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BLOOD PURIFICATION APPARATUS FOR
ELEVATING PURIFICATION EFFICIENCY

TECHNICAL FIELD

[0001] The present invention relates to a blood purification
apparatus that can elevate blood purification efficiency, more
concretely to a blood purification apparatus that can control
blood purification by confirming the patient’s blood condi-
tion, and that can elevate purification efficiency such as
water removal or removal of waste products, solutes and the
like.

BACKGROUND ART

[0002] For treating patients with impaired kidney func-
tion, blood purification such as hemodialysis or peritoneal
dialysis and the like have been carried out conventionally.
Hemodialysis is a treatment to purify blood by removing
extra water or waste products and toxic agents in the blood,
via semipermeable membrane in form of hollow fiber. Thus,
as for an apparatus that carries out hemodialysis, it is
important to maintain adequately the patient’s blood condi-
tion (blood volume circulating in the body) to carry out safe
and effective hemodialysis. In case the target dialysis con-
dition is an excessive setting for the patient, the blood
circulating volume will decrease excessively and it may
cause reduction of blood pressure or shock. On the contrary,
if the dialysis condition is too gentle, there is a problem of
hypertension or heart failure caused by insufficient water
removal. Furthermore, naturally, it will be hard to improve
symptoms of kidney failure according to insufficient dialy-
Sis.

[0003] Therefore, a hemodialysis apparatus performing
water removal by monitoring patient’s blood condition have
been proposed. For example, an apparatus that controls
dialysis treatment by carrying out hemodialysis by measur-
ing Hematocrit level, and that gears and controls blood
pump, water removal pump and liquid supply pump, accord-
ing to the blood circulating volume calculated from the
Hematocrit level can be exemplified. The apparatus
motioned above has a simple construction so that anyone
can use, but on the contrary the adjustment of the dialysis
time is difficult (extension of dialysis time is fatal), there-
fore, there was a problem that the control of the former part
of the dialysis cannot be performed and that it is effective
only to the reduction of blood pressure of the latter part.

[0004] In Japanese Laid-Open Patent Application No.
9-149935, a hemodialysis apparatus that controls the dialy-
sis condition by monitoring the blood condition is disclosed.
Moreover, in Japanese Laid-Open Patent Publication No.
6-83723, a controlling apparatus that estimates the body
fluid condition with the Hematocrit level, and controls the
blood pump or ultra pressure according to said condition.
However, as for the apparatus described above, there were
problems that there were no safety mechanism to suppress
out of-control of the feedback control, or that the operator
had to operate dialysis condition or the apparatus each time
the blood condition departs of the defined condition.

[0005] Furthermore, the present inventors also have pro-
posed in the past, a blood purification apparatus that can
carry out hemodialysis treatment by monitoring the patient’s
blood condition. For example, the blood purification appa-
ratus disclosed in Japanese Patent Application No.
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10-101324 (Japanese Laid-Open Patent Application No.
11-221275) can be exemplified. However, as this apparatus
gains the water removal volume in the former part of the
dialysis, it has a merit of being able to control the blood
circulating volume during dialysis within the predetermined
range which can solve the problem of extension of dialysis
time. But, on the contrary, it had demerits that it was
necessary to define an alarm zone to control, that it was
necessary to define controlling parameters in detail.

[0006] There were not only problems concerning hemo-
dialysis apparatus as described above, but also essential
problems more important concerning the hemodialysis
itself. These are problems of hemodialysis concerning dialy-
sis efficiency such as solute removal, water removal and the
like, which are disadvantages unavoidable for hemodialysis
membrane. In conventional hemodialysis, the removal of
low-molecular-weight waste products was satisfactory, but
as the removal efficiency of medium molecular-weight was
not good, it was provided to use a hollow fiber dialysis
membrane with a larger diameter of the hole, to increase the
removal efficiency of medium-molecular-weight solutes.
However, by using dialysis membrane with a large diameter
of the hole, the removal of medium-molecular-weight was
improved but on the other hand, there were defects that
albumin or other protein necessary for a living body were
removed together.

DISCLOSURE OF THE INVENTION

[0007] The object of the present invention is to solve the
above-mentioned problems. That is, it is to provide a blood
purification apparatus that can carry out blood purification
accurately and easily, and that can carry out blood purifi-
cation safely and physiologically for diving body, and more-
over that can improve (elevate) the dialysis efficiency.

[0008] More concretely, first, it is to provide a blood
purification apparatus that does not need to perform com-
plicate setting or controlling operation, and that can attain
the target blood purification treatment.

[0009] Second, it is to provide an apparatus that can carry
out physiological (gentle) dialysis to each patient, in a safe
way so that the patient would not be in a dangerous
condition by the excessive purification treatment, and that
the patient can receive the purification comfortably.

