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(57) ABSTRACT 

A sensor assembly used for the measurement of one or more 
physiologic parameters of a living subject Which is capable 
of storing both data obtained dynamically during use as Well 
as that programmed into the device. In one embodiment, the 
sensor assembly comprises a disposable combined pressure 
and ultrasonic transducer incorporating an electrically eras 
able programmable read-only memory (EEPROM), the 
assembly being used for the non-invasive measurement of 
arterial blood pressure. The sensor EEPROM has a variety 
of information relating to the manufacture, run time, cali 
bration, and operation of the sensor, as Well as application 
speci?c data such as patient or health care facility identi? 
cation. Portions of the data are encrypted to prevent tam 
pering. In a second embodiment, one or more additional 
storage devices (EEPROMs) are included Within the host 
system to permit the storage of data relating to the system 
and a variety of different sensors used thereWith. In a third 
embodiment, one or more of the individual transducer 
elements Within the assembly are made separable and dis 
posable, thereby alloWing for the replacement of certain 
selected components Which may degrade or become con 
taminated. Methods for calibrating and operating the dis 
posable sensor assembly in conjunction With its host system 
are also disclosed. 
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APPLANATION DEVICE 

FIG. 20 
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SMART PHYSIOLOGIC PARAMETER SENSOR 
AND METHOD 

[0001] Pursuant to 35 U.S.C. 119(e), this application 
claims priority bene?t of US. provisional patent application 
Ser. No. 60/152,534 entitled “Smart Blood Pressure Sensor 
and Method” ?led Sep. 3, 1999. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to the ?eld of medical 
instrumentation, speci?cally the use of electronic storage 
devices for storing and retrieving data relating to, inter alia, 
particular instruments or patients. 

[0004] 2. Description of Related Technology 

[0005] The ability to readily measure various physiologic 
parameters associated With a living subject, such as arterial 
blood pressure or ECG, is often critical to providing effec 
tive care to such subjects. Typically, under the prior art, 
measurement of such parameters is accomplished using a 
system comprising a host device such as a portable or 
semi-portable monitoring station that is used in conjunction 
With a replaceable/disposable probe or sensor assembly, the 
latter being in direct contact With the subject and measuring 
the physical parameter (or related parameters) of interest. 
Such replaceable and disposable sensor assemblies are 
highly desirable from the standpoint that the risk of transfer 
of bacterial or other contamination from one patient to the 
neXt is signi?cantly mitigated; the portion of the sensor 
assembly (or for that matter entire assembly) in contact With 
a given subject is replaced before use on another subject. 

[0006] HoWever, despite the mitigated risk of contamina 
tion, the use of such prior art disposable sensors also 
includes certain risks. One such risk relates to the potential 
re-use of What are meant to be single-use only components. 
Inherently, individuals or health care providers may attempt 
to re-use such single use components if there is no seeming 
degradation of the component or perceived threat of con 
tamination. HoWever, in the case of certain devices, the 
degradation of the component may be insidious and not 
immediately perceptible to the user. For eXample, the offset 
(i.e., difference of voltage generated by the device at certain 
prescribed conditions) associated With an elastomer-coated 
pressure transducer used in a non-invasive blood pressure 
monitoring device may change progressively in small incre 
ments over time due to sWelling of the elastomer coating 
resulting from eXposure to certain chemical substances. This 
variation in offset manifests itself as a change in the ultimate 
blood pressure reading obtained using the device, thereby 
reducing its accuracy. Hence, the readings obtained using 
the instrument may appear to be reasonable or correct, but 
in fact Will incorporate increasing amounts of error from the 
true value of the parameter, Which may signi?cantly impact 
the treatment ultimately provided to the subject. Hence, 
What is needed is an approach Wherein any such degradable 
or single use components are reliably replaced at the nec 
essary interval such that performance does not appreciably 
degrade. 
[0007] A related issue concerns the re-use of such devices 
on different patients. Speci?cally, if the “single use” com 
ponents are perceived by the user not to degrade rapidly, the 
user may be tempted to use the device (including the single 
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use transducer(s)) on several different patients. Aside from 
the aforementioned performance issues, such repeated use 
may be haZardous from a contamination standpoint, as 
previously discussed. Ideally, portions of the device capable 
of transmitting bacterial, viral, or other deleterious agents 
are disposed of and replaced prior to use on another patient. 

