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NON-INVASIVE MEDICAL PROBE 

REFERENCE TO RELATED APPLICATION 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 08/973,696, ?led Dec. 8, 1997 to the same 
inventor and entitled VALVE CONTROLLED FLOW INTO 
A TUBE. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to a method and apparatus 
for attaching a probe in a non-invasive manner to the skin of 
a patient. The invention also involves the control of pres 
sure/vacuum internally or externally of the tube, for 
eXample, the controlled reduction of vacuum in the tube. In 
one speci?c arrangement, the invention relates to a non 
invasive medical probe in Which a suction cup is secured to 
a patient’s skin, for example the scalp of a foetus, and a 
method of using the probe. 

[0003] In ERA-0525021 there is described a non-invasive 
medical probe for monitoring a patient’s condition. The 
probe comprises a source of suction, Which may be a 
belloWs, or other type of pump, connected by a tube to a 
resilient Walled suction cup for application to a patient’s 
skin. With the suction cup in contact With the patient’s skin, 
the belloWs or other pump is actuated to apply vacuum 
through the tube to secure the cup to the patient’s skin. 
Mounted Within the cup is an electrode for making contact 
With the patient’s skin folloWing evacuation of the cup, the 
resilience and form of the cup being such that the resilient 
Wall deforms so that the electrode is draWn doWn relative to 
the peripheral rim of the cup and makes the required contact 
With the patient’s skin. A signal is thereby obtained at the 
skin surface Which is responsive to a varying condition of 
the patient. In the particular embodiment described, the 
suction cup is for attachment to the scalp of a foetus With the 
rim of the cup in sealing contact With the surface of the 
scalp. 
[0004] A relatively high vacuum is required to secure the 
suction cup. The probe needs to remain attached for long 
durations, e.g. hours, but this creates a red mark on the skin 
the siZe of the suction cup. While not harmful, the mark is 
unsightly and may take up to a day to fade aWay. It is thus 
undesirable. 

[0005] HoWever, it has been found that the level of 
vacuum Which is necessary to maintain the cup in place even 
during movements of the foetus head can be substantially 
loWer than the initial vacuum necessary to secure the cup. 

SUMMARY OF THE INVENTION 

[0006] According to the invention there is provided a 
method of controllably reducing vacuum in a non-invasive 
medical probe having a source of vacuum interconnected 
With a suction cup by a resilient Walled tube, comprising 
creating a valve aperture in the Wall of the tube at a desired 
location through Which aperture no appreciable leakage Will 
occur When vacuum is applied and the tube is in a relaXed 
state, Whereby With the suction cup secured by vacuum on 
a patient’s skin, application of a force to the tube Wall Will 
open the aperture and permit a controlled reduction of 
vacuum in the suction cup to a speci?ed amount, and 
releasing the force Will permit the aperture to close so that 

Jun. 28, 2001 

loWer vacuum is maintained and the suction cup continues 
to be secured on the patient’s skin. 

[0007] The step of maintaining loWer vacuum mentioned 
throughout includes either constant or varying vacuum con 
sistent With the suction cup or other applicator remaining 
secured. 

[0008] In the preferred embodiment of the invention the 
probe is adapted for application to the scalp of a foetus With 
the rim of the suction cup in sealing contact With the surface 
of the scalp. 

[0009] The invention also provides a method of enabling 
a controlled flow into a resilient Walled tube inside Which the 
pressure is loWer than outside the tube, comprising creating 
a valve aperture in the Wall of the tube in a desired location 
through Which no appreciable leakage Will occur When the 
tube is in a relaXed state, but Which aperture Will open on 
application of a force to the tube Wall and permit a controlled 
?oW therethrough into the tube, and Which aperture Will 
close When the force is released. 

[0010] The invention further provides a method of con 
trolling ?oW into a resilient Walled tube inside Which the 
pressure is loWer than outside the tube, Which tube has in its 
Wall a preformed valve aperture capable of opening and 
closing When a force on the tube is respectively applied and 
released, the method comprising applying said force to open 
the aperture and to permit a controlled ?oW therethrough 
into the tube, and releasing said force so that the aperture 
closes and the ?oW stops. 

[0011] The term controlled ?oW means flow which can be 
accurately interrupted at predetermined levels of pressure 
inside or outside the tube and/or the magnitude of the How 
can be accurately adjusted. Such interruption is effected by 
releasing said force to alloW the aperture to close, and 
adjusting the How is effected by varying the applied force. 

