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APPARATUS AND METHOD OF acoustic , in the venous expansion chamber ( more rarely also 
CONTROLLING AN EXTRACORPOREAL in the arterial expansion chamber ) able to signal the reaching 

BLOOD TREATMENT of a minimum level that requires the intervention of spe 
cialized personnel to restore the correct quantity of blood in 

CROSS REFERENCE TO RELATED 5 the chamber such as to avoid risks to the patient . 
APPLICATIONS These systems , while fulfilling the tasks to which they are 

directed , incur additional costs and changes to the hardware 
The present application is a National Stage of Interna - of a machine on which they are or are to be installed . 

tional Application No . PCT / IB2013 / 056481 , filed on Aug . 8 , Particularly because of the cost , these security systems are 
2013 , which claims priority to European Patent Application 10 generally present only on the return line of the blood 
No . 12006803 . 6 , filed Sep . 28 , 2012 , and U . S . Provisional downstream of the dialyzer . 
Application No . 61 / 707 , 261 , filed Sep . 28 , 2012 , the entire Furthermore , it is also worth mentioning that the bubble 
contents of which are being incorporated herein by refer sensor device is generally able to reliably detect only 
ence . bubbles of a predetermined size , while not possessing a 

15 sensitivity that would enable micro - bubbles of air dissolved 
FIELD OF THE INVENTION in the blood to be detected . 

There are recent studies ( e . g . “ Microemboli , developed 
The present invention relates to an apparatus for extra during hemodialysis , pass the lung barrier and may cause 

corporeal blood treatment and to a method of controlling the ischemic lesions in organs such as the brain " by Ulf Fors 
apparatus . 20 berg , Per Jonsson , Christofer Stegmayr and Bernd Steg 

mayr ) that have linked some typical disorders of chronic 
BACKGROUND OF THE INVENTION patients such as pulmonary hypertension and other ischemic 

problems with the quantity of air , in the form of micro 
Known apparatus for extracorporeal treatment of blood bubbles , generated by current dialysis machines and which 

include at least one treatment unit ( for example a dialyser or 25 are not disclosed by the current safety systems . 
a filter , or an ultrafilter or a plasma filter or a filter unit of any It should be noted in this regard that the generation of 
other nature ) having a semipermeable membrane which micro - bubbles occurs mainly because of the entry of air into 
separates the unit of treatment into two chambers . An the removal line , for example due to a low level of blood in 
extracorporeal blood circuit allows the circulation of blood the blood chamber ( owing to various situations such as bad 
taken from a patient internally of the first chamber . At the 30 machine priming or infusion with air entry ) ; in fact the 
same time , and typically in a countercurrent direction to the bubbles that may get into the bloodstream and reach the 
blood , a treatment fluid is circulated through a special circuit dialyzer , which fragments them and makes them difficult to 
in the second chamber of the treatment unit . This type of detect . 
equipment for blood treatment , known as dialysis apparatus , Also known from the U . S . Pat . No . 7 , 013 , 727 is a method 
can be used for the removal of solutes and excess fluid from 35 for determining the blood level in a chamber of dialysis 
the blood of patients suffering from renal failure . machines which exploits the ideal gas law in order to return 

The extracorporeal blood circuit also includes two expan to that level . 
sion chambers , also called bubble - traps , respectively located in particular , it exploits the change in blood volume in the 
on a blood removal line from the patient and on a return chamber linked to the thrust generated on the blood by a 
blood line to the patient . 40 peristaltic pump and , by means of two sensors ( pressure 

The expansion chambers , during the treatment , contain a and / or flow ) the level in the chamber is detected . 
predetermined quantity of blood up to a predetermined depth This methodology , while enabling doing without a level 
and a predetermined quantity of gas ( air ) in the remaining sensor , typically requires additional hardware ( a further 
part of the chamber . sensor ) in addition to that already present on the machine . 

