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Applicant: Gambro Lundia AB

Prediction of Rapid Symptomatic Blood Pressure Decrease

THE BACKGROUND OF THE INVENTION AND PRIOR ART

The present invention relates generally to detection of the onset
of rapid (acute) symptomatic drop in a subject’s blood pressure.
More particularly the invention relates to an alarm apparatus ac-
cording to the preamble of claim 1, a medical system according
to claim 12, a method according to the preamble of claim 13, a
computer program according to claim 23, and a computer read-
able medium according to claim 24.

There exist many situations wherein it is important to detect po-
tential hypotension, and if possible avoid the actual occurrence
thereof, for example when performing artificial blood purification.
The human body consists of approximately 60% water — a level
which is important to maintain for survival. While it is unproble-
matic to provide the body with new water, disposal of surplus
water is a major problem in renal patients. The task of the nor-
mal kidney is to remove superfluous fluid from the blood, such
as water, urea and other waste products. The resulting urine is
transferred to the bladder and finally leaves the body during
urination. The kidney’s second task is to regulate for example
the balance of acid and base. With malfunctioning kidneys, dis-
orders may develop in most major body organs, a syndrome cal-
led uremia. If uremia remains untreated, it will lead to death.
Uremia is treated either by kidney transplantation, or some kind
of blood treatment, extracorporeal or intracorporeal.

During an artificial blood purification process, such as extracor-
poreal blood treatment, it is common that the patient suffers
from symptomatic hypotension, characterized by a blood pres-
sure drop with symptoms in the form of cramps, nausea, vomi-
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ting and sometimes fainting. Such an event is not only strenuous
for the patient, but also requires considerable attention from the
staff overseeing the treatment. Consequently, during such blood
treatment, it is highly desirable to detect the onset of symptoma-
tic hypotension and preventing it from coming about.

However, there are other examples of situations in which it is
vital to predict, and if possible prevent, rapid symptomatic hypo-
tension. For instance fighter plane pilots are often subjected to
forces that risk result in that the pilot faints. However, also
operators of other types of vehicles, crafts and machines may
need similar surveillance in order to reduce hazards to the ope-
rators, other people and various material goods.

The published US patent application 2004/0254473 describes a
laser blood-flow meter and a system for monitoring bio-data of a
person. The laser blood-flow meter measures a respective blood
flow in different quarters of a biological structure by irradiating
laser beams to the structure and detecting resulting scattered
beams. Based on the detected light, it is then judged whether
the person to which the biological structure belongs is in a se-
rious condition. For example, this judgement may be based on a
reduction in blood flow relative to previously recorded stan-
dards, reduction in an amplitude of a blood-flow waveform rela-
tive to the standards, and a heartbeat frequency increase.

However, there is yet no solution, which on one hand, provides
a quick and reliable hypotension warning, and on the other
hand, is cost-efficient and straightforward to implement.

SUMMARY OF THE INVENTION

The object of the present invention is therefore to alleviate the
problem above and thus accomplish an uncomplicated solution
by means of which the onset of acute symptomatic blood pres-
sure decrease can be detected at a point in time when any ef-
fects thereof, still may be avoided.



10

15

20

25

30

35

WO 2007/141246 PCT/EP2007/055477

According to one aspect of the invention, the object is achieved
by the initially described alarm apparatus, wherein the pulse
recording means includes a pulse oximetry instrument adapted
to register the pulse shape parameter based on light response
variations in at least one blood vessel of the subject. The control
unit further includes a processing unit, which is adapted to cal-
culate an initial pulse magnitude measure based on a pulse
shape parameter received at a first instance, and to store the
initial pulse magnitude measure in a memory means associated
with the control unit. During a measurement period subsequent
to the first instance, the processing unit is adapted to calculate
a respective pulse magnitude measure based on each of a
number of received pulse shape parameters. Moreover, for each
pulse magnitude measure in the measurement period, the
processing unit is adapted to investigate whether or not the
measure fulfills a decision criterion relative to the initial pulse
magnitude measure. If such a criterion is found to be fulfilled,
the processing unit is adapted to generate an alarm triggering
signal. Thus, appropriate measures can be taken, automatically
and/or manually, to avoid (or at least reduce the risk) that
hypotension is coming about.