[0012] In one embodiment, the tube contains a vacuum, 
and upon opening the valve aperture the vacuum in the tube 
is controllably reduced so that loWer vacuum is maintained 
in the tube. Preferably the tube interconnects a source of 
vacuum and a suction applicator. 

[0013] Alternatively, upon opening the valve aperture, an 
overpressure outside the tube is controllably reduced or a 
controlled flow into the tube is generated. Preferably the 
portion of the tube containing the valve aperture is located 
or adapted for location in a chamber containing a ?uid at 
said higher pressure. In this case, the force to open the valve 
aperture may be remote controlled from outside the cham 
ber. 

[0014] Preferably the vacuum reduction/pressure ?oW 
occurs at a substantially constant rate and/or amount. 

[0015] It is also preferred that said force on the tube Wall 
is applied by bending. Preferably the bending force acts 
through the valve aperture thereby opening the valve aper 
ture. 

[0016] The valve aperture may be created by piercing the 
tube Wall radially, eg by a needle having an end Which is 
chamfered to a V-shape to form a line end. Preferably the 
line end of the needle is orientated transversely to the aXis 
of the tube. 
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[0017] Slicing transversely through a resilient tube to a 
depth Which reaches the inside is known for creating a valve 
Which opens When the tube is bent and shuts When the tube 
returns to a relaxed state, but the ingress of air during 
bending of the tube cannot be controllably stopped at a 
speci?c level or the rate of How adjusted, especially When a 
relatively small quantity of ?uid is involved. 

[0018] The invention still further provides a non-invasive 
medical probe comprising a source of vacuum intercon 
nected With a suction cup by a resilient Walled tube, the cup 
being adapted to be secured by vacuum on a patient’s skin, 
Wherein means are provided for controllably reducing the 
vacuum to a speci?ed amount, after Which loWer vacuum 
can be maintained until the cup is removed. 

[0019] Preferably the control means are provided in a tube 
and preferably is a valve aperture in the Wall of the tube at 
a desired location through Which aperture no appreciable 
leakage Will occur When vacuum is applied and the tube is 
in a relaxed state, Whilst With the suction cup secured on the 
patient’s skin application of a force to the tube Wall Will 
open the aperture and permit a controlled reduction of 
vacuum in the suction cup to the speci?ed amount, and 
releasing the force Will permit the aperture to close so that 
loWer vacuum is maintained and the suction cup continues 
to be secured on the patient’s skin. 

[0020] The source of suction is preferably a belloWs 
attached to one end of the tube. 

[0021] For bending the tube in a speci?c manner and 
location to open the valve aperture, the tube is preferably 
provided With ?nger holding means, preferably adapted to 
be used single-handedly. 

[0022] Means may be provided for measuring the reduc 
tion in vacuum. The measuring means may be a calibrated 
elongate member, Which in the case of the source of suction 
being a belloWs or other expandable means for creating 
suction extends longitudinally of the suction means. 

[0023] The invention still further provides a non-invasive 
medical probe comprising a suction cup adapted to be 
secured by vacuum to a patient’s skin and supporting an 
electrode, a source of vacuum, and a resilient Walled tube 
structure connecting the source of vacuum to the suction 
cup, Wherein the source of vacuum comprises a resilient 
belloWs operative When fully compressed then released to 
apply to a predetermined loW level of vacuum to the suction 
cup and means for enabling the belloWs to be further 
extended manually in order to increase the vacuum applied 
to the suction cup to a higher level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The invention Will noW be described further, by 
Way of example, With reference to the accompanying draW 
ings, in Which: 

[0025] FIG. 1 is a perspective vieW of a non-invasive 
medical probe having a belloWs interconnected to a suction 
cup by a resilient Walled tube; 

[0026] FIG. 2 illustrates the belloWs fully compressed 
prior to securing the suction cup on a patient’s skin and the 
tube portion adjacent to the belloWs in a relaxed state; 

[0027] FIG. 3 shoWs the suction cup secured to the head 
of a foetus and the belloWs partially expanded; 
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[0028] FIG. 4 shoWs the tube portion bent and the vacuum 
reduced to a speci?ed amount, the belloWs still being 
partially contracted; 
[0029] FIG. 5 is a detail of the tube portion in the vicinity 
of the slit aperture provided for controllably reducing the 
vacuum; 

[0030] FIG. 6 is a similar vieW to FIG. 5, shoWing the 
tube portion bent and the slit aperture open; 

[0031] FIG. 7 illustrates a needle for creating the slit 
aperture in the tube portion; and 

[0032] FIG. 8 is a vieW generally similar to that of FIG. 
1 shoWing an alternative embodiment of the invention. 

