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(54) Title: ‘PROXIMITY DETECTOR

(57) Abstract

A surgical or medical implement including a proximity detector to indicate the distance from an internal organ or
member such as an artery. In one form the invention is applied to a surgical scalpel (12) with an audio transducer in con-
tact with the blade (11) and connected to an electrical circuit (18) for providing a warning signal. In another form the in-
vention is applied to a hypodermic syringe (50) with a transducer (60) in contact with the needle (56) and connected

through circuitry (62) with a warning lamp or buzzer (63, 64).
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"proximity Detector"

This invention relates to a proximity
detector which is primarily, though not exclusively,
applicable to surgical or medical implements.

In surgical operations there is a risk,
however careful the surgeon may be, of accidentally
incising or damaging parts of the body such as
arteries, viscera Or nerves. Likewise when giving
an injection by means of a hypodermic needle or the
like, there may be a similar risk of causing such
damage, but more importantly the invention can be
applied in a contrary sense to assist in penetrating
the artery.

Accordingly, it is one object of the
invention to provide an instrument with means for
producing a warning or control signal which will
assist the surgeon or medical personnel in avoiding
such damage, and/or in locating an internal target
such as an artery.

From one aspect the invention consists in
a proximity detector for use with a surgical or

medical instrument or the like, comprising an audio

transducer positioned on or adjacent to the instrument
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or a part thereof for detecting sounds or changes

in pressure levels in the surrounding zone, anq a
response or actuator system coupled to the tranéducer
to provide an output related to therposition of the
instrument relative to another object or body of
interest, such és an artery.

In one preferred form of the invention the
detector is designed to sense pulseé created or
existing within the body being operated upon, and
by appropriate electronic circuitry to sense or
measure the proximity of the body from the source
of the pulsing input torthe transducer.

For example, in the case of a blood artery,
the arterial pulses produce cyclic sound signals
which can be detected by an audio-electronic
transducer. In some preferred systems according
to the invention the detector is arranged in
conjunction with a surgical implement, the audio
transducer being mounted on or in contact with the
cutting blade or other tool. Alternati&ely, in
the case of a hypodermic needle or syringe the
transducer may be positioned in good acoustic contact
with the needle. )

To reduce or eliminate extraneous "noise"
or other pressure variations, the transducer is

preferably coupled or connected to a comparator
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circuit having a second input derived from a

different point on the body of the patient or other
zone, such that the comparator output is representative
of the local sound signals only.

In any case, the apparatus preferably includes
an amplifier coupled to the transducer and means
responsive to the output of the amplifier to determine
the distance between the implement and a pre-selected
object.

In some forms of the invention the apparatus
includes an audible, visual or tactile warning device
to indicate proximity of the instrument to an artery
or viscera. Alternatively, there may be an automatic
control system or actuator for positively preventing
further incision or penetration by the implement.

According to another preferred feature of
the invention, the apparatus includes a radio
transmission 'ink between the audio transducer and a
remote comparator, or warning, indicating or control
device.

As previously mentioned the invention may
be applied to a hypodermic syringe and needle, in
which case the detector is used to assist the user

in finding and penetrating an artery rather than

avoiding it.

PCT/GB87/00551
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Broadly stated from this aspect the invention
consists in a hypodermic syringe and needle including
an audio trénsducér acoustically coupled with the
needle to sense pressure changes or vibrations in
tissue adjacent to the needle.

As appliedrto a hypodermic syringe and needle
it is often useful or important for the user to
know that the tip of the needle is in the proper
position for making an injection, often into an
artery. Thus the transducer is preferably arranged
to detect and indicate proximity of the needle to an
artery, and it may be arranged to detect when the
needle has actuaily penetrated an artery.

In a particular preferred construction the
transducer is located in close contact with the
base of the needle so that vibrations experienced
at the tip of the needle are conveyed along the
length of the needle and by direct or indirect
contact to the transducer.

It is of advantage that the invention can
be applied to existing standérd»syringes and needles
and in a particular preferred arrangement the syringe
is located at least partly within a holder which has

an aperture through which the needle projects and the
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holder also incorporates an amplifier, a visible or
audible warning indicator and a battery or other

[N

power source.