Clearly , for a safe operation of the extracorporeal treat - 45 
ment , the level of blood must never fall below a critical SUMMARY 
minimum level that could lead to the introduction of air into 
the extracorporeal circulation lines and subsequent potential An aim of the present invention is to disclose an apparatus 
infusion of the air into the circulatory system of the patient , for blood treatment able to detect a magnitude linked to the 
with serious consequences . 50 blood level in expansion chambers which can be an index of 

Since the risks of such an event exist , and the problems potential ingress of air into the extracorporeal blood circuit . 
caused to the patient are extremely serious , if not critical , the further aim of the described embodiment is to provide 
known dialysis machines are equipped with safety systems an apparatus which may perform the said monitoring opera 
that can detect such an event and , should it occur , can place tion without any need for additional hardware with respect 
the patient in safety . 55 to the hardware already present on - board the machine . 

In particular , a device is in general provided on the return further auxiliary aim of the described embodiment is 
line blood to the patient , just before the vascular access and also to enable monitoring in the arterial expansion chamber 
downstream of the venous expansion chamber , which device and possibly also enabling monitoring in the venous expan 
is directly connected to the unit control of the machine and sion chamber to support the prevention systems already 
is for the detection of air bubbles in the blood . 60 present in the machine . 

In the event that air is detected in the venous line , the further aim of the described embodiment is to be 
control unit activates a patient safety procedure for the applicable to machines already in use in clinical structures 
isolation of the patient by at least closing clamps on the by means of an update to the operating software . 
extracorporeal blood circuit and shutting down the blood further auxiliary aim of the described embodiment is 
pump . 65 such as to provide an apparatus which is able to perform this 

In addition to this safety device , certain machines are also analysis reliably , reducing the false positives and increasing 
equipped with appropriate blood level sensors , optical or the detecting of the situations of risk . 
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A further auxiliary aim of the described embodiment is having at least a first chamber ( 3 ) and at least a second 
such as to provide an apparatus which in predetermined chamber ( 4 ) separated from one another by a semipermeable 
situations is able to intervene , automatically placing the membrane ( 5 ) ; at least a blood removal line ( 6 ) connected to 
patient in safety . an inlet port of the first chamber and predisposed to remove 

At least one of the above - indicated aims is substantially 5 blood from a patient ; at least a blood return line ( 7 ) con 
attained by a blood treatment apparatus according to one or nected to an outlet port from the first chamber and predis 
more of any of the accompanying claims . posed to return treated blood to the patient ; at least an 

Aspects of the invention are illustrated in the following . expansion chamber ( 11 , 12 ) placed at least in one of the 
In a first independent aspect of the invention , an apparatus blood removal line ( 6 ) and the blood return line ( 7 ) , the 

