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APPARATUS FOR MONITORING A FLUID CONDUIT

The present invention concerns an apparatus for detecting

the presence of a fluid conduit and at least one
characteristic of the content of the fluid conduit, the
apparatus being disposed on a control device, for
example, for the extracorporeal treatment of blood, with
a light source, the radiation of which is directed
towards the conduit and through the same, and with an
optical sensor for the radiation emitted by the light

source that detects the radiation directed through the

fluid conduit.

The apparatus according to the invention is intended for

use with control devices for dialysis, which are also

termed monitors. In this case, the fluid conduit may be

filled with blood, a rinsing liquid or air.

TECHNICAL BACKGROUND

A series of apparatus are known for monitoring a fluid
conduit or tube that is connected to a dialysis monitor.
For example, air detectors are known which check the
blood 1n the fluid conduit that is passed back to the
patient for air or air bubbles. Furthermore, blood
detectors are known that check the dialysate ligquid
passed back by the dialyser for blood, and thus are able
to determine the presence of a leak in the dialyser

membrane. As soon as these detectors determine air or
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blood in the fluid passed through the conduilt, a control
unit of the monitor connected with the detectors sets off
an alarm to prevent an endangerment of the patient .
Moreover, an alarm is set off when a fluid conduit is

absent, provided that these detectors are designed to

monitor the fluid conduit also.

Normally, the known apparatus includes a photoelectric
section that is arranged such that it passes through the
essentially transparent fluid conduit. For example, an
apparatus 1s known from DE 37 68 033 in which the
infrared light from a source is transmitted using a
waveguide to a tube or to a recess in a tube support that
1s intended to hold the tube. The light is transmitted
through a second light section from the recess to =a
receiver. Depending on whether a t&be is mounted or not,
and whether it contains essentially transparent rinsing
liquid or blood, a varying amount of light reaches the
receiver. This sends a signal to an evaluating device or
control unit, the signal that is dependent on the amount
of received light thereby providing information about the
condition of the tube or the contents of the tube. When
no tube 1s present, the light reaches the receiver
unfiltered or unattenuated, the receiver then sends a
high signal to the evaluating device. If a tube is
mounted and filled with air or colourless fluid, for
example rinsing fluid, the light reaches the receiver
slightly filtered or attenuated, the latter then delivers
a medium signal to the evaluating device. If the tube is

filled with blood the light will be essentially

P ) S .
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completely attenuated and at most a small amount of light
will reach the receiver, which then supplies the

evaluating device with a low level signal.

However, a disadvantage of this is that with certain
tubes, as a result of their shape and composition, a lens
effect can arise that distorts the results. In the worst
case, this can lead to the same amount of light being
transmitted to the receiver when a mounted tube is filled
with colourless fluid as when a tube is not mounted. In
both cases the receiver generates an identical signal, so

that no differentiation is possible between the two

states.

An apparatus 1is known from EP 0 467 805 in which the
light source and receiver are each arranged to protrude
such that they deform the tube.~ In this way the
astigmatic focusing, the so-called lens effect, which
otherwise results from the cylindrical geometry and
focuses the light beam onto the recelver, 1s obviated.
However, with this known apparatus only the nature of the
fluid present in the tube is determined with the
photoelectric section, while the presence of the tube is
determined using an electromechanical sensor. As &
result of this supplementary electromechanical sensor,
the known apparatus is complicated and therefore costly,

and at the same time it is unreliable due to the

additional possibility of error.

Another apparatus is known from US 5 644 402 which

detects both the presence of a tube and also the
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characteristics of the fluid transported in the tube with
a photoelectric section. To this end, the light source,
the receiver and a number of deflectors are disposed in a
complicated geometrical arrangement such that, depending
on whether the tube is present, and on its content and
the resulting differing refraction, the light beam eithexr
does not reach the receiver at all, or is once or twice
diffracted. It is indeed possible to determine with a
photoelectric section whether a tube is present and what
characteristics the content has, and it is also possible
to achieve greater sensitivity as a result of the
partially longer light path. However on the whole, this
apparatus 1is vefy complex and therefore expensive. In
addition, it is highly subject to failure and must be

precisely adjusted to the tube in question in order to be

able to provide accurate information.