An important advantage by this design is that an early hypoten-
sion warning can be provided based on comparatively small pro-
cessing resources and sensors being simple and cost-efficient.
Moreover, the sensors used are recognized within medicine, and
have a well-established functionality.

According to a preferred embodiment of this aspect of the inven-
tion, the processing unit is adapted to regard the decision cri-
terion as fulfilled if: an examined pulse magnitude measure of a
given pulse shape parameter is below a threshold value calcu-
lated based on the initial pulse magnitude measure; and a
predetermined amount (say 50-100 %) of the pulse magnitude
measures of the pulse shape parameters received within a test
period after the given pulse shape parameter are below the
threshold value.
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Preferably, the test period is an interval selected from a range
extending from approximately three minutes to approximately
fifteen minutes, and more preferably the test period is approxi-
mately five minutes long. Thus, depending on the threshold va-
lue, the predetermined amount of pulse magnitude measures re-
quired to fulfill the decision criterion and the test period length
selected, a robust and reliable hypotension warning can be
obtained for a large variety of subjects and applications.

According to another preferred embodiment of this aspect of the
invention, the processing unit is adapted to calculate the thres-
hold value by normalizing the initial pulse magnitude measure,
and dividing the normalized initial pulse magnitude measure by
a predefined denominator, for instance a value selected from a
range from approximately 1,2 to approximately 5. Hence, by se-
lecting the threshold value, the algorithm can be calibrated re-
garding the length of the test period to attain a desired balance
between early warning and false alarms. Generally, however, a
relatively large denominator requires a comparatively short test
period, and vice versa.

According to yet another preferred embodiment of this aspect of
the invention, the processing unit is adapted to, during the mea-
surement period, calculate a pulse magnitude measure for any
received pulse shape parameter by dividing an original measure
with the initial pulse magnitude measure representing the
normalized initial pulse magnitude measure having been divided
by the predefined denominator. Hence, an unbiased comparison
with the initial status can be made.

According to a further preferred embodiment of this aspect of
the invention, the arrangement includes an auxiliary recording
means, which is adapted to repeatedly register a bio-impedance
parameter representing a degree of contraction of the subject’s
capillary blood vessels. Moreover, the processing unit is adap-
ted to receive the bio-impedance parameter and investigate
whether or not the bio-impedance parameter fulfills an auxiliary
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alarm criterion. Also upon fulfillment of this criterion, the proces-
sing unit is adapted to generate the alarm triggering signal.
Hence, a complementary hypotension detection means is provi-
ded, and thereby a more reliable function.

According to another preferred embodiment of this aspect of the
invention, the arrangement is adapted to predict rapid sympto-
matic blood pressure decrease in a subject undergoing blood
treatment. Here, the processing unit is adapted to calculate the
initial pulse magnitude measure based on a pulse shape para-
meter received during an initial phase of the blood treatment.
Thus, the hypotension detection is based on a reference value
being relatively unaffected by the treatment. This further enhan-
ces the reliability.

According to another aspect of the invention, the object is achie-
ved by a medical system adapted to perform blood treatment of a
subject. In addition to the above-proposed alarm arrangement,
the system includes a dialysis machine adapted to perform extra-
corporeal blood treatment of a subject. Hence, blood treatment
and hypotension surveillance can be effected in parallel in a
straightforward manner.

According to another aspect of the invention the object is
achieved by the initially described method, wherein the registe-
ring of the pulse shape parameter involves a pulse oximetry
measurement. Thereby, the pulse shape parameter is determined
based on light response variations in at least one blood vessel of
the subject. Moreover, the method includes calculating an initial
pulse magnitude measure based on a pulse shape parameter re-
ceived at a first instance, and storing the initial pulse magnitude
measure in a memory means. During a measurement period sub-
sequent to the first instance, a respective pulse magnitude mea-
sure is calculated based on each of a number of received pulse
shape parameters. For each pulse magnitude measure in the
measurement period it is investigated whether or not the measure
fulfills a decision criterion relative to the initial pulse magnitude
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measure, and if so, an alarm triggering signal is generated.

The advantages of this method, as well as the preferred embodi-
ments thereof, are apparent from the discussion hereinabove
with reference to the proposed alarm apparatus.

According to a further aspect of the invention the object is
achieved by a computer program directly loadable into the inter-
nal memory of a computer, comprising software for controlling
the above proposed method when said program is run on a com-
puter.

