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METHOD OF MONITORING
HYPERTENSIVE HAEMODIALYSIS
PATIENTS

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to the determination
whether a patient subjected to successive sessions of extra-
corporeal blood treatment falls or not within a group of hyper-
tension-aftected patients, and in particular relates to a method
and to new, improved devices for determining whether a
patient subjected to successive sessions of extracorporeal
blood treatment falls or not within a group of hypertension-
affected patients, and for proposing or urging the change of
some parameters so as to make up for some unwanted effects
of detected hypertension.

STATE OF THE PRIOR ART

[0002] Extracorporeal blood treatment is used with patients
incapable of effectively eliminating materials from their
blood, for example in the case of a patient who suffers from a
temporary or permanent failure of the kidneys. These patients
and other patients can follow an extracorporeal treatment of
the blood to add or eliminate materials in their blood, to
maintain an acid-base balance or to eliminate excess body
fluids, for example.

[0003] Extracorporeal treatment of the blood is typically
performed by drawing the patient’s blood in a continuous
stream, introducing the blood into a primary chamber of a
treatment unit (or filter) in which the blood passes across a
semi-permeable membrane.

[0004] The circuit comprising a needle for drawing the
blood via the patient’s vascular access, a bleed-off line or
arterial line, the first compartment of the treatment unit, a
return line or venous line and a needle for returning the blood
by injecting it via the vascular access, is called an extracor-
poreal blood circuit.

[0005] The semi-permeable membrane allows, in a selec-
tive manner, undesirable materials contained in the blood to
pass across the membrane, from the primary chamber to the
secondary chamber, and also allows, in a selective manner,
beneficial materials contained in the liquid entering the sec-
ondary chamber to pass across the membrane to the blood
entering the primary chamber, as a function of the type of
treatment.

[0006] There are several types of extracorporeal blood
treatments. Such treatments comprise, for example, hemodi-
alysis, hemofiltration, hemodiafiltration, plasmapheresis,
blood oxygenation, etc.

[0007] A patient may suffer from a permanent failure of the
kidneys. In this case, he will have to undergo regular sessions,
for example three times a week, of extracorporeal blood treat-
ment with a relatively high blood extraction flowrate, namely
roughly between 150 and 500 ml/min. The approximate dura-
tion of these sessions is from three to four hours.

[0008] Itis known that patients undergoing a chronic dialy-
sis treatment may suffer from hypertension. Hypertension is
a major cause of heart-related death for patients undergoing a
chronic dialysis treatment.

[0009] It is known about a first scientific publication
entitled “Principles and Practice of Dialysis, Second Edi-
tion”, in which the author William L. Einrich recommends
some basic principles concerning the lifestyle of hyperten-
sion-affected dialyzed patients. Among these, reducing
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sodium assumption, intensifying physical exercise, limiting
daily assumption of alcoholic drinks, avoiding smoking,
eliminating the use of cocaine or amphetamines.

[0010] Moreover, it is known about a second scientific pub-
lication entitled “Néphrologie et thérapeutique—hyperten-
sion et dialyse” of October 2007, volume 3 annex 3, in which
the authors CChazot and B. Charra deal with non-medical
treatments of arterial hypertension in hemodialysis. This pub-
lication states that “the correction of arterial hypertension in
hemodialysis takes place by means of the dry weight method,
which includes a progressive reduction of the dialysis final
weight until arterial pressure is normalized. Related neces-
sary measures are a salt-free diet and the maintenance of
sodium balance during the session, the stop of hypertension
factors, a sufficient duration of the dialysis session and the
pedagogical effort towards the patient.” However, these
parameters are quoted as an illustrative list, without differen-
tiating one from the other and without assigning a priority
thereto.

[0011] Finally, it is known about a third publication in the
magazine “Nephrology nursing” of November-December
2004, vol. 31, number 6, by Wendy Purcell, Elisabeth Manias,
Allison Williams and Rowan Walker. According to this
article, the elimination of excess water in the patient during
the hemodialysis session can successfully normalize arterial
pressure, provided that the desired dry weight is exactly
reached at the end of the session.

[0012] Nonetheless, the Applicant does notknow about any
system enabling today to successfully and automatically
determine whether a patient falls or not within a group of
hypertension-affect patients subjected to sessions of extracor-
poreal blood treatment, or to recommend the change of a
specific parameter so as to try to make up for this detected
group.

[0013] It is therefore necessary to obviate to this lack by
means of a method and a device for successfully determine
the hypertension status of the patient, enabling an improved
monitoring of unwanted hypertension and a faster, down-
stream identification of the drawbacks relating to such hyper-
tension.

ACCOUNT OF THE INVENTION

[0014] The invention relates to a calculation and control
system for determining whether a patient intended to follow
several sessions (i, j) of extracorporeal blood treatment by
extraction and return of the blood via the vascular access, falls
or not within a group among several groups of hypertension-
affected patients, the system comprising the following
means:

[0015] a)means for determining the value of at least one
parameter (APi, APj . . .) representing the evolution of
the interdialytic mass (AP) of the patient, for at least two
sessions (i,j...),

[0016] b) means for determining the value (CPi, CPj, . . .
) of at least one parameter representing the plasmatic
conductivity (CP) of the patient for at least two sessions
(i, j),

[0017] c)means for determining the value (TMi, TMj) of
a parameter representing the ionic mass transfer of the
treatment for at least two sessions (i, j),

[0018] d) programmed means for determining whether
the patient falls or not within a group of hypertension-
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affected patients as a function of the evolution over

several sessions of at least one of the three following sets

of values:

[0019] a first set of at least two determined values
(AP, APj) of the evolution of the interdialytic mass
(AP) of the patient,

[0020] a second set of at least two determined values
(CPi, CPj . . . ) representing the plasmatic conductiv-
ity; and

[0021] a third set of at least two determined values
(TMi, TMj) representing the ionic mass transfer.

[0022] Theinvention also relates to a computer comprising:

[0023] storage means storing at least values of at least
one parameter (Pi, Pj . . . ) representing the mass (P) of
the patient, at least values of at least one parameter (CPi,
CPj .. .) representing the patient’s plasmatic conductiv-
ity, and values of at least one parameter representing the
ionic mass transfer (TMi, TVj . . . ) relating to at least
one patient undergoing several sessions (i, . . . j) of
extracorporeal blood treatment,

[0024] acalculation and control system according to the
invention for determining whether the patient whose
parametric values of at least one parameter (Pi, Pj .. .)
representing the mass (P) of the patient, whose values of
at least one parameter representing the plasmatic con-
ductivity (CP) and whose values of at least one param-
eter representing the ionic mass transfer are stored in
said storage means, falls or not within a group of hyper-
tension-affected patients.

[0025] Theinvention also relates to an extracorporeal blood
treatment machine comprising at least:

[0026] a blood treatment unit capable of implementing
an extracorporeal blood treatment by blood circulation
via an extracorporeal blood circuit comprising an arte-
rial line, a first chamber of a filter separated by a semi-
permeable membrane, a venous line, and by dialysate
circulation in a second chamber of the filter,

[0027] storage means storing at least values of at least
one parameter (Pi, Pj . .. ) representing the miss (P) of the
patient, at least values of at least one parameter (CPi, CPj
... ) representing the patient’s plasmatic conductivity,
and values of at least one parameter representing the
ionic mass transfer (TMi, TMj . . . ) relating to at least
one patient undergoing several sessions (i, . . . j) of
extracorporeal blood treatment,

[0028] acalculation and control system according to the
invention for determining whether the patient whose
parametric values of at least one parameter (Pi, Pj .. .)
representing the mass (P) of the patient, whose values of
at least one parameter (CPi, representing the patient’s
plasmatic conductivity and whose values of at least one
parameter representing the ionic mass transfer (TMi,
TM;j ... ) are stored in said storage means, falls or not
within a group of hypertension-affected patients.

[0029] The invention further relates to a network compris-
ing:

[0030] a server,

[0031] atleast one blood treatment machine linked to the

server, each machine comprising:

[0032] means for measuring and/or for calculating
medical data relating at least one parameter (Pi, Pj . .
. ) representing the mass of the patient, at least one
parameter (CPi, CPj . . . ) representing the patient’s
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plasmatic conductivity and at least one parameter rep-
resenting the ionic mass transfer (TMi, TMj . . .),

[0033] means for sending at least part of these mea-
sured and/or calculated data to the server,

[0034] the server comprising:

[0035] means for receiving at least part of the medical
data relating to extracorporeal blood treatments,

[0036] storage means for storing the data received
from the reception means from one or more blood
treatment machines,

[0037] a calculation and control system according to
the invention, intended to operate on the basis of said
received data,

[0038] at least one station capable of communicating
with the server for receiving at least the results of the
implementation of said calculation and control system.

[0039] The invention also relates to a method for determin-
ing whether a patient intended to follow successive sessions
(i, j) of extracorporeal blood treatment by extraction and
return of the blood falls or not within a group of hypertension-
affected patients, the method of determination comprising the
following steps:

[0040] a) determining the value of at least one parameter
(Pi, Pj .. .) representing the mass (P) of the patient for at
least two sessions (i,] . . . ),

[0041] b)determining the value (CPi, CPj, .. .) ofat least
one parameter representing the patient’s plasmatic con-
ductivity (CP) for at least two sessions(i, j),

[0042] c) determining the value (TMi, TMj) of at least
one parameter representing the ionic mass transfer of the
treatment for at least two sessions (i, j),

[0043] d) determining whether the patient falls or not
within a group of hypertension-affected patients as a
function of the evolution over several sessions of at least
one of the three following sets of values:

[0044] afirst set of at least two determined values (Pi,
Pj) representing the patient’s mass,

[0045] a second set of at least two determined values
(CPi, CPj . .. ) representing the plasmatic conductiv-
ity; and

[0046] a third set of at least two determined values
(TMi, TMj) representing the ionic mass transfer.

[0047] Finally, the invention eventually relates to a com-
puter program for determining whether a patient falls or not
within a group of hypertension-affected patients, which pro-
gram is loadable into the internal memory of a computer,
comprising portions of computer program code for, when the
program is executed by the computer, implementing the
method according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] We shall refer to the appended drawings in FIGS. 1
to 19 in which:
[0049] FIGS. 1 and 2 represent the general and specific

steps, respectively, of the method for determining whether a
patient falls or not within a group of hypertension-affected
patients;

[0050] FIGS. 3, 4 and 5 represent examples of variation of
a patient’s pressure with different variables of a patient;
[0051] FIGS. 6 and 7 represent examples of variation of the
interdialytic weight increase and of variation of a patient’s dry
weight;
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[0052] FIGS. 8,9, 10 and 11 represent examples of varia-
tion over several months of the predialytic plasmatic conduc-
tivity of a patient;

[0053] FIGS. 12 and 13 represent examples of evolution
over several months of the ionic mass transfer of a patient;
[0054] FIGS. 14 and 15 represent a diagram of a complete
software and hardware installation according to the inven-
tion;

[0055] FIG. 16 represents the principal steps of the method
for determining the risk score according to the invention,
[0056] FIG. 17 represents an alternative of the order of the
principal steps of the method for determining the risk score,
[0057] FIG. 18 represents the steps of the determination of
the high or non-high risk score according to the invention,
[0058] FIG. 19 represents the steps of the determination of
the zero or non-zero risk score according to the invention.

DETAILED ACCOUNT OF THE INVENTION

[0059] A calculation and control system for determining
whether a patient intended to follow several sessions (i, j) of
extracorporeal blood treatment by extraction and return of the
blood via the vascular access, falls or not within a group of
hypertension-affected patients, the system comprising the
following means:

[0060] a)means for determining the value of at least one
parameter (APi, APj . . . ) representing the evolution of
the interdialytic mass (AP) of the patient, for at least two
sessions (i,

[0061] b) means for determining the value (CPi, CPj, of
at least one parameter representing the plasmatic con-
ductivity (CP) of the patient for at least two sessions (i,
j)’

[0062] c)means for determining the value (TMi, TMj) of
a parameter representing the ionic mass transfer of the
treatment for at least two sessions (i, j),

[0063] d) programmed means for determining whether
the patient falls or not within a group of hypertension-
affected patients as a function of the evolution over
several sessions of at least one of the three following sets
of values:

[0064] a first set of at least two determined values
(AP, APj) of the evolution of the interdialytic mass
(AP) of the patient,

[0065] a second set of at least two determined values
(CPi, CPj . . . ) representing the plasmatic conductiv-
ity; and

[0066] a third set of at least two determined values
(TMi, TMj) representing the ionic mass transfer.

[0067] For the whole invention, the calculation and control
system can take the form of a duly programmed analog or
duly programmed digital calculation and control unit, com-
prising at least one microprocessor and at least one duly
programmed memory. The memories may be one from
among or a combination of the following memories: magnetic
memory, RAM memory, ROM memory, or any other memory
envisageable by the person skilled in the art.