In view of this background it is therefore an object of
the present invention to provide an apparatus of the type
described in the introduction with which a reliable
investigation of the presence of a fluid conduit and also
at least one characteristic of the content of the fluid

conduit is possible with little expense, to lmprove the

safety of the patient.
DISCLOSURE OF THE INVENTION

This object is achieved with an apparatus of the type

mentioned in the introduction that comprises a second

optical sensor which detects the radiation reflected from

the fluid conduit.
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In this way a simply constructed apparatus 1s provided
with which inter alia the presence of a fluigd conduilt or
Cube can be reliably ascertained. If a fluid conduit is
present, the light beam directed towards the fluigd
condult by the light source will be partially reflected,
this reflection being detected by the second optical
sensor. The latter then generates a signal at a high
level that is transmitted to a control unit, for example
Of a monitor, where it is processed. If no fluig conduit
1s present then no light can be reflected from the fluid
conduit onto the second optical Sensor, so that this will
generate no signal, or only a signal of low level, and
transmit this to the control unit. In this mannexr, the
presence of a fluid conduit can be reliably determined

solely by means of the signal from the second optical

L

SEelrsox.

The unreflected light beam, or the unreflected portion of
the light beam, is detected by the first optical sensor,
which generates a signal dependent on the intensity of
the received light radiation and passes this on to the
control unit. If no fluid conduit is present, the entire
light radiation reaches the first optical sensor
unreflected and unfiltered or unattenuated and not
weakened, the latter then generates a signal at a high
level, and sends this to the control unit. A high-level
signal can likewise be generated when a fluid conduit 1is
mounted and contains a transparent liquid, as was

described in detail above with reference to the lens

effect. However, since a second signal is available from




10

15

20

25

30

WO 00/15278

CA 02341993 2001-02-22

PCT/SE99/01541

the fluid conduit, this signal allows the described
condition of fluid conduit with Cransparent fluid to be
assigned without ambiguity. The previously existing
difficulties in distinguishing these two conditions are

thus easily and reliably overcome.

The other characteristics of the fluid conducted through
the fluid conduit may also be determined in a simple
mannexr. If the fluid conduit is present and filled only
with air, the light beam will be somewhat attenuated, so
that a reduced portion will be detected by the first
optical sensor. This then generates a signal of medium
level, and passes this on to the control unit. If a fluid
conduit 1s present and filled with blood, the light
radiation will be essentially completely filtered, and at
the most, only a small part of the light radiation will
arrive at the first optical sensor. This then generates a

low-level signal and sends this to the control unit.

Finally, the presence of air bubbles in a fluid conduit
filled with blood can also be easily ascertained. In
contrast to the surrounding blood, air bubbles
essentially do not attenuate the light beam, so that a
substantially unfiltered light beam will pass through the
blood containing air bubbles and arrive at the first
optical sensor. Thus, when blood containing air bubbles
flows past and momentarily allows the light beam to
arrive at the first optical sensor substantially
unfiltered, the latter generates a short, high-level

lmpulse-like signal, which is superimposed on the low-

level signal indicating blood. The presence of air
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level signal indicating blood. The presence of air
bubbles in the blood can thus be determined simply from

the signal shaped from the first optical sensor: a low-

level base signal on which are superimposed high-level

impulses. In this way a simple measurement of air bubbles

1s enabled, independently of the type of tube and its

position, simply by detecting peaks Or 1mpulses on the

exlsting base signal.

Exrror conditions may also be determined with the
apparatus according to the invention, e.g. the presence
of an incorrect fluid conduit, or that the light of the
light source is too weak, or the light source or the
first and/or second sensor is/are faultyp‘In.such cases
the first sensor generates a signal of low or medium

level and the second sensor generates a signal of low

level .

