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DEVICE AND METHOD FOR REMOTE
ZEROING OF A BIOLOGICAL FLUID
PRESSURE MEASUREMENT DEVICE

FIELD OF THE INVENTION

The present invention relates to a device and method for
remote zeroing of a pressure-compensating measurement
device. In particular it relates to a device and method for
remotely zeroing a device that measures the pressure of
biological fluids.

BACKGROUND OF THE INVENTION

In the course of monitoring biological fluid pressure using
a catheter coupled to the monitoring face of a transducer that
is external to the body of a patient, the maintenance of
proper instrument readings free from hydrostatic pressure
errors presents certain difficulties. As an example, rather
than measure the blood pressure by itself, previous blood
pressure monitors have had to take into account the hydro-
static pressure due to the vertical column of fluid between
the point at which the blood pressure measurement is taken
(typically the heart or an artery) and the transducer. If the
point at which the measurement is taken is displaced verti-
cally from the transducer (hereinafter the origin from which
vertical heights are measured), as is usually the case, the
vertical height difference between the two points is non-zero
and hence the hydrostatic fluid pressure is non-zero. These
difficulties have generally been addressed by the use of
pressure-compensating measurement devices. In such a
device, the monitoring face of the transducer measures the
blood pressure plus the hydrostatic component, as before,
but an opposite face, the so-called “compensating face,”
measures an amount of pressure, independently applied,
equal to the aforementioned hydrostatic pressure.

The design for such a system may also be had by
reference to R. H. S. Murray and N. A. Howe, “A Calibration
System for Catheter Transducer Pressure Measurement,”
Biomedical Engineering, pp. 180-182 (May 1976), although
it should be noted that the embodiment described therein is
in the context of a back-calibration. As such, the pressure
applied to the compensation face is less than atmospheric
rather than greater than atmospheric. Of course, in a closed
system, it is conceivable that the measured pressure may be
less than atmospheric. In such a case, the compensating
pressure may be closer to that used in the Murray, Howe
reference.

For example, blood pressure catheters are coupled at their
proximat end to a manifold and at their distal end to the
patient’s blood. Manifolds in current use often have an
integratly formed or coupled transducer. In these designs,
the pressure measured at the transducer equals the pressure
of blood at the distal tip of the catheter plus a hydrostatic
pressure component. This hydrostatic pressure component
arises due to the height of the fluid column between the
elevation of the catheter distal tip and the transducer. If the
height of the fluid column, as measured vertically from the
transducer, is non-zero, the hydrostatic pressure component
will be non-zero because it will be due to the weight per unit
area of a non-zero-height column of water. Then, if the
hydrostatic pressure component is non-zero, the pressure at
the transducer will not equal the blood pressure, but rather
will equal the blood pressure plus this non-zero hydrostatic
component. While the non-zero hydrostatic component,
once measured, may be subtracted from the pressure reading
on the monitor, the practitioner must still either fix the
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transducer at that clevation, the so-called “reference”
elevation, or at least return it with precision to that prede-
termined reference elevation when a measurement is to be
made. Otherwise, the value of the hydrostatic component
would vary and attempts fo subtract it would be meaning-
less. Despite attempts to maintain the transducer at the
reference elevation, or to return it there, clinically significant
errors may still arise due to fluctuations caused by, e.g.,
mechanical inaccuracies in the maintenance of the correct
elevations.

Pressure compensators were developed to automatically
account for such differences in height between the trans-
ducer and the catheter distal tip, without need for the
physician to constantly maintain the transducer at the ref-
erence elevation. One type of pressure compensator uses a
separate “compensation” tube to balance the pressure felt by
both sides of the transducer. A tube is utilized, one end of
which is placed and supported at the height of the catheter
distal tip. The other end of the tube leads to the side of the
transducer diaphragm not facing the blood pressure pulses.
The diaphragm is then acted upon by three pressures: the
blood pressure component, the hydrostatic component of the
liquid column between the catheter tip and the diaphragm,
and the hydrostatic component of the liquid column between
the diaphragm and the end of the compensation tube kept at
the same level as the catheter tip. As the two hydrostatic
pressures are equal, due to their having the same level of
liquid in each, they cancel out. This leaves the blood
pressure pulses as the only net non-zero component in the
measurement. In this configuration, the housing comprising
the manifold and transducer may be moved at will without
upsetting the pressure measurement. The proper use of
pressure compensators effectively minimizes clinically sig-
nificant errors in the measurement of pressure that arise from
fluctuations in the hydrostatic component of the fotal mea-
sured pressure.

While pressure compensators have relieved practitioners
of the inconvenience of having to fix the manifold and
transducer for the duration of a procedure at a predetermined
reference elevation, such devices and methods still suffer
from the disadvantage that there is no easy way to calibrate
them duoring the blood pressure measurement procedure.
That is, there is no easy way to calibrate a value of zero
pressure, as read by the monitor, so that it corresponds to a
known value of zero hydrostatic pressure, during the pro-
cedure itself.

