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ABSTRACT 

The present invention is a method for calculating blood 
pressure of an artery having a pulse. The method includes 
applying a varying pressure to the artery. Pressure Wave 
forms are sensed to produce pressure Waveform data. Wave 
form parameters are derived from the sensed pressure Wave 
form data. Blood pressure is then determined using the 
derived parameters. 
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METHOD AND APPARATUS FOR CALCULATING 
BLOOD PRESSURE OF AN ARTERY 

[0001] This is a continuation of application Ser. No. 
09/594,051, ?led Jun. 14, 2000, entitled “METHOD AND 
APPARATUS FOR CALCULATING BLOOD PRESSURE 
OF AN ARTERY,” Which is a continuation of application 
Ser. No. 09/070,311, ?led Apr. 30, 1998, issued as US. Pat. 
No. 6,099,477 and entitled “METHOD AND APPARATUS 
FOR CALCULATING BLOOD PRESSURE OF AN 
ARTER ,” Which is a continuation of application Ser. No. 
08/388,751, ?led Feb. 16, 1995, issued as US. Pat. No. 
5,797,850 and entitled “METHOD AND APPARATUS FOR 
CALCULATING BLOOD PRESSURE OF AN ARTER ,” 
Which is a continuation-in-part of application Ser. No. 
08/227,506, ?led Apr. 14, 1994, issued as US. Pat. No. 
5,450,852 and entitled “CONTINUOUS NON-INVASIVE 
BLOOD MONITORING SYSTEM,” Which is a continua 
tion-in-part of application Ser. No. 08/150,382, ?led Nov. 9, 
1993 entitled “CONTINUOUS NON-INVASIVE BLOOD 
PRESSURE MONITORING SYSTEM”, abandoned. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to systems for mea 
suring arterial blood pressure. In particular, the invention 
relates to a method and apparatus for measuring arterial 
blood pressure in a relatively continuous and non-invasive 
manner. 

[0003] Blood pressure has been typically measured by one 
of four basic methods: invasive, oscillometric, auscultatory 
and tonometric. The invasive method, otherWise knoWn as 
an arterial line (A-Line), involves insertion of a needle into 
the artery. A transducer connected by a ?uid column is used 
to determine eXact arterial pressure. With proper instrumen 
tation, systolic, mean and diastolic pressure may be deter 
mined. This method is difficult to set up, is expensive and 
involves medical risks. Set up of the invasive or A-line 
method poses problems. Resonance often occurs and causes 
signi?cant errors. Also, if a blood clot forms on the end of 
the catheter, or the end of the catheter is located against the 
arterial Wall, a large error may result. To eliminate or reduce 
these errors, the set up must be adjusted frequently. Askilled 
medical practitioner is required to insert the needle into the 
artery. This contributes to the eXpense of this method. 
Medical complications are also possible, such as infection or 
nerve damage. 

[0004] The other methods of measuring blood pressure are 
non-invasive. The oscillometric method measures the ampli 
tude of pressure oscillations in an in?ated cuff. The cuff is 
placed against a cooperating artery of the patient and there 
after pressuriZed or in?ated to a predetermined amount. The 
cuff is then de?ated sloWly and the pressure Within the cuff 
is continually monitored. As the cuff is de?ated, the pressure 
Within the cuff exhibits a pressure versus time Waveform. 
The Waveform can be separated into tWo components, a 
decaying component and an oscillating component. The 
decaying component represents the mean of the cuff pres 
sure While the oscillating component represents the cardiac 
cycle. The oscillating component is in the form of an 
envelope starting at Zero When the cuff is in?ated to a level 
beyond the patient’s systolic blood pressure and then 
increasing to a peak value Where the mean pressure of the 
cuff is equal to the patient’s mean blood pressure. Once the 
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envelope increases to a peak value, the envelope then decays 
as the cuff pressure continues to decrease. 

[0005] Systolic blood pressure, mean blood pressure and 
diastolic blood pressure values can be obtained from the data 
obtained by monitoring the pressure Within the cuff While the 
cuff is sloWly de?ated. The mean blood pressure value is the 
pressure on the decaying mean of the cuff pressure that 
corresponds in time to the peak of the envelope. Systolic 
blood pressure is generally estimated as the pressure on the 
decaying mean of the cuff prior to the peak of the envelope 
that corresponds in time to Where the amplitude of the 
envelope is equal to a ratio of the peak amplitude. Generally, 
systolic blood pressure is the pressure on the decaying mean 
of the cuff prior to the peak of the envelope Where the 
amplitude of the envelope is 0.57 to 0.45 of the peak 
amplitude. Similarly, diastolic blood pressure is the pressure 
on the decaying mean of the cuff after the peak of the 
envelope that corresponds in time to Where the amplitude of 
the envelope is equal to a ratio of the peak amplitude. 
Generally, diastolic blood pressure is conventionally esti 
mated as the pressure on the decaying mean of the cuff after 
the peak Where the amplitude of the envelope is equal to 0.82 
to 0.74 of the peak amplitude. 

[0006] The auscultatory method also involves in?ation of 
a cuff placed around a cooperating artery of the patient. 
Upon in?ation of the cuff, the cuff is permitted to de?ate. 
Systolic pressure is indicated When Korotkoff sounds begin 
to occur as the cuff is de?ated. Diastolic pressure is indicated 
When the Korotkoff sounds become muf?ed or disappear. 
The auscultatory method can only be used to determine 
systolic and diastolic pressures. 

[0007] Because both the oscillometric and the auscultatory 
methods require in?ation of a cuff, performing frequent 
measurements is difficult. The frequency of measurement is 
limited by the time required to comfortably in?ate the cuff 
and the time required to de?ate the cuff as measurements are 
made. Because the cuff is in?ated around a relatively large 
area surrounding the artery, in?ation and de?ation of the cuff 
is uncomfortable to the patient. As a result, the oscillometric 
and the auscultatory methods are not suitable for long 
periods of repetitive use. 