According to another aspect of the invention the object is
achieved by a computer readable medium, having a program re-
corded thereon, where the program is to make a computer cont-
rol the above proposed method.

Further advantages, advantageous features and applications of
the present invention will be apparent from the following des-
cription and the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is now to be explained more closely by
means of preferred embodiments, which are disclosed as
examples, and with reference to the attached drawings.

Figure 1 shows a schematic image of an alarm arrange-
ment according to one embodiment of the inven-
tion,

Figure 2 shows a block diagram over a medical system

according to one embodiment of the invention,

Figure 3a shows a graph illustrating an example of a first
subject’s blood pressure variation during a blood
treatment process,

Figure 3b shows a graph illustrating how the proposed pul-
se magnitude measure of the first subject varies
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over time,

Figure 4a shows a graph illustrating an example of a se-
cond subject’s blood pressure variation during a
blood treatment process,

Figure 4b shows a graph illustrating how the proposed pul-
se magnitude measure of the second subject va-
ries over time,

Figure 5a shows a graph illustrating an example of a third
subject’s blood pressure variation during a blood
treatment process,

Figure 5b shows a graph illustrating how the proposed pul-
se magnitude measure of the third subject varies
over time, and

Figure 6 shows a flow diagram which illustrates the gene-
ral method of predicting rapid symptomatic blood
pressure decrease according to the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE
INVENTION

We refer initially to Figure 1, which depicts an alarm arrange-
ment 100 for predicting rapid symptomatic blood pressure de-
crease in a subject P according to one embodiment of the in-
vention. The arrangement 100 includes a pulse recording means
110 and 115 respectively, and a control unit 120.

The pulse recording means has a pulse oximetry instrument
110, and preferably a separate sensor unit 115. This unit 115 in-
cludes at least one light source and at least one light detector
through which a pulse signal S is registered that describes light
response variations in at least one blood vessel in a peripheral
body part 105 of the subject P (e.g. in a finger, a toe, an ear-
lobe, a nose tip or other extremity, in the skin thereof, or in the
skin of any other body part) depending on where the sensor unit
115 is attached to the subject P. The light response variations
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preferably reflect variations in the absorption of the light trans-
mitted from said at least one light source. However, light reflec-
tance and/or light transmittance may equally well be studied. In
any case, the pulse oximetry instrument 110 is adapted to regis-
ter a pulse shape parameter pps based on the pulse signal S.

The control unit 120 is adapted to receive and process the pulse
shape parameter pps. Specifically, the control unit 120 includes
a processing unit 128, which is adapted to store a pulse shape
parameter pps received at a first instance t; in a memory means
123. The memory means 123 is either included in the control
unit 120, or associated thereto, e.g. via a cable or a wireless
connection. In any case, the processing unit 128 is adapted to
calculate an initial pulse magnitude measure PM1 based on the
value stored in the memory means 123.

Figure 3b shows a graph, which illustrates the initial pulse mag-
nitude measure PM1 in respect of a first subject being exposed
to an extracorporeal blood treatment. Preferably, the initial pulse
magnitude measure PM1 is not only derived from a singular
pulse shape parameter pps, however from based on an average
of a number of such parameters registered during an initial
measurement period. The graph in Figure 3b represents time t in
minutes along the horizontal axis, and the pulse magnitude mea-
sure PM along the vertical axis.

According to the invention, the processing unit 128 may deter-
mine the pulse magnitude measure PM via one or more of the
following strategies. For example, the difference between a
maximum and a minimum value of the pulse shape parameter
pps registered during a pulse stroke can be calculated.
Alternatively, the envelope of the pulse shape parameter pps
can be detected, e.g. by calculating the so-called Hilbert-
transform. The root-mean-square (RMS) measure can also be
utilized to determine the pulse magnitude measure PM based on
the pulse shape parameter pps. Nevertheless, this requires a
prior calibration of the parameter values to a zero average.
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Figure 3a shows a graph illustrating the first subject’s systolic
and diastolic blood pressure variations BPs and BPp respec-
tively in mmHg during the treatment. The blood pressure BP va-
ries throughout the treatment. However, as can be seen in Figu-
re 3b, no hypotension occurs. Apart from a dip around 245 minu-
tes into the treatment, the pulse magnitude measure PM also re-
mains relatively stable.

