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APPARATUS FOR EXTRACORPOREAL 
TREATMENT OF BLOOD 

0001. The present invention relates to an apparatus for 
extracorporeal treatment of blood. 
0002 Extracorporeal blood treatment involves removing 
blood from a patient, treating the blood externally to the 
patient, and returning the treated blood to the patient. Extra 
corporeal blood treatment is typically used to extract unde 
sirable matter or molecules from the patient’s blood and add 
desirable matter or molecules to the blood. Extracorporeal 
blood treatment is used with patients unable to effectively 
remove matter from their blood, Such as when a patient has 
suffered temporary or permanent kidney failure. These 
patients and other patients may undergo extracorporeal blood 
treatment to add or remove matter to their blood, to maintain 
an acid/base balance or to remove excess body fluids, for 
example. 
0003 Extracorporeal blood treatment is typically accom 
plished by removing the blood from the patient in e.g. a 
continuous flow, introducing the blood into a primary cham 
ber, also referred to as blood chamber, of a filtration unit (such 
as a dialyzer or an hemofilter) where the blood is allowed to 
flow past a semipermeable membrane. The semipermeable 
membrane selectively allows matter in the blood to cross the 
membrane from the primary chamber into a secondary cham 
ber and also selectively allows matter in the secondary cham 
ber to cross the membrane into the blood in the primary 
chamber, depending on the type of treatment. 
0004. A number of different types of extracorporeal blood 
treatments may be performed. In an ultrafiltration (UF) treat 
ment, undesirable matter is removed from the blood by con 
vection across the membrane into the secondary chamber. In 
a hemofiltration (HF) treatment, the blood flows past the 
semipermeable membrane as in UF and desirable matter is 
added to the blood, typically by dispensing a fluid into the 
blood either before and/or after it passes through the filtration 
unit and before it is returned to the patient. In a hemodialysis 
(HD) treatment, a secondary fluid containing desirable matter 
is introduced into the secondary chamber of the filtration unit. 
Undesirable matter from the blood crosses the semiperme 
able membrane into the secondary fluid and desirable matter 
from the secondary fluid may cross the membrane into the 
blood. In a hemodiafiltration (HDF) treatment, blood and 
secondary fluid exchange matter as in HD, and, in addition, 
matter is added to the blood, typically by dispensing a fluid 
into the treated blood before its return to the patient as in HF. 
0005 Specific blood treatment apparatus have been devel 
oped for the treatment of acute patients mainly because: 

0006 it is not known how long these patients will suffer 
from kidney insufficiency; thus, the total treatment time 
is a priori unknown and, as such, it may not be used as 
setup parameter; 

0007 in fact, intensive care apparatus used for treating 
acute patient are designed to request flow rate informa 
tion as setup parameters; 

0008 moreover, acute patients need relatively long 
treatment sessions, typically lasting several days, during 
which the blood treatment apparatus is a masterpiece of 
the patient fluid balance management, allowing for 
accurate balancing of the multiple infusions generally 
present (drugs, fluids, nutrition); 
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0009 furthermore, acute patients often need to be 
treated in emergency situations, thus apparatus for acute 
treatment shall be characterized by easy and safe set up 
procedures. 

0010. In this situation, blood treatment apparatus have 
been developed presenting infusion lines for Supplying fluid 
upstream or downstream the filtration unit, a fresh dialysis 
liquid line for Supplying liquid to the dialysate chamber of the 
filtration unit, and a waste line receiving spent dialysis fluid 
and ultrafiltered fluid from filtration unit. In correspondence 
of each of the above lines, means for generating a flow rate is 
acting, such as a peristaltic pump which is rotated under the 
Supervision of a control unit. Moreover, fluid containers Sup 
ply fluid to the infusion lines and to the dialysate line, while a 
waste container or a waste handling system receives the spent 
liquid from the waste line. Typically, scales are used to weigh 
the fluid containers and to provide signals used by the control 
unit to control the pumps or other actuators on the fluid lines 
so that the apparatus achieves the fluid removal rate set by the 
user, and—depending upon the apparatus—any other rates 
through each line. In more Sophisticated Solutions, each of the 
above lines receives fluid from a respective container which, 
in use, is associated to a respective scale and cooperates with 
a respective pump. A user interface allows an operator enter 
ing the patient fluid removal rate and the fluid flow rates of 
each of the substitution lines and dialysate line such that the 
apparatus is capable of continuously keep under control the 
amount of fluid infused, the amount of fluid flowing through 
the dialysate line and the fluid loss rate. 
0011 Although the above solution results in efficient 
apparatus able to perform all necessary treatments and to 
accurately control the flows, the applicant has found ways to 
further improve known blood treatment apparatuses. 
0012. It is an object of the present invention to render 
available a blood treatment apparatus suitable for intensive 
care applications which may be automatically able to account 
for down times or interruption in the treatment delivery. 
0013 More in detail, it is an object of the invention an 
apparatus which is able to take into account the effective 
portions of the treatment procedure, adapting certain set-up 
parameters to account for machine stops, therapy delivery 
interruptions, machine downtimes. 
0014. An auxiliary object is an apparatus able to control 
patient fluid removal rate across long treatments, without 
compromising the operating philosophy of an intensive care 
apparatus. 
0015. Another object is an apparatus capable of operating 
in a safe manner. 
0016. Another object is to automatically ascertain whether 
certain prescription targets cannot beachieved and inform the 
operator accordingly. 

SUMMARY 

0017. At least one of the above objects is substantially 
reached by an apparatus according to one or more of the 
appended claims. 
0018 Apparatus and processes for the extracorporeal 
treatment of blood according to aspects of the invention are 
here below described. 
0019. A 1st aspect relates to an apparatus for extracorpo 
real treatment of blood comprising: 
0020 a filtration unit (2) having a primary chamber (3) and 
a secondary chamber (4) separated by a semi-permeable 
membrane (5); a blood withdrawal line (6) connected to an 
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inlet of the primary chamber (3), and a blood return line (7) 
connected to an outlet of the primary chamber (4) said 
blood lines being designed to be connected to a patient 
cardiovascular system; a blood pump (11) for controlling 
the flow of blood through the blood lines (6, 7); an effluent 
fluid line (13) connected to an outlet of the secondary 
chamber (4); an ultrafiltration actuator connected to the 
effluent fluid line (13) and configured to cause a transfer of 
fluid from the primary (3) to the secondary chamber (4), 
and a control unit (10) configured to control the ultrafiltra 
tion actuator based on a set value (Q) for patient fluid 
removal rate, said set value (Q, ,) being a desired value 
for the rate of fluid removal from the patient, wherein the 
control unit (10) is configured to execute at check points 
(T,) during patient treatment a control procedure compris 
1ng: 
0021 receiving one check information selected in the 
group of: 
(0022) a value of fluid removed from the patient (V, 

removed Vanco) Over a time period (T-T to T.) 
preceding a checkpoint (T,), 

0023 an effective time portion, of said time period 
(T-T, to T.) preceding a checkpoint (T,), during 
which said ultrafiltration actuator is operated, 

0024 a down time portion, of said time period (T- 
T, to T.) preceding a checkpoint (T,), during which 
said ultrafiltration actuator is not operated, 

(0025) calculating an updated value (Q) for said 
fluid removal rate (Q) as a function of said set value for 
a fluid removal rate (Q, ,) and of said check infor 
mation. 

I0026. In a 2" aspect according to the 1' aspect, the control 
procedure further comprises, after calculation of said updated 
value (Q, , ), controlling the ultrafiltration actuator after 
the checkpoint as a function of said updated value (Q) 
for the fluid removal rate. In practice a new Q is calculated 
using (e.g. in formulas (1), (2) or (3)) Q, , in place of 
Q, , and then used to control the ultrafiltration actuator, 

petro 

Set 

namely the waste pump positioned on the effluent line exiting 
from the second chamber. 
0027. In a 3" aspect according to any one of 1'or 2" 
aspect, the control procedure further comprises controlling 
the ultrafiltration actuator, after the check point and until 
either a Subsequent checkpoint as a function of said updated 
value (Q) for the fluid removal rate. 
10028 Ina 4" aspect according to any one of 1'or 2" or 3" 
aspect the control unit (10) is configured for re-executing said 
control procedure at a plurality of check points (Ti) during 
patient treatment, said plurality of checkpoints being one or 
more in the group of 

0029 checkpoints at regular intervals, 
0030 periodic checkpoints, 
0031 checkpoints triggered by specific setting of a new 
set value (Q) for patient fluid removal rate, 

0032 checkpoints triggered by a stop in the ultrafiltra 
tion actuator, 

0033 check points triggered by each time a flow rate 
Setting is changed. 

I0034) In a 5" aspect according to any one of the preceding 
aspects, the control procedure comprises: 

0035) determining a value of the fluid removed from the 
patient (V) over a time period (T preced 
ing a checkpoint (T,); 

etro) 
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0.036 determining a value of fluid to be removed from 
the patient (V)Over a time period (T) follow 
ing the checkpoint (T,) in order to achieve the set value 
(Q, ,) for fluid removal rate (Q) over the sum of the 
time period (T) preceding checkpoint (T,) and of the 
time period (T) following the checkpoint (T,); 

I0037 calculating the updated value (Q) for said 
fluid removal rate (Q) based on said set value for a 
fluid removal rate (Q, , ), on said value of fluid to be 
removed from the patient (V.)over the time period 
(T) following the checkpoint (T,) and on the dura 
tion the time period (T) following the checkpoint 
(T,). 