[0008] Both the oscillometric and auscultatory methods 
lack accuracy and consistency for determining systolic and 
diastolic pressure values. The oscillometric method applies 
an arbitrary ratio to determine systolic and diastolic pressure 
values. As a result, the oscillometric method does not 
produce blood pressure values that agree With the more 
direct and generally more accurate blood pressure values 
obtained from the A-line method. Furthermore, because the 
signal from the cuff is very loW compared to the mean 
pressure of the cuff, a small amount of noise can cause a 
large change in results and result in inaccurate measured 
blood mean of the cuff prior to the peak of the envelope 
Where the amplitude of the envelope is 0.57 to 0.45 of the 
peak amplitude. Similarly, diastolic blood pressure is the 
pressure on the decaying mean of the cuff after the peak of 
the envelope that corresponds in time to Where the amplitude 
of the envelope is equal to a ratio of the peak amplitude. 
Generally, diastolic blood pressure is conventionally esti 
mated as the pressure on the decaying mean of the cuff after 
the peak Where the amplitude of the envelope is equal to 0.82 
to 0.74 of the peak amplitude. 
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[0009] The auscultatory method also involves in?ation of 
a cuff placed around a cooperating artery of the patient. 
Upon in?ation of the cuff, the cuff is permitted to de?ate. 
Systolic pressure is indicated When Korotkoff sounds begin 
to occur as the cuff is de?ated. Diastolic pressure is indicated 
When the Korotkoff sounds become muf?ed or disappear. 
The auscultatory method can only be used to determine 
systolic and diastolic pressures. 

[0010] Because both the oscillometric and the auscultatory 
methods require in?ation of a cuff, performing frequent 
measurements is di?icult. The frequency of measurement is 
limited by the time required to comfortably in?ate the cuff 
and the time required to de?ate the cuff as measurements are 
made. Because the cuff is in?ated around a relatively large 
area surrounding the artery, in?ation and de?ation of the cuff 
is uncomfortable to the patient. As a result, the oscillometric 
and the auscultatory methods are not suitable for long 
periods of repetitive use. 

[0011] Both the oscillometric and auscultatory methods 
lack accuracy and consistency for determining systolic and 
diastolic pressure values. The oscillometric method applies 
an arbitrary ratio to determine systolic and diastolic pressure 
values. As a result, the oscillometric method does not 
produce blood pressure values that agree With the more 
direct and generally more accurate blood pressure values 
obtained from the A-line method. Furthermore, because the 
signal from the cuff is very loW compared to the mean 
pressure of the cuff, a small amount of noise can cause a 
large change in results and result in inaccurate measured 
blood pressure values. Similarly, the auscultatory method 
requires a judgment to be made as to When the Korotkoff 
sounds start and When they stop. This detection is made 
When the Korotkoff sound is at its very loWest. As a result, 
the auscultatory method is subject to inaccuracies due to loW 
signal-to-noise ratio. 

[0012] The fourth method used to determine arterial blood 
pressure has been tonometry. The tonometric method typi 
cally involves a transducer including an array of pressure 
sensitive elements positioned over a super?cial artery. Hold 
doWn forces are applied to the transducer so as to ?atten the 
Wall of the underlying artery Without occluding the artery. 
The pressure sensitive elements in the array typically have 
at least one dimension smaller than the lumen of the under 
lying artery in Which blood pressure is measured. The 
transducer is positioned such that at least one of the indi 
vidual pressure sensitive elements is over at least a portion 
of the underlying artery. The output from one of the pressure 
sensitive elements is selected for monitoring blood pressure. 
The pressure measured by the selected pressure sensitive 
element is dependent upon the hold doWn pressure used to 
press the transducer against the skin of the patient. These 
tonometric systems measure a reference pressure directly 
from the Wrist and correlate this With arterial pressure. 
HoWever, because the ratio of pressure outside the artery to 
the pressure inside the artery, knoWn as gain, must be knoWn 
and constant, tonometric systems are not reliable. Further 
more, if a patient moves, recalibration of the tonometric 
system is required because the system may experience a 
change in gains. Because the accuracy of these tonometric 
systems depends upon the accurate positioning of the indi 
vidual pressure sensitive element over the underlying artery, 
placement of the transducer is critical. Consequently, place 
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ment of the transducer With these tonometric systems is 
time-consuming and prone to error. 

[0013] The oscillometric, auscultatory and tonometric 
methods measure and detect blood pressure by sensing force 
or displacement caused by blood pressure pulses as the 
underlying artery is compressed or ?attened. The blood 
pressure is sensed by measuring forces eXerted by blood 
pressure pulses in a direction perpendicular to the underly 
ing artery. HoWever, With these methods, the blood pressure 
pulse also eXerts forces parallel to the underlying artery as 
the blood pressure pulses cross the edges of the sensor Which 
is pressed against the skin overlying the underlying artery of 
the patient. In particular, With the oscillometric and the 
auscultatory methods, parallel forces are eXerted on the 
edges or sides of the cuff. With the tonometric method, 
parallel forces are eXerted on the edges of the transducer. 
These parallel forces eXerted upon the sensor by the blood 
pressure pulses create a pressure gradient across the pressure 
sensitive elements. This uneven pressure gradient creates at 
least tWo different pressures, one pressure at the edge of the 
pressure sensitive element and a second pressure directly 
beneath the pressure sensitive element. As a result, the 
oscillometric, auscultatory and tonometric methods produce 
inaccurate and inconsistent blood pressure measurements. 

SUMMARY OF THE INVENTION 

[0014] The present invention is an improved method for 
determining blood pressure of an artery having a pulse. As 
a varying pressure is applied to the artery, pressure Wave 
forms are sensed to produce sensed pressure Waveform data. 
The sensed pressure Waveform data are then analyZed to 
derive Waveform parameters. One or more blood pressure 
values are derived based upon the Waveform parameters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a perspective vieW of a blood pressure 
monitoring system having a sensor assembly mounted upon 
the Wrist of a patient. 

[0016] FIG. 2 is a side vieW of the Wrist assembly of the 
blood pressure monitoring system of FIG. 1. 

[0017] FIG. 3 is an end vieW of the Wrist assembly. 