[0010] Third, it is to provide a blood purification apparatus
that have elevated (improved) the dialysis efficiency shown
by removal of solute such as waste products and the like or
water removal.

[0011] Forth, it is to provide a blood purification apparatus
that can improve the removal efficiency of medium-molecu-
lar-weight waste products, while maintaining protein nec-
essary for a living body.

[0012] To achieve said object, the present inventors have
formed artificially an osmotic gradient (in other words, a
difference of osmotic pressure) between the osmotic pres-
sure of patient’s blood and the intracellular osmotic pressure
of the patient during blood purification, especially an arti-
ficial repeating condition of increasing and decreasing (rise
and fall) to the blood osmotic pressure in the blood circuit
of the blood purification apparatus, so that the high pressure
condition and the low pressure condition of osmotic pressure
in patient’s blood vessel is alternated, to dispose a difference
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with the intracellular osmotic pressure, and to improve
efficiency of water removal or solute removal, that was made
to be a basic technical philosophy. Thus, the present inven-
tion was completed according to this technical philosophy.

[0013] In other words, the present invention provides a
blood purification apparatus having a blood osmotic pres-
sure changing means that forms artificially an osmotic
gradient between the osmotic pressure of patient’s blood and
the intracellular osmotic pressure of the patient during blood
purification, especially a blood osmotic pressure changing
means that forms by changing periodically said osmotic
gradient especially in at least one part of the process of the
blood purification, especially in the latter process of the
blood purification process.

[0014] As for a means that forms the osmotic gradient
between the osmotic pressure of patient’s blood and the
intracellular osmotic pressure of the patient mentioned
above, the change of purification condition of the blood
purification process and the use of osmotic substance, (mate-
rial forming the osmotic gradient) can be exemplified.

[0015] As a technical means that changes the osmotic
gradient artificially and periodically, a means that changes
the purification condition of the blood purification process
cyclically can be exemplified, and for example there is a
means by performing the change of water removal speed,
including the stop of water removal.

[0016] By changing water removal speed, for example by
repeating increasing and decreasing of the water removal
speed cyclically, or repeating the high water removal speed
and stop of water removal cyclically, the difference between
the blood osmotic pressure and the intracellular osmotic
pressure is formed periodically and that can elevate the
water removal efficiency or solute removal efficiency. Fur-
thermore, the ability of removing specific solute (especially
medium molecular-weight solutes and the like which are
difficult to move) can be improved.

[0017] For the reason that the efficacy of the blood puri-
fication as mentioned above can be reached, it is estimated
that it is due to a phenomenon as follows, and is explained
according to FIG. 6.

[0018] When the water removal speed is high, the blood
which the concentration condition of blood is high will
recycle in the body. Therefore, the osmotic gradient between
blood and cells will become larger, and the material transfer
between cells and blood will become larger. That is, when
the blood side is more concentrated than the cells, water will
move from cells to blood side. At the same time, the
components of blood side will transfer to cells. Due to the
difference of the transfer speed of the solute and the solvent
that transfer the concentration of plasma components will
vary temporarily. Therefore, as it is shown in FIG. 6(a),
water to correct the difference of osmotic pressure (white
arrow) will flow in from cells, and the solute components
(black arrow) will transfer inter cells, the concentration of
small molecule of plasma components will decrease tempo-
rarily. Then, the osmotic gradient of cells and the plasma
will decrease gradually and stabilizes (it is believed that it
stabilizes where the osmotic pressure is higher than usual).
When the water removal speed is stopped, the plasma
components will no more have the concentration action
according to water removal, and simply will be only the
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action according to material transfer and diffusion efficacy
according to the difference between osmotic pressure of
dialysate and plasma, and the osmotic pressure of plasma
will show a lower level than when performing normal water
removal. Moreover, when the dialysis is carried out with a
water removal speed faster than usual, at the previous stage
of the stop of water removal it is believed that the intrac-
ellular osmotic pressure will be a higher level than usual.
Thus, as it is shown in FIG. 6(b), on the contrary, water will
flow in from the blood side into cells, and the solute
components will move to blood vessel side. Furthermore,
when cells of said condition and the blood of lower osmotic
pressure than usual will meet, a higher efficacy of material
transfer than usual (not only transfer of water or small
molecule but transfer of medium or large molecular weight)
can be expected. When a high water removal speed and stop
of water removal are repeated cyclically, according to the
difference between the cycle and the transfer speed of each
solute, it is expected the removal ability of specific material
is improved (by combining cycle, water removal speed,
dialyzer, dialysate and the like, the ability of component
removal from cells will vary).

[0019] As for another technical means that changes peri-
odically the osmotic pressure of patient’s blood and the
intracellular osmotic pressure of the patient, there is a means
that supplies osmotic pressure changing material into a
blood circuit or a circuit supplying dialysate, to form arti-
ficially the repeating condition of increasing and decreasing
of the patient’s blood osmotic pressure.