During a measurement period subsequent to the first instance t;
(i.,e. here from t = 0 and onwards), the processing unit 128 is
adapted to calculate a respective pulse magnitude measure PM
based on each of a number of received pulse shape parameters
pps. For each pulse magnitude measure PM in the measurement
period, the processing unit 128 is further adapted to investigate
whether or not the measure PM fulfills a decision criterion
relative to the initial pulse magnitude measure PM1. If such a
decision criterion is found to be fulfilled, the processing unit 128
is adapted to generate an alarm triggering signal a. The alarm
triggering signal «, in turn, is presumed to cause an alarm A to
be activated in an alarm unit 125 of the control unit 120 itself,
and/or in an external unit receiving the alarm triggering signal a.
The pulse magnitude measure PM and the decision criterion will
be discussed in detail below with reference to Figures 4, 5 and 6.

Figure 2 shows a block diagram over a medical system 200 ac-
cording to one embodiment of the invention for performing blood
treatment of a subject P. To this aim the system 200 includes a
dialysis machine 210, which may be adapted to perform extracor-
poreal blood treatment of the subject P, i.e. the machine 210 is
adapted to extract contaminated blood 3. from the subject P and
return purified blood 3, to the subject P. The system 200 also in-
cludes the above-described alarm arrangement 100 for predicting
any rapid blood pressure decreases being potentially unhealthy to
the subject P. Thus, in parallel with cleaning the subject’'s P
blood, the alarm arrangement 100 monitors him/her regarding the
risk that acute symptomatic hypotension occurs. In case of an
alarm signal o, the overseeing staff can be informed and/or the
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dialysis machine 210 can be controlled to adjust its treatment
parameter in order to avoid a hypotension situation. This type of
adjustment is symbolized by means of a feedback signal a from
the alarm arrangement 100 to the dialysis machine 210.

Preferably, the control unit 120 (see Figure 1) in the arrange-
ment 100 is adapted to predict rapid symptomatic blood pres-
sure decrease in the subject P based on an initial pulse mag-
nitude measure PM1 calculated from a pulse shape parameter
pps received during an initial phase of the blood treatment when
the subject is still relatively unaffected by this treatment.

Turning now to Figure 4a, we see a diagram with a graph ex-
emplifying how the systolic blood pressure BPs and the diastolic
blood pressure BPp in mmHg of a second subject varies during
an extracorporeal blood treatment. At a point in time t, around
145 minutes into the treatment, the subject suffers from acute
symptomatic hypotension. This event is preceded by a rapid de-
crease BP in both the systolic BPs and diastolic BPp blood
pressures.

Referring further to Figure 4b, we will now explain how the pro-
posed pulse magnitude measure PM and a threshold value T are
calculated according to embodiments of the invention, and how
evaluation of these parameters is used to predict the hypoten-
sion event.

The processing unit 128 of Figure 1 is adapted to investigate
whether a decision criterion is fulfilled with respect to the pulse
shape parameters pps received during the measurement period.
In this example, the measurement period starts att = 0, and the
period continues throughout the interval covered by the diag-
rams of Figures 4a and 4b.

The processing unit 128 of the control unit 120 preferably calcu-
lates the threshold value T as follows. First, the initial pulse
magnitude measure PM1 derived at t; (i.e. here t = 0) is
normalized. In this example PM1 = 1, however technically, any
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other reference is conceivable. Then the normalized value is
divided by a predefined denominator, which can be any number
between 1,2 and 5, say 2. As a result, the threshold value T is
obtained. Consequently, given that the predefined denominator
is 2, T becomes 0,5 as is illustrated in Figure 4b by means of a
dashed line. In the measurement period after ty, the processing
unit 128 calculates a normalized pulse magnitude measure PM
for each received pulse shape parameter pps by dividing an
original magnitude measure with the normalized initial pulse
magnitude measure PM1 (that is derived from the pulse shape
parameter pps received at the first instance t4). Hence, a pulse
magnitude measure PM representing a larger pulse magnitude
than that of the pulse shape parameter pps received at the first
instance t; results in a pulse magnitude measure PM > 1, and
conversely, a pulse magnitude measure PM representing a
smaller pulse magnitude than that of the pulse shape parameter
pps received at the first instance t4 results in a pulse magnitude
measure PM < 1.