I0038. In a 6" aspect according to any one of the preceding 
aspects, the control procedure comprises calculating the 
updated value (Q) for said fluid removal rate (Q) at 
checkpoint (T,) according to the formula: 

rosp 

9ef new (Terrot Torosp)9ef set of removed/Terosp 
where: 

0039 is the set value for fluid removal rate; pf 
10040 V a. is the value of the fluid removed from 
the patient over time period (T,) preceding a checkpoint 
(T,); 

0041 T, is a time period preceding checkpoint (T,); petro p p 9. p 

I0042 T is a time period following the checkpoint 
(T,); 

I0043 (T+T) is the sum of the time period 
(T) preceding checkpoint (T,) and of the time period 
(T) following the checkpoint (T). 

0044). In a 7" aspect according to any one of the preceding 
aspects, each reference time interval (AT) is of prefixed dura 
tion, beginning at prefixed start times (Too; Too-AT: . . . ; 
Took'AT) and ending at prefixed ending times (Too-AT: 
Too-2AT: . . . ; Too--(k+1): AT). 
I0045. In a 8" aspect according to the 7" aspect the control 
procedure comprises calculating the updated value (Q, , ) 
for said fluid removal rate (Q) at checkpoint (T) comprised 
between a start time (Took'AT) and an end time Too--(k+1) 
'AT according to the formula: 

9. e. (AT9 e-Vico) (Toot-(k+1)-AT)-T, 
O 

Qi. e. (2T9 seafro-i(-1)/I(Toot(k+1) 
'AT)-T. 

where: 

10046) Q, , is the set value for fluid removal rate; 
10047 Vo is the value of the fluid removed from the 

patient over time window running from (Took AT) to 
checkpoint (T,); 

(0048 V-1 is the value of the fluid removed from the 
patient over time window running from (Too--(k-1)-AT) 
to (Too-k'AT): 

0049 (Too--(k+1)-AT)-T, is the duration of time 
period following the checkpoint (T,); 

0050 AT is the reference time interval. 
10051. In a 9' aspect according to any one of the preceding 
aspects, the control procedure comprises: 

(0052 determining an effective portion (T) of said the 
time period (T.: Too--(k+1)-AT)-TI) following the 
check point (T,), during which it is forecasted that the 
ultrafiltration actuator will be actually pulling fluid from 
the primary into the secondary chamber (4): 
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I0053 calculating the updated value (Q) for said 
fluid removal rate (Q) using said effective portion 
(T) in place of the duration the time period following 
the checkpoint (T). 

I0054) In a 10" aspect according to any one of the preced 
ing aspects the effective portion (T,) is calculated reducing 
the duration of said the time period following checkpoint (T) 
by a quantity linked to the number of bag changes expected in 
the next time period. 
I0055) In a 11" aspect according to any one of the preced 
ing aspects the effective portion (T) is calculated reducing 
the duration of said the time period following checkpoint (T,) 
by a quantity linked to down times caused by alarm condi 
tions. 

I0056. In a 12" aspect according to any one of the preced 
ing aspects from the 5' to the 11" the effective portion (T) 
is calculated reducing the duration of said the time period 
following check point (T,) by a quantity 11 linked to down 
times caused by alarm conditions if the duration of the time 
period (T) following the checkpoint (T,) is greater than a 
prefixed duration, Such as grater than 30 mins or grater than 
60 mins. 
I0057. In a 13" aspect according to any one of the preced 
ing aspects, the control unit is configured for receiving the set 
value (Q) for patient fluid removal rate from an opera 
tors input or from a remote source communicatively con 
nected to the control unit or for pre-storing said set value. 
I0058. In a 14" aspect according to any one of the preced 
ing aspects, the apparatus further comprises a user interface 
(12) connected to the control unit (10), said control unit being 
configured to execute the following before executing the con 
trol procedure: 

0059 display on the user interface an indicium prompt 
ing a user to select a set value (Q) for the patient 
fluid removal rate (Q). 

10060) detect entry by the user of the set value (Q, ,) 
for the patient fluid removal rate (Q), 

0061 
patient fluid removal rate (Q). 

I0062. In a 15" aspect according to any one of the preced 
ing aspects, the apparatus further comprises a pre-dilution 
fluid line (15) connected to the blood withdrawal line and a 
pre-dilution pump (18) connected to the control unit (10) and 
acting on the pre-dilution line for regulating the flow through 
said pre-dilution fluid. 
I0063. In a 16" aspect according to any one of the preced 
ing aspects, the apparatus further comprises a post-dilution 
fluid line (25) connected to the blood return line and a post 
dilution pump (27) connected to the control unit (10) and 
acting on the post-dilution line for regulating the flow through 
said post-dilution fluid line. 
I0064. In a 17" aspect according to any one of the preced 
ing aspects, the apparatus further comprises a dialysis fluid 
line (19) connected to the inlet of the secondary chamber and 
a dialysis fluid pump (21) connected to the control unit (10) 
and acting on the dialysis liquid line for regulating the flow 
through said dialysis fluid line. 
I0065. In a 18" aspect according to any one of the preced 
ing aspects, the apparatus further comprises a pre-blood 
pump infusion line (22) connected to the blood withdrawal 
line in a region of this latter which is positioned in use 
upstream the blood pump, a pre-blood infusion pump (24) 

receive the entered set value (Q afr Se ) for the 
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connected to the control unit (10) and acting on the pre-blood 
pump infusion line for regulating the flow through said pre 
blood pump infusion line. 
I0066. In a 19” aspect according to any one of the preced 
ing aspects from the 15" to the 18" said control unit is con 
figured to receive set values for one or more fluid flow rates 
selected in the group including a fluid flow rate (Q) through 
the effluent line (13), a fluid flow rate (Q, Q) through the 
infusion fluid line (15,22, 25), a fluid flow rate (Q) through 
the dialysis liquid fluid line (19), in addition to said fluid 
removal rate (Q) from the patient and to control saidpumps 
and said actuator based on the set values for said one or more 

fluid flow rates and for said fluid removal rate (Q) from the 
patient. 
I0067. In a 20" aspect according to any one of the preced 
ing aspects from the 15" to the 18", the apparatus further 
comprises a Syringe pump connected to the blood withdrawal 
line and/or a syringe pump connected to the blood return line 
said control unit is configured to receive set values for the 
fluid flow rates through the Syringe pump or syringe pumps 
and to control said infusion pumps, said dialysis pump and 
said ultrafiltration actuator based on the set values for said one 

or more fluid flow rates, for said fluid removal rate (Q) from 
the patient, and on the set flow rates for the Syringe pumps. In 
practice each line is controlled based on the respective set 
flow rate, except for the effluent line where the ultrafiltration 
actuator (e.g. a pump) is controlled based on the Q calcu 
lated using formulas (1), (2) or (3) described below in the 
detailed description, adopting Q in place of Qi, aff aev it set 

0068. In a 21' aspect according to any one of the preced 
ing aspects the control procedure comprises requesting the 
user, optionally via the user interface, to confirm that the 
calculated updated value (Q) for said fluid removal rate 
(Q) is acceptable before using it for controlling the ultra 
filtration actuator. 
I0069. In a 22" aspect according to any one of the preced 
ing aspects the control procedure comprises comparing the 
calculated updated value (Q) for said fluid removal rate 
(Q) against a maximum threshold value before using it for 
controlling the ultrafiltration actuator. 
(0070. In a 23" aspect according to any one of the preced 
ing aspects the control procedure comprises executing one or 
more of the following safety checks: 

0071 comparing the ratio between the calculated 
updated value and the set value for the patient fluid 
removal rate with a firstboundary condition (typically to 
+30%), 

0.072 comparing the absolute difference between the 
calculated updated value and the set value for the patient 
fluid removal rate with a second boundary condition 
(typically by +100 ml/h). 

0.073 comparing the absolute difference between the 
calculated updated value and the set value for the patient 
fluid removal rate as a function of patient body weight 
with a third boundary condition (typically by 0.1 
ml/min/kg), 

0074 wherein the control procedure comprises verifying 
that a prefixed number, optionally all, of said checks is 
positively passed before using the update value for control 
ling the ultrafiltration actuator, 

0075 optionally wherein said control unit is configured 
for allowing setting of one or more of said boundary con 
ditions. 
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I0076). In a 24" aspect according to any one of the preced 
ing aspects the ultrafiltration actuator comprises a waste 
pump (17) acting on the effluent conduit (13), this latter 
leading to a waste container (14) configured for collecting 
fluid extracted from the secondary chamber (4): 
0077 at least one sensor (33) being associated to the waste 
container and being communicatively connected to the 
control unit, wherein the sensor is configured to: 
0078 determine the weight or the volume of the fluid in 
said waste container and 

0079 generate corresponding measurement signals 
(W) for the control unit, and wherein the control unit 
(10) is configured to calculate the actual quantity of fluid 
removed from the patient (V) over the reference time 
interval based at least on said measurement signals (W) 
coming from the sensor. 

0080. In a 25" aspect according to the preceding aspect, 
the apparatus comprises one or more of the following con 
tainers: 
0081 a pre-dilution fluid container connected to the pre 
dilution line (15), 

0082 a post-dilution fluid container connected to the post 
dilution fluid line (25), 

0083) a dialysis fluid container connected to the dialysis 
fluid line (19), 

0084 a pre-blood pump infusion fluid container con 
nected to the pre-blood pump infusion (22) line, 

0085 a respective weighing sensor (34, 37, 35, 36) asso 
ciated to each one of the above fluid containers and con 
nected to the control unit (10), 

I0086 wherein said control unit is configured to receive set 
values for one or more fluid flow rates selected in the group 
including a fluid flow rate (Q) through the effluent line 
(13), a fluid flow rate (Q, Q) through the infusion fluid 
line (15, 21, 25), a fluid flow rate (Q) through the dialy 
sis liquid fluid line (27), in addition to said fluid removal 
rate (Q) from the patient, weigh signals (W) from said 
weighing sensors and to control said pumps and said actua 
tor based on said weight signals, the set values for said one 
or more fluid flow rates and for said fluid removal rate 
(Q) from the patient. 

