
METHOD AND SYSTEM FOR MEASURING PARAMETERS OF AUTONOMIC DYSFUNCTION TESTS
FIELD OF THE INVENTION The invention relates to a method for measuring
parameters of autonomic dysfunction tests and a system for performing same.
The method is particularly related to the equipment used. BACKGROUND TO THE
INVENTION The following discussion of the background to the invention is
intended to facilitate an understanding of the present invention. However,
it should be appreciated that the discussion is not an acknowledgment or
admission that any of the material referred to was published, known or part
of the common general knowledge in any jurisdiction as at the priority date
of the application. Autonomic dysfunction is presently detected through
monitoring the blood pressure and the heart rate changes of a patient
through five distinct tests, namely:  While the patient performs the
Valsalva manoeuvre;  While the patient repeats lying down and standing up
(this may be performed by way of a tilt-table);  While the patient's hand
is maintained in a sustained handgrip;  While the patient undertakes a set
exercise regime; and While the patient's hand is immersed in cold water.
Existing methods for obtaining blood pressure and heart rate readings
during these tests commonly sees the patient being monitored by two or more
devices. For example, blood pressure may be measured using a
sphygmomanometer or other non invasive systems, while heart rate is almost
universally monitored by way of an electrocardiogram ("ECG").These devices
are expensive, and, in some cases, may cause additional discomfort to the
patient. The use of multiple monitoring devices also may prolong the
assessment 



due to the requirement to calibrate each device separately. A further
problem of the present testing regime for autonomic dysfunction is that
there is no integration between the monitoring devices. A side effect of
this is that multiple machines, of varying accuracy, have been developed to
handle one or more of the tests mentioned above. The results of each such
machine then have to be weighted as part of the autonomic dysfunction
diagnosis. An additional side effect to the requirement for multiple
machines is that the patient undergoes periods of delay while he or she is
disconnected from one monitoring device and hooked up to the next - thereby
increasing the overall time necessary to obtain test results. While the
above are problematic in themselves, the use of the ECG during the
autonomic dysfunction testing regime introduces further uncertainty into
the tests. This is due to the fact that it has been shown that while
electrical signals may be sent to the heart, these electrical signals do
not always translate into the mechanical motion that is a heart beat.
Accordingly, this electrical-mechanical dissociation result in the heart
beat as determined by the ECG may not be an accurate reflection of the true
heart beat of a patient. Another drawback to the present testing systems is
that the monitoring devices are only capable of qualitatively indicating
whether a patient suffers from autonomic dysfunction. There is no way by
which the degree or amount of autonomic dysfunction can be quantified using
such systems. It is therefore an object of the present invention to provide
a method and system that alleviates, at least in part, one or more of the
problems of the prior art mentioned above. SUMMARY OF THE INVENTION
Throughout this document, unless otherwise indicated to the contrary, the
terms "comprising", "consisting of, and the like, are to be construed as
non-exhaustive, or in 



other words, as meaning "including, but not limited to".Additionally, in
the context of the remainder of the specification, "beat-to-beat blood
pressure" refers to the actual biood pressure assessed on each beat of a
patient's heart. It is not a reference to any system which takes an average
or uses some other statistical or processing technique to provide a value
for each beat of the patient's heart as determined from a period of time
longer than one beat of the patient's heart. The applicant has discovered
that the existing understanding that multiple devices are required to
assess autonomic dysfunction parameters is in error. This discovery stems
from the realisation that a device capable of measuring the beat-to-beat
blood pressure of a patient can use the resulting blood pressure waveform
data to determine the patient's heart rate. In doing so, as blood pressure
is related to the mechanical movement of the heart (ie. heart beats), the
potential for error in heart beat calculation latent in ECG systems is
avoided. This discovery thus allows for real time measurements of
parameters of autonomic dysfunction during performance of the autonomic
dysfunction tests through seamless connection with the test system. In
accordance with a first aspect of the invention there is a method for
measuring parameters of autonomic dysfunction tests comprising: obtaining
beat-to-beat blood pressure measurements from a patient during the
performance of each of at least one autonomic dysfunction test; calculating
variant blood pressure and heart rate values from the beat-to-beat blood
pressure measurements for each of the at least one autonomic dysfunction
tests; summing the variant blood pressure values calculated for each
autonomic dysfunction test; and summing the variant heart rate values
calculated for each autonomic dysfunction test. The step of calculating
variant blood pressure and heart rate values from the beat-tobeat 