is provided for an apparatus for extracorporeal blood treat - 10 expansion chamber being arranged to use to contain a 
ment comprising : at least a treatment unit ( 2 ) having at least predetermined quantity of gas in an upper portion and a 
a first chamber ( 3 ) and at least a second chamber ( 4 ) predetermined quantity of blood at a predetermined level in 
separated from one another by a semipermeable membrane a lower portion , the blood removal line ( 6 ) , the blood return 
( 5 ) ; at least a blood removal line ( 6 ) connected to an inlet line ( 7 ) , the first chamber ( 3 ) and the at least an expansion 
port of a first chamber and predisposed to remove blood 15 chamber ( 11 , 12 ) being part of an extracorporeal blood 
from a patient ; at least a blood return line ( 7 ) connected to circuit ( 8 ) ; at least a blood pump ( 9 ) operating in the 
an outlet port from the first chamber and predisposed to extracorporeal blood circuit ( 8 ) such as to move the blood in 
return treated blood to the patient ; at least an expansion the circuit ; at least a pressure sensor ( 13 , 14 ) associated to 
chamber ( 11 , 12 ) placed at least in one of the blood removal the expansion chamber ( 11 , 12 ) and configured such as to 
line ( 6 ) and the blood return line ( 7 ) , the expansion chamber 20 enable determining pressure values internally of the expan 
being arranged in use to contain a predetermined quantity of sion chamber ( 11 , 12 ) ; at least a fluid evacuation line ( 10 ) 
gas in an upper portion and a predetermined quantity of connected to an outlet port of the second chamber ; the 
blood at a predetermined level in a lower portion , the blood method includes carrying out a control procedure compris 
removal line ( 6 ) , the blood return line ( 7 ) , the first chamber ing : moving the blood pump ( 9 ) such as to generate a 
( 3 ) and the at least an expansion chamber ( 11 , 12 ) being part 25 variable blood flow ( Q ( t ) ) comprising a constant flow com 
of an extracorporeal blood circuit ( 8 ) ; at least a blood pump ponent ( Q ) of a desired blood flow value and a variable flow 
( 9 ) operating at the extracorporeal blood circuit ( 8 ) such as component ( Qvar ( t ) ) oscillating about the constant compo 
to move the blood in the circuit ; at least a pressure sensor n ent ( Q ) and having a substantially nil average value , the 
( 13 , 14 ) associated to the expansion chamber ( 11 , 12 ) and variable blood flow Qvar ( t ) ) generating at least in the expan 
configured such as to enable determining pressure values 30 sion chamber ( 11 , 12 ) a pressure progression that is variable 
internally of the expansion chamber ( 11 , 12 ) ; at least a fluid in time ( P ( t ) comprising a pressure component ( P ( t ) ) 
evacuation line ( 10 ) connected to an outlet port of the second oscillating about a mean value ( Pave ) ; to receive from the at 
chamber ; a control unit ( 21 ) connected to the at least a least a sensor ( 13 , 14 ) a plurality of pressure values ( P ) for 
pressure sensor ( 13 , 14 ) , with the pump ( 9 ) , and configured a time period ( T ) comprising at least one , and in particular 
such as : to move the blood pump ( 9 ) such as to generate a 35 a plurality , of pressure oscillations about the means value 
variable blood flow ( Q ( t ) ) comprising a constant flow ( lb ) ( Pave ) , the pressure values ( P : ) being measured at successive 
component of a desired blood flow value and a variable flow time instants ( t ; ) ; to calculate , as a function of the pressure 
component ( Qu ( t ) ) oscillating about the constant compo - values ( P ) , the average value ( Pd ) of the pressure ( P ( t ) ) ; to 
nent ( b ) and having a substantially nil average value , the acquire an estimated volume variation ( AV ) in the expansion 
variable blood flow ( Qvar ( t ) ) generating at least in the 40 chamber ( 11 ; 12 ) linked to the variable flow component 
expansion chamber ( 11 , 12 ) a pressure progression that is ( Qvar ( t ) ) ; to calculate , as a function of the pressure values 
variable in time ( P ( t ) ) comprising a pressure component ( AP ) in the expansion chamber ( 11 ; 12 ) that is representative 
( Pyar ( t ) ) oscillating about a mean value ( Pove ) ; to receive of the oscillating pressure component ( P vy ( t ) ) ; to determine 
from the at least a sensor ( 13 , 14 ) a plurality of pressure a magnitude that is representative of a blood level ( L ) in the 
values ( P ) for a time period ( T ) comprising at least one , and 45 expansion chamber ( 11 , 12 ) , as a function of the average 
in particular a plurality , of pressure oscillations about the value ( Pd ) of the pressure ( P ( t ) ) , of the estimated volume 
means value ( Pave ) , the pressure values ( P ; ) being measured variation value ( AV ) and the estimated pressure variation 
at successive time instants ( t ; ) ; to calculate , as a function of value ( AP ) in the expansion chamber ( 11 ; 12 ) . 
the pressure values ( P ; ) , the average value ( Pave ) of the In a 3rd aspect according to the preceding aspects , the 
pressure ( P ( t ) ) ; to acquire an estimated volume variation 50 control procedure ( or the control unit 21 ) is programmed to 
( AV ) in the expansion chamber ( 11 ; 12 ) linked to the determine the representative magnitude of the blood level in 
variable flow component ( Qvar ( t ) ) ; to calculate , as a function the expansion chamber ( 11 ; 12 ) , for example an air volume 
of the pressure values ( AP ) , an estimated pressure variation ( Vair ) ) in the expansion chamber ( 11 ; 12 ) , for example a 
value ( AP ) volume of air ( Vair ) ) in the expansion chamber ( 11 , 12 ) , by 
in the expansion chamber ( 11 ; 12 ) that is representative of 55 exploiting the ideal gas law . 
the oscillating pressure component ( Pvar ( t ) ) ; to determine a In a 4th aspect according to the preceding aspect , the ideal 
magnitude that is representative of a blood level ( L ) in the gas law is applied to a modelled representation of the 
expansion chamber ( 11 , 12 ) , as a function of the average apparatus substantially constituted by a superposing of : 
value ( Pave ) of the pressure ( P ( t ) ) , of the estimated volume an open system in which the expansion chamber ( 11 , 12 ) 
variation value ( AV ) and the estimated pressure variation 60 is considered to be in a stationary state and interested 
value ( AP ) in the expansion chamber ( 11 ; 12 ) . only by the constant flow component ( Qb ) and the 