A known net or equalized value of zero hydrostatic
pressure occurs when each side of the transducer diaphragm
sees the same amount of pressure. This is because no
diaphragm deflection occurs and, regardless of what the
monitor reads, the user knows that there is no net pressure
on the diaphragm in this situation. This is termed a “zeroing”
or alternatively a “pulling,” and entails placing an equal
amount of pressure on each face of the diaphragm, taking a
reading of the measured pressure with the monitor, and then
resetting the monitor so that it reads zero under those
conditions. Such nulling provides a reference point for, e.g.,
measuring an absolute value of blood pressure.

In present pressure compensators, there is no easy way to
place an equal amount of pressure on each side of the
transducer diaphragm during the blood pressure measure-
ment. One cumbersome method to accomplish this nulling is
to open each side of the diaphragm to atmosphere; however,
this method obviously should be avoided during a sterile
procedure. Another method that has been used in the past is
to bring the transducer to the reference elevation (heart
level) and then close off the tube leading to the patient’s
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blood pressure. Not only does the patient’s blood pressure
then provide no component, but the hydrostatic pressure
component is then identically zero. Of course, this technique
does not allow the transducer to be zeroed at any elevation.
That is, the transducer must be at a specific height, in the
above example that of the catheter distal tip, to be properly
zeroed.

It is desirable, therefore, to provide a device and method
for simply and reliably zeroing a transducer where the
zeroing is simple and may be performed without regard to
the manifold’s elevation with respect to the catheter distal

tip.
SUMMARY OF THE INVENTION

The present invention provides a mechanism for remotely
zeroing a transducer in a pressure-compensation system,
wherein the elevation of the transducer and manifold, with
respect to the catheter tip, may be changed during the
procedure. That is, the transducer, usually contained within
the body of the manifold, need not be placed at any
particular level, such as catheter level, to be zeroed.

A pressure compensator for use in the present invention
includes a manifold defining at least two cavities, each in
fluid communication with a plurality of ports and at least two
valves for controlling fiuid flow through the ports. At least
one of the ports is in fluid communication with a hydrostatic
compensating pressure, this hydrostatic compensating pres-
sure being equal to the pressure through a tube due the
height of a fluid column. A transducer is coupled to the
manifold and has a sensing face and a compensating face.
The sensing face forms one wall of a measuring cavity and
is disposed for pressure communication with the pressure to
be measured. The compensating face forms one wall of a
compensating cavity and is disposed for pressure commu-
nication with one or more of the ports adapted to be placed
in pressure communication with a hydrostatic compensating
pressure.

A device and method according to the present invention
allows for the transducer to be zeroed remotely, that is, it
may be zeroed at any elevation permitted by the length of the
compensating column, so long as the elevation of the fluid
in the compensating column is equal to the elevation of the
tip of the catheter and is open to atmospheric pressure. The
invention may be accomplished by creating a closed fluid
path for selectively placing the first, sensing face of the
transducer in pressure communication with the second,
compensating face of the transducer while the sensing face
of the transducer is isolated from the pressure of the fluid in
the pressure monitoring vessel. That is, the measuring cavity
is shunted to the compensating cavity. In this way, the
sensing face and the compensating face see precisely the
same pressure, ensuring that the transducer deflection is
equal to zero.

Other objects, advantages, and characteristics of the
present invention will become apparent in view of the
description and accompanying drawings that follow.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 illustrates a schematic view of an embodiment of
a device according to the present invention.

FIG. 2 illustrates a side elevational view of a first embodi-
ment of a manifold and transducer of a pressure compen-
sation device according to the present invention.

FIG. 2A illustrates a schematic view of the transducer of
the pressure compensation device depicted in FIG. 2 of the
present invention.
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FIG. 3 illustrates a side elevational view of a second
embodiment of a manifold and transducer of a pressure -
compensation device according to the present invention.

FIG. 3A illustrates a schematic view of the transducer of
the pressure compensation device depicted in FIG. 3 of the
present invention.

FIG. 4 illustrates an end elevational view of a third
embodiment of a manifold and transducer of a pressure
compensation device according to the present invention.

DETAILED DESCRIPTION

FIG. 1 shows in schematic form a biological pressure-
compensating measurement configuration with remote zero-
ing according to the present invention. In the measurement
of pressure in biological or medical settings, a catheter 10
may be inserted into a patient to penetrate a particular site
within the patient, such as the heart or a blood vessel, and to
establish pressure communication between this site and a
transducer 50 external to the patient. The catheter 10 has a
proximal tip 35 and a distal tip 20. The distal tip 20 is
inserted into a patient to establish communication with one
or more biological fluids.