I0087. In a 26" aspect according to the preceding aspect, 
the apparatus comprises the following containers: 
0088 a pre-dilution fluid container connected to the pre 
dilution line (15), 

0089 a post-dilution fluid container connected to the post 
dilution fluid line (25), 

0090 a dialysis fluid container connected to the dialysis 
fluid line (19), 

0091 a respective weighing sensor associated to each one 
of the above fluid containers and connected to the control 
unit (10), 

0092 wherein said control unit is configured to receive set 
values for a fluid flow rate (Q) through the effluent line 
(13), a fluid flow rate (Q) through the infusion fluid line, 
a fluid flow rate (Q) through the dialysis liquid fluid line, 
in addition to said fluid removal rate (Q) from the patient, 
weigh signals (W) from said weighing sensors and 

0093 to control said pumps and said actuator based on 
said weight signals, the set values for said fluid flow rates 
and for said fluid removal rate (Q) from the patient. 

I0094) A 27" aspect relates to a process for controlling an 
apparatus for extracorporeal treatment of blood, the apparatus 
being of the type comprising: a filtration unit (2) having a 
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primary chamber (3) and a secondary chamber (4) separated 
by a semi-permeable membrane (5); a blood withdrawal line 
(6) connected to an inlet of the primary chamber (3), and a 
blood return line (7) connected to an outlet of the primary 
chamber (4) said blood lines being designed to be connected 
to a patient cardiovascular system; a blood pump (11) for 
controlling the flow of blood through the bloodlines (6, 7); an 
effluent fluid line (13) connected to an outlet of the secondary 
chamber (4); an ultrafiltration actuator connected to the efflu 
ent fluid line (13) and configured to cause a transfer of fluid 
from the primary (3) to the secondary chamber (4). The pro 
cess, which may for instance be executed by a control unit, 
includes the steps of: 

0.095 controlling the ultrafiltration actuator based on a 
set value (Q) for patient fluid removal rate, said set 
value (Q, ,) being a desired value for the rate of fluid 
removal from the patient, 

0.096 executing at check points (T,) during patient 
treatment a control procedure comprising: 
0097 receiving one check information selected in the 
group of: 
0098 a value of fluid removed from the patient 
(Venez. Vo) over a time period (T-T 
to T.) preceding a checkpoint (T,), 

0099 an effective time portion, of said time period 
(T-T, to T.) preceding a checkpoint (T,), during 
which said ultrafiltration actuator is operated, 

0100 a down time portion, of said time period 
(T-T, to T.) preceding a checkpoint (T,), during 
which said ultrafiltration actuator is not operated, 

I0101) calculating an updated value (Q) for said 
fluid removal rate (Q) as a function of said set value for 
a fluid removal rate (Q, ,) and of said check infor 
mation. 

I0102) In a 28' aspect according to the 27" aspect, the 
control procedure further comprises, after calculation of said 
updated value (Q, , ), controlling the ultrafiltration actua 
tor after the checkpoint as a function of said updated value 
(Q) for the fluid removal rate. In practice a new Q, is 
calculated using (e.g. in formulas (1), (2) or (3)) Qi in 
place of Q, , and then used to control the ultrafiltration 
actuator, namely the waste pump positioned on the effluent 
line exiting from the second chamber. 
(0103) In a 29' aspect according to any one of the preced 
ing 2 aspects, the control procedure further comprises con 
trolling the ultrafiltration actuator, after the check point and 
until either a Subsequent check point as a function of said 

petro 

updated value (Q) for the fluid removal rate. 
(0.104) In a 30" aspect according to any one of the preced 
ing 3 aspects comprising re-executing said control procedure 
at a plurality of check points (Ti) during patient treatment, 
said plurality of checkpoints being one or more in the group 
of: 

0105 checkpoints at regular intervals, 
010.6 periodic checkpoints, 
0.107 checkpoints triggered by specific setting of a new 
set value (Q) for patient fluid removal rate, 

0.108 checkpoints triggered by a stop in the ultrafiltra 
tion actuator, 

0.109 check points triggered by each time a flow rate 
Setting is changed. 
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0110. In a 31' aspect according to any one of the preced 
ing 4 aspects, the control procedure comprises: 

0111 determining a value of the fluid removed from the 
patient (V) over a time period (T preced 
ing a checkpoint (T,); 

0112 determining a value of fluid to be removed from 
the patient (V) over a time period (T) follow 
ing the checkpoint (T,) in order to achieve the set value 
(Q, ,) for fluid removal rate (Q) over the sum of the 
time period (T) preceding checkpoint (T,) and of the 
time period (T) following the checkpoint (T,); 

I0113 calculating the updated value (Q) for said 
fluid removal rate (Q) based on said set value for a 
fluid removal rate (Q, ,), on said value of fluid to be 
removed from the patient (V) over the time 
period (T) following the checkpoint (T,) and on the 
duration the time period (T) following the check 
point (T). 

I0114. In a 32" aspect according to any one of the preced 
ing 5 aspects, the control procedure comprises calculating the 
updated value (Q ) for said fluid removal rate (Q) at aff aev 

checkpoint (T,) according to the formula: 

etro) 

rosp 

9ef new (Terrot Torosp)9ef set of removed/Terosp 
where: 

I0115 Q, , is the set value for fluid removal rate; 
(0.116) V, is the value of the fluid removed from 

the patient over time period (T) preceding a check 
point (T,); 

0117 T is a time period preceding checkpoint (T,); 
less T, is a time period following the checkpoint 
(0119) (T+T) is the sum of the time period 
(T,) preceding checkpoint (T,) and of the time period 
(T) following the checkpoint (T). 

I0120). In a 33' aspect according to any one of the preced 
ing 6 aspects, each reference time interval (AT) is of prefixed 
duration, beginning at prefixed start times (Too; Too-AT: ... 
; Took AT) and ending at prefixed ending times (Too-AT: 
Too-2AT: . . . ; Too--(k+1): AT). 
I0121 Ina34" aspectaccording to the preceding aspect the 
control procedure comprises calculating the updated value 
(Q) for said fluid removal rate (Q) at checkpoint (T) 
comprised between a start time (Took AT) and an end time 
Too--(k+1): AT according to the formula: 

Qi. e. (AT9 e-Vico)/(Toot-(k+1)-AT)-T, 
O 

0122) Of new (2 'ATOn set- of co- Yang-1)/(Toot 
(k+1)-AT)-T. 
where: 

(0123. Q, , is the set value for fluid removal rate; 
(0.124. Vo is the value of the fluid removed from the 

patient over time window running from (Took'AT) to 
checkpoint (T,); 

(0.125 V is the value of the fluid removed from the 
patient over time window running from (Too--(k-1)-AT) 
to (Took'AT); 

I0126 (Too--(k+1)-AT)-T is the duration of time 
period following the check point (T,); 

0127 AT is the reference time interval. 
I0128. In a 35' aspect according to any one of the preced 
ing 8 aspects, the control procedure comprises: 

I0129 determining an effective portion (T) of said the 
time period (T.: Too--(k+1)-AT)-TI) following the 
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check point (T,), during which it is forecasted that the 
ultrafiltration actuator will be actually pulling fluid from 
the primary into the secondary chamber (4): 

I0130 calculating the updated value (Q) for said 
fluid removal rate (Q) using said effective portion 
(T) in place of the duration the time period following 
the checkpoint (T). 

I0131) In a 36” aspect according to any one of the preced 
ing 9 aspects the effective portion (T,) is calculated reducing 
the duration of said the time period following checkpoint (T,) 
by a quantity linked to the number of bag changes expected in 
the next time period. 
(0132) In a 37" aspect according to any one of the preced 
ing 10 aspects the effective portion (T,) is calculated reduc 
ing the duration of said the time period following checkpoint 
(T,) by a quantity linked to down times caused by alarm 
conditions. 
I0133. In a 38" aspect according to any one of the preced 
ing 7 aspects the effective portion (T,) is calculated reducing 
the duration of said the time period following checkpoint (T,) 
by a quantity 11 linked to down times caused by alarm con 
ditions if the duration of the time period (T) following the 
check point (T,) is greater than a prefixed duration, such as 
grater than 30 mins or grater than 60 mins. 
10134) In a 39" aspect according to any one of the preced 
ing aspects, the process includes receiving the set value (Q. 

) for patient fluid removal rate from an operators input or 
from a remote source communicatively connected to the con 
trol unit or for pre-storing said set value. 
I0135) In a 40" aspect according to any one of the preced 
ing 13 aspects, the process comprises executing the following 
steps before executing the control procedure: 

0.136 display on a user interface an indicium prompting 
a user to select a set value (Q) for the patient fluid 
removal rate (Q). 

10137) detect entry by the user of the set value (Q, ,) 
for the patient fluid removal rate (Q), 

I0138 receive the entered set value (Q) for the 
patient fluid removal rate (Q). 

(0.139. In a 41" aspect according to any one of the preced 
ing 14 aspects, the apparatus is of the type disclosed in any 
one of aspects from the 15" to the 20". 
I0140. In a 42" aspect according to any one of the preced 
ing 15 aspects the control procedure comprises comparing the 
calculated updated value (Q) for said fluid removal rate 
(Q) against a maximum threshold value before using it for 
controlling the ultrafiltration actuator. 
I0141. In a 43" aspect according to any one of the preced 
ing 16 aspects the control procedure comprises executing one 
or more of the following safety checks: 

0.142 comparing the ratio between the calculated 
updated value and the set value for the patient fluid 
removal rate with a firstboundary condition (typically to 
+30%), 

0.143 comparing the absolute difference between the 
calculated updated value and the set value for the patient 
fluid removal rate with a second boundary condition 
(typically by +100 ml/h). 