[0008] Another risk concerns the use of third party or 
non-compliant sensors With the host device of the original 
equipment manufacturer (OEM). While such third party 
sensors may ostensibly be manufactured to the design speci 
?cations and requirements of the OEM, in many cases they 
are not, Which can result in readings obtained using the 
system Which are less than accurate or even Wholly non 
representative of the parameter being measured. Even OEM 
supplied disposable sensors may have defects. Another 
troubling aspect is the fact that the caregiver or health care 
professional Who is provided With such disposable sensors 
may have no means by Which to verify the quality or 
acceptability of a given replaceable sensor, and therefore the 
accuracy of any reading they may obtain using that sensor 
may be called into question. Hence, even if the majority of 
sensors Within a given lot obtained from the third party 
manufacturer are acceptable in terms of performance, the 
caregiver often has no Way of knoWing Whether the neXt 
replacement sensor they use Will perform as designed or 
intended by the OEM and yield representative results. In the 
ideal case, the quality of each individual replacement sensor 
Would be determined by the host system prior to use (such 
as When the neW replacement sensor is ?rst installed on the 
host), and the caregiver apprised of the results of this 
determination. 

[0009] The calibration of the replaceable/disposable sen 
sor, Whether OEM or otherWise, and the host system must 
also be considered. Under the prior art approach, calibration 
is most often performed on the system as a Whole at a 
discrete point in time, and is generally not performed before 
each use of the device after a neW sensor or probe has been 
installed. Hence, the calibration of the host system and 
replaceable sensor as a Whole is not speci?c to each given 
sensor, but rather to a “nominal” sensor (i.e., the one in place 
in the system When the calibration Was performed). For 
eXample, the system may be calibrated before ?rst use, and 
then periodically thereafter at predetermined intervals, or at 
the occurrence of a given condition. Under this approach, 
changes in the physical operating characteristics of the host 
system may result in changes in the calibration over time. 
Due to any number of intrinsic or eXternal factors, the device 
may “drift” betWeen calibrations, such that a reading taken 
With the device immediately folloWing calibration may be 
substantially different from that obtained using the same 
device and identical conditions immediately before the neXt 
calibration. 

[0010] Additionally, due to manufacturing tolerances and 
variations, the performance of each individual replaceable 
sensor may vary signi?cantly from other similar devices, as 
previously described. Such variations are generally 
accounted for by the OEM by specifying a maXimum 
alloWable tolerances or variances for certain critical param 
eters associated With the sensors; if these tolerances/vari 
ances are met for a given replaceable sensor, then the 
accuracy of the system as a Whole Will fall Within a certain 
(acceptable) tolerance as Well. Ideally, hoWever, the system 
Would be calibrated speci?cally to each individual replace 
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able sensor immediately prior to use, a capability Which is 
not present in prior art disposable medical devices. 

[0011] Another concern relates to the potential for surrep 
titious alteration of data stored by an instrument prior to or 
during operation. As With many other types of devices, the 
ability to make a device “tamperproof” is of signi?cant 
importance, in that this provides the caregiver and subject 
With additional assurance that the disposable sensor in use is 
the correct type of sensor for the host system, that the sensor 
assembly and host system are properly calibrated, and that 
the disposable sensor has not been used on other subjects. 