The proximal tip 35 of the catheter 10 is coupled in
pressure communication to a pressure monitoring tube 30.
The term “pressure communication” is used herein to
describe a relation between a set of fluid handling tubes or
vessels in which the vessels are coupled such that the
pressure of the fluid in the interior of one of the vessels is
transmitted to the other vessel. Pressure communication
between a set of vessels may be achieved by placing them
in fluid communication with one another, or if fluid com-
munication is not desirable, separating them by a membrane
capable of transmitting a pressure. It is known, for example,
to establish a closed fluid communication relation between
two vessels with a luer fitting. The pressure monitoring tube
30 and all fluid carrying tubes described below may be of
any tubing suited for carrying biological fluids and capable
of being coupled in pressure communication with other
biological fluid handling tubes or vessels or with an embodi-
ment of a transducer 50.

Pressure monitoring tube 30 is coupled in pressure com-
munication to the transducer 50 according to known meth-
ods. The combination of the monitoring tube 30 from the
patient and the transducer 50 comprise a detector for a first
pressure corresponding to the sum of the blood pressure P,
and the hydrostatic pressure P;, due to the height of the fluid
column between the distal tip of the catheter 20 and a
manifold 40. As shown in FIG. 1, pressure monitoring tube
30 is coupled to the transducer 50 by way of a connector 41
and a pressure monitoring port 42, one of a plurality of ports
integral to a housing such as the manifold 40. A first valve
means 43 may be actuated to establish or interrupt fluid and
pressure communication through pressure monitoring port
42. Valve means 43 may comprise any type of valve capable
of establishing or interrupting fluid and pressure communi-
cation. As shown in FIG. 1, the transducer 50 is integrated
into manifold 40; in other words, the transducer 50 is
permanently coupled to the manifold such that each of the
sensing surfaces of the transducer S0 may be placed in
pressure communication with one or more of a plurality of
ports of the manifold 40. Additionally, valves such as valve
43 may be integrated into the design of the manifold 40.

The transducer S0 most preferably is planar. A require-
ment of a transducer S0 which is usable in the present
invention is that it produce a detectable signal in response to
an applied pressure or stress. Of course, to produce such a
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signal, certain transducers will require a power or voltage
supply. Appropriate transducers may have, for example, a
substrate on or in which is laid or formed resistive elements.
A usable substrate may be a semiconductor such as silicon.
Stress or pressure applied to the face of such a transducer
would yield a signal proportional to the amount of stress or
pressure applied because of the effect of the stress on the
resistive elements. Furthermore, the transducer may com-
prise a piezoelectric or piezoresistive device; that is, it may
have a crystal or chip which responds to stress by the
creation of an electric polarization. Such a polarization
creates a voltage in an isolated crystal. When pressure is
applied to a surface of a first pressure responsive sensing
face 52 of the transducer 50, the substrate and the electri-
cally resistive elements, or alternatively the piezoelectric or
piezoresistive crystal, are subjected to mechanical stress.
The strain resulting from this applied mechanical stress
modifies the physical characteristics of the transducer to an
extent proportional, over at least some range of values, to the
mechanical stress. By known means, such a modification
may be converted directly into a signal from which the blood
pressure may be ascertained. An appropriate transducer may
be that sold in conjunction with the Perceptor Morse®
Manifold System available from NAMIC USA Corp.

The transducer 50 also comprises a second pressure
responsive compensating face 54. This face 54 is used to
place an arbitrary second pressure, such as a pressure
identical to the hydrostatic pressure P,, on the transducer
face 54. Such a second face 54 is advantageously opposite
the first face, in which case the transducer deflection repre-
sents the difference between the first and second pressures.
More particularly, in the case of the two faces 52 and 54
opposite one another on the same diaphragm, they comprise
a mechanical means for measuring or determining the dif-
ference between the first pressure, felt by face 52, and the
second pressure, felt by face 54. Of course, it should be
noted that one skilled in the art could manufacture a trans-
ducer with separate faces in accordance with this invention.
In such a case, the difference could be calculated electroni-
cally rather than mechanically. In either case, the difference
signal is sent to a display means such as a monitor.

When each of the two faces 52 and 54 is subjected to the
same applied pressure, the pressures exerted on the two
faces balance, and the net measured pressure should there-
fore be zero. If it is not zero, the monitor 55 can be adjusted
appropriately. More specifically, when each of the two faces
of a transducer 590 is in pressure communication with a fluid
column of fixed and eqnal magnitude, then the transducer
diaphragm will feel no net deflection and should thus give a
reading of zero or the monitor 55 can be adjusted to zero.
Even more importantly, if the transducer 50 is vertically
displaced, any hydrostatic pressure variations are identical
and simultaneous at the two faces and as such continue to
cancel each other out. Pressure compensation is thus
effected. Because, in this embodiment, the compensation
means is mechanical, and has a single operating element, it
is very reliable.