[0020] To change the blood osmotic pressure circulating in
the blood circuit by using an osmotic pressure changing
material, there is a means, for example, that provides a liquid
supply means in the blood circuit and connect the osmotic
pressure changing means to it, and a means that changes the
osmotic pressure of the dialysate circulating in the dialysate
circuit.

[0021] The latter means is an injector of fluid comprising
osmotic pressure changing material that can change the
content volume of the osmotic pressure changing material of
the dialysate circulating in the dialysate circuit, for example
an injector of fluid comprising sodium (hereinafter also
referred as sodium injector) which is an apparatus injecting
said dialysate (via endotoxin filter) into the blood circuit.
Comparing to the former one, the latter can be realized in an
affordable price and by using with a method that supplies
dialysate by an online mechanism hereinafter described, it
can change the blood osmotic pressure rapidly and in a wide
range.

[0022] In case of injecting fluid comprising sodium as an
osmotic pressure changing material into the dialysate, it is
preferable that the concentration is high content, for example
145-150 mEqg/1 to increase blood osmotic pressure, and that
the concentration is low content, for example 140-143 mEq/1
to lower the blood osmotic pressure.

[0023] As for said blood purification method, method of
hemodialysis, hemofiltration (HF) and hemodiafiltration
(HDF) can be exemplified, and among these, HF or HDF
supplying dialysate by on-line is preferable, and especially,
HDF is preferable as it uses UFR controller to make the fluid
volume flowing in the dialyzer same as the fluid volume
flowing out, and can change the blood osmotic pressure
rapidly, sharply and in a wide range.
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[0024] As for material to be used to perform operation of
changing periodically the blood osmotic pressure to be high
and low artificially as mentioned above, it has no specific
limitation as long as it is a material that can achieve said
object, and osmotic pressure changing material such as
electrolytes selected from sodium, calcium and magnesium,
alkalizers selected from lactic acid and bicarbonic acid, and
glucose, or a combination thereof and the like can be
exemplified. Among these, osmotic pressure changing mate-
rial comprising sodium ion is preferable from the point of
view of safety and effectiveness.

[0025] The present invention will be explained concretely
in the following.

[0026] 1. Blood purification using blood osmotic pres-
sure changing means.

[0027] The Former Part of Blood Purification

[0028] Asitis shown in FIG. 1 and FIG. 2(a), the former
part of blood purification, it is preferable to form a high
difference of osmotic pressure between blood osmotic pres-
sure and intracellular osmotic pressure of the patient, for
example by injecting continuously high electrolytic solution
from dialysis circuit into blood circuit by on-line HDF to
keep high the blood osmotic pressure in blood vessel 3. In
other words, in the former part of the blood purification
process of the present invention, it is preferable that the
apparatus is constituted so that it can control to carry out the
purification process so that the blood osmotic pressure is
continuously in an increasing state, using a blood osmotic
pressure changing means as described above, to achieve the
object of the present invention. For example, as it is shown
in FIG. 1, in the former part of the blood purification
process, for example the dialysis efficiency can be further
elevated by performing a fluid supply in a high Na condition
continuously, and by increasing plasma osmotic pressure to
increase PRR to elevate UFR (water removal speed).

[0029] Furthermore, as for the blood purification operation
with the use of blood osmotic pressure changing means as
mentioned above, it is preferable that it controls by control-
ling blood volume (BV) with the use of a blood indication
level, as described hereinafter.

[0030] As a result that the blood purification operation as
described above is carried out, and for example when the
blood volume attains the standard blood volume, the target
BV % level or time that were defined, the latter part of the
blood purification is started.

[0031] The Latter Part of the Blood Purification

[0032] In case the blood purification is carried out with the
use of blood purification apparatus of the present invention,
using the difference of osmotic pressure between patient’s
blood osmotic pressure and intracellular osmotic pressure of
the patient, it is preferable that the means forming artificially
the repeating condition of increasing and decreasing of
blood osmotic pressure as described above is performed in
the latter part of the blood purification process.

[0033] For example, from the time when the latter part of
the blood purification is started, it is controlled so that the
blood osmotic pressure is alternatively repeating a high
condition and a low condition, by performing alternatively
the injection of high electrolyte fluid and the injection of
normal dialysate, from dialysate supplying circuit into blood
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circuit in on-line HDF. It is preferable that the number of
times of said repetition is at least more than 2 times (low
high-low), but it is complicated and causes problems if the
number of times is too many. Moreover, as the dialysis time
is almost determined, the number of times of repetition is
also associated with the cycle of increasing and decreasing
of blood osmotic pressure (low-low, or high-high). The
efficiency will hardly be shown if the cycle is too long or too
short, thus the preferable cycle is defined accordingly.