blood pressure measurements preferably includes the sub step of calculating
the heart rate according to the formula: hr = 60/dwhere: hr is the heart
rate of the patient; and d is the duration of the blood pressure waveform
in seconds. The calculated variant heart rate may be adjusted to factor in
the sampling rate of the beat-to-beat blood pressure monitoring device. The
variant blood pressure and heart rate values may be alternatively
calculated with reference to a comparison between the blood pressure
measurement taken from the patient against a normal blood pressure
measurement stored in a record representing a person without autonomic
dysfunction having a similar profile as the patient; comparison between the
calculated heart rate measurement against a normal heart rate measurement
stored in a record representing a person without autonomic dysfunction
having a similar profile as the patient. Ideally, the variant blood
pressure measurement is the absolute value of the blood pressure
measurement taken from the patient minus the normal blood pressure
measurement stored in a record representing a person without autonomic
dysfunction having a similar profile as the patient, the absolute value
multiplied by a constant. Similarly, ideally, the variant heart rate is the
absolute value of the heart rate measurement taken from the patient minus
the normal heart rate measurement stored in a record representing a person
without autonomic dysfunction having a similar profile as the patient, the
absolute value multiplied by a constant. The normal blood pressure
measurement is a percentage change in blood pressure of a person without
autonomic dysfunction measured during an autonomic dysfunction test
preferably determined according to the formula: 



NBP = (RBPref - BBPref)/BBPref where:NBP is the percentage change in blood
pressure of the person without autonomic dysfunction measured during the
autonomic dysfunction test; the person of a similar profile as the patient
referenced from the external database for the test concerned; RBPref is the
blood pressure response of the person without autonomic dysfunction; the
person of a similar profile as the patient as expected for the autonomic
dysfunction test being performed; AND BBPref is the resting blood pressure
of the person without autonomic dysfunction; the person of a similar
profile as the patient as expected for the autonomic dysfunction test being
performed. The actual blood pressure measurement is the actual percentage
change in blood pressure of the patient measured during the autonomic
dysfunction test, preferably determined according to the formula: ABP =
(RBPpatient - BBPp atient)/BBPpatient where: ABP is the actual percentage
change in blood pressure of the patient during the autonomic dysfunction
test concerned; RBPpatient is the blood pressure response of the patient
for the autonomic dysfunction test being performed; AND BBPpatient is the
resting blood pressure response of the patient as expected for the
autonomic dysfunction test being performed. The normal heart rate
measurement is the percentage change in heart rate of a person without
autonomic dysfunction measured during an autonomic dysfunction test,
preferably determined according to the formula: NHR = (RHRrbf -
BHRref)/BHRref 



where: NHR is the percentage change in heart rate of the person without
autonomic dysfunction measured during the autonomic dysfunction test; the
person of asimilar profile as the patient as referenced from the external
database for the test concerned; RHRref is the heart rate response of the
person without autonomic dysfunction; the person of a similar profile as
the patient as expected for the autonomic dysfunction test being performed;
AND BHRref is the resting heart rate of a person without autonomic
dysfunction; the person of a similar profile as the patient as expected for
the autonomic dysfunction test being performed. The actual heart rate
measurement is the actual percentage change in heart rate of a patient
measured during the autonomic dysfunction test determined according to the
formula: AHR = (RHRpatient -BHRpatientVBHRpatient where: AHR is the actual
percentage change in heart rate of the patient measured during the
autonomic dysfunction test concerned; RHRpatient is the heart rate response
of the patient for the autonomic dysfunction test being performed; AND
BHRpatient is the resting heart rate of the patient as expected for the
autonomic dysfunction test being performed. The variant blood pressure
values and/or the variant heart rate response value may be weighted prior
to summation. The at least one autonomic dysfunction test is at least one
of the following: having the patient perform the Valsalva manoeuvre; having
the patient repeatedly lying down and standing up; 



having the patient's hand maintained in a sustained handgrip; having the
patient undertake a set exercise regime; and/orhaving the patient's hand
immersed in cold water. Each test is ideally performed for a predetermined
length of time. In accordance with a second aspect of the invention there
is a system for measuring parameters of autonomic dysfunction tests
comprising: a beat-to-beat blood pressure monitoring device; and a
processing unit, where the beat-to-beat blood pressure monitoring device is
operable to obtain beat-tobeat blood pressure measurements from a patient
during the performance of each of at least one autonomic dysfunction test
and calculate variant blood pressure and heart rate values from the
beat-to-beat blood pressure measurements for each of the at least one
autonomic dysfunction tests, the calculated variant blood pressure and
heart rate values being communicated to the processing unit where the
variant blood pressure values for each autonomic dysfunction test is summed
and the variant heart rate values calculated for each autonomic dysfunction
test are summed. In accordance with a third aspect of the invention, being
a variant on the second aspect of the invention, there is a system for
measuring parameters of autonomic dysfunction tests comprising: a
beat-to-beat blood pressure monitoring device; and a processing unit, where
the beat-to-beat blood pressure monitoring device is operable to obtain
beat-tobeat blood pressure measurements from a patient during the
performance of each of at least one autonomic dysfunction test and
communicate the measurements to the processing unit, the processing unit
thereafter operable to calculate variant blood pressure and heart rate
values from the beat-to-beat blood pressure measurements for each of the at
least one autonomic dysfunction tests, the processing unit thereafter also 



