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(57) Abstract

A physiological pressure transducer (1) is disclosed which can be adapted for multiple uses, and which employs a low cost
semiconductor strain gavge sensor. The transducer (1) is connected to a fluid filled cathelsr/manometer system for measuring pressures
inside a living body in areas of medical inlerest such as the heart, brain, uterus, or the vascular system. The catheter is coupled o the
pressure transducer (1) through a unique, disposable dome (7) containing a shaped, compliant isolation media which is in intimate contact
with the transducer diaphragm (12). The complete assembly is adapted for use with standard catheter Aushing solutions and Aush devices.
An improved method of drawing blood samples by using the features of the assembly is also described.
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PRESSURE TRANSDUCER APPARATUS WITH DISPOSABLE DOME
Backqround of the lvention

Tha present inventian relates ta medical fluid prassure transducers, and, mare particularly, to fluid prassure
transducers for invasive blood pressure measurements having a reusahble component and a one time use disposahle
COmpanent.

Since the 1870s, physiological bload prassure monitering became widely emptayed for diagnosis and
treatmant of patients experiencing hemodynamic instability during surgery end in other forms of acute Jiness, An
arterial cannula, central venous catheter, or pulmonary artery catheter is inserted into a blood vessel using a

Seldinggr percutzneous puncture technique, tha puncture woued is dilated, then tha cathetes is inserted intg the

. ¢ vassel, the catheter is attached to a saline-filled pressure monitaring line, blood pressure transducer, pressurized fiuid

supply, and sterile fiuid flushing device, and finally the transducer’s electrical interface cable is attached to an
electronic blood pressure amplifier and display monitor. Once cafibrated, such systems give accurate and up to date
readouts of the constantly changing blood pressure levels at the tip of the catheter within the cérdiuvasculal system.

Simitarly, cathetors and technigues have been devaloped for direct insartion of fluid filled catheters into the
brain for the menitaring of increased intra-cranial pressuras resulting from acute brain injury, and for insertion into
the uterus during childbirth to monitor the strangth and character of contractions through changes in the amniotic
fluid pressure, Many of these same prior-art transducer systems have been and continue to be employed for this
entire range of maasuring applications, plus other physiological mnitering ar biolgical fluid prassure measursment
applications within lving bodies.

A typical aarly prior art device includes a removable (singla use dispasable} dame with an inlet and an outlet
port for flushing an filling of the transducer assembiy with sterile isotonic saline solution. The dume is made of
a clear molded plastic material such as polycarbonate so that air bubbles in the flushing fluid could be obsarved and
remaved. A flushing device, such as enes deseribed in US Patents 4,281,702 to Cola or 3,675,891 to Reynolds is
typically affixed to the dome's side port for the purposs of provifing a continuaus flow of safine through the dome
and inte tha cathater. A “fast flush” valve on the flush device may be activated to tempararily select a higher flow
rate for filling, de-bublling, or clebrinu- of blood in the doma and/or catheter.

The early prior art blood pressure transducers were made with a metal diaphragm forming a pressure
sensitive area on an extemnal surface of the transducer housing, The diaphragm was coupled internally to a
mechanical push rod linkage assembly and a strain-sansing device, such as an unbonded wire strain gauge constructed
in a Wheatstana Bridge configuration. The pressure sensitive area of the metal diaphragm is now typically isolated
from the sterile salina being flushed into the catheter by a thin polycacbonate or nitrile rubber dizphragm on the
mating surface of a single use dome. Such disposable domes are typically supplied sterila and discarded after a
single use to avoid a hiologicel contamination risk to the patient. The mating reusable transducer portion, which is
not in direct contact with tha patients’ bload, is frequently wiped down with aitohol er placed in a chemical sterilant
after each use and then reassembled to a new, sterile dome for sehsequent vses. In the late ‘70s, several

physiological pressura transducers systems were developed using semiconductor strain sansors, but still employing
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a machanical linkage and a matal diaphragm, for example the Statham P50 and the Bentley MBOD. The strain
sensing element is o silicon heam which is banded to the transducer body in such a way that strain is applied to
the baam when tha diaphragm is flexad. In these designs, the Wheatstone bridge was ion-implanted directly into
the silicon baam and the uutpin signals wera calibratad using discrete resistors located in the transducer’s electrical
interface connector. In other respects, these “transitional art transducers were typically connected to
catheter/manometer fluid systems in the same manner as descrited above.

In the early ‘80s, non-reusabls (disposahle) transducers were developed using improved semiconductor strain
gauges made frem a silicon chip containing an etched diaphragm used in combination with leser-trimmed thick fitm

resistar network for temperatura and span compensation of the sensar chip, as is fully described in US Patents

44,576,181, and 4,231,702, 4,557,268, 4,683,984, 4,679,567, 5,042,495, 4,776,343, 5,087,841, Further, the

development of thin film "on-chip" compensation methods at Motarofa {see US Patent 4,465,075) allowed the
development of even smaller, simpler disposable transducer designs as are more fully described for example in US
Patents 4,539,998, 4,679,567, and 4,825,876. Importantly, all of thesa disposable transducer designs except those
of Cole and Kodama appear 10 have abandoned the machanicat linkage in faver of a hydraulic prassure coupling
medium comprised of a silicona elastomer, or "siicana gel”, for example as cited in US Patent 4,529,788, Thase
elastomers, which had become common in the semiconductor industry for protecting chips from ambient fluids and
vapors, are usad to form a good alectrical barrier between the chip and the saline solution, while imparting greater
machanical ruggedness and over-pressure characteristics to the sensor, plus transmission of the hydrodynamic signal.
In medical use, the gel is juxtapositioned between the catheter flush solution and ths transducer chip, thus conveying
the hydraulic pressure signai directly to the chip’s integral sensing diaphragm whils isolating it electrically from the
conductive and corrosive effects of the saline solutisn. The entire transducer assambly, including the chip are
typically sold to be discarded after a single use, since the intema! companents can not be adequately cleaned for
re-sterilization or reuse.

Disposabla transducer designs emplaying samicenductor strain gauge sensors and gel coupling medis 8s just
describad are desirable because they provide a relatively straight fiuid channal which is easy to fill with sterile safine
without 1urbillam:e or accumulation of bubbles. Further, they do not require twist-on attachmant of a separate
disposable dome as the prior art re-usable designs do, and they are highly rugged and accurate due to the gel
pressura transmission media and silicen chip micromachined sensor structure. However, manufacturing costs remain
high. The single highest cost component is the pre-calibratad semiconductor chip and associated wiring, which
typically must be discarded after a single use.

With the objective of furthes reducing medical costs and madical wastes, accordingly, there is a nesd for
a re-usabla physiotogical pressure transducer which employs an inexpensive semiconductor strain gauge sensar which
has been produced by current high volume silican micro-machining and chip carrier production technigues. Wallace
{US Patant 4,610,256 and Frank {International Application PCT/US85/01957) disclose pressure transducars employing -
thick-film trimmed silicon strain gauge sensers attached to a transducer body filled with silicone oll. The exterior

of the transducer hody carries a pressura sensitive araa covered by a flexible diaphragm which communicates




3

hydraukic signals to the chip sensor through the silicone oifiled body and through a hole filled with a pressure
transmissive fluid which is respectively gel or oif 10 an opposiig exterior surface. In these designs, the silicon chip
sensor and compensation circuitry is camriad by an exterior opposed surface of the transducer body. In bath of these
examples, the mating disposable dome contains a flexibla sterile isalating diaphragm according to the disposable dome
5 prior art which is intended for ong time yse. Adams, el al. {S Patent 4,686,764) discloses 2 Q'él-fﬂled pressure
transducer body containing a thin fim-irimmed chip sensor. The sifiton chip sensor is located inside the body and
the pressufe sensitive area on the exterior of the transducer consists of a flexible polymer membrane such as
peiyamide which transmits the hvdrnu_ﬁ; pressure signal through the gel and thus directly to the sensor without need
tor a coupfing channel. Frank (US'Patent 4,920,972) discloses a blood pressure tansduter comprising a gel-filled
10 body with a :hlp seasor, again lacated nn lhe cutside of a bady and hydrauﬁcally coupled to the diaphragm through
a tapered hole lilied wnh -gel. Th t:ansducer dlaphragm coveiing the pressure sensmve ‘ates on the opposing side
of the body is 2 ﬂexibla matenal such F13 #iﬁcone rubber. A drspusanle dome of lhe prioi -art type using a flexible