Accordingly, with the apparatus according to the
lnvention the presence of a fluid conduit, at least one

characteristic of the content of the fluid conduit and

error conditions can be determined easlly and reliably as

1s summarised in the following table.
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Table
Signal from =lgnal from
the first the second
SCNSOX SCNSOY

No fluid conduit high level low level

Fluid conduit present, medium level high level

but empty

Fluld conduit present, high level high level

filled with transparent

fluid

Fluid conduit present, low level high level

filled with blood

Fluid conduit present, low level with high level

filled with blood, air high-level

bubbles 1lmpulses

Error conditions low or medium low level
level

> Error conditions could, for example, be: light source too

weak, first and/or second sensor faulty, incorrect fluid

conduit.
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It should be noted at this instance that when using

sensors that, for example give a low-level signal with a

strong received light beam and a high level signal with a

o

weak received light beam, the above table is

correspondingly reversed. Such an arrangement of the

apparatus operating in a kinematically reversed manner is

likewise incorporated herein.

The apparatus according to the invention can be further

simplified when, in accordance with a preferred

embodiment of the invention, the second optical sensor is

- combined with the light source and, for example, is

formed integrally with the light source. The use of such
a reflection sensor reduces the number of individual
components required for the apparatus, whereby the

complexity of the apparatus, and consequently the risk of

failure, is further reduced. "

It should be noted at this pdint that this is only a
preferred embodiment, and the second optical sensor may
be arranged as desired independently of the light source,
provided that it captures the light reflected from the
fluid conduit. Any desired sensor can be used as an

optical sensor, for example, phototransistors,

photodiodes or photoresistors.

According to a further preferred embodiment, at least the
sensitive electrical and electronic components of the
apparatus are integrated in the monitor housing, so that
these are protected from external influences, and safety

1s increased. External influences may, for example, be
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moiéture, water and glucose or coffee, as well as
electromagnetic radiation. Coffee out of = cup that has
been placed on the monitor and is knocked over could, for
example, run down the monitor and the apparatus, or
glucose could accidentally drop on the monitor or be
squirted against the apparatus when being administered to
a dialysis patient. Electromagnetic radiation can cause

the disruption of the signal transmission from the

sensors to the monitor device.

In order to ensure the safe transmission of radiation
transmitted from the light source towards the fluid
conduit, and a safe further transmission towards the
first optical sensor, it is advantageous to provide, in
accordance with another embodiment, a first waveguide
that guides the light or the radiation from the light
source to the fluid conduit and the reflected light from
the fluid conduit to the second sensoxr, and a second
waveguide that guides light directed towards the fluid
condult to the first optical sensor after it has passed
through the fluid conduit. In this way, a defined light
path 1s created that ensures the safe operation of the

apparatus lrrespective of random external influences.

The waveguides may be made of any desired light-
conducting material, such as quartz glass, and may also
be formed freely with respect to diameter. However, 1t is

advantageous to form the diameter such that 1t 1s smaller

L
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and consequently a higher precision and efficiency is

achieved.

However, in place of using waveguides, it is also

possible to create a defined light path using mirrors,

for example as is disclosed in DE 37 68 033.

According to an alternative embodiment, the first and
second waveguldes are integrated in a conduit holder or
tube holder that is arranged on the monitor housing. By
means of this a defined relative association between the
fluid conduit and sensors is enabled which further
1mproves the precision and reliability of the

measurement.

In this arrangement, the waveguide guiding the light from
the light source to the fluid conduit can also be
arranged such that it touches the fluid conduit. However,
it can also be arranged such that an air gap is present
between the end of the waveguide and the fluid conduit.
Thls 1s necessary in particular when the refractive
indexes of the adjacently arranged materials are so
similar that no, or only insufficient, reflection is
obtained. By providing an air gap, a sufficient
difference between the refractive indexes of the
adjacently disposed materials, and hence a sufficient
reflection of the light beam at the mounted fluid

conduit, is obtained.

The light emitted from the light source can be

unmodulated light of any desired wavelength. However, it
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1s advantageous when the emitted light is modulated to

allow the reliable detection of light transmitted by the
light source and reflected from, or transmitted through,
the fluild conduit, irrespective of the surrounding light.
For example, light with a wavelength of between 880 and
890 nm and a modulation frequency of 10 kHz may be used.
The isolation from surrounding light can be implemented

simply by filtering the modulation out of the signal at
the detector.