[0068] The means for determining the value of at least one
parameter representing the evolution of the interdialytic mass
of the patient, the means for determining the value of param-
eters representing the plasmatic conductivity, and the means
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for determining the value of parameters representing the ionic
mass transfer and the purification effectiveness can consist of:

[0069] a) at least one memory containing the value of
these parameters, which memory the programmed
means will be able to consult to ascertain the chosen
values, and/or

[0070] b) apparatus for detecting the corresponding
parameters:

[0071] weight or mass detectors or sensors such as
spring balances, scales . . .,

[0072] means for measuring the conductivity or con-
centration of a substance in blood, e.g. means for
detecting the plasmatic conductivity for sodium,
which are known for instance under the name DIAS-
CAN sold by GAMBRO and to which reference is
made in the detailed description of patent EP 0 547
025, implemented by sensors, biosensors, microsen-
sors,

[0073] means for measuring the ionic mass transfer,
which can be calculated for instance as follows:
[0074] TMI=Q2*C2-Q1*Cl1, wherein Q1 and Q2

are the ionic flowrates of the dialysate getting in
and out of the dialyzer, respectively, and C1 and C2
are the ion concentrations getting in and out of the
dialyzer, respectively, the flowrate and concentra-
tion of sodium ion representing the whole set can
be taken into account,

[0075] c¢) a calculation and control unit which will be
duly programmed to implement the method according to
the invention.

[0076] Moreover, the system according to the invention is
capable of determining the hypertension groups divided into
a first group of hypertension-aftected patients, a second group
of hypertension-affected patients, and a third group of hyper-
tension-affected patients. As a matter of fact, the point is to
divide the population of hypertension-affected patients into
several groups according to the historical evolution over sev-
eral sessions of some of their parameters. The invention can
include two or three groups.

[0077] The system according to the invention has pro-
grammed means for determining whether the patient falls or
not within a group of hypertension-affected patients, com-
prising programmed means for determining whether the
patient falls or not within the first group.

[0078] The system according to the invention has pro-
grammed means for determining whether the patient falls or
not within a group of hypertension-affected patients, com-
prising programmed means for determining whether the
patient falls or not within the second group when the patient
does not fall within the first group.

[0079] The system according to the invention has pro-
grammed means for determining whether the patient falls or
not within a group of hypertension-affected patients, com-
prising programmed means for determining whether the
patient falls or not within the third group when the patient
does not fall within the second group.

[0080] In the system according to the invention, the value
(APi, APj . . .) representing the interdialytic evolution of the
mass (AP) of the patient, for at least two sessions (i, . . . ), is
chosen from the group comprising:

[0081] the weight increase of the patient between the end
of one session (i) and the beginning of the following
session (i+1)),

[0082] the mass increase of the patient between the end
of one session (i) and the beginning of the following
session (i+1),
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[0083] a parameter proportional to one of the aforesaid
parameters.

[0084] Inthe system according to the invention, the param-
eter representing the plasmatic conductivity is the same as or
function of at least one of the following parameters:

[0085] the plasmatic conductivity of the patient,

[0086] the predialytic plasmatic conductivity of the
patient, i.e. the plasmatic conductivity before the session
of extracorporeal blood treatment,

[0087] a parameter proportional to one of the aforesaid
parameters.

[0088] In the system according to the invention, the extra-
corporeal parameter or parameters have been measured for
one session of extracorporeal blood treatment, which consists
in circulating the patient’s blood at an extracorporeal blood
flowrate and in an extracorporeal blood circuit, this circuit
comprising an arterial line where there exists an arterial pres-
sure, a filter and a venous line where there exists a venous
pressure. Moreover, the filtrate or dialysate circuit consists in
extracting from the filter a filtrate by means of a drain line or
in contacting dialysate with blood in the filter separated by a
semi-permeable membrane in the dialysate circuit, compris-
ing an intake line for dialysate to the filter and a drain line for
used dialysate from the filter. The plasmatic conductivity is
the conductivity of the patient’s plasma.

[0089] Inthe system according to the invention, the param-
eter representing the ionic mass transfer for at least two ses-
sions (i, j) is the same as or function of at least one of the
following parameters:

[0090] the ionic mass transfer during the session,

[0091] the sodium mass transfer during the patient’s ses-
sion,
[0092] a parameter proportional the one of the aforesaid

parameters.
[0093] The values of the parameter or parameters repre-
senting the ionic mass transfer can be average values of this
parameter over a treatment session. These values can either be
an instantaneous value chosen at a time t of the session, at the
beginning, in the middle or at the end of the session, or can
further be a mean value, or any other mathematical value
representing as accurately as possible the parameter or the
evolution thereof over a dialysis session.
[0094] The values of the parameter or parameters repre-
senting the plasmatic conductivity can be for instance values
of plasmatic conductivity before the session, more specifi-
cally at the beginning of the treatment session.
[0095] It will be obvious that the implementation of the
method according to the invention is clearly divided from the
extracorporeal blood treatment.
[0096] The system according to the invention can include
means for determining the patient’s pressure. This pressure
can be arterial pressure (preferably), systolic pressure, the
average between arterial pressure and systolic pressure. This
pressure can be measured with the patient lying down, before
the beginning of the session.
[0097] Inthe system according to the invention, the patient
is initially considered as hypertension-affected when the val-
ues representing his/her pressure increase of at least about 20
mmHg over at least two sessions and/or the value of his/her
pressure for one session is above about 150 mmHg or above
150 mmHg. Preferably, the initial status of hypertension-
affected patient can further be confirmed when, additionally,
the increase in the values representing his/her pressure
remains stable over the considered temporal lapse. In order to
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verify if pressure evolution remains stable, known math-
ematical methods can be used, such as for instance the least
square method. This applies to the evolution of all represen-
tative values according to the invention.

[0098] As a matter of fact, as shown in FIGS. 3, 4 and 5, it
can be seen that for three different patients stability and
evolution are different. In FIG. 3, for the curve of arterial
pressure of the patient lying down before the session (lower
curve), variability is low and the considered evolution will be
taken into account even more. In FIGS. 4 and 5, for the curve
of arterial pressure of the patient lying down before the ses-
sion (lower curve), variability is high and the considered
evolution will be taken into account even less.

[0099] In the system according to the invention, the pro-
grammed means for determining whether the patient falls or
not within the first group of hypertension-affected patients are
programmed means for determining whether the values rep-
resenting the evolution of the interdialytic mass of the patient
(AP) over several sessions (i, j) show a tendency to decrease,
the patient being regarded as falling within the first group
when the tendency is to decrease.

[0100] There is a tendency to decrease of the measured
parameter when the general curve of the set of values shows
a decrease. This curve can include some values which do not
fall within the tendency (about 20%), these values not being
taken into account. As a matter of fact, the patient can be out
of condition during a session or the parameter can be incor-
rectly measured.

[0101] Inthe system according to the invention, the means
for determining whether the patient falls within the first group
of hypertension-affected patients will consider the belonging
to the first group when the evolution of the values represent-
ing the mass is above about one kilogram.

[0102] In the system according to the invention, the pro-
grammed means for determining whether the patient falls
within the second group of hypertension-affected patients are
programmed means for determining whether the values rep-
resenting the plasmatic conductivity (CP) over several ses-
sions (i, j) show a tendency to increase or furthermore a
tendency to decrease, the patient being considered as falling
within the second group when the tendency is to increase or
furthermore to slightly decrease.

[0103] Inthe system according to the invention, the means
for determining whether the patient falls within the second
group of hypertension-affected patients will consider the
belonging to the second group when the values representing
the plasmatic conductivity increase or when the values rep-
resenting the plasmatic conductivity decrease of less than
about 0.3 mS/cm.

[0104] The criterion of belonging to the second group is
further an evolution of the values representing the plasmatic
conductivity which remains stable.

[0105] For determining the belonging to the second group,
the invention alternatively proposes:

a system wherein the programmed means for determining the
non-belonging to the second group of hypertension-affected
patients are programmed means for determining whether the
values representing the plasmatic conductivity (CP) over sev-
eral sessions (i, j) show a tendency to decrease.

[0106] This system includes programmed means for deter-
mining the non-belonging to the second group of hyperten-
sion-affected patients when the values representing the plas-
matic conductivity decrease of at least about 0.3 mS/cm.
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[0107] As a matter of fact, if the values representing the
plasmatic conductivity (CP) over several sessions (i, j) com-
ply with this tendency to decrease, the patient will be regarded
as not falling within the second group. Conversely, the patient
will be regarded as falling within the second group.

[0108] The criterion of non-belonging to the second group
is further complied with when a decrease in the values repre-
senting the plasmatic conductivity is stable.

[0109] In the system according to the invention, the pro-
grammed means for determining whether the patient falls
within the third group of hypertension-affected patients are
programmed means for determining whether the values rep-
resenting the ionic mass transfer (TM) over several sessions
(4, j) show a tendency to decrease, the third level being
regarded as complied with when the tendency is to decrease.
[0110] The system according to the preceding section,
wherein the means for determining the belonging to the third
group of hypertension-affected patients will consider the
belonging to the third group when the values representing the
plasmatic conductivity decrease of at least about 200 mmol/
session.

[0111] An additional criterion would consist in that the
evolution of the plasmatic conductivity remains stable or
shows a tendency to stability.

[0112] Forthe whole invention, the means of determination
can be software codes which can take the form of source
codes or of codes directly executable on a processor. The
means for determining the belonging to a group of hyperten-
sions-affected patients can be subroutines of the score deter-
mination means.

[0113] In the system according to the invention, for deter-
mining the belonging to one of the three groups of hyperten-
sion-affected patients, if the number of sessions taken into
account is above two, the corresponding means of determi-
nation are intended to operate with at least two successive
sessions (i, i+1).

[0114] In the system according to the invention, for deter-
mining the belonging to one of the three groups of hyperten-
sion-affected patients, if the number of sessions taken into
account is above two, the corresponding means of determi-
nation are intended to operate by identifying the first temporal
session regarded as anterior session and by identifying the last
temporal session regarded as posterior session.

[0115] In the system according to the invention, for deter-
mining the belonging to one of the three groups of hyperten-
sion-affected patients, if the number of sessions taken into
account is above two, the corresponding means of determi-
nation are intended to regard as temporal sessions those for
which the values of at least one parameter taken into account
are the most distant.

Spacing of the Sessions Taken into Account:

[0116] For the belonging to the groups of hypertension-
affected patients, between an anterior session (i) and a poste-
rior session (j), there may be, in terms of number of sessions,
ten or indeed several tens of sessions, or, in terms of weeks (at
about 3 sessions per week), there may be between 2 weeks
and 8 weeks, also between 2 and 6 months.

[0117] Generally, the belonging to the groups is determined
as a function of the same group of sessions. This group of
sessions may stretch between 2 weeks and 6 months, 3 weeks
being usually chosen, or else this number of sessions may lie
between about ten and several tens.

[0118] Generally, nevertheless, it will not be necessary to
implement the method of determination according to the
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invention at each end of treatment session. The user will be
able to find an effective monitoring compromise by imple-
menting the method of the invention every three sessions
(therefore almost every week) for example, or every six ses-
sions (therefore almost every fortnight).

[0119] The system according to the invention can include
programmed means for urging or monitoring the change of at
least one medical parameter or of at least one machine param-
eter for each group of hypertension-affected patients. Urging
can take place by means of interface means coupled with the
calculation and control system, e.g. a display. Monitoring can
be carried out by the calculation and control system con-
nected to the necessary hardware.

[0120] The system according to the invention can include
programmed means for, when the belonging to the first group
of hypertension-affected patients is taken into account, sug-
gesting or monitoring during a future session the decrease in
the patient’s mass that has to be achieved at the end of the
session. This mass (or by equivalence weight or any other
parameter proportional to these) is known as “dry weight™: it
is the weight, generally established at the beginning of the
dialysis session, which the patient has to achieve at the end of
the session. As a rule, the patient’s weight is measured at the
beginning of the session and, as a function of the dry weight
to be achieved, the ultrafiltration means (for instance ultrafil-
tration pump downstream from the filter on the dialysate side,
withdrawing liquid from the extracorporeal circuit) and, if
necessary, the liquid injection means (pump on injection line
upstream from filter and/or pump on injection line down-
stream from filter) are controlled as a function of the injected
and withdrawn amount of liquid, which is known for instance
by calculation or by direct measurement by way of spring
balances for the injected liquid and for the liquid withdrawn
from the extracorporeal circuit.

[0121] The system according to the invention can include
the controlled means for suggesting or monitoring said
decrease in the patient’s mass, which are controlled so that the
decrease in the value representing the mass is of at least about
0.5 kg, or about 1 kg.

[0122] The system according to the invention can include
programmed means for, when the belonging to the second
group of hypertension-affected patients is taken into account,
suggesting the decrease in the amount of salt taken by the
patient from one session to the other.

[0123] This salt decrease will be carried out by prescribing
to the patient a salt-free or salt-poor diet, which the physician
will decide at best depending on the patient.