intarface membrane i is used to zsulate he sterile saline from the transducer. -

In spite of thesa lmpmvements, ‘nongtheless, the prior art transducers still sutfer from certain drawbacks.
15 The disposable transducers remain expensive to produce because of the high cost of throwing away the
micromachined chip and wiring. The diaphragm of the earlier prior art re-usable transducers disclosed by Wallace
and Frank can be easily punctured resulting in leakage of the pressure transmitting medium and failure of the
transducer. While the re»usabfﬂ transducers as ater disclosed by Adams and Frank ofier a significant improvement
in machanical ruggedness because of the use of siicone gel as the hydraulic coupling medium, the fluid path inside
the dome is tortuous and stil more difficult to setup, {il and de-bubble because the membrane-1ype dome is large
in relation to the tﬁaknetar of the inlet and outlet ports, and it must be attached and filled with saline prior to use.
In practice, small hubbles cften attach themselves in the sharp corness adjacent to the edges of the diaphragm, thus
reducing the dynamic response of the transduced pressure signal,
Therefore, it weuld be highly desirable to develop a disposable dome for a reusable transducer application
employiag a fluid path without sharp comers, for instance, in the vicinity of the diaphragm, where bubbles are easily
entrapped in current designs. It weuld also be highty desirable 1o develop a dispasable dome structure for a re-usable

transducer which has a more-or-less straight through fluid filling path to minimize the time and difficulty required to

clear tha system of air hubbles.l It would also be desirable to reduce manufacturing cost and complexity of the
medical reusable transducer design by placing the senser chip directly inside the transducer body in communication
30 with pressure hydravlic 1ransmitting medium. And ﬁpa]fy,ﬁ the prior art devices of the re-ysable type, there is no
physical barrier to prevent the medical practitioner from touching the non-sterdle parts of the transducer while
attending to the patient. 1t would be highly desirable to develop a means for isolating the non-sterile reusable) parts

from the sterifized parts nurmally manipulated by the medical practitioner during blood drawing and readjustment and

A

ahbratwn of the catheter and monitoring system components, -

o
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Object of the Invention

It is an object of the present invention to overcome or ameliorate some of the

disadvantages of the prior art or at least to provide a useful alternative.

Summary of the Invention

There is firstly disclosed herein a disposable dome for use in combination with a
reusable sensor to form a reusable transducer assembly for measuring pressure in a fluid
line coupled to a catheter inserted into a living body for making direct pressure
measutements of medical interest in areas within the body, said disposable dome being
arranged to be engageable with and removable from the reusable sensor and discardable
after a single use, said dome including an electrically and biologically isolating coupling
media which transmits hydraulic pressure signals from a fluid-filled chamber in said
dome to a pressure-sensitive diaphragm disposed on the reusable sensor,

the disposable dome being attachable to the reusable sensor using an interlocking
structure, the interlocking structure defining an engagement and disengagement action
between the dome and the reusable sensor which displaces the dome relative to the
reusable sensor along an axis extending normal to said diaphragm, wherein said
engagement and disengagement action of said diaphragm and said coupling media is non-
frictional and non-twisting.

There is further disclosed herein a disposable dome for use in combination with a
reusable sensor to form a reusable transducer assembly for measuring pressure in a fluid
line coupled to a catheter inserted into a living body- for making direct pressure
measurements in areas within the body of medical interest, said dispesable dome being
arranged to be engageable with and removable from the reusable sensor and discardable
after a single use, said dome including an electrically and biclogically isolating coupling
media which transmits hydraulic pressure signals from a fluid-filled chamber in said
dome to the reusable sensor; 7

the disposable dome having an inlet port and an outlet port, and said chamber
being disposed between said inlet and outlet ports, a fluid flow extending from said inlet
port to said outlet port, through said chamber, being substantially straight-through, such
that fluid entering the dome through said inlet port and travelling along said flow path to
fill the chamber generates minimal turbulence and avoids accumulation of bubbles.

There is further disclosed herein a disposable dome for use in combination with a

) reusable sensor to form a reusable transducer assembly for measuring pressure in a fluid
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line coupled to a catheter inserted into a living body for making direct pressure
measurements in areas within the body of medical interest, said disposable dome being
arranged to be engageable with and removable from the reusable sensor and discardable
after a single use, said dome including an electrically and biologically isolating coupling
media which transmits hydraulic pressure signals from a fluid-filled chamber in said
dome to the reusable sensor;

the disposable dome further comprising a sterile barrier portion which, when the
disposable dome is engaged with the reusable sensor, is adapted to prevent a practitioner
from touching the reusable sensor when touching the disposable dome.

There is further disclosed herein a disposable dome for use in combination with a
reusable sensor to form a reusable transducer assembly for measuring pressure in a fluid
line coupled to a catheter inserted into a living body for making direct pressure
measurements in areas within the body of medical interest, said disposable dome being
arranged to be engageable with and removable from the reusable sensor and discardable
after a single use, said dome including an electrically and biologically isolating coupling
media which transmits hydraulic pressure signals from a fluid-filled chamber in said
dome to the reusablé SENsor;

the disposable dome having an inlet port and an outlet port, and said chamber
being disposed between said inlet and outlet ports, a fluid flow path extending from said
inlet port to said outlet port, through said chamber;

the disposable dome furthelr including an auxiliary fluid channel for attachment
of the disposable dome to a catheter fluid volume manipulating syringe or to atmosphere.

There is further disclosed herein a disposable dome for use in combination with a
reusable sensor in a pressure manifold configuration to form a reusable transducer
assembly for measuring pressure in a fluid line coupled to a catheter inserted into a living
body for making direct pressure measurements in areas within the body of medical
interest, said disposable dome being arranged to be engageable with and removable from
the reusable sensor and discardable after a single use, said dome including an electrically
and biologi’cally isalating coupling media which transmits hydraulic pressure signals from
a fluid-filled chamber in said dome to the reusable sensor;

the disposable dome comprising an integral molded part of a pressure manifold
assernbly, said pressure manifold assembly including one or more stopcocks in fluid

communication with said chamber within the dome.
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There is further disclosed herein a reusable transducer assembly for measuring
pressure in a fluid line coupled to a catheter inserted into a living body for making direct
pressure measurements in areas within the body of medical interest, comprising:

a disposable dome; and

a reusable sensor;

wherein the disposable dome is arranged to be engageable with and removable
from the reusable sensor and discardable after a single use, the dome including an
electrically and biologically isolating coupling media which transmits hydraulic pressure
signals frem a fluid-filled chamber in said dome to the reusable sensor;

the disposable dome being attachable to the reusable sensor using an elongated
interlocking structure, the elongated interlocking structure defining an engagement and
disengagement action between the dome portion and the reusable sensor which displaces
the dome portion relative to the reusable sensor along an axis extending transversely
through both the dome portion and the reusable sensor, said engagement and
disengagement action being non-frictional and non-twisting, such that there is a uniform,
atraumatic mating of the disposable dome and the reusable sensor.

The present invention, at least in a preferred embodiment provides a blood
pressure monitoring assembly having a generally a reusable pressure transducer portion
and a one time use disposable dome for sterile exposure to a patient. The assembly
comprises a housing. The housing is provided with an inlet and an outlet port having a
fluid flow path extending therebetween. A cavity in the flow path is divided into a first
and second chamber by flexible electrical isolating and pressure transmissive medias.
The flow path provides communication between the first chamber within the housing and
the inlet and outlet potts.

The first chamber contains an isolating media, which transmits hydraulic
pressure from fluid in the fluid flow path to the transducer. The isolating media also
forms an electrical and biological barrier between the fluid flow path and the reusable
transducer portion described next. -

The second chamber contains a compensated pressure sensor spaced from the
pressure sensitive surface with one side of the pressure sensor sealingly disposed in
communication with a bent hole on an interior surface of the transducer housing. The
vent hole provides an ambient air pressure reference to a first side of a pressure sensor. A

pressure transmissive media is disposed in the second chamber for transmitting hydraulic
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pressure signals from the pressure sensitive surface to a second side of the pressure
sensor. An elecirical conductor is connected to the pressure sensor and extends through
the housing for connection to an external blood pressure monitoring display.

The housing is divided into a first and a second removably securable

5 components. The first component contains the first chamber, the isolating media and the
inlet and outlet ports, and is adapted to be removable and disposable after a single use.
The second component contains the pressure sensor, the electrical conductor, and the
pressure transmissive media. In one embodiment, the first component has at least a first
interferenc_e engagement surface for providing a releasable interference “snap” fit with at

10 least one second, complementary interference engagement surface on the second
component.

Preferably, the isolating media comprises a silicone gel. In a preferred
embodiment, the isolating media and the pressure transmissive media are brought into
direct or indirect pressure transmitting contact with each other when the first and second

15 components are secured together. To minimise the risk of adhesion and transfer of gel
upon disassembly in the case of direct confact between the isolating media and the

pressure transmissive media, the isolating media and pressure transmissive media are

preferably made from different materials. Alternatively, a diaphragm is provided to

separate the isolating media from the pressure transmissive media when the first and the

20 second components are removably secured together.
The present invention, further preferably provides a method of making a
I disposable dome for use with a reusable transducer. The method comprises the steps of

forming a housing having fluid inlet and outlet ports with a fluid flow path extending

therebetween. An isolating media is placed in the housing, such that it has a first surface
35 exposed to the fluid flow path. The isolating media provides a pathway for transmitting

hydraulic pressure signals from fluid in the fluid flow path through the isolating media to

a second surface on the isolating media.
A releasable connector structure, such as complementary threads, snap fit, luer,
interference fit, press fit or others known in the art is provided on the housing for
30  releasably connecting the housing to a reusable transducer portion. The releasable
connection between the housing and the reusable transducer is such that the second
surface of the isolating media is placed in hydraulic pressure communication with the

~ transducer.
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In a preferred embodiment, the method comprises the additional step of forming
the second surface of the isolating media into a convex shape in the area where it
transmits hydraulic pressure signals to the reusable transducer. The isolating media may
be formed by placing a curable elastomer precursor in the housing in contact with the

5 fluid flow path to form the isclating media, and curing the ¢lastomer precursor in place to
produce an isolating media.