[0018] FIG. 4 is a cross-sectional vieW of the Wrist 
assembly. 

[0019] FIG. 4A is an expanded cross-sectional vieW of the 
sensor interface along section 4A—4A of FIG. 4. 

[0020] FIG. 5 is a top vieW of the Wrist assembly and 
cylinder of the system of FIG. 1. 

[0021] FIG. 6 is a bottom vieW of the Wrist assembly and 
cylinder With a portion removed. 

[0022] FIG. 7 is an electrical block diagram of the blood 
pressure monitoring system of FIG. 1. 

[0023] FIG. 8 is a front elevational vieW of a monitor of 
the blood pressure monitoring system of FIG. 1. 

[0024] 
forms. 

FIG. 9 is a graph illustrating blood pressure Wave 

[0025] FIG. 10 is a graph illustrating a curve ?t from 
points taken from the Waveforms of FIG. 9. 
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[0026] FIG. 11 is a graph illustrating a corrected and 
scaled Waveform taken from the Waveforms of FIG. 9. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

I. Overview 

[0027] FIG. 1 illustrates blood pressure monitoring sys 
tem 20 for measuring and displaying blood pressure Within 
an underlying artery Within Wrist 22 of a patient. Monitoring 
system 20 includes Wrist assembly 24, monitor 26, cylinder 
28, cable 30 and cable 32. 

[0028] Wrist assembly 24 is mounted on Wrist 22 for 
applying a varying hold doWn pressure to an artery Within 
Wrist, and for sensing blood pressure Waveforms produced 
in the artery. Wrist assembly 24 includes sWivel mount 34, 
hold doWn assembly 36, sensor interface assembly 38, 
Waveform pressure transducer 40, hold doWn pressure trans 
ducer 42, connection tube 44, Wrist mount 46 and Wrist pad 
48. 

[0029] Cylinder 28, under the control of monitor 26, 
supplies ?uid pressure through cable 32 to Wrist assembly 24 
to produce the varying hold doWn pressure. Cylinder 28 
includes a movable piston Which is driven by stopper motor 
or linear actuator. 

[0030] Electrical energiZation to Wrist assembly 24 and 
pressure Waveform sensor signals to monitor 26 are supplied 
over electrical conductors extending betWeen monitor 26 
and Wrist assembly through cable 30, cylinder 28 and cable 
32. Drive signals to cylinder 28 are supplied from monitor 
26 through electrical conductors Within cable 30. 

[0031] Monitor 26 receives the pressure Waveform sensor 
signals from Wrist assembly 24, digitiZes the signals to 
produce pressure Waveform data for a plurality of beats, and 
performs Waveform analysis on the data. The Waveform 
analysis extracts a plurality of Waveform parameter, Which 
preferably include Waveform shape, relative amplitude and 
gain parameters. From the Waveform parameters, monitor 26 
calculates or otherWise derives blood pressure values, such 
as mean blood pressure, diastolic blood pressure and systolic 
blood pressure. Monitor 26 then displays the derived blood 
pressure values. 

[0032] As shoWn in FIG. 1, monitor 26 includes control 
sWitches or input keys 50a-50g, digital displays 52a-52c and 
display screen 54. Input keys 50a-50c comprise hard keys 
for controlling monitor 32. Input keys 50d-50g consist of 
softWare programmable keys Which are adaptable for vari 
ous functions. Digital displays 52a-52c continually display 
systolic, diastolic and mean blood pressure, respectively. 
Display screen 54 displays the blood pressure pulse Wave 
forms and prompts to guide the operator. 

[0033] In operation, sensor interface assembly 38 is posi 
tioned over the radial artery. Wrist mount 46 maintains the 
position of Wrist assembly 24 including sensor interface 
assembly 38 on Wrist 22. In response to ?uid pressure 
supplied from cylinder 28 through cable 32, hold doWn 
assembly 36,applies force and moves sensor interface 
assembly 38 to vary the pressure applied to Wrist 22 above 
the radial artery. 

[0034] As this pressure is varied, distinct arterial pressure 
Waveforms are exhibited by the blood pressure pulse Within 
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the underlying artery. Each Waveform corresponds to a 
cardiac cycle. Each arterial pressure Waveform or shape is 
obtained by sensing and measuring pressures exhibited by 
the pulse of the underlying artery versus time during an 
individual cardiac cycle. Arterial pressure applied to sensor 
interface assembly 38 and is transferred as a ?uid pressure 
from interface assembly 38 to Waveform pressure transducer 
40 through tube 44. The electrical sensor signals from 
transducer 40 are supplied to monitor 26 for digitiZation and 
analysis. 
[0035] The amplitude of each sensed Waveform is a func 
tion of the applied pressure applied to the artery by sensor 
interface assembly 38 and the amplitude of the arterial pulse. 
The shape characteristics of at least one Waveform and other 
parameters derived from the sensed Waveforms are used by 
digital signal processing circuitry of monitor 26 to determine 
systolic, mean and diastolic pressure. The calculated pres 
sures are displayed by displays 52a-52c and display screen 
54. 

II. Wrist Assembly 24 

[0036] Wrist assembly 24 is shoWn in further detail in 
FIGS. 2-6. SWivel mount 34 and hold doWn assembly 36 are 
side-by-side, and are pivotally connected by sWivel joint 60. 
SWivel mount 34 carries transducers 40 and 42 and Wrist pad 
48. Sensor interface assembly 38 is pivotally connected to 
and is positioned beloW hold doWn assembly 36. Wrist 
mount 46, Which includes ?exible Wrist band 62 and Wire 
loops 64 and 66, is connected betWeen an outer end of sWivel 
mount 34 and teeter mount 68 at an opposite outer end of 
hold doWn assembly 36. 