DETAILED DESCRIPTION 

[0033] The embodiments described beloW are non-inva 
sive probes of the same general type as the probe described 
in ERA-0525021. 

[0034] Referring to the draWings, the probe has a suction 
cup 10 intended for attachment to the head 11 of a foetus for 
the purpose of monitoring characteristics of the foetus. 
HoWever, the suction cup is also capable of being applied to 
a patient’s skin more generally, and the invention is not 
limited to the application of the suction cup on a foetus. 

[0035] The suction cup 10 has a resilient Wall 12 and a 
peripheral rim 13 Whereby vacuum from a vacuum source 
secures the cup in the desired location. In this embodiment, 
the vacuum source is a belloWs 14 interconnected to the 
suction cup by a tube 15. 

[0036] Mounted Within the suction cup is an electrode 16 
for making electrical contact With the foetal skin. A second 
electrode formed of coiled Wire 17 is provided outside the 
suction cup for making contact With the vaginal Wall. Both 
electrodes are connected by Wiring 18 to diagnostic moni 
toring apparatus 19. 

[0037] Therefore, as described in ERA-0525021, the 
probe is used by holding the suction cup 10 in contact With 
the head 11 of a foetus With one hand, Whilst preferably 
holding the belloWs 14 fully contracted (FIG. 2) With the 
other hand. AlloWing the belloWs to expand Will apply 
vacuum Within the suction cup 10 Which causes the resilient 
Wall of the cup to deform by bending and to draW doWn the 
electrode 16 into contact With the scalp of the foetus as the 
cup becomes secured on the foetal head (FIG. 3). 

[0038] At this stage, the belloWs 14 is still partly con 
tracted because a relatively high vacuum, typically betWeen 
300 and 500 millibars, has been applied to secure the probe 
in position. It is often required that the probe is kept secured 
for some time, perhaps a feW hours, and such a level of 
vacuum can create a temporary marking of the foetal skin 
Which is undesirable. HoWever, it has been found that a 
loWer vacuum of, say, 40 to 100 millibars is suf?cient to 
retain the cup 10 in place despite movements of the head of 
the foetus. 

[0039] For the purpose of reducing the level of vacuum to 
a speci?ed amount, there are provided tubular valve control 
means Which Will noW be described in detail. The valve 
means comprises a short intermediate tube portion 19 
betWeen the tube 15 and the belloWs 14. The intermediate 
tube portion 19 is impermeably sealed to a funnel 20 of the 
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bellows at one end, and to the adjacent end of the tube 15 at 
the other end. In this embodiment, the internal diameter of 
the tube portion 19 is greater than the diameter of the tube 
15 and is thus constructed separately from the tube 15. 
Mounted on the tube portion 19 is a ?nger holding means 21 
adapted to be held betWeen tWo ?ngers and thumb of the 
user’s hand Which has previously actuated the belloWs to 
apply the vacuum. In this embodiment, the ?nger holding 
means are tWo individual parts mounted at either end of the 
tube portion 19. 

[0040] BetWeen the ?nger recesses 22, 23 on one side of 
the tube portion 19, and therefore on the opposite side from 
the thumb pusher 24, there is created a transversely orien 
tated narroW slit aperture 25 Which extends radially through 
the tube Wall. In this embodiment the slit 25 is formed by a 
needle 26 having an end 27 chamfered by grinding on 
opposite sides to a V-shape (FIG. 7). The end 27 is thereby 
pointed With a line edge 28, and for creating the slit 25 the 
needle is orientated With the line edge transversely to the 
axis of the tube portion 19. It has been found that use of such 
a needle in this manner creates an aperture 25 Which Will not 
leak, at least to an appreciable extent, When vacuum is 
applied and the tube portion 19 is in a relaxed state (FIG. 5). 
HoWever, When inWard ?nger/thumb pressure is applied, the 
tube portion 19 Will bend and the slit 25 opens (FIG. 6). 
Vacuum Within the tube portion 19 is thereby reduced, and 
the belloWs 14 Will expand by a corresponding amount. 

