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(57) ABSTRACT 

A method of operating a non-invasive blood pressure 
(NIBP) monitor that includes a blood pressure cu? and a 
pressure transducer. The method initially in?ates the blood 
pressure cu? to a level above systolic pressure and begins to 
de?ate the pressure cu? using a continuous or linear de?a 
tion technique. During the linear de?ation of the pressure 
cu?, the oscillation pulses from the pressure transducer are 
obtained and compared to predicted pulse estimates. If the 
obtained oscillation pulses vary from the predicted pulse 
estimates, the linear de?ation technique is interrupted and 
the pressure cu? is then de?ated in a sequence of distinct 
pressure steps. During each pressure step, the oscillation 
pulses are obtained and the pressure cu? is not de?ated to 

(51) Int. Cl. the next pressure step until the oscillation pulses correspond 
A61B 5/02 (2006.01) I0 each Other. 
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METHOD OF CONTROLLING BLOOD PRESSURE 
CUFF DEFLATION 

BACKGROUND OF THE INVENTION 

[0001] The present invention generally relates to a method 
of controlling the operation of an automatic, non-invasive 
blood pressure (NIBP) monitor. More speci?cally, the 
present invention relates to a method of controlling the 
operation of a NIBP monitor to utiliZe both a linear de?ation 
technique and step de?ation technique to determine blood 
pressure. 

[0002] Automated blood pressure monitors employ an 
in?atable culf to exert controlled counter-pressure on the 
vasculature of a patient. One large class of such monitors, 
exempli?ed by that described in US. Pat. Nos. 4,349,034 
and 4,360,029, both to Maynard Ramsey, III and commonly 
assigned hereWith and incorporated by reference, employs 
the oscillometric methodology. 

[0003] In accordance With the Ramsey patents, an in?at 
able culf is suitably located on the limb of a patient and is 
pumped up to a predetermined pressure above the systolic 
pressure. The culf pressure is then reduced in predetermined 
decrements, and at each level, pressure ?uctuations are 
monitored. The resultant arterial pulse signals typically 
consist of a DC voltage With a small superimposed varia 
tional component caused by arterial blood pressure pulsa 
tions (referred to herein as “oscillation complexes” or just 
simply “oscillations”). The oscillation amplitudes measured 
from the cuff can range from a fraction of a mmHg to as 
much as 8 mmHg. 

[0004] After suitable ?ltering to reject the DC component 
and to provide ampli?cation by a scale factor, peak oscil 
lation amplitudes measured above a given base-line are 
stored. As the cuff pressure decrementing continues, the 
peak amplitudes Will normally increase from a loWer level to 
a relative maximum, and thereafter Will decrease. These 
amplitudes form an oscillometric envelope for the patient. 
The loWest culf pressure at Which the oscillations have a 
maximum value has been found to be representative of the 
mean arterial pressure (MAP) of the patient. Systolic and 
diastolic pressures can be derived either as predetermined 
fractions of the oscillation siZe at MAP, or by more sophis 
ticated methods of direct processing of the oscillation com 
plexes. 

[0005] The step de?ation technique as set forth in the 
Ramsey patents is the commercial standard of operation. A 
large percentage of clinically acceptable automated blood 
pressure monitors utiliZe the step de?ation rationale. When 
in use, the blood pressure cuff is placed on the patient and 
the operator usually sets a time interval, typically from 1 to 
90 minutes, at Which blood pressure measurements are to be 
made. The noninvasive blood pressure (NIBP) monitor 
automatically starts a blood pressure determination at the 
end of the set time interval. 

[0006] Generally, conventional NIBP monitors of the type 
described in the afore-mentioned patents use oscillation 
pulse amplitude matching at each pressure level as one of the 
Ways to discriminate good oscillations from artifacts. In 
particular, pairs of oscillation pulses are compared at each 
pressure level to determine if they are similar in amplitude 
and similar in other attributes, such as shape, area under the 
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oscillation curve, slope, and the like. If the oscillation pulses 
compare Within predetermined limits, the average pulse 
amplitude and culf pressure are stored and the pressure cuff 
is de?ated to the next pressure level for another oscillation 
measurement. HoWever, if the oscillation pulses do not 
compare favorably, the attributes of the earlier oscillation are 
typically ignored and the attributes of the latter oscillation 
are stored. The monitor does not de?ate; instead, the monitor 
Waits for another oscillation to compare With the one that 
Was stored. This process continues until tWo successive 
oscillation pulses match or a time limit is exceeded. 