Preferably light in the infrared region is transmitted
and modulated, for example, with a square wave pulse
sequence, since components for this are known and the

work and cost involved in the apparatus will be reduced.

It should also be noted at this stage that when utilising

waveguides of glass material, light with a wavelength
below 350 nm should not be used, as such short

wavelengths are absorbed by glass.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail by

means of the preferred embodiments with reference to the

accompanylng drawings. In these:

arranged therein;
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13
Fig. 2 shows a schematic view of a preferred
embodiment ;
Fig. 3 shows a detail with a schematic view of

the light radiation in the apparatus according to Fig. 2;
Fig. 4 shows a detail with a schematic view of

the light radiation according to a further preferred

embodiment; and

Fig. 5 shows a schematic view of the signal

processing 1in the control unit.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the interests of improved clarity only some parts of a
dialysis monitor, in which the apparatus according to the

lnvention is utilised, are depicted schematically in Fig.

1.

Blood from a patient is sent to a dialyser 1 through an
extracorporeal blood circuit via an arterial tube 3, the

blood being moved to the dialyser 1 in the tube 3 by

means of a blood pump 7. The tube 3 can be clamped with
an arterial clamp 9 that is activated by the control unit
13 of the monitor, which is not shown. The clamp S mavy,
for example, be formed as an electromagnetically operable
clamp and be operated by the control unit 13 of the
monitor in case of alarm to pinch off the tube, and

consequently to prevent further blood from being taken

from the patient.
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The blood that is passed through the dialyser 1 and
cleaned there is sent back to the patient via a venous
tube 5. An electromagnetically operable venous clamp 11,
that 1s controlled in the same way by the control unit 13

of the monitor, is likewise disposed on the tube §.

A detector 20 is arranged upstream of the clamp 11 in the
direction of flow, and is also connected to the control
unit 13 of the monitor. This detector 20 determines on
the one hand the presence of the tube 5, and on the
other, the characteristic of the content of the tube 5.
If, for example, the detector 20 ascertains that the tube
5 contains rinsing liquid, or that air bubbles are
contained in the blbod peing sent back to the patient, an
alarm 1s generated by the control unit 13 of the monitor
and the clamps 9 and 11 are activated to pinch off the

tubes 3 and 5, respectively. In this way any endangerment

to the patient is obviated and the patient's safety

improved.

The arrangement of the detector 20 depicted here is only
an illustrative example. It is not intended to limit the
utilisation of the detector to the arrangement described
here within a dialysis monitor, nor to its use only in a
dialysis monitor or only in an extracorporeal blood
circuit. For example, in addition to its utilisation in
haemodialysis, haemodiafiltration and haemofiltration the
apparatus can be employed inter alia during

plasmapheresis, intravenous infusion, the exchange of

blood components or the oxygenation during heart

operations.
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In Fig. 2, a preferred embodiment of the detector 20 is
schematically shown in section. The detector 20 comprises
a circuit board 22 on which the electrical components and

5 clrcuits are arranged, and which is connected by an
electrical connection 24 to the control unit 13 (Fig. 1)
of the monitor, that is illustrated only by its housing
32. The circuit board 22 with its electrical components
and circuilts is disposed inside the housing 32 for

10 protection. A light emitting diode (LED) 26 is provided
as a light source on the circuit board 22. The LED 26 is
combined with a phototransistor 28 and a waveguilde 40,
this arrangement forming the aforementioned reflection
sensor. Furthermore, a sensor 30 that is responsive to

15 the light emitted by the LED 26 is arranged on the

circuit board 22.