operable to sum the variant blood pressure values for each autonomic
dysfunction test and sum the variant heart rate values calculated for each
autonomic dysfunction test. Preferably, the heart rate is calculated
according to the formula:hr = 60/d where: . hr is the heart rate of the
patient; and d is the duration of the blood pressure waveform in seconds.
The calculated heart rate may be adjusted to factor in the sampling rate of
the beat-tobeat blood pressure monitoring device. The blood pressure
measurement taken from the patient is, ideally, compared against a normal
blood pressure, measurement stored in a record representing a person
without autonomic dysfunction having a similar profile as the patient in
determining the variant blood pressure measurement. Similarly, the
calculated heart rate measurement is compared against a normal heart rate
measurement stored in a record representing a person without autonomic
dysfunction having a similar profile as the patient in determining the
variant heart rate measurement. The variant blood pressure measurement is,
preferably, the absolute value of the blood pressure measurement taken from
the patient minus the normal blood pressure measurement stored in a record
representing a person without autonomic dysfunction having a similar
profile as the patient, the absolute value multiplied by a constant. The
variant heart rate is the absolute value of the heart rate measurement
taken from the patient minus the norma! heart rate measurement stored in a
record representing a person without autonomic dysfunction having a similar
profile as the patient, the absolute value multiplied by a constant.
Preferably, the normal blood pressure measurement is a percentage change in
blood pressure of a person without autonomic dysfunction measured during an
autonomic dysfunction test determined according to the formula: 



NBP = (RBPref - BBPref)/BBPref where: NBP is the percentage change in blood
pressure of the person without autonomic dysfunction measured during the
autonomic dysfunction test; theperson of a similar profile as the patient
referenced from the external database for the test concerned; RBPref is the
blood pressure response of the person without autonomic dysfunction; the
person of a similar profile as the patient as expected for the autonomic
dysfunction test being performed; AND BBPref is the resting blood pressure
of the person without autonomic dysfunction; the person of a similar
profile as the patient as expected for the autonomic dysfunction test being
performed. Preferably, the actual blood pressure measurement is the actual
percentage change in blood pressure of the patient measured during the
autonomic dysfunction test, determined according to the formula: ABP =
(RBPpati bnt BBP p atient)/BBPpatient where: ABP is the actual percentage
change in blood pressure of the patient during the autonomic dysfunction
test concerned; RBPpatiept is the blood pressure response of the patient
for the autonomic dysfunction test being performed; AND BBPp atient is the
resting blood pressure response of the patient as expected for the
autonomic dysfunction test being performed. Preferably, the normal heart
rate measurement is the percentage change in heart rate of a person without
autonomic dysfunction measured during an autonomic dysfunction test
determined according to the formula: NHR = (RHRref - BHRreO/BHRref 



where: NHR is the percentage change in heart rate of the person without
autonomic dysfunction measured during the autonomic dysfunction test; the
person of a similar profile as the patient as referenced from the external
database for the test concerned;RHRref is the heart rate response of the
person without autonomic dysfunction; the person of a similar profile as
the patient as expected for the autonomic dysfunction test being performed;
AND BHRr ef is the resting heart rate of a person without autonomic
dysfunction; the person of a similar profile as the patient as expected for
the autonomic dysfunction test being performed. Preferably, the actual
heart rate measurement is a percentage change in heart rate of the patient
measured during the autonomic dysfunction test as determined according to
the formula: AHR = (RHRpatient - BHRpatient)/BHR patJent where: AHR is the
actual percentage change in heart rate of the patient measured during the
autonomic dysfunction test concerned; RHRpatient is the heart rate response
of the patient for the autonomic dysfunction test being performed; AND
BHRpatient is the resting heart rate of the patient as expected for the
autonomic dysfunction test being performed. The variant blood pressure
values determined for each autonomic dysfunction test may be weighted
before summation. Similarly, the variant heart rate values determined for
each autonomic dysfunction test may be weighted before summation. The at
least one autonomic dysfunction test is at least one of the following:
having the patient perform the Valsalva manoeuvre; 



having the patient repeatedly lying down and standing up; having the
patient's hand maintained in a sustained handgrip; having the patient
undertake a set exercise regime; and/orhaving the patient's hand immersed
in cold water. Each of the at least one autonomic dysfunction test is
performed for a predetermined length of time. Preferably, the beat-to-beat
blood pressure monitoring device is a non-invasive blood pressure
monitoring service. Communication of measurements between the beat-to-beat
blood pressure monitoring device and the processing unit may be by way of
wired or wireless means. The record of the person without autonomic
dysfunction having a similar profile as the patient preferably include
information in respect of at least one of the following attributes: age;
sex; about the same health profile; ethnicity, and about the same
medication regime. In accordance with a fourth aspect of the invention
there is a computer readable medium having software stored thereon that,
when executed by an appropriate processor, performs a method for measuring
parameters of autonomic dysfunction tests according to the first aspect of
the invention. BRIEF DESCRIPTION OF THE DRAWINGS The invention will now be
described, by way of example only, with reference to the accompanying
drawings, in which: Figure 1 is a flow chart of the method for the
measurement of parameters of autonomic dysfunction tests in accordance to
the first embodiment of the invention. Figure 2 is an illustration of a
series of beat-to-beat blood pressure waveform cycles. Figure 3 is a system
setup for the measurement of parameters of autonomic dysfunction tests.
PREFERRED EMBODIMENTS OF THE INVENTION 