[0007] Although the step de?ation technique described 
above can eliminate or reduce the effect artifacts have in the 
blood pressure determination, the step de?ation technique 
typically requires the detection of tWo oscillation pulses 
during each pressure step. Sometimes under artifact free 
circumstances an attempt can be made to obtain only one 
pulse at each step; hoWever, there are still time ine?iciencies 
even in this case. Even When the detected oscillation pulses 
are very clean and artifact free, the step de?ation technique 
has an inherent delay in order to control the pressure level 
of each step. Therefore, the amount of time required to make 
a blood pressure determination Will be extended by the time 
that the technique uses at each pressure step to control the 
pressure. 

[0008] An alternate method of obtaining a blood pressure 
measurement is to operate the NIBP monitor using a con 
tinuous de?ation from an initial in?ation pressure to a ?nal 
pressure. Typically, the recommended continuous de?ation 
pattern is linear. During the linear de?ation, the cuff pres sure 
is decreased at a speci?c rate (mmHg/ second) and the 
oscillation pulse amplitudes are measured for the cuff pres 
sure as the pressure is continuously decreased. Since, in the 
case When the oscillometric signal is not corrupted by 
artifact, the NIBP system does not need to maintain pressure 
at a de?ned step to obtain high quality pulses, an NIBP 
system utiliZing the linear de?ation technique can often 
obtain a blood pressure measurement more quickly than a 
system utiliZing the step de?ation technique. HoWever, note 
that other factors, like pulse pressure and heart rate, do 
in?uence the time it takes to complete a blood pressure 
determination for either the linear or step de?ate patterns. 

[0009] HoWever, since the pressure of the blood pressure 
cuff is de?ated continuously, if any one of the oscillation 
pulses is inaccurate due to an artifact introduced by the 
patient or some other external variable, the linear de?ation 
technique does not include a mechanism to compare 
recorded oscillation pulse amplitudes, as is possible When 
utiliZing the step de?ation technique. Therefore, it can be 
understood that operating an NIBP monitor utiliZing either 
a step de?ation technique or a linear de?ation technique has 
relative draWbacks in certain types of situations. Selectively 
operating an NIBP monitor utiliZing both the step de?ation 
technique and the linear de?ation technique Would be an 
improvement over the state of the art. 

SUMMARY OF THE INVENTION 

[0010] The folloWing describes a method for measuring 
and displaying the blood pressure of a patient utiliZing a 
non-invasive blood pressure (NIBP) monitor that includes 
an in?atable and de?atable blood pressure cuff and pressure 
transducer. The method obtains a series of oscillation pulses 
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from the pressure transducer of the NIBP monitor, Which are 
utilized to develop an oscillometric envelope and estimate 
the patient’s blood pressure. 

[0011] Initially, the blood pressure cu? of the NIBP moni 
tor is in?ated to an in?ation pressure above the systolic 
pressure for the patient. Once the pressure cu? is in?ated to 
the initial in?ation pressure, the central processor of the 
NIBP monitor begins to de?ate the pressure cu? utilizing a 
continuous de?ation technique. As noted previously, one 
possible Way to continuously de?ate the cuff is to use a 
linear pattern. The linear de?ate can be accomplished With 
and by controlling a proportional de?ate valve. HoWever, 
other continuous patterns could be used just as e?‘ectively. 
For example, rather than maintaining a linear pattern the 
de?ate valve could simply be opened and air alloWed to 
escape Without further control. 