L™

The detector 20 further comprises a tube or conduit
holder 34 that is arranged on the outside of the monitor

20 housing 32 and can hold a tube that is not shown. The
condult holder 34 comprises a recess 36 that tapers
inwardly and then opens up to an essentially cylindrical
enlargement 38. This enlargement 38 receives the tube
that 1s not shown and holds this in the conduit holder

25 34. The waveguide 40 connected to the LED 26 and the
phototransistor 28 is guided by the monitor housing 32
and the conduit holder 34 up to the enlargement 38, so
that light emitted from the LED 26 is guided towards the
enlargement 38. A second waveguide 42 is likewise

30 provided in the conduit holder 34 and arranged therein

such that one end is directed towards the enlargement 38,
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and the other towards the sensor 30. To this end,
corresponding openings are provided in both the monitor
housing 32 and the conduit holder 34. At the same time,
the end of the waveguide 42 directed towards the

5 enlargement 38 is arranged to oppose the first waveguide
40. In thils way, the second waveguide 42 can receive the
light transmitted towards the enlargement 38 by the first

waveguide, and pass this on to the sensor 30.

10 This 1s schematically illustrated in Fig. 3. Fig. 3 shows
the enlargement 38 of the conduit holder 34 in section,
with a tube 5 that has been inserted through the recess

36 of the enlargement. The light rays 50 transmitted by

the light source, which is not shown here, are

15 transmitted through the first waveguide 40 to the
enlargement 38 and the tube 5 located therein. A portion
of the light rays 50 will be réfleCted at the tube 5, as
1s 1llustrated by the arrow 52. These light rays 52 will
be detected by the phototransistor 28, which is also not

20 shown here and which then generates a signal and sends
this to the control unit of the monitor, both of which
are not shown here. This signal simply and reliably
indicates that a tube 5 is located in the conduit holder

34, as has been described in detail above.

25 '
A portion of the light rays 50 will be transmitted
through the transparent tube 5 and will reach the second

wavegulde 42 arranged opposite. This gurdes the light

rays 50 further to the sensor 30 (Fig. 2), which

30 generates a signal dependent on the intensity of the

received light radiation 50 and passes this on to the




CA 02341993 2001-02-22

WO 00/15278 PCT/SE99/01541

10

15

20

25

30

L7

control unit of the monitor. This signal simply and
reliably indicates the characteristic of the fluid
contained in the tube 5. As described above in detail,
with this arrangement, the safe and reliable
determination of whether the tube 5 is filled with air,

with rinsing liquid or with blood, and whether the blood

possibly contains air bubbles is enabled.

The arrangement depicted here in which the first
wavegulde 40 touches the tube 5 is only one embodiment of
the apparatus according to the invention. It is also
possible to arrange the first waveguide 40 such that it

1s spaced from the tube 5 located in the enlargement 38.

This 1s shown in Fig. 4. In the embodiment illustrated
here, an air gap 62 is present between the tube S5 and the
end of the waveguide 40 directed towards the recess 38
when a tube 5 is inserted in the conduit holder 34. This
embodiment differs from that shown in Fig. 3 only in the
alr gap 62. Like parts are denoted by like reference

numerals, so that no renewed detailed description 1is

necessary here.

The air gap 62 can, for example, be implemented using
spacers which are not shown in the drawing and which hold
the tube at a certain distance from the wavegulide 40 to
form the illustrated air gap 62. It is also possible that
the waveguide 40 comprises one or more recesses at its
end that 1s directed towards the tube 5, so that the tube

5 lies against the projecting parts of the wavegulde 40,

while an air gap is formed between the recesses in thea
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waveguide 40 and the tube 5.

The thus formed air gap may be necessary for certain
materlals or with a certain surface characteristic or
shape of the tube 5 to ensure sufficient reflection of
the light rays, that is dependent on the refractive

indexes of the adjacently arranged materials in the

direction of the light ray 50.