In accordance with a first embodiment of the invention there is a system 10
for measuring parameters of autonomic dysfunction tests of a patient 16
comprising: a non-invasive, beat-to-beat blood pressure monitoring device
12; and an autonomic dysfunction analysis device 14 The non-invasive,
beat-to-beat blood pressure monitoring device 12 is ideally the BPro(tm)
device available from HealthSTATS International Pte Ltd of Singapore. The
autonomic dysfunction analysis device 14, in this embodiment, takes the
form of a notebook computer 18. The notebook computer 18 is in data
communication with the non-invasive, beat-to-beat blood pressure monitoring
device 12 by way of a Universal Serial Bus ("USB") cable 20. A hard drive
of the notebook computer 18 has software recorded thereon such that, when
the software is executed, it obtains data from the non-invasive,
beat-to-beat blood pressure monitoring device 12 and is able to analyse the
autonomic dysfunction parameters as required. The software also has
reference to a database. In this embodiment, the database is an external
database. Each record in the external database includes the expected blood
pressure and heart rate profiles for a "normal" patient segregated
according to age and sex. In determining whether the patient 16 has
autonomic dysfunction, comparison will be made with a 'normal' person
having a similar profile, where they are about the same age and sex. The
system 10 will now be described in more detail in the context of its
intended operation. A medical personnel 22 such as a doctor or a nurse,
attaches the non-invasive blood pressure monitoring device 12 to the
patient 16 at a location where the patient's 16 blood pressure can be
measured. The non-invasive blood pressure monitoring device 12 is also
connected to the notebook computer 18. The medical personnel 22 then
executes the software stored on the hard drive (if not already operating)
to control the testing regime to follow. 



Prior to commencement of the autonomic dysfunction tests, the non-invasive
blood pressure monitoring device 12 is calibrated to capture bio-data about
the patient 16. As such a calibration would be known to the person skilled
in the art, it will not be described in more detail here. In addition to
calibration, the resting beat-to-beat blood pressure measurement of the
patient 16 is obtained (Step 110). Beat-to-beat bloodpressure measurements
are taken by the non-invasive blood pressure monitoring device 12 from at
least this point forward. The patient 16 is then subjected, to each test
one after the other in the set of autonomic dysfunction tests of the prior
art while wearing the non-invasive blood pressure monitoring device 12
(Step 120). For the sake of clarity, these tests are:  having the patient
perform the Valsalva manoeuvre;  having the patient repeatedly lying down
and standing up;  having the patient's hand maintained in a sustained
handgrip;  having the patient undertake a set exercise regime; and  having
the patient's hand immersed in cold water. All throughout this testing
regime, beat-to-beat blood pressure data is being accumulated by the
non-invasive blood pressure monitoring device 12 and relayed back to the
notebook computer 18 by way of the USB cable 20. This information is then
stored in a blood pressure database and also recorded on the hard drive of
the notebook computer 18 (Step 130). As part of each test, the software
executing on the notebook computer 18 indicates to the medical personnel 22
the test to be performed prior to commencement. Similarly, the software
indicates the exact time that the test is to commence as well as the exact
time that the test is to finish. In this manner, each test is performed for
a predetermined length of time - typically between twenty second and five
minutes as required by the standard protocols of the country in which the
test is being performed. The expected consequences of each test, and how
they relate to whether a patient may 



suffer from autonomic dysfunction, are as follows: The Valsalva Manoeuvre-
The normal physiological response consists of four phases: an initial
pressure rise phase, a reduced venous return and compensation phase, a
pressure release phase and a return of cardiac output phase. If there is
little or no variation in heart rate throughout the four phases of the
test, the test is indicative that the patient suffers from autonomic
dysfunction.Repeated Transience Between Standing Position and Lying
Position- If there is a difference in the systolic blood pressure of the
patient between standing and lying positions of greater than 30mmHg and a
resultant increase in heart rate, the test is indicative that the patient
suffers from autonomic dysfunction. Sustained Handgrip-If a related
increase in heart rate and systolic blood pressure is evident, the test is
not indicative that the patient suffers from autonomic dysfunction.
Exercise Regime. If the heart rate and blood pressure do not elevate to a
sustained plateau pattern, the test is indicative that the patient suffers
from autonomic dysfunction. Placement of Hand in Cold Water- If the test
shows that the patient does not show a sudden and sharp increase in both
heart rate and blood pressure which settles over time (heart rate settling
first), the test is indicative that the patient suffers from autonomic
dysfunction. At the end of each test, the notebook computer 18 reviews the
results obtained against a set of criteria aimed at determining whether the
test has been conducted properly and are of sufficient quality for analysis
(Step 140). Such criteria include identifying any stray values. If the
results do not meet these criteria the software indicates to the medical
personnel 22 that the test should be repeated (Step 135). Other criteria
aimed at determining whether the test has been conducted properly and is of
sufficient quality for analysis can not be assessed by the notebook
computer 18. Accordingly, mechanisms are also provided to allow the medical
personnel 22 to manually indicate 