[0124] The system according to the invention can include
programmed means for, when the belonging to the third group
of hypertension-affected patients is taken into account, sug-
gesting or monitoring during a future session the decrease in
the value representing the dialysis conductivity, i.e. the con-
ductivity of the dialysis liquid used during the treatment
session.

[0125] In the system according to the invention, the sug-
gested or monitored decrease in dialysis conductivity is of at
least about 0.2 mmol. Preferably, dialysis conductivity will be
decreased of 0.2 mmol for every session from one session to
the other over several sessions (itis not deemed as effective to
decrease conductivity of too large a value all at one time).
[0126] In the system according to the invention, the treat-
ment sessions considered are spread over several sessions
over a period of about six months, preferably about 3 months,
or about 1 month.
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[0127] Theinvention also relates to a computer comprising:
[0128] storage means storing at least values of at least
one parameter (Pi, Pj . . . ) representing the mass (P) of
the patient, at least values of at least one parameter (CP1i,
CPj .. .) representing the patient’s plasmatic conductiv-
ity, and values of at least one parameter representing the
ionic mass transfer (TMi, TV . . . ) relating to at least
one patient undergoing several sessions of extracorpo-

real blood treatment,

[0129] acalculation and control system according to the
invention for determining whether the patient whose
parametric values of at least one parameter (Pi, Pj . . .)
representing the mass (P) of the patient, whose values of
at least one parameter representing the plasmatic con-
ductivity (CP) and whose values of at least one param-
eter representing the ionic mass transfer are stored in
said storage means, falls or not within a group of hyper-
tension-affected patients.

[0130] Theinventionalso relates to an extracorporeal blood
treatment machine comprising at least:

[0131] a blood treatment unit capable of implementing
an extracorporeal blood treatment by blood circulation
via an extracorporeal blood circuit comprising an arte-
rial line, a first chamber of a filter separated by a semi-
permeable membrane, a venous line, and by dialysate
circulation in a second chamber of the filter,

[0132] storage means storing at least values of at least
one parameter (Pi, Pj . . . ) representing the mass (P) of
the patient, at least values of at least one parameter (CPi,
CPj .. .) representing the patient’s plasmatic conductiv-
ity, and values of at least one parameter representing the
ionic mass transfer (TMi, TVj . . . ) relating to at least
one patient undergoing several sessions of extracorpo-
real blood treatment,

[0133] acalculation and control system according to the
invention for determining whether the patient whose
parametric values of at least one parameter (Pi, Pj . . .)
representing the mass (P) of the patient, whose values of
at least one parameter (CPi, representing the patient’s
plasmatic conductivity and whose values of at least one
parameter representing the ionic mass transfer (TMi,
TMj ... ) are stored in said storage means, falls or not
within a group of hypertension-affected patients.

[0134] The invention further relates to a network compris-
ing:
[0135] a server,

[0136] atleast one blood treatment machine linked to the

server, each machine comprising:

[0137] means for measuring and/or for calculating
medical data relating at least one parameter (Pi, Pj . .
. ) representing the mass of the patient, at least one
parameter (CPi, CPj . . . ) representing the patient’s
plasmatic conductivity and at least one parameter rep-
resenting the ionic mass transfer (TMi, TMj . . . ),

[0138] means for sending at least part of these mea-
sured and/or calculated data to the server,

[0139] the server comprising:
[0140] means for receiving at least part of the medical
data relating to extracorporeal blood treatments,
[0141] storage means for storing the data received
from the reception means from one or more blood
treatment machines,
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[0142] a calculation and control system according to
the invention, intended to operate on the basis of said
received data,

[0143] at least one station (client station for instance)
capable of communicating with the server for receiving
at least the results of the implementation of said calcu-
lation and control system.

[0144] The station in the network according to the inven-
tion can include a unit for displaying the results relating to the
determined group of hypertension-affected patients.

[0145] FIGS. 14 and 15 show examples of networks. These
networks can comprise a set of elements in the treatment
room, another set in the physician’s office or in another place
where a coordinator works remotely for one or several hos-
pitals.

[0146] FIG. 14 shows schematically a group of treatment
machines MT1, MT2, . . . MTn placed in a hospital and
connected each by cable or wireless link to a server.

[0147] This server is able to receive data measured or cal-
culated during and/or after the treatment sessions, is able to
store all or part of the data generated by the treatment
machine. When only a part of the data is stored, these may
have been extracted by a specific collection software for these
data. This specific collection software can be integrated into
the treatment machine or into the server. This enables to
reduce the amount of data to be stored, which is very large due
to the number of patients, of parameters and of registered
sessions.

[0148] Once the necessary parameters have been selected,
the server implements the method according to the invention,
this method being automated by implementing an expert soft-
ware.

[0149] The user will be able to access at least the results of
the method according to the invention via a station connected
to said server.

[0150] The links described above can be protected by
known techniques for reasons of confidentiality of the data
relating to a patient. As an alternative or in addition, the data
can be “anonymized” before being sent by assigning a code to
each patient, without displaying the patient’s name during the
data exchanges.

[0151] The invention also relates to a method for determin-
ing whether a patient intended to follow successive sessions
(i, j) of extracorporeal blood treatment by extraction and
return of the blood falls or not within a group of hypertension-
affected patients, the method of determination comprising the
following steps:

[0152] a) determining the value of at least parameter (Pi,
Pj...)representing the mass (P) of the patient for at least
two sessions (i,

[0153] b) determining the value (CPi, CPj, of at least one
parameter representing the patient’s plasmatic conduc-
tivity (CP) for at least two sessions(i, j),

[0154] c¢) determining the value (TMi, TMj) of at least
one parameter representing the ionic mass transfer ofthe
treatment for at least two sessions (i, j),

[0155] d) determining whether the patient falls or not
within a group of hypertension-affected patients as a
function of the evolution over several sessions of at least
one of the three following sets of values:

[0156] afirst set of at least two determined values (Pi,
Pj) representing the interdialytic mass of the patient,
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[0157] a second set of at least two determined values
(CPi, CPj . .. ) representing the plasmatic conductiv-
ity; and

[0158] a third set of at least two determined values
(TMi, TMj) representing the ionic mass transfer.

[0159] This method, which is preferably implemented
automatically, can be carried out in situ in the treatment room
or remotely in a room of the hospital or of a data processing
center.

[0160] The invention further relates to a computer program
for determining whether a patient falls or not within a group
of hypertension-affected patients, which program is loadable
into the internal memory of a computer, comprising portions
of computer program code for, when the program is executed
by the computer, implementing the method according to the
invention.

[0161] This program can be recorded on a readable support
in a computer, the support being an optical or magnetic data
memory or a volatile memory support.

ADVANTAGES OF THE INVENTION

[0162] The invention affords a maximum of advantages of
which the main ones are listed here:
[0163] swifiness of the determination of a group of
hypertension-affected patients,
[0164] implementation of the invention without neces-
sary additional hardware (medical, hardware, computer

[0165] time saving of additional intervention on the
patient,

[0166] saving of additional labor costs, of consumable
medical apparatus, of hardware (use of Doppler . . . ),
[0167] implementation of the invention without addi-

tional manipulation during treatment, and without inter-
vention during dialysis sessions, therefore without caus-
ing disturbances,
[0168] remote monitoring of several patients whose
hypertension is detected and/or in one or more hospitals,
[0169] remote monitoring of a home dialyzed patient by
a physician,

[0170] anticipation of the at risk state of a hypertension-
affected patient before the beginning of a dialysis ses-
sion,

[0171] to the physician the determined groups can be

sent directly and confidentially.

[0172] Moreover, the invention relates to a calculation and
control system capable of monitoring the vascular access of
any patient, including patients that are not affected by hyper-
tension.

[0173] This system has been described as a whole in patent
application FR0700298 and in patent application PCT/
1B2007/000958 issued to the Applicant and incorporated here
by reference. Nevertheless, all the features of this aspect of
the invention are reminded of'in the following, reminding that
the invention can take the combined form of a system and/or
a method for both determining the belonging to a group of
hypertension-affected patients and determining a risk score
relating to the vascular access of the patient, as a function of
the history of values over several treatment sessions. All the
remarks made concerning the determination of the belonging
to a group of hypertension-affected patients apply to the
aspect of determination of the state of the vascular access.
[0174] The invention relates to a calculation and control
system for the determination of the state of a vascular access
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of a patient intended to follow successive sessions (i, j) of
extracorporeal blood treatment by extraction and return of the
blood via the vascular access, the system comprising the
following means:

[0175] a)means for determining the value (P1i, P1, P2i,
P2j, .. .) of at least one hemodynamic extracorporeal
parameter (P1, P2 . . .) of the patient for at least two
sessions (i, j),

[0176] b)means for determining the value (Ei, Ej) of the
purification effectiveness of the treatment for at least
two sessions (i, j),

[0177] c¢) programmed means for determining a risk
score relating to the state of the vascular access of the
patient as a function of said at least two values (Pi, Pj) of
the hemodynamic extracorporeal parameter and of said
at least two determined values (Ei, Ej) of the purification
effectiveness.

[0178] The means for determining the value of at least one
hemodynamic extracorporeal parameter and the means for
determining the value of the purification effectiveness can
consist of:

[0179] d) at least one memory containing the value of
these parameters and that the programmed means will be
able to consult to ascertain the chosen values, and/or

[0180] e) apparatus for detecting the corresponding
parameters: pressure detectors or sensors, means for
measuring the conductivity or the concentration of a
substance in blood, means for measuring dialysance,
dialysis dose, clearance,

[0181] ) a calculation and control unit which will be
duly programmed to implement the method according to
the invention.

[0182] The risk score can take three values:

[0183] SO)zero risk score (0) for a patient the state of whose
vascular access is normal,

[0184] s1) intermediate risk score (1) for a patient the state
of whose vascular access is doubtful,

[0185] s2)highrisk score (2) for a patient the state of whose
vascular access is alarming.

[0186] Thus the classification of the risk score of the vas-
cular access can take three different values and gives an
appreciation of the patients to be treated immediately by the
physician, of the cases with no problem for which the sessions
ought to be conducted without modification until the next
determination, and of the doubtful or uncertain cases to be
monitored or for which it is necessary to go more deeply into
the study of the curves measured during the last sessions. The
physician, following several tens of patients at the same time,
will therefore be able to be steered, on reading the results of
the system, very rapidly towards a patient requiring a check or
an intervention on his/her vascular access.

Principal Decision Chart:

[0187] The system according to the invention has the pro-
grammed means for determining the risk score comprising
programmed means for determining whether the risk score is
high.

[0188] The system according to the invention has the pro-
grammed means for determining the risk score comprising
programmed means for determining whether the risk score is
zero.

[0189] The system according to the invention has the pro-
grammed means for determining the risk score comprising
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programmed means for, in the case where the risk score is
determined neither high nor zero, considering the risk score to
be intermediate.

[0190] Thesystem according to the invention comprises the
programmed means for determining the risk score which are
programmed for determining whether the risk score is high
before determining whether the risk score is zero.

[0191] As represented in the chart of FIGS. 16 and 17, the
invention can comprise:

[0192] the determination of the risk score comprises the
step of determining whether the risk score is high,

[0193] the determination of the risk score comprises the
additional step of determining whether the risk score is
Zero,

[0194] the following additional step: if the risk score is
determined to be neither high nor zero, then it is consid-
ered as intermediate.

[0195] According to a first alternative proposed in the chart
of FIG. 16, the steps of determination of the high or non-high
score and of determination of the zero or non-zero score can
be implemented without temporal condition, simultaneously
or otherwise.

[0196] According to a second alternative proposed in the
chart of FIG. 17, the step of determining whether the risk
score is zero is performed after the step of determining
whether the risk score is high.

Parameters Involved:

[0197] In the system according to the invention, the hemo-
dynamic extracorporeal parameter or parameters (P) have
been measured for a session of extracorporeal blood treat-
ment which consists in circulating the blood of the patient at
an extracorporeal blood flowrate and in an extracorporeal
blood circuit, this circuit comprising an arterial line where
there exists an arterial pressure, a filter and a venous line
where there exists a venous pressure.

[0198] These hemodynamic extracorporeal parameters are
chosen from among the group comprising:

[0199] extracorporeal venous pressure (Pv),
[0200] extracorporeal arterial pressure (Pa),
[0201] extracorporeal blood flowrate of the patient (Qb),
[0202] aparameter proportional to one of the three afore-

said parameters.
[0203] The hemodynamic extracorporeal parameters
according to the invention are defined as pertaining to the
mechanics of the blood circulation of the extracorporeal car-
diovascular system.
[0204] The pressures will be measured by pressure sensors
positioned on the arterial line and the venous line, the blood
flowrate may be considered to be the imposed flowrate of a
pump (for example peristaltic) positioned on the arterial line,
and/or may be measured by a flowmeter on this line.
[0205] These hemodynamic extracorporeal parameters can
change on account of the initial vascular access of the patient:
for example, the smaller the caliber of the fistula (or central
vein, etc.), the more the pressure regime reacts as in front of
a difficult vascular access.
[0206] These hemodynamic extracorporeal parameters can
also change from one session to the other if the same treat-
ment means are not used from one session to the other. It is
indeed recommended that the puncture and treatment condi-
tions be standardized by using an identical hemodialyzer, the
same access on the arm, the same fistula, the same needle or
the same needle diameter, etc. so as to strengthen the reliabil-
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ity of the method. Indeed, the recirculation in the fistula can
depend, inter alia, on the extracorporeal blood flowrate, on the
position of the needle inserted into the fistula, on the degree of
stenosis of the fistula, it is therefore necessary to perform
sessions with practices that are as regular as possible.