In a 2nd aspect of the invention a method is provided for internal pressure in the expansion chamber is corre 
reduction of the risk of infusion of gas microbubbles in a spondingly a constant pressure equal to the mean value 
patient in an apparatus for extracorporeal blood treatment ( Pavg ) ; and 
and / or a detection method of the blood level in expansion 65 a partially closed system in which only an access to the 
chambers using an apparatus for extracorporeal blood treat expansion chamber ( 11 , 12 ) , selected from between an 
ment , the apparatus comprising : at least a treatment unit ( 2 ) inlet ( 11a , 12a ) for the blood and an outlet ( 11b , 12b ) 
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for the blood , is open and subject to a volume variation ( 6a ) , the indicator for example being the number of revo 
( AV ) representative of the variable flow component lutions of the pump ( 9 ) accumulated at the moment of the 
( Qvar ( t ) ) oscillating about the constant component ( Qb ) estimation of volume variation ( AV ) in the expansion cham 
and a pressure value ( AP ) representing the oscillating ber ( 11 ; 12 ) or the number of pulses of an encoder which 
pressure component ( Pyar ( t ) ) . 5 detects passage of rollers of a blood pump ( 9 ) of a peristaltic 

In a 5th aspect according to the preceding aspects , the type . 
control procedure ( or control unit 21 ) is programmed such as In a 12th aspect according to preceding aspects from 1 to 
to determine the magnitude representing a blood level ( L ) in 7 or from 9 to 11 , the step of acquiring an estimated value 
the expansion chamber ( 11 , 12 ) using the following math of volume variation ( AV ) in the expansion chamber ( 11 ; 12 ) 
ematical relation : 10 comprises a sub - step of calculating the estimated as a 

function at least of a preceding estimated value of a variation 
in air volume ( V ; - ) in the expansion chamber ( 11 ; 12 ) . 

In a 13th aspect according to the preceding aspects from v ( Pavg + AP ) Vair = AV . 1 to 7 or from 9 to 12 , the step of acquiring an estimated ( AP ) 
15 value of volume variation ( AV ) in the expansion chamber 

( 11 ; 12 ) comprises a sub - step of calculating the estimated 
in which : ‘ Vair ' is the volume of air inside the expansion value using the following mathematical relation : 
chamber ( 11 ; 12 ) ; “ AV ' is the volume variation linked to the 
variable flow component ( Qvar ( t ) ) ; “ Pave ' is the average AV , = ko + k , Pn + k? Mimp tkz Oby + ka : Vn - 1 
pressure value ( P ( t ) ) ; ‘ AP ' is the pressure variation in the 20 in which : n is the generic index indicating the n - th mea 
expansion chamber ( 11 , 12 ) representing the oscillating surement output of the air volume ( Vair ) ; AVn is the 
pressure component ( Pvar ( t ) ) . estimated variation of volume AV at the nth step of mea 

