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FEMORAL COMPRESSION DEVICE

Field of the Invention

The invention relates generally to a femoral compression device, and in particular to a

femoral compression device comprising an electronic pressure gauge.

Background of the Invention

Femoral compression devices for applying pressure on a patient’s femoral artery after
completion of an interventional procedure are known. An example of such a femoral
compression device is disclosed in the patents US 5,307,811 and EP 0 462 088, which

are assigned to the present assignee.

A femoral compression device according to these publications comprises basically a
pressurizing means for compressive bearing against a puncture site at a femoral artery
of a patient, a belt adapted to be fixed around the patient’s body, and a base plate
supporting the pressurizing means and being provided with two extensions. In use, the
pressurizing means, which in one embodiment has the form of an inflatable semi-
spherical air cushion, is positioned over the femoral artery, and the belt, which
extends from the end of the first extension, around the patient’s body and to the end of
the second extension, is tightened. To apply pressure on the femoral artery, the
inflatable semi-spherical air cushion is inflated by a pump to a certain predetermined

pressure, which is read from a pressure gauge.

In a femoral compression device of the aforementioned type, the flow of blood
through the femoral artery of a patient is ideally stopped when the air cushion has
been inflated to a pressure equal to the systolic pressure prevailing in the femoral
artery. Due to pressure loss to surrounding tissue, the corresponding protocol for
pressure management prescribes however that the air cushion is inflated to a pressure
which is about 10 mmHg to 20 mmHg above the patient’s systolic pressure, which
before the start of the compression procedure has been measured by other well-known

means.

In the known femoral compression device, the pressure gauge comprises a mechanical

manometer with an analog pointer. It can therefore be appreciated that the pressure
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measurement system is rather insensitive, i.e. small pressure changes will not be
registered by the analog pointer due to friction and the inherent inertia of the
mechanical components of the manometer. This means, for example, that the
manometer is not capable of indicating when the blood flow through a femoral artery
has been cut off, something which ideally should be possible to note by observing the
discontinuation of small regular pressure variations inside the air cushion, the pressure
variations being induced by the systolic pulses in the femoral artery over which the air
cushion has been positioned. By observing the ceasing of systolic pulses, the pressure
applied to the femoral artery could be fine-tuned to the medical condition of the
patient who is undergoing the medical treatment in question, i.e. application of an
excessive amount of pressure could be avoided, which spares the patient from

discomfort and expedites the time of treatment.

Pressure gauges, which are based on electronics rather than on mechanics, are known
in other medical applications. For example, the company Kingyield Hong Kong
Limited manufactures several different models of digital blood pressure monitors,
which include a pump, an inflatable cuff, and an electronic manometer with a digital
display. In use, the inflatable cuff is placed around a patient’s upper arm, the cuff is
inflated by the pump to a pressure above the expected systolic pressure, and while air
1s slowly leaking out of the cuff the systolic and diastolic pressures are measured by
the manometer and displayed on the digital display. As is normal in the art, these
blood pressure monitors are not sealed air-tight systems but slowly leaking systems,
and are as such completely unsuited for the present application, as will be understood

from the description below.

Consequently, there is still a need for an improved femoral compression device

comprising a pressure gauge which obviates the drawbacks associated with femoral

compression devices according to the prior art.

Summary of the Invention

The above-mentioned object is achieved by the present invention according to the

independent claims. Preferred embodiments are set forth in the dependent claims.
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Embodiments of the invention are directed to a femoral compression device with an
inflatable air cushion and a pressure gauge in the form of an electronic manometer
comprising an electronic circuit with at least one pressure-sensitive element and a

digital display for displaying the pressure prevailing inside the inflated air cushion.

An electronic manometer does further provide for possibilities regarding how the
measured pressure is displayed for a user. The output pressure values can, for
example, be averaged values over a certain time interval to filter out artefacts induced

by the patient’s movements, i.c. a damping can easily be incorporated in the system.