[0034] In the following, an example of controlling method
that controls so that the blood osmotic pressure repeats
alternatively a high condition and a low condition in the
latter part of the blood purification will be described.

[0035] The blood osmotic pressure (plasma osmotic pres-
sure) in blood vessel 3 is lowered by monitoring the blood
indication level and by performing normal liquid supply.
Therefore, the osmotic pressure in cell 2 becomes relatively
high compared to blood osmotic pressure, and the transfer of
water 1 from blood vessel 3 into cell 2 is started. Therefore,
the osmotic pressure of cell 3 is lowered, and the water
removal is stopped using the blood indication level defined
beforehand. In FIG. 2(b), the view showing a frame format
of the transfer of water 1 from blood vessel 3 into cell 2 is
shown. Then, high electrolyte fluid is injected again from the
dialysate circuit into the blood circuit by on-line HDF
mechanism. As a result, the blood osmotic pressure in blood
vessel 3 increases, and the water will flow into blood vessel
3 from inside of cells in the osmotic pressure became
relatively low. According to this, as it is shown in FIG. 2(c),
the solute in cell 2 will flow into blood vessel 3. Thus, by
changing artificially the blood osmotic pressure to be high
and low periodically, the dialys efficiency will elevate as the
efficiency of water removal or solute removal will elevate
with the difference between osmotic pressure in the blood
vessel and in the cells. As a result, medium-molecular-
weight solute that are difficult to transfer will be easier to be
removed. Furthermore, in the latter part of the blood puri-
fication, it will also be possible to carry out dialysis by
maintaining PRR, and it will be possible to define UFR
higher than conventional and as a result to prevent the
extension of the dialysis time.

[0036] Next, the reason why it is preferable to adapt a
means that forms artificially the repeating condition of
increasing and decreasing of the blood osmotic pressure in
the latter part of the blood purification will be explained.

[0037] In the former part of the blood purification, the
water volume inside the blood vessel and inside the cells is
high, and there is no space neither in the blood vessel nor in
the cells to exchange water. When said space is small, the
efficiency of flowing in ad out is not good. On the contrary,
it is preferable to form a repeating condition of said osmotic
pressure, at the time after the water removal of the former
part of the blood purification process is performed, water
inside the blood vessel and inside the cells is removed, and
a space so that water can flow in is made. Thus, it is easy to
make blood hyperosmotic and as the water volume flowing
in and out, occurred by the difference of osmotic pressure is
large, it is possible to perform efficient water exchange.

[0038] Inthe meantime, as for the aspect of the description
of the latter part of the blood purification process of the
present invention described above, it is a relative aspect
wherein the purification process is divided in two at an
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optional point, and the purification process part before said
point is called the former part of the purification process, and
the purification process part after said point is called the
latter part of the purification process. However, it is prefer-
able that the purification operation is started as described
above and the purification is performed by controlling BV,
and for example that the part after the blood volume attains
the standard blood volume or the target BV % level which
were defined is called the latter part of the purification
process.

[0039] In the hemodialysis treatment with the use of said
blood osmotic pressure changing means described above,
when forming a difference of blood osmotic pressure as
described above, it would be possible to perform blood
purification treatment in a condition adequate to each patient
or in a physiological condition, by changing blood osmotic
pressure or performing water removal by confirming the
blood volume (BV level) or the blood volume change
(hereinafter also referred as blood indication level)
described hereinafter. Thus, as for the blood purification
apparatus of the present invention, it is preferable that the
apparatus has a means enable to measure or calculate said
blood indication level and a controlling means that controls
the increasing and decreasing of the blood osmotic pressure
by said means, with a blood osmotic pressure changing
means.

[0040] As for the blood purification apparatus of the
present invention, it will be possible not only to carry out
blood purification under condition suitable to patient, but
also to carry out more efficient blood purification by con-
trolling the repeating condition of increasing and decreasing
of the blood osmotic pressure according to the blood volume
described above or each blood indication level described
above.

[0041] As for a controlling method of a blood purification
method with the use of blood indication level such as
described above, examples include: a blood purification
method defining a target control line constituted with a blood
indicate level described hereinafter, and controlling blood
purification using said target control line; especially a blood
purification method wherein the blood purification is carried
out according to said target control line in the former part of
the dialysis and the latter part of the blood purification is
started at the point when the blood volume attains the
standard blood volume, target BV % level or time that were
defined. As a method for controlling blood purification using
a target line such as described before, controlling methods
disclosed in Japanese Patent Application No. 2002-19447 or
PCT/JP02/06744, filed previously by the present applicants
can be exemplified.