The present invention yet further preferably provides a method of monitoring
blood pressure in a patient. The method comprises the steps of providing a patient having
a catheter in communication with a blood vessel within the patient. A one time use

1w disposable dome is provided, said dome having a housing, a flow path through the
housing and a hydraulic pressure signal fransmitting media placed in the housing between
the flow path and a pressure signal transmitting surface exposed to the outside of the
housing,

A pressure transducer having a pressure signal receiving surface thereon is

15 further preferably provided. The pressure signal transmitting surface on the housing is
removably placed in pressure sipnal transmitting contact with the pressure signal
receiving surface on the transducer, The flow path is placed in a fluid communication
with the patient by way of the catheter, and blood pressure signals detected by the
transducer are measured.

20 Additional embodiments of one time use disposable domes, in combination with
or separate from reusable pressure transducer assemblies are also disclosed.

Further features and advantages of the present invention will become apparent
from the detailed description of preferred embodiments which follow, when considered

together with the attached drawings and claims,

25 Brief Description of the Drawings

FIG. 1 is a simplified cross-sectional side view of an embodiment of the

transducer assembly according to the present invention taken along the center line of the
fluid inlet and cutlet ports. )
FIG. 2 is a cross-sectional view of a first preferred embodiment of the transducer
30 assembly, again taken along the centerline of the fluid inlet and outlet ports.
FIG. 3 is a front view of the transducer dome according to the present invention

prior to connection to a flush device, fluid-conducting tubing, or catheter.
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FIG. 4isa top view of a transducer assembly according to the present invention,
showing a side view of the dome of FIG. 3, to which the transducer has been installed.
FIG. § is a cross-sectional view of a transducer dome according to the present
inventicn without the transducer installed. Instead, a gel contouring “dust” cap has been
$  installed on the dome for the purposes of curing the gel into a preset convex shape at the
transducer/dome interface area.
FIG. 6 is an elevational cross-sectional view taken along the centerlines of the

inlet and outlet ports of a second preferred embodiment of the present invention.
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FIG. 7 is a top view of a setond preferred embodiment of the disposable dome partion.

FIG. 8 is an explodad parspective view of the assembly parts camprising yet a third preforrad ambadiment,
whezein the support plate has been made part of the re-usable portion of the wansducer assembly and the clear
molded dome portion incfudes an attachment and ratention structure and sterile shield.

FIG. 8 is & schematic ilustration of a typical pressure maasuring system for fluid flushing and continuous
measurement of pressures in a single catheter secording to the present inventian.

FIG. 10'is a parspactiva view of a fourth embodiment of tha prasent invention as worn on a user's farearm:

FIG. 11 is a cross-sactional view of the fourth embodiment of the present invention;

FIG. 11A is a closa-up cross-sectional view of the portion of the fourth embodiment of the present inventian

..15-8$ defined by the srrow 11A in FIG. 11,

FiG. 11B is a close-up crose-sactional view of a portion of an aiternate embodiment.

FIG 12. is an axploded, perspective view of tha doma portian and reusable portian of the fourth embediment
of the present invention.

FIG. 13A is a side view of an IV pole mounting adeptor assembly which may be used in conjunction with
the present invention.

FIG. 13B is a cross-sectional view of the IV pale adaptor assembly illustrated in FIG. 13A taken along the
line 13B-138, along with & horizontat cross-sectional view of a mating reusable fransducet.

Detailed Dastription

Figure 1 shows a first embodimant of the pressure transducer assembly, generally denoted by the numeral
1. The assembly consists of two major parts, each with sub-parts which are mechanically connected 1ogether to
form the transducer assembly 1. A first major part is the re-usable portion, generally denoted by numeral 2. Molded
into the re-usable portion 2 are four electrical conductars 3, which convey alectrical signals te and from the pressure
sensor chip 4 through wirebonds 5. The electrical conductors carry insulating jackets 6, such that the electrical
signals can he conveyed away from the transducer assembly to a remote pressure manitor (not shown) without risk
of shocks ar shorts.

A secand major part of the pressure transducer assembly is the disposable dome 7, which is detachable
from the re-usable portion 2 and generally intended for one time use. The inlet fluid port 8, and outlet fluid port
9 are in fluid-flow communication with a first chamber 10 located inside the dome 7. The dome 7 contains a
pressure-transmissive, but electrically and biologically isolating gel 11 in first chamber 10 which on a first side is
in contact with the }lushing fluid filling said first chamber and said inlet and outlet ports, and additionally a second
side of the gel is in contact with & diaphragm 12 covering a sacond chamber 13 both of which are part of said re-
usable portion 2. '

The diaphragm 12 is bonded to a raisad annular ring 14 surrounding 2 recessed surface of the re-usable
portion 2. The diaphragm is responsive to hydraulic pressure signals transmitted through the isolating gel 11 from
the fiuid filling the first chamber 10. The diaphragm 12 thus conveys the hydraufic pressura signals into said second

chamber 13, and then via prassure transmitting medium 15 to tha pressure sensar chip 4. A prassure sansing
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surfaca of pressure sensor chip 4 is exposed to the pressure transmissive madium inside of the second chambar 13.
Proferably, the on-chip circuitry for the pressure sensor chip 4 includes predotermined gain and temparature
compensation. In the illustrated embodimeny, the chip 4 is sealingly attached to the floor of second chamber 13
disposed over vent hole 16 using a silicons rubber seslant 17 which is applied to the flaor of the recessed surface
on the re-usable portion 2 in a sealing ring surrounding the end of the vent hole at it's upper-most point proximate
to the chip. Cantrary 1o the teaching of the prior art medical reusable transducers, the hole is filled with ambient
air and is intended to provide a continuous amhient reference prassure to one side of the sensor's internal diaphragm
for praper referencing of the patient’s fluid pressure measurements to amhbiant pressure.

A threaded cylindrical portion 18 of the dome is releasably engaged into @ mating threaded pertion 19 of
the re-usable portion when the two major portions 2 and 7 have bsen assembled for use. Friction enhanging
structures such as a plurality of axially extending raised ribs 20 on the outer surface of the re-usabla portion 2 atiow
the re-usable portion to be grasped and turaed in relation to the inlet and outtet parts 8 and 9 for essembly and
disassembly of the prassure transducer assembly 1.

Figure 2 is a crass-sectional view of another embodiment of the transducer assembly as generally denoted
by the numeral 1, again taken alonp the centerline of the fluid inlet and autlet ports 8 and 8. Tha re-usable portion
as gencrally denoted: by the numeral 2, inckifes a hub formed from elements 21 and 22. Rotating nut 24 is
ratatably carried in an annular channel formed in the hub. Rotating nut 24 is provided with a plurslity of radially
inwardly facing annular threads for relsasably engaging the corresponding threads on the disposable dome 7. Any
of a variety of alternate releasable retantion structuras can be used as wil be apparent to these of skil in the art,
as long as the structure selacted provides a sufficient compression to produce an adequate prapagatian of the
pressure signal across the interface between media 15 and 11.

The re-usable portion 2 further includes a cable jacket 25 containing four ingulated slactrical conductors
26, 27, 28, 29 and sansor vent tube 30 (which is shown in cross section). The insufated slectrical conductors 26 -

29 have their insulation removed at their ands terminating insida the re-usable portion 2, and the tinnad ends of said
conductors are saldered to sensor huysing pins 31. To prevent sherts and increass fluid and corrosion resistance,
the area generally denoted by the numeral 35 is prefacably filled with a potting compound such as silicene rubber.
The sansor housing pins at their upper ends are molded into sensor hoesing 23, and tarminate inside of second
chamber 13, wherain they are connected to wirebonds 5. The wirebonds are conmected to aluminum or gold pads
on the pressure sansor chip 4, as is wall known in the art, Thus the electrical signals are conveyed to/from the
pressure sensor chip thraugh wirabonds 5, sensor housing pins 31, and insulated electrica) conductors 26-29, and
thusly to an external electrical interface connectar, pressure amplifier and measurement display system (not shawn).
The pressure sensor chip 4 is sealingly attached 1o the interiar surface of second chamber 13 using a silicone RTV
17, disposed over a vent hele 16, which is in communication with vent tube 30, Thus, the air channel formed by
vent hofa 16 and vent tube 30 provides a continuous ambient reference to a first side of the sensor's internal

diaphragm for referancing of tha patient's fluid pressure measurements to ambient atmospheric pressure. Second
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chamber 13 is filled with a presgure transmissive madia 15, such as silicone oil, or prefarably a cross-finked paly-
dimethy! siloxana, for instance a platinum cure, two part silicone gel available from Rhone-Paulenc Visalox V-191.