In Fig. 5 there is shown schematically part of the
control unit 13 and parts of the venous tube 5 with the
fitted venous clamp 11 and the photoelectric section of
the apparatus according to the invention. The tube S may
be formed totally, or in the region of the photoelectric
section,-with a cylindrical or even an oval cross section
and be of PVC or another conventional, transparent
material used in the medical field. However, it is also
possible that the tube be formed as a cell, for example
of glass, with a rectangular cross section. The
photoelectric section has already been described in
detail with reference to Fig. 2, so thét a renewed
explanation is not necessary. The photoelectric section
1s shown schematically here, without the waveguide, only
with the light source 26, the phototransistor 28 and the
first sensor 30. The light source 26 sends light rays 50
towards the tube 5, these are transmitted through the
transparently formed tube 5 and are detected by the first
sensor 30. A portion of the light rays 50, denoted by 52,

are reflected by the tube 5 and detected by the second

sensor, the phototransistor 28.
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The i1llustrated portion of the control unit 13 comprises
a CPU, a D/A converter, a modulator M, three demodulators
DM1, DM2 and DM3, a . bandpass filter BF and three
comparators Kl, K2 and K3. The CPU controls the modulator
M that modulates the LED control current via the D/Aa

converter. This has the effect that the light source 26

emits light rays 50 with a predetermined modulation, as

described in detail above.

The modulated light rays 50 passing through the tube &
are detected by the first sensor 30. This then emits a
signal which is demodulated by the demodulator DM1. In
this way, the influence of the surrounding light on the
measurement in the photoelectric section is substantially
excluded. The demodulated signal is then passed to the
comparator Kl, where it is compared with a predetermined
value. This predetermined value -is supplied from the CPU
via the D/A converter to the comparator K1. It should be
noted at this point that one embodiment only 1is being
described here, and the predetermined value, the so-

called 'trigger value', could also be fed to the

comparator in another manner.

IT the signal supplied to the comparator Ki by the
demodulator DMl lies above this predetermined value, then
either no tube 5 is present, or the tube 1s present and
filled with transparent fluid, so that the same amount of
light reaches the first sensor 30 as when the tube 5 1S

absent as a result of the lens effect described in de:tail

above.
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To differentiate between these two situations the CPU
uses the signal delivered by the second sensor 28. This
responds to the light rays 52 reflected by the tube 5,
and emits a signal that is demodulated by the demodulator
DM3 and then sent to a comparator K3. This comparator K3
compares the signal delivered by the sensor 28 with a
predetermined value, which is supplied by the CPU via the
D/A converter. If the signal lies below this value, then
no tube S5 1s present that could reflect light to the
sensor 28. If the signal lies above the predetermined
value, then a tube 5 is present, and light 52 is
reflected towards the sensor 28, which then emits a
signal at a high level. Thus, the CPU can decide with the
help of the comparators Kl and K3 whether no tube 5 1s

present, or whether a tube is present that contains

transparent fluid.

In the same way the CPU can determine whether the tube 5

predetermined value. If the signal lies below this wvalue,
blood is present in the tube 5. In this case the light
ray 50 will be substantially completely filtered, so that
the sensor 30 supplies only a correspondingly low signal.
If the tube is present, but empty, 1.e. filled with air,
the light rays 50 will be somewhat filtered and a
corresponding signal will be sent by the sensor 30 to the
comparator Kl. If this signal lies below the first
predetermined value and above the second predetermined

value, then an empty tube is present. Hence, with the aid

of the comparator K1, the CPU can also determine if an
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empty tube 1s present.

Finally, with the help of the comparator K2 the CPU can
determine whether air bubbles are present in the fluid
flowing through the tube 5. If, for example, air bubbles
are present 1in blood flowing through the tube 5, then as
these pass the photoelectric section they will allow the
light rays 50 to reach the sensor 30 unhindered to a
greater or lesser extent depending on their size. The
latter then generates a pulse-like signal corresponding
to the passing bubbles. This signal emitted by the sensor

30 1s sent both to the comparator Kl, as described in

detail above, and to the comparator X2 via the

demodulator DM2 and the bandpass filter BF. The
comparator K2 compares the signal with a predetermined
value, and air bubbles are present when the signal lies
above this value. In this case the CPU controls, for
example, the venous clamp 11, which closes the tube 5. In

this way any endangerment of the patient is excluded.
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The embodiments of the invention 1n which an exclusive

property or privilege 1s claimed are defined as follows:

1. An apparatus for determining the presence of a fluid
condult having an exterior surface comprising:

a light source disposed for generating radiated light in
a direction towards a predetermined location, wherein when
sald fluid conduit 1is present at said predetermined
location said radiated light passes in a direction through
said fluid conduit;

a first optical sensor for detecting a first portion of
said radiated light passing Ehrough said fluid conduit; and‘

a second optical sensor disposed for detecting a second

portion of said radiated light, which i1s reflected by said

exterior surface of said fluid conduit.