[0012] Lastly, it is recognized that prior art measurement 
systems do not include the facility for evaluating the accu 
racy of a given measurement or host/sensor combination 
after readings have been taken. Many systems are capable of 
storing data relating to a measurement obtained from a 
subject in terms of the estimated value(s) derived by the 
system, yet none of Which the Assignee hereof is aWare 
alloW for the retrieval of data speci?c to a given sensor or 
permit the system operator to evaluate the performance (and 
accuracy) of the system historically. Such information is of 
great potential utility in the medical ?eld, especially With 
relation to medical malpractice litigation, by enabling the 
caregiver or OEM to reconstruct the operation of their 
equipment to demonstrate that a given measurement 
obtained using a given sensor and host unit Was in fact 
accurate, that the disposable sensor had been replaced prior 
to use on the patient, and the like. The availability of this 
information may also produce the added bene?t of reduced 
medical malpractice insurance premiums for facilities using 
such systems, since the potential for fraudulent claims 
relating to the system is reduced. 

[0013] Based on the foregoing, What is needed is an 
apparatus and associated method useful for measuring one 
or more physiologic parameters associated With a living 
subject Wherein any degradable or single use components 
associated With the apparatus may be easily and reliably 
replaced so as to ensure that the accuracy of the system 
and any measurements resulting there from do not degrade; 
(ii) cross-contamination betWeen subjects does not occur; 
and (iii) the operating history of the replaced components 
and system as a Whole may be subsequently retrieved for 
analysis. 

SUMMARY OF THE INVENTION 

[0014] The present invention satis?es the aforementioned 
needs by an improved apparatus and method for monitoring 
the physiologic parameters, such as for eXample arterial 
blood pressure, of a living subject. 

[0015] In a ?rst aspect of the invention, an improved 
sensor assembly incorporating an electronic storage element 
is disclosed. In a ?rst embodiment, the device comprises one 
or more ultrasonic transducers and a removable (and dis 
posable) pressure transducer, the latter further including a 
storage device in the form of an electrically erasable pro 
grammable read-only memory (EEPROM) capable of stor 
ing data and information relating to the operation of the 
sensor assembly, host system, and patient. The sensor 
EEPROM includes a variety of information relating to the 
manufacture, run time, calibration, and operation of the 
pressure transducer, as Well as application speci?c data such 
as patient or health care facility identi?cation. Portions of 
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the data are encrypted to prevent tampering. Furthermore, 
the host system is programmed such that the sensor assem 
bly Will be rejected and rendered unusable by the host if 
certain portions of the aforementioned data do not meet 
speci?c criteria. In this fashion, system operational integrity, 
maintainability, and patient safety are signi?cantly 
enhanced. In a second embodiment, one or more additional 

storage devices (e.g., EEPROMs) are included Within the 
host system to permit the storage of data relating to the 
system and a variety of different sensors used thereWith. In 
a third embodiment, a single storage device (e. g., EEPROM) 
is associated With the entire sensor assembly, including 
ultrasonic transducer(s) and pressure transducer, and 
adapted to store and provide data relating thereto. 

[0016] In a second aspect of the invention, an improved 
sensor housing assembly is disclosed. In one exemplary 
embodiment, the housing assembly comprises ?rst and 
second housing elements Which are fabricated from a loW 
cost polymer and Which include recesses containing the 
ultrasonic and pressure transducer elements, respectively. 
The ?rst housing element is adapted to removably receive 
the second such that the active faces of the ultrasonic and 
pressure transducer elements are substantially aligned When 
the housing elements are assembled, and the second housing 
element (and associated pressure transducer With EEPROM) 
can be readily disposed of and replaced by the user When 
required Without having to replace or dislocate the ?rst 
housing element. In a second embodiment, the ?rst housing 
element is also made optionally removable from the sensor 
assembly such that the user may optionally replace just the 
pressure transducer/EEPROM, the ultrasonic transducer(s), 
or both as desired. 