A disposable dome portion generally denoted by numeral 7 of the transducer assembly 1 cansists of a clzar
mulded portion 34, incorporating inlet and ootler fluid channels 8 and 8, in fluid flow communication with a first
chamber 10, located inside tha clear molded portion, a pressure transmissive but slactrically and biclogically isolating
gel 11 dispased in a recess in said first chamber, 3 thraaded support plate 32, and rotating luer auts 33. The
fotating luer nuts provide a means of sacurely connecting the inlat and ocutlet ports to fluid transmission tubing snd
& fluid filled catheter insertad in  living body. The clear molded partion 34 is preferably molded of 2 clear plastic
material such as polycarbenate so that any tubbles or blood located in the fluid fiing said first chamber 10 or said
intet and outlet fluid channels 8 and 8 can be easily absarvad and removed during the fluid filing setup process, as
is well known in the art.

Ouring manufacturing of the disposabla dome portion 7, the ciear molded portion 34 is uttrasonically welded,
or solvent or adhesive hondad o the thraaded support plate 32. The lowar partion of the chamber thus formed (the
first chamber 10) is filled with the isolating gel in an uncured state and the ge! is cured and contoured to form
isolating gel 11 as shall be fully deseribed in conjunction with the description of Fig 5.

The isalating ge! 11 is loeated betwseen said fiuid and said diaphragm 12, and thus provides an elsctrical
and biological barrier between said fluid which is in communication with an invasive catheter, and the diaphragm 12,
which presents a pressure sensitive surface on the re-usable portion 2. Diaphragm 12 is sealingly attached to an
annular ring which forms an upper extensien of second chamber 13, spaced from re-usable portion 2. For additional
mechanical ruggedness and fluid resistance, the diaphragm is preferably a pressere formed polymer or rubber sheet
and further extends across the entire upper surface of the re-usable portion 2 where it contacts disposahble dome
portion 7. The diaphragm is preferably made of a material such as 2.10 mil thick polyisoprene, but it can alsp be
farmed from 302 stainless steel, nitrile or butyl rubber, high density polyethylene, Dupont Mylar, Teflon, or polyamide
sheet, such as is sold under the brand name Capton® or Upalon®.

Alternataly, two dissimilar materials may be selected for said isalating and said pressure transmitting medias
such that the two materials do not band to one another during normal periods of contact in actual use. In such
case, the prassure transmitting medium could also form an integral diaphragm means. This alternate embuodiment
of diaphragm 12 has been demonstrated by partially filling chambar 13 with a pressure transmitting medium such
as crosslinked poly dimethyl siloxane, followed by a top layer of a single component primerless Dow silicone
adhesive; Catalog No. 3-6611. Once cured, the silicone adhesive sticks to the pressure transmitting madium and
forms 2 taugh outer skin which is intagral membrane 12. The curad adhesive is sufficiantly differant in composition
and hardness from isolating gel 11 that it can be used to contact the islating gel 11 directly. Additional surface
madifications of the gressure transmitting medium ara also possible, such as electron beam deposition of an
evaporatabte metal such as silver in @ vacuum to form a hardened and dissimilar surfaca which nonetheless is stil

effective in transmitting hydraulic pressure signals. :




L

15

20

25

30

35

WO 97/39679 9 PCT/US97/06921

As stated, the sscond chamber 13 is preferably fiflad with a pressurs transmissive medium 15 such as a
silicone gel. In the event tha diaphragm 12 is chosen from a materiat that is light transmissive, tha silicone gel can
include a fiier such as carban black in powder form which renders the pressure transmissive medium nan-light
transmissive as is well known in the art. Thus, lidht is prevented from entering the second chamber 1o affect the
pressure readings produced hylthe prassure transducer chip 4.

In elinical use; the pressure transducer assembly 1 is easy to assemble from re-usable portion 2 and
disposable dome portion 7. The re-usable portion, with it's pressure sensitive diaphragm 12 facing farward most,
is advanced into the recess formed in the lower portion of the threaded support plate 32. As tha ra-usable portion
is advanced, rotating nut 24 engages the mating threads of the suppert plate. Then the rotating nut is rotated a
number of turns to fully advance the diaphragm 12 into contact with the isolating medium 11, During the
advancement process, any air contained betwaen said diaphragm and said isolating medium is allowed to escape in
the crevasses formed between the mating of said re-usable and disposable dome porticns. As the diaphragm 12
ctontacts the isolating medium 11 firstly at the diaphragms’ center as shall ba mare fully described in conjunction
with Figure 5, the iselating gel medium flows and deferms back in a controfled and unitorm manner into the first
chamber 10 to fully eliminate any remaining air betwaeen said diaphragm and said isolating medium, said remaining
air escaping through the crevasses hetween said re-usable portion 22 and tha recessed partion of support plate 32.
To prevent the diaphragm 12 from rotating and passibly upsatting the smooth and uniform contact with the isolating
gel 11, the interior recess in support plate J2 which accepts the mating re-usable portion 22 can be optionally
constructed in a non-round shape, or a guide channel and mating keyway can be mofdad inte the subject mating barts
to rotationally fink hub component 22 with respect to the gel 11,

In Figure 3 is shown a front view of disposabla dome portion 7 of the first preferred ambodiment of the
inveation, shuwing the clear molded portion 34 of the dome, the topside of thraaded support plata 32, inlet port 8,
outlet port 9, first chamber 10, rotating luar nuts 33, raised rbs on fwer nuts 20, support lands 36, diaphragm 12
(seen through clear molded portion of dome and isolating madium 11), fluid inlet channel 37, fiuid outlet channel 38,
a hidden view of the threaded portian of the support plate 38, malded land areas 39 and 40 for attachment of self-
adhesive labels,

Support plate 32 is molded of & non-transparent material such as colored polycarhonats, styrens or ABS.
A clear molded portion 34, containing the inlet and outlet fluid channels 37 and 38 and rotating luer nuts 33 is
affixed 1o tha top surface of the suppart plate, forming first chamber 10. Support fands 36 provide extra mechanical
support for the clear molded lumens surrounding the inlat and outlet channels 37 and 38 as they axit the sides of
the suppart plate. To improve the appesrance of the support plate 32, the surface is prefersbly textured. Land
areas 39 and 40 may be dafined by small ridges or groovas alang their bordars and a smooth surface finish within,
Labeis may be added to these land ereas dusing cfinical setup of the pressura transducer assembly to designate the
specific measurament function and catheter being used with th invention, andfor to place product brand name labels.

From the drawing of Figure 3, it is easy to see that the transducer assembly according to the present

invention tan be used with the inlet and outiet channals 37 and 3B in wither a harizontal or vertical position with
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the appropriate mounting brackats. For easy filling and de-bubbling in the ICU or Dperating Room, it is often
preferrad to place the fluid channals in the vartical position, es is mora fuily describad in Figure 9. Howaver, in the
catheterization laboratory, where several transducers will be daisy-chained topether with intercennacting stopeocks
locatad in betwsen each transducer to sccommodate cannection and filing of multiple catheters, ie. in 2 manifold
configuration, it is aften mere desirable to locate the inlet and outlet channels 37, 38 in the horizontal orientation,
The invention is intended to accommodate both applications.

Figure 4 is a top view of the first praferrad embodiment, showing the threadad support bracket 32, a re-
usabla portion generally denoted by the numeral 2, rotating nut 24, ribs 20, cable jacket 25, insulatad electrical

canductors 26 - 29, vent tube 30, rotating luer nut 33, outlat port 9, and hidden views of the clear moalded partion

<534 of the dome and support fand portian 38 of the support bracket.

As can ba saen from this ilustration, the molded support bracket 32 eftectively provides a physical barrier
batween the clear molded portions of the disposable dome 7 end the re-usable portion 2. Any sterila tubing,
catheter, or flush device components ara intanded to be installed to the disposable dome, with the malded support
brackst serving as a sterila shis!d placed batwean such components and tha re-usable portion 2. The lower extension
of the threaded suppost bracket, as seen in this Figure as extending undernaath the ra-usable portion 2, is intended
10 be secured to an IV pole using a standard pale mount manifold clamp, as is well known in the art (for example,
see Figure 91 Once the transducer assembly 1 has been installed on en IV pole using 2 suitable clamping bracket
attached to rearmast portien of the thraaded support bracket 32, the tubing, flushing, and catheter components are
assemblad to the disposable doma portion 7, wsing sterila technigus, without the naed 1o touch the re-usable portion
2. The forward surface of the threaded suppart bracket 32 further prevents inadvertent contact with the re-usable
portion during manipulation of the sterile components baing attached ta the disposable dome portion 7.