[0037] FIG. 2 is a side elevational vieW illustrating Wrist 
assembly 24 in greater detail. SWivel mount 34 is a 
U-shaped body. SWivel joint 60 is formed by a socket 70 of 
sWivel mount 34 and sWivel ball 72 of hold doWn assembly 
36. Socket 70 extends into a channel Within the U-shaped 
con?guration of sWivel mount 34 and is siZed for receiving 
sWivel ball 72 Which projects from an inner end Wall of hold 
doWn assembly 36. The ball socket sWivel joint provided by 
ball 72 and socket 70 permit sWivel mount 34 and hold doWn 
assembly 36 to rotate and pivot in virtually any direction so 
as to better conform to Wrist 22. To aid in pivoting sWivel 
mount 34 With respect to hold doWn assembly 36, sWivel 
mount 34 includes an arcuate or beveled loWer edge 74 
along its inner end. Beveled edge 74 permits hold doWn 
assembly 36 to pivot doWnWard so as to Wrap around Wrist 
22 (or alternate anatomy) of a patient. 

[0038] SWivel mount 34 further includes a tightening 
screW 76 Which extends across sWivel mount 34 adjacent 
socket 70 and ball 72. Tightening screW 76 permits socket 70 
of sWivel mount 34 to be tightened about ball 72 so as to 
increase friction betWeen socket 70 and ball 72 to adjust the 
level of force necessary to readjust the positioning of sWivel 
mount 34 and hold doWn assembly 36. Untightening screW 
76 permits ball 72 to be released from socket 70 such that 
hold doWn assembly 36 and sensor interface assembly 38 
may be disassembled from sWivel mount 34. 

[0039] FIG. 3 is a end elevational vieW of blood pressure 
monitoring system 20 of FIG. 1, illustrating teeter mount 68 
in greater detail. As shoWn by FIG. 3, teeter mount 68 
includes fulcrum 80 and tightening screW 82. Fulcrum 80 is 
generally a triangular shaped member having tWo opposing 
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slanted top surfaces. Fulcrum 80 is coupled to loop 66 and 
thereby to Wrist band 62. Fulcrum 80 teeters about hold 
doWn assembly 36 and permits loop 66 and Wrist band 62 to 
be adjustably positioned so as to better conform to Wrist 22. 
Tightening screW 82 extends through fulcrum 80 and thread 
ably engages hold doWn assembly 36. Tightening screW 82 
tightens fulcrum 80 against hold doWn assembly 36 so that 
the position of fulcrum 80 may be frictionally set. In FIG. 
3, fulcrum 80 is shoWn in a middle position, and can be 
rotated either a clockWise or counterclockwise direction as 
needed. 

[0040] Wrist assembly 24 stably and securely positions 
sensor interface assembly 38 over the underlying artery of 
the patient. SWivel mount 34 may be rotated and pivoted in 
practically all directions about socket 70 and ball 72. Fur 
thermore, teeter mount 68 permits Wrist band 62 to be 
teetered or adjusted so as to better conform With Wrist 22 of 
the patient. Wrist band 62 Wraps around Wrist 22 to secure 
sensor interface assembly 38 and Wrist pad 48 adjacent Wrist 
22 of the patient. Because sensor interface assembly 38 is 
more securely and stably positioned above the underlying 
artery of Wrist 22, patient movement is less likely to repo 
sition sensor interface assembly 38. As a result, sensor 
interface assembly 38 can be reliably located over the 
underlying artery so that more accurate and consistent blood 
pressure measurements may be taken. 

[0041] As shoWn in FIG. 4, sWivel mount 34 carries 
Waveform pressure transducer 40, hold doWn pressure trans 
ducer 42, and Wrist pad 48. Waveform pressure transducer 
40 senses blood pressure Waveforms from the artery Which 
is transmitted to transducer 40 from sensor interface assem 
bly 38 through ?uid tube 44 (FIG. 1). Hold doWn pressure 
transducer 42 senses ?uid pressure supplied by cylinder 28 
to hold doWn assembly 36, and is used as a safety feature to 
detect an excess hold doWn pressure condition. Wrist pad 48 
is preferably adhesively secured to plate 90 at a bottom 
surface of sWivel mount 34. Pad 48 is preferably made of a 
soft ?exible and compressible material so that sWivel mount 
34 better conforms to the Wrist of a patient. Plate 90 is 
preferably made of a metal such as brass and is screWed to 
sWivel mount 34 by screW 92. Conductive plate 94 is 
secured Within sWivel mount 34 and is spaced from plate 90 
so that transducer 40 is positioned betWeen plates 90 and 94. 
Transducer 40 preferably has a metallic conductive surface 
such as brass Which contacts conductive plate 94, Which is 
electrically grounded. As a result, brass plate 94 electrically 
grounds transducer 40 so as to drain static charge from 
transducer 40. 

[0042] As shoWn by FIG. 4, hold doWn pressure assembly 
36 includes sWivel ball 72, housing 100, diaphragm 102, 
ring 104, piston 106, piston rod 108, pin 110 and pin mount 
112. Diaphragm 102 comprises a generally circular sheet of 
?exible material such as reinforced rubber. Diaphragm 102 
is spaced from and cooperates With interior cavity 114 
formed Within housing 100 to de?ne pressure chamber 116. 
Pressure chamber 116 extends generally above and partially 
around piston 106. Pressure chamber 116 receives pressur 
iZed ?uid from cylinder 28 through ?uid passage 118 such 
that diaphragm 102 expands and contracts to drive piston 
106 and piston rod 108 up and doWn. As a result, a selected 
pressure may be applied to piston 106 and piston rod 108 so 
as to selectively apply a pressure to sensor interface assem 
bly 38, Which is pivotally mounted to the loWer end of piston 
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rod 108. By varying the volume of ?uid Within pressure 
chamber 116, blood pressure monitoring system 20 applies 
a varying hold doWn pressure to sensor interface assembly 
38 and the underlying artery. 

[0043] Diaphragm 102 is supported in place by ring 104. 
Ring 104 encircles the outer perimeter of diaphragm 102 and 
captures an outer perimeter or edge portion of diaphragm 
102 betWeen ring 104 and housing 100 so as to seal 
diaphragm 102 against housing 100. Ring 104 is preferably 
adhesively secured to housing 100 and diaphragm 102. 