Further embodiments of the invention are directed to a femoral compression device
comprising an electronic manometer provided with a mechanical actuator that
prevents the manometer from being zeroed when a pressure above the ambient air
pressure is prevalent in an inflatable air cushion. In another embodiment the same
effect is achieved by comparing a pre-stored original value of a pressure signal with a
corresponding actual value, and only allowing zeroing of the electronic manometer if

these two values are essentially equal.

Brief Description of the Drawings

Fig. 1 illustrates schematically a femoral compression device with an electronic

manometer according to one embodiment of the present invention.

Fig. 2 represents an exemplifying block diagram for the manometer of Fig. 1.

Fig. 3 shows an example of a pressure sensitive device which is part of the manometer

of Fig. 1.

Figs. 4a and 4b illustrate a mechanical arrangement for ensuring that a manometer is

turned on and zeroed when an air cushion is vented.
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Fig. 5 is a diagram illustrating a possible temporal variation of an electrical signal
corresponding to a pressure difference equal to zero in an electronic manometer

according to the present invention.

Detailed Description of Preferred Embodiments

In Fig. 1, a femoral compression device 1 is schematically illustrated. The femoral
compression device 1 comprises a base plate 2 with two extensions 3a and 3b, an
inflatable air cushion 4, a belt 5, a pump 6, an air connection 7, and an electronic
pressure gauge or manometer 8§ with a display 9. Except for the manometer 8 and
possibly the pump 6, the femoral compression device 1 is of the same construction as
was disclosed in the previously mentioned patents US 5,307,811 and EP 0 462 088. In
use, the inflatable and semi-spherical air cushion 4 is positioned over the femoral
artery of a patient, and the belt 5, which extends from the end of the first extension 3a,
around the patient’s body and to the end of the second extension 3b, is tightened and
secured by belt fasteners at the end of each extension. To apply pressure on the
femoral artery, the inflatable semi-spherical air cushion 4 is inflated by the pump 6 to
a certain pressure, which is measured by the manometer 8 and displayed on the
display 9. The manometer 8 comprises further a vent knob 10, which is covered by a
cap 11. The functions of the vent knob 10 and in particular the cap 11 will be

discussed in detail below.

Fig. 2 represents a block diagram for an electronic manometer according to one
embodiment of the present invention. As the person skilled in the art readily will
appreciate, the diagram is only an illustrative example of one embodiment of the
manometer, and several of the blocks in Fig. 2 could be integrated into one electronic
circuit, or even completely omitted, depending on the functionally of other circuits
and components in the eclectronic manometer as well as depending on user
preferences. More specifically, Fig. 2 illustrates that an electronic manometer can
comprise a pressure sensor 21, signal conditioning circuits 22, converting circuits 23,
a programmable processing unit 24, and a digital display 25, which all, if necessary,
are powered by a power supply 26. The pressure sensor 21 can be of different
constructions, but generally it is a device that converts a physical pressure into an

clectrical quantity, wherein the magnitude, or some other characteristic, of the
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electrical quantity depends on the magnitude of the pressure applied. A capacitive
pressure sensor is discussed below in conjunction with Fig. 3. The output from the
pressure sensor 21 is provided to the signal conditioning circuit 22, which processes
the output from the pressure sensor 21 in a suitable manner. The signal conditioning
process can, for example, comprise amplification, filtering, differentiation, integration
and/or averaging, as required by the functionality of the pressure sensor 21 and the
other components of the manometer. In this example, the output signal from the signal
conditioning circuit 22 is then directed to a signal converting circuit 23, which
comprises an analog-to-digital converter for converting the analog signals to binary
numbers. In the programmable processing unit 24 these binary numbers are then
transformed to pressure values by comparing the binary numbers with calibration data
stored in the programmable processing unit 24. The pressure values are finally
presented on the digital display 25. In this particular embodiment, display 25 is the
same component as display 9 of Fig. 1, and the components of Fig.2 are part of
manometer § of Fig. 1. Components of the electrical manometer that need electrical
power are preferably powered by the common power supply 26, e.g., in the form of a
battery. It is also possible that certain parts, such as the digital display, are separately

powered by another power supply.