0.144 comparing the absolute difference between the 
calculated updated value and the set value for the patient 
fluid removal rate as a function of patient body weight 
with a third boundary condition (typically by 0.1 
ml/min/kg), 
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wherein the control procedure comprises verifying that a 
prefixed number, optionally all, of said checks is positively 
passed before using the update value for controlling the ultra 
filtration actuator. 
(0145. In a 44" aspect according to any one of the preced 
ing aspects the ultrafiltration actuator comprises a waste 
pump (17) acting on the effluent conduit (13), this latter 
leading to a waste container (14) configured for collecting 
fluid extracted from the secondary chamber (4): 
0146 at least one sensor (33) being associated to the waste 
container and being communicatively connected to the 
control unit, wherein the sensor is configured to: 
0147 determine the weight or the volume of the fluid in 
said waste container and 

0.148 generate corresponding measurement signals 
(W) for the control unit, and wherein the process com 
prises the step of calculating the actual quantity of fluid 
removed from the patient (V) over the reference time 
interval based at least on said measurement signals (W) 
coming from the sensor. 

I0149. In a 45" aspect according to the preceding aspect, 
the apparatus comprises one or more of the following con 
tainers: 
0150 a pre-dilution fluid container connected to the pre 
dilution line (15), 

0151 a post-dilution fluid container connected to the post 
dilution fluid line (25), 

0152 a dialysis fluid container connected to the dialysis 
fluid line (19), 

0153 a pre-blood pump infusion fluid container con 
nected to the pre-blood pump infusion (22) line, 

0154 a respective weighing sensor (34, 37, 35, 36) asso 
ciated to each one of the above fluid containers and con 
nected to the control unit (10), 

0155 wherein said process comprises receiving set values 
for one or more fluid flow rates selected in the group 
including a fluid flow rate (Q) through the effluent line 
(13), a fluid flow rate (Q, Q) through the infusion fluid 
line (15, 21, 25), a fluid flow rate (Q) through the dialy 
sis liquid fluid line (27), in addition to said fluid removal 
rate (Q) from the patient, weigh signals (W) from said 
weighing sensors and to control said pumps and said actua 
tor based on said weight signals, the set values for said one 
or more fluid flow rates and for said fluid removal rate 
(Q) from the patient. 

I0156. In a 46" aspect a data carrier including instructions 
executable by a control unit of a blood treatment (for instance 
of the blood treatment device of any one of aspects from 1 to 
26" apparatus) is provided. The instructions are configured 
Such that, when executed by the control unit, they cause 
execution of the process according to any one of the preceding 
aspects from 27 to 45'. 
I0157. In a 47' aspect according to the preceding aspect 
the data carrier may be any Support Suitable for storing data, 
such as by way of non-limiting example: a RAM, a ROM, an 
EPROM, an optical or a magnetic disc, an electromagnetic 
wave, a mass memory storage device Such as an Hard Disk or 
a flash memory bank. 

DESCRIPTION OF THE DRAWINGS 

0158 Aspects of the invention are shown in the attached 
drawings, which are provided by way of non-limiting 
example, wherein: 
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0159 FIG. 1 shows a schematic diagram of a blood treat 
ment apparatus according to one aspect of the invention, 
0160 FIG. 2 shows a schematic diagram of an alternative 
embodiment of a blood treatment apparatus according to 
another aspect of the invention, 
0.161 FIG.3 shows a schematic diagram of a further alter 
native embodiment of a blood treatment apparatus according 
to another aspect of the invention, 
0162 FIG. 4 shows a block diagram of a procedure execut 
able by a control unit according to a further aspect of the 
invention, 
0163 FIG.5 graphically shows a first example of a control 
procedure according to aspects of the invention, 
0164 FIG. 6 graphically shows a second example of a 
control procedure according to aspects of the invention, and 
0.165 FIG. 7 graphically shows a third example of a con 
trol procedure according to aspects of the invention. 

DETAILED DESCRIPTION 

0166 FIGS. 1, 2 and 3 show exemplifying, and non lim 
iting, embodiments of an apparatus for extracorporeal treat 
ment of blood. Note that same components are identified by 
same reference numerals in FIGS. 1-3. 
0.167 FIG. 1 shows an apparatus 1 designed for delivering 
any one of treatments like hemodialysis, hemofiltration, 
hemodiafiltration, and ultrafiltration. 
0.168. In fact, the apparatus 1 comprises a filtration unit 2 
having a primary chamber 3 and a secondary chamber 4 
separated by a semi-permeable membrane 5: depending upon 
the treatment, the membrane of the filtration unit may be 
selected to have different properties and performances. A 
blood withdrawal line 6 is connected to an inlet of the primary 
chamber 3, and a blood return line 7 is connected to an outlet 
of the primary chamber 3. In use, the blood withdrawal line 6 
and the blood return line 7 are connected to a needle or to a 
catheter or other access device (not shown) which is then 
placed in fluid communication with the patient vascular sys 
tem, such that blood can be withdrawn through the blood 
withdrawal line, flown through the primary chamber and then 
returned to the patient’s vascular system through the blood 
return line. An air separator, such as a bubble trap 8 may be 
present on the blood return line; moreover, a safety clamp 9 
controlled by a control unit 10 may be present on the blood 
return line downstream the bubble trap 8. A bubble sensor 8a, 
for instance associated to the bubble trap 8 or coupled to a 
portion of the line 7 between bubble trap 8 and clamp 9 may 
be present: if present, the bubble sensor is connected to the 
control unit 10 and sends to the control unit signals for the 
control unit to cause closure of the clamp 9 in case one or 
more bubbles above certain safety thresholds are detected. As 
shown in FIG. 1, the blood flow through the blood lines is 
controlled by a blood pump 11, for instance a peristaltic blood 
pump, acting either on the blood withdrawal line (as shown in 
FIG. 1) or on the blood return line. An operator may enter a set 
value for the blood flow rate Q, through a user interface 12 
and the control unit 10, during treatment, is configured to 
control the blood pump based on the set blood flow rate. The 
control unit may comprise a digital processor (CPU) and 
memory (or memories), an analogical type circuit, or a com 
bination thereofas explained in greater detail in below section 
dedicated to the control unit. An effluent fluid line 13 is 
connected, at one end, to an outlet of the secondary chamber 
4 and, at another end, to an effluent fluid container 14 collect 
ing the fluid extracted from the secondary chamber. The 
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embodiment of FIG. 1 also presents a pre-dilution fluid line 
15 connected to the blood withdrawal line: this line 15 Sup 
plies replacement fluid from an infusion fluid container 16 
connected at one end of the pre-dilution fluid line. Note that 
alternatively to the pre-dilution fluid line the apparatus of 
FIG. 1 may include a post-dilution fluid line (not shown in 
FIG. 1) connecting an infusion fluid container to the blood 
return line. Finally, as a further alternative (not shown in FIG. 
1) the apparatus of FIG.1 may include both a pre-dilution and 
a post infusion fluid line: in this case each infusion fluid line 
may be connected to a respective infusion fluid container or 
the two infusion fluid lines may receive infusion fluid from a 
same source of infusion fluid Such as a same infusion fluid 
container. An effluent fluid pump 17 operates on the effluent 
fluid line under the control of said control unit 10 to regulate 
the flow rate Qacross the effluent fluidline. Furthermore, an 
infusion pump 18 operates on the infusion line 15 to regulate 
the flow rate Q, through the infusion line. Note that in case 
of two infusion lines (pre-dilution and post-dilution) each 
infusion line may cooperate with a respective infusion pump. 
The apparatus of FIG. 1, further includes a dialysis fluid line 
19 connected at one end with a dialysis fluid container 20 and 
at its other end with the inlet of the secondary chamber 4 of the 
filtration unit. A dialysis liquid pump 21 works on the dialysis 
liquid fluid line under the control of said control unit 10, to 
Supply fluid from the dialysis liquid container to the second 
ary chamber at a flow rate Q. 
0169. The dialysis fluid pump 21, the infusion fluid pump 
15 and the effluent fluid pump 17 are operatively connected to 
the control unit 10 which controls the pumps as it will be in 
detail disclosed herein below. The control unit 10 is also 
connected to the user interface 12, for instance a graphic user 
interface, which receives operators inputs and displays the 
apparatus outputs. For instance, the graphic user interface 12 
may include a touchscreen, a display Screen and hard keys for 
entering users inputs or a combination thereof. 
(0170 The embodiment of FIG. 2 shows an alternative 
apparatus 1 where the same components described for the 
embodiment of FIG. 1 are also presents and are identified by 
same reference numerals and thus not described again. Addi 
tionally, the apparatus 1 shown in FIG.2 may present a further 
infusion line 22 connected, at one end, with a portion 6a of the 
blood withdrawal line 6 positioned upstream the blood pump 
11 and, at its other end, with a further infusion fluid container 
23, which for instance may contain a drug, or a regional 
anticoagulant such as a citrate Solution, or a nutrients solution 
or other. This further infusion line is herein referred to as 
pre-blood pump infusion line 22. A pump 24, for instance a 
peristaltic pump controlled by control unit 10, may act on a 
segment of the pre-blood pump infusion line to regulate a 
pre-blood pump infusion rate Q. 
0171 The apparatus of FIG. 2, may also present a post 
dilution line 25 (represented with dashed line) connected at 
one end with a further container 26 of infusion liquid and 
connected at its other end with the blood return line 7. A 
further pump 27, for instance a peristaltic pump, may act 
under the control of control unit 10 on the post-dilution line 
25. 