When the pulse magnitude measure PM has been derived, the
processing unit 128 regards the above-mentioned decision cri-
terion to be fulfilled if:

(a) an examined pulse magnitude measure PM of a given
pulse shape parameter is below the threshold value T,
and

(b) a predetermined amount of the pulse magnitude measu-
res PM of the pulse shape parameters pps received
within a test period 1 after the given pulse shape para-
meter are below the threshold value T.

According to one embodiment of the invention, the predeter-
mined amount is a value representing approximately 50 % to
approximately 100 % of the pulse magnitude measures PM of
the pulse shape parameters pps received within the test period
7. The predetermined amount may represent all the pulse magni-
tude measures PM of the pulse shape parameters pps received
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within the test period t. Nevertheless, to avoid interruption by
singular pulse magnitude measures PM above the threshold va-
lue T, it can be advantageous to assign a predetermined amount
equivalent to less than 100 %. Alternatively, a secondary thres-
hold value can be assigned somewhat above the threshold value
T, and the processing unit 128 may employ a hysteresis algo-
rithm, such that once the pulse magnitude measures PM has fal-
len below the threshold value T, the decision criterion is deemed
fulfilled if, at expiry of the test period 1, the pulse magnitude
measures PM has not exceeded the secondary threshold value.

In the example illustrated in Figure 4b, the pulse magnitude
measure PM for the first time falls below the threshold value T
around t = 128 minutes. Here, we assume that the above-
mentioned predetermined amount is 100 %, and that the test
period T is 5 minutes long. Hence, the test period T ends around
t = 133 minutes. At this point in time, however, the pulse mag-
nitude measure PM again exceeds the threshold value T.
Therefore, no alarm triggering signal will be generated by the
processing unit 128.

Around t = 135 minutes, the pulse magnitude measure PM re-
turns to a level below the threshold value T, and this time the
pulse magnitude measure PM remains below the threshold value
T for period exceeding the test period t (here 5 minutes). Con-
sequently, at the end of the test period 1 (i.e. at approximately t
= 140 minutes), the processing unit generates the alarm trigge-
ring signal o. It is then around 5 minutes left until t = t, when
hypotension occurred. Thus, aided by the alarm triggering signal
o, it had been possible to perform appropriate, manual and/or
automatic, hypotension inhibiting actions in due time. It is
further advantageous if the processing unit 128 is adapted to
generate an attention signal (e.g. causing a yellow lamp on the
unit to be lit up) whenever the pulse magnitude measure PM is
below the threshold value T. Thus, any supervising staff can
obtain an earliest possible indication of that acute symptomatic
hypotension may be forthcoming, and that therefore the subject
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needs extra attention. If, at the end of the pulse magnitude
measure PM rises above the threshold value T without the
decision criterion having been fulfilled, the attention signal is
deactivated.

Of course, according to the invention, a test period t length
other than five minutes is likewise conceivable. In fact, the test
period T may represent any interval selected from a range exten-
ding from approximately three minutes to approximately fifteen
minutes. The length of the test period t is a design parameter
that is selected to attain a desired balance between robustness
and reliability. Preferably, the choice of the test period t is made
conjoint with the predefined denominator above. Namely, for a
given balance between early hypotension warning and false
alarms, a relatively large denominator requires a comparatively
short test period, and vice versa.

Moreover, if in the example of Figure 4b, the predetermined
amount of pulse magnitude measure PM below the threshold
value T required to fulfil the decision criterion had been selected
to a value less than 100 %, say 60 %, the alarm triggering signal
o would have been generated already at expiry of the first test
period T (i.e. around t = 133 minutes).

Analogous to Figures 4a and 4b, Figures 5a and 5b show graphs
exemplifying a third subject’s blood pressure variation during an
extracorporeal blood treatment and a corresponding pulse
magnitude measure variation respectively.

In this example, the subject suffers from two acute symptomatic
hypotension events at t = ty; (around 155 minutes into the treat-
ment) and at t = ty, (around 178 minutes into the treatment) res-
pectively. To facilitate comparison with the previous examples,
we have also here chosen to normalize the initial pulse mag-
nitude measure PM1 derived at t; (t = 0) to 1, selected a thres-
hold value T = 0,5 (i.e. the predefined denominator is 2), and set
the length of the test period 1 to five minutes. Furthermore, we
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regard the decision criterion as fulfilled if all pulse magnitude
measures PM of the pulse shape parameters pps received within
the test period t fall below the threshold value T.