[0207] Inthe system according to the invention, the purifi-
cation effectiveness (E) may have been measured for at least
one session of extracorporeal blood treatment which consists
in circulating the blood of the patient at an extracorporeal
blood flowrate and in an extracorporeal blood circuit, this
circuit comprising an extracorporeal arterial line, a filter and
an extracorporeal venous line, the purification effectiveness
(E) being equal to or a function of at least one of the following

parameters:
[0208] the dialysance (D), or
[0209] the clearance (C), or
[0210] the concentration of a substance contained in

blood upstream from the filter (Cbin), or
[0211] the concentration of a substance contained in
blood downstream from the filter (Cbout) in the extra-
corporeal circuit, or
[0212] the dialysis dose (KT/v) under the same condi-
tions of session duration, or
[0213] a parameter proportional to one of the five afore-
said parameters.
[0214] For the person skilled in the art, any physical or
chemical parameter giving an indication as to the effective-
ness of the transfer across the membrane will be taken into
account.
[0215] TItis necessary to point out that the purification effec-
tiveness is not necessarily calculated during the extracorpo-
real blood treatment nor during the implementation of the
method according to the invention.
[0216] An embodiment can have this effectiveness which,
once calculated, will be stored in appropriate means. There
will thereafter be, after the treatment session for example,
during the implementation of the method according to the
invention, access to the stored values.
[0217] An alternate mode can be the calculation of the
effectiveness during treatment, this calculated effectiveness
being used immediately for the method according to the
invention.
[0218] It will be understood that the implementation of the
method according to the invention is well separated from the
extracorporeal blood treatment.
[0219] All this is also valid for the extracorporeal hemody-
namic parameters.

Dialysance and Clearance:

[0220] Thedialysance (D) ofasolute is defined as the mass
of solute extracted from the blood per time unit divided by the
difference between the concentration of this solute in the
blood and of this solute in the dialysis liquid, on entry to the
dialyzer or filter. This definition in general applies when the
solute is present in the blood and in the fresh dialysis liquid
(before entering the filter and contacting the blood via the
semi-permeable membrane), or when the solute is present in
the blood only. We shall for example speak in the first case of
dialysance of sodium, of calcium or for example in the second
case of dialysance of urea or of beta-2 microglobulin. The
clearance of a solute is a particular case of the dialysance of a
solute. It is the dialysance when the solute is present in the
blood only and consequently is absent from the fresh dialysis
liquid: we shall speak of urea clearance.



US 2010/0105990 A1

[0221] The dialysance or clearance of a solute can be cal-
culated in different ways: on-line in the extracorporeal circuit
during the treatment or after the treatment, in-vivo during the
treatment or after the treatment, once or several times by
periodic samples, etc.

[0222] Patent EP 0547025, incorporated here by way ref-
erence, explains one mode of calculating the dialysance
among others. As a reminder, it involves a procedure for
determining a concentration of a substance in the blood of a
patient undergoing a dialysis treatment in an artificial kidney
(or filter or dialyzer) and/or the actual dialysance for said
substance of the artificial kidney, the artificial kidney com-
prising an extracorporeal blood circuit connected to a dia-
lyzer having a semi-permeable membrane which delimits a
first compartment for blood circulation and a second com-
partment for the circulation of a dialysis liquid on the other
side of the membrane, characterized by the steps of:

[0223] circulating successively in the second compart-
ment of the dialyzer, a first and a second liquid only
differing in the concentration of the substance,

[0224] measuring, in the first and second dialysis liquids,
the conductivity or the concentration of the substance
upstream and downstream from the dialyzer, and

[0225] calculating, on the basis of the conductivity (by a
conductimeter) or of the measured concentration of the
substance in the first and second dialysis liquids, the
concentration of the substance in the blood on entry to
the dialyzer and/or the actual dialysance of the artificial
kidney.

Dialysis Dose:

[0226] Thetotal dialysis dose delivered is the integral of the
values of average clearance or dialysance measured over a
determined time interval.

[0227] The dialysis dose administered after a treatment
time t can be regarded, according to the work of Sargent and
Gotch, as the dimensionless ratio Kt/V, wherein K is the real
clearance for the urea, t the elapsed treatment time, and V the
volume of distribution of the urea, that is to say the total water
volume of the patient (Gotch F A, Sargent S A. 4 mechanistic
analysis of the National Cooperative Dialysis Study (NCDS).
Kidney int 1985; 28: 526-34).

[0228] Patent EP0920877, incorporated here by way of
reference, explains another mode of calculating a parameter
representing the effectiveness of the treatment, for example
dialysance, clearance, dialysis dose or another parameter rep-
resenting the effectiveness of an extracorporeal blood treat-
ment.

[0229] In the system according to the invention, the values
of the hemodynamic extracorporeal parameter or parameters
and of the purification effectiveness can be average values of
these parameters over a treatment session.

[0230] These values can alternatively be an instantaneous
value chosen at a time t of the session, at the beginning, in the
middle or at the end of the session, or can also be a mean
value, or any other mathematical value representing as accu-
rately as possible the parameter or its evolution over a dialysis
session.

Determination of the High Risk Score (2):

[0231] The system according to the invention has the pro-
grammed means for determining a high score comprising at
least one from among the following means:
[0232] programmed means for determining a first high
score criterion,
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[0233] programmed means for determining a second
high score criterion,
[0234] programmed means for determining a third high
score criterion,
[0235] programmed means for determining a fourth high
score criterion,
[0236] programmed means for determining a fifth high
score criterion,
and wherein the programmed means for determining whether
the score is high are capable of sending as result:
[0237] a high score when at least one from among five
criteria of high risk score is fulfilled,
[0238] anon-high score when all the five criteria of high
risk score are not fulfilled.
[0239] Specifically, if a single one among the 5 high score
criteria is fulfilled, this suffices to deduce therefrom the high
risk score.
[0240] Tt will also be possible to envisage a level of high
risk score as a function of the number of high score criteria
fulfilled. The more a patient has high score criteria fulfilled,
the more the attention to this patient will take priority. The
priority of the high risk score may also be calculated and
employed for the presentation of the results to the physician.

Score Criteria:

[0241] Tt should be noted generally that, despite the step by
step schematization of the chart of FIGS. 2 and 3, the fulfil-
ment of the five high score criteria and of the six zero score
criteria can be performed simultaneously and without impo-
sition as regards the temporal order in which they are fulfilled.
The graphical representation is done only for the sake of

clarity.
[0242] We shall examine in detail each of the five criteria of
high risk score.

First Criterion of High Risk Score (2):

[0243] This involves determining whether a first criterion
of high risk score is or is not satisfied.

[0244] According to the invention, the system has the pro-
grammed means for determining a first criterion of high risk
score which are intended to operate at least as a function of the
effectiveness parameters (P17, P1j, P2i, P2j . . .), and of the
extracorporeal blood flowrate (Qbi, . . . , Qbj) determined for
at least two sessions.

[0245] More particularly, the programmed means for deter-
mining the first criterion of high risk score can be intended at
least to compare, for at least two sessions, each value of the
effectiveness parameter (Ei, . . ., Ej) of a session with a linear
function of the value of the extracorporeal blood flowrate
(Qbi, . . ., Qbj) of the same session.

[0246] More particularly, the programmed means for deter-
mining the first satisfied high risk criterion can be intended to
determine for at least two sessions whether each value of the
determined effectiveness (E(i)) of a session lies on or below
the straight line of equation:

E(i)=0.4*Qb(i)+40,

with Qb(i) being the blood flowrate of the patient for the same
session (i);

the score being high if this criterion is satisfied.

[0247] Specifically, the equation of this straight line corre-
sponds to the following exemplary values:

For Qsg=250 ml/min, the effectiveness ought to be equal to or
greater than 140.



US 2010/0105990 A1

For Qsg=300 ml/min, the effectiveness ought to be equal to or
greater than 160.

For Qsg=350 ml/min, the effectiveness ought to be equal to or
greater than 180.

For: Qsg=400 ml/min, the effectiveness ought to be equal to
or greater than 200.

[0248] Generally throughout the present application, it
should be noted that it involves values calculated for the given
straight line equations, but that these compared data corre-
spond to numerical values, since the units are not complied
with.

Second Criterion of High Risk Score:

[0249] This involves determining whether a second high
score criterion is or is not satisfied.
[0250] According to the invention, the system has the pro-
grammed means for determining a second criterion of high
risk score which can be intended to operate at least as a
function of the values of the venous pressure (Pvi, . . ., Pvj)
and of the arterial pressure (Pai, . . . , Paj) determined for at
least two sessions.
[0251] More particularly, the programmed means for deter-
mining the second criterion of high risk score can be intended
to compare, for at least two sessions, the arterial pressure
value and the venous pressure value, respectively, ofa session
with a predetermined arterial pressure value and a predeter-
mined venous pressure value, respectively.
[0252] More particularly, the system has the programmed
means for determining the second criterion of high risk score
that can be intended to determine for at least two sessions (i,
j) whether:

[0253] the value of the venous pressure (Pv(i), .. ., Pv(j))

is greater than or equal to 250 mmHg, and
[0254] the value of the arterial pressure (Pa(i), . . ., Pa(j))
is less than -200 mmHg,

the score being high if both these conditions are satisfied.
[0255] The threshold values can of course vary in an inter-
val about the values indicated, as a function of the patient, for
example. A threshold value of venous pressure may lie
between 200 and 300, about 250 preferably.
[0256] The largerthe number of sessions for which this first
criterion examined is satisfied, the surer the result obtained
for this criterion.

Third Criterion of High Risk Score:

[0257] This involves determining whether a third high
score criterion is or is not satisfied.
[0258] According to the invention, the system has the pro-
grammed means for determining a third criterion of high risk
score which can be intended to operate at least as a function of
the evolution of the values of venous pressure (Pv(j)-Pv(i)),
ofthe evolution of the values of arterial pressure (Pa(j)-Pa(i))
and of the evolution of the effectiveness values (E(j)-E(i))
determined between an anterior session (i) and a posterior
session (j).
[0259] More particularly, the system has the programmed
means for determining the third criterion of high risk score
which can be intended to:
[0260] compare the evolution of the effectiveness (E(j)-
E(1)) in relation to the value of the effectiveness of the
anterior session (E(i)), and
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[0261] compare the evolution of the arterial pressure (Pa
(1)-Pa(i)) and venous pressure (Pv(j)-Pv(i)) with a pre-
determined value.

[0262] More particularly, the system has the programmed
means for determining the third criterion of high risk score
which can be intended to determine whether:

[0263] theabsolute value of the variation in the effective-
ness (E(j)-E(i)) between the anterior session (i) and the
posterior session (j) is greater than or equal to 10%,
preferably 20%, of the value of the effectiveness of the
anterior session (E(i)), and

[0264] the increase in the venous pressure (Pv(j)-Pv(i))
between the anterior session (i) and the posterior session
(j) is greater than or equal to 50 mmHg, and

[0265] the decrease in the arterial pressure (Pa(j)-Pa(i))
between the anterior session (i) and the posterior session
(j) is less than or equal to 50 mmHg,

the score being high if these three conditions are satisfied.
[0266] The threshold value of 50 mmHg is an indicative
value, but the threshold can vary and be fixed onwards of 40
mmHg. This value can be chosen by the physician as a func-
tion of the usual arterial or venous pressure of the patient. The
same applies to the threshold percentage of the variation in
the effectiveness.

Fourth Criterion of High Risk Score:

[0267] This involves determining whether a fourth high
score criterion is or is not satisfied.
[0268] According to the invention, the system has the pro-
grammed means for determining a fourth criterion of high
risk score which can be intended to operate at least as a
function of the evolution of the values of venous pressure
(Pv(j)-Pv(1)), of the evolution of the values of arterial pres-
sure (Pa(j)-Pa(i)) and of the evolution of the effectiveness
values (E(j)-E(i)) determined between an anterior session (i)
and a posterior session (j).
[0269] More particularly, the system has the programmed
means for determining the fourth criterion of high risk score
which can be intended to compare each of said three para-
metric evolutions in relation to the value of the parameter of
the anterior session.
[0270] More particularly, the system has the programmed
means for determining the fourth criterion of high risk score
which can be intended to determine whether:
[0271] the increase in the venous pressure (Pv(j)-Pv(i))
between the anterior session (i) and the posterior session
(j) is greater than or equal to 10%, preferably 20% of the
value of the venous pressure of the anterior session (Pv
(1)), and
[0272] the decrease in the arterial pressure (Pa(j)-Pa(i))
between said sessions is greater than or equal to 10%,
preferably 20% of the value of the arterial pressure (Pv
(1)) of the anterior session,
the score being high if these two conditions are satisfied.
[0273] The threshold percentage value given is an indica-
tive value, but the threshold can vary and be fixed between
10% and 20%. This value can be chosen by the physician as a
function of the usual arterial or venous pressure of the patient.