[0044] Piston 106 is preferably a disk or cylinder shaped 
member Which has its top surface preferably ?xedly coupled 
(such as by an adhesive) to diaphragm 102. Consequently, as 
?uid is supplied to chamber 1116, the volume of chamber 
116 expands by moving piston 106 doWnWard. Bore 120 
extends from top to bottom of piston 106 and is siZed for 
receiving a portion of piston rod 108. Piston 106 mates With 
piston rod 108 and exerts pressure upon piston rod 108 and 
sensor interface assembly 38. 

[0045] Piston rod 108 is coupled to piston 106 and sensor 
interface assembly 38. Piston rod 108 includes plug 122, 
?ange 124, stem 126, ball 128 and pin hole 130. Plug 122 
is cylindrically shaped and is press ?t Within bore 120 to 
secure piston rod 108 to piston 106. Flange 124 projects 
outWardly from plug 122 and ?ts Within a depression formed 
in the bottom surface of piston 106. As a result, piston 106 
presses against ?ange 124 of piston rod 108 to drive piston 
rod 108. Alternatively, because piston rod 108 is secured to 
piston 106 by plug 122, piston 106 lifts piston rod 108 as 
pressure is decreased Within pressure chamber 116. Stem 
126 integrally extends doWnWard from ?ange 124 and has a 
length extending into interface assembly 38. Ball 128 is 
integrally formed at the loWer end of stem 126 and is 
received Within socket 132 of sensor interface assembly 38. 
As a result, sensor interface assembly 38 pivots about ball 
128 of piston rod 108. 

[0046] Pin hole 130 axially extends through piston rod 108 
and is siZed for receiving pin 110. Pin 110 is ?xedly secured 
to housing 100 by pin mount 112 and extends through 
housing 100 into pin hole 130. Pin 110 has a diameter 
smaller than the diameter of pin hole 130 and extends into 
stem 126. Pin 110 guides the up and doWn movement of 
piston 106 and piston rod 108 as pressure Within pressure 
chamber 116 is varied. Pin 110 prevents lateral movement of 
piston 106 and piston rod 108 so that piston 106 and piston 
rod 108 apply only a perpendicular force to sensor interface 
assembly 38. As a result, pin 110 permits piston 106 and 
piston rod 108 to move up and doWn While pin 110 remains 
?xedly supported by pin mount cap 112 to housing 100. Pin 
110 is preferably made from a hard rigid material such as 
stainless steel. 

[0047] As shoWn by FIG. 4, hold doWn pressure assembly 
28 further includes pressure supply passage 118, Which 
extends from pressure chamber 116 through sWivel ball 72 
Where it connects With ?exible tubes 140 and 142 (shoWn in 
FIGS. 5 and 6). Flexible tube 140 extends through cable 32 
from cylinder 28 to passage 118 in sWivel ball 72. Flexible 
tube 142 connects passage 118 to transducer 42 in sWivel 
mount 34. This alloWs transducer to monitor the ?uid 
pressure in chamber 116. Fluid supply tube 140 applies 
pressuriZed ?uid from cylinder 28 into pressure chamber 116 
to vary the pressure Within chamber 116 so as to drive piston 
106 and piston rod 108. 
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[0048] FIGS. 4 and 4A illustrate sensor interface assem 
bly 38 in detail. FIG. 4 is a cross-sectional vieW of Wrist 
assembly 24. FIG. 4A is an enlarged cross-sectional vieW of 
sensor interface assembly 38, taken along section 4A—4A 
of FIG. 4. Sensor interface assembly 38 includes top plate 
150, upper V mount 152, loWer V mount 154, diaphragm 
lock 156, inner mounting ring 158, outer mounting ring 160, 
side Wall diaphragm 162, damping ring 164, inner dia 
phragm 166 and outer diaphragm 168. 

[0049] Top plate 150 is a generally ?at annular platform 
having a central bore 200, shoulder 202, shoulder 204 and 
side bore 206. Central bore 200 receives and holds loWer V 
mount 154. Upper V mount 152 engages shoulder 202 and 
extends doWnWard into bore 200 and into loWer V mount 
154. Rings 158 and 160 and the upper outer end of side Wall 
diaphragm 162 are mounted in shoulder 204. 

[0050] Side bore 206 is de?ned Within top 150 and extends 
through top 150 so as to be in communication With ?uid 
passage 208 de?ned betWeen upper and loWer V mounts 152 
and 154 and betWeen upper V mount 152 and diaphragm 
lock 156. Side bore 206 receives an end of tube 44 so that 
tube 44 is in ?uid communication With ?uid passage 208 and 
sensor interface chamber 210 (Which is de?ned by dia 
phragms 166 and 168). Fluid passage 208 and tube 44 
provide ?uid communication betWeen sensor interface 
chamber 210 and transducer 40 eccentric to socket 132. As 
a result, piston rod 108 may be pivotally connected to sensor 
interface assembly 38 at a loWer pivot point. 

[0051] Upper V mount 152 is a funnel-shaped socket 
Which is siZed for receiving the loWer or distal end of piston 
rod 108. Preferably, upper V mount 152 extends through 
central bore 200 of top plate 150 to a location near sensor 
interface chamber 210. Upper V mount 152 is ?xedly 
secured to an upper portion of top plate at shoulder 202. 
Upper V mount 152 is supported by top plate 150 such that 
upper V mount 152 is spaced from loWer V mount 154 to 
de?ne annular ?uid passage 208. Fluid passage 208 is in 
?uid communication With an sensor interface chamber 210. 
A?uid coupling medium ?lls chamber 210, passage 208 and 
tube 44 all the Way to transducer 40. Upper V mount 152, 
Which is made from a material such as nylon and forms 
detent 220 and socket 132 for pivotally receiving a ball 
member 128 of piston rod 108. As a result, sensor interface 
assembly 38 may be pivoted about socket 132 so as to better 
conform to the anatomy of the patient. Furthermore, because 
socket 132 is adjacent to sensor interface chamber 210, 
sensor interface assembly 38 is pivotally coupled to piston 
rod 108 about a loW pivot point. This permits sensor 
interface assembly 38 to be stably positioned above the 
underlying artery. In addition, the loW pivot point enables 
hold doWn assembly 36 to apply a more direct, uniform 
force on diaphragm 168. Thus, the hold doWn pressure 
applied by hold doWn pressure assembly 36 is more uni 
formly applied to the anatomy of the patient above the 
underlying artery. 