An example of a pressure sensor 31, suitable for use as pressure sensor 21, is
schematically illustrated in Fig. 3. This pressure sensor 31 is a capacitive sensor
comprising a support plate 32 provided with a housing 33 having a conductive bottom
surface 34 and an air inlet 36. Inside the housing 33 and resiliently attached to the
inner walls of the housing 33, a conductive plate 35 is suspended such that the
underside of the conductive plate 35 is essentially parallel with the conductive bottom
surface 34. When an electrical voltage is applied over the bottom surface 34 and the
conductive plate 35, a capacitor is formed, the capacitance of which depends on the
distance between the conductive plate 35 and the bottom surface 34. When the
conductive plate 35 experiences an increased physical pressure, originating from e.g.
the air pressure prevailing inside an inflatable air cushion like inflatable air cushion 4
of Fig. 1 and having access to the housing 33 via the air inlet 36, the conductive plate
35 will move downwards and towards the bottom surface 34, which changes the
distance between the bottom surface 34 and the conductive plate 35 and thereby

changes the capacitance of the pressure sensor 31. In the same way, if the pressure on
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the conductive plate 35 is reduced, the conductive plate 35 will move away from the
conductive bottom surface 34. The output from the pressure sensor 31 will therefore
be dependent on the applied pressure, and the output signal can be applied to a signal
conditioning circuit, as was described above in conjunction with Fig. 2. Many other
types of pressure sensors based on different physical principles, such as
piezoresistivity, can be utilized in an electronic manometer according to the present

invention.

As was briefly mentioned above, electronic manometers are known in medical
applications comprising blood pressure monitoring. A blood pressure monitoring
system comprising an inflatable cuff, a pump, and an eclectronic manometer is
however, generally a leaking system, because in use the cuff is inflated to a pressure
above the expected systolic pressure and while air is slowly leaking out of the cuff,
the systolic and diastolic pressures are measured. The inventors believe that a pump
and an electronic manometer designed for blood pressure monitoring can therefore
not be used in the present application, because here it is necessary that an inflatable
air cushion is capable of maintaining the same pressure over an extended period of

time.

Further, in the present application it should be clear that the pressure gauge is
showing the pressure difference between the pressure prevailing inside an inflatable
air cushion and the ambient air pressure. In a femoral compression device with a
mechanical manometer, the pressure reacting components, which typically
incorporate a mechanical spring, are tuned such that the manometer shows zero
pressure when the ambient air pressure is equal to the pressure inside the air cushion,
¢.g. when the air cushion is vented. Conversely, if the air cushion is inflated and not
subsequently vented, a mechanical manometer will show a pressure different from
zero. For an electronic manometer the situation is quite different. Usually, an
electronic manometer can be zeroed at an arbitrary time, i.e. at an arbitrary pressure;
and an electronic manometer is often automatically zeroed when it is turned on. In a
blood pressure measuring application this is not satisfactory as it would imply that the
blood pressure finally measured would depend on whether or not the inflatable
component, ¢.g. an inflatable cuff, was already inflated at the time the electronic

manometer was zeroed. However, as blood pressure monitors usually are leaking
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systems this is not a real problem since any air accidentally pumped into the cuff will
leak out, and the manometer is usually zeroed at zero pressure difference. To further
prevent that the blood pressure monitor is zeroed when there still is some excess
pressure in the cuff, the manometer can be provided with an electronic circuit which
compares the pressure prevailing inside the cuff over time, and prevents that the

manometer is zeroed as long as the magnitude of this pressure drops.