As shown in FIG. 1, a calibration means is established by
a first end 62 of a hydrostatic pressure compensation port 60
coupled in pressure communication to the compensating
face 54 of the transducer 50. Compensating face 54 is on the
opposite side of transducer 50 from the sensing face 52.
Sensing face 52 is in pressure communication with pressure
monitoring tube 30, and is thereby exposed to a blood
pressure P, and a hydrostatic pressure P,. A proximal end
of the pressure monitoring tube 30 is in pressure commu-
nication with the sensing face 52 of the transducer 50, and
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a distal tip, which may be the distal tip 20 of a catheter 10
attached to the pressure monitoring tube 30, is in pressure
communication with a pressure to be measured at a first
elevation. A first end 72 of a hydrostatic pressure compen-
sation tube 70 is coupled in pressure communication to a
second end 64 of the hydrostatic pressure compensation port
60. In addition to being in pressure communication at its first
end 72 with the second end 64 of hydrostatic pressure
compensation port 60 via the continuous column of fluid,
second end 80 of pressure compensation tube 70 is open to
atmosphere (above the column of fluid) at a second eleva-
tion.

In FIG. 1, the fluid, whose pressure P, is to be measured,
enters the manifold 40 via connector 41 and pressure moni-
toring port 42, which is coupled in pressure communication
with the transducer 50. If valve 43 is open, the fluid enters
the measuring cavity and impinges on the sensing face 52 of
the transducer 50. At the sensing face 52, the pressure of the
fluid is the sum of the blood pressure from the patient Py,
and the pressure due to the height of the fluid column P,. In
FIG. 1, this would be the pressure felt by the left side of the
transducer 50. If these were the only pressures in the system,
it is difficult to extract the blood pressure from the sum, as
discussed above. This is why a third pressure is used, the
hydrostatic compensating pressure. This compensating pres-
sure impinges on the right side of transducer 59, i.e., on the
compensating face 54, thus effecting a mechanical subtrac-
tion of the hydrostatic compensating pressure from the
pressure sum on the left-hand side of the transducer. The
fluid used for hydrostatic pressure compensation enters the
manifold 40 by way of pressure compensation port 60, via
a first end 62 of port 60. If the hydrostatic compensating
pressure is set equal to P, the mechanical subtraction yields
the blood pressure Py, as the net non-zero component of
pressure incident on the transducer. Thus, the blood pressure
may be measured.

FIG. 4 shows an end elevational view of an embodiment
of a pressure compensation device according to the present
invention, to assist in the visualization of its internal struc-
ture. Essentially, it shows the transducer 50" and related
components, which are shown schematically in FIG. 1, as
being located within the manifold 40'". One can see in FIG.
4 the relation between the pressure monitoring port 42", the
transducer 50" and the pressure compensation port 60'. As
indicated by the dotted lines, the pressure monitoring port
42" is in pressure communication with the sensing face 52"
of transducer 50", although pressure monitoring port 42™
may be closed off by valve 43". Additionally, one can see
that pressure compensation port 60', in particular by way of
its first end 62", is in pressure communication with the
compensating face 54’ of transducer 50™.

As shown in FIG. 1, the manifold may be debubbled in
known fashion by, €.g., connecting a saline bag to one of the
ports of the manifold, filting the manifold 40 with saline or
a similar solution. The manifold 40 may then be oriented
with a port pointing up so that air bubbles may escape
through it. Tapping of the manifold may be necessary to
dislodge bubbles.

Next, syringe 100, shown in FIG. 1, can be aspirated with,
for example, a saline solution and coupled to the second end
80 of the hydrostatic pressure compensation tube 70. First
end 72 of pressure compensation tube 70 is temporarily
detached from the second end 64 of pressure compensation
port 60. Syringe 100 is then discharged, filling the hydro-
static pressure compensation tube 70 with the fluid. Pressure
compensation tube 70 is then debubbled, during which
process the end 72 of the compensation tube 70 is held at a
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higher elevation than second end 80 to which the syringe
100 is attached.

An alternative way to debubble pressure compensation
tube 70 that does not require a syringe is to attach second end
80 of the compensation tube 70 to connector 41 of the
manifold 40. The compensation tube 70 is then filled with
saline from the manifold 40. When compensation tube 70 is
sufficiently filled, end 72 of the compensation tube is con-
nected to second end 64 of the pressure compensation port
60. Then second end 80 of the compensation tube 70 is
disconnected from the manifold and is placed in an adjust-
able holding device 99.

When syringe 100 is used, it remains attached to the
second end 80 when the first end 72 of the hydrostatic
pressure compensating tube 70 is coupled in pressure com-
munication to the second end 64 of the hydrostatic pressure
compensation port 60. Compensation port 60, in turn, is in
pressure communication, which may be by way of a female
luer fitting, with the compensating face 54 of transducer 50.