[0012] As the pressure cu? is linearly de?ated, the NIBP 
monitor obtains a series of oscillation pulses from the 
pressure transducer. Each of the oscillation pulses from the 
pressure transducer is compared to a predicted pulse esti 
mate. The predicted pulse estimates can be calculated uti 
lizing various estimation techniques, such as a simple pre 
diction of the size of the next pulse to be observed based 
trends in previous pulses, a period measurement betWeen the 
pulses based upon the period betWeen previous pulses or a 
predicted estimate of the pulse size based upon the pulse size 
at the same cu? pressure from a previous blood pressure 
measurement cycle. Various methods and algorithms are 
contemplated for specifying a predicted pulse estimate that 
can be utilized by the central processor for comparison to a 
measured oscillation at some particular cu? pressure. 

[0013] If the central processor determines that the 
obtained oscillation pulse varies from the predicted pulse 
estimate by more than a given tolerance or percentage, the 
central processor interrupts the linear de?ation technique 
and holds the pressure cu? at the current cu? pressure. 

[0014] While the pressure cu? is held at the current 
pressure, the central processor obtains additional oscillation 
pulses that are compared to the predicted pulse estimate and 
to each other. If the additional oscillation pulses do not 
closely correspond to each other and to the predicted pulse 
estimate, the central processor holds the cu? pressure con 
stant until at least tWo oscillation pulses closely correspond 
to each other. Values for the accepted oscillation pulses are 
then stored and utilized When calculating a blood pressure 
estimate from an oscillometric envelope. 

[0015] Once acceptable oscillation pulses have been 
found, the central processor de?ates the pressure cu? in a 
series of distinct pressure steps or it reverts to the continuous 
de?ation technique depending on the quality of match With 
the predicted pulse estimate. If the central processor deter 
mines that the step de?ation technique shall be used, the 
central processor Waits for closely corresponding oscillation 
pulses before transitioning to the next pressure level or 
reverting to the continuous de?ation technique. Thus, the 
central processor transitions from the continuous de?ation 
technique to a pressure step de?ation technique When the 
obtained oscillation pulses do not correspond to predicted 
pulse estimates. 

[0016] If the central processor determines that the 
obtained oscillation pulses during the step de?ation tech 
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nique closely correspond to the predicted pulse estimate, the 
central processor can again transition to the continuous 
de?ation technique and again compare the obtained oscil 
lation pulses to predicted pulse estimates. 

[0017] In this manner, the NIBP monitor is operated using 
the linear de?ation technique unless the linear de?ation 
technique is obtaining oscillation pulses that do not corre 
spond to predicted pulse estimates. Only When the obtained 
oscillation pulses do not closely correspond to the predicted 
pulse estimates Will the NIBP monitor be operated utilizing 
a step de?ation technique, Which is more e?‘ective in reduc 
ing error due to artifacts encountered during the blood 
pressure determination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The draWings illustrate the best mode presently 
contemplated of carrying out the invention. In the draWings: 

[0019] FIG. 1 is a high level diagram of a non-invasive 
blood pressure (NIBP) monitoring system; 

[0020] FIG. 2 illustrates oscillometric data including step 
de?ate and oscillation pulse amplitudes derived using the 
NIBP monitoring system of FIG. 1; 

[0021] FIG. 3 illustrates oscillometric data including a 
linear de?ate curve and oscillation pulse amplitudes derived 
using the NIBP monitoring system of FIG. 1; and 

[0022] FIG. 4 illustrates oscillometric data obtained using 
both a linear de?ation technique and a step de?ation tech 
nique, including oscillation pulse amplitudes derived using 
the NIBP monitoring system of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0023] FIG. 1 illustrates a simpli?ed version of an oscil 
lometric non- invasive blood pressure (NIBP) monitor 10 
described in the aforementioned Ramsey patents. In FIG. 1, 
the arm 14 of a human patient 16 is shoWn Wearing a 
conventional ?exible in?atable and de?atable pressure cu? 
12 for occluding the brachial artery When fully in?ated. As 
the cu? 12 is de?ated using de?ate valve 18 having an 
exhaust 20, the arterial occlusion is gradually relieved. The 
de?ation of cu? 12 via de?ate valve 18 is controlled by 
central processor 22 via control line 24. 