[0042] Moreover, the blood purification apparatus of the
present invention record into a medium as a software,
purification condition and blood indication level and the like
such as described above, and the blood purification can also
be carried out using said medium. Thus, the present inven-
tion has also as object of invention, such software and
medium itself.

[0043] In the following, blood indication levels such as
BV level used for control in the blood purification apparatus
of the present invention will be explained.
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[0044] (1) BV Level

[0045] BV level is the abbreviation of Blood Volume level
and is the index of circulating blood volume which is the
indication level to check the condition of the circulating
blood volume of each patient.

[0046] (2) Standard Blood Volume

[0047] In a human body, when kidney is functioning
normally, adjustment of water is performed to maintain the
osmotic pressure of intracellular fluid. As a result, the blood
volume will be maintained in a certain range. However,
when the kidney function is impaired and a trouble occurs in
the water adjustment mechanism of the body, water will be
pooled ni the blood vessel and cells. Moreover, when the
solute removal ability would not function, the osmotic
pressure in the blood or cells will increase, and the mecha-
nism to stock more water in blood vessels and cells will
operate to resist it. However, as neither blood vessel nor cells
cannot stock water infinitely, even if the osmotic pressure in
the cells or plasma increases, there is a limit to lower the
osmotic pressure by pooling water. From these points, it is
estimated that the osmotic pressure in the cells or plasma of
patients before receiving blood purification, is a higher value
compared to a person with normal kidney function. Then,
when the blood purification such as hemodialysis is started,
the water removal from the blood is performed with the
solute removal, and the osmotic pressure will decrease.
However, as the water removal is performed from the blood,
the plasma osmotic pressure will not decrease drastically.
During dialysis, despite there is possibility that the plasma
osmotic pressure will be lower than the intracellular osmotic
pressure, the reason why PRR from cells occur is that the
turgor pressure in the cells is high, and water will flow in the
space inside the blood vessel formed after the water
removal. In the latter part of the dialysis, when the turgor
pressure in the cells decrease, and a space is formed also in
the cells, there will be possibility that water transfers from
blood into cells, and reduction of blood pressure will occur
easily according to the difference of the osmotic pressure
and the turgor pressure. Therefore, it is preferable that as for
the blood volume to maintain during dialysis, the blood
volume maintained normally is believed to be the standard
blood volume, and that the water removal is performed to
maintain that condition. Then, in the primary part of the
dialysis, it is believed that the blood volume is increased to
be more than the standard blood volume, and that it is
preferable to perform the water removal to decrease the
patient’s blood volume rapidly to the standard blood volume
in the former part of the dialysis, and after the blood volume
is lowered substantively to the standard blood volume, to
perform the water removal by maintaining said standard
blood volume. The standard blood volume is a blood volume
which the patient would have if healthy, by considering
factors that might influence the human blood volume, for
example the patient’s age, sex, body height and the like,
defined beforehand by doctors and the like.

[0048] 2. Primary Blood Volume (BVy)

[0049] (1) The Meaning of Measuring the Primary Blood
Volume (BV,)

[0050] The meaning of measuring the primary blood vol-
ume is explained according to FIG. 3 by taking dialysis as
an example.
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[0051] Asitis shown in FIG. 3(), in the body of dialysis
patient before starting circulation outside the body, both the
cells and blood vessels are expanded up to near the limit.
When the circulation outside the body is started, the volume
of the blood vessel part is increased, and a space where water
can flow in is formed inside the blood vessel. Therefore, as
it is shown in FIG. 3(b), water will flow into the blood vessel
from the cells, and just after the blood circulation outside the
body is started, the blood volume becomes unstable. When
the space inside the bloodvessel is filled up with water
flowed in from cells, and the sum of the turgor pressure
inside the blood vessel and inside the cells and the osmotic
pressure will be balanced out, the inflow of water will be
stopped as it is shown in FIG. 3(c). Therefore, as for the
measuring time of Hematocrit level being the calculating
basis of the patient’s primary blood volume, it is preferable
to be a little later than the initiation of the circulation outside
the body, to obtain an accurate blood volume. Moreover just
after the circulation outside the body is started, it is neces-
sary to wait until the blood volume stabilizes and not to
perform water removal.

[0052] (2) Calculating Primary Blood Volume

[0053] a. First Calculating Method (a Method of Obtain-
ing the Primary Blood Volume by the Change of the Water
Removal Speed)

[0054] The calculating method is explained according
FIG. 4, by taking dialysis as an example.