After syringe 100 has been discharged and pressure
compensation tube 70 has been re-coupled to the manifold,
syringe 100 is decoupled from the second end 80 of the
hydrostatic pressure compensation tube 70, re-opening the
second end 80 to atmospheric pressure. The second end 80
is then fixed to the adjustable holding device 90 capable of
fixing the position of second end 80, particularly in the
vertical dimension. The adjustable holding device 90 may be
a pole clamp or any other known means. In this way, the
second end 80 of the hydrostatic pressure compensation tube
70 may then be fixed to the adjustable holding device 9¢ at
an elevation equal to that of the catheter distal tip 20. For
example, the catheter distal tip 20 may be inserted in the
patient’s heart. The second end 80 of the hydrostatic pres-
sure compensation tube 70 is thern also placed at heart level,
i.e., at the same elevation as the catheter distal tip 20. Second
end 80 is then fixed at that elevation by the adjustable
holding device 90 with second end 80 left open to atmo-
spheric pressure. 1t should be noted that second end 80 may
alternatively be placed higher than the level of the elevation
of the patient’s heart; however, in this case, the level of fluid
in the compensation tmbe 70 must be carefully adjusted to
coincide with the aforementioned heart level.

In order to take pressure-compensated measurements with
a typical system, the catheter 10 is inserted into the patient
and the catheter distal tip 20 is positioned at a desired point
of biological fluid measurement in the patient’s body, such
as the heart. Pressure monitoring port 42 of the manifold 40,
to which the catheter 10 is coupled in pressure
communication, is initially in a closed position by way of
closing valve 43. In this configuration, the sensing face 52
of the fransducer 50 facing the catheter 10 is not in pressure
communication with the blood pressure at distal tip 20 of
catheter 10, but rather is isolated from that pressure. By
opening valve 43, the sensing face 52 of the transducer 50
is placed in pressure communication with the blood pressure
P, seen at catheter distal tip 20 as well as the pressure P,
due to the fluid in the column created by catheter 10 and
pressure monitoring tube 30.

As stated previously, the pressure at the sensing face 52
of the transducer 50 during a monitoring procedure is a
combination of the blood pressure P, at the catheter distal
tip 20 and the hydrostatic pressure P,, of the column of fluid
between the distal tip of the catheter 20 and the transducer
50. The pressure of the height of the fluid column in the
hydrostatic pressure compensation tube 70, P_, is deter-
mined by the difference between the elevation of the fluid
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column in the hydrostatic pressure compensation tube 70
and the elevation of the transducer 50.

X the fluid column in the pressure compensation tube 70
is fixed at the same level as the distal tip 20 of the catheter
10, then the effect of the fluid column between the catheter
and the transducer is canceled by the effect of the fluid
column in the compensation tube. The pressure measured by
the transducer 50 is then identical to the blood pressure
regardless of the level of the transducer 50.

- While the use of a compensation tube allows an accurate
reading of blood pressure at any transducer elevation by
causing the pressure due to the effect of the fluid column
between the catheter and the transducer to be canceled out,
the physician cannot use this feature to zero the transducer.
This is because the pressure contribution of the patient’s
blood cannot be easily eliminated. One must instead provide
the same pressure, without blood pressure contributions, to
each side of the transducer.

While compensation allows for the movement of the
transducer and manifold with respect to the catheter, zeroing
the transducer requires that the same pressure be placed on
each face of the transducer. As a patient’s blood pressure is
a variable quantity, the pressure monitoring tube must be
valved off via valve 43 during a zeroing procedure. But then,
in order to create the same pressure on each face of the
transducer, the manifold and transducer would have to be
raised to heart level, i.e., the level at which second end 80
is placed. The present invention allows the transducer to be
zeroed without the necessity of moving the manifold—i.e.,
remotely.

To remotely zero the present invention, that is, to zero the
device at any elevation permitted by the length of the
pressure monitoring tube 30 and the pressure compensation
tube 70, the user selectively exposes, by way of a closed
fluid path, both faces of the transducer simultaneously to the
compensation pressure of the hydrostatic pressure compen-
sation tube. This closed fluid path may be created by a shunt
including a second valve means such as shunt valve 200.
When shunt valve 200 is open, and valve 43 is closed, both
faces of the transducer are exposed to the same pressure.
Using such a shunt, the transducer 50 may be zeroed at any
elevation by permitting both faces of the transducer 50 to be
exposed to substantially identical hydrostatic pressures.
Shunt valve 200 is shown as a two-way valve; however, as
shown in later embodiments three-way valves may also be
used.

When the shunt valve is opened, pressure in the measur-
ing cavity will “bleed” by an actual flow of liquid. Because
P,<P,, +P;, a residual pressure will be present in the
measuring cavity up until the time that the shunt valve is
opened. The liquid in the measuring cavity will flow to the
extent necessary to equalize the pressure between the mea-
suring cavity and the compensation cavity. Of course, due to
the residual pressure mentioned above, the pressure due to
the height of the liquid column will be slightly greater than
P,, prior to the opening of the shunt valve.