0172 A third embodiment is shown in FIG. 3. The appa 
ratus of FIG. 3 is an ultrafiltration apparatus comprising a 
filtration unit 2 (in this case an ultrafilter) having a primary 
chamber 3 and a secondary chamber 4 separated by a semi 
permeable membrane 5. A blood withdrawal line 6 is con 
nected to an inlet of the primary chamber 3, and a blood return 
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line 7 is connected to an outlet of the primary chamber 3. As 
in the embodiment of FIG. 1, the blood withdrawal line 6 and 
the blood return line 7 are connected in use to a needle or to a 
catheter or other access device (not shown) which is then 
placed in fluid communication with the patient vascular sys 
tem, such that blood can be withdrawn through the blood 
withdrawal line, flown through the primary chamber and then 
returned to the patient’s vascular system through the blood 
return line. An air separator, such as a bubble trap 8 may be 
present on the blood return line; moreover, a safety clamp 9 
controlled by a control unit 10 may be present on the blood 
return line downstream the bubble trap 8. A bubble sensor 8a, 
for instance associated to the bubble trap 8 or coupled to a 
portion of the line 7 between bubble trap 8 and clamp 9 may 
be present: if present, the bubble sensor is connected to the 
control unit 10 and sends to the control unit signals for the 
control unit to cause closure of the clamp 9 in case one or 
more bubbles above certain safety thresholds are detected. As 
shown in FIG. 1, the blood flow through the blood lines is 
controlled by a blood pump 11, for instance a peristaltic blood 
pump, acting either on the blood withdrawal line (as shown in 
FIG. 1) or on the blood return line. An operator may enter a set 
value for the blood flow rate Q, through a user interface 12 
and the control unit 10, during treatment, is configured to 
control the blood pump based on the set blood flow rate. The 
control unit may comprise a digital processor (CPU) and 
memory (or memories), an analogical type circuit, or a com 
bination thereofas explained in greater detail in below section 
dedicated to the control unit. An effluent fluid line 13 is 
connected, at one end, to an outlet of the secondary chamber 
4 and, at another end, to an effluent fluid container 14 collect 
ing the fluid extracted from the secondary chamber. An efflu 
ent fluid pump 17 operates on the effluent fluid line under the 
control of said control unit 10 to regulate the flow rate Q. 
across the effluent fluid line. The control unit 10 is also 
connected to the user interface 12, for instance a graphic user 
interface, which receives operators inputs and displays the 
apparatus outputs. For instance, the graphic user interface 12 
may include a touchscreen, a display screen and hard keys for 
entering users inputs or a combination thereof. 
(0173. In each one of the above described embodiments an 
ultrafiltration actuator, comprising the effluent fluid pump 17. 
is inserted into the effluent fluid line 13 and configured to 
cause a transfer of fluid from the primary 3 to the secondary 
chamber 4; in practice, in the embodiment of FIG. 1 the 
control unit may drive the dialysis liquid pump 21, the infu 
sion pump 18 and the effluent pump 17 such that Q is equal 
to Q+Q+Q. in other words, the control unit drives the 
mentioned pumps so that the total flow rate flowing through 
the effluent line is made equal to the sum of the flow rate 
through the fresh dialysis liquid line, the flow rate through the 
replacement fluid line and the patient fluid removal rate which 
is to be imposed on the patient. In the embodiment of FIG. 2 
the control unit may drive the dialysis liquid pump 21, the 
infusion pumps 18 and 27, the pre-blood pump infusion pump 
24 and the effluent pump 17 such that Q is made equal to 
Q+Q.1+Q.2+Q.--Q: in the embodiment of FIG. 3, 
the flow Q, equals Q, as there is no dialysate or infusion 
line. Although this is not shown in the enclosed figures, note 
that the extracorporeal blood treatment apparatus 1 (e.g. the 
apparatus 1 of FIGS. 1 or 2 or 3) may include one or more 
Syringe pumps: for instance a syringe pump connected to the 
blood withdrawal line 6 and a syringe pump connected to the 
blood return line 7; of course only one syringe may be used 
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either connected to line 6 or to line 7. In this case, Q, would 
be controlled to account for the flow rate delivered by said 
syringe pump(s). In FIGS. 1, 2, 3, Q, represents the ultrafil 
tration flow rate, namely the flow rate passing through the 
semi-permeable membrane 5 (Q, Q in the case where 
there is pure ultrafiltration or pure hemodialysis, while 
Q-Q+Q, and/or +Q.2 in case there are one or more 
infusions through respective fluid replacement lines). 
0.174. In order to measure the quantity of fluid delivered or 
collected in each container, appropriate sensors are used. For 
instance, referring to FIGS. 1 and 2, the apparatus 1 also 
comprises a first scale 33 operative for providing weight 
information W relative to the amount of the fluid collected in 
the effluent fluid container 14; a second scale 34 operative for 
providing weight information Wrelative to the amount of the 
fluid supplied from the infusion fluid container 16; a third 
scale 35 operative for providing weight information W rela 
tive to the amount of the fluid supplied from dialysis fluid 
container 20. In case more infusion lines would be present, as 
infusion lines 22 and 25 in FIG. 2, then a respective fourth and 
fifth scales 36 and 37 could be present to provide weight 
information W. Ws relative to the amount of fluid supplied 
from infusion container 23 and from infusion container 26. In 
the apparatus of FIG. 3, a single scale 33 is present which is 
operative for providing weight information relative to the 
amount of the fluid collected in the effluent fluid container 14. 
The scales are all connected to the control unit 10 and provide 
said weight information W, for the control unit to determine 
the actual quantity of fluid in each container as well as the 
actual flow rate of fluid supplied by or received in each con 
tainer. The control unit may also be configured to receive 
weight information W, from the first scale and, depending 
upon the selected treatment and type of apparatus, from one 
or more of the other the scales and to control the flow rate 
through the effluent fluid line, the infusion fluid line (if 
present), the dialysis fluid line (if present) by controlling the 
respective pumps based on said weight information W, and 
on initial set values. 
0.175. From a structural point of view one or more, all 
containers 14, 16, 20, 23 may be disposable plastic contain 
ers, for instance bags which are hang on a Support carried by 
the respective scale. All lines and the filtration unit may also 
be plastic disposable components which may be mounted at 
the beginning of the treatment session and then disposed of at 
the end of the treatment session. Pumps, e.g. peristaltic 
pumps, have been described as means for regulating fluid 
flow through each of the lines; howeverit should be noted that 
other flow regulating means could alternatively be adopted 
Such as for example valves or combinations of valves and 
pumps. The scales may comprise piezoelectric sensors, or 
strain gauges, or spring sensors, or any other type of trans 
ducer able to sense forces applied thereon. Although the 
examples in the figures show use of scales for determining the 
amount of fluid in the respective containers and for allowing 
calculation of the respective flow rates through the various 
lines, it should be noted that volumetric sensors for determin 
ing flow rates or combinations of mass and Volumetric sen 
sors may alternatively be adopted. 

Operation 

0176 Reference is made by way of non limiting example 
to the flowchart of FIG. 4. The control unit 10 is configured to 
control the ultrafiltration actuator (e.g. by controlling at least 
the effluent pump 17) based on a set value Q, , and to 
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control the other pumps (such as pumps 18, 21, 24, 27 and the 
Syringe(s)) if present) based on set values initially set by an 
operator or pre-stored in the machine or received from a 
Source external to the machine; for instance, with reference to 
FIG. 4, the control unit 10 may receive (step 100) set values 
for one or more of the flow rates Q, , to be imposed 
through the infusion lines (when present), the set value Q, 

to be imposed through the dialysis liquid line (when 
present) and the set value Q, , for the patient fluid removal 
rate which is a desired value for the rate of fluid removal from 
the patient which is to be maintained during treatment. In the 
case of the apparatus of FIG. 3, the control unit 10 would be 
only receive the set value for the patient fluid removal rate 
Q, , and would be configured to control the ultrafiltration 
actuator based on said set value Q. Then, the control unit 
may calculate the value Q, , (step 101): 

9ef set Qaial set-9-ep sei'9ef set (1) 

0177. Note that in case there is a pre-blood pump infusion 
line either the user shall enter a set value Q, , for the flow 
rate Q, of the respective pump 22, or the control unit is 
configured to calculate the set value Q , as a function of 
the set blood flow rate Q, . In any case, ifa pre-blood pump 
infusion line is present, the set flow rate is considered in 
equation (1) above and added at second member as follows: 

9ef set 9dial set 9-ep set 9ebp sett 9of set (2). 

0178. Of course, in case there is no infusion line and no 
dialysis line then equation (2) becomes: 

Qef set Qof set (3). 