[0024] Apressure transducer 26 is coupled by a duct 28 to 
the pressure cu? 12 for sensing the pressure therein. In 
accordance With conventional oscillometric techniques, 
pressure oscillations in the artery are sensed by changes in 
the counter-pressure of the cu? 12, and these pressure 
oscillations are converted into an electrical signal by trans 
ducer 26 and coupled over path 30 to central processor 22 
for processing. In addition, a source of pressurized air 32 is 
connected via a duct 34 through an in?ate valve 36 and a 
duct 38 to the pressure cu? 12. The in?ate valve 36 is 
electrically controlled through a connection 37 from the 
central processor 22. Also, the de?ate valve 18 is connected 
by duct 39 via a branch connection 41 With the duct 38 
leading to cu? 12. 

[0025] During operation of the apparatus illustrated in 
FIG. 1, air under pressure at approximately 8-10 p.s.i. is 
typically available in the source of pressurized air 32. When 
it is desired to initiate a determination of blood pressure, the 
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central processor 22 furnishes a signal over path 37 to open 
the in?ate valve 36. The de?ate valve 18 is closed. Air from 
the source 32 is communicated through in?ate valve 36 and 
duct 38 to in?ate the cuff 12 to a desired level, preferably 
above the estimated systolic pressure of the patient. Central 
processor 22 responds to a signal on path 30 from the 
pressure transducer 26, Which is indicative of the instanta 
neous pressure in the cuff 12, to interrupt the in?ation of the 
cuff 12 When the pressure in the cuff 12 reaches a predeter 
mined initial in?ation pressure that is above the estimated 
systolic pressure of the patient. Such interruption is accom 
plished by sending a signal over path 37 instructing in?ate 
valve 36 to close. Once in?ate valve 36 has been closed, the 
blood pressure measurement can be obtained by a de?ation 
technique to be described beloW. 

[0026] As is further described beloW, actual measurement 
of the blood pressure is accomplished by control from the 
central processor 22 using the de?ate valve 18 and the 
pressure transducer 26. At the completion of each measure 
ment cycle, the de?ate valve 18 can be re-opened long 
enough to relax the cuff pressure via exhaust 20. Thereafter, 
the de?ate valve 18 is closed for the start of a neW mea 
surement cycle. 

[0027] Accordingly, When a blood pressure measurement 
is desired, the in?ate valve 36 is opened While the cuff 
pressure is measured using the pressure transducer 26 until 
the cuff pressure reaches the desired level. The in?ate valve 
36 is then closed. Thereafter, the de?ate valve 18 is con 
trolled using signal 24 from central processor 22 and the 
blood pressure measurement taken. 

[0028] FIG. 2 illustrates a pressure versus time graph 
illustrating a conventional culf step de?ation and measure 
ment technique for a conventional NIBP monitor. As illus 
trated, the cuff is in?ated to an initial in?ation pressure 42 
above the systolic pressure 44, and the cuff is then de?ated 
to the next pressure level. A timeout duration, d, is provided 
at each step during Which the signal processing circuitry 
searches for oscillation pulses 48 in accordance With the 
techniques described in the afore-mentioned commonly 
assigned patents or as described beloW. The culf pressure is 
decremented before timeout duration, d, has elapsed if the 
detected oscillation pulses 48 closely correspond to each 
other, thereby indicating the lack of noise. This process of 
decrementing the pressure and searching for oscillation 
pulses is repeated until the oscillometric envelope 52 is 
su?iciently measured so that systolic, MAP 50, and diastolic 
may be calculated. The entire blood pressure determination 
process is then repeated at intervals set by the user, some 
other predetermined interval, or manually. 

[0029] As shoWn in FIG. 2, the patient’s arterial blood 
pressure forms an oscillometric envelope 52 comprised of a 
set of oscillation pulses 48 measured at each of the different 
culf pressure steps. From the oscillometric envelope 52, 
systolic pressure 44, MAP 50 and diastolic blood pressure 
54 are typically calculated. HoWever, as noted in the afore 
mentioned patents, it is desired that all artifact data be 
rejected from the measured data so that oscillometric enve 
lope 52 contains only the desired data and no artifacts, 
thereby improving the accuracy of the blood pressure deter 
minations. 