FIGS. 2, 3 and 4 show in greater detail the configuration
of different embodiments of a device according to the
present invention which include a manifold 4¢', 40", and
40'", respectively.

FIG. 2 shows a first embodiment of the device according
to the present invention. FIG. 2A illustrates a schematic
view of the transducer of the pressure compensation device
depicted in FIG. 2 of the present invention. In FIG. 2, a first
tube 120 is connected to second end 64' of pressure com-
pensation port 60', and a second tube 125 is placed in
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pressure communication with port 130, which in turn is in
pressure communication with pressure monitoring port 42',
by way of a second valve means such as intervening valve
135. The free ends of the first and second tubes, 120 and 125
respectively, are then connected to two ports of a shunt
means such as Y-connector 140. The third port of
‘Y-connector 140 is connected to compensation tube 70/, the
second end 80" of the compensation tube 70' being, as usual,
fixed at the level of the distal tip 20 (not shown) of the
catheter 10 (not shown), e.g., heart level, although during
zeroing the height is arbitrary. Valve 135 is a two-way valve,
which, when open, exposes the sensing face 52' (as shown
in FIG. 2A) of the transducer 50'(as shown in FIG. 2A) to the
pressure of the fluid in pressure compensation tube 70'.

To zero the transducer via the present invention, valve 43'
is closed and valve 135 is opened to expose sensing face 52'
of the transducer 50' to the same pressure as seen by
compensating face 54' (as shown in FIG. 2A) of transducer
50'. The output of the transducer my then be set equal to
zero. It should be noted that, depending on the value of P,
at the time the valve is closed, the pressure in the measuring
cavity may be greater or less than P, If so, i.e., if P,=#P,,
the final pressure, after the valved shunt means equalizes the
pressure, may not be equal to P,. In fact, the final pressure
may be such that the level of the fluid column in the
compensating tube 7¢' may be somewhat changed. While the
two faces 52' and 54' of the transducer 50' may see a
negligible difference in pressure due to transducer thickness
and residual air in the system, this difference is invariant to
elevation changes in the device, and so does not interfere
with the zeroing of the transducer 50'. This is the case for all
three embodiments as described herein. When the output of
the transducer 50' has been set to zero, valve 135 is closed,
isolating sensing face 52' from the pressure in pressure
compensation tube 70'. Pressure monitoring can begin by
opening valve 43 to expose sensing face 52' of transducer
50' to the pressure of the fluid in pressure monitoring tube
30'. The transducer can be re-zeroed, as described above, at
any time without the necessity of returning the system to
heart level. If necessary, means for bleeding the measuring
cavity after zeroing may also be provided.

Alternative embodiments of the present invention are also
possible. In a second embodiment, shown in FIG. 3 and 3A,
a first port of a valved shunt means such as three-way valve
150 is connected to first end 62" of pressure compensation
port 60" (as shown in FIG. 3A) by way of shunt 155. A
second port of the three-way valve 150 is in pressure
communication with the monitoring port 42", and the
remaining port of the three-way valve 150 is coupled in
pressure communication to end 72" of the pressure com-
pensation tube 70".

To zero the transducer 50" (as shown in FIG. 3A), valve
43" is closed, isolating sensing face 52" of transducer 50"
from the pressure of the fluid in pressure entering via
monitoring port 42”. Then valve 150 is actuated to an open
position that exposes sensing face 52" and compensating
face 54" (as shown in FIG. 3A) of the transducer 50" to
substantially identical hydrostatic pressure, that is, the com-
pensation pressure of the fluid in pressure compensation
tube 70". Zeroing of the transducer 50" may then be done.
Once the transducer reading is set equal to zero, valve 150
may be actuated to a closed position to isolate sensing face
52" of transducer 50" from the compensation pressure in
pressure compensation tube 70". Valve 43" may then be
opened, establishing pressure communication between sens-
ing face 52" of transducer 50" and the pressure monitoring
tube 30". As with the embodiment shown in FIG. 2 and
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described immediately above, the transducer 50" may be
re-zeroed at any time.
An added advantage of the embodiment shown in FIG. 3
is that the pressure compensation tube can be filled from the
manifold without having to connect or disconnect either end
of the compensation tube from the holding device (not
shown) or the compensation port.
A third embodiment of the present invention is shown in
FIG. 4. This embodiment is similar to the embodiment
iltustrated in FIG. 3, but in this case a shell having an interior
channel is used. In FIG. 4, such a shell has the shape of a
reverse “F” shape. Of course, as viewed from the opposite
side, such a shell has the shape of a normal “F”, In the
following description, the upper rung of the “F” is denoted
element 600, the lower rung is denoted element 170, the
section between the compensation tube 70" and the lower
rung is denoted 180, and the section between the two rungs
is denoted 190. Each of these sections has an associated
channel in its interior.
In this third embodiment, the valved shunt means includes
a two-way valve 160 which is connected between port 130"
at channel 185 and lower rung 170 at channel 165. Port 130"
provides pressure communication, via channel 185, between
channel 165 and the sensing face 52 of the transducer 50'.
Channel 165 is generally in the interior of lower rung 170,
which, as can be seen in FIG. 4, is in pressure communi-
cation with compensation port 60'". The upper rung 600 has
a first opening in pressure communication with compensa-
tion port 60'". Section 199 provides pressure communication
between the upper rung 600 and the lower rung 170, as well
as pressure communication to a third opening in closed fluid
communication with compensation tube 70" through sec-
tion 180.
For remote zeroing, valve 43" is closed and valve 160 is
opened to permit ports 60'" and 130'" to come into pressure
communication with each other such that sensing face 52'
and compensating face 54" of transducer 50" are exposed to
the same pressure and can be zeroed. After the transducer
50'" has been zeroed, valve 160 is closed to isolate sensing
face 52" from the compensation pressure. Valve 43" can
then be reopened to expose sensing face 52' to the pressure
in the pressure monitoring tube (not shown). As with the first
and second embodiments, the transducer 50'" may be
re-zeroed at any time by shunting the measuring and com-
pensating cavities as described above.
Those skilled in the art will recognize that the present
invention is not limited to the embodiments here described.
For example, the particular choice of fluid carrying vessels
used for permitting pressure communication between ele-
ments of the invention, or the choice of valve used for
interrupting or establishing that pressure communication
may employ any suitable known means.
What is claimed is:
1. A device for measuring pressure, comprising:
a housing having a plurality of ports and a transducer
including a sensing face and a compensating face;