(0179 Then, the control unit uses the calculated Q, , as 
value of the effluent flow rate Q (step 101a) which is used to 
control the flow offluid through the effluent line. In detail, the 
control unit may control (step 102) each of the infusion 
pumps and the dialysis pump Such that the actual flow rate 
matches the respective set flow rate and may control the 
effluent pump 17 (or ultrafiltration actuator) such that the 
actual flow rate through the effluent line matches the calcu 
lated value Q. . In other words, once the Q , has been 
calculated as a function of Q. then Q , may be used 
as Q. to control the ultrafiltration actuator, e.g. the effluent 
pump 17 in the examples of FIGS. 1-3. 
0180. The control unit 10 is also configured to execute at 
checkpoints T, (Step 103) during patient treatment a control 
procedure comprising the steps 104,105 and 106 as schemati 
cally shown in the flow chart of FIG. 4. 
0181. The control unit 10 may be configured for re-execut 
ing the control procedure at a plurality of check points T, 
during patient treatment: various criteria may be adopted to 
identify the checkpoints T. For instance the control proce 
dure may be repeated at periodic check points or at check 
points separated by time intervals following a prescribed rule 
(i.e. the time intervals between consecutive checkpoints may 
not be all equal but nevertheless follow a prescribed rule). 
According to a further alternative the control procedure may 
be activated at checkpoints triggered by specific events. Such 
as a downtime of the machine due to a bag change or other 
reason, setting of a new set value Q, , for patient fluid 
removal rate, or setting of a new set value for any one of the 
flow rates Q, Q , through the infusion lines (when 
present), the set value Q , to be imposed through the 
dialysis liquid line (when present). 
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0182 Going now into the details of the exemplifying 
embodiment of FIG. 4, the control procedure comprises the 
following steps. 
0183 Step 104: receiving one check information selected 
in the group of: 

0.184 a. a value of fluid removed from the patient over a 
time period preceding a checkpoint 

0185. T.; this value may be calculated or measured by the 
scale or scales. 

0186 b. an effective time portion, of said time period 
preceding a check point, during which said ultrafiltra 
tion actuator is operated; this value may be measured by 
the apparatus taking detecting all intervals when the 
machine or the treatment is stopped, e.g. due to an alarm 
or due to a bag change or due to a change of the dispos 
able set or due to other reasons. 

0187 c. a down time portion, of said time period pre 
ceding a checkpoint T. during which said ultrafiltration 
actuator is not operated; this value may be measured by 
the apparatus taking detecting all intervals when the 
machine or the treatment is stopped, e.g. due to an alarm 
or due to a bag change or due to a change of the dispos 
able set or due to other reasons. 

0188 Step 105: calculating an updated value Q , for 
said fluid removal rate Q, as a function of said set value for 
a fluid removal rate Q, , and of said check information. In 
most cases where the machine or the treatment has been 
interrupted in the period preceding a, the new value Q, , 
is higher than the set value Q. . Note, however, that there 
may be cases (e.g. if there is a flow delivery problem on 
dialysate or replacement) where too much fluid could have 
been extracted in the period preceding a checkpoint: in Such 
a situation the new value Q is smaller than the set value air aev 

Q fi set 
foí89 Steps 106: after calculation of said updated value 
Q the control unit is configured for calculating a new 
Q for then returning to step 102. 
0190. At step 102 the control unit controls the ultrafiltra 
tion actuator (and the other pumps if present as above 
described in connection with step 102) as a function of said 
new Q, and therefore as a function of the updated value 
Q of the fluid removal rate. The control may use one of 
algorithms (1) or (2) or (3) depending upon the apparatus 
configuration, adopting Q in place of Q, , 
0191 The control with the updated value may start imme 
diately after the checkpoint and last until a Subsequent check 
point. 
0.192 Here below some implementing examples are pro 
vided in order to exemplify the operation of apparatuses 
according to the invention. In below examples it is assumed 
that the set patient fluid flow rate Q, , is not changed in the 
time period preceding a checkpoint. 

EXAMPLE1 

0193 FIG. 5 shows a first example of implementation of 
the control procedure which has been described herein above. 
0194 In this embodiment, the control procedure com 
prises: 

0.195 determining a value of the fluid removed from the 
patientV Over a time periodT, preceding a 
checkpoint T.; 

0196) determining a value of fluid to be removed from 
the patient V over a time periodT, following aff aee rosp 

the checkpoint T, in order to achieve the set value Q, 

petro 
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for fluid removal rate Q, over the sum of the time sei 

period T. preceding check point T, and of the time 
period T following the check point (T); in FIG. 5, 
T is equal to T. although this may be a preferred 
option, it should be noted that T. may also be different 
from T. 

(0197) calculating the updated value Q, for said 
fluid removal rate Q, based on the set value for a fluid 
removal rate Q, , on the value of fluid to be removed 
from the patient V, over the time period T. A rosp 

following the check point (T,) and on the duration the 
time period T following the checkpoint T. 

0198 For example the following formula may be adopted 
for the calculation of Q new 

9ef new (Terrot Torosp)9ef set of removed), Troy (4) 
where: 

(0199 Q, , is the set value for fluid removal rate; 
(0200 V, is the value of the fluid removed from 

the patient over time period T. preceding a check 
point T.; 

0201 T is a time period preceding checkpoint T.; 
02: T, is a time period following the checkpoint 

(0203 (T+T) is the reference time interval 
which is the Sum of the time period T. preceding 
checkpoint T, and of the time periodT, following the 
checkpoint T. 

(0204. The checkpoint T, when instantaneous Q, , is 
computed may be done: 

0205 after each treatment interruption (down time), 
0206 on a periodic basis, 
0207 each time the a flow rate setting is changed, 
(0208 by time T+T. 

0209. In the context of patient fluid removal management, 
and T petro prosp relevant values for T 

6-8 hours. 
0210 Applying the above algorithm to the apparatus of 
FIG.3 assuming that: 

may be in the range of 1 to 

0211 the operator initially sets a Q =100 ml/h, 
(0212. T., and T both equal to 4 h. 
(0213 the fluid actually removed V from the 

patient as measured by scale 33 (in case the apparatuses 
of FIGS. 1 and 2 would be used then information from all 
scales would be received by the control unit) over time 
period T-4 h preceding check point T is V, - 
noved 390 ml. 

then applying formula (4) above: 
9ef new (AT 9ef set of removed)T-(4+4) 

100–390/4=102.5 ml/h 

0214 Thus, the control unit 10 will control the pump 17 
based on the new calculated value of 102.5 ml/h during the 4 
h following the first checkpoint. 

EXAMPLE 2 

0215 FIG. 6 shows a second example of implementation 
of the control procedure which has been described herein 
above. 
0216. In this case, the procedure aims at achieving the 
most accurate Patient Fluid Removal over predefined time 
periods. In this example, periods of constant duration AT are 
prefixed, beginning at a prefixed time T00: 

Too; TooHAT: . . . ; Too-k'AT 
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and ending at prefixed ending times 
Too-AT; Too--2AT: ... ; Too--(k+1)-AT. 

0217. In this variant, the control unit 10 aims at delivering 
the exact patient fluid removal prescription over predefined 
time windows, such as matching with staff shifts or simply 
round hours” (13:00, 14:00, 15:00 . . . ). 
0218. The 'checkpoint T, when instantaneous Q, , is 
computed may be done: 

0219 at each treatment interruption (down time), 
0220 at each time a flow rate setting is changed, 
0221 at each predefined time window limit (TO0+k.T), 

0222. According to this variant, the control procedure 
comprises calculating the updated value Q, for said 
fluid removal rate Qat checkpoint T, comprised between a 
start time Took AT and an end time Too-(k+1)-AT according 
to the formula: 

9ef new (AT 9ef set fo)) (Too--(k+1)-T)-T. (5) 

or according to the formula (which takes into account the 
volume of fluid removed in a further time window): 

'AT)-T) (6) 

where: 

0223 Q, , is the set value for fluid removal rate; 
0224. Vo is the value of fluid removed from patient 
over time window running from (Took'AT) to checkpoint 
(T,): 

(0225 V is the value of fluid removed from patient 
over time window running from (Too--(k-1)-AT) to (Too 
k'AT): 

0226 (Too--(k+1)-AT)-T, is the duration of time period 
following the checkpoint (T,): 

0227 AT is the duration of the reference time interval. 
0228 Note: 
0229. Formula 5 is equivalent to formula 4 with: 
T+TAT retro" prosp 

T=(Too--(k+1)-AT)-T, 
0230 

retro" prosp 

Formula 6 is equivalent to formula 4 with: 

forosio 

0231. Applying the above algorithm to the apparatus of 
FIG.3 assuming that: 

0232 the operator initially sets a Q =100 ml/h; 
0233 Predefined time windows: 0:00; 4:00; 8:00: 
12:00: 16:00; 20:00; 

0234 Check time T: 10:30, 
0235 the fluid actually removed over 4:00; 8:00 as 
measured by scale 33 (of course in case the apparatuses 
of FIGS. 1 and 2 would be used then information from all 

scales would be received by the control unit) is V 
=396 ml; 

0236 the fluid actually removed over 4:00; 10:30 as 
measured by scale 33 (of course in case the apparatuses 
of FIGS. 1 and 2 would be used then information from all 

scales would be received by the control unit) is Vo 
=245 ml, 

then applying formula (6) above: 
Q =(2-4 100-245-396)/(12-10.5)=106.0 ml/h 
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0237 Thus, the control unit 10 will control the pump 17 
based on the new calculated value of 106.0 ml/h during the 1.5 
h following the check point at 10.30 in order to achieve the 
desired patient fluid removal by 12.00. 

Anticipation of Down Times 

0238 Performance of the previous algorithms may be fur 
ther enhanced when anticipating future down times. 
0239) 

0240 related to bag management: flow rate and bag 
Volume data available to the system allow anticipating 
the number of bag changes which will occur over the 
period of interest; corresponding down time of the ultra 
filtration actuator may then be derived using an assump 
tion of the time used for changing a bag; such an estimate 
may derive from general statistical data or statistics 
more specific to the system in use and the local handling 
processes; 

0241 related to alarms: a simple alarm down time coef 
ficient may be applied to estimate for the down times 
related to alarms interrupting the ultrafiltration actuator. 
Again such a coefficient may be built in the system or 
derived from statistics specific on the system in use. 

0242 By calculating the impact of the above down times it 
is possible to account for the effective portion Tof the time 
period after check time T, during which it is forecasted that 
the ultrafiltration actuator will be actually pulling fluid from 
the primary into the secondary chamber 4. This allows further 
correcting the value of the new calculated patient fluid 
removal rate. 