The invention may be performed in various
5 ways and three specific embodiments, with a number
of possible modifications, will now be described by
way of example with reference to the accompanying
drawings, in which:-
Figure 1 is a diagrammatic illustration
10 of a surgeon's scalpel in a handle or holder, and
provided with a miniature acoustic transducer

according to the invention,

Figure 2 is a very diagrammatic illustration
of the essential components of the transducer system,

15 Figure 3 is a diagram illustrating the
essentials of the electronic circuit,

Figure 4 is an exploded view illustrating
the same constructional elements in a typical
example,

20 Figure 5 is a further diagram illustrating
the associated electronic comparator warning circuit
coupled to an E.C.G. (electro-cardiograph) instrument,

Figure 6 is a further diagram illustrating
a possible modification with the sensor separate

25 from the blade of the instrument,

Figure 7 is a diagrammatic cross-section
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through the implement on the lines VII = VII in
Figure 6, and

Figure 8 is a diagrammatic sectional elévation
through a modified hypodermicrsyringe and needle
according to the invention.

In the first example the invention is applied
to a surgeon's scalpel as illustrated at 10, having
a knife or blade 11, usually formed of stainless
steel. 1In this example the handle of the scalpel
is positioned in a holder 12 which is provided with
a closure or 1id 9:and an audio transducer 13 pressed
into close contact with the handle of the scalpel
so as to detect any sound or other vibrations. This
transducer is conveniently a piezo-electric crystal
or ceramic such as a p.z.t (lead zirconate titanate)
ceramic ‘transducer.

Alternatively, the transducer may be positioned
as shown at 15 directly on the blade or other part
of the scalpel. The transducer is electrically

coupled to circuitry illustrated at 18 and in more

‘detail in Figure 3, which includes a preamplifier

19, an R.F. oscillator 20, a modulator 21, R.F.
amplifier 22 and a small ferrite transmitting aerial
23. The handle 12 also includes a small battery 25
for the electronic circuit.

In the diagrammatic illustration of Figure

(12
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4 the scalpel handle 10 is mounted in a holder 12
of box or trough shape und is clamped in positiom
in contact with the audio transducer 13, which .is
spring-urged into contact with the hundle. The
scalpel itself with its blade 11 can be removed
to be sterilised and replaced, or it may be
disposable, and the holder 12 with the transducer
and other elements of the circuit of 18 is
preferably separate from the instrument and need
not therefore be treated as disposable.

The information transmitted by the antenna
23 will include all vibrations or sounds picked up
by the transducer and this will include, for example,
noise created by the actual cutting action of the
scalpel through tissue. In some cases that sound
itself may be sufficient to trigger a warning signal,
in which case the warning ciréuit merely includes a
level detector sensitive to the volume of sound
received.

In a preferred construction, however, the
detector relies on the sounds and vibrations created
by the pulsing flow of blood in the artery or viscera
and the apparatus includes the further equipment
illustrated in Figure 5. This is positioned adjacent
to but not physically connected to the surgeon's

scalpel and includes a receiving antenna 30, an

PCT/GB87/00551
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amélifier 31, E.C.G. (Electro-Cardiograph) input 32,
a comparator or lock-in amplifier 33, output aqplifier
34 and warning or control circuit 35. The lock-in
amplifier 33 compares the signal received from the
E.C.G. With the signalrtransmitted between the radio
link 23,30, eliminates extraneous "noise" and thus
detects only the vibrations of interest, in this case
the artery pulse, and then responds to a pre-selected
level which is related to the distance between the
scalpel blade and the actuai artery. At the required
level of proximity the alarm is activated. |

In the alternative illustrated in Figures 6
and 7 the instrument comprises a detachable blade 40,
mounted in a blade carrier 41 with the proximity
sensbr or probe 42 positioned above the carrier and
close to the blade but nqt'in direct contact. In
this case the instrument includes an automatic with-
drawal mechanism comprising a plunger 45 movable
lengthwise by a hYdraulic, mechanical or electrical
actuator 46, preﬁerably with é feturn spring. The
plunger has a pair of inclined cam slots 47 engaged
by pins 48 attached to the blade, and on receipt
of the warning signal from the output element of
the comparator éircuit, the plungef is triggered to

cause ﬁhe blade 40 to withdraw into the holder 41.
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In the example of Figure 8 the invention is
applied to a standérd hypodermic syringe assembly
comprising a cylinder 50 having a cover or closure
51 at its rear end with an aperture to receive the

5 rod 52 of the piston 53. At the other end of the
cylinder a further opening is provided to receive
and locate the base of the hypodermic needle 56.
The needle is normally secured permanently to the
cylinder and is disposable as one unit or it may
10 be removable.