[0041] Attached to the part of the ?nger holding means 21 
adjacent the belloWs 14 is a calibration stick 29 extending 
parallel to the belloWs. At the free end of the stick 29, 
markings 30 are provided Which are calibrated to shoW the 
user the extent by Which the belloWs 14 has expanded and 
thus the extent by Which the vacuum has reduced. 

[0042] Alternatively, other measuring means may be pro 
vided Which essentially comprises a non-expanding elongate 
member Which remains stationary relative to a part of the 
belloWs or other expandable means for creating suction, 
such as a syringe, Whereby it is capable of measuring 
expansion of the belloWs or other suction means. 

[0043] In use, the vacuum tends to constrict the valve slit 
25. Hence as the vacuum becomes less, the slit Will open 
further for a given degree of bending of the tube portion 19. 
This compensates for the reduced draW of the reduced 
vacuum, and thus results in a How rate and a vacuum 
reducing rate Which are substantially constant. The rate of 
How and thus the rate of vacuum reduction can be controlled 
by varying the amount of bending. 

[0044] When the vacuum has been reduced to a speci?ed 
amount, the thumb pressure is removed, and the tube portion 
19 returns to its relaxed state Whereby the slit recloses. The 
loWer vacuum, Which is suf?cient to retain the cup 10 secure 
on the foetus head, is maintained until the probe is removed 
by dislodging the cup either by further bending of the tube 
portion 19 to reopen the valve means or by depressing the 
belloWs 14. Indeed at any time Whilst the probe is still 
secured, a further reduction of vacuum could be achieved, if 
desired, by repeating the cycle of bending and releasing the 
tube portion 19 so that the slit opens and closes again. 

[0045] The resilient material of Which the tube portion 19 
is formed is suitable for piercing to achieve the slit aperture 
25 Which is capable of opening and closing immediately so 

Jun. 28, 2001 

that When the slit is closed the level of applied vacuum is 
maintained in the cup 10. The material is also chosen so that 
it Will not cross-link, ie it Will not naturally reseal itself. 
Furthermore, for the medical application described above, a 
material is selected Which is inert to gamma irradiation by 
Which the probe as a Whole is sterilised before being 
packaged, and in the case of use in the USA. the material 
requires to be a material approved by the Food and Drug 
Administration (FDA). 

[0046] It Will be appreciated that the suction probe 
described above is a disposable item. The vacuum control 
means thus has to be inexpensive, and in the embodiment 
described the belloWs 14 advantageously acts as a gauge to 
determine the amount by Which the vacuum has been 
reduced, the expansion of the belloWs being measured 
against the calibrated stick 29. 

[0047] The tube portion 19 preferably has a Wall thickness 
so that it Will not buckle When it is bent by the ?nger/thumb 
pressure. Also, the fact that the tube portion 19 is relatively 
short and is held rigidly on either side of the slit aperture 25, 
enhances the ability of the slit to open When the free, central 
part of the tube portion is bent, and to reclose When the tube 
portion straightens after the ?nger/thumb pressure has been 
removed. The slit aperture 25 is thus self-closing. 

[0048] An important advantage of the embodiment 
described above is that the valve aperture 25 alloWs the total 
How of air Which Would be required to reduce the vacuum 
from the applied vacuum to Zero, to be only a feW cc, for 
example as loW as 1 cc. 

[0049] The invention is not restricted to the speci?c details 
of the embodiment described above. For example, the probe 
may be used in other applications besides monitoring the 
characteristics of a foetus. 

[0050] Also, the principle of reducing vacuum in a tube to 
a speci?ed amount in a controlled manner may be employed 
in other applications in Which a source of vacuum is inter 
connected to a suction applicator by a tube. The term suction 
applicator includes any environment, eg a chamber, in 
Which suction is to be applied. The tube may readily be 
provided With a resilient Walled portion having a valve 
aperture of a kind Which is capable of opening and resealing 
in the manner described, and preferably has ?nger holding 
means for applying the necessary pressure to open the 
aperture and thereby reduce the vacuum in the tube and the 
suction applicator. Alternatively, other means may be pro 
vided for opening the aperture, Which means may be 
remotely actuated. 