In a 6th aspect according to the preceding aspects , the surement of the air volume ( Vip ) ; ko , kj , k , , kz , k , are 
average pressure value ( Pave ) is calculated as a function of experimentally - determined constants ; P is the average of the 
a plurality of measured pressure values ( P ; ) relating to a time 25 pressure values measured at the end of the nth measuring 
period ( T ) comprising a plurality of blood flow oscillations step of the air volume ( Vair ) ; n _ impn is the accumulated 
about the constant component ( Q ) and consequently a number — or a value proportional to the accumulated num 
plurality of oscillations of the pressure about the average ber of revolutions of the blood pump ( 9 ) ; is the average 
value ( Pavg ) , in particular the time period ( T ) comprising at value of the blood flow at the end of the n - th measuring step 
least three oscillations and still more in detail at least eight 30 of the air volume ( Vair ) ; Vn - 1 is the estimated measurement 
oscillations . of the air volume obtained from the preceding calculation . 

In a 7th aspect according to the preceding aspect , the time In a 14th aspect according to the preceding aspect , the 
period ( T ) is a function of the constant component of blood mathematical relation is adopted in the event that the aver 
flow ( Qb ) . age value of the blood flow ( Qb ) is less than 400 ml / min and 

In an 8th aspect according to the preceding aspects , the 35 in particular greater than 100 ml / min . 
step of acquiring an estimated value of volume variation In a 15th aspect according to preceding aspects from 1 to 
( AV ) in the expansion chamber ( 11 , 12 ) comprises a sub - step 7 or from 9 to 12 , the step of acquiring an estimated value 
of reading from a memory of an estimated pre - set value of of volume variation ( AV ) in the expansion chamber ( 11 , 12 ) 
volume variation ( AV ) , for example an estimated value comprises a sub - step of calculating the estimated value 
entered by an operator or an estimated value selected by the 40 using the following mathematical relation : 
control unit ( 21 ) from among a plurality of possible pre - set 
estimated values , the selection being in particular operated AV n = ko + k , Pn + k2 ' Nimp , + kz 2b , + ka : Vn - 1 + kz : P 
according to at least one or more so of the following in which : n is the generic index indicating the n - th mea 
parameters : a type of extracorporeal circuit installed on the surement output of the air volume ( Vair ) ; AV , is the esti 
apparatus ; a type of extracorporeal blood treatment ; a type 45 mated variation of volume AV at the n - th step of measure 
of blood pump ; the desired blood flow value ( Qb ) ; a pressurem ent of the air volume ( Vain ) ; ko , k , k , , kz , ka , ks are 
upstream or downstream of the blood pump ( 9 ) ; a type of experimentally - determined constants ; P is the average of the 
pump tract ( 6a ) ; the average pressure ( Pavg ) in the expan - pressure values measured at the end of the nth measuring 
sion chamber ( 11 ; 12 ) ; an index of ageing of the pump tract step of the air volume ( Vair ) ; n _ imp , is the accumulated 
( ba ) ; the number of revolutions accumulated by the blood 50 number or a value proportional to the accumulated num 
pump ( 9 ) . ber - of revolutions of the blood pump ( 9 ) ; is the average 

In a 9th aspect according to the preceding aspects from 1 value of the blood flow at the end of the nth measuring step 
to 7 , the step of acquiring an estimated value of volume of the air volume ( Vair ) ; Vn - 1 is the estimated measurement 
variation ( AV ) in the expansion chamber ( 11 ; 12 ) comprises of air volume obtained with the preceding calculation . 
a sub - step of calculating the estimated value as a function of 55 In a 16th aspect according to the preceding aspect , the 
at least the pressure values ( Pj ) measured . mathematical relation is adopted in a case where the average 