[0017] In a third aspect of the invention, an improved 
system for measuring one or more physiologic parameters of 
a living subject is disclosed. In one embodiment, the physi 
ologic parameter measured comprises arterial blood pres 
sure in the radial artery of a human being, and the system 
comprises the aforementioned sensor assembly having at 
least one ultrasonic transducer capable of generating and 
receiving ultrasonic signals, a pressure transducer capable of 
measuring the pressure applied to its active surface, and a 
storage device associated thereWith; a local controller 
assembly in data communication With the sensor assembly 
further including an applanation/lateral device and control 
ler, and a remote analysis and display unit having a display, 
signal processor, and storage device in data communication 
With the local controller assembly. Calibration and other data 
pertinent to the sensor assembly Which is stored in the 
storage device (e.g., EEPROM) of the sensor assembly is 
read out of the EEPROM and communicated to the analysis 
and display unit, Wherein the processor Within the unit 
analyZes the data according to one or more algorithms 
operating thereon. Signal processing circuits present Within 
the local controller assembly are also used to analyZe 
electrical signals and data relating to the operation of the 
sensor assembly. 

[0018] In a fourth aspect of the invention, an improved 
circuit used in effectuating the calibration of the transducer 
element(s) of the aforementioned sensor array are disclosed. 
In one exemplary embodiment, the circuit comprises an 
analog circuit having a transducer element, a span TC 
compensation resistor R8, analog-to-digital converter 
(ADC), digital-to-analog converter (DAC), and operational 
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ampli?ers. The voltage output of the pressure transducer 
(bridge) is input to a ?rst stage instrumentation ampli?er 
Which ampli?es the transducer output signal. The ampli?ed 
output is input to a second stage ampli?er, along With the 
output of the, DAC, Which is subtracted from the signal. The 
output of the second stage ampli?er represents the tempera 
ture compensated, Zero offset output signal of the circuit. 
The DAC converts a digital signal derived from the system 
processor to compensate the output for the offset of the 
bridge, as Well as the temperature coef?cient of the offset. 
The ADC is used to measure the bridge voltage, Which 
varies With temperature by virtue of span compensation 
resistor Ra. Resistor Ra has a near Zero TC, While the bridge 
itself has a positive TC. Thus, the bridge voltage varies With 
temperature, and can be correlated to the offset variation 
With temperature. In a second embodiment, the DAC and 
second ampli?er are omitted, and replaced by a high reso 
lution ADC. The converter must have the dynamic range and 
signal to noise ratio to measure the large output sWing from 
the instrumentation ampli?er. This is true, because the 
output noW contains both the signal, and the offset error, and 
offset TC error. In this embodiment, the bridge voltage still 
varies With temperature and is digitiZed by the ADC after 
ampli?cation, but all the compensation is handled by digital 
signal processing in the system processor. 

[0019] In a ?fth aspect of the invention, an improved 
method of operating a disposable sensor in conjunction With 
its host system is disclosed. In one embodiment, the method 
comprises storing at least one data ?eld Within the afore 
mentioned storage device of the sensor, connecting the 
sensor to a host system, and determining the compatibility of 
the sensor With the host device based at least in part on the 
at least one data ?eld. In a second embodiment of the 
method, the sensor is operated in order to obtain data from 
at least one living subject; this data is then stored Within the 
sensor and/or host system in order to provide a retrievable 
record of the operation of the sensor and of the speci?c 
patient tested. 

[0020] In a siXth aspect of the invention, an improved 
method of calibrating a transducer element used Within a 
blood pressure monitoring device is disclosed. The method 
comprises providing a transducer element having a prede 
termined operating response and associated storage device; 
determining the operating response for the transducer; deter 
mining a plurality of calibration parameters based on the 
determined operating response; storing data representative 
of the calibration parameters Within the storage device; and 
calibrating the transducer during operation based at least in 
part on the stored calibration parameters. In one embodi 
ment, the transducer element comprises a silicon strain beam 
pressure transducer and the calibration parameters comprise 
reference voltage and temperature values, linearity, sensi 
tivity, and shunted resistor values calculated using a series of 
predetermined functional relationships. These calibration 
parameters are stored in the EEPROM previously described 
at time of manufacture. When used during normal operation, 
the output of the pressure transducer is calibrated by the host 
system using the pre-stored calibration parameters taken 
directly from the EEPROM during each individual use. 