In Figure & is shown an elevational cross-sectional view of a dispasable doma portion 7 according to the
present invention to ilustrate the process of forming the isolating medium 11. During manufacturing of the
dispesatle dome portion 7, the clear molded portion 34 is ultrasenically welded, or solvent or adhesive bonded to
the threaded support plate 32. A matingly farmed dust cap 41 is insertad aver the bottom end of the threaded
support bracket 32 to prevent sscape of fluid. The dust cap 41 provides a coavex shape of the gel in the apening
in the threaded support plate designed to be contacted by the diaphragm as eeriier described. The lawer portion
of the containes thus farmed is filled with silicane gel in an uncured state and the get is cured in a contoured shape
to form isolating gal 11. The isviating el 11 is a pressure transmissive but slectrically and binlogically isolating
media, such as a cross4inked poly-dimethyl siloxane, for instance a platinum-cure, two part silicona gat avaiiable from
Rhone-Poulenc as catalog # Visalox V-191. Once the gel is cured and with the dust cap in piace, the disposable
dome portian 7 is placad in a packege and pracessed to produce a sterile packaged sub-part. When un-packaged
for assambly by the madical practitioner onto the reusabla portion, the dust cap is removed and discarded, leaving
a sterile, external convax surface of isolating medium 11 presented to engage with the re-usable portion, and mare
specifically to engage with diaphragm 12 or other contact surface such as in an embodiment from which the

disphragm has been deleted or integrally formed,
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The dust cap 41 is preferably made of pressure formable plastic material which will not adhere to curing
silicone gel, such as polyethylane or plasticized PYC. The sides of the dust cap have groves designad to make an
interfarence fit with the threads on the support plate. To provide an even tighter seal of the dust cap 1o the
threaded suppart hracket 12, the dust cap can optianally be threaded on the portions contacting the threads of the
support plate.

To further improve the mating of the diaphragm 12 to the isolating medium 11, the dust cap can be
removed at any time after curing of the gel, and a drop of siicone oil applied to the center of the convex gel
surface. This step can be parformed, far instance, by briefly removing the dust cap after curing but before packaging

for sterilization, applying the oil to the concave surface farmed in the dust cap, then reattaching the dust cap and

. fesuming the packaging and sterilization process as described above.

In Figure 6 is shown a forther praferrad embodiment 1 of the present invantion in a cross-section view
taken along the centerlines of fiuid inlet and outlet ports 8 and 8. In this drawing, insulated electrical conductors
27 and 28 are not shown, but it shall be understoad that they follow the same general direction, positioning, and
course as the illustrated electrical conductors 26 and 28. Also, the rotating luer nuts 33, of the first embodiment
have been replaced with fixed tuer receptacles which form an integral part of the clear molded dome portion 34.
Any of 2 variety of convantional fluid line fasteners can be used, as will be apparent to those of skill in the art,

The embodiment of Fig. B operates in a similar manner te the first preferred embodiment, except that
diaphragm 12 is now provided with a genarally spherical shape over it's active, pressure respanding area. Further,
maore space has been provided in area 35 for placement of a thick film resistor calibrating network 42 for zero and
span compensation of a chip 4 which does not contain it's own en-chip thinfilm compensation. In this embodiment,
the thick-film network acts as a carrier for tha chip. The carrier is adhesively bondad ta form the floor of second
chamher 13. A pressure transmitting media 15 fills the chamber and transmits hydraulic pressure signals from
pressure responsive diaphragm 12 which is in communication with isvlating medium 11 and the fluid in first chamber
10, to a first side of a sificon chip sensor 4. Vant tbe 30 provides an ambient pressure reference to the second
side of tha chip sensor. The thick-film network 42 is preferably attached to the re-usable partion 22 using an
annular ring of silicene rubber 17. 1:I|e sensor housing pins 31 are attached into sensor housing 22 and smaller
soldered leads or wirebonds extend from said sensor housing pins to the thick film substrate or directly to tha chip.
Thus, placement of undue stresses from the cable and insulated electrical conductors 26 - 29 is avoided on the thick
film substrate or chip. Alternately, insulated electrical conductars 26 - 29 can be of a sufficiently fine gauge that
the electrical conductors can be scldered directly 1o the thick film substrate. Or, altermately, the pins can form a
spring contact to the thick film substrate 42, with the insulated electrical conductors in contact with insulatian
penetrating contacts which form a part of the pin, see for instance US Patents 4,230,391 and 4,825,876 the
disclosures of which are incorporated herein by reference. Such variations in electrical contact means shalf be
obvious those experianced in the art.

Figure 7 is a front view of an embadiment of the disposable dome portion 7 actording to the present

invention, where a 3-way stopcock 43 and an auxiliary fisid channel 44 have been added to the fluid outlet path
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38 of the disposable dome portion to provide for convenient manipulation of sterile fluid volume or pressures at the
auxiliary outlet port 45 for more convenient zeroing, calibrating, and bload drawing as shall be now described.
Disposable dome partion 7 is typically connected at it’s inlet port B to a flush device which is a controlled
flow source of sterile saiine. During setup, the flush davice is used to fill the fluid infet channel 37, the first
chambar 10, the fluid outlet channel 38 and then ultimately the attached tubing and catheter. By inserting 3-way
stopcack 43 in said fluid outlet channel several other functions can be performed. Stopcock 43 is shown in it's
normal pressure measuring pasition with the stopcock's port in communication with the auxiliary channel 44 turned
to the "aff” or blacked position. In this position, normal fluid-fluid flow communications is allowed between the

catheter and the first chamber 10. A continuous slow flow of sterile flush solution for the catheter is also supplied

+ through the inlat port by the flush device. (In an alternate coofiguration, a stopcock can be placed on tha infet port

8 and the flush davice can placed in series with the prassure tubing leading from the outlot part 9 to the catheter.)

When the stopcock "off indicator” on the handie is turned in the direction of tha first chamber 10, pressure

monitoring and flushing of the cathater is suspended, and sterile fluid in the catheter is in communication with

auxifiary fluid channel 44 and auxiliary port 45. A syringe of approximately 10 CC capacity is attached ta auxiliary
part 45, typically with it's handle pushed fully down so that it’s internal fluid volume is minimal. By pulling up on
tha syringe handla, with the stopcock off arrew pointing toward the transducer, the medical practitioner can
withdraw up to 10 GC's of Huid from the catheter and interconnacting fines, thereby drawing blood up into the
catheter and tubing for the “needle-less” collection of bload at a HEMOLOC TM site 52 just proximal to the catheter
(see Figure 9). After collaction of a small blood sample at the HEMOLOC TM site, all of the remaining blood in the
catheter and tube can be injected baek into the patient by pushing down en the handle of the syrings. This needle-
less and non -blood-spilt sampling technique thus is a great advantage for redueing the risk of infection to medical
personnel from inadvertent naedle ("sticks") ie. wounds te practitioners, or blood spillage in the vicinity of the
patient.

Further, if the stopcock handle is turned such that the off indicator on it's handle is turned in the direction
of the outlet port 9, then pressure monitoring and fushing of the catheter is suspended and the auxitiary fluid
channel and syringe can be filled with sterile saline using the flush device. for instance for use in thermodilution
cardiac output injections. And by temporarily removing the syringe with the stopcock handia in this positien, the
fluid in chamber 0 and thus the silicon chip sensor is expased to an atmospheric or other referance pressura for
zeroing or calibrating the pressure measurement systam. When the auxiliary port is used for zeroing of the
transducer according to the sbove-described method, the medicat practitioner typically would locate the vertical level
of the auxiliary port 45 at the mid-haart height for the most accurata calibration of the pressure maasurement system
to the patient’s current pasition and posture,

Thus, addition of the stopcock 43, auxiliary fluid channgt 44, and auxifiary port 45 offers distinct
advantages of an easy and an accurats method of calibrating the pressure measurement system, plus an improved

method of drawing bload samples for laboratory analysis while not wasting or spilling any of the patient’s bloed.
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Figure 8 shows an isometric view of the parts comprising yet a third preferred embodiment of the invention.
In this embodiment, the suppart plate 58 is made part of the re-usable partion 2. The re-usable partion is assembled
by first bonding tha sensor housing 23 into a recessed area surrounded by a raised rim on the back side of the
support plate 56. The second chambar portion of the sensor housing with it's raised rim and diaphragm passes
through a hole in the support plate so that these leading portions are disposed on the front side of the plate in
alignment with a mating hale 53 in clesr molded portion 34.

Insulated electrical conductors 26-29 are soldered o sensor housing pins 31, and routed through a channel
in the support plate to an external slectrical cable 25, After the suppost plate, sensor housing, and insulated
electrical conductars are assembled, the recessed area in the hack of the suppart plate is preferably potted with RTV
silicona rubber or epoxy 1o eliminate leaks and shorts, while keeping all sealant away from vent hole 67 so that it
remains exposed to ambient air pressure. A clamping ring 63 is then placed over raised rim B0 in & loosely fitting
arrangement so that it can rotate around the sensor housing center axis. The clamping ring contains ramps an it's
inside walls which are designed to ha matingly engaged with the harbs 57 on the disposable partien when the barbs
are inserted into mating hoies 61 and the ring is rotated clockwise. Thus the clamping ring and barbs are an
engagement and ratention means to draw togather and hald the re-usable and disposable portions when operated as
described above.