[0030] FIG. 3 illustrates a pressure versus time graph 
illustrating the operation of a linear de?ation and measure 
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ment technique for use With a conventional NIBP monitor. 
As illustrated, the pressure cuff is in?ated to the initial 
in?ation pressure 42 above the systolic pressure 44. Once 
the pressure cuff has reached the initial in?ation pressure 42, 
the cuff pressure is then linearly decreased from initial 
in?ation pressure 42 to a ?nal pressure 56, as illustrated by 
the linear portion 58 of the pressure curve 60. As the cuff 
pressure decreases from the initial in?ation pressure 42, the 
NIBP monitor detects and records each of the oscillation 
pulses 62 as Well as the instantaneous pressure Within the 
pressure cuff. The oscillation pulses 62 are recorded for the 
entire linear portion 58 of the pressure curve 60 from the 
initial in?ation pressure to the ?nal pressure 56. 

[0031] As shoWn in FIG. 3, if the oscillation pulses are 
free of noise and artifacts, the oscillation pulses 62 form an 
oscillometric envelope 64 having a generally bell-shaped 
curve. From the oscillometric envelope 64, systolic pressure 
44, MAP 50 and diastolic blood pressure 54 can be calcu 
lated. As described previously, the linear de?ation technique 
shoWn in FIG. 3 alloWs the cuff pressure curve 60 to be 
decreased more rapidly from the initial in?ation pressure 42 
to the ?nal pressure 56 as compared to the step de?ection 
technique shoWn in FIG. 2. Thus, When little to no artifacts 
are present during the blood pressure measurement, it is 
often desirable to use the linear de?ation technique shoWn in 
FIG. 3 With a more rapid de?ation period to create the 
oscillometric envelope 64. 

[0032] Although the linear de?ation technique illustrated 
in FIG. 3 has proven to be a time effective technique to 
create the oscillometric envelope 64, the technique su?fers 
When artifacts are introduced into the detection of the 
oscillation pulses, such as When the patient is being trans 
ported or during periods of a signi?cant patient movement. 

[0033] FIG. 4 illustrates a method of operating the NIBP 
monitor utiliZing both the linear de?ation technique as Well 
as the step de?ation technique to optimiZe the determination 
of a patient’s blood pressure using an NIBP monitor. As 
shoWn in FIG. 4, the pressure cuff is initially in?ated to a 
pressure 42 above systolic. Following the initial in?ation, 
the pressure curve 66 for the cuff pressure is initially 
decreased using the linear de?ation technique, as repre 
sented by the linear portion 68 of the cuff pressure curve 66. 
As the cuff pressure is decreased from the initial in?ation 
pressure, the oscillation pulses 70 are recorded by the central 
processor. As the cuff pressure 66 continues to decrease 
along the linear portion 68, the central processor begins to 
construct the oscillometric envelope 72. In addition to 
beginning to develop the oscillometric envelope 72, the 
central processor evaluates each of the oscillometric pulses 
70 relative to predicted pulse estimates. The predicted pulse 
estimate can be determined using many different types of 
techniques, some of Which Will be described in detail beloW. 

[0034] Referring back to FIG. 4, oscillation pulses 74, 76 
and 78 clearly do not fall Within a typical oscillometric 
envelope 72, primarily due to the presence of noise and 
artifacts. Once the central processor determines that the 
sensed pulses 74, 76 and 78 do not meet a predicted pulse 
pro?le, the central processor immediately interrupts the 
linear de?ation of the pressure cuff. Upon interruption of this 
linear de?ation, the central processor holds the cuff pressure 
constant and begins to control the NIBP monitor using the 
step de?ation technique, as shoWn by the ?rst pressure step 
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80. During the ?rst pressure step 80, the central processor 
monitors the series of oscillation pulses until the oscillation 
pulses closely correspond to each other, as represented by 
the tWo pulses 82. As described previously, the central 
processor Will not implement another step de?ation until 
detecting at least tWo oscillation pulses that closely corre 
spond. By operating the NIBP monitor using the step de?a 
tion technique, the central processor can discriminate good 
oscillation pulses from artifacts, unlike the operation utiliZ 
ing the linear de?ation technique. 