[0052] LoWer V mount 154 is a generally cylindrical 
shaped member including step or spar 230 and bore 232. An 
outer surface or perimeter of loWer V mount 154 projects 
outWardly to form spar 230. Spar 230 engages the loWer 
surface of top plate 150 to partially support side Wall 
diaphragm 162 Which is partially captured betWeen top plate 
150 and spar 230. In the preferred embodiment, adhesive is 
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used betWeen the loWer surface of top plate 150 and spar 230 
to ?xedly secure the portion of side Wall diaphragm 162 
trapped therebetWeen. Alternatively, spar 230 may be press 
?t against the loWer surface of top plate 150 to secure and 
support side Wall diaphragm 162. Spar 230 further divides 
the outer perimeter of loWer V mount 154 into tWo portions, 
an upper portion 234 and a loWer portion 236. Upper portion 
234 ?ts Within bore 200 of top plate 150. Upper portion 234 
is preferably adhesively secured to top plate 150 Within bore 
200. LoWer portion 236 extends beloW spar 230. LoWer 
portion 236, spar 230 and side Wall diaphragm 162 de?ne 
expansion cavity 240. Expansion cavity 240 enables upper 
diaphragm 166 to initially change shape While only experi 
encing a small change in volume. 

[0053] Diaphragm lock 156 is a thin, elongated, annular 
ring including bore 250 and loWer lip 252. Bore 250 extends 
through diaphragm lock 156 and With upper V mount 152, 
de?nes a portion of ?uid passage 208. Lip 252 projects 
outWardly from a loWer end of diaphragm lock 156. Dia 
phragm lock 156 ?ts Within bore 232 of loWer V mount 154 
until an inner edge of diaphragm lock 156 is captured 
betWeen inserts, lip 252 and the loWer end of loWer V mount 
154. Diaphragm lock 156 is preferably adhesively af?xed to 
loWer V mount 154. Alternatively, diaphragm lock 156 may 
be press ?t Within loWer V mount 154. 

[0054] Side Wall diaphragm 162, rings 158 and 160 and 
top plate 150 de?ne an annular deformable chamber 260 
coupled betWeen top plate 150 and ring 164. Side Wall 
diaphragm 162 is preferably formed from a generally cir 
cular sheet of ?exible material, such as vinyl, and is partially 
?lled With ?uid. Diaphragm 162 has a hole siZed to ?t 
around upper portion 234 of loWer V mount 154. Diaphragm 
162 includes outer edge portion 162a and inner edge portion 
162b. Outer edge portion 162a is trapped and held betWeen 
outer ring 160 and top plate 150. Inner edge portion 162b is 
trapped and supported betWeen top plate 150 and spar 230 
of loWer V mount 154. Diaphragm 162 is made from a 
?exible material and is bulged outWard When chamber 260 
is partially ?lled With ?uid. Chamber 260 is compressible 
and expandable in the vertical direction so as to be able to 
conform to the anatomy of the patient surrounding the 
underlying artery. As a result, the distance betWeen top plate 
150 and the patient’s anatomy can vary around the periphery 
of side Wall diaphragm 162 according to the contour of the 
patient’s anatomy. Furthermore, because ?uid is permitted to 
?oW through and around chamber 260, pressure is equalized 
around the patient’s anatomy. 

[0055] Damping ring 164 generally consists of an annular 
compressible ring and is preferably formed from a foam 
rubber or other pulse dampening material such as open 
celled foam or closed cell foam. Ring 164 is centered about 
and positioned betWeen side Wall diaphragm 162 and dia 
phragms 166 and 168. Damping ring 164 is isolated from the 
?uid coupling medium Within chamber 210. Because ring 
164 is formed from a compressible material, ring 164 
absorbs and dampens forces in a direction parallel to the 
underlying artery Which are exerted by the blood pressure 
pulses on sensor interface assembly 38 as the blood pressure 
pulse crosses sensor interface assembly 38. Because bottom 
ring 164 is isolated from the ?uid coupling medium, the 
forces absorbed or received by ring 164 cannot be transmit 
ted to the ?uid coupling medium. Instead, these forces are 
transmitted across ring 164 and side Wall diaphragm 162 to 
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top plate 150. Because this path is distinct and separate from 
the ?uid coupling medium, chamber 210 and the ?uid 
coupling medium are isolated from these forces. In addition, 
ring 164 also presses tissue surrounding the artery to neu 
traliZe or offset forces exerted by the tissue. 

[0056] Upper diaphragm 166 is an annular sheet of ?ex 
ible material having an inner portion 166a, an intermediate 
portion 166b, an outer portion 166c and an inner diameter 
siZed to ?t around diaphragm lock 156. Inner portion 166a 
is trapped or captured betWeen lip 252 of diaphragm lock 
156 and the bottom rim of loWer V mount 154. Inner portion 
166A is preferably adhesively af?xed betWeen lip 252 and 
loWer V mount 154. 

[0057] Intermediate portion 166b lies betWeen inner por 
tion 166a and outer portion 166c. Intermediate portion 166b 
is adjacent to expansion cavity 240 and is isolated from ring 
164 and chamber 260. Because intermediate portion 166b is 
positioned adjacent to expansion cavity 240, intermediate 
portion 166b is permitted to initially move upWard into 
expansion cavity 240 as chamber 260, ring 164 and outer 
diaphragm 168 conform to the anatomy of the patient 
surrounding the underlying artery While the experiences 
only a small change in volume. As ring 164 is pressed 
against the anatomy of the patient surrounding the artery to 
neutraliZe or offset forces exerted by the tissue, diaphragm 
168 is also compressed. HoWever, because intermediate 
portion 166b is permitted to roll into expansion cavity 240, 
chamber 210 does not experience a large volume decrease 
and a large corresponding pressure increase. Thus, sensor 
interface assembly 38 permits greater force to be applied to 
the anatomy of the patient through ring 164 to neutraliZe 
tissue surrounding the artery Without causing a correspond 
ing large change in pressure Within chamber 210 as the 
height of the side Wall changes. As a result, sensor interface 
assembly 38 achieves more consistent and accurate blood 
pressure measurements. 