[0051] Furthermore, instead of the valve aperture being 
employed to reduce vacuum in the tube, the same principle 
can be applied to other situations in Which the pressure 
inside the tube is loWer than the pressure outside the tube. In 
one case, the tube portion containing the valve aperture is 
located, or adapted for location, in a chamber containing a 
?uid, e.g. air, at a higher pressure than the pressure in the 
tube. By bending the tube, the valve aperture can be opened 
to alloW a controlled air ?oW through the valve aperture into 
the tube either to loWer the pressure in the chamber to a 
speci?ed amount, or to supply air to the tube from the 
chamber at a controlled rate and amount. In each case, as 
explained above, the air ?oW through the valve aperture Will 
be at a substantially constant rate for a given degree of 
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bending, and can be varied by varying the bending force. On 
releasing the bending force, the valve aperture Will close 
maintaining loWer pressure in the chamber or halting the air 
?oW from the chamber into the tube. 

[0052] By Way of example, the tube may be bent internally 
of a sealed chamber by a rod inserted Within the tube to the 
vicinity of the valve aperture in the tube Wall, or other 
remote controlled means. 

[0053] FIG. 8 shoWs an alternative embodiment of the 
invention. In the embodiment of FIG. 8, a Weak belloWs 14‘ 
is used in place of the strong belloWs of the previously 
described embodiments. When the belloWs 14‘ is fully 
compressed and then released only the loW suction level is 
produced. The initial, short-term high suction level is 
achieved by manually expanding the belloWs 14‘ to a greater 
extent than achieved by its oWn elasticity. To this end, the 
belloWs 14‘ is provided With a thumb ring 200 attached to its 
closed end and a pair of Wings 210 arranged one on each side 
of its open end to be engaged by the second (index) and third 
?ngers. As an alternative to the Wings 210, rings may be 
provided to act as ?nger abutments. After being compressed 
and positioned to seal on the scalp, the belloWs is manually 
stretched betWeen the thumb and ?ngers to produce the 
temporary higher suction level. When the belloWs is then 
released, it returns to a safe loW suction level Which it 
maintains by virtue of its oWn elasticity. 

[0054] The embodiment of FIG. 8 offers several advan 
tages over the previously described embodiments. First, the 
need for a pressure relief valve is avoided thus reducing the 
manufacturing cost and the number of air-tight joints. Sec 
ond, the operation is fail-safe because it is not possible for 
the operator to omit inadvertently to release the suction. 
Third, the application of the probe and control of the 
pressure can not only be carried With one hand but the need 
to move betWeen different hand positions is also avoided. 
Furthermore, the setting of the loWer pressure is predeter 
mined by the elasticity of the belloWs and does not require 
calibration. 
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[0055] It Will be clear that other modi?cations may be 
made to the probe Within the scope of the invention as set 
forth in the claims. For example, in addition to, or instead of, 
using a small protrusion at the centre of the electrode plate, 
a plurality of small protrusions may be provided on the rim 
of the plate, to help in making electrical contact With the skin 
through hair on the scalp. 

What is claimed is: 
1. A non-invasive medical probe comprising: 

a suction cup adapted to be secured by vacuum to a 
patient’s skin and supporting an electrode, 

a source of vacuum, and 

a resilient Walled tube structure connecting the source of 
vacuum to the suction cup, 

the source of vacuum comprising a resilient belloWs 
operative When fully compressed and then released to 
apply a predetermined loW level of vacuum to the 
suction cup and an arrangement connected With the 
belloWs for enabling the belloWs to be further extended 
manually in order to increase the vacuum applied to the 
suction cup to a higher level. 

2. A non-invasive medical probe as claimed in claim 1, 
Wherein the arrangement for enabling the belloWs to be 
further extended manually comprises a thumb ring secured 
to a closed end of the belloWs and a ?nger abutment at an 
opposite end of the belloWs. 

3. A non-invasive medical probe as claimed in claim 2, 
Wherein the ?nger abutment comprises a pair of Wings 
projecting laterally for engagement by second and third 
?ngers of an operator. 

4. A non-invasive medical probe as claimed in claim 1, 
Wherein the electrode includes a plate having a rim With a 
plurality of protrusions to enhance electrical contact With the 
skin in the presence of hair. 

* * * * * 