Also in the compression device according to embodiments of the present invention it
is not acceptable that an electronic manometer is zeroed when air has already been
inflated into an inflatable air cushion, because that would lead to an excessive amount
of pressure being applied to the puncture site over which the air cushion has been
positioned, when the corresponding pressure managing protocol is followed by a user.
For example, if the protocol prescribes that the air cushion should be inflated to a
pressure of 15 mmHg above the systolic pressure, and the systolic pressure has been
measured to be 130 mmHg, the air cushion should be inflated to a pressure of
145 mmHg. If, however, the manometer is turned on and zeroed when some air, in
this example representing an overpressure of 10 mmHg, already has been pumped
into the air cushion, the applied pressure would in reality amount to 155 mmHg,
which is wrong. Further, this problem cannot be solved by a solution based on
comparison of pressure readings over time, because the present system is a sealed
system, and it cannot for all situations be assumed that the air cushion is properly

vented before the electronic manometer is turned on and zeroed.

Returning now to Fig. 1, wherein the vent knob 10 and its cap 11 are illustrated. The
cap 11 is connected to a non-conducting strip (not illustrated in Fig. 1), which has
been placed between the poles of a battery and the adjacent battery connectors, such
that the battery is prevented from powering the electronic circuits of the manometer §.
By removing the cap 11 and its appended strip, a user initiates the manometer 8§, i.e.
the electronic circuits of the manometer 8 are powered and at the same time the
manometer § is zeroed. The latter action is justified by the fact that before the femoral
compression device 1 leaves the manufacturing site, the vent knob 10 has been placed
in an open position that corresponds to a vented system, i.e. the air cushion 4 is in
open communication with the ambient air. With the vent knob 10 being left in this

open position, the cap 11 is placed over the vent knob 10, to ensure that the vent knob
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10 is not tampered with before use of the femoral compression device 1. By this
measure it is ensured that the manometer 8 is zeroed when the pressure difference
between the ambient air pressure and the pressure prevailing inside the air cushion 4
actually is zero. When the manometer 8 has been zeroed, the vent knob 10 is turned to
a position corresponding to a closed system, and the inflatable air cushion 4 is inflated

by means of the pump 6.

From the above it should be clear that the skilled person could envisage several
different solutions based on the principle that a femoral compression device is
delivered with a vented air cushion and an electronic manometer, the zeroing of which
can only occur after the removal or manipulation of a mechanical member or actuator,
which, before it is removed or manipulated, prevents the air cushion from being put in
a state wherein it iS not in open communication with the ambient air pressure.
Preferably the femoral compression device is a single-use device and the mechanical
arrangement for preventing zeroing at an actual pressure difference being different
from zero is most easily provided at the time when the femoral compression device is
manufactured. Alternatively, parts of a femoral compression device, such as an
inflatable air cushion with an integrated manometer, can be single-use devices
provided with the mechanical device discussed above, while a base plate with
extensions 1s designed for multiple uses. For a single-use device, regardless whether it
is only an inflatable air cushion attachable to a multi-use device or a complete single-
use device, a corresponding electronic manometer can advantageously be designed
such that the manometer ceases to function (i.e. no values are presented on a display)
after a certain preset time period, e.g., 24, 48 or 72 hours, after the manometer was
turned on, to prevent that the manometer and the corresponding femoral compression
device are used several times. A reason for such a measure is, among other reasons,
that a power source, ¢.g. a battery, can only power an electronic manometer for a
finite period of time; and when this time period has expired correct measurements can
no longer be guaranteed although the manometer may give a user the impression that
the manometer works properly, which is a situation that is highly unwanted. The
irrevocable and automatic shutdown of an electronic manometer can be accomplished
by suitably designed hardware, i.e. some electric circuits could melt such that, e.g., a
fatal short circuit is created, after a preset time, or an electronic manometer could be