Fifth Criterion of High Risk Score:

[0274] This involves determining whether a fifth high score
criterion is or is not satisfied.
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[0275] The system according to the invention has the pro-
grammed means for determining the fifth criterion of high
risk score which can be intended to operate at least as a
function of the evolution of the purification effectiveness
(E(1)-E(j)) between an anterior session (i) and a posterior
session (j).

[0276] More particularly, the system has the programmed
means for determining the fifth criterion of high risk score
which can be intended to compare the evolution of the puri-
fication effectiveness (E(i)-E(j)) with a predetermined value.
[0277] More particularly, the system has the programmed
means for determining the fifth criterion of high risk score
which can be intended to determine whether the decrease in
the purification effectiveness (E(i)-E(j)) between the anterior
session (i) and the posterior session (j) is greater than or equal
to 40 ml/min, the score being high if this condition is satisfied.
[0278] The threshold value of 40 ml/min is an indicative
value, but the threshold can vary and be fixed onwards of 30
ml/min. This value can be chosen by the physician as a func-
tion of the usual purification effectiveness in the patient.
[0279] Moreover, according to the invention:

[0280] for the determination of the first criterion of high
risk score, if the number of sessions considered is greater
than two, the corresponding means of determination are
intended to operate with each session considered;

[0281] for the determination of the second criterion of
high risk score, if the number of sessions considered is
greater than two, the corresponding means of determi-
nation are intended to operate with at least two succes-
sive sessions (i, i+1);

[0282] for the determination of at least one from among
the third, fourth and fifth criteria of high risk score, if the
number of sessions considered is greater than two, the
corresponding means of determination are intended to
operate by identifying the first temporal session consid-
ered as anterior session and by identifying the last tem-
poral session considered as posterior session;

[0283] for the determination of at least one from among
the third, fourth and fifth criteria of high risk score, if the
number of sessions considered is greater than two, the
corresponding means of determination are intended to
consider as temporal sessions those for which the values
ofat least one parameter considered are the most distant.

[0284] It may nevertheless also be valid to consider more
than two sessions so as to discern the evolution from one
session to another.

Determination of Zero Risk Score (0):

[0285] The system according to the invention comprises
programmed means for determining the zero risk score com-
prising:
[0286] programmed means for determining a first zero
score criterion,
[0287] programmed means for determining a second
Zero score criterion,
[0288] programmed means for determining a third zero
score criterion,
[0289] programmed means for determining a fourth zero
score criterion,
[0290] programmed means for determining a fifth zero
score criterion,
[0291] programmed means for determining a sixth zero
score criterion,
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and wherein the programmed means for determining whether
the score is zero are capable of sending as result:
[0292] azero score when six criteria of zero risk score are
all fulfilled, or
[0293] a non-zero score when at least one from among
the six zero score criteria is not fulfilled.

First Criterion of Zero Risk Score:

[0294] This involves determining whether a first criterion
of zero risk score is or is not satisfied.

[0295] According to the invention, the programmed means
for determining a first criterion of zero risk score can be
intended to operate at least as a function of the effectiveness
parameter (E(i), . . ., E(j)) and of the extracorporeal blood
flowrate (Qb(i), . . ., Qb(j)) determined for at least two
sessions.

[0296] More particularly, the programmed means for deter-
mining the first criterion of zero risk score can be intended to
compare, for at least two sessions, each value of the effective-
ness parameter (E(i), . . ., E(j)) of a session with a linear
function of the value of the extracorporeal blood flowrate
(Qb(i), . . ., Qb(j)) of the same session.

[0297] More particularly, the programmed means for deter-
mining the first zero risk criterion can be intended to deter-
mine, for at least two sessions, whether each value of the
determined effectiveness of a session lies on or above the
straight line of equation:

E(i)=0.4% Qb(i)+40,

with Qb(i) being the extracorporeal blood flowrate for the
same session (i), the first criterion of zero risk score being
satisfied in this case.

[0298] Thelargerthe number of sessions for which this first
(or any other) criterion examined is satisfied, the surer the
result obtained for this criterion.

[0299] Specifically, the equation of this straight line corre-
sponds to the following exemplary values:

For Qb=250 ml/min, the effectiveness ought to be equal to or
greater than 140.

For Qb=300 ml/min, the effectiveness ought to be equal to or
greater than 160.

For Qb=350 ml/min, the effectiveness ought to be equal to or
greater than 180.

For: Qb=400 ml/min, the effectiveness ought to be equal to or
greater than 200.

Second Criterion of Zero Risk Score:

[0300] This involves determining whether a second crite-
rion of zero risk score is or is not satisfied.

[0301] According to the invention, the system comprises
programmed means for determining a second criterion of
zero risk score which are intended to operate at least as a
function of the values of the venous pressure (Pv(i), . .., Pv(j))
and of the arterial pressure (Pa(i), . . ., Pa(j)) and of the values
of the blood flowrate of the patient (Qb(i), . . . , Qb(j))
determined for at least two sessions.

[0302] More particularly, the programmed means for deter-
mining a second criterion of zero risk score can be intended to
compare, for at least two sessions, each value of the arterial
pressure (Pa(i), . . ., Pa(j)) with a linear function of the blood
flowrate (Qb(i), . . ., Qb(j)) of the session and each value of
the venous pressure value (Pv(i), . . ., Pv(j)) with a linear
function of the blood flowrate of the session (Qb(i), . . .,

Qb))
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[0303] More particularly, the programmed means for deter-
mining the second criterion of zero risk score can be intended
to determine for at least two sessions (i, j):

[0304] whether each absolute value of the arterial pres-
sure (Pa(i), .. ., Pa(j)) determined per session is less than
or equal to half the blood flowrate of the patient (Qb(i),

.., Qb(j)) for the session considered (i, . . ., ), and

[0305] whether each value of the venous pressure (Pv(i),
..., Pv(j)) determined per session is less than or equal to
half the blood flowrate of the patient (Qb(i), . . ., Qb(j))
for the session considered (i, . . . , j),

the second criterion of zero risk score being satisfied in this
case.

[0306] Specifically, the equation of this straight line corre-
sponds to the following exemplary values:

For Qb=250 ml/min, the venous pressure ought to be less than
or equal to 125 mmHg and the arterial pressure ought to be
greater than or equal to —125 mmHg.

For Qb=300 ml/min, the venous pressure ought to be less than
or equal to 150 mmHg and the arterial pressure ought to be
greater than or equal to —150 mmHg.

For Qb=350 ml/min, the venous pressure ought to be less than
or equal to 175 mmHg and the arterial pressure ought to be
greater than or equal to —175 mmHg.

For Qb=400 ml/min, the venous pressure ought to be less than
or equal to 200 mmHg and the arterial pressure ought to be
greater than or equal to —200 mmHg.

Third Criterion of Zero Risk Score:

[0307] This involves determining whether a third criterion
of zero risk score is or is not satisfied.

[0308] According to the invention, the system comprises
programmed means for determining the third criterion of zero
risk score which can be intended to operate at least as a
function of the evolution of the extracorporeal blood flowrate
(Qb(j)-Qb(1)) between an anterior session (i) and a posterior
session (j).

[0309] More particularly, the programmed means for deter-
mining the third criterion of zero risk score can be intended to
compare the evolution of the blood flowrate of the patient
(Qb(j)-Qb(1)) with a predetermined value.

[0310] More particularly, the programmed means for deter-
mining the third criterion of zero risk score can be intended to
determine whether the absolute value of the variation in the
blood flowrate (1Qb(j)-Qb(i)!) between an anterior session (i)
and a posterior session (j) is less than or equal to 20 ml/min,
the third criterion of zero risk score being satisfied in this case.
[0311] The threshold difference value of 20 ml/min is an
indicative value, but the threshold can vary and be fixed
onwards of 10 ml/min. This value can be chosen by the
physician as a function of the usual blood flowrate of the
patient during treatment, and would vary between 10 and 20,
or greater than 20.

Fourth Criterion of Zero Risk Score:

[0312] This involves determining whether a fourth criterion
of zero risk score is or is not satisfied.

[0313] According to the invention, the system comprises
programmed means for determining the fourth criterion of
zero risk score which can be intended to operate at least as a
function of the evolution of the values of arterial pressure
(Pa(j)-Pa(i)) between an anterior session (i) and a posterior
session (j).
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[0314] More particularly, the programmed means for deter-
mining the fourth criterion of zero risk score can be intended
to compare the evolution of the arterial pressure (Pa(j)-Pa(i))
with the value of arterial pressure of the anterior session
(Pa(i)).

[0315] More particularly, the programmed means for deter-
mining the fourth criterion of zero risk score can be intended
to determine whether the variation in the arterial pressure
(Pa(j)-Pa(i)) between the anterior session (i) and the posterior
session (j) is less than or equal to 10%, preferably to 20%, of
the arterial pressure (P(i)) of the anterior session, the fourth
criterion of zero risk score being satisfied in this case.
[0316] The threshold percentage value given is an indica-
tive value, but the threshold can vary and be fixed between
10% and 20%. This value can be chosen by the physician as a
function of the usual arterial pressure of the patient.

Fifth Criterion of Zero Risk Score:

[0317] This involves determining whether a fifth criterion
of zero risk score is or is not satisfied.

[0318] According to the invention, the system comprises
programmed means for determining the fifth criterion of zero
risk score which can be intended to operate at least as a
function of the evolution of the values of venous pressure
((Pv(j)-Pv(i)) between an anterior session and a posterior
session.

[0319] More particularly, the programmed means for deter-
mining the fifth criterion of zero risk score can be intended to
compare the evolution of the venous pressure ((Pv(j)-Pv(i))
with the value of the venous pressure of the anterior session
(Pv(D)).

[0320] More particularly, the programmed means for deter-
mining the fifth criterion of zero risk score can be intended to
determine whether the variation in the venous pressure (Pv
(1)-Pv(i)) between the anterior session (i) and the posterior
session (j) is less than or equal to 10%, preferably to 20%, of
the venous pressure (Pv(i)) of the anterior session, the fifth
criterion of zero risk score being satisfied in this case.
[0321] The threshold percentage value given is an indica-
tive value, but the threshold can vary and be fixed between
10% and 20%. This value can be chosen by the physician as a
function of the usual venous pressure of the patient.

Sixth Criterion of Zero Risk Score:

[0322] This involves determining whether a sixth criterion
of zero risk score is or is not satisfied.

[0323] According to the invention, the system comprises
programmed means for determining the sixth criterion of zero
risk score which can be intended to operate at least as a
function of the evolution of the effectiveness of the treatment
((EG)-E(i)) between an anterior session (i) and a posterior
session (j).

[0324] More particularly, the programmed means for deter-
mining the sixth criterion of zero risk score can be intended to
compare the evolution of the effectiveness ((E(j)-E(1)) of the
treatment with a predetermined value.

[0325] More particularly, the programmed means for deter-
mining a sixth criterion of zero risk score can be intended to
determine whether the absolute value of the variation in the
effectiveness of the treatment ((E(j)-E(i)) between the ante-
rior session (i) and the posterior session (j) is less than or
equal to 10 ml/min, the sixth criterion of zero risk score being
satisfied in this case.
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[0326] The threshold value of 10 ml/min is an indicative
value, but the threshold can vary and be fixed onwards of 5
ml/min. This value can be chosen by the physician as a func-
tion of the usual purification effectiveness in the patient.
[0327] In the system according to the invention:

[0328] for the determination of at least one from among
the first and the second criteria of zero risk score, if the
number of sessions considered is greater than two, the
corresponding means of determination are intended to
operate with each session considered;

[0329] for the determination of at least one from among
the third, fourth, fifth and sixth criteria of zero risk score,
if the number of sessions considered is greater than two,
the corresponding means of determination are intended
to operate by identifying the first temporal session con-
sidered as anterior session and by identifying the last
temporal session considered as posterior session;

[0330] for the determination of at least one from among
the third, fourth, fifth and sixth criteria of zero risk score,
if the number of sessions considered is greater than two,
the corresponding means of determination are intended
to consider as temporal sessions those for which the
values of at least one parameter considered are the most
distant.

[0331] In the system according to the invention, the treat-
ment sessions considered are spread over at least two weeks,
preferably over an interval lying between two weeks and six
months, more preferably over an interval of three weeks.