[0035] In the embodiment of the invention illustrated in 
FIG. 4, the processor de?ates the pressure cuff a second step 
84 and again Waits to detect multiple oscillation pulses that 
closely correspond to each other, as represented by oscilla 
tion pulses 86. Upon detection of the closely corresponding 
pulses 86, the central processor can either continue to de?ate 
the pressure cuff using the step de?ation technique or can 
again de?ate the pressure cuff using the linear de?ation 
technique, as represented by the second, linear portion 88 of 
the pressure curve 66. This decision could be made based on 
the neamess of agreement of the oscillation properties. If the 
comparison is Within certain de?ned limits the de?ate tech 
nique can be returned to a linear pattern. During the second, 
linear portion, the central processor again monitors the 
oscillation pulses and compares each of the obtained pulses 
to a predicted pulse estimate. If the detected pulses do not 
closely correspond to the pulse estimates, the central pro 
cessor Will again operate the NIBP monitor using the pres 
sure step de?ation technique. The central processor contin 
ues to de?ate the pressure cuff to a ?nal de?ation pressure 
90. 

[0036] As can be understood in FIG. 4, the central pro 
cessor of the NIBP monitoring system initially in?ates the 
pressure cuff to an initial in?ation pressure and monitors the 
oscillation pulses obtained during the linear de?ation of the 
pressure Within the cuff. During the linear de?ation, the 
central processor monitors the detected oscillation pulses 
and compares the most recently detected pulse to a predicted 
pulse estimate for that culf pressure. The creation of the 
predicted pulse estimates can be carried out using multiple 
different methods and techniques. Several techniques for 
generating the predicted pulse estimate Will be set forth in 
detail beloW. HoWever, it is should be understood that 
various other techniques of generating predicted pulse esti 
mates can be utiliZed While operating Within the scope of the 
present invention. 

[0037] As discussed, once the detected pulse varies from 
the predicted pulse estimate by a certain value or percentage, 
the central processor sWitches the de?ation of the pressure 
cuff from the linear de?ation technique to the step de?ation 
technique to more accurately make a blood pressure mea 
surement in the presence of noise or artifacts. The method 
and technique of determining When the detected oscillom 
etric pulses vary from a predicted pulse estimate is used to 
determine When the central processor sWitches from the 
linear de?ation technique to the step de?ation technique. 
Note that in general, there is no need to do a learning-step 
de?ate determination as the ?rst determination, since tech 
niques do exist for estimating the properties of the predicted 
pulses base solely on information obtained during the same 
determination. HoWever, in some cases, particularly in high 
artifact circumstances, such a learning determination could 
easily be done. 
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[0038] In one embodiment of the invention, each oscilla 
tion pulse detected is used to predict the siZe of the next 
oscillation pulse to be observed. The predicted estimate for 
the siZe of the next pulse can be estimated based upon 
historic data from that particular patient or based upon 
general historical trends from other patients. The predicted 
siZe estimate for the next oscillation pulse is then compared 
to the actual, measured oscillation pulse received from the 
pressure transducer. If the actual, measured pulse siZe 
exceeds the estimated pulse siZe by more than a deviation 
percentage or value, the central processor Will then sWitch 
from linear de?ation to step de?ation. In a preferred embodi 
ment of the invention, the central processor Will not sWitch 
from the linear de?ation to the step de?ation until at least 
tWo consecutive detected oscillation pulses deviate from the 
predicted estimates. 

[0039] In another embodiment of the invention, the central 
processor estimates a predicted pulse period. The predicted 
pulse period is based upon the last tWo pulses actually 
detected by the central processor. Upon estimating the pulse 
period, the central processor Will sWitch from linear de?a 
tion to step de?ation When the actual pulse period deviates 
a predetermined amount or percentage from the predicted 
pulse period measurement. Once again, the central processor 
can trigger the transition from linear de?ation to step de?a 
tion after either one variation from the predicted pulse 
period measurement or upon several consecutive deviations. 