that a test should be repeated. If the results meet the criteria, the
software operates to direct the medical personnel to perform the next test
in the testing regime. Of course, if the last test meets the criteria, the
software operates to perform the analysis as described (Step 145). Once all
of the information has been obtained from the non-invasive blood pressure
monitoring device 12, the software operates to determine the duration of
each blood pressure waveform (Step 150). In this embodiment, this is
achieved by analysing the data as a whole and determining the lowest point
(L) in each waveform cycle as illustrated graphically in Figure 2.With the
duration of each blood pressure waveform determined, it is possible to
determine the heart rate of the patient at the time the waveform was
obtained by the equation: hr = 60/d where hr is the heart rate and d is the
duration of the blood pressure waveform in seconds. This then means that a
blood pressure reading and a heart rate measurement is available at any
time during testing. With the blood pressure and heart rate values during
each test able to be referenced, the software compares the heart rate and
blood pressure profiles to those stored in the external database for a
person falling into a similar age range as the patient who is also of a
similar sex (Step 160). From this comparison, a numerical assessment of
autonomic dysfunction for the test is calculated according to the following
formulas: hradtesf = |NHR - AHR| x 100%; and bpadfe =|NBP - ABP| x 100%
where: NHR is the percentage change in heart rate of a person without
autonomic dysfunction of a similar sex and age as referenced from the
external database 



for the test concerned; the formula for calculating the NHR value is set
out in more detail below. AHR is the actual percentage change in heart rate
of the patient during the test concerned. The formula for calculating the
AHR value is set out in more detail below. NBP is the percentage change in
blood pressure of a person without autonomic dysfunction of a similar sex
and age as referenced form the external database for the test concerned.
The formula for calculating the NBP value is set out in more detail below;
andABP is the actual percentage change in blood pressure of the patient
during the test concerned. The formula for calculating the ABP value is set
out in more detail below. in each case the absolute difference between the
two values (EHR and AHR; EBP and ABP) and the extent of the variation is of
primary importance. The direction of the variation is considered
essentially immaterial. As mentioned above, the NHR, AHR, NBP and ABP are
calculated values. The formula for each value is as follows: NHR = (RHRref
- BHRref)/BHR ref AHR = (RHRpati bnt BHRpatientVBHRpatiept NBP = (RBP ref -
BBP ref)/BBPref ABP = (RBPpatient - BBP patient)/BBPpatient Where RHRref is
the heart rate response of a person of the same sex and age as referenced
from the external database for the test concerned. The measurement for
RHRref varies for different autonomic dysfunction tests conducted. For
example, RHR ref for the Exercise Regime test and sustained handgrip test
is taken to be the maximum heart rate measured during the conduct of the
tests. 



For the Valsalva Manoeuvre test, RHR ref is taken to be the sum of the
minimum, maximum and/or the 1st derivate at different phases of the test.
The expected RHRref for the remaining tests would be known to the person
skilled in the art. BHRref is the resting heart rate of a person of a
similar sex and age as referenced from the external database for the test
concerned. RHRpaiient is the heart rate response of the patient for a
similar description above. BHRpatient is the resting heart rate of the
patient. RBPref is the blood pressure response of a person of a similar sex
and age as referenced from the external database for the test concerned.
The measurement for RBPref varies for different autonomic dysfunction tests
conducted and isknown to a person skilled in the art. For example, RBP ref
for the Exercise Regime test and sustained handgrip test is taken to be the
maximum systolic blood pressure values measured during the conduct of the
tests. Again, the expected RBPref value for the remaining tests would be
known to the person skilled in the art. BBPref is the resting blood
pressure of a person of a similar sex and age as referenced from the
external database for the test concerned. RBPpatient is the blood pressure
response of the patient for a similar description above. BBPpatient is the
resting blood pressure of the patient. The final quantitative assessment of
autonomic dysfunction parameters is then expressed as the sum total of the
hrad test and bpad test values for each test (Step 170). This value then
may be graphed to show how the patient's trend of autonomic function and if
there is any worsening/improvement in his condition (Step 180). It should
be appreciated by the person skilled in the art that the above invention is
not limited to the embodiment described. In particular, the following
modifications and improvements may be made without departing from the scope
of the present invention: 