In a 10th aspect according to the preceding aspects from value of the blood flow ( Qb ) is greater than 300 ml / min and 
1 to 7 or 9 , the step of acquiring an estimated value of in particular less than 650 ml / min . 
volume variation ( AV ) in the expansion chamber ( 11 ; 12 ) In a 17th aspect according to the preceding aspects , the 
comprises a sub - step of calculating the estimated value as a 60 step of calculating an estimated value of pressure variation 
function of at least the value of the constant component of ( AP ) is carried out using a mathematical relation which is a 
blood flow ( b ) . function of a statistical indicator ( VarStat ) representative of 

In an 11th aspect according to the preceding aspects from the oscillating pressure component ( AP ) : AP = f { VarStat } 
1 to 7 , 9 or 10 , the step of acquiring an estimated value of In an 18th aspect according to the preceding aspect , the 
volume variation ( AV ) in the expansion chamber ( 11 ; 12 ) 65 statistical indicator ( VarStat ) is a dispersion index summar 
comprises a sub - step of calculating the estimated value as a ily describing a quantitative statistical distribution of the 
function of at least an indicator of an ageing of a pump tract measured pressure values ( P ; ) , in particular in which the 
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i = 1 

statistical indicator is a measurement indicating a distance of In a 29th aspect according to the preceding aspect , the 
the pressure values ( P : ) from a central value , for example , control procedure ( or control unit 21 ) carries out the steps of 
identified with the average value ( Pave ) of the pressure . the first or second aspects in relation both to an arterial 

In a 19th aspect according to the preceding aspects 17 or expansion chamber ( 11 ) located on the blood removal line 
18 , the statistical indicator ( VarStat ) is the standard devia - 5 ( 6 ) and to a venous expansion chamber ( 12 ) located on the 
tion ( o ( P ) ) or the integral average ( MI ) , in particular the blood return line ( 7 ) . 
demodulated integral average . In a 30th aspect according to the preceding aspects , the 

In a 20th aspect according to preceding aspects from 17 blood pump ( 9 ) is a peristaltic pump . 
to 19 , the statistical index ( VarStat ) of the pressure values . In a 31st aspect according to the preceding aspects , the 
measured ( P ) is calculated on a plurality N of measured " pressure sensor ( 13 , 14 ) is located in the expansion chamber 
pressure values ( P ) , in particular N being greater than 6 and ( 11 , 12 ) , in particular at the portion in use arranged to 
still more in particular N being at least 10 . contain the gas . 

In a 21st aspect according to the preceding aspects , the In a 32nd aspect according to the preceding aspects , the 
step of calculating an estimated value of pressure variation 15 expansion chamber ( 11 , 12 ) exhibits an inlet ( 11a , 12a ) for 
( AP ) is carried out by means of a mathematical relation that the blood in fluid connection with the extracorporeal circuit 
is a function of a statistical indicator ( VarStat ) which rep - ( 8 ) such as to receive , in use , blood in inlet to the chamber 
resents the oscillating pressure component ( AP ) and a con - and an outlet ( 11b , 12b ) for the blood in fluid connection 
stant obtained experimentally ( Kform ) : AP = Kform VarStat with the extracorporeal circuit ( 8 ) such as to cause to flow , 

In a 22nd aspect according to the preceding aspect , the 20 in use , blood in outlet from the chamber , the inlet ( 11a , 12a ) 
statistical indicator ( VarStat ) representing the oscillating and the outlet ( 11b , 12b ) being positioned at a base portion 
pressure component ( AP ) is defined as : of the expansion chamber ( 11 , 12 ) arranged , in use , to be 

facing downwards and in particular always occupied by the 
blood . 