[0055] Asitis shown in FIG. 4, at the time of the initiation
of the dialysis only circulation outside the body is is fprmed,
and circulation outside the body is continued until BV level
stabilizes, and when the BV level becomes stable, dialysis
accompanied by water removal is initiated, and at the same
time as said dialysis is initiated, the water removal is
performed with a certain time (within the time PRR does not
change), and with a certain water removal volume (water
removal volume 1), and thus ABV,%, which is the volume
change of said BV level is calculated. Then, the water
removal is performed for the same time as said certain time
with a different water removal volume (water removal
volume 2), and thus, BV,% which is the volume change of
said BV level, is calculated. Thus, BV, can be calculated by
using said ABV,%, said ABV,%, water removal volume 1
and water removal volume 2.

[0056] Then, the following relational formula is obtained
among the change of the blood volume, the volume flowing
in from the cells (PRR), the water removal volume, the ratio
of blood volume change (ABV %) and the primary blood
volume.

BV, =(water removal speed A-water removal speed
B)/(-ABV,%+ABV,%)xAT

[0057] Said formula can be calculated as follows. The
calculating method is explained according to FIG. 4.

ABV/AT=PRR-UFR-ABV,/AT+ABV,/AT=water
removal speed A water removal speed B

BV,=BVy%ABY,
ABV,=BV,%ABV,

BV /AT(-%ABV +%ABV,)=water removal speed A
water removal speed B

BV /AT=(water removal speed A—water removal speed
B)/(-%ABV,+%ABV,)
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[0058] b. Second Calculating Method (a Method of
Obtaining the Primary Blood Volume Without Performing
Water Removal)

[0059] The calculating method is explained according
FIG. 5, by taking dialysis as an example.

[0060] Before starting the circulation outside the body, the
water volume that can be pooled inside blood vessel has
attained the maximum level for dialysis patient, and the
blood volume before the dialysis is thought to be a fixed
level per patient. As the circulation outside the body is
initiated, the (blood) circulating volume will increase by the
volume in the circulation circuit outside and a space to
accept water corresponding to the increased blood circulat-
ing volume in the blood inside the body (blood vessel) is
generated. This is why the blood indication level associated
with the Hematocrit level or the blood volume is increased
in the primary part of the dialysis. At said time of initiation
of the circulation outside the body, when the circulation
outside the body is continued until the BV level stabilizes
without performing water removal, it is believed that water
corresponding to the increased blood circulating volume
mentioned above, is transferred from the cells into the blood
vessel (provided the turgor pressure in the cells is suffi-
ciently high, water run over the cells and is accumulated up
to the cell stroma). At that time, when the circulation outside
the body is continued without water removal, the blood
volume will increase by the same volume of water that has
been transferred from the cells to the blood vessel. Said
increased blood volume is approximately the volume inside
the circuit (circulation outside the body), and as the volume
inside the circuit is possible to measure, the primary blood
volume can be calculated according to the ratio of the blood
volume change when the circulation outside the body is
performed without water removal, with the following for-
mula.

[0061] As it is:

blood volume change(ABV)=BV(primary blood vol-
ume)xABV% volume inside the circuit

[0062] said formula can be change to:

primary blood volume(BVy)=volume in the circuit/
ABV%

[0063] Said primary blood volume corresponds to the sum
of the blood volume in the body and the blood volume
outside the body.

[0064] 3. ABV

[0065] It refers to the BV volume change, and it can be
calculated by the following formula:

ABV|BV volume change J=(H¢ at the time of the initia-
tion of dialysis/Ht at the time of measurement)-1

[0066] Said Ht is the abbreviation of Hematocrit showing
the bulk ratio of red corpuscle in the whole blood.

[0067] 4. ABV %

[0068] 1t is the ratio(percentage) of the BV volume
change, and as shown in the following formula, the ABV
level at the time of measurement is divided by BV, the time
of the initiation of dialysis and is expressed in percentage.

ABV%=ABV/BV;x100
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[0069] 5.BV %

[0070] It is calculated by dividing the BV level at the time
of measurement by BVo at the time of the initiation of
dialysis and is expressed in percentage.

BV%=BV level at the time of measurement/BV,x100

[0071] If the standard blood volume is defined, the target
VB % (to maintain) can be calculated from the defined
standard blood volume and the blood volume at the begin-
ning of dialysis calculated above. Therefore, the target BV
% can be calculated automatically from the primary blood
volume.
Target BV%=standard blood volume/primary blood
volumex100

[0072] As mentioned above, it is natural that the meaning
of BV % level differs by patients. Further, it is possible to
define optionally in each establishment, how much time to
take to decrease the primary blood volume down to the
standard blood volume. For example, as it is shown in FIG.
7, by showing the patient’s blood volume with the ratio of
the blood volume (% BV), the primary blood volume in the
graph is determined to be the point A, and the target standard
blood volume is determined to be the point B. Therefore, the
water removal time to reach the point B from the point A can
be defined by monitoring each patient’s condition. Depend-
ing on the amount of said water removal time, the inclination
C of the speed with which the blood volume changes will be
either be sharp or mild.