caused to shut down after a preset time by suitable software programming.
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A femoral compression device can comprise many different kinds of mechanical
devices which prevent an air opening leading to an inflatable air cushion from being
closed before an electronic manometer is zeroed; and in Figs. 4a and 4b another
mechanical arrangement for assuring that an air cushion is in open communication
with the ambient air is illustrated. More specifically, according to Fig. 4a and Fig. 4b,
a manometer 41 comprises an air inlet system 42 having an air passage 43 with an air
opening 44, a vent knob 45, a non-conductive safety pin 46 having a handle end 47
and an opposite securing end 48, battery 49, and a first fixed electrical connection 50
and a second springy electrical connection 51, which electrically connect the battery
49 to the other components of the manometer 41 (which are not shown in Figs. 4a, b).
The manometer 41 and its air inlet system 42 is delivered to a user in a configuration
corresponding to Fig. 4a, which shows that the vent knob 45 is in such a position that
air is free to flow into and out from the air passage 43 via the air opening 44. In this
open position, the electrically non-conductive securing end 48 of the safety pin 46 is
positioned between the battery 49 and the resilient electrical connection 51, such that
the battery 49 cannot power the manometer 41. In other words, with the vent knob 45
in the open position of Fig. 4a, it is ensured that the pressure difference between the
pressure prevailing inside an inflatable air cushion and the ambient air pressure is
zero. In this particular embodiment, the open position of the vent knob 45 is
accomplished by selecting the width of the safety pin 46 such that the vent knob 45
cannot be turned into a position wherein the air opening 44 is closed as long as the
safety pin 46 is in place. In other embodiments (not shown in the Figures) the same
effect could be achieved by positioning a safety pin in such a position that a vent
actuator cannot be moved to a position wherein an air inlet opening is closed as long

as the safety pin or some appended parts thereof is in place.

When a user then wants to inflate an air cushion of a femoral compression device, he
or she commences the procedure by removing the securing pin 46 by pulling on the
handle end 47 of the securing pin 46. When the securing pin 46 with its securing end
48 has been removed, the springy second connection 51 comes into contact with the
battery 49, which means that the electrical circuit is closed and the battery 49 can
power the manometer 41. The manometer 41 is designed such that it is zeroed as soon

as it is turned on, which — in accordance with the discussion in conjunction with
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Fig. 4a above — is done with the actual pressure difference being equal to zero. To

inflate the air cushion, the vent knob 45 is turned to a position in which air opening 44

no longer is in open communication with air passage 43, and the air cushion can be

inflated by means of a pump. The latter situation is illustrated in Fig. 4b.

Other measures are also possible when it comes to preventing an electronic
manometer from being zeroed when the pressure difference between the pressure
inside an inflatable air cushion and ambient air pressure is not equal to zero. In
another embodiment of the present invention, when an electronic manometer is to be
zeroed, the magnitude of an electric signal representing the current pressure difference
between the pressure prevailing inside an air cushion and the ambient air pressure is
compared with a corresponding value which, at the time of manufacture of a femoral
compression device, was obtained at zero pressure difference and which was stored
in, for example, a memory accommodated in a programmable processing unit which
is part of the electronic manometer. More specifically, if the magnitude of the present
electric signal is equal to the stored value, the electronic manometer is zeroed. On the
other hand, if the magnitude of the present electric signal is not equal to the stored
value, the electronic manometer can not be zeroed. To account for changes in the
magnitude of an electric signal which are not due to an actual deviation from zero
pressure, but arise from, for example, drift and ageing of the electronic components of
the manometer, the criterion for allowing zeroing of the manometer is preferably that

the magnitude of the signal is within an interval defined around the preset value.

In Fig. 5, the temporal appearance of the magnitude of a signal representing zero
pressure difference is illustrated. Fig. 5 illustrates that the magnitude of a signal
representing zero pressure difference can vary over time; and more particularly, the
diagram of Fig. 5 shows three different possible behaviours: a first case (indicated
with a dashed line and marked with I) wherein the magnitude (here measured in
millivolt (mV)) of an electric signal drops with time t, a second case (indicated with a
solid line and marked with II) wherein the magnitude remains unchanged, and a third
case (indicated with a dashed line and marked with III) wherein the magnitude
increases. It should now be appreciated that acceptance criteria can be set such that if,
for example, a present signal has a magnitude of =10 % of the original signal

amplitude, then the manometer in question could be zeroed, whereas if the present
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signal magnitude falls outside this interval of + 10 %, then the manometer cannot be
zeroed. In the latter case, the user should be advised to check whether the air cushion
is properly vented such that no excess air has been trapped inside a closed air cushion.
Here it should be noted that the term “magnitude” should not be taken too literally,
because it is within the scope of the invention that other signal characteristics, such as
an integrated value or an average value, could be used as a current value to be

compared with a corresponding original value.