Self-athesiva label 66 is then attached 1o rim B4 on the clamping ring, and re-usable bracket 22 is than
bonded 1o a horizontal grove in the support plate to complete the assembly of the re-usable portion.

The mating holg 58, surrounded by raised sealing edge 67 is formed in a rear portion of said first chamber
in the back of the clear molded portion 34 and tha rearward convex portion of the isolating medium 11 can be ssen
in the mating hole 59. The clear molded dome portion, gensrally denoted by the numeral 34, includes two barbs 57,
and threa raised pads 68. As explained above the barbs farm a mating and engagement means with the re-usable
portion. During engagement, the raised pads 58 provide a sfight displacement of the upper and bottom portions of
sterile shield portion 68 away from the support glate 21. As a resuit, when the re-usable portions are drawn
together by the engagement mechanism of the barhs 57 and clamping ring 63, a sfight bending of the two mating
pieces at their horizontal centers will produce a first contact in the region of hole 59 and sealing edge 67, thus
assuring a firm and repsatable seal of tha hydraulic pressure signal transfer path.

The sterile shield 68 prevents the madical practitioner fram touching tha re-usable portion when manipulating
the zeruing stopcock or when inspecting the see-through portion of the dome. For cost reasons, it is intended to
be canstructed of thin plastics such as polycarbonate, and is preferably molded in @ single step molding process
during the same step where the inlet and outlet fluid channels, and clear molded portion is formed.

This third preferred embadiment has an advantage over the first two preferred embodiments for the
minimization of plastic material usad in the disposable portion. This feature may ba of particular advantage in
markets whare there are restrictions and high costs for hospitals and suppliers associated with excessive use of

throw away plastics materials.
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Figure 8 shaws an isomatric view of one form of complete prassure measurement system for monitoring
and maintenance of a single catheter according to the present imventian, including a source of prassurized flush
solution 46 which includes a plastic IV bag filled with solution, a pressure cuff, inflation bult, and pressure gaugs,
an W administration set 47 incorporating & drip chamber, a flush device 48 connected to infet port 8 of transducer
assembly 1, a 10 CC dispusable syringe 49 incorporating a steriis protaction hoot over it's barral ang handle which
is tannected to auxiliary port 45, insulated electrical canductors in the cable 25 connecting to an electrical interface
connecter 54, said interfaca connector being in electrics! communication with a pressure measuremant and display
system 55, a manifold polo mount clamp 50 attached 1o an tV pole and mechanically clamping a rear portion of the

transducer assembly 1 in & groove in said clamp using clamp screws, a prassure tubing tonnecting the outlat pory

++8'to o HEMOLOC TM port 52, and said KEMOLOC TM being connactad to a fluid twhing leading to the catheter 53

adaptad for maasuring a physiological pressure of interest in a living body.

With refersnce to Figure 10, thers is iltustrated a perspective view of a fourth embadiment of the presant
invention. As shown, the fourth embodiment of the pressure transducer assembly 1 includes an inlet fluid port 8
and an autlet fluid port 9. This embediment of the pressure transducer assembly 1 is worn by fastaning bands such
as velcro straps 68 around a patient's forearm. Praferably, the patiant wears the pressure transduter 1 in the wrist
vichity, such as in the pesition in which a wristwatch is normally worn.

With reference to Figures 11, 114 and 118, there is illustrated a cross-sectional view of the fourth
embodiment of the pressute transducer assembly 1. This particuizr embodiment utifizas a "snap-fit" mating between
the disposable dome 7 and the reusable portion 2 in accordance with the present invention. In addition to the
advantages of previous embodiments, this configuration praferably minimizes the amount of sterite plastic materials
that must be discarded after each patient application of the prassure transducer assembly 1. Furthermore, this
configuration of the fourth embodiment minimizes both patient and staff biocontamination risks.

Figures 11 and 11A iliustrate the reusable partion 2 and the dispesable dome 7 in an assembled stats,
specifically where the disposable dome 7 is snap-fitted to the reusable portion 2. The dispasable dome 7 includes
a smooth walled, and preferably substantially straight through fiuid fiing path and central fluid chamber 10. The
flid :hamhe; 10 communicates with and is preferably definad in part by a surfaca of the biological isotating medium
11. One side of the isolating medium 11 is in prassure transmilting contact with a diaphragm 12, and sealad apainst
said diaphragm by annular seafing edge 67. lsolating medium 11 may be composed of approximately 10-mil thick
70 Durometer medical grade silicane rubber. Desirably, 70-duremater silicons appears to provide adequate rupture
resistance to prevent breaching of the sterile barrier and contamination or escape of the catheter fluid when the
dome is removed from the transducer base 2. A silicone D-ring structure 80 is preferably formed on the outer adge
of medium 11 ta provide a secure mounting means for the diaphragm. Medium 11 thus forms 2 part of disposable
doma portion 7 and is in pressure transmitting contact with pressure transmitting medium 15, which contains an
integral diaphragm 12 at its contacting surface, as praviously described.

Alternatively, as shown in Figure 118, the medium 11 including 0-ting 90 may be secured by a holding and

retaining structure 91. To further improve the smoothness of the fluid path to aveid trapping air bubbles, the
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isolating medium 11 may include a small amount of silicone gel which may be dripped upon and cured on top of a
preformed diaphragm which is made from silicon rubber as described above. Prafersbly, the gal 73 will
advantageously form inside of all of the sharp comers around the auter dismeter of the preformed diaphragm where
it contacts the disposable dome 7, thus providing an extremely smooth and essentially straight thraugh interior fluid
path, while providing additional electrical biological isolation of the cathater fluid.

Being responsive fo the hydreulic signal as presented by medium 11, a 10 mil thick diaphragm 12 mede
from nitrile rubber conveys the hydraulic pressure signal into the second chamber 13, and than via pressure
transmitting media 15 to the sensor chip 4. In the embodiment of Figure 11B, the cross sectional area of the

cthamber 13 adjacent the diaphragm 12 is greater than the cross sectional area of the chamber 13 adjacent the chip

4, The pressure transmitting media 15 may comprise silicone gal. The chip 4 is attached to the fioor of the second

chamber 13 by a silicon chip carrier 42, such as a thick-film netwark, and a silicone adhesive sealant 17. Wire bond
leads § carry the prassure signal from the chip 4 to a cable 25, and ultimately to an electrical interface connactor
54 (Figure 10). The senser vent tube 30 conveys an atmospheric reference prassure 4o one side of prassure sensor
chip 4 via vent hole 16. Sensor vent tube 30 is vented on its proximal end at connector 54 {See Figure 12), and
at it's distal end it connects 1o vent hole 16 as it ixits tha back side of thick film substrate 42.

A particular advantage of this embodiment is that the transducer disposable portion 7 is quickly and easily
attached and detached from the reusable portion 2 using snap-on attachment structures 74. The attachment
structures 74 preferably consist of one or mare and preferably two compressible barbs 76 which are premolded into
opposite sides of the disposable dome 7. A set of recaiving tabs 78 are formed in the rgusable portion 2. The barbs
76 are configured to mate with tabs 78 in order to removably secure the disposable dame 7 to the reusable portien
2. The user grasps and compresses the barbs 76 at locations 69 while pulling upward in order to release the
disposable dome 7 from the reusable portion 2. To reattach the dome 7, the user simply pushes the dame 7 onto
the reusable partion so that the barbs 76 enpage with the tabs 78 and thereby lock the dome 7 in place.

In general, tha snap interfit structure between the reusable portion 2 and the dispossble dome 7 can be
based upan an interfarence fit, ratcfm type structure, friction fit or other depending upon the desired preduct
characteristics. In a typical product, at least one interference surface 92 connected to or on the dome 7 releasably
engages at least one corresponding surface attached fo or on the reusable portion 2. In the embodimant illustrated
in Figure 11, the interfersnce surface 92 appears on the barb 76 engaged with the complementary surface an tab
78. The interference surface B2 is connected to the dome 7 by way of a flexible arm 94 which preferably biasas
the interferance surface 82 in the direction of the complementary surface on reusable portion 2. Thus, overcoming
the bias created by the arm 94 permits the interference surface 92 to extend through an aperture BB on the reusable
portion 2. Releasing the compression force parmits tha bias in the arm 94 to engage interference surface $2 with
the carrespanding surface on the reusable portion 2, Although a single two part locking structure having the
foreguing charactaristics can be used, preferzbly twe opposing locking struttures as illustrated in Figure 11 will be

used to securely mount the two camponants of the pressure transducer together.
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Any of a variaty of alternate relessabla snap-fit type structures can be used as will be apparent 1o those
of skill in the art, as long as the structure sefected provides a sufficient compression to produce sn adeguate
prapapation of the pressure signal across the interface between madias 11 and 15.