INDUSTRIAL APPLICABILITY

[0073] According to the present invention, a blood puri-
fication apparatus having excellent effects as follows can be
obtained.

[0074] (1) The blood purification can be carried out
accaurately by an easy operation.

[0075] (2) The blood purification can be carried out
safely and physiologically for a living body.

[0076] (3) The dialysis efficiency can be improved
(elevated), and as a result the extension of the blood
purification time can be avoided, the removal amount
of medium-molecular-weight waste products is
increased.

BRIEF DESCRIPTION OF DRAWINGS

[0077] FIG. 1 is a figure explaining that in the former part
of the blood purification process, the purification process is
performed by maintaining the blood osmotic pressure con-
tinuously in an increasing condition with the use of sodium
rich dialysate, and that in the latter part of the purification
process the purification process is performed by injecting
sodium rich dialysate and normal dialysate into the blood
circuit or into the circuit supplying dialysate periodically to
form a repeating condition of increasing and decreasing the
blood osmotic pressure artificially. FIG. 2(a) is a figure
showing a frame format of the appearance of water 1
freasing from cell 2 to blood vessel 3 according to the
difference of the osmotic pressure in the blood vessel and in
the cells, in the former part of the dialysis. (b) is a figure
showing a frame format of the appearance of water 1
transferring from blood vessel 3 to cell 2 according to the
difference of the osmotic pressure in the blood vessel and in
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the cells in the latter part of the dialysis. (¢) is a figure
showing a frame format of the appearance of water 1
transferring from cell 2 to blood vessel 3 according to the
difference of the osmotic pressure in the blood vessel and in
the cells in the latter part of the dialysis. FIG. 3 is a figure
showing a frame format of the transfer of water from the
blood vessel into the cell, or in the opposite direction, (a) just
before the circulation outside the body, (b) just after the
initiation of the circulation outside the body, and (c) after the
initiation of the circulation outside the body. In FIG. 3,
white arrow shows the direction of the transfer of water, and
black arrow shows the direction of the transfer of the solute
component. FIG. 4 is a schematic diagram explaining a
method to calculate the patient’s primary blood volume
(performing water removal). FIG. 5 is a schematic diagram
explaining another method to calculate the patient’s primary
blood volume (without performing water removal). FIG. 6
is a figure explaining the principle that changes the differ-
ence of the osmotic pressure between the patient’s blood
osmotic pressure and the patient’s intracellular osmotic
pressure periodically, according to the change or stop of the
water removal speed. FIG. 7 is a schematic diagram
explaining an example to define the speed (inclination) to
lower the blood volume from the primary blood volume
(BV,) to the standard blood volume (target % BV) in the
former part of the dialysis, and in the bottom part of FIG. 7,
the water removal speed at each blood purification point is
shown in the Y axis direction. In FIG. 7, A is the primary
blood volume (100% BV), B is the standard blood volume
(target % BV), Cis the speed (inclination) to lower the blood
volume from the primary blood volume (BVto the standard
blood volume (target % BV).

BEST MODE OF CARRYING OUT THE
INVENTION

EXAMPLE

[0078] The present example is an example of improving
the dialysis efficiency by combining sodium infuser and lime
HDF, and is explained according to FIG. 1.

[0079] In the upper part, the chronological change of the
blood indication level is shown, and in the bottom part, the
inject condition of sodium rich dialysate is shown. In the
blood purification apparatus of the present example, Na
infuser and on-line HDF is combined, and also by using
UFR controller, the compressing volume from the dialysate
and the water removal volume from the dialyzer are made to
be the same amount, that is to be balanced. Therefore, the
blood osmotic pressure can be changed rapidly, sharply, and
also in a wide range. Furthermore, to change the electrolyte
of the dialysate circulating in the dialysate circuit, the
sodium injector that injects solution comprising rich sodium
into the dialysis circuit is suitable.

[0080] The sodium injector is disposed on the upper
stream side of the hemodialyzer of the dialysate circuit, and
is able to circulate solution comprising rich sodium. In the
former part of the purification process, the dialysate is made
to be in a sodium rich condition to elevate the blood osmotic
pressure, and the PRR is thereby increased. Next, in the
latter part of the purification process, the sodium injector is
controlled so that the dialysate repeates alternatively the
sodium rich condition and the standard condition.

[0081] In the primary dialysis, by using Na injector, a
solution of rich Na is produced. By using idsrich Na
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dialysate, on-line HDF is performed. The blood where the
rich Na dialysate is injected becomes hyperosmotic, PRR
increases and the water removal speed will be high and it
will be possible to elevate the material removal ability from
plasma.