[0058] Outer diaphragm 168 is a generally circular sheet 
of ?exible material capable of transmitting forces from an 
outer surface to ?uid Within chamber 210. Outer diaphragm 
168 is coupled to inner diaphragm 166 and is con?gured for 
being positioned over the anatomy of the patient above the 
underlying artery. Outer diaphragm sheet 168 includes non 
active portion or skirt 168a and active portion 168b. Skirt 
168a constitutes the area of diaphragm 168 Where inner 
diaphragm 166, namely outer portion 166c, is bonded to 
outer diaphragm 168. Skirt 168a and outer portion 166c are 
generally tWo bonded sheets of ?exible material, forces 
parallel to the underlying artery are transmitted across skirt 
168a and outer portion 166c and are dampened by the 
compressible material of ring 164. 

[0059] Active portion 168b is constituted by the portion of 
outer diaphragm sheet 168 Which is not bonded to inner 
diaphragm 166. Active portion 168b is positioned beloW and 
Within the inner diameter of ring 164. Active portion 168b 
is the active area of sensor interface assembly 38 Which 
receives and transmits pulse pressure to transducer 40. 
Active portion 168b of diaphragm 168, intermediate portion 
166b of diaphragm 166 and diaphragm lock 156 de?ne 
sensor interface chamber 210. 

[0060] The coupling medium Within chamber 210 may 
consist of any ?uid (gas or liquid) capable of transmitting 
pressure from diaphragm 168 to transducer 40. The ?uid 
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coupling medium interfaces betWeen active portion 168b of 
diaphragm 168 and transducer 40 to transmit blood pressure 
pulses to transducer 40. Because the ?uid coupling medium 
is contained Within sensor interface chamber 210, Which is 
isolated from the side Wall of sensor interface assembly 38, 
the ?uid coupling medium does not transmit blood pressure 
pulses parallel to the underlying artery, forces from the 
tissue surrounding the underlying artery and other forces 
absorbed by the side Wall to transducer 40. As a result, 
sensor interface assembly 38 more accurately measures and 
detects arterial blood pressure. 

[0061] Sensor interface assembly 38 provides continuous 
external measurements of blood pressure in an underlying 
artery. Because sensor interface assemble 38 senses blood 
pressure non-invasively, blood pressure is measured at a 
loWer cost and Without medical risks. Because sensor inter 
face assembly 38 is relatively small compared to the larger 
cuffs used With oscillometric and auscultatory methods, 
sensor interface assembly 38 applies a hold doWn pressure 
to only a relatively small area above the underlying artery of 
the patient. Consequently, blood pressure measurements 
may be taken With less discomfort to the patient. Because 
sensor interface assembly 38 does not require in?ation or 
de?ation, continuous, more frequent measurements may be 
taken. 

[0062] Furthermore, sensor interface assembly 38 better 
conforms to the anatomy of the patient so as to be more 
comfortable to the patient and so as to achieve more con 
sistent and accurate blood pressure measurements. Because 
chamber 260 is deformable and partially ?lled With ?uid, 
chamber 260 better conforms to the anatomy of the patient 
and equaliZes pressure applied to the patient’s anatomy. 
Because ring 164 is compressible and because diaphragm 
168 is ?exible and is permitted to boW or deform inWardly, 
ring 164 and diaphragm 168 also better conform to the 
anatomy of the patient. At the same time, hoWever, sensor 
interface assembly 38 does not experience a large sudden 
increase in pressure in sensor interface chamber 210 as ring 
164 and diaphragm 168 are pressed against the anatomy of 
the patient. Chamber 260 and ring 164 apply force to the 
anatomy of the patient to neutraliZe the forces exerted by 
tissue surrounding the underlying artery. Because chamber 
260 and ring 164 are both compressible, the height of the 
side Wall decreases as side Wall is pressed against the 
patient. Diaphragms 166 and 168 are also conformable. 
HoWever, because intermediate portion 166b of inner dia 
phragm 166 is permitted to move upWard into expansion 
cavity 240, sensor interface chamber 210 does not experi 
ence a large volume decrease and a corresponding large 
pressure increase. Thus, the side Wall is able to apply a 
greater force to the anatomy of the patient Without causing 
a corresponding large, error producing increase in pressure 
Within sensor interface chamber 210 due to the change in 
height of the side Wall and the change of shape of outer 
diaphragm 168. 

[0063] At the same time, sensor interface assembly 38 
permits accurate and consistent calculation of blood pres 
sure. Because of the large sensing area through Which blood 
pressure pulses may be transmitted to transducer 40, sensor 
interface assembly 38 is not as dependent upon accurate 
positioning of active portion 168b over the underlying 
artery. Thus, sensor interface assembly 38 is more tolerant to 
patient movement as measurements are being taken. 



US 2003/0208127 A1 

[0064] Moreover, sensor interface assembly 38 achieves a 
Zero pressure gradient across the active face or portion 168b 
of the sensor, achieves a Zero pressure gradient betWeen the 
transducer and the underlying artery, attenuates or dampens 
pressure pulses that are parallel to the sensing surface of the 
sensor, and neutraliZes forces of the tissue surrounding the 
underlying artery. Sensor interface assembly 38 contacts and 
applies force to the anatomy of the patient across skirt 168a 
and active portion 168b. HoWever, the pressure Within 
interface chamber 210 is substantially equal to the pressure 
applied across active portion 168b. The remaining force 
applied by sensor interface assembly 38 across skirt 168a 
Which neutraliZes or offsets forces exerted by the tissue 
surrounding the underlying artery is transferred through the 
side Wall (ring 164 and chamber 260) to top plate 150. As a 
result, the geometry and construction of sensor interface 
assembly 38 provides the proper ratio of pressures betWeen 
skirt 168a and active portion 168b to neutraliZe tissue 
surrounding the underlying artery and to accurately measure 
the blood pressure of the artery. In addition, because the ?uid 
coupling medium Within sensor interface chamber 210 is 
isolated from the side Wall, pressure pulses parallel to the 
underlying artery, forces from tissue surrounding the under 
lying artery and other forces absorbed by the side Wall are 
not transmitted through the ?uid coupling medium to trans 
ducer 40. Consequently, sensor interface assembly 38 also 
achieves a Zero pressure gradient betWeen transducer 40 and 
the underlying artery. 