System for Determining Reliability of Risk Score:

[0332] The invention pertains to a system for determining
reliability of risk score of the state of a vascular access com-
prising the following means:
[0333] the system for determining the state of a vascular
access described above,
[0334] means for storing:

[0335] 1. a first risk score (S) determined over a first
time interval defined between an anterior session and
a posterior session and comprising more than two
sessions,

[0336] 1II. at least one second risk score (S') deter-
mined over at least one second time interval situated
inside the first determined interval,

[0337] programmed means for calculating the reliability
as a function of the first score determined and at least of

the second score determined (S, S').

[0338] More particularly, when a number n of risk scores is
determined by the system for determining the state of a vas-
cular access, the programmed means for calculating the reli-
ability can be intended to calculate the reliability percentage
as equal or related to the ratio of the number of identities
between the first risk score determined over the first interval
and each of the other risk scores determined over an interval
inside the first interval divided by the number n.

[0339] Particularly, the second time interval can have as
posterior bound the posterior session of the first interval, or a
bound temporally very close to the posterior bound the pos-
terior session of the first interval.

[0340] It should be clearly noted that the system according
to the invention is not necessarily implemented during the
treatment. Preferably, it is implemented after a treatment
session, if the parameters considered are mean parameters
over a session.
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[0341]
[0342] storage means storing at least values of at least
one extracorporeal hemodynamic parameter (P1i, . . .,
P1j,...P2i,...,P2j...)and purification effectiveness
values (E(i), . . ., E(j)) relating to at least one patient
subjected to several sessions (i, . . . j) of extracorporeal
blood treatment,
[0343] acalculation and control system according to the
invention for the determination of the vascular state of
the patient the parametric values of at least one of whose

The invention also relates to a computer comprising:

extracorporeal hemodynamic parameters (P14, . . ., P1j,
...P2i,...,P2j...)and whose purification effectiveness
values (E(i), . . ., E(j)) are stored in said storage means.

[0344] Theinvention also relates to an extracorporeal blood
treatment machine comprising at least:

[0345] a blood treatment unit capable of implementing
an extracorporeal blood treatment by blood circulation
via an extracorporeal blood circuit comprising an arte-
rial line, a first chamber of a filter separated by a semi-
permeable membrane, a venous line, and by dialysate
circulation in a second chamber of the filter,

[0346] storage means storing at least values of at least
one extracorporeal hemodynamic parameter and purifi-
cation effectiveness values relating to at least one patient
subjected to several sessions of extracorporeal blood
treatment,

[0347] acalculation and control system according to the
invention for the determination of the vascular state of
the patient the parametric values of at least one of whose
extracorporeal hemodynamic parameters (P14, . . ., P1j,
...P2i,...,P2j...)and whose purification effectiveness
values (E(i), . . ., E(j)) are stored in said storage means.

[0348]

[0349] aserver,

[0350] atleast one blood treatment machine linked to the
server, each machine comprising:

[0351] means for measuring and/or for calculating
medical data relating to at least one extracorporeal
hemodynamic parameter (P14, ..., P1j,...P2i, ...,
P2j .. .) and to the purification effectiveness of the
treatment (E(Q), . . ., E()),

[0352] means for sending at least part of these mea-
sured and/or calculated data to the server,

The invention also relates to a network comprising:

[0353] the server comprising:

[0354] means for receiving at least part of the medical
data relating to extracorporeal blood treatments,

[0355] storage means for storing the data received by
the reception means from one or more blood treat-
ment machines,

[0356] a calculation and control system according to
the invention, intended to operate on the basis of said
received data,

[0357] at least one station (client station for example)
capable of communicating with the server for receiving
at least the results of the implementation of said calcu-
lation and control system.

[0358] The station can comprise a unit for displaying the
risk score results.

[0359] This method is described during the treatment, but
can be implemented after the treatment and in a distant place
for the selection step (as in FIG. 15).
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[0360] Once the necessary parameters have been selected,
the server implements the method according to the invention,
this method being automated by the implementation of expert
software.
[0361] The user will be able to access at least the results of
the method according to the invention via a station linked to
said server.
[0362] Thelinks described can be protected by known tech-
niques for reasons of confidentiality of the data relating to a
patient. Alternatively or additionally, the data can be, before
sending, “anonymized” by the allocation of a code to each
patient, without displaying the name of the patient during the
data exchanges.
[0363] Also, the invention relates to a method for determin-
ing the state of a vascular access of a patient intended to
follow successive sessions (i, j) of extracorporeal blood treat-
ment by extraction and return of the blood via the vascular
access, the method of determination comprising the follow-
ing steps:

[0364] a) determining the value (Pi, Pj) of at least one
hemodynamic extracorporeal parameter (P) of the patient
for at least two sessions (i, j),

[0365] b) determining the value (Ei, Ej) of the purification
effectiveness of the treatment for at least two sessions (i, ),

[0366] c)determining arisk score relating to the state of the
vascular access of the patient as a function of said at least
two values (Pi, Pj) of the hemodynamic extracorporeal
parameter and of said at least two determined values (Ei,
Ej) of the purification effectiveness.

[0367] This method, which is preferably implemented

automatically, can be carried out in situ in the treatment room

or remotely in a room of the hospital or of a data processing
center.

[0368] In the method according to the invention, the risk

score can take three values:

[0369] SO) zero risk score for a patient the state of whose

vascular access is normal,

[0370] s1) intermediate risk score for a patient the state of

whose vascular access is uncertain (or “doubtful”),

[0371] s2) high risk score for a patient the state of whose

vascular access is alarming.

[0372]
[0373]

high,

[0374] the additional step of determining whether the
risk score is zero,

[0375] the following additional step: if the risk score is
determined neither alarming nor zero, then it is consid-
ered intermediate.

[0376] The step of determining whether the risk score is

zero can be performed after the step of determining whether

the risk score is high.

The determination of the risk score can comprise:
the step of determining whether the risk score is

Parameters Involved:

[0377] Inthe method according to the invention, the hemo-
dynamic extracorporeal parameter or parameters (P) have
been measured for a session of extracorporeal blood treat-
ment which consists in circulating the blood of the patient at
an extracorporeal blood flowrate and in an extracorporeal
blood circuit, this circuit comprising an arterial line where
there exists an arterial pressure, a filter and a venous line
where there exists a venous pressure.
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[0378] These parameters can be chosen from among the
group comprising:

[0379] extracorporeal venous pressure (Pv),
[0380] extracorporeal arterial pressure (Pa),
[0381] extracorporeal blood flowrate of the patient (Qb),
[0382] aparameter proportional to one of the three afore-

said parameters.

[0383] In the method according to the invention, the puri-
fication effectiveness (E) has been measured for a session of
extracorporeal blood treatment which consists in circulating
the blood of the patient at an extracorporeal blood flowrate
and in an extracorporeal blood circuit, this circuit comprising
an extracorporeal arterial line, a filter and an extracorporeal
venous line, the purification effectiveness (E) being equal or
a function of at least one of the following parameters:

[0384] the dialysance (D), or
[0385] the clearance (C), or
[0386] the concentration of a substance contained in

blood upstream from the filter (Cbin), or
[0387] the concentration of a substance contained in
blood downstream from the filter (Cbout) in the extra-
corporeal circuit, or
[0388] the dialysis dose (KT/v), or
[0389] a parameter proportional to one of the five afore-
said parameters.
[0390] The values of the hemodynamic parameter or
parameters and of the purification effectiveness can be the
average values of these parameters over a treatment session.
[0391] All the remarks made for the devices according to
the invention are also valid for the method according to the
invention.

Determination of the High Risk Score (2):

[0392] The method according to the invention comprises
the step of determining if the score is high having:
[0393] as result a high score when at least one from
among five criteria of high risk score is fulfilled,
[0394] asresult anon-high score when all the five criteria
of high risk score are not fulfilled.

Determination of the First Criterion of High Risk Score:

[0395] According to the invention, the determination of a
first criterion of high risk score is at least a function of the
effectiveness parameter and the extracorporeal blood flow-
rate determined for at least two sessions.

[0396] More particularly, the determination of the first cri-
terion of high risk score is performed at least by comparing,
for at least two sessions, each value of the effectiveness
parameter of a session with a linear function of the value of
the extracorporeal blood flowrate of the same session.
[0397] More particularly, the determination of the first sat-
isfied high risk criterion consists in determining for at least
two sessions whether each value of the determined effective-
ness of a session lies on or below the straight line of equation:

E(1)=0.4* 0b(i)+40,

with Qb(i) being the blood flowrate of the patient for the same
session (i); the score being high if this criterion is satisfied.
[0398] Thelargerthe number of sessions for which this first
criterion examined is satisfied, the surer the result obtained
for this criterion.

Second Criterion of High Risk Score:

[0399] According to the invention, the determination of a
second criterion of high risk score is at least a function of the
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values of the venous pressure and the arterial pressure deter-
mined for at least two sessions.
[0400] More particularly, the determination of the second
criterion of high risk score is made by comparing, for at least
two sessions, the arterial pressure value and the venous pres-
sure value, respectively, of a session with a predetermined
arterial pressure value and a predetermined venous pressure
value, respectively.
[0401] More particularly, the determination of the second
criterion of satisfied high risk score consists in determining
for at least two sessions (i, j) whether:
[0402] the value of the venous pressure (Pv(i), Pv(j)) is
greater than or equal to 250 mmHg, and
[0403] the value of the arterial pressure (Pa(i), Pa(j)) is
less than -200 mmHg for at least two sessions (i, j);
the score being high if these two conditions are satisfied.

Third Criterion of High Risk Score:

[0404] According to the invention, the determination of a
third criterion of high risk score is at least a function of the
evolution of the values of venous pressure, of the evolution of
the values of arterial pressure and of the evolution of the
effectiveness values determined between an anterior session
(i) and a posterior session (j).

[0405] More particularly, the determination of the third
criterion of high risk score comprises:

[0406] the comparison of the evolution of the effective-
ness (E(j)-E(i)) in relation to the value of the effective-
ness of the anterior session (E(i)), and

[0407] the comparison of the evolution of the arterial
pressure (Pa(j)-Pa(i)) and venous pressure (Pv(j)-Pv(i))
with a predetermined value.

[0408] More particularly, the determination of the third
criterion of high risk score consists in determining whether:

[0409] the absolute value of the variation in the effective-
ness (E(j)-E(1)) between the anterior session (i) and the
posterior session (j) is greater than or equal to 10%,
preferably 20% of the value of the effectiveness of the
anterior session (E(i)), and

[0410] the increase in the venous pressure (Pv(j)-Pv(i))
between the anterior session (i) and the posterior session
(j) is greater than or equal to 50 mmHg, and

[0411] the decrease in the arterial pressure (Pa(j)-Pa(i))
between the anterior session (i) and the posterior session
() is less than or equal to 50 mmHg,

the score being high if these three conditions are satisfied.

Fourth Criterion of High Risk Score:

[0412] According to the invention, the determination of a
fourth criterion of high risk score is at least a function of the
evolution of the values of venous pressure (Pv(j)-Pv(i)), the
evolution of the values of arterial pressure (Pa(j)-Pa(i)) and
the evolution of the effectiveness values (E(j)-E(i)) deter-
mined between an anterior session (i) and a posterior session
).
[0413] More particularly, the determination of the fourth
criterion of high risk score comprises the comparison of each
of said three parameter evolutions in relation to the value of
the parameter of the anterior session.
[0414] More particularly, the determination of the fourth
criterion of high risk score consists in determining whether:
[0415] the increase in the venous pressure (Pv(j)-Pv(i))
between the anterior session (i) and the posterior session
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(j) is greater than or equal to 10%, preferably 20% of the
value of the venous pressure of the anterior session (Pv
(1)), and

[0416] the decrease in the arterial pressure (Pa(j)-Pa(i))
between said sessions is greater than or equal to 10%,
preferably 20% of the value of the arterial pressure (Pv
(1)) of the anterior session,

the score being high if these two conditions are satisfied.

Fifth Criterion of High Risk Score:

[0417] According to the invention, the determination of a
fifth criterion of high risk score is at least a function of the
evolution of the purification effectiveness (E(1)-E(j))
between an anterior session (i) and a posterior session (j).
[0418] More particularly, the determination of the fifth cri-
terion of high risk score comprises the comparison of the
evolution of the purification effectiveness (E(i)-E(j)) with a
predetermined value.

[0419] More particularly, the determination of the fifth cri-
terion of satisfied high risk score consists in determining
whether the decrease in the purification effectiveness (E(i)-
E(j)) between the anterior session (i) and the posterior session
(j) is greater than or equal to 40 ml/min, the score being high
if this condition is satisfied.

[0420] According to the invention:

[0421] for the determination of the first criterion of high
risk score, if the number of sessions considered is greater
than two, the determination can be made for each session
considered.