[0082] Next, when the latter part of the dialysis is started,
Na injector is operated intermittently and a rich Na dialysate
and a normal dialysate are produced alternatively. By per-
forming on-line HDF with said dialysate, a difference of the
osmotic pressure between the cells and the blood is formed
artificially. Therefore, water transfer between the cells and
the blood can be performed by push & pull, and it becomes
possible to exceed the conventional limit of HDF. In the
latter part of the dialysis, as a space where the water transfer
can be made is formed in both cells and blood vessel, by
repeating alternatively an intermittent a rich Na condition
and a standard Na condition, an efficient flow in and flow out
of water can be made and based on this, the solute that are
hard to transfer can be also removed.

[0083] When injecting rich Na solution, as the blood
would be hyperosmotic than cells, a large amount of water
will transfer from cells to plasma. Then, the intracellular
osmotic pressure will become hyperosmotic. Next, when it
attains the standard concentration of the dialysate, plasma
will become an isotonic solution from a hypertonic solution,
and the cell side will change to hyperosmotic side. Then, the
water transfer from the blood to cells will occur and the
intracellular osmotic pressure will decrease. By repeating
such operation, and the material removal ability from the
cells will be increased at once, and the problem of outflow
(removal) time of material from the cells which was a deficit
will beleved and the realization of a short time dialysis is
approached.

1. A blood purification apparatus characterized to have a
blood osmotic pressure changing means that changes peri-
odically the osmotic gradient between the blood osmotic
pressure of a patient and the patient’s intracellular osmotic
pressure.

2. The blood purification apparatus according to claim 1,
wherein the blood purification condition is controlled
according to a blood indication level.

3. The blood purification apparatus according to claim 2,
wherein the control of the blood purification condition is
carried out according to the target control line having blood
indication level as an index level.

4. The blood purification apparatus according to either
claim 1, 2 or 3, wherein periodical change of the osmotic
gradient between the blood osmotic pressure of a patient and
the patient’s intracellular osmotic pressure is performed in
the latter part of the dialysis operation.

5. The blood purification apparatus according to claim 4,
wherein with a blood osmotic pressure changing means, the
apparatus has a constitution to carry out purification process
by making the blood osmotic pressure continuously in an
increasing condition, in the former part of the blood puri-
fication process, and to carry out blood purification by
forming a repeating condition of increasing and decreasing
of the blood osmotic pressure.

6. The blood purification apparatus according to claim 1,
2,3, 4 or 5, wherein the blood osmotic pressure changing
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means is a means to form a repeating condition of increasing
and decreasing of patient’s blood osmotic pressure in the
blood circuit, during the blood purification process.

7. The blood purification process according to claim 6,
wherein the blood osmotic pressure changing means is a
means performed with the change of purification condition
in the blood purification process.

8. The blood purification process according to claim 7,
wherein the change of the purification condition is a change
of water removal speed including the stop of the water
removal.

9. The blood purification apparatus according to claim &,
wherein the difference of the osmotic pressure between the
blood osmotic pressure of a patient and the intracellular
osmotic pressure of the patient is changed periodically with
the change of the water removal speed.

10. The blood purification apparatus according to claim 6,
wherein the blood osmotic pressure changing means is
performed by injecting directly the osmotic pressure chang-
ing material into the blood circuit.

11. The blood purification apparatus according to claim 6,
wherein the blood osmotic pressure changing means is
performed by injecting the osmotic pressure changing mate-
rial into the dialysate circuit.

12. The blood purification apparatus according to claim 1,
2,3,4,5,6,7,8,9,10 or 11, wherein the blood purification
means is an on-line hemodiafiltration (HDF) that is carried
out by balancing the fluid volume flowed in from the
dialysate circuit to the blood circuit, and the fluid volume
flowed out from the dialysate circuit into the dialysate circuit
via a hemodialyzer.

13. The blood purification apparatus according to 11 or
12, wherein the blood osmotic pressure changing means is
a means of injecting a fluid comprising high content of
sodium ion (140-150 mEq/l) and fluid comprising normal
sodium ion (140 mEq/l) to the dialysate circuit with an
sodium injector.

14. A blood purification method wherein with a blood
osmotic pressure changing means, the purification process is
carried out by making continuously the blood osmotic
pressure in an increasing condition in the former part of the
blood purification process, and the purification process is
carried out by forming artificially a repeating condition
increasing and decreasing of the blood osmotic pressure in
the latter part of the blood purification process, and said
purification process is controlled according to a blood indi-
cation level or to a target control line wherein said blood
indication level is an index level.

15. The blood purification method according to claim 14,
wherein the blood osmotic pressure changing means is
performed by changing the water removal speed comprising
the stop of the water removal or by supplying the osmotic
pressure changing material to the blood circuit or to the
dialysate circuit.

16. A recording medium that has recorded at least the
blood purification condition according to the blood osmotic
pressure changing means, the blood indication level and the
target control line of the blood purification according to the
blood indication level.



