1604 251

10
15
20
25
30
35
40
45

50

PATENT SPECIFICATION

(21) Application No 20492/77

(23) Complete Specification Filed 12 May 1978
(44) Complete Specification Published 9 Dec 1981

(51) INT.CL2 A61B  5/02
(52) Index at Acceptance GIN

(72) Inventor:- Basil Martin Wright

(54) BODY FUNCTION DETECTION AND
MEDICAL INSTRUMENTS THEREFOR

(71)  We, NATIONAL RESEARCH DEV-
ELOPMENT CORPORATION, a British Corpora-
tion established by Statute, of Kingsgate House,
66 - 84 Victoria Street, London, S.W.1, do
hereby declare the invention for which we pray
that a patent may be granted to us, and the
method by which it is to be performed, to be
particularly described in and by the following
statement:-

This invention concerns body function det-
ection and medical instruments therefor, and
the invention has been conceived initially in
connection with the detection and measure-
ment of respiration in neonates.

All of the effective methods of measuring
neonatal respiration are unsatisfactory in one
way or another because they either involve
gross interference with the infant, for example,
by intubation, by use of a mask, or by enclosing
in a plethysmograph, or they are indirect. An
indirect method of detecting neonatal respira-
tion in common usage in the United Kingdom
uses detection by way of infant movement on
an inflated mattress, but this method gives rise
to many false signal outputs and is accordingly
unreliable.

The present invention involves a method
which can be applied to the detection and
measurement of neonatal respiration, and other
body functions, in a reliable manner without
undue interference with the infant or other
patient. This method operates by the detection
of change of curvature in the abdominal wal.
In the case where the function is neonatal res-
piration, the method relies on the fact that
neonates have soft chests and, in consequence,
their respiration is almost purely abdominal,
giving a sufficient quantitative relationship
between respiratory volume and abdominal
expansion for the purposes of clinically useful
measurement. In addition, their abdominal
walls are very thin, with little or no muscular
structure, so that the walls behave like balloons.

A corresponding situation exists in a woman
in advanced pregnancy and labour, and it has
been found possible to detect respiration and
uterine contractions in this case as well by use
of the same method.

In order to carry out the proposed method
the present invention provides an abdominal
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spherometer comprising a detector capsule
adapted for attachment to the abdominal wall
and partly defined by a first resilient diaphragm
for engagement and complementary movement
with such wall when so attached, said capsule
being pheumatically connected by flexible
tubing to a variable volume compartment which
incorporates or is operably connected with a
transducer responsive to varations in the
volume of said capsule due to abdominal expan- 0
sion and contraction, and said transducer
including a capacitor having a fixed electrode

and a movable electrode, the latter electrode
being in the form of a second resilient conduc-

tive diaphragm forming a variable wall portion 5
of said compartment.

The fact that the transducer is pneumatically
connected with and can be located remotely
from the detector capsule avoids the hazard
which otherwise arises when electrical equip-
ment is engaged directly with, or closely adja-
cent to the body, and also allows the detector
capsule to be of very simple construction and
sufficiently small as to be unobtrusive.

For a fuller understanding of the present
invention, one embodiment of the same is illus-
trated in partly sectioned manner by the
accompanying drawing.

In the drawing the detector capsule is de-
noted at 10 and has a body 11 of a simple
cupped shape which is closed by a diaphragm
12. An overall hollowed disk shape is preferred
for compactness, this shape suitably being cir-
cular. The body 11 has an overall diameter of
about 20mm and depth of 3mm, these dimen-
sions having been found suitable for application
to neonates. For adults, an increase in diameter
up to about 40mm, and suitably about 30mm,
is appropriate. The body can be made of metal
or any suitably rigid plastics material. The dia- 90
phragm 12 is made of soft rubber and is secured
to the rim of the body by a retaining ring, such
as at 13, or by fabrication of the diaphragm in
one piece with a moulded ring to seat around
the body rim. A nozzle 14 projects from the
side of the body to receive one end of a flexible
tube 15.