[0021] In a seventh aspect of the invention, an improved 
method of ensuring the condition of limited (e. g., single) use 
components Within a blood pressure monitoring device is 
disclosed. The method generally comprises providing a 
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blood pressure monitoring device including a removable 
sensor assembly; measuring at least one parameter of a 
living subject using the device and sensor assembly to obtain 
?rst data; storing the ?rst data relating to the at least one 
parameter; measuring the at least one parameter at a second 
time to obtain second data; comparing the stored ?rst data to 
the second data using a predetermined criterion; and dis 
abling the blood pressure measuring device if the criterion is 
not satis?ed. In one embodiment, the sensor assembly 
comprises a pressure transducer and one or more ultrasonic 
transducers, Which are collectively used to gather parametric 
data relating to the blood pressure Within the radial artery of 
the subject. The parametric data is stored Within the 
EEPROM, and compared With subsequent measurements 
taken With the same device using a comparison algorithm. In 
this fashion, signi?cant differences betWeen the parametric 
data obtained in successive readings is detected, Which 
indicates that the caregiver has used the device on different 
patients. If certain acceptance criteria are exceeded, the 
system generates a disable signal Which prevents completion 
of the analysis and display of the current measurement, as 
Well as any subsequent measurements, until the pressure 
transducer (and optionally ultrasonic transducers) is/are 
replaced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1a is an exploded perspective vieW of a ?rst 
embodiment of the smart sensor assembly according to the 
present invention. 

[0023] FIG. 1b is top perspective vieW of the sensor 
assembly of FIG. 1, shoWn assembled. 

[0024] FIG. 1c is bottom perspective vieW of the sensor 
assembly of FIG. 1, shoWn assembled. 

[0025] FIG. 2a is a perspective assembly vieW of a second 
embodiment of the smart sensor assembly of the invention. 

[0026] FIG. 2b is a cross-sectional vieW of the sensor 
assembly housing of FIG. 2, taken along lines 2-2. 

[0027] FIG. 2c is perspective vieW of the sensor assembly 
of FIG. 2a, shoWn installed Within a gimbal assembly. 

[0028] FIG. 3 is a top plan vieW of a third embodiment of 
the sensor assembly of the invention, having both remov 
able/disposable pressure and ultrasonic transducers. 

[0029] FIG. 4 is a functional block diagram illustrating a 
?rst embodiment of a physiologic parameter measurement 
apparatus incorporating the smart sensor assembly of the 
invention. 

[0030] FIG. 5 is a logical block diagram of a second 
embodiment of the physiologic parameter measurement 
apparatus of the invention, including a Wireless communi 
cations link. 

[0031] FIG. 6 is a logical ?oW diagram illustrating one 
eXemplary embodiment of the method of calibrating a 
disposable sensor element according to the invention. 

[0032] FIG. 7 is a schematic diagram of a ?rst embodi 
ment of the logic circuit of the invention. 

[0033] FIG. 8 is a schematic diagram of a second embodi 
ment of the logic circuit of the invention. 
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[0034] FIG. 9 is a How diagram illustrating one embodi 
ment of the method of evaluating the acceptability of the 
smart sensor assembly of the invention in conjunction With 
the physiologic parameter measurement apparatus of FIG. 

[0035] FIG. 10 is a How diagram illustrating one embodi 
ment of the generalized method of encoding and storing data 
related to an applanation measurement performed on a 
patient Within the sensor assembly of the invention. 

[0036] FIG. 11 is a How diagram illustrating one exem 
plary embodiment of the method of encoding physiologic 
parameters Within the sensor of the present invention. 