the transducer being disposed in the housing and with
respect to the ports so that the sensing face indepen-
dently may be put in pressure communication with a
pressure to be measured and the compensating face
independently may be put in pressure communication
with a compensating pressure;

a first valve means for selectively interrupting pressure
communication between the sensing face and pressure
to be measured; and

a shunt means for establishing pressure communication
between the sensing face and the compensating face
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including a second valve means for selectively inter-
rupting pressure communication between the sensing
and compensating faces.

2. A device for measuring pressure providing hydrostatic
pressure compensation and remote zeroing, comprising:

a) a housing including a measuring cavity and a compen-

sation cavity separated by at least a transducer having
a sensing face and a compensating face;

b) a hydrostatic pressure compensation tube adapted to
contain flnid and having a first end in pressure com-
munication with the compensating cavity and a second
end in pressure communication with atmospheric pres-
sure;

) a pressure monitoring tube adapted to contain a fluid
and having a proximal end in pressure communication
with the measuring cavity and a distal tip exposed to a
pressure to be measured at a first elevation;

d) first valve means in fluid communication with the
proximal end of the pressure monitoring tube and with
the measuring cavity, for selectively establishing and
interrupting pressure communication between the pres-
sure monitoring tube and the semsing face of the
transducer;

e) an adjustable holding device for fixing the second end
of the hydrostatic pressure compensation tube at a
second elevation;

f) a closed fluid path for placing the sensing face of the
transducer in pressure communication with the com-
pensating face of the transducer; and

g) valved shunt means disposed in the closed fluid path for
selectively establishing and interrupting pressure com-
munication between the sensing face of the transducer
and the compensating face of the transducer;

whereby the pressure measurement device may be remotely
zeroed by interrupting with the first valve means the pres-
sure communication between the pressure monitoring tube
and the sensing face of the transducer and establishing with
the valved shunt means pressure communication between
the sensing face and the compensating face of the transducer.

3. The device of claim 2, wherein the closed fluid path for
placing the sensing face of the transducer in pressure com-
munication with the compensating face of the transducer
comprises a Y-connector.

4. The device of claim 2, wherein the closed fluid path for
placing the sensing face of the transducer in pressure com-
munication with the compensating face of the transducer
comprises a two-way valve.

5. The device of claim 2, wherein the closed fluid path for
placing the sensing face of the transducer in pressure com-
munication with the compensating face of the transducer
comprises a three-way valve.

6. The device of claim 2, wherein the closed fluid path for
placing the sensing face of the transducer in pressure com-
munication with the compensating face of the transducer
comprises a shell having an interior channel and three ports
each connected to the channel.

7. The device of claim 2, wherein the first elevation is
substantially the same as the second elevation.

8. The device of claim 7, wherein the first and second
elevations are substantially the same as the elevation of the
distal tip.

9. The device of claim 2, wherein the pressure measured
is blood pressure.

10. The device of claim 2, further comprising a catheter
with a catheter distal tip in pressure communication with the
pressure to be measured and a catheter proximal tip in
pressure communication with the pressure monitoring tube.