[0040] Another contemplated method of evaluating the 
detected oscillation pulses for determining Whether to sWitch 
from linear de?ation to step de?ation involves generating a 
predicted estimate of the pulse siZe based upon the trend of 
the siZe of the last tWo pulses and a given tolerance. If the 
detected oscillation pulse exceeds the trend of the previous 
tWo pulses by more than a given tolerance, either above or 
beloW, the central processor Will sWitch from linear de?ation 
to step de?ation. The tolerance value above and beloW the 
trend of the last tWo pulses Will alloW for both increasing and 
decreasing oscillation pulses Within the general envelope 
shape. 

[0041] Another embodiment of the method of determining 
Whether to sWitch from linear de?ation to step de?ation 
involves utiliZing historical data for the patient being moni 
tored. Speci?cally, the oscillation pulse data obtained from 
the patient during the previous blood pressure determination 
can be utiliZed to create predicted estimates for the pulse 
siZes and other pulse properties during the current blood 
pressure measurement. If the current oscillation pulses do 
not correspond to the pulses during the last determination for 
the same culf pressure Within a given tolerance, the central 
processor can sWitch operation from linear de?ation to step 
de?ation. This type of technique is particularly desirable 
Where the cycle time betWeen blood pres sure determinations 
is relatively small, thus eliminating large changes in the 
patient’s blood pressure betWeen measurements. 

[0042] Another embodiment includes predicting the shape 
of the next oscillation pulse based upon the shape of the 
previous pulses detected. The system utiliZes historical data 
from other patients to create a predicted pulse shape for the 
patient being monitored. If the detected oscillation pulses do 
not closely correspond to the predicted pulse shape, the 
central processor can sWitch from linear de?ation to step 
de?ation. Pulse shapes can be compared using correlation 
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techniques are described in Us. Pat. No. 5,590,662 by 
Hersh and Booth, the disclosure of Which is incorporated 
herein by reference. 

[0043] As can be understood by the previous description, 
the central processor of the NIBP monitoring system initially 
operates the NIBP system using a linear de?ation technique. 
If, during the linear de?ation of the blood pressure cuff, 
oscillation pulses are not Within some small neighborhood of 
the predicted pulse estimates, the central processor Will 
begin to operate the NIBP monitor using a step de?ation 
technique. During the combined de?ation utiliZing both the 
linear de?ation technique and the pressure step de?ation 
technique, the central processor Will store the oscillation 
pulses and cu? pressures to create an oscillometric envelope. 
HoWever, during the combination of the linear de?ation and 
step de?ation, various artifacts may be recorded as part of 
the oscillation pulses. Thus, once the combined data from 
the linear de?ation technique and the step de?ation tech 
nique are stored Within the central processor, the central 
processor can utiliZe curve ?tting to generate a blood 
pressure for the patient. Curve ?tting techniques are shoWn 
and described in Us. Pat. No. 5,704,362, the disclosure of 
Which is incorporated herein by reference. 

[0044] Various alternatives and embodiments are contem 
plated as being Within the scope of the folloWing claims 
particularly pointing out and distinctly claiming the subject 
matter regarded as the invention 

What is claimed is: 
1. A method of operating a non-invasive blood pressure 

(NIBP) monitor having an in?atable and de?atable pressure 
cu? positioned on a patient and using a pressure transducer, 
With the method comprising the steps of: 

in?ating the pressure cu? to an initial in?ation pressure; 

continuously de?ating the pressure cu? from the initial 
in?ation pressure; 

obtaining a series of oscillation pulses from the pressure 
transducer as the pressure cu? is de?ated from the 
initial in?ation pressure; 

comparing the obtained oscillation pulses to predicted 
pulse estimates; 

interrupting the continuous de?ation of the pressure cu? 
When the obtained oscillation pulses vary from the 
predicted pulse estimates; 

de?ating the pressure cu? in a sequence of distinct 
pressure steps after interruption of the continuous 
de?ation; 

obtaining oscillation pulses from the pressure transducer 
during each pressure step; and 

calculating the patient’s blood pressure based on the 
plurality of obtained oscillation pulses. 