0243 In practice, the control procedure described above 
may comprises a step of determining an effective portion T. 
of said the time period Tor (Too--(k+1)-AT)-T, following 
the checkpoint T. Then, the updated value Q, for the 
fluid removal rate Q, is calculated by the control unit using 
T. in place of the duration the time period following the 
checkpoint T., i.e. in place of Tprosp or (Too--(k+1)-AT)-T. 

Several types of down-times may be estimated: 

EXAMPLE 3 

0244. The following example is similar to Example 2 (ref 
erence is made to FIGS. 3 and 6) and shows calculation and 
use of the effective portion T, which is determined in this 
case by reducing the duration of the time period following 
check point T, by a first quantity linked to a bag change 
average time expected to be spent in the next time period and 
by a second quantity linked to down times caused by alarm 
conditions. 
0245 Applying algorithm (6) to the apparatus of FIG. 3 
assuming that: 

0246) the operator initially sets a Q =100 ml/h; 
0247 Predefined time windows: 0:00; 4:00; 8:00: 
12:00: 16:00; 20:00; 

0248 Check time T: 10:30, 
0249 the fluid actually removed over 4:00; 8:00 as 
measured by scale 33 is V-396 ml; 

(0250) the fluid actually removed over 4:00; 10:30 as 
measured by scale 33 is Vpfr(0)=245 ml; 

0251 Number of bag changes planned over 10:30; 
12:00: Nchange bag 2. 

(0252) Meantime for changing a bag. T -100s; 
0253 Alarm down time coefficient: K=1.7%, 
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0254 Thus, the effective run time of prospective time 
window 10:30; 12:00 is: 

T=1.5-0.0171.5-2-(100/3600)=1.42 h 
(0255. It should be noted that in calculating T, where 
T. becomes Small (e.g. <30 minutes) the predictive term 
due to alarms may be ignored. 
(0256 Then applying formula (6) using the calculated T. 

Q =(2:4-100-245-396)/(142)=112.1 ml/h 
0257 Thus, the control unit 10 will control the pump 17 
based on the new calculated value of 112.1 ml/h during the 1.5 
h following the checkpoint at 10.30 in order achieve the most 
accurate delivery of the desired patient fluid removal over the 
time periods 4:00; 8:00 and 8:00: 12:00. According to the 
criteria used for deciding on checkpoints, this flow rate will 
be further adjusted at least twice before the current time 
period 8:00: 12:00 is elapsed (2 planned bag changes). 

EXAMPLE 4 

0258 FIG.7 shows another example of implementation of 
the control procedure which has been described herein above. 
0259. In this case, and as in example 2, the procedure aims 
at achieving the most accurate Patient Fluid Removal over 
predefined time periods. However, in this example, the time 
periods are defined around the clock and may be of different 
durations. 
0260 N clock times between 0:00 and 24:00 (T.T. . . . 
T, ...T.) define N time periods ITT (for k=1 to N and 
Tv-T). 
0261. In this variant, the control unit 10 aims at delivering 
the exact patient fluid removal prescription over each pre 
defined time window, such as matching with staff shifts. 
(0262 The 'checkpoint Tiwhen instantaneous Q, , is 
computed may be done: 

0263 at each treatment interruption (down time), 
0264 at each time a flow rate setting is changed, 
0265 at each predefined clock time Tk. 

0266. According to this variant, the control procedure 
comprises calculating the updated value Q, for said 
fluid removal rate Qat checkpoint T, comprised between a 
start time T and an end time T according to the formula: 

Qe? now (T-I-T-9? set- fol(T-1-T) (7) 
where: 

10267 Q, , is the set value for fluid removal rate; 
(0268 Vo is the value of fluid removed from patient 

over time window running from clock time T to check 
point (T,); 

0269 T-T matches with T 
(0270 T-Ti matches with T.: 
0271 Applying the above algorithm (again refer to FIG.7) 
and assuming that: 

petro prosps 

(0272 the operator initially sets a Q =100 ml/h; 
0273 Predefined clock times: 6:00: 13:00: 20:00: 
(0274 Check time T: 11:12: 
(0275. The fluid actually removed over 6:00: 11:12 as 
measured by scale 33 (of course in case the apparatuses 
of FIGS. 1 and 2 would be used then information from all 

scales would be received by the control unit) is V 
=508 ml; 

0276. No bag change expected before next predefined 
clock time T=13:00; 

0277 Mean time for changing a bag: T =100s: change bag 
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0278 Alarm down time coefficient: K=1.5%, the 
effective run time T of prospective time window (11: 
12; 13:00 is: 
T-(13.0-11.2)-0.015.(13.0-11.2)-0. (100/3600) 

=1.773 h. 

0279 
Q = (13.0–6.0). 100-508.1/1.773=108.3 ml/h 

(0280 Thus, the control unit 10 will control the pump 17 
based on the new calculated value of 108.3 ml/h from the 
11:12 checkpoint in order to achieve the desired patient fluid 
removal by 13.00. 

Then, applying formula (7) above: 

Safety Features 

0281. The apparatus described above may include one or 
more of the following safety features. 
0282 For instance safety features below disclosed may 
play an important role after a therapy interruption of several 
tens of minutes, e.g. change of the disposable tubing or Sub 
stitution offilter set associated with the apparatus, temporary 
patient disconnection due to any reason. These situations may 
lead to relatively high Qpfr new values which if actuated 
with no safety checks might lead to problems for the treated 
patient. 
0283. The control procedure executed by the control unit 
10 may include a step of requesting the user, for instance via 
the user interface 12, to confirm that the calculated updated 
value Q, a for said fluid removal rate Q, is acceptable 
before using it for controlling the ultrafiltration actuator. In 
practice the control unit would in this case wait for a user 
confirmation before actually using the calculated updated 
value Q for controlling pump 17. aff aev 

0284. The control procedure may also include comparing 
the calculated updated value Q, for said fluid removal 
rate (Q) against a maximum threshold value before using it 
for controlling the ultrafiltration actuator. In practice in case 
the calculate value would be too high either a lower value is 
used or an alarm condition is generated or a warning signal 
sent to the operator e.g. via user interface 12. 
0285. The control procedure may comprise executing one 
or more of the following further safety checks: 

0286 comparing the ratio between the calculated 
updated value and the set value for the patient fluid 
removal rate with a firstboundary condition (typically to 
+30%), 

0287 comparing the absolute difference between the 
calculated updated value and the set value for the patient 
fluid removal rate with a second boundary condition 
(typically by +100 ml/h). 

0288 comparing the absolute difference between the 
calculated updated value and the set value for the patient 
fluid removal rate as a function of patient body weight 
with a third boundary condition (typically by 0.1 
ml/min/kg). 

0289. If a prefixed number of said checks is positively 
passed, for instance if all checks are passed, the update value 
Q is used for controlling the ultrafiltration actuator. 
0290. Note that the control unit is may also be configured 
for allowing setting of one or more boundary conditions in 
order to customize the apparatus to specific needs or patients. 
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Control Unit 

0291. As already indicated the apparatus according to the 
invention makes use of at least one control unit. This control 
unit may comprise a digital processor (CPU) with memory 
(or memories), an analogical type circuit, or a combination of 
one or more digital processing units with one or more ana 
logical processing circuits. In the present description and in 
the claims it is indicated that the control unit is “configured 
or “programmed to execute certain steps: this may be 
achieved in practice by any means which allow configuring or 
programming the control unit. For instance, in case of a 
control unit comprising one or more CPUs, one or more 
programs are stored in an appropriate memory: the program 
or programs containing instructions which, when executed by 
the control unit, cause the control unit to execute the steps 
described or claimed in connection with the control unit. 
Alternatively, if the control unit is of an analogical type, then 
the circuitry of the control unit is designed to include circuitry 
configured, in use, to process electric signals such as to 
execute the control unit steps herein disclosed. 

1-26. (canceled) 
27. A process of controlling an apparatus for extracorpo 

real treatment of blood, the apparatus being of the type com 
prising: a filtration unit having a primary chamber and a 
secondary chamber separated by a semi-permeable mem 
brane; a blood withdrawal line connected to an inlet of the 
primary chamber, and a blood return line connected to an 
outlet of the primary chamber said bloodlines being designed 
to be connected to a patient cardiovascular system; a blood 
pump for controlling the flow of blood through the blood 
lines; an effluent fluid line connected to an outlet of the 
secondary chamber; an ultrafiltration actuator connected to 
the effluent fluid line and configured to cause a transfer of 
fluid from the primary to the secondary chamber, and 

a control unit configured to execute a control procedure 
comprising: 
controlling the ultrafiltration actuator based on a set 

value for patient fluid removal rate, said set value 
being a desired value for the rate offluid removal from 
the patient, 

executing at check points during patient treatment a 
control procedure comprising: 
receiving one check information selected in the group 

of: 
a value of fluid removed from the patient over a 

time period preceding a checkpoint, 
an effective time portion, of a time period preced 

ing a check point, during which said ultrafiltra 
tion actuator is operated, 

a down time portion, of a time period preceding a 
check point, during which said ultrafiltration 
actuator is not operated, 

calculating an updated value for said fluid removal rate 
as a function of said set value for a fluid removal rate 
and of said check information. 

28. A process according to claim 27 wherein the control 
procedure further comprises, after calculation of said updated 
value, controlling the ultrafiltration actuator after the check 
point as a function of said updated value for the fluid removal 
rate. 