As is apparent from the diagram in Figure 5b, given these para-
meter values, the processing unit 128 will generate the alarm
triggering signal a at t = ty4 (around 145 minutes into the treat-
ment) and at t = ty; (around 171 minutes into the treatment) res-
pectively. Thus approximately seven to ten minutes advance in-
dications of the upcoming hypotension events are provided.

Returning briefly to Figure 3b, we see that the pulse magnitude
measure PM here never falls below the threshold value T (here
0,5). Thus, in this case, the processing unit 128 will not gene-
rate any alarm triggering signal o.

We now return to Figure 1. According to one embodiment of the
invention, the arrangement 100 includes an auxiliary recording
means 130 adapted to repeatedly register a bio-impedance pa-
rameter pg, that represents a degree of contraction of the
subject’'s P capillary blood vessels. In this embodiment, the pro-
cessing unit 128 is further adapted to receive this bio-impedan-
ce parameter pg;, and investigate whether or not the parameter
pg fulfills an auxiliary alarm criterion. If this criterion is found to
be fulfilled, the processing unit 128 is adapted to generate the
alarm triggering signal a. Hence, the performance and reliability
of the arrangement 100 is improved. To further improve the
usability of the arrangement 100, it is preferable if the auxiliary
recording means 130 is adapted to determine a bio-impedance
parameter being essentially unrelated to the contraction of the
subject’s P capillary blood vessels. Thus, the auxiliary recording
means 130 may register an absolute body temperature,
variations in the body temperature and/or an amount of sweat on
the subject P, and the processing unit may be adapted to test
the auxiliary alarm criterion against one or more of these
parameters.
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In order to sum up, the general method of predicting rapid symp-
tomatic blood pressure decrease in a subject according to the
invention will be described below with reference to the flow dia-
gram in figure 6.

A first step 610 investigates whether or not a pulse shape para-
meter in respect of a peripheral body part of the subject has
been received. If no such parameter has been received, the pro-
cedure loops back and stays in the step 610. If, however, a
pulse shape parameter is received, a step 620 follows, which
calculates an initial pulse magnitude measure based on a pulse
shape parameter received at a first instance. It is here
presumed that the pulse shape parameter has been registered
by means of a pulse oximetry measurement wherein the pulse
shape parameter is determined based on light absorption varia-
tions in at least one blood vessel of the subject.

A following step 630, stores the initial pulse magnitude measure
in a memory means. Thereafter, a measurement period follows
during which a step 640 calculates a respective pulse magnitude
measure based on each received pulse shape parameter.
Moreover, for each pulse magnitude measure in the measure-
ment period, a step 650 subsequent to the step 640, investigates
whether or not the pulse magnitude measure fulfills a decision
criterion relative to the initial pulse magnitude measure. If the
decision criterion is found not to be fulfilled, and provided that the
measurement period still is active, the procedure loops back to
the step 640.

However, if in the step 650 it is found that the decision criterion is
fulfilled, a step 660 follows, which causes an alarm triggering sig-
nal to be generated. Thereafter, the procedure may either end, or
loop back to the step 640 (provided that the measurement period
still is active). Preferably, the measurement period is inactivated
in response to a manual intervention, such as depressing a reset
button. Namely, thereby it is straightforward to resume (or ac-
tually maintain) the measurement period even in cases where the
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measurement may have been involuntary interrupted, for instance
due to that the sensor unit 115 has fallen off the subject P. In
such cases, the sensor unit 115 may simply be reattached,
where after the measurement continues.

All of the process steps, as well as any sub-sequence of steps,
described with reference to the figure 6 above may be controlled
by means of a programmed computer apparatus. Moreover, al-
though the embodiments of the invention described above with
reference to the drawings comprise computer apparatus and
processes performed in computer apparatus, the invention thus
also extends to computer programs, particularly computer prog-
rams on or in a carrier, adapted for putting the invention into
practice. The program may be in the form of source code; object
code, a code intermediate source and object code such as in
partially compiled form, or in any other form suitable for use in
the implementation of the process according to the invention.
The carrier may be any entity or device capable of carrying the
program. For example, the carrier may comprise a storage
medium, such as a Flash memory, a ROM (Read Only Memory),
for example a CD (Compact Disc) or a semiconductor ROM, an
EPROM (Erasable Programmable Read-Only Memory), an
EEPROM (Electrically Erasable Programmable Read-Only
Memory), or a magnetic recording medium, for example a floppy
disc or hard disc. Further, the carrier may be a transmissible
carrier such as an electrical or optical signal which may be
conveyed via electrical or optical cable or by radio or by other
means. When the program is embodied in a signal which may be
conveyed directly by a cable or other device or means, the
carrier may be constituted by such cable or device or means.
Alternatively, the carrier may be an integrated circuit in which
the program is embedded, the integrated circuit being adapted
for performing, or for use in the performance of, the relevant
processes.