2. The method of claim 1 Wherein the step of comparing 
the obtained oscillation pulses to the predicted pulse esti 
mates includes predicting the siZe of each oscillation pulse 
to be obtained based upon the prior obtained pulses and a 
prede?ned tolerance, Wherein the continuous de?ation is 
interrupted if the oscillation pulse is outside the tolerance 
around the predicted pulse estimate. 

3. The method of claim 1 Wherein the step of comparing 
the obtained oscillation pulses to the predicted pulse esti 
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mates includes comparing the obtained oscillation pulse to 
the oscillation pulse measured at the same cu? pressure 
during a previous blood pressure measurement cycle. 

4. The method of claim 1 Wherein at least tWo oscillation 
pulses are obtained during a pressure step, Wherein the 
pressure cu? is de?ated to the next pressure step only if the 
oscillation pulses obtained during that pressure step closely 
correspond to each other in magnitude or other pulse prop 
erty. 

5. The method of claim 4 further comprising the step of 
continuing to de?ate the cu? using continuous de?ation after 
the obtained oscillation pulses during a pressure step closely 
correspond to each other in magnitude or other pulse prop 
erty. 

6. The method of claim 1 Wherein the patient’s blood 
pressure is calculated using the oscillation pulses obtained 
during both continuous de?ation and during the sequence of 
pressure steps. 

7. The method of claim 1 further comprising the step of 
de?ating the pressure cu? to a ?nal pressure in the sequence 
of pressure steps folloWing interruption of the continuous 
de?ation. 

8. A method of operating a non-invasive blood pressure 
(N IBP) monitor having an in?atable and de?atable pressure 
cu? positioned on the patient and a pressure transducer 
operable to detect oscillometric pulses, the method compris 
ing the steps of: 

de?ating the pressure cu? from an initial in?ation pres 
sure to a ?nal pressure using a continuous de?ation 
technique; 

obtaining oscillation pulses from the pressure transducer 
during the continuous de?ation of the pressure cu? 
from the initial in?ation pressure; 

comparing the obtained oscillation pulses to predicted 
pulse estimates; and 

terminating the continuous de?ation of the pressure cu? 
and de?ating the pressure cu? in a series of pressure 
steps When the obtained oscillation pulses vary from 
the predicted pulse estimates. 

9. The method of claim 8 further comprising the step of: 

obtaining at least tWo oscillation pulses during each 
pressure step; 

comparing the oscillation pulses obtained during a pres 
sure step; and 

de?ating the pressure cu? using the continuous de?ation 
technique When the tWo oscillation pulses during that 
pressure step closely correspond to each other in ampli 
tude or some other property. 

10. The method of claim 8 Wherein the step of comparing 
the obtained oscillation pulses to the predicted pulse esti 
mates includes predicting the siZe of each oscillation pulse 
to be obtained based upon the prior obtained pulses and a 
prede?ned tolerance, Wherein the continuous de?ation is 
interrupted if the oscillation pulse siZe di?ers from the 
predicted pulse estimate. 

11. The method of claim 8 Wherein the step of comparing 
the obtained oscillation pulses to the predicted pulse esti 
mates includes correlating the cu? pressure signal With a 
predetermined template representing attributes of a knoWn 
blood pressure cu? oscillation. 
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12. The method of claim 8 wherein the step of comparing 
the obtained oscillation pulses to the predicted pulse esti 
mates includes comparing the obtained oscillation pulse to 
the oscillation pulse measured at the same cu? pressure 
during a previous blood pressure measurement cycle. 

13. The method of claim 8 Wherein at least tWo oscillation 
pulses are obtained during a pressure step, Wherein the 
pressure cu? is de?ated to the next pressure step only if the 
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oscillation pulses obtained during the pressure step corre 
spond to each other With a speci?ed tolerance. 

14. The method of claim 13 further comprising the step of 
continuing to de?ate the cu? using continuous de?ation after 
the obtained oscillation pulses during a pressure step corre 
spond to each other Within a tighter speci?ed tolerance. 

* * * * * 