In the embodiment of Figure 11, the biological isotating medium 11 and the diaphragm 12 are hoth
preferably made from soft elastamaric material with their thickest vertical cross sections located along thair outer
peripherias. The two protrusions 67 compress the two elastomeric materials as the disposabla dome 7 is advanced
afjainst the reusable portion 2. The resulting compressian batwesn tha protrusions 67 and the elastomaric Mmatarials
preferably provides a spring foree to hold the engagement surface 82 on barbs 76 firmly engaged against the
compiementary surface on tabs 78 of the reusabla partian. This snap-type fit thus holds the dispogable dome 7

v tirmly attached to the reusable portion 2 with sufficient spring force to provide excellent hydraukic signal transmission

batween the two parts. The rientation of the two slastomeric materials with their thicker outarmost retaining
sactions extending away from the fluid path, provides the special benefit of an essentially straight through fluid path
through the disposable dome 7 which is unigue in the fisld of disposable domes for a reuseable transducer.
Heretofore, disposable domes for reusable transducers have been designed with their isalating mediums (i.e.
diaphrapms) thickest vertical retaining portion facing upward from the pressure transmitting surface, thus
necessitating 2 crooked or stepped flow path through the dome, which often resalts in the undesirable entrapment
of bubbles, Thus, the novel shape of isolating madium 11 in the various embodiments of the invention s herein
described pravides special benefits for ease uf‘use comparable to fully disposable transducar designs.

Figure 12 iliustrates a perspective view of the fourth embodimant of the pressure transducer 1, where the
reusabla portion 2 and disposable dome 7 are disassembled from one another. As shown, a sterile sheath 80 has
tubular shape and is preferably made from thin polyethylens or other plastic flexible tubing. The sterile shaath 80
houses the cable 25 and electrical connector 54 during use. Certain portions of the snap-fit pressure transducer
structure, including the disposable dome 7, the valcro strap 68, and the sheath BD are preferably supplied sterile and
made to cumpl\etaiy shroud the reusable portion 2 of the transducer 1 whan assembled. In clinical use, the reusable
portion 2 may be cleaned but need not pacassarily be sterile. Thus, this embodiment is intendad for direct mounting
of the transducer assembly 1 to the patient, as may be often be advantageaus when transparting the patient, or
when the physician desires to raduce the catheter and tubing length to obtain higher fidelity pressura recordings.
As illustrated in Figure 11, the velcro strap 68 is used to securely attach the transducer assembly 1 to the patient's
wrist or forearm during such use, by threading the strap ends through the outer slots in the reusable housing 2, and
thenca around tha patient’s forearm or other appendage.

Figures 13A and 13B illustrate an adaptor accessory 82 that may be used to mount one or mare of the
fourth embodiment of the present invention to an IV pols manifold holder assembly. As shown in Figure 13B, 2
plurality of accessory barbs 84 extend outward from the adaptor accessory 82. The accassory barbs 84 are
preforably arranged in sats of two and are configured to mate with apertures 86 in the reusable portion 2 of the
transducer assembly 1. This allows the reusable portion 2 to he remavably mounted to -an W pole or other

convenient support structure through the adaptor accessory 82 in a snap-tit manner. Hence, the fourth smbodiment
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of the invention may be quickly remeved fram the patiant and mountad to an I¥ pole manifold Rolder assembly using
the adapter accessory 82 shown in Figures 13A and 138.

This option may be of particular advantage when the patient reaches an intensive care ward, where it is
desired to put the transducar in a mora fixed location adjacent to the monitoring equipment. To use this accessory,
the velcra straps 68 locatad at the patient’s wrist are disconnected and the transducer assembly 1 is removed from
the patient's arm. During this procedure, sterila technique is preferably maintaingd and the transducer preferably
continues to manitor the patient blogd pressure signals. The velcro strap 68 is then pulled from the back of the
transducer assambly 1, and the remaining pieces of the transducer assembly, namely the reusable portion 2,

assembled to disposable dome 7, is snapped into a waiting adapter accassory 82, whith has been pre-attached to

»+ an IV pole manifold holder S0, such as the type as ilustrated in Figure 8.

Thus, the embodiment as shown in Figures 10-13 facilitates easy configurability to a variaty of clinical
situations based on the snap-togother feature of the presentinvention. The prasent invention alse pravides economic
savings tor the hospital sinca the reusable portion 2 of the transducer assembly 1 may be easily reused by the
clinical staff without resort to expensive re-stesilization techniques. The cost af manufacturing the single use sterile
materials that are discarded after sach application is also considarably lower than the cost of manufacture of a fully
disposable, single-use transducer with integral sensor chip.

While the prasent invention has been disclosed with respect to the preferred embodiments thareof, those
of ardinary skill in the art will understand that further modifications to the invention may be made within the scope
of the claims that follew hereinbelow. Accordingly, it is not intended that the scope of the invetion be limited to

what has been disclosed ahove but, instead, should be determined entirely by reference to the claims that follow.
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The claims defining the invention are as follows:-

Sl A disposable dome for use in combination with a reusable sensor to form a reusable

 transducer assembly for maasuring pressure in a fluid fine coupled fo @ catheter inserted intg a living bedy

for making direct pressure measurements of medical interest in areas within the body, said disposable
dome being arranged to be engageable with and remavable from the reusable sensor and discardable after
a single use, said dome including an electrically and biofogically isolating coupling tﬁedia which transmits
hydraufic pressure signals from a fluid-filled chamber in said dome to a pressure-sensitive diaphragm
ﬁispused on the reusable sensor;

the disposable dome being attachable to the rewrsatle sensor using an interlocking structure, the
intertocking structure defining an engagement and disengagement action between the dome and the
reusable sensor which displaces the dome relative ta the reusable sensar along an axis extending nommat
to said diaphragm, wherein said engagement and disengagement action of said diaphragm and said

toupling media is non-frictional and non-twisting.

2 The disposahle deme as recited in Claim 1, wherzin the coupling media comprising at
least one elastomer, the at least one elastomer forming a smooth internal path for the flow of fluid to

therehy minimize the formation of bubbles.

3. The dispasatle dome as recited in Claim 2, wherein the at least one elastomer is at

least in part a silicone gel.

4, The disposable dome as recited in Claim 1, whersin the disposable dome comprises an
outer surface and an inner surface, the inner surface being adapted for engagement.with the reusahle
sensor, the interlocking structure comprising an element which engages the reusable sensor by moving
along said normal axis, and is adapted for engagement with a complemantary aperture in said reusable

sensor.

5. The disposablle dome as recited in Claim 4, said element comprising a tang having a
barh disppsed at a distal end thereaf, said barb being 2dapted to securely engage a surface of said
reusable sensor adjacent to said aperture when the reusable fransducer assembly is in an assembled

state.
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6. The disposable dome as recited in Claim 4, wherzin said element is adapted to be
disposed in an exposed position when the reusable transducer assembly is in an assembled state, so that

the element may be squeezed for ready disengagement of the dispasable dome and the reusable sensor.

7. The disposable deme as recited in Claim 4, wherein the interlocking structure further
camprises a second element capable of traveling in a path genarally normal to said diaphragm from the
inner surface of said dome, said second element being adapted for engagement with a secand
camplementary aperture in said reusable sensor, such that when said reusable transducer assembly is in
an assembled state, the element and the secend alement are both disposed in an exposed posiiinn, spaced
from ane another, said disposable dome being releasable from or engageable with said revsable sensor by
squeezing each of said element and said second element toward the ather of said element and said

second element,

8. The disposable dome as recited in Claim 1, wherein the disposable dome further
comprises a sterile barrier partion which, when the disposable dome is engaged with the reusable sensor,
is adapted to prevent a practitioner from touching the reusable sensor when touching the disposable

dome.

9. A disposable dome for use in combinatien with a reusable sensor to form a reusable
transducer assembly for measuring pressure in a fluid fine caupled to a catheter inserted into.a living body
for making direct pressure measurements in areas within the body of medical interest, said disposable
dome being arranged to be engageable with and removable from the reusable sensor and discardable after
a single use, said dome including an electri'cally and biologically isolating coupling media which transmits
hydraulic pressure signals from a fluid-filled chamber in said dome to the reusahle sénsor;

the dispasable dame having an inlet port and an autlet port, and said chamber being disposed
between said inlet and outlet ports, 2 fluid flow path extending from said inlet port to said outlet part,
through said chamber, being substantially straight-through, such that fluid entering the deme through said
inlet port and travelling along said ffow path to fil thé thamber generates minimal turbulence and avnids
aceumulation of bubbles.

>10. The disposable dome as recited in Claim 9, wherein the dome and the coupling media

are shaped in a complementary fashion to achieve said substantially straight-through fiuid flow path,




11, Tha disposable dome as recited in Claim 10, wherein said coupling media is further

staped to form a smoath internal fluid flow path in order to minimize bubble entrapment,

12. The disposalile dome as recited in Claim 9, wherein said cdupling media comprises a

silicane elastomer which is cured in place during fabrication of the dome.

13. The disposable dome as recited in Claim 9, the disposable dome heinurattachable to
the reusable sensor using an elongated interlocking structure, the elongated interlocking structure
defining an engagement and disengagement action between the dome and the reusable sensor which
displaces the dome relative to the reusable sensar along an axis extending transversely thraugh bath the
dome and the reusable sensor, said engagement and disengagement action being non-frictional and non-

twisting, such that there is a uniform, atraumatic maling_uf the disposable dome and the reusable sensor.