The beat-to-beat blood pressure monitoring device 12 need not be non
invasive. While a non-invasive system is preferable for the comfort of the
patient, the invention as described could just as easily be adapted for use
with an invasive beat-to-beat blood pressure monitoring device 12.  The
beat-to-beat blood pressure monitoring device 12 may have separate
processing circuits or software that allows for calculation of the heart
rate as described above. In this situation, the beat-to-beat blood pressure
monitoring device 12 may provide the heart rate and beat-to-beat blood
pressure data to the autonomic dysfunction analysis device 14. This then
alleviates the autonomic dysfunction analysis device 14 of the need to
calculate the heart rate itself. o The beat-to-beat blood pressure
monitoring device 12 and autonomic dysfunction analysis device 14 may be
integrated into a single device. The software may allow for the medical
personnel 22 to override the assessment of the test measurements against
the set criteria. In this manner, the medical personnel can force the
system to repeat any test he or she deems necessary to repeat.  In
situations where the beat-to-beat blood pressure monitoring device 12
physically connects to the autonomic dysfunction analysis device 14, the
method of connection can be by means other than USB cable 20. For instance,
connection can be achieved by way of a Fire wire cable or serial cable.
Wireless connection between the beat-to-beat blood pressure monitoring
device 12 and the autonomic dysfunction analysis device 14 may be by way of
infrared or wireless radio.  The autonomic dysfunction analysis device 14
need not be a notebook computer 18. It can just as easily be a dedicated
device or desktop 



computer, or a terminal attached to a computer network.  While it is
preferable that an analysis is performed during all the full set of tests,
it is possible for a similar to be based on the results of one or more of
the tests rather than the full test set.  A start/stop button may be
provided on the beat-to-beat blood pressure monitoring device 12 as a means
of indicating the commencement and finishing of each test as directed by
the medical personnel 22.  The non-invasive beat-to-beat blood pressure
monitoring device 12 need not be connected to the notebook computer 18
during testing. Instead, the non invasive beat-to-beat blood pressure
monitoring device 12 may have storage means for storing blood pressure
measurements. These measurements can then be transferred form the storage
means to the notebook computer 18 upon subsequent linkup following
completion of the last test. In yet a further alternative arrangement, the
system may continuously monitor the blood pressure of the patient during
the testing regime. In this arrangement, measurements relating to
particular tests may be determined by filtering out those measurements
considered indicative of the rest heartbeat of the patient. In addition to
the heart rate and blood pressure response to each test, the settling time
or response time may be used to provide an indication on whether a patient
is suffering from autonomic dysfunction  Ideally, the non-invasive blood
pressure monitoring device is positioned adjacent to an artery.  The
software may be implemented as an electronic circuit or may be externally
stored relative to the autonomic dysfunction analysis device 14.  As the
sampling rate of the beat-to-beat blood pressure monitoring device 12 may
impact on the calculated heart rate, the formula used to determine the 



calculated heart rate may be amended to factor in the influence of such a
sampling rate.  The calculated values hrad and bpad may be further
corrected to account for co-existing conditions that may influence such
values. An example is to correct the values to account for the patient
taking beta-blockers.  Each record held by the external database may be
further segregated according to ethnicity with the NHR and NBP values being
correlated on the basis of ethnicity in addition to age and sex. Even
further segregation of records held in the external database can be made
with reference to any other relevant health profile as would be known to
the person skilled in the art.  The RBPref, RHRref, BBPref and BHRref
values may be determined by averaging the relevant blood pressure
measurements and heart rates of a 'normal' person found in the external
database.  The blood pressure response and heart rate response to an
autonomic dysfunction test for a 'normal' person may be a range of values
bounded by upper and lower limits.  The hrad and bpad values may be
weighted according to the significance of the test providing such values.
In this respect, it is noted that higher weightings could be applied to the
Valsalva manoeuvre and cold water tests due to the observation that
indications of autonomic dysfunction only show up in these tests when the
disease is more pronounced.It should be further appreciated by the person
skilled in the art that the above modifications and improvements, where not
mutually exclusive, can be combined to form yet further embodiments
considered within the scope of the present invention.WE CLAIM: 1. A method
for measuring parameters of autonomic dysfunction tests comprising:
obtaining beat-to-beat blood pressure measurements from a patient during
the 



performance of each of at least one autonomic dysfunction test; calculating
variant blood pressure and heart rate values' from the beat-to-beat blood
pressure measurements for each of the at least one autonomic dysfunction
tests; summing the variant blood pressure values calculated for each
autonomic dysfunction test; and summing the variant heart rate values
calculated for each autonomic dysfunction test. 2. A method according to
claim 1, where the step of calculating variant blood pressure and heart
rate values from the beat-to-beat blood pressure measurements includes the
sub step of calculating the heart rate according to the formula: hr 60/d
where: hr is the heart rate of the patient; and d is the duration of the
blood pressure waveform in seconds. 3. A method according to claim 2, where
the sub step of calculating the heart rate is adjusted to factor in the
sampling rate of the beat-to-beat blood pressure monitoring device. 4. A
method according to any one of claims 1 to 3, where the step of calculating
variant blood pressure and heart rate values from the beat-to-beat blood
pressure measurements includes the sub steps of: comparing the blood
pressure measurement taken from the patient against a normal blood pressure
measurement stored in a record representing a person without autonomic
dysfunction having a similar profile as the patient;comparing the
calculated heart rate measurement against a normal heart rate measurement
stored in a record representing a person without autonomic dysfunction
having a similar profile as the patient. 