[0037] FIG. 12 is an exemplary plot of pressure and 
arterial blood velocity data Which is encoded using the 
method of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0038] Reference is noW made to the draWings, in Which 
like numerals refer to like parts throughout. For purposes of 
clarity, the folloWing description of the subject invention is 
cast in the context of arterial blood pressure measuring 
systems utiliZing the principle of arterial tonometry and 
ultrasonic Wave analysis. Such blood pressure monitoring 
systems are disclosed, for example, in co-pending US. 
patent application Ser. No. 09/342,549, entitled “Method 
and Apparatus for the Non-Invasive Determination of Arte 
rial Blood Pressure”, ?led Jun. 29, 1999, Which is assigned 
to the assignee hereof, and incorporated herein by reference 
in its entirety. Alternatively, the methods and apparatus 
described in co-pending US. patent application Ser. No. 
09/534,900 entitled “Method and Apparatus for Assessing 
Hemodynamic Parameters Within the Circulatory System of 
a Living Subject” ?led Mar. 23, 2000, also incorporated 
herein by reference in its entirety, may be used in conjunc 
tion With the present invention. Other methods and appara 
tus, regardless of theory or principles of operation, may also 
be substituted. 

[0039] It is also noted that While the invention is described 
herein in terms of a method and apparatus for assessing the 
hemodynamic parameters of the circulatory system via the 
radial artery (i.e., Wrist) of a human subject, the invention 
may also be embodied or adapted to monitor such param 
eters at other locations on the human body, as Well as 
monitoring these parameters on other Warm-blooded spe 
cies. All such adaptations and alternate embodiments are 
considered to fall Within the scope of the claims appended 
hereto. 

[0040] The present invention generally comprises a 
“smart” blood pressure sensor assembly Which is used in 
conjunction With blood pressure system and host device in 
order to provide the enhanced functionality of the invention. 
This functionality includes, inter alia, the ability to 
pre-store data relating to the manufacture, con?guration, and 
calibration of the sensor assembly prior to use; (ii) the ability 
to use the pre-stored data to calibrate and enable/disable the 
sensor assembly during use, based on certain parameters and 
analyses conducted When the sensor assembly is connected 
to the host device; and (iii) the ability to store data obtained 
by the sensors or designated by the subject or caregiver 
Within the sensor assembly and/or the host device during 
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use. Each of these aspects in one fashion or another 
enhances the accuracy and reliability of blood pressure 
measurements taken With the system, as described in greater 
detail in the folloWing paragraphs. 

[0041] Sensor Assembly and Housing 

[0042] Referring noW to FIGS. 1a-1c, a ?rst embodiment 
of the smart sensor assembly 100 of the present invention is 
described. As shoWn in FIGS. 1a-1c, the sensor assembly 
100 of this embodiment comprises a cover 102 and main 
sensor housing 104 Which are mated together to form the 
sensor body 106. The shape of the cover 102 and sensor 
housing 104 is generally that of an elongate rectangle, 
although it Will be recogniZed that other shapes may be used. 
A mounting element 107 is formed in the cover 102 to 
permit, inter alia, positional control of the assembly 100 by 
the local controller assembly 444 (FIG. 4), as Well as an 
electrical penetration (not shoWn) for providing poWer for 
and data communication With the assembly 100. In the 
illustrated embodiment, the mounting element is generally 
spherical or ball-shaped to permit the assembly to couple to 
the applanation mechanism 407 and operate in a variety of 
orientations With respect to the local controller 444, 
although other arrangements (such as universal joints, Heim 
joints, etc.) Well knoWn in the mechanical arts may be used. 

[0043] The housing 104 and cover 102 of the illustrated 
embodiment are fabricated from a high strength, loW cost 
polymer such as polycarbonate to provide the desired 
mechanical and electrical properties While still making the 
disposal of the assembly 100 economically feasible. Other 
materials (both polymeric and not) may be substituted 
depending on the properties and attributes desired. 