Although the present invention has been described with reference to specific
embodiments, also shown in the appended drawings, it will be apparent for those
skilled in the art that many variations and modifications can be done within the scope
of the invention as described in the specification and defined with reference to the

claims below.
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Claims

1. A femoral compression device for compressive bearing against the femoral
artery of a patient, comprising:

a base plate;

an inflatable air cushion attached to the base plate;

a first extension extending from a first side of the base plate;

a second extension extending from a second side of the base plate, said second
side being opposite to the first side;

a belt adapted to be attached to an end of the first extension and being adapted
to extend around the patient’s body to be attached to an end of the second extension;

a pump connected to the inflatable air cushion for inflation of the inflatable air
cushion; and

a manometer connected to the inflatable air cushion for measurement of the
current pressure difference between pressure prevailing inside the inflatable air
cushion and ambient air pressure, characterized in that the manometer is an

electronic manometer.

2. The femoral compression device according to claim 1, further comprising a
vent knob, by which an air opening leading to the inflatable air cushion can be closed
or opened, wherein said vent knob at the time of manufacture of the femoral
compression device is positioned such that the air opening is open, characterized in
that the femoral compression device is provided with a mechanical device which

prevents the vent knob from being manoeuvred before the manometer is zeroed.

3. The femoral compression device according to claim 2, characterized in that
said mechanical device comprises a removable cap, which is positioned over the vent
knob and which is provided with a member that mechanically prevents the manometer
from being zeroed by preventing the manometer or circuits thereof from being

electrically powered as long as the removable cap has not been removed.

4. The femoral compression device according to claim 2, characterized in that
said mechanical device comprises a removable safety pin, which is positioned in

engagement with the vent knob and which has a securing end portion that



WO 2009/000665 PCT/EP2008/057400
13

mechanically prevents the manometer from being zeroed by preventing the

manometer, or circuits thereof, from being clectrically powered as long as the

removable safety pin has not been removed.

5. The femoral compression device according to claim 4, characterized in that
the removable safety pin, as long as it is place, ensures that the vent knob cannot be

moved such that the air opening is closed.

6. The femoral compression device according to claim 1, characterized in that
the electronic manometer is provided with electrical circuits such that a current
characteristic of an electric signal representing a current pressure difference can be
compared with a corresponding characteristic which, at time of manufacture of the
femoral compression device, was obtained at zero pressure difference and which was
stored in a memory accommodated in said electrical circuits, and wherein the
manometer cannot be zeroed as long as the current characteristic deviates more than a

predetermined amount from the stored characteristic.

7. The femoral compression device according to claim 1, characterized in that
the electronic manometer automatically shuts down after expiration of a preset time

period, which starts to run when the manometer is turned on for the first time.

8. An inflatable air cushion adapted for attachment to a femoral compression
device, comprising:

a manometer connected to the inflatable air cushion for measurement of a
current pressure difference between pressure prevailing inside the inflatable air
cushion and ambient air pressure, characterized in that the manometer is an

electronic manometer.

9. The inflatable air cushion according to claim 8, further comprising a vent
knob, by which an air opening leading to the inflatable air cushion can be closed or
opened, characterized in that said vent knob at the time of manufacture is positioned
such that the air opening is open, and further comprising a mechanical device which

prevents the vent knob from being manoeuvred before the manometer is zeroed.
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10.  The inflatable air cushion according to claim 8, further comprising an

electrical circuit, which zeroes the manometer when the manometer is powered up.

11.  The inflatable air cushion according to claim 8, further comprising an

interlock, which ensures that the air cushion is vented when the manometer is zeroed.

12.  The inflatable air cushion according to claim 8, characterized in that the
electronic manometer automatically shuts down after expiration of a preset time

period, which starts to run when the manometer is turned on for the first time.
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