The term “comprises/comprising” when used in this specification
is taken to specify the presence of stated features, integers,
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steps or components. However, the term does not preclude the
presence or addition of one or more additional features, inte-
gers, steps or components or groups thereof.

The invention is not restricted to the described embodiments in
the figures, but may be varied freely within the scope of the
claims.
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Claims

1. An alarm arrangement (100) for predicting rapid sympto-
matic blood pressure decrease in a subject (P), the arrangement
comprising:

a pulse recording means (110; 115) adapted to repeatedly
register a pulse shape parameter (pps) in a peripheral body part
(105) of the subject (P), and

a control unit (120) adapted to receive the pulse shape
(pps) parameter, investigate whether or not the pulse shape pa-
rameter (ppsg) fulfills an alarm criterion, and if so, cause an alarm
(A) to be activated, characterized in that the pulse recording
means comprises a pulse oximetry instrument (110) adapted to
register the pulse shape parameter (pps) based on light respon-
se variations in at least one blood vessel of the subject (P), and
the control unit (120) comprises a processing unit (128) adapted
to: calculate an initial pulse magnitude measure (PM1) based
on a pulse shape parameter (pps) received at a first instance
(t1),

store the initial pulse magnitude measure (PM1) in a me-
mory means (123) associated with the control unit (120),

calculate, during a measurement period subsequent to the
first instance (t4), a respective pulse magnitude measure (PM)
based on each of a number of received pulse shape parameters
(Pps),

investigate, for each pulse magnitude measure (PM) in the
measurement period, whether or not the measure (PM) fulfills a
decision criterion relative to the initial pulse magnitude measure
(PM1), and if so,

generate an alarm triggering signal (o).

2. The arrangement according to claim 1, characterized in
that the processing unit (128) is adapted to regard the decision
criterion as fulfilled if:

an examined pulse magnitude measure (PM) of a given
pulse shape parameter is below a threshold value (T) calculated
based on the initial pulse magnitude measure (PM1), and
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a predetermined amount of the pulse magnitude measures
(PM) of the pulse shape parameters (pps) received within a test
period (t) after the given pulse shape parameter are below the
threshold value (T).

3. The arrangement according to claim 2, characterized in
that the predetermined amount is a value representing approxi-
mately 50 % to approximately 100 % of the pulse magnitude
measures (PM) of the pulse shape parameters (pps) received
within the test period (7).

4. The arrangement according to claim 2, characterized in
that the predetermined amount represents all the pulse magni-
tude measures (PM) of the pulse shape parameters (pps) recei-
ved within the test period (7).

5. The arrangement according to any one of the claims 2 to 4,
characterized in that the test period (t) is an interval selected
from a range extending from approximately three minutes to
approximately fifteen minutes.

6. The arrangement according to claim 5, characterized in
that the test period (1) is approximately five minutes long.

7. The arrangement according to any one of the claims 2 to 6,
characterized in that the processing unit (128) is adapted to
calculate the threshold value (T) by:
normalizing the initial pulse magnitude measure (PM1), and
dividing the normalized initial pulse magnitude measure by
a predefined denominator.

8. The arrangement according to claim 7, characterized in
that the processing unit (128) is adapted to, during the mea-
surement period, calculate a pulse magnitude measure (PM) for
a received pulse shape parameter (pps) by dividing an original
measure with the initial pulse magnitude measure (PM1).
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9. The arrangement according to claim 8, characterized in
that the predefined denominator is a value selected from a ran-
ge extending from approximately 1,2 to approximately 5.