[0044] The main housing 104 and cover 102 enclose a 
number of components, including a printed circuit board 
(PCB) 108, sensors in the form of a pressure transducer chip 
110 and ultrasonic transducer (e.g., PZT) 112, bonding ring 
114 for the pressure transducer chip 110, and storage device 
116. In the embodiment of FIGS. 1a-1c, the storage device 
116 and pressure and ultrasonic transducers 110, 112 are 
mounted onto the PCB 108 in a manner Well understood to 
those of ordinary skill in the electrical arts, although other 
arrangements may be used. The storage device 116 of the 
embodiment of FIGS. 1a-1c is an electrically erasable 
programmable read only memory (EEPROM), although it 
Will be appreciated that other types of storage devices such 
as an erasable PROM (EPROM), ultraviolet EPROM (UVE 
PROM), SRAM, DRAM, SDRAM, ?ash memory, or mag 
netic media may conceivably be used for a portion or all of 
the desired functionality. The storage device 116 chosen for 
use in the present embodiment is a 1K EEPROM device 
manufactured by Microchip Corporation, Which operates 
from a 5 volt supply and utiliZes a 2 Wire serial link for data 
transfer. The 1K byte EEPROM is small in siZe and pack 
aged in a SOT-23 package. This device 116 alloWs for 
cost-effective non-volatile storage of up to 1024 bits of 
information organiZed as 128 8-bit Words. In the illustrated 
con?guration, the entire device may be Written in a time 
period on the order of one second, thereby providing rapid 
storage capability. The device also nominally alloWs 1 
million Write cycles, thereby alloWing for extended use 
Within a given sensor. Data retention of the device is on the 
order of 100 years, thereby greatly exceeding the anticipated 
shelf life of the assembly 100 as a Whole. 
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[0045] The aforementioned EEPROM is easily accommo 
dated Within the sensor housing 104 on the PCB 108. 
Connections are made in the present embodiment by Wire 
bonding or alternate methods at the same time the pressure 
transducer is connected 110, although other assembly and 
bonding methods may be used. A gel cup (not shoWn) or 
other means may optionally be used to protect the EEPROM 
116 from electrostatic discharge or other electrical or physi 
cal trauma. Electrical signals are transferred in and out of the 
sensor assembly 100 using a plurality of electrical conduc 
tors (not shoWn) of the type Well knoWn in the art. Essen 
tially any con?guration of electrical connector or coupling 
may be substituted depending on the needs of the particular 
application. 
[0046] Referring noW to FIGS. 2a-2c, a second embodi 
ment of the sensor assembly according to the present inven 
tion is described. As illustrated in FIG. 2a, the sensor 
assembly 200 of the second embodiment comprises a tWo 
lobed ?rst housing element 202 and a generally rectangular 
second housing element 204, the tWo elements 202, 204 
?tting together to form a unitary assembly. The ?rst element 
202 includes a pair of adapted recesses 206, 208 in Which at 
least a portion of respective ultrasonic transducer elements 
210, 212 are received. The second housing element 204 
similarly includes a recess 214 in Which the pressure trans 
ducer 416 With associated storage device 218 is received. 
TWo ultrasonic transducer elements 210, 212 are used in the 
illustrated embodiment to measure hemodynamic param 
eters, and blood velocity. These factors alloW correct posi 
tioning of the pressure transducer for accurate measurements 
of blood pressure, as described in Applicant’s aforemen 
tioned co-pending applications. The pressure transducer 216 
comprises a silicon strain beam transducer element Which 
generates an electrical signal in functional relationship (e.g., 
proportional) to the pressure applied to its sensing surface. 
Similarly, the ultrasonic transducers 210, 212 comprises 
pieZoelectric (ceramic) devices Which are capable of both 
generating and receiving ultrasonic Waves and/or pulses 
depending on mode. In the illustrated embodiment, the 
ultrasonic transducers 210, 212 are tuned to generate ultra 
sonic frequencies centered at 8 MHZ and 16 MHZ respec 
tively, although other center frequencies, With varying band 
Widths, may be used. The transducer elements 210, 212, 216 
are frictionally received Within the recesses of their respec 
tive housing elements 202, 204 via an interference ?t of the 
type Well knoWn in the art, although other arrangements 
(such as adhesives) may be used to retain the transducer 
elements in the desired position(s). 