The other end of the tube 15 is similarly
connected with a variable volume compartment
16. This compartment is suitably of similar
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shape and form to the detector capsule, with a
unitary body 17 of rigid plastics, electrically
insulating material, having a nozzle 18 project-
ing at the side to receive the tube 15. The base
of this body 17 has a thin film of electrically
conductive material adhered to its inner face to
form a circular disc electrode 19 with an
annular region of the base exposed therearound.
The compartment 16 is closed by a diaphragm
constituted by a sheet 20 of resilient plastics
material with a coating 21 of electrically
conductive material on one face, this diaphragm
being secured to the rim of the component by
a retaining ring 22 to form a movable electrode.

The two electrodes of the compartment 16
are connected by individual leads 23 passing
through the component 17 to a circuit 24 for
measuring and detecting variations in the cap-
acitance defined by the electrodes. The circuit
24 is connected to an output unit 25 which
may take a variety of forms for the purposes
of display, recording, and/or alarm generation,
subject to the function to which the embodi-
ment is applied.

The compartment is suitably of the same
order of dimensions as the capsule, this giving a
compromise between too small a size for the
electrodes to give a readily detectable signal
output, and too large an internal volume to
give a readily detectable variation in signal out-
put with diaphragm movement.

In initial development the iltustrated embodi-
ment has a component 17 about 40mm in dia-
meter with a fixed electrode of about 25 mm
diameter and 0.05mm inter-electrode spacing,
giving a capacitance of about 50pf when the
electrodes are parallel. This embodiment has
operated satisfactorily in detecting neonatal res-
piration to provide an output, by way of a pen
recorder, which corresponds well with equival-
ent outputs from previously existing measuring
equipment.

The above-described capacitance tranducer is
considered to be particularly advantageous in
its constructional simplicity and economy,
while providing an operational sensitivity com-
patible with the detection of neonatal respira-
tion. Thus the transducer compartment is
readily made from a moulded component 17 in
which the fixed electrode is printed and across
which metallised “Melinex” (Registered Trade
Mark) is secured and tensioned by a friction-fit-
ted retaining ring to provide the desired inter-
electrode spacing automatically. It is to be
noted that the presence of any shunting cap-

acitance, such as may arise with a more conven-
tional construction using a metal base compon-
ent, is avoided.

Notwithstanding a preference for the cap-
acitance transducer in quenstion, other forms 60
of transducer may be employed, such as a vari-
able inductance position transducer connected
with a diaphragm of a variable volume compart-
ment.

WHAT WE CLAIM IS: 65

1. An abdominal spherometer comprising a
detector capsule adapted for attachment to the
abdominal wall and partly defined by a first
resilient diaphragm for engagement and comple-
mentary movement with such wall when so 70
attached, said capsule being pneumatically con-
nected by flexible tubing to a variable volume
compartment which incorporates or is operably
connected with a transducer responsive to varia-
tions in the volume of said capsule due to 75
abdominal expansion and contraction, and said
transducer including a capacitor having a fixed
electrode and a movable electorde, the latter
electrode being in the form of a second resilient
conductive diaphragm forming a variable wall 80
portion of said compartment.

2. A spherometer according to Claim 1
wherein said capsule comprises a rigid cup-
shaped body having said first risilient :
diaphragm located across its mouth. 85

3. A spherometer according to Claim 2
wherein said capsule is of hollowed disc shape
gaging one face formed by said first resilient

4. A spherometer according to Claim 3 90
wherein said disc is circular with an overall
diameter of about 20 - 40 mm. :

5. A spherometer according to Claim 4
wherein said diameter is about 30 mm.

6. A spherometer accordingto Claim4or 95
5 wherein said disc is about 3 mm thick.

7. A spherometer according to any one of
Claims 3 to 6 wherein said compartment is of
similar shape and the same order of size as said
detector, and said fixed electrode is located on
the wall portion of said compartment opposite
to the respective diaphragm.

8. An abdominal spherometer substantially
as herein described with reference to the draw-

ings.
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This drawing is a reproduction of
1 SHEET the Original on a reduced scale

/
"': sj &) o
% TSSOSO S AN //
((
N
~X
X~
\\\
\\\
\ \
\ \
77 ~NI
\ oz oz ~
22 Q
N9 L 4