In a 33rd aspect according to the preceding aspects , the 
expansion chamber ( 11 , 12 ) exhibits a ventilation opening 

( N - 1 ( 15 , 16 ) configured such as to allow , in use , a passage of gas 
from to towards the expansion chamber ( 11 , 12 ) , the appa 
ratus further comprising at least an actuator ( 17 , 18 ) oper 

in which : N is the number of pressure measurements carried 30 ating on the ventilation opening ( 15 , 16 ) such as to selec 
out in the reference time interval ( Tn ) comprising a plurality tively inhibit or enable the passage of gas , the ventilation 
of pressure oscillations ( Pj ) ; P , is the generic i - th pressure opening ( 15 , 16 ) being in particular positioned at an upper 
measurement ; P is the average pressure calculated in the portion of the expansion chamber ( 11 , 12 ) arranged , in use , 
reference time interval ( Tn ) . to be facing upwards , and still more in particular arranged to 

In a 23rd aspect according to the preceding aspects from 35 be always occupied by the gas . 
1 to 15 , the statistical indicator ( VarStat ) representing the In a 34th aspect according to the preceding aspect , the 
oscillating pressure component ( AP ) is defined as : control procedure ( or control unit 21 ) in the event of a 

verification of a blood level in the expansion chamber ( 11 , 
12 ) below a predetermined threshold ( L min ) , commands the 

40 actuator ( 17 , 18 ) such as to enable passage of gas through the O ( P ) = ( P ; - P ) . demod ( 1 ) ventilation opening ( 15 , 16 ) . 
In a 35th aspect according to the preceding aspect , the 

control procedure ( or control unit 21 ) in the event of a 
in which : N is the number of pressure measurements carried verification of a blood level in the expansion chamber ( 11 , 
out in the reference time interval ( Tn ) comprising a plurality 45 12 ) below a predetermined threshold ( L min ) , commands the 
of pressure oscillations ( P ; ) ; P , is the generic i - th pressure actuator ( 17 , 18 ) such as to enable passage of gas in exit 
measurement ; P is the average pressure calculated in the from the ventilation opening ( 15 , 16 ) . 
reference time interval ( T , ) ; demod ( i ) is a square wave of In a 36th aspect according to the preceding aspects , the 
single amplitude synchronised with the blood pump ( 9 ) and control procedure ( or control unit 21 ) in the event of a 
in phase with the peristaltic pulse . 50 verification of a blood level in the expansion chamber ( 11 , 

In a 24th aspect according to the preceding aspects , the 12 ) below a predetermined threshold ( L min ) , commands 
expansion chamber is an arterial expansion chamber ( 11 ) actuator active at least on the extracorporeal blood circuit ( 8 ) 
located on the blood removal line ( 6 ) . such as to place the patient in a condition of safety . 

In a 25th aspect according to the preceding aspect , the In a 37th aspect according to the preceding aspects , the 
blood pump ( 9 ) is located downstream of the arterial expan - 55 control procedure ( or control unit 21 ) in the event of a 
sion chamber ( 11 ) along a blood transit direction . verification of a blood level in the expansion chamber ( 11 , 

In a 26th aspect according to the preceding aspects , the 12 ) below a predetermined threshold ( Lmin ) , commands at 
expansion chamber is a venous expansion chamber ( 12 ) least the blood pump ( 9 ) such as to reduce or zero the blood 
located on the blood return line ( 7 ) . flow in the extracorporeal blood circuit ( 8 ) and substantially 

In a 27th aspect according to the preceding aspects , the 60 annuls the passage of fluid through the semipermeable 
control procedure ( or control unit 21 ) carries out the steps of membrane ( 5 ) of the treatment unit ( 2 ) . 
the first or second aspect in relation to an arterial expansion In a 38th aspect according to the preceding aspects , the 
chamber ( 11 ) located on the blood return line ( 6 ) . control procedure ( or control unit 21 ) activates at least the 

In a 28th aspect according to the preceding aspect , the blood pump ( 9 ) before the start of a treatment for creating in 
control procedure ( or control unit 21 ) carries out the steps of 65 the expansion chamber ( 11 , 12 ) the established level of 
the first or second aspect in relation to a venous expansion blood in the lower portion and confines a complementary 
chamber ( 12 ) located on the blood return line ( 7 ) . quantity of gas in the upper portion . 