5. A method according to claim 4, where the variant blood pressure
measurement is the absolute value of the blood pressure measurement taken
from the patient minus the normal blood pressure measurement stored in a
record representing a person having a similar profile as the patient, the
absolute value multiplied by a constant. 6. A method according to claim 4
or claim 5, where the variant heart rate is the absolute value of the heart
rate measurement taken from the patient minus the normal heart rate
measurement stored in a record representing a person having a similar
profile as the patient, the absolute value multiplied by a constant. 7. A
method according to claim 5, where the normal blood pressure measurement is
the percentage change in blood pressure of a person without autonomic
dysfunction measured during an autonomic dysfunction test, determined
according to the formula: NBP = (RBPref - BBPref)/BBPr f where: NBP is the
percentage change in blood pressure of the person without autonomic
dysfunction measured during the autonomic dysfunction test; the person of a
similar profile as the patient referenced from the external database for
the test concerned; RBPref is the blood pressure response of the person
without autonomic dysfunction; the person of a similar profile as the
patient as expected for the autonomic dysfunction test being performed; AND
BBPret is the resting blood pressure of the person without autonomic
dysfunction; the person of a similar profile as the patient as expected for
the autonomic dysfunction test being performed. 8. A method according to
claim 5 or claim 7, where the actual blood pressure measurement is the
actual percentage change in blood pressure of the patientmeasured during
the autonomic dysfunction test determined according to the 



formula: ABP = (RBPpatient -BBP p atJent)/BBP patJent where: ABP is the
actual percentage change in blood pressure of the patient during the
autonomic dysfunction test concerned; RBPpatient is the blood pressure
response of the patient for the autonomic dysfunction test being performed;
AND BBPpatient is the resting blood pressure response of the patient as
expected for the autonomic dysfunction test being performed. 9. A method
according to claim 6, where the normal heart rate measurement is the
percentage change in heart rate of a person without autonomic dysfunction
measured during an autonomic dysfunction test, determined according to the
formula: NHR = (RHRref - BHR ref)/BHR rqf where: NHR is the percentage
change in heart rate of the person without autonomic dysfunction measured
during the autonomic dysfunction test; the person of a similar profile as
the patient as referenced from the external database for the test
concerned; RHRref is the heart rate response of the person without
autonomic dysfunction; the person of a similar profile as the patient as
expected for the autonomic dysfunction test being performed; AND BHRref is
the resting heart rate of a person without autonomic dysfunction; the
person of a similar profile as the patient as expected for the autonomic
dysfunction test being performed.10. A method according to claim 6 or claim
9, where the actual heart rate measurement is the actual percentage change
in heart rate of the patient measured during the 



autonomic dysfunction test, determined according to the formula: AHR =
(RHRpatient -BHR patient)/BHRpatient where: AHR is the actual percentage
change in heart rate of the patient measured during the autonomic
dysfunction test concerned; RHRpatient is the heart rate response of the
patient for the autonomic dysfunction test being performed; AND BHRpatient
is the resting heart rate of the patient as expected for the autonomic
dysfunction test being performed. 11.A method according to any preceding
claim including the further step of weighting the variant blood pressure
values prior to summation. 12. A method according to any preceding claim
including the further step of weighting the heart rate response values
prior to summation. 13. A method according to any preceding claim, where
the at least one autonomic dysfunction test is at least one of the
following: having the patient perform the Valsalva manoeuvre; having the
patient repeatedly lying down and standing up; having the patient's hand
maintained in a sustained handgrip; having the patient undertake a set
exercise regime; and/or having the patient's hand immersed in coid water.
14.A method according to any preceding claim, where each of the at least
one autonomic dysfunction test is performed for a predetermined length of
time. 15.A system for measuring parameters of autonomic dysfunction tests
comprising: a beat-to-beat blood pressure monitoring device; anda
processing unit, where the beat-to-beat blood pressure monitoring device is
operable to obtain beatto- beat blood pressure measurements from a patient
during the performance of 



each of at least one autonomic dysfunction test and calculate variant blood
pressure and heart rate values from the beat-to-beat blood pressure
measurements for each of the at least one autonomic dysfunction tests, the
calculated variant blood pressure and heart rate values being communicated
to the processing unit where the variant blood pressure values for each
autonomic dysfunction test are summed and the variant heart rate values
calculated for each autonomic dysfunction test are summed. 16. A system for
measuring parameters of autonomic dysfunction tests comprising: a
beat-to-beat blood pressure monitoring device; and a processing unit, where
the beat-to-beat blood pressure monitoring device is operable to obtain
beatto- beat blood pressure measurements from a patient during the
performance of each of at least one autonomic dysfunction test and
communicate the measurements to the processing unit, the processing unit
thereafter operable to calculate variant blood pressure and heart rate
values from the beat-to-beat blood pressure measurements for each of the at
least one autonomic dysfunction tests, the processing unit thereafter also
operable to sum the variant blood pressure values for each autonomic
dysfunction test and sum the variant heart rate values calculated for each
autonomic dysfunction test. 17. A system according to claim 15 or claim 16,
where the heart rate is calculated according to the formula: hr = 60/d
where: hr is the heart rate of the patient; and d is the duration of the
blood pressure waveform in seconds.18. A system according to claim 17,
where the calculated heart rate is adjusted to factor in the sampling rate
of the beat-to-beat blood pressure monitoring device. 