2. The apparatus of claim 1, in combination with a

control device.

3. The apparatus of claim 2, wherein said control device
comprises a device for the extracorporeal treatment of

blood.

g, The apparatus of claim 2, wherein said control device
comprises a control unit, and wherein said first and second
optical sensors are electrically connected to said control
unit, said first optical sensor providing a first signal

and said second optical sensor providing a second signal.

5. The apparatus of claim 4, wherein said control device
comprises comparing means for comparing said first and

second signals with predetermined signal values, wherein:
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when said first signal is at a predetermined high level
and said second signal is at a predetermined low level,
said comparing means determines that said fluid conduit 1s
not present at said predetermined location;

when said first signal is at a predetermined medium level
and said second'signal 1s at a predetermined high level,
said comparing means determines that said fluid conduit 1s
present at said predetermined location and said fluid 1is
not present in said fluid conduit;

when said first signal is at a predetermined high level
and said second signal is at a predetermined high level,
sald comparing means determines7that sald fluid conduit 1is
present at said predetermined location and said fluid
comprises a transparent fluid;

when said first signal is at a predetermined low level
and said second signal 1s at a predetermined high level,
said comparing means determines that said fluid conduit 1is
present at said predetermined location and said fluid
comprises an opaque fluid;

when said first signal 1s at a predetermined low level
and pulses at a predetermined high level, and said second
signal is at a predetermined high level; salid comparing
means determines that said fluid conduit 1s present at said

predetermined location and said fluid comprises an opaque

fluid having air bubbles; and

when said first signal 1s at a predetermined low or
medium level and said second signal 1s at a predetermined
low level, said comparing means determines that an error

condition exists.

0. The apparatus of claim 2, wherein sald control device

comprises a dialysis monitor.
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7. The apparatus of claim 1, wherein said second optical

sensor is integrally formed with said light source.

8. The apparatus of claim 1, further comprising a
housing, and wherein said light source, said first optical

sensor and said second optical sensor are disposed 1n sald

housing.

9. The apparatus of claim 8, 1in comblnation with a

control device.

10. The apparatus of claim 9, whereinfSaid housing

constitutes a portion of said control device.

11. The apparatus of claim 1, further comprising a first
waveguide for transmitting said radiated light from said
light source to said predetermined location and for
transmitting said radiated light reflected by said conduit
to said second optical sensor, and a second waveguide for
transmitting said radiated light which passes through said

fluid conduit to said first optical sensor.

12. The apparatus of claim 11, 1n combination with a

control device.

13. The apparatus of claim 12, further comprising a
housing, and wherein said light source, said first optical
sensor, and said second optical sensor are disposed in said
housing, and further comprising a fluid conduit holder for
holding said fluid conduit at said predetermined location,
sald fluid conduit holder disposed on said housing, said

first and second waveguides beling integrated with said

fluid conduit holder.
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14. The apparatus of claim 12, wherein said first
waveguide 1is dispOsed at a location adjacent to said fluid

condult whereby an air gap is created therebetween.

15. The apparatus of claim 1, wherein said light source
generates sald radiated light having a predetermined

wavelength and a predetermined modulation.

l6. The apparatus of claim 15, wherein said predetermined
wavelength comprises a wavelength in the range of infrared
radiation, and wherein said predetermined modulation

comprising a substantially square pulse sequeﬁCe.

17. A method for determining the presence of a fluid
conduit at a predetermined location and at least one
characteristic of contents of said fluid conduit, said
method comprising the steps of:

directing radiated light towards said predetermined
location wherein when said fluid conduit is present at said
predetermined location, said radiated light passes in a

direction through said conduit;

detecting a first portion of said radiated light passing

through said fluid conduit; and

detecting a second portion of said radiated light which

1s reflected by an exterior surface of said fluid conduit.