In accordance with the invention the cylinder
50 is located within a holder 58 which is also
generally cylindrical and has an end wall 59 formed
with an aperture through which the needle projects.

15 This end wall also supports an acoustic transducer
60 which in this example is a generally flat annular
disc designed to make intimate contact with the base
of the needle when in position thus allowing good
acoustic transmission from the needle to the

20 transducer. The holder also includes an electronic
compartment 62 which may comprise a miniaturised
amplifier coupled with a volume or amplitude
threshold detector arranged to provide an output
signal when the volume of sound or vibration reaching

25 the transducer reaches a predetermined value. The
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output of this signalling circuit is connected to

a warning or indicator device such as a small4}.E.D.
light 63 and/or an audible warning buzzer 64. These
are preferably positioned on lateral projections
from the holder so as to give a clear warning to

the person using the syringe and the threshold level
is preferably set or adjusted to a value which
corresponds to the tip of the needle penetrating

the wall of an artery. This then indicates that
the needle is in proper position for the injection.
Alternatively the circuit may be set or adjusted to
give warning that the tip of the needle is in close
proximity with an artery.

It will be appreciated that the holder and
related components may be manufactured separately
from a standard syringe and designed to be readily
coupled théreto, for example by simply inserting
the syringe and needle into the holder.

It will be understood that the invention can
thus be applied to detect the proximity of vascular
or visceral structures in general or blood vessels
or nerves, or other sensitive parts of the body and
the associated sensing circuitry may be designed
and adjusted to operate at any required distance or
indeed to detect or prevent incision or cutting

into a body up to or beyond any pre-set depth.

1R
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CLAIMS

1. A proximity detector for use with a
surgical instrument or the like, comprising an audio
transducer positioned on or adjacent to the instrument
or a part thereof for detecting sounds or changes
in pressure levels in the surrounding zone, and a
response or actuator system coupled to the transducer
to provide an output related to the position of the
instrument relative to another object or body of
interest.

2. A proximity detector according to Claim
1, in conjunction with a surgical implement, the
audio transducer being mounted on or in contact with
the cutting blade or other tool.

3. A detector according to Claim 1 or
Claim 2, in which the transducer is coupled or
connected to a comparator circuit having a second
input derived from a different point on the body of
the patient or other zone.

4, A detector according to any of the
preceding claims, including an amplifier coupled
to the transducer and means responsive to the
output of the amplifier to determine the distance

between the implement and a pre-selected object.
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5. A detector according to any of the preceding
claims in conjunction with an audible, visual ‘or
tactile warning device to indicate proximity of
the instrument to an artery or viscera.

6. A detector according to any of the preceding
claims, including a radio transmission link between
the audio transducer and a remote comparator, or
warning, indicating or control device.

7. A hypodermic syringe and needle including
an audio transducer acoﬁstically coupled with the
needle to sense pressure changes or vibrations in
tissue adjacent to the needle.

8. A syringe and needle according to Claim 7,
in which the transducer is connected to a signalling
device to indicate the proXimity of the needle to
an object creating pressure changes or vibrations.

9.77A syringe and needle according ﬁo Claim
8, in which-the transducer is coupled through an
amplifier to anraudible or visible signalling
device positioned on or attached to the syringe.

10. A syringe and needle according to any
of the preceding Claims 7-9, in which the trans-
ducer is arranged to detect and indicate proximity

of the needle to an artery.

42
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11. A syringe according to Claim 10, in
which the transducer and its associated circuit are
arranged to detect and indicate that the needle has
penetrated an artery. ‘

12. A syringe according to any of the
preceding Claims 7-11, in which the transducer is
located in close contact with the base of the needle
so that vibrations experienced at the tip of the
needle are conveyed along the length of the needle
and by direct or indirect contact to the transducer.

13. A.syringe and needle according to any
of the preceding Claims 7-12, in which the syringe
is located at least partly within a holder which has
an aperture through which the needle projects and
the holder also incorporates an amplifier, a visible
or audible warning indicator and a battery or other
power source.

14. A warning or indicating device for
use with a hypodermic syringe and needle comprising a
holder or support adapted to be attached to the
syringe or needle, having an audio transducer arranged
to be in good acoustic contact with the needle, an
amplifying circuit for generating a warning signal
in response to the output from the transducer, a
battery or other power source, and an audible or

visual warning device.
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