[0065] FIG. 5 is a top vieW of Wrist assembly 24. FIG. 5 
further illustrates portions of sWivel mount 34 and cable 30 
in greater detail. Fluid tube 140 has one end connected to 
passage 118 in sWivel ball 72 and its other end connected to 
cylinder 28. 

[0066] Fluid tube 142 eXtends betWeen transducer 42 and 
passage II 8 in ball 72. Fluid tube 142 ?uidly connects 
pressure chamber 116 and transducer 42. As a result, trans 
ducer 42 senses the pressure Within pressure chamber 116. 
Transducer 42 produces electrical signals representing the 
sensed hold doWn pressure Within pressure chamber 116. 
These electrical signals are transmitted by electrical Wires 
280 Which eXtend Within cables 30 and 32 to monitor 26 
(shoWn in FIG. 1). As a result, monitor 26 may continuously 
verify that the actual pressure Within pressure chamber 116 
is Within a safe range. 

[0067] As further shoWn by FIG. 5, cable 32 additionally 
encloses electrical Wires 290 from transducer 40 (shoWn in 
FIG. 4). Electrical Wires 290 transmit electrical signals 
representing blood pressure amplitudes sensed by transducer 
40. Cable 32 also encloses an electrical grounding Wire 300 
Which is electrically connected through resistor 302 (FIG. 6) 
to brass plate 94 (shoWn in FIG. 4) and Which electrically 
grounds transducers 40 and 42. 

[0068] FIG. 6 is a bottom vieW of Wrist assembly 24. FIG. 
6 illustrates sWivel mount 34 With pad 48 and plate 90 (FIG. 
4) removed. FIG. 6 illustrates the electrical connection 
betWeen transducers 40 and 42 and electrical Wires 280 and 
290, respectively. As shoWn by FIG. 6, sWivel mount 34 
contains electrical connector 304. Electrical connector 304 
receives leads 306 of transducer 40. Leads 306 transmit the 
electrical signals produced by transducer 40 representing the 
pressures and transmits the electrical signals to electrical 
Wires 290. Electrical connector 304 further includes an 
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electrical resistor 302 electrically coupled to brass plate 94. 
Resistor 302 is further electrically coupled to grounded 
electrical Wire 300. As a result, static charge is drained 
through resistor 302 through electrical connector 304 and 
through grounded Wire 300. Electrical connector 304 per 
mits transducer 40 to be removed and separated from sWivel 
mount 34. 

[0069] Similarly, transducer 42 includes four electrical 
leads 310 Which are electrically connected to electrical Wires 
280. In contrast to transducer 40, hoWever transducer 42 is 
generally ?xed and mounted Within sWivel mount 34. As 
shoWn by FIG. 6, sWivel mount 34 electrically connects 
transducers 40 and 42 to monitor 26 by electrical Wires 280 
and 290 carried Within cables 30 and 32. 

III. Monitor 26 

[0070] FIG. 7 shoWs a block diagram of blood pressure 
monitoring system 20. As best shoWn by FIG. 7, monitor 26 
further includes input signal processor 350, analog-to-digital 
converter 352, microprocessor (and associated memory) 
354, inputs 50a-50g, cylinder drive 356, displays 52a-52c 
and 54, and poWer supply 358. In operation, microprocessor 
354 receives inputted signals from inputs 50a-50g. Inputs 
50a-50g may also consist of a keyboard or other input 
mechanisms. Inputs 50a-50g permit microprocessor 354 to 
perform a calibration. 

[0071] Microprocessor 354 controls cylinder drive 356 to 
vary hold doWn pressure applied by hold doWn pressure 
assembly 36 of Wrist assembly 24. Hold doWn pressure is 
applied to the anatomy of the patient directly above the 
artery. The hold doWn pressure applied by hold doWn 
pressure assembly 36 on sensor interface assembly 38 is 
increased over time. As the force or hold doWn pressure 
applied by sensor interface assembly 38 increases, the 
amplitude or relative pressure of the blood pressure pulse 
also increases until a maXimum amplitude results. Once the 
maXimum amplitude or maXimum energy transfer results, 
the amplitude of the blood pressure pulse begins to decrease 
as the artery begins to ?atten out beyond the point of 
maXimum energy transfer. 

[0072] Transducer 40 of Wrist assembly 24 senses the 
amplitude and shape of the blood pressure pulses Within the 
underlying artery. Transducer 40 creates electric sensor 
signals representing the pressures eXerted by the sensed 
blood pressure pulses. The sensor signals are transmitted to 
input signal processor 350 of monitor 26. Input signal 
processor 350 processes the sensor signals and ?lters any 
unWanted or undesirable noise and other effects. The sensor 
signals are then transmitted from input signal processor 350 
to analog-to-digital convertor 352. Analog-to-digital conver 
tor 352 converts the sensor signal into digital form. A digital 
signal representing the pressures of the sensed blood pres 
sure pulses is sent to microprocessor 354. 

[0073] Based upon the digital sensor signals representing 
the sensed pressures and shape of the blood pressure pulses, 
microprocessor 354 determines Wave shape information by 
measuring amplitude and shape versus time of individual 
cardiac cycles. The arterial Wave shape information is deter 
mined by sampling the arterial Waves at a rate signi?cantly 
above heart rate so that a good de?nition of the arterial 
pressure Wave is measured. From Wave shape information 














