurs.

3.

A system as claimed in Claim 2, characterized in that the means (5) for

detecting the start of said systolic phase comprise a sensor for detecting during operation a

point in time at which a pressure pulse (14) in the means (4) for applying a pressure to the

artery rises above a predetermined threshold value (15).

4.

A system as claimed in Claim 1, characterized in that in the system (1)

comprises:

|

said means (11) for computing, which are furthermore designed for determining a further
delay time (Tdelay2) from said reference pbint in time (b) after which a further pressure
release signal is to be supplied to said means (4) for applying a pressure in a next
measuring step for measuring the diastolic blood pressure, and for supplying a further
pressure release signal (Uprelease2) corresponding to said further delay time (Tdelay2);
means (12) for determining, from the timing of at least two heart beats of the subject, a
heart rate duration (AThr) from the reference point in time (b) to an end point in time (f)
corresponding to an end of one pressure cycle;
means (8") for detecting a further point in time () at which an opening of the artery
occurs after the release of said pressure in response to said further pressure release signal
(Uprelease2), and for

providing a third time signal (Uopen2) corresponding to said further point in

time;
means (24) for computing, from the reference time signal (Uref) and the further time
signal (Uopen2),

a third time duration (AT3) from the reference point in time (b) to the further

point in time (e);
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— said means (11) for computing further determining, by comparing the heart rate duration
(AThr) and the third time duration (AT3),

a next value for said further delay time (Tdelay2) after which a next pressure
release signal is to be supplied to said means (4) for applying a pressure in said
next measuring step, and for
supplying subsequently a next value for said further pressure release signal
(Uprelease2) corresponding to said next value for said further delay time

(Tdelay?2) to said means (4) for applying a pressure.

5. A system as claimed in Claim 1, characterized in that said means (6) for
detecting said first point in time (c¢) comprise a pressure sensor (26) for measuring a pressure
in the means (4) for applying a pressure to the artery (3) during operation, and a processor

(36) for determining said first point in time from a signal provided by the pressure sensor.

6. A system as claimed in Claim 1, characterized in that the means (8) for
detecting said second point in time (d) comprise an electro-optical sensor (28) for detecting
the presence of blood in the artery and a further processor (38) for determining said second

point in time from a signal provided by the electro-optical sensor (28).

7. A system as claimed in Claim 1, characterized in that said means (11) for
computing also determine a pressure-time profile according to which said pressure is
released, said means (11) for computing supplying a pressure release signal (Uprelease)

corresponding to said profile.



PCT/EP01/06052

WO 01/95797

1/5

=

Y

[
¥e

—
JAY) B
(
L

y

N._.< )
(
1]

LERY,
Wmcmaozj
®ln 21—
AMmE: . ri_
ol
[
AN A
\
— 7
« %
AR B N—
. |
) } uedo g—-!

88

g asesjesdn * | esesjaidn  esudn




WO 01/95797 PCT/EP01/06052

2/5




PCT/EP01/06052

WO 01/95797

3/5




PCT/EP01/06052

WO 01/95797

415




PCT/EP01/06052

WO 01/95797

5/5

] -—m—

e TR ¢ *]

LAY,

A




INTERNATIONAL SEARCH REPORT Inte al Application No
PCT/EP 01/06052

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 A61B5/022

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 A61B

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

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

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 4 660 566 A ( Y. PALTI ) 1-7
28 April 1987 (1987-04-28)

cited in the application

column 2, line 15 —column 3, 1ine 39
Y US 4 889 132 A ( J. S. HUTCHESON ET AL ) 1-7
26 December 1989 (1989-12-26)
cotumn 4, line 66 —column 7, line 47

Y US 5 564 426 A ( NOBUO IWAI ) 1-7
15 October 1996 (1996-10~15)
column 1, Tine 42 -~column 2, 1line 37

Y US 5 993 396 A ( B. FRIEDMAN ET AL ) 1-7
30 November 1999 (1999-11-30)
column 3, line 64 —column 7, T1ine 8

— .

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

° Special categories of cited documents : , -

Sp 9 oc s *T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

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

"E* earlier document but published on or after the international *X* document of particular relevance; the claimed invention
fling date cannot be considered novel or cannot be considered to

*L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another WG : . i :
Fey N -~ ocument of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to invoive an inventive step when the

*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu~
other means ments, such combination being obvious to a person skilled
"P* document pubiished prior to the international filing date but in the arl. )
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
5 October 2001 12/10/2001
Name and maliling address of the ISA . Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
Tle ~ 2280 HV Rijswijk

el. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Geffen, N

Form PCT/ISA/210 (second sheet) (July 1992)



INTERNATIONAL SEARCH REPORT

Inte al Application No

PCT/EP 01/06052

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

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

Relevant to claim No.

A

US 5 054 494 A ( G. M. LAZARRO ET AL )
8 October 1991 (1991-10-08)
the whole document

1-7

Form PCT/ISA/210 (continuation of second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

Information on patent family members

inte

nal Application No

PCT/EP 01/06052

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 4660566 A 28-04-1987 IL 70243 A 31-07-1988

US 4889132 A 26-12-1989  NONE

US 5564426 A 15-10-1996 JP 6070894 A 15-03-1994
CN 1089124 A ,B 13-07-1994
DE 4394018 T0 20-10-1994
Wo 9404074 Al 03-03-1994

US 5993396 A 30-11-1999  NONE

UsS 5054494 A 08-10-1991  NONE

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




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