14. The disposable dome as recited in Claim 9, wherein the dispasable dome further
camprises a sterile barrier portion which, when the disposable dome is engaged with the revsable sensor,
is adapted to prevent a practitioner from touching the reusable sensor when touching the disposable

dome.

185. A disposable dome for use in combination with a reusable sensor to form a reusable
transducer assembly for measuring pressure in a fluid line coupled to  catheter inserted into a living body
for making direct pressure measurements in areas within the body of medical interest, said disposable
dome being arranged to be engageable with and removable from the reusable sansor and discardable after
a single use, said dome including ar electrically and biologically isolating coupling madia which transmits
hydrauli¢ pressure signals from a fluid-fitled chamber in said dome tg the reusable sensor;

the disposable dome further comprising a sterile barrier portion which, when the disposable
dome is engage.d with the reusable sensor, is adapted 1o prevent a practitioner from touching the reusahle

sensar when touching the disposable dame.

16. The disposable dome as recitad in Claim 15, wherein the sterile barrier partion

-numprises a generally flat skirt which, when the disposable dome is engaged with the reusable ser;sm,

covers the entire reusable sensar.
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17 A disposable dome for use in combination with 3 reusable sensor to form a reusable
transducer assembly for measuring pressure in a fluid line coupled to a catheter inserted into a living body
for making direct pressura measurements in areas within the body of medica! interest, said disposakile
dome being arranged ta be éngageable with and removable from the rausable.sensor and discardable after
a single use, said dome including an efectrically and bislogically isolating coupling media which transmits
hydraulic pressure signals from a fluid-filled chamber in said dome ta the reusable sensor;

the disposable dome having an infet port snd an outlet port, and said chamber being disposed
between said inlet and outlet ports, a fluid flow path extending from said infet part to said outlet part,
through said chamber;

the disposable dome further including an auxiiary fluid channel for attachment of the disposable

dome to 8 catheter fluid volume manipulating syringe or to atmosphere. .

18. The dispasable dome as recited in Claim 17, wherein said auxiliary flid channel is

attached to said fluid ffow path between the inlet and outlet ports.

19. The disposable dome as recited in Claim 18, wherein the auxiliary fluid channel is
attached to said fluid flow path between the chamber and the outlet port, and Further comprising a

stopeock disposed at the paint of fluid attachment of the auxiliary fluid channel to the fluid flow path, the

- stopcock operating to selectively cantrof the flow of fluid to cither the outlet port or to the auxiliary flyid

channel,

20. A disposable dome for use in combination with a reusable sensar in a pressure
manifold configuration to form a reusable transducer assembly for measuring pressure in a fluid Fine
coupled to a catheter inserted into a living body for making direct pressure measurements in areas within
the body of medical interest, said disposable dome being arranged 1o be engageable with and removable
from the reusable sensor and discardable after a single use, said dome including an electrically and
bintogically isolating coupling media which transmits hydraulic pressure signals from a fluid-filled chamber
in said dome to the reusable sensor;

. the disposabie dome comprising an integral molded part of a pressure manifold assembly, said
pressture manifold assembly incleding ane ar more stopcocks in fluid communication with said ch;mber

within the dome.




2.

21. A reusable transducer assembly for measuring pressure in a fluid line coupled o a
catheter inserted into a living body for making direct pressure measurements in areas within the bady of
medicalinterest, comprising:

a disposable dome; and

" areusable sensor;

wherein the disposable doma is arranged to be engageable with and removable from the
reusable sensor and discardable after a single use, the dome including an electrically and biologically
isolatifig coupling media which transmits hydraulic pressure signals from a fluid-filled chamber in the
dome to the reusable sensor;

the disposable dome being attachable to the reusahle sensor using an elongated interlocking
structure, the elongated interlocking structure defining an engagement and disengagement action
between the dome portion and the reusable sensar which displaces the dome portion relative ta the
reusable sensor alang an axis extending transversely through both the dome portion and the reusabie
sensor, said engagement and disengagement action being non-frictional and non-twisting, such that there

isa unifonﬁ, atraumatic mating of the disposable dome and the reusable sensar,

22. The reuseble transducer assemhly as racited in Claim 21, the coupling media
comprising at least one elastomer which comprises at least in part a silicons gel, the at least one
elastomer forming a st;muth internal path far the flow of fluid to thereby minimize the formation of
bubbles;

the disposable dome camprising an outer surface and an inrer surface, the inner surface being
adapted for engagement with the reusable sensor, the elongated interloeking structurg comprising an
element extending uenéral[y parallel to said transverse axis from the inner surface of said dome, and being

adapted for engagement with a complementary aperture in said reusable sensor.

23. The reusable transducer assembly as recited in Claim 22, said element comprising a
tang having a barh disposed at 2 distal end thereof, sai barh being adapted to securely engage a surface
of said reusable sensor adjacent to said aperture when the reusable transducer assembly is in an
assembled state, said element being adapted to be dispesed in an exposed position when the reusable
transducer assembly is in said assembled state, so thal the element may be squeezed for ready

disengagement of the disposable dome and the reusable sensor.
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24. . The reusable transducer assembly as recited in Claim 22, wherein the elongated
interlocking structure further comprises a second element extending generally paralle to said transverse
axis frem the inner surface of said dome, and bemg adapted for engagement with a second
complemenlar!ﬁapenure in said reusable sensor, such that when said reusable transducer assembly is in
an assembled state, the efement and the second element are both disposed in an exposed position, spaced
from ane another, said disposable dome being releasable from or engageable with said reusable sensor hy
squeezmg each of said element and said second element toward 1he other of said element and said

second elemem

25, The reusable transducer assembly as recited in Claim 21, wherein the dispesable
dome includes an inlet port and an putlet port, and the chamber is disposed between the inlet and outlet
ports, a fluid flow path extending from said inlet part to said outlet port, through said chamber, the fluid
flow path being substantially straight-through, such that fluid entering the dome through said inlet port
and travelling along said flow path to fill the chamber generates minimal turhulence and avoids

accumulation of bubbles.

26. The reusable transducer assembly as recited in Claim 25, wherein the dome and the
coupling media are shaped in a complementary fashion to achieve said substantially straight-through fluid
flow path, the coupling media comprising a silicone elastomer which is cured in place during fabrication of
the dome, and heing further shaped to form a smooth fluid flow path in order to minimize butbie

entrapment.

27 The reusable transducer assembly as recited in Claim 21, wherein the disposable
dome further comprises a sterile barrier portion which, when the disposable dome is engaged with the
reusable sensor, is adapted to prevent a practitioner from touching the reusable senser when touching the
disposable dome; the sterile'barrier portion comprising a generaliy flat skirt which, wheh the disposable

dame is engaged with the reusable sensar, covers the entire resable sensor,

28. The reusable transducer assembly as recited in Claim 21, the disposable dome having
an infet port and an outlet port, and said chamber being disposed belwéen said inlet and outlet ports, a
fluid flow path extending from said infet port tc; said outlet pnﬁ, through said chamber;

the disposable dome further including an auxiliary fluid channe! for attachment of the disposable

dome to a catheter fluid volume manipulating syringe or to atmosphere, the suxiliary fluid channel being
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fluidly attached to said fluid flow path between the chamber and the outlet port, and
further comprising a stopcock disposed at the point of fluid attachment of the auxiliary
fluid chamber to the fluid flow path, the stopcock operating to selectively control the flow
of fluid to either the outlet port or to the auxiliary fluid channel.

29. The revsable transducer assembly as recited in Claim 21, wherein the
disposable dome comprises an integral molded part of a pressure manifold assembly, said
pressure manifold assembly including one or more stopcocks in fluid communication with
said chamber within the dome.

30. The reusable transducer assembly as recited in Claim 21, wherein the
reusable sensor comprises a pressure sensitive diaphragm on an outer surface, a pressure
sensitive area of the diaphragm being pre-formed of a thermoplastic elastomer in a raised,
non-flat shape.

3l The reusable transducer assembly as recited in Claim 21, wherein the
reusable sensor comprises a pressure sensitive diaphragm on an outer surface, a sensor
chip, and a chamber disposed between said diaphragm and said senor chip, said chamber
being filled with a silicone gel for coupling hydraulic signals from said diaphragm to said
sensor chip.

32. The reusable transducer assembly as recited in Claim 31, wherein said
silicone gel comprises polydimethyl siloxane.

33. A disposable dome substantially as described herein with reference to
Figs: 1to 5;6and 7, 10 to 11A and 12; or 11B of the accompanying drawings.

34. A reusable transducer assembly substantially as described herein with
reference to Figs: 1 to 5; 6 and 7; 10 to 11A and 12; or 11B of the accompanying
drawings.

Dated 19 June, 2000
Sunscope International, Inc.
Patent Attorneys for the Apﬁlicant/N ominated Person

SPRUSON & FERGUSON
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