[0422] for the determination of the second criterion of
high risk score, if the number of sessions considered is
greater than two, the determination can be made for at
least two successive sessions (i,i+1).

[0423] for the determination of at least one from among
the third, fourth and fifth criteria of high risk score, if the
number of sessions considered is greater than two, the
anterior session can be the first temporal session consid-
ered and the posterior session can be the last temporal
session considered,

[0424] for the determination of at least one from among
the third, fourth and fifth criteria of high risk score, if the
number of sessions considered is greater than two, the
temporal sessions considered can be those for which the
values of at least one parameter considered are the most
distant.

Determination of Zero Risk Score (0):

[0425] This determination has as result:
[0426] azero score when six criteria of zero risk score are
all fulfilled, or
[0427] a non-zero score when at least one from among
the six zero score criteria is not fulfilled.

First Criterion of Zero Risk Score:

[0428] According to the invention, the determination of a
first criterion of zero risk score is at least a function of the
effectiveness parameter and the extracorporeal blood flow-
rate determined for at least two sessions.

[0429] More particularly, the determination of the first cri-
terion of zero risk score is performed by comparing, for at
least two sessions, each value of the effectiveness parameter
of a session with a linear function of the value of the extra-
corporeal blood flowrate of the same session.
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[0430] More particularly, the determination of the first zero
risk criterion consists in determining, for at least two sessions,
if each value of the determined effectiveness of a session lies
on or above the straight line of equation:

E(i)=0.4*0b(i)+40,

with Qb(i) being the extracorporeal blood flowrate for the
same session (i), the first criterion of zero risk score being
satisfied in this case.

Second Criterion of Zero Risk Score:

[0431] According to the invention, the determination of a
second criterion of zero risk score is at least a function of the
values of the venous pressure and the arterial pressure and the
values of the blood flowrate of the patient determined for at
least two sessions.

[0432] More particularly, the determination of the second
criterion of zero risk score is made by comparing, for at least
two sessions, each value of the arterial pressure (Pa(i), . . .,
Pa(j)) with a linear function of the blood flowrate (Qb(i), . . .
, Qb(j)) of the session and each value of the venous pressure
value (Pv(i), . . ., Pv(j)) with a linear function of the blood
flowrate of the session (Qb(i), . . ., Qb(j)).

[0433] More particularly, the determination of the second
criterion of zero risk score consists in determining for at least
two sessions (i, j):

[0434] whether each absolute value of the arterial pres-
sure (Pa(i), Pa(j)) determined per session is less than or
equal to half the blood flowrate of the patient (Qb(i), . .
., Qb(j)) for the session considered (i, j), and

[0435] whether each value of the venous pressure (Pv(i),
..., Pv(j)) determined per session is less than or equal to
half the blood flowrate of the patient (Qb(i), . . ., Qb(j))
for the session considered (i, j),

the second risk score criterion being considered zero in this
case.

Third Criterion of Zero Risk Score:

[0436] According to the invention, the determination of a
third criterion of zero risk score is at least a function of the
evolution of the extracorporeal blood flowrate (Qb(j)-Qb(i))
between an anterior session (i) and a posterior session (j).
[0437] More particularly, the determination of the third
criterion of zero risk score comprises the comparison of the
evolution of the blood flowrate of the patient with a predeter-
mined value.

[0438] More particularly, the determination of the third
criterion of zero risk score consists in determining whether
the absolute value of the variation in the blood flowrate (IQb
(1)-Qb(@)!) between an anterior session (i) and a posterior
session (j) is less than or equal to 20 ml/min, the third risk
score criterion being considered zero in this case.

Fourth Criterion of Zero Risk Score:

[0439] According to the invention, the determination of a
fourth criterion of zero risk score is at least a function of the
evolution of the values of arterial pressure (Pa(j)-Pa(i))
between an anterior session (i) and a posterior session (j).
[0440] More particularly, the determination of the fourth
criterion of zero risk score comprises the comparison of the
evolution of the arterial pressure (Pa(j)-Pa(i)) with the value
of the arterial pressure (Pa(i)) of the anterior session (i).
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[0441] More particularly, the determination of the fourth
criterion of zero risk score consists in determining whether
the variation in the arterial pressure (Pa(j)-Pa(i)) between the
anterior session (i) and the posterior session (j) is less than or
equal to 10%, preferably to 20%, of the arterial pressure
(Pa(i)) of the anterior session, the fourth risk score criterion
being considered zero in this case.

Fifth Criterion of Zero Risk Score:

[0442] According to the invention, the determination of a
fifth criterion of zero risk score is at least a function of the
evolution of the values of venous pressure (Pv(j)-Pv(i))
between an anterior session (i) and a posterior session (j).

[0443] More particularly, the determination of the fifth cri-
terion of zero risk score comprises the comparison of the
evolution of the venous pressure (Pv(j)-Pv(i)) with the value
of the venous pressure of the anterior session (Pv(i)).

[0444] More particularly, the determination of the fifth cri-
terion of zero risk score consists in determining whether the
variation in the venous pressure (Pv(j)-Pv(i)) between the
anterior session (i) and the posterior session (j) is less than or
equal to 10%, preferably to 20%, of the venous pressure
(Pv(1)) of the anterior session, the fifth risk score criterion
being considered zero in this case.

Sixth Criterion of Zero Risk Score:

[0445] According to the invention, the determination of a
sixth criterion of zero risk score is at least a function of the
evolution of the effectiveness of the treatment ((E(j)-E(®i))
between an anterior session (i) and a posterior session (j).

[0446] More particularly, the determination of the sixth
criterion of zero risk score comprises the comparison of the
evolution of the effectiveness of the treatment ((E(j)-E(i))
with a predetermined value.

[0447] More particularly, the determination of the sixth
criterion of zero risk score consists in determining whether
the absolute value of the variation in the effectiveness of the
treatment ((E(j)-E(i)) between the anterior session (i) and the
posterior session (j) is less than or equal to 10 ml/min, the
sixth risk score criterion being considered zero in this case.

[0448] In the method for determining the zero risk score:
[0449] for the determination of at least one from among
the first and the second criteria of zero risk score, if the

number of sessions considered is greater than two, the
determination is made for each session considered,

[0450] for the determination of at least one from among
the third, fourth, fifth and sixth criteria of zero risk score,
if the number of sessions considered is greater than two,
the anterior session can be the first temporal session
considered and the posterior session can be the last tem-
poral session considered,

[0451] for the determination of at least one from among
the third, fourth, fifth and sixth criteria of zero risk score,
if the number of sessions considered is greater than two,
the temporal sessions considered can be those for which
the values of at least one parameter considered are the
most distant.

[0452] In the method according to the invention, the treat-
ment sessions considered are spread over at least two weeks,
preferably over an interval lying between 2 weeks and 6
months, more preferably over an interval of 3 weeks.
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[0453] The invention also relates to a method for determin-
ing reliability of risk score of the state of a vascular access
comprising the following steps:

[0454] first implementation of the method for determin-
ing the state of a vascular access over a first time interval
defined between an anterior session and a posterior ses-
sion and comprising more than two sessions,

[0455] taking into account of the first risk score deter-
mined,
[0456] atleast one second implementation of the method

for determining the state of a vascular access over at least
one second time interval situated inside the first deter-
mined interval,

[0457] taking into account of the second risk score deter-
mined,
[0458] calculating the reliability as a function of the first

score determined and at least of the second score deter-

mined.
[0459] More particularly, when a number n of risk scores is
determined by n implementations of the method for deter-
mining the state of a vascular access, the calculation of a
reliability percentage is operated by the ratio of the number of
identities between the first risk score determined over the first
interval and each of the other risk scores determined over an
interval inside the first interval divided by the number n.
[0460] More particularly, the second time interval has as
posterior bound the posterior session of the first interval.
[0461] Itshould be clearly noted that the method according
to the invention is not necessarily implemented during the
treatment. Preferably, it is implemented after a treatment
session, if the parameters considered are mean parameters
over a session.
[0462] The invention finally relates to a computer program
for determining the state of a vascular access of a patient,
which program is loadable into the internal memory of a
computer, comprising portions of computer program code
for, when the program is executed by the computer, imple-
menting the method for determining the state of the vascular
access and/or the method for determining reliability of risk
score of the state determined.
[0463] This program can be recorded on a readable support
in a computer, the support being an optical and/or magnetic
data memory or a volatile storage support.
[0464] Concerning the invention in general, the risk score
takes 3 values according to the information provided by the
parameters examined.
[0465] The zero risk score corresponds to the patients
examined who are stable in a normality zone for a recent and
sufficiently long time period.
[0466] The intermediate risk score corresponds to the
patients examined who may be outside of the normality zone,
but who do not have any recent aggravation of their vascular
access making it possible to envisage a short-term complica-
tion.
[0467] The high risk score corresponds to the patients
examined exposed to a short-term complication which threat-
ens the functionality of the vascular access.

Advantages of the Determination According to the Invention
for Monitoring the Vascular Access:

[0468] The invention affords a maximum of advantages of
which the main ones are listed here:
[0469] swiftness of the evaluation of a risk of the vascu-
lar access,
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[0470] implementation of the invention without neces-
sary additional hardware;
[0471] time saving of additional treatment or interven-
tion on the patient;
[0472] saving of additional labor costs, of consumable
medical apparatus, of hardware (use of Doppler . . . )
[0473] implementation of the invention without addi-
tional manipulation during treatment, and without inter-
vention during dialysis sessions, therefore without pro-
ducing disturbances,
[0474] alert levels sorted by priority with a high risk
score and an intermediate risk score;
[0475] remote monitoring of several patients and/or in
one or more clinics,
[0476] remote monitoring of a home dialyzed patient by
a physician,
[0477] anticipation of the risky state of the vascular
access before the start of a dialysis session,
[0478] ranking according to several levels of signifi-
cance of the risk of the vascular access,
[0479] the calculated scores can be sent directly to the
physician.
[0480] In patients with zero score, the invention makes it
possible to avoid expensive explorations and/or examinations
repeated by regular (each week for example) and systematic
analysis.
[0481] In patients with intermediate score, a rather more
normal situation is detected, but the analysis steers the phy-
sician towards complementary examinations and/or steers the
physician to prescribe an update of the prescription for the
extracorporeal treatment.
[0482] Inpatients with high score, there is a time gain in the
indication of invasive exploration, and therefore there are
better chances of saving a vascular access and of accessing
possibilities of efficacious treatments in regard to extrarenal
purification.

1-39. (canceled)
40. A calculation and control system for determining
whether a patient intended to follow several sessions (i, j) of
extracorporeal blood treatment by drawing and return of the
blood via the vascular access, falls or not within a group
among several groups of hypertension-affected patients, the
systems comprising the following means:
a) means for determining the value of at least one param-
eter (APi, APj . . . ) representing the evolution of the
interdialytic mass (AP) of the patient, for at least two
sessions (i,] ... ),
b) means for determining the value (CPi, CPj, ... ) of at
least one parameter representing the plasmatic conduc-
tivity (CP) of the patient for at least two sessions (i, j),
¢) means for determining the value (TMi, TMj) of a param-
eter representing the ionic mass transfer of the treatment
for at least two sessions (i, j),
d) programmed means for determining whether the patient
falls or not within a group of hypertension-affected
patients as a function of the evolution over several ses-
sions of at least one of the three following sets of values:
a first set of at least two determined values (APi, APj) of
the evolution of the interdialytic mass (AP) of the
patient,

a second set of at least two determined values (CPi, CPj
... ) representing the plasmatic conductivity; and

a third set of at least two determined values (TMi, TMj)
representing the ionic mass transfer.
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41. The system according to claim 40, wherein the hyper-
tension groups are divided into a first group of hypertension-
affected patients, a second group of hypertension-affected
patients and a third group of hypertension-affected patients.
42. The system according to claim 41, wherein the pro-
grammed means for determining the belonging to a group of
hypertension-affected patients comprise programmed means
for determining whether the patient falls within the first
group.
43. The system according to claim 42, wherein the pro-
grammed means for determining the belonging to a group of
hypertension-affected patients comprise programmed means
for determining whether the patient falls within the second
group when the patient does not fall within the first group.
44. The system according to claim 43, wherein the pro-
grammed means for determining the belonging to a group of
hypertension-affected patients comprise programmed means
for determining whether the patient falls within the third
group when the patient does not fall within the second group.
45. The system according to claim 40, wherein the value
(APi, APj . . . ) representing the interdialytic evolution of the
mass (AP) of the patient, for at least two sessions (i,] ... ) is
chosen from the group comprising:
the weight increase of the patient between the end of one
session (i) and the beginning of the following session
(i+1).

the mass increase of the patient between the end of one
session (i) and the beginning of the following session
(i+1),

a parameter proportional to one of the aforesaid param-

eters.

46. The system according to claim 40, wherein the param-
eter representing the plasmatic conductivity is the same as or
function of at least one of the following parameters:

the plasmatic conductivity of the patient,

the predialytic plasmatic conductivity of the patient, i.e. the

plasmatic conductivity before the session of extracorpo-
real blood treatment, or

a parameter proportional to one of the aforesaid param-

eters.