19. A system according to any one of claims 15 to 18, where: the blood
pressure measurement taken from the patient is compared against a normal
blood pressure measurement stored in a record representing a person having
a similar profile as the patient in determining the variant blood pressure
measurement; the calculated heart rate measurement is compared against a
normal heart rate measurement stored in a record representing a person
having a similar profile as the patient in determining the variant heart
rate measurement. 20. A system according to claim 19, where the variant
blood pressure measurement is the absolute value of the blood pressure
measurement taken from the patient minus the normal blood pressure
measurement stored in a record representing a person having a similar
profile as the patient, the absolute value multiplied by a constant. 21. A
system according to claim 19, where the variant heart rate is the absolute
value of the heart rate measurement taken from the patient minus the normal
heart rate measurement stored in a record representing a person having a
similar profile as the patient, the absolute value multiplied by a
constant. 22. A system according to claim 20, where the normal blood
pressure measurement is a percentage change in blood pressure of a person
without autonomic dysfunction measured during an autonomic dysfunction test
determined according to the formula: NBP = (RBPref - BBPref)/BBPref where:
NBP is the percentage change in blood pressure of the person without
autonomic dysfunction measured during the autonomic dysfunction test; the
person of a similar profile as the patient referenced from the external
database for the test concerned;RBPrbf is the blood pressure response of
the person without autonomic 



dysfunction; the person of a similar profile as the patient as expected for
the autonomic dysfunction test being performed; AND BBPrbf is the resting
blood pressure of the person without autonomic dysfunction; the person of a
similar profile as the patient as expected for the autonomic dysfunction
test being performed. 23.A system according to claim 20 or claim 22, where
the actual blood pressure measurement is the actual percentage change in
blood pressure of the patient during an autonomic dysfunction test,
determined according to the formula: ABP = (RBPpatient - BBPp atien
t)/BBPpati ent where: ABP is the actual percentage change in blood pressure
of the patient during the autonomic dysfunction test concerned; RBPpatient
is the blood pressure response of the patient for the autonomic dysfunction
test being performed; AND BBPpatient is the resting blood pressure response
of the patient as expected for the autonomic dysfunction test being
performed. 24.A system according to claim 2 1, where the normal heart rate
measurement is the percentage change in heart rate of a person without
autonomic dysfunction, determined according to the formula: NHR = (RHRref -
BHRref)/BHRref where: NHR is the percentage change in heart rate of the
person without autonomic dysfunction measured during the autonomic
dysfunction test; the person of a similar profile as the patient as
referenced from the external database for the test concerned;RHRref is the
heart rate response of the person without autonomic dysfunction; the person
of a similar profile as the patient as expected for the autonomic 



dysfunction test being performed; AND BHRref is the resting heart rate of a
person without autonomic dysfunction; the person of a similar profile as
the patient as expected for the autonomic dysfunction test being performed.
25.A system according to claim 2 1 or claim 24, where the actual heart rate
measurement is the actual percentage change in heart rate of the patient
measured during the autonomic dysfunction test determined according to the
formula: A H R = (R H Rpatlent - H RpatientVB H Rpatient where: AHR is the
actual percentage change in heart rate of the patient measured during the
autonomic dysfunction test concerned; RHRpatient is the heart rate response
of the patient for the autonomic dysfunction test being performed; AND
BHRpatient is the resting heart rate of the patient as expected for the
autonomic dysfunction test being performed. 26.A system according to any
one of claims 15 to 25, where the variant blood pressure values determined
for each autonomic dysfunction test are weighted before summation. 27.A
system according to any one of claims 15 to 26, where the variant heart
rate values determined for each autonomic dysfunction test are weighted
before summation. 28.A system according to any one of claims 15 to 27,
where the at least one autonomic dysfunction test is at least one of the
following: having the patient perform the Valsalva manoeuvre; having the
patient repeatedly lying down and standing up;having the patient's hand
maintained in a sustained handgrip; having the patient undertake a set
exercise regime; and/or 



having the patient's hand immersed in cold water. 29.A system according to
any one of claims 15 to 28, where each of the at least one autonomic
dysfunction test is performed for a predetermined length of time. 30. A
system according to any one of claims 15 to 29, where the beat-to-beat
blood pressure monitoring device is a non-invasive blood pressure
monitoring service. 3 1.A system according to any one of claims 15 to 30,
where communication of measurements between the beat-to-beat blood pressure
monitoring device and the processing unit is by way of wireless means. 32.A
system according to any one of claims 15 to 31, where the record of the
person having a similar profile as the patient includes information in
respect of at least one of the following attributes: age; sex; health
profile; ethnicity. 33.A computer readable medium having software stored
thereon that, when executed by an appropriate processor, performs a method
for measuring parameters of autonomic dysfunction tests according to any
one of claims 1 to 14. 