12

11. The device of claim 10, wherein the catheter is
inserted in a blood vessel.
12. The device of claim 10, wherein the catheter is
inserted in a heart.
5 13. A device for measuring pressure with hydrostatic
pressure compensation and remote zeroing, comprising:

a) a transducer having a sensing face and a compensating
face;

b) a hydrostatic pressure compensation tube adapted to
contain a fluid and having a first end in pressure
communication with the compensating face of the
transducer and a second end in pressure communication
with atmospheric pressure;

) a pressure monitoring tube adapted to contain a fluid
and having a proximal end in pressure communication
with the sensing face of the transducer and a distal end
exposed to a pressure to be measured at an elevation;

d) first valve means for selectively establishing and inter-
rupting pressure communication between the pressure
monitoring tube and the sensing face of the transducer;

) an adjustable holding device for fixing the second end
of the hydrostatic pressure compensation tube at an
elevation substantially the same as the elevation of the

25 distal end of the pressure monitoring tube; and

f) shunt means including a valve means for selectively
establishing pressure communication between the sens-
ing face and the compensating face.

14. A device for measuring pressure with hydrostatic

30 pressure compensation and remote zeroing, comprising:

a) a manifold comprising an interior portion and a plu-
rality of ports, the interior portion and the ports selec-
tively in fluid communication with each other;

b) a transducer coupled to the interior portion of the

35 manifold and having a sensing face and a compensating
face;

¢) a hydrostatic pressure compensation tube adapted to
contain fluid and having a first end in pressure com-
munication with the compensating face of the trans-
ducer and a second end in pressure communication
with atmospheric pressure;

d) a pressure monitoring tube adapted to contain a fluid
and having a proximal end in pressure communication
with the sensing face of the transducer and a distal tip
exposed to a pressure to be measured at an elevation;

e) first valve means for selectively establishing and inter-
rupting pressure communication between the pressure
monitoring tube and the sensing face of the transducer;

50 f) an adjustable holding device for fixing the second end

of the hydrostatic pressure compensation tube at an
elevation substantially the same as the elevation of the
distal tip of the pressure monitoring tube; and

g) shunt means including a valve means for selectively

55 establishing pressure communication between the sens-

ing face and the compensating face of the transducer.

15. A method for remotely zeroing a device for measuring

fluid pressure with hydrostatic pressure compensation, the
device including a transducer for generating an output signal

60 from which a measured pressure value is derived and having

a sensing face and a compensating face, the device further
including a first valve means for establishing and interrupt-
ing pressure communication between the fluid pressure to be
measured and the semsing face of the tramsducer, and a
65 zeroing means for placing the compensating face of the
transducer in pressure communication with a pressure sub-
stantially equal to a hydrostatic component of a pressure
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communicated to the sensing face of the transducer, the
device further including a closed fluid path between the
sensing face and the compensating face of the transducer, the
closed fluid path including shunt means including a second
valve means for establishing and interrupting pressure com-
munication between the sensing face and the compensating
face of the transducer, the method comprising the steps of:

a) actuating the first valve means to interrupt pressure
communication between the sensing face of the trans-
ducer and the fluid pressure to be measured;

b) actuating the second valve means to establish pressure
communication between the sensing face and the com-
pensating face of the transducer;

c) setting the measured pressure value to zero; and

d) actuating the second valve means to interrupt pressure
communication between the sensing face and the com-
pensating face of the transducer.

16. An improved device for measuring internal body fluid

pressure, comprising:

a housing including a transducer having first and second
pressure responsive surfaces for generating a signal
corresponding to fluid pressure on each face disposed
therein;

a detector means for establishing fluid pressure commu-
nication between a body fluid and the first pressure
responsive surface and for producing a signal corre-
sponding to a first pressure representing the sum of the
body fluid pressure plus a hydrostatic pressure compo-
nent;

a calibration means for establishing a second fluid pres-
sure on the second pressure responsive surface corre-
sponding to the hydrostatic pressure component;
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a zeroing means for establishing fluid pressure commu-
nication between the first and second pressure respon-
sive surfaces;

a means for determining a difference between the first
pressure and the second pressure; and

a means for displaying the difference calculated.

17. The device of claim 16, wherein the first and second
pressure responsive surfaces are opposite sides of a dia-
phragm.

18. The device of claim 17,
includes a piezoresistive element.

19. The device of claim 17,
includes a piezoelectric element.

20. The device of claim 17,
includes:

a substrate; and

a plurality of resistive elements coupled to said substrate.

21. The device of claim 20, wherein said substrate is a
semiconductor.

22. The device of claim 21, wherein said semiconductor
is partially comprised of silicon.

23. The device of claim 16, wherein the hydrostatic
pressure component is the pressure due to the height of the
fluid column between the transducer and the point at which
the body fluid pressure is sensed.

24. The device of claim 16, wherein the difference deter-
mination means is mechanical.

25. The device of claim 16, wherein the difference deter-
mination means is electronic.

26. The device of claim 16, wherein the difference display
means is a monitor.

27. The device of claim 16, wherein the detector means
includes a catheter with a distal tip.

wherein the diaphragm
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