47. The system according to claim 40, wherein the param-
eter representing the ionic mass transfer for at least two ses-
sions (i, j) is the same as or function of at least one of the
following parameters:

the ionic mass transfer during the session,

the sodium mass transfer during the patient’s session,

a parameter proportional to one of the aforesaid param-

eters.

48. The system according to claim 40, comprising means
for determining the patient’s pressure.

49. The system according to claim 47, wherein the patient
is initially regarded as hypertension-affected when the values
representing his/her pressure increase of at least about 20
mmHg over at least two sessions and/or the value represent-
ing his/her pressure for one session is above about 150
mmHg.

50. The system according to claim 49, wherein the pro-
grammed means for determining whether the patient falls or
not within the first group of hypertension-affected patients are
programmed means for determining whether the values rep-
resenting the evolution of the interdialytic mass of the patient
(AP) over several sessions (i, j) show a tendency to decrease,
the patient being regarded as falling within the first group
when the tendency is to decrease.
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51. The system according to claim 50, wherein the means
for determining the belonging to the first group of hyperten-
sion-affected patients will consider the belonging to the first
group when the evolution of the values representing the mass
is above about one kilogram.

52. The system according to claim 40, wherein the pro-
grammed means for determining whether the patient falls
within the second group of hypertension-affected patients are
programmed means for determining whether the values rep-
resenting the plasmatic conductivity (CP) over several ses-
sions (i, j) show a tendency to increase or furthermore a
tendency to decrease, the patient being considered as falling
within the second group when the tendency is to increase or
furthermore to slightly decrease.

53. The system according to claim 52, wherein the means
for determining whether the patient belongs to the second
group of hypertension-affected patients will consider the
belonging to the second group when the values representing
the plasmatic conductivity increase or decrease of less than
about 0.3 mS/cm.

54. The system according to claim 40, wherein the pro-
grammed means for determining the non-belonging to the
second group of hypertension-affected patients are pro-
grammed means for determining whether the values repre-
senting the plasmatic conductivity (CP) over several sessions
(i, j) show a tendency to decrease.

55. The system according to claim 54, wherein the pro-
grammed means for determining the non-belonging to the
second group of hypertension-affected patients will consider
the non-belonging to the second group when the values rep-
resenting the plasmatic conductivity decrease of at least about
0.3 mS/cm.

56. The system according to claim 40, wherein the pro-
grammed means for determining the belonging to the third
group of hypertension-affected patients are programmed
means for determining whether the values representing the
ionic mass transfer (TM) over several sessions (i, j) shows a
tendency to decrease, the third level being regarded as ful-
filled when the tendency is to decrease.

57. The system according to claim 56, wherein the means
for determining the belonging to the third group of hyperten-
sion-affected patients will consider the belonging to the third
group when the values representing the plasmatic conductiv-
ity decrease of at least about 200 mmol/session.

58. The system according to claim 40, wherein for the
determination of the belonging to one of the three groups of
hypertension-affected patients, if the number of sessions
taken into account is above two, the corresponding means of
determination are intended to operate with at least two suc-
cessive sessions (i, i+1).

59. The system according to claim 40, wherein for the
determination of the belonging to one of the three groups of
hypertension-affected patients, if the number of sessions
taken into account is above two, the corresponding means of
determination are intended to operate by identifying the first
temporal session considered as anterior session and by iden-
tifying the last temporal session considered as posterior ses-
sion.

60. The system according to claim 40, wherein for the
determination of the belonging to one of the three groups of
hypertension-affected patients, if the number of sessions
taken into account is above two, the corresponding means of
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determination are intended to regard as temporal sessions
those for which the values of at least one parameter taken into
account are the most distant.

61. The system according to claim 40, comprising pro-
grammed means for urging or monitoring the change of at
least one medical parameter or of at least one machine param-
eter for each group of hypertension-affected patients.

62. The system according to claim 61, comprising pro-
grammed means for, when the belonging to the first group of
hypertension-affected patients is taken into account, suggest-
ing or monitoring during a future session the decrease in the
patient’s mass or weight to be reached at the end of the
session.

63. The system according to claim 40, wherein the pro-
grammed means for suggesting or monitoring said decrease
in the patient’s mass are controlled so that the decrease in the
value representing the mass is of at least about 0.5 kg, or about
1 kg.

64. The system according to claim 62, comprising pro-
grammed means for, when the belonging to the second group
of hypertension-affected patients is taken into account, sug-
gesting the decrease in the amount of salt taken by the patient
from one session to the other.

65. The system according to claim 61, comprising pro-
grammed means for, when the belonging to third group of
hypertension-affected patients is taken into account, suggest-
ing or monitoring during a future session the decrease in the
value representing the dialytic conductivity.

66. The system according to claim 65, wherein the sug-
gested or monitored decrease in dialytic conductivity is of at
least about 0.2 mmol.

67. The system according to claim 40, wherein the treat-
ment sessions taken into account are spread over several
sessions over a time lapse of about six months, preferably
about 3 months.

68. A computer comprising:

storage means storing at least values of at least one param-
eter (Pi, Pj .. . ) representing the mass (P) of the patient,
at least values of at least one parameter (CPi, CPj . . .)
representing the patient’s plasmatic conductivity, and
values of at least one parameter representing the ionic
mass transfer (TMi, TMj . . . ) relating to at least one
patient undergoing several sessions (i, . . . j) of extracor-
poreal blood treatment,

a calculation and control system according to claim 40, for
determining whether the patient whose parametric val-
ues of at least one parameter (Pi, Pj . . . ) representing the
mass (P) of the patient, whose values of at least one
parameter representing the plasmatic conductivity (CP)
and whose values of at least one parameter representing
the ionic mass transfer are stored in said storage means,
falls or not within a group of hypertension-affected
patients.

69. An extracorporeal blood treatment machine compris-

ing at least:

a blood treatment unit capable of implementing an extra-
corporeal blood treatment by blood circulation via an
extracorporeal blood circuit comprising an arterial line,
a first chamber of a filter separated by a semi-permeable
membrane, a venous line, and by dialysate circulation in
a second chamber of the filter,

storage means storing at least values of at least one param-
eter (P, Pj . . .) representing the mass (P) of the patient,
at least values of at least one parameter (CPi, CPj .. .)
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representing the patient’s plasmatic conductivity, and

values of at least one parameter representing the ionic

mass transfer (TMi, TMVj . . . ) relating to at least one
patient undergoing several sessions (i, . . . j) of extracor-
poreal blood treatment,

a calculation and control system according to the invention
for determining whether the patient whose parametric
values of at least one parameter (Pi, Pj . . . ) representing
the mass (P) of the patient, whose values of at least one
parameter (CPi, CPj . . . ) representing the patient’s
plasmatic conductivity and whose values of at least one
parameter representing the ionic mass transfer (TMi,
TMj . .. ) are stored in said storage means, falls or not
within a group of hypertension-affected patients.

70. A network comprising:

a server,

at least one blood treatment machine linked to the server,
each machine comprising:
means for measuring and/or for calculating medical data

relating at least one parameter (Pi, Pj . . . ) representing
the mass of the patient, at least one parameter (CPi,
CPj ... ) representing the patient’s plasmatic conduc-
tivity and at least one parameter representing the ionic
mass transfer (TMi, TMj . . .),

means for sending at least part of these measured and/or
calculated data to the server,

the server comprising:
means for receiving at least part of the medical data

relating to extracorporeal blood treatments,

storage means for storing the data received from the
reception means from one or more blood treatment
machines,

a calculation and control system according to claim 40,
intended to operate on the basis of said received data,

at least one station capable of communicating with the
server for receiving at least the results of the implemen-
tation of said calculation and control system.

71. The network according to claim 70, wherein said sta-
tion comprises a unit for displaying the results relating to the
determined group of hypertensions-affected patients.

72. A method for determining the state of belonging to a
group of hypertension-affected patients of a patient intended
to following successive sessions (i, j) of extracorporeal blood
treatment by blood extraction and return, the method of deter-
mination comprising the following steps:

a) determining the value of at least one parameter (Pi, Pj .
.. ) representing the mass (P) of the patient for at least
two sessions (i, . .. ),

b) determining the value (CPi, CPj, . . . ) of at least one
parameter representing the patient’s plasmatic conduc-
tivity (CP) for at least two sessions(i, j),

¢) determining the value (TMi, TMj) of at least one param-
eter representing the ionic mass transfer of the treatment
for at least two sessions (i, j),

d) determining whether the patient falls or not within a
group of hypertension-affected patients as a function of
the evolution over several sessions of at least one of the
three following sets of values:

a first set of at least two determined values (Pi, Pj)
representing the evolution of the interdialytic mass of
the patient,

a second set of at least two determined values (CPi, CPj
... ) representing the plasmatic conductivity; and
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a third set of at least two determined values (TMi, TMj)
representing the ionic mass transfer.

73. A computer program for determining whether a patient
falls or not within a group of hypertension-affected patients,
which program is loadable into the internal memory of a
computer, comprising portions of computer program code
for, when the program is executed by the computer, imple-
menting the method according to claim 72.

74. A calculation and control system according to claim 40,
also for the determination of the state of a vascular access of
a patient intended to follow successive sessions (i, j) of extra-
corporeal blood treatment by drawing and return of the blood
via the vascular access, the system comprising the following
means:

a) means for determining the value (P1i, P1j, P2i, P2j, . ..

) of at least one hemodynamic extracorporeal parameter

(P1,P2 .. .) of the patient for at least two sessions (i, j),

b) means for determining the value (Ei, Ej) of the purifica-
tion effectiveness of the treatment for at least two ses-
sions (i, j),

¢) programmed means for determining a risk score relating
to the state of the vascular access of the patient as a
function of said at least two values (Pi, Pj) of the hemo-
dynamic extracorporeal parameter and of said at least
two determined values (Ei, Ej) of the purification effec-
tiveness.

75. A calculation and control system for determining reli-
ability of risk score of the state of a vascular access compris-
ing means as follows:

the system according to claim 74,

means for storing:

1. a first risk score (S) determined over a first time inter-
val defined between an anterior session and a poste-
rior session and comprising more than two sessions,

II. at least one second risk score (S') determined over at
least one second time interval situated inside the first
determined interval,

programmed means for calculating the reliability as a func-
tion of the first score determined and at least of the
second score determined (S, S").

76. A computer according to claim 68 further comprising:

storage means storing at least values of at least one extra-
corporeal hemodynamic parameter (P14, ..., P1j, . ..

P2i,...,P2j...) and purification effectiveness values

(EQ@), . . ., E(j)) relating to at least one patient subjected

to several sessions (i, . . . j) of extracorporeal blood

treatment,

a calculation and control system according to claim 40 for
the determination of the vascular state of the patient the
parametric values of at least one of whose extracorporeal
hemodynamic parameters (P14, ..., P1j, ... P2i, ..., P2j
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... ) and whose purification effectiveness values (E(i), .
.., E(j)) are stored in said storage means.

77. An extracorporeal blood treatment machine compris-

ing at least:

a blood treatment unit capable of implementing an extra-
corporeal blood treatment by blood circulation via an
extracorporeal blood circuit comprising an arterial line,
a first chamber of a filter separated by a semi-permeable
membrane, a venous line, and by dialysate circulation in
a second chamber of the filter,

storage means storing at least values of at least one extra-
corporeal hemodynamic parameter and purification
effectiveness values relating to at least one patient sub-
jected to several sessions of extracorporeal blood treat-
ment,

a calculation and control system according to claim 74 for
the determination of the vascular state of the patient the
parametric values of at least one of whose extracorporeal
hemodynamic parameters (P14, ...,P1j,...P2i, ..., P2j
... ) and whose purification effectiveness values (E(i), .
.., E(j)) are stored in said storage means.

78. A network comprising:

a server,

at least one blood treatment machine linked to the server,
each machine comprising:
means for measuring and/or for calculating medical data

relating to at least one extracorporeal hemodynamic
parameter (P14, ...,P1;,...P2i,...,P2/...)and to
the purification effectiveness of the treatment (E(i), . .

* EG))S
means for measuring and/or calculating medical data
relating to at least one parameter (Pi, Pj . . . ) repre-

senting the mass of the patient, at least one parameter
(CPi, Cpj ... . ) representing the plasmatic conductivity
of the patient, and at least one parameter representing
the ionic mass transfer (TMi, TV . . .),
means for sending at least part of these measured and/or
calculated data to the server,
the server comprising:
means for receiving at least part of the medical data
relating to extracorporeal blood treatments,
storage means for storing the data received by the recep-
tion means from one or more blood treatment
machines,
a calculation and control system according to claim 74,
intended to operate on the basis of said received data,
at least one station capable of communicating with the
server for receiving at least the results of the implemen-
tation of said calculation and control system.

* * * #* ok
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