18. The method of claim 17, further comprising comparing
said first and second portions of said radiated light with

predetermined values therefor wherein:
when said first portion of said radiated light is at a
predetermined high level and said second portion of said

radiated light is at a predetermined low level, determining
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that said fluid conduit 1s not present at said
predetermined location;

when said first portion of said radiated light 1s at a
predetermined medium level and said second portion of said
radiated light 1s at a predetermined high level,
determining that said fluid conduit 1s present at said
predetermined location and said fluid 1s not present 1in
sald fluid conduit;

when said first portion of said radiated light is at a
predetermined high level and said second portion of said
. radiated light 1s at a predetermined high level,
determining that said fluid conduit is present at said
predetermined location and said fluid comprises a
transparent fluid;

when said first portion of said radiated light 1s at a
predetermined low level and said second portion of said
radiated light 1s at a predetermined high level,
determining that said fluid conduit is present at said
predetermined location and said fluid comprises an opaqgue
fluid;

when said first portion of said radiated light is at a
predetermined low level and pulses at a predetermined high
level, and said second portion of said radiated light is at
a predetermined high level, determining that said fluid
condult 1s present at said predetermined location and said
fluid comprises an opaque fluid having air bubbles; and

when said first portion of said radiated light is at a
predetermined low or medium level and said second portion
of said radiated light is at a predetermined low level,

determining that an error condition exists.

19. A method for determining the presence of a fluid

condulit with an exterior surface at a predetermined
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location and at least one characteristic of contents of
said fluid conduit, said method Comprising the steps of:

directing radiated light towards said predetermined
location wherein when said fluid conduit is present at said
predetermined location said radiated light passes 1in a
direction through said conduit;

detecting a first pértion of said radiated light passing
through said fluid conduit and detecting a second portion

of said radiated light which is reflected by said exterior

surface of said fluid conduit;

comparing said first and second portions of said radiated
light with predetermined values therefor wherein:
when said first portion of said radiated light 1s at
a predetermined high level and salid second portion of said
radiated light is at a predetermined low level, determining
that said fluid conduit 1s not present at said

predetermined location;

when said first portion of said radiated light 1s at
a predetermined medium level and said second portion of
said radiated light is at a predetermined high level,
determining that said fluid conduilt is present at said
predetermined location and said fluid 1s not present 1in
sald fluid conduit;

when said first portion of said radiated light is at
a predetermined high level and said second portion of said
radiated light is at a predetermined high level,
determining that said fluild conduit 1s present at said
predetermined location and said fluid comprises a
transparent fluid;

when said first portion of said radiated light 1s at

a predetermined low level and said second portion of said

radiated light is at a predetermined high level,

determining that said fluid conduit 1is present at said
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predetermined location and said fluld comprises an opaque

fluid;

when said first portion of said radiated light 1is at
a predetermined low level and pulses at a predetermined
high level, and said second portion of said radiated light
is at a predetermined high level, determining that said
fluid conduit is present at said predetermined location and
said fluid comprises an opaque fluild having air bubbles;
and |

when said first portion of said radiated light 1s at
a predetermined low or medium level and said second portion
of said radiated 1light 1s at a predetermined low level,

determining that an error condition exists.

20. A method for determining the presence of a fluid
conduit with an exterior surface at a predetermined
location, said method comprising the steps of:

directing radiated light towards said predetermined
location wherein when said fluid conduit 1s present at said
predetermined location said radiated light passes 1in a
direction through said conduit; -

detecting a first portion of said radiated light passing
through said fluid conduit and detecting a second portion
of said radiated light which 1s reflected by said exterior

surface of said fluid conduit;

comparing sald first and second portions of said radiated
light with predetermined values therefor wherein:
when said first portion of said radiated light 1is at
a predetermined high level and said second portion of said
radiated light 1s at a predetermined low level, determining
that said fluid conduit 1s not present at said

predetermined location.
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