10. The arrangement according to any one of the preceding
claims, characterized in that the arrangement comprises

an auxiliary recording means (130) adapted to repeatedly
register a bio-impedance parameter (pg|) representing a degree
of contraction of the subject’s (P) capillary blood vessels, and

the processing unit (128) is further adapted to receive the
bio-impedance parameter (pg), investigate whether or not the
bio-impedance parameter (pg;) fulfills an auxiliary alarm crite-
rion, and if so, generate the alarm triggering signal (o).

11. The arrangement according to any one of the preceding
claims, characterized in that the arrangement is adapted to
predict rapid symptomatic blood pressure decrease in a subject
(P) undergoing blood treatment, and the processing unit (128) is
adapted to calculate the initial pulse magnitude measure (PM1)
based on a pulse shape parameter (pps) received during an ini-
tial phase of the blood treatment.

12. A medical system (200) adapted to perform blood treatment
of a subject (P), wherein the system comprises:

a dialysis machine (210) adapted to perform extracorporeal
blood treatment of the subject (P) and

the alarm arrangement (100) according to any one of the
preceding claims.

13. A method of predicting rapid symptomatic blood pressure
decrease in a subject (P), the method comprising:

registering a pulse shape parameter (pps) in respect of a
peripheral body part (105) of the subject (P) at repeated occa-
sions,

investigating, for each pulse shape parameter (pps), whether
or not the parameter (pps) fulfills an alarm criterion, and if so,
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causing an alarm (A) to be activated,
characterized by the registering of the pulse shape parameter
(pps) involving a pulse oximetry measurement wherein the pulse
shape parameter (pps) is determined based on light response va-
riations in at least one blood vessel of the subject (P), and the
method comprising:

calculating an initial pulse magnitude measure (PM1) based
on a pulse shape parameter (pps) received at a first instance (),

storing the initial pulse magnitude measure (PM1) in a me-
mory means (123),

calculating, during a measurement period subsequent to the
first instance (t4), a respective pulse magnitude measure (PM)
based on each of a number of received pulse shape parameters
(Pps),

investigating, for each pulse magnitude measure (PM) in the
measurement period, whether or not the measure fulfills a deci-
sion criterion relative to the initial pulse magnitude measure
(PM1), and if so,

generating an alarm triggering signal (o).

14. The method according to claim 13, characterized by the
decision criterion being fulfilled if:

an examined pulse magnitude measure (PM) of a given
pulse shape parameter is below a threshold value (T) calculated
based on the initial pulse magnitude measure (PM1), and

a predetermined amount of the pulse magnitude measures
(PM) of the pulse shape parameters (pps) received within a test
period (t) after the given pulse shape parameter are below the
threshold value (T).

15. The method according to claim 14, characterized by the
predetermined amount being a value representing approximately
50 % to approximately 100 % of the pulse magnitude measures
of the pulse shape parameters (pps) received within the test pe-
riod (7).
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16. The method according to claim 14, characterized by the
predetermined amount representing all the pulse magnitude
measures of the pulse shape parameters (pps) received within
the test period (7).

17. The method according to any one of the claims 14 to 16,
characterized by the test period (t) being an interval selected
from a range extending from approximately three minutes to
approximately fifteen minutes.

18. The method according to claim 17, characterized by the
test period (1) being approximately five minutes long.

19. The method according to any one of the claims 14 to 18,
characterized by calculating the threshold value (T) by:
normalizing the initial pulse magnitude measure (PM1), and
dividing the normalized initial pulse magnitude measure by
a predefined denominator.

20. The method according to claim 19, characterized by, du-
ring the measurement period, calculating a pulse magnitude
measure (PM) for a received pulse shape parameter (pps) by
dividing an original measure with the initial pulse magnitude
measure (PM1).

21. The method according to claim 20, characterized by the
predefined denominator being a value selected from a range
extending from approximately 1,2 to approximately 5.

22. The method according to any one of the claims 13 to 21,
characterized by

registering a bio-impedance parameter (pg)) representing a
degree of contraction of the subject’s (P) capillary blood vessels
at repeated occasions, and

investigating whether or not the bio-impedance parameter
(pg)) fulfills an auxiliary alarm criterion, and if so,
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generating the alarm triggering signal (o).

23. A computer program directly loadable into the internal me-
mory of a computer, comprising software for controlling the
steps of any of the claims 13 to 22 when said program is run on
the computer.

24. A computer readable medium (127), having a program re-
corded thereon, where the program is to make a computer
control the steps of any of the claims 13 to 22.
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