29. (canceled) 
30. A process according to claim 27, wherein the control 

procedure comprises re-executing said control procedure at a 

Mar. 5, 2015 

plurality of check points during patient treatment, said plu 
rality of checkpoints comprising one or more in the group of 

checkpoints at regular intervals, 
periodic checkpoints, 
checkpoints triggered by specific setting of a new set value 

for patient fluid removal rate, 
checkpoints triggered by a stop in the ultrafiltration actua 

tor, 
check points triggered by each time a flow rate setting is 

changed. 
31. A process according to claim 27 wherein the control 

procedure comprises: 
determining a value of the fluid removed from the patient 

over a time period preceding a checkpoint; 
determining a value of fluid to be removed from the patient 

over a time period following the checkpoint in order to 
achieve the set value for fluid removal rate over the sum 
of the time period preceding checkpoint and of the time 
period following the checkpoint; 

calculating the updated value for said fluid removal rate 
based on said set value for a fluid removal rate, on said 
value of fluid to be removed from the patient over the 
time period following the check point and on the dura 
tion the time period following the checkpoint. 

32. A process according to claim 31 wherein the control 
procedure comprises calculating the updated value for said 
fluid removal rate at checkpoint according to the formula: 

9ef new (Terrot Torosp)9ef set of removed/prosp 
where: 

Q is the calculated updated value for said fluid 
removal rate; 

Q, , is the set value for fluid removal rate; 
V is the value of the fluid removed from the 

patient over time period T. preceding a checkpoint; 
T, is a time period preceding the checkpoint: 
T is a time period following the checkpoint; 
(T+T) is the sum of the time period (T) 

ing the check point and of the time period (T. 
lowing the checkpoint. 

33. (canceled) 
34. A process according to claim 27 wherein the control 

procedure comprises calculating the updated value for said 
fluid removal rate at a checkpoint comprised between a start 
time and an end time according to the formula: 

9. e. (AT9 e-Vico)/(Toot-(k+1)-AT)-T, 

preced 
) fol rosp 

O 

Qi. e. (2-ATOf self-co?(i-1))/(Toot(k+1) 
'AT)-T. 

where: 

Q is the updated value for fluid removal rate: 
Q, , is the set value for fluid removal rate; 
(Took'AT) is the start time; 
Too--(k+1)-AT is the end time; 
T, is the checkpoint; 
Vo is the value of the fluid removed from the patient 

over time window running from start time (Took'AT) to 
checkpoint (T,); 

V-1 is the value of the fluid removed from the patient 
over time window running from start time (Too--(k-1) 
'AT) to end time (Too-k'AT): 

(Too--(k+1)-AT)-T, is the duration of time period follow 
ing the checkpoint (T); 

AT is a reference time interval of prefixed duration. 
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35. A process according to claim 27 wherein the control 
procedure comprises: 

determining an effective portion of said the time period 
following the checkpoint, during which it is forecasted 
that the ultrafiltration actuator will be actually pulling 
fluid from the primary into the secondary chamber; 

calculating the updated value for said fluid removal rate 
using said effective portion in place of the duration the 
time period following the checkpoint. 

36. A process according to claim 35 wherein the effective 
portion is calculated by reducing the duration of said the time 
period following check point by a quantity linked to one or 
more of: 
number of bag changes expected in the next time period; 
down times caused by alarm conditions; 
down times caused by alarm conditions if the duration of 

the time period following the checkpoint is greater than 
a prefixed duration. 

37-41. (canceled) 
42. A process according to claim 27 wherein the control 

procedure comprises comparing the calculated updated value 
for said fluid removal rate against a maximum threshold value 
before using it for controlling the ultrafiltration actuator. 

43. A process according to claim 27 wherein the control 
procedure comprises executing one or more of the following 
safety checks: 

comparing the ratio between the calculated updated value 
and the set value for the patient fluid removal rate with a 
first boundary condition, 

comparing the absolute difference between the calculated 
updated value and the set value for the patient fluid 
removal rate with a second boundary condition, 

comparing the absolute difference between the calculated 
updated value and the set value for the patient fluid 
removal rate as a function of patient body weight with a 
third boundary condition, 

wherein the control procedure comprises verifying that a 
prefixed number of said checks is positively passed before 
using the update value for controlling the ultrafiltration actua 
tOr. 

44-47. (canceled) 
48. An apparatus for extracorporeal treatment of blood 

comprising: 
a filtration unit having a primary chamber and a secondary 
chamber separated by a semi-permeable membrane; 

a blood withdrawal line connected to an inlet of the primary 
chamber, and a blood return line connected to an outlet 
of the primary chamber said blood lines being designed 
to be connected to a patient cardiovascular system; 

a blood pump for controlling the flow of blood through the 
blood lines; 

an effluent fluid line connected to an outlet of the secondary 
chamber; 

an ultrafiltration actuator connected to the effluent fluid 
line and configured to cause a transfer of fluid from the 
primary to the secondary chamber, and 

a control unit configured to control the ultrafiltration actua 
tor based on a set value for patient fluid removal rate, 
said set value being a desired value for the rate of fluid 
removal from the patient, wherein the control unit is 
configured to execute at check points during patient 
treatment a control procedure comprising: 
receiving one check information selected in the group 

of: 
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a value of fluid removed from the patient over a time 
period preceding a checkpoint, 

an effective time portion, of a time period preceding a 
checkpoint, during which said ultrafiltration actua 
tor is operated, 

a down time portion, of a time period preceding a 
checkpoint, during which said ultrafiltration actua 
tor is not operated, 

calculating an updated value for said fluid removal rate 
as a function of said set value for a fluid removal rate 
and of said check information. 

49. (canceled) 
50. Apparatus according to claim 48 wherein the control 

procedure further comprises controlling the ultrafiltration 
actuator, after the check point and until a Subsequent check 
point as a function of said updated value for the fluid removal 
rate. 

51. Apparatus according to claim 48 wherein the control 
unit is configured for re-executing said control procedure at a 
plurality of check points during patient treatment, said plu 
rality of checkpoints comprising one or more in the group of 

checkpoints at regular intervals, 
periodic checkpoints, 
checkpoints triggered by specific setting of a new set value 

for patient fluid removal rate, 
checkpoints triggered by a stop in the ultrafiltration actua 

tor, 
check points triggered by each time a flow rate setting is 

changed. 
52. The apparatus of claim 48 wherein the control proce 

dure comprises: 
determining a value of the fluid removed from the patient 

over a time period preceding a checkpoint; 
determining a value of fluid to be removed from the patient 

over a time period following the checkpoint in order to 
achieve the set value for fluid removal rate over the sum 
of the time period preceding checkpoint and of the time 
period following the checkpoint; 

calculating the updated value for said fluid removal rate 
based on said set value for a fluid removal rate, on said 
value of fluid to be removed from the patient over the 
time period following the check point and on the dura 
tion the time period following the checkpoint. 

53. The apparatus of claim 52 wherein the control proce 
dure comprises calculating the updated value for said fluid 
removal rate at checkpoint according to the formula: 

9ef new (Terrot Torosp)9ef set of removed/Terosp 
where: 

Q is the calculated updated value for said fluid 
removal rate; 

Q, , is the set value for fluid removal rate; 
V is the value of the fluid removed from the 

patient over time period (T,) preceding a checkpoint; 
T, is a time period preceding checkpoint: 
T is a time period following the checkpoint; 
(T+T) is the sum of the time period (T. 

ing the check point and of the time period (T. 
lowing the checkpoint. 

54. (canceled) 
55. The apparatus of claim 48 wherein the control proce 

dure comprises calculating the updated value for said fluid 

) preced 
) fol rosp 
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removal rate at check point comprised between a start time 
and an end time according to the formula: 

9. e-(AT 9ef set Vico)/(Toot-(k+1 )-AT)-T) 
O 

Qi. e. (2-AT9 se??ion(i-1)/(Toot(k+1) 
'AT)-T) 

where: 

Q is the updated value for fluid removal rate; 
Q, , is the set value for fluid removal rate; 
(Took AT) is the start time; 
Too--(k+1)-AT is the end time; 
T, is the checkpoint: 
Vo is the value of the fluid removed from the patient 

over time window running from start time (Took AT) to 
checkpoint (T,); 
V-1 is the value of the fluid removed from the patient 

over time window running from start time (Too--(k-1) 
'AT) to end time (Took AT): 

(Too--(k+1)-AT)-T, is the duration of time period follow 
ing the checkpoint (T,); 

AT is a reference time interval of prefixed duration. 
56. The apparatus according to claim 48 wherein, the con 

trol procedure comprises: 
determining an effective portion of said the time period 

following the checkpoint, during which it is forecasted 
that the ultrafiltration actuator will be actually pulling 
fluid from the primary into the secondary chamber; 

calculating the updated value for said fluid removal rate 
using said effective portion (T,) in place of the duration 
the time period following the checkpoint; 
wherein the effective portion is calculated reducing the 

duration of said the time period following the check 
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point by a first quantity linked to the number of bag 
changes expected in the next time period and/or by a 
second quantity linked to downtimes caused by alarm 
conditions. 

57-60. (canceled) 
61. The apparatus according to claim 48 wherein the con 

trol procedure comprises: 
requesting the user, via a user interface, to confirm that the 

calculated updated value for said fluid removal rate is 
acceptable before using it for controlling the ultrafiltra 
tion actuator, and 

comparing the calculated updated value for said fluid 
removal rate against a maximum threshold value before 
using it for controlling the ultrafiltration actuator. 

62. (canceled) 
63. The apparatus according to claim 48 wherein the con 

trol procedure comprises executing one or more of the fol 
lowing safety checks: 

comparing the ratio between the calculated updated value 
and the set value for the patient fluid removal rate with a 
first boundary condition, 

comparing the absolute difference between the calculated 
updated value and the set value for the patient fluid 
removal rate with a second boundary condition, 

comparing the absolute difference between the calculated 
updated value and the set value for the patient fluid 
removal rate as a function of patient body weight with a 
third boundary condition, 

wherein the control procedure comprises verifying that a 
prefixed number of said checks is positively passed before 
using the update value for controlling the ultrafiltration actua 
tOr. 

64-65. (canceled) 