[0047] The housing elements 202, 204 are formed from a 
loW-cost thermoplastic such as polycarbonate although it 
Will be recogniZed that other materials such as ethylene 
tetra?uoroethylene (i.e., TefZel®), Te?on®, PVC, ABS, or 
even non-polymers may be substituted depending on the 
desired material and physical properties (such as rigidity, 
tensile strength, compatibility With certain chemical agents, 
ultrasonic transmission at certain Wavelengths, etc.). 

[0048] As in the embodiment of FIGS. 1a-1c, the storage 
device 218 of FIG. 2a comprises an EEPROM, although 
other types of devices including EPROM, UVEPROM, or 
even RAM may be substituted. The ?rst and second housing 
elements 202, 204 are adapted to ?t together such that the 
second element 204 is removable from the ?rst element 202. 
This aspect of the invention alloWs for the removal of the 
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pressure transducer element 216 and associated storage 
device 218 from the ?rst housing element 202, thereby 
rendering the former disposable if desired. Note hoWever 
that the ?rst housing element 202 may also be made remov 
able or separable from the local controller 444 (FIG. 4), 
such that both components are separately disposable (e.g., in 
the event that it is desired to operate one type of transducer 
element for a period different than that for the other type of 
transducer element). 

[0049] In the illustrated embodiment, the second housing 
element 204“snaps” into a channel 220 formed in the ?rst 
housing element 202 such that the contact surfaces 222, 224 
of each the ?rst housing element and that of the pressure 
transducer 225 are in substantial planar alignment. In this 
fashion, the contact surfaces 222, 224, 225 each contact the 
skin (or interposed coupling medium) of the subject con 
currently, alloWing for ready coupling of each of the trans 
ducers to the subject. The snap functionality previously 
described is accomplished using a series of transverse ridges 
226 formed on exterior lateral surfaces 228a, 228b the ?rst 
housing element coupled With the extending inner edges 
230a, 230b of the removal tabs 232 formed on the corre 
sponding sides of the second housing element 204, although 
it Will be appreciated that any other types of arrangements 
for retaining the second housing element 204 in a given 
physical relationship With the ?rst housing element 202 may 
be utiliZed, such arrangements being Well understood by 
those of ordinary skill in the mechanical arts. For example, 
other types of snap arrangements (such as one or more raised 
pins or protrusions, coupled With a complementary detent) 
may be used. Alternatively, a frangible construction may be 
employed. As yet another alternative, an adhesive such as a 
non-permanent silicone-based adhesive, or a frictional inter 
ference construction may be used to retain the second 
housing element 204 Within the ?rst 202. 

[0050] The removal tabs 232 of the second housing ele 
ment 204 are constructed such that When the tabs are grasped 
by the user (such as betWeen the thumb and fore?nger) and 
compressed slightly, the extending inner edges 230a, 230b 
of the tabs 232 disengage slightly from the transverse ridges 
226, thereby alloWing the second housing element 204 to be 
removed from the ?rst 202 by pulling it vertically there 
from. The sideWalls 240a, 240b of the second housing 
element are designed to alloW suf?cient ?exibility such that 
When the tabs 232 are compressed, the sideWalls ?ex and 
disengage the inner edges 230a, 230b from their respective 
ridges 226. 

[0051] The ?rst and second housing elements are also 
provided With a groove 234 and vertical ridge 236 formed on 
corresponding mating surfaces of the tWo components Which 
act to align the second housing element properly, and in one 
orientation only, Within the ?rst housing element. Hence, it 
Will be apparent that the second housing element 204 may 
only be received Within the ?rst element 202 in one orien 
tation, such that the transducer elements 210, 212, 216 are 
in proper alignment When the assembly 200 is properly 
assembled. 

[0052] The ?rst housing element 202 is further equipped 
With a pair of pivot pins 250a, 250b Which are disposed 
linearly and parallel to the longitudinal axis 252 of the ?rst 
element 202. The pivot pins 250 are received Within respec 
tive bores (not shoWn) formed in a ?rst support element 254 






