1 N 

?? 
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In a 39th aspect according to any one preceding aspect , configurations of the extracorporeal blood circuit are 
the apparatus comprises at least a device ( 19 ) for detection described , as well as the infusion lines , if present , in which 
of air bubbles in the blood located on the extracorporeal a replacement fluid circulates , any dialysis line in which a 
blood circuit ( 8 ) , the device ( 19 ) being in particular located dialysis fluid circulates , and the waste fluid discharge line . 
on the blood return line ( 7 ) and still more particularly 5 With reference to FIG . 1 , the apparatus for the extracor 
downstream of a venous expansion chamber ( 12 ) along the poreal treatment of blood comprises at least a treatment unit 
flow direction of the blood in the extracorporeal circuit . 2 , for example a hemofilter , a hemodiafilter , a plasmafilter , 

In a 40th aspect according to any one preceding aspect , a dialysis filter , a membrane oxygenator or other units also 
the apparatus further comprises at least an intercept organ of suitable for processing the blood taken from the patient . 
the blood flow ( 20 , 22 ) active on the extracorporeal circuit 10 having at least a first chamber and at least a second chamber 
( 8 ) downstream of a venous expansion chamber ( 12 ) along 3 and 4 separated from one another by a semipermeable the flow direction of the blood in the extracorporeal circuit . membrane 5 . A blood removal line 6 is connected to an inlet In a 41st aspect according to the preceding aspect , the port 11a of the first chamber 3 and is predisposed , in apparatus further comprises two intercept organs of the operative conditions of connection to a patient , to remove blood flow ( 20 , 22 ) active on the extracorporeal circuit ( 8 ) , 15 blood from a vascular access inserted , for example in a one ( 22 ) downstream of a venous expansion chamber ( 12 ) 
along the blood flow direction in the extracorporeal blood fistula on the patient . A blood return line 7 connected to an 
circuit , the other ( 20 ) upstream of an arterial expansion outlet port 11b of the first chamber is predisposed to receive 
chamber ( 11 ) , in particular each of the intercept organs of the the treated blood from the treatment unit and to return the 
blood flow ( 20 . 22 ) comprising a respective clamp respec - 20 treated blood to a vascular access also connected to the 
tively active on the blood return line ( 7 ) and on the blood fistula of the patient . Note that the configuration of the 
removal line ( 6 ) , the control unit ( 21 ) being active on the vascular access may be of any nature : for example , a 
intercept organs ( 20 , 22 ) such as to command the intercept catheter , a port implanted in the patient , a cannula , a needle , 
ing or not of the flow . and so on . 

In a 42nd aspect according to the preceding aspect , the 25 As can be seen in FIG . 1 , the apparatus 1 comprises at 
control procedure ( or control unit 21 ) compares the calcu - least a first actuator , in the present example a blood pump 9 , 
lated blood level ( L ) with at least one of a maximum which operates at a blood removal line such as to facilitate 
admissible threshold ( Limor ) and a minimum admissible the movement of the blood removed from the patient from 
threshold ( L min ) in order to determine whether the blood the first end 33 of the removal line 6 connected to the patient 
level is within a correct functioning interval ( LsL ; 30 P to the first chamber 3 ; the blood pump 9 is , for example , 
L?L min ) and to signal a malfunction in the event that the an active peristaltic pump , as shown in FIGS . 1 and 2 , on a 
blood level is beyond the correct functioning level . respective tube section 6a and able , when moved in a 

clockwise direction , to move a flow of blood along the 
DESCRIPTION OF THE DRAWINGS removal line towards the first chamber 3 ( see the arrows 

35 indicating the flow along this line ) . 
Some drawings are given below by way of non - limiting It should be noted that for the purposes of the present 

example , related to aspects of the invention . description and the appended claims , the terms " upstream ” 
In particular : and “ downstream ” may be used with reference to the 
FIG . 1 schematically illustrates a blood treatment appa relative positions assumed by components belonging to or 

ratus , according to the invention ; 40 operating on the extracorporeal circuit . These terms are to be 
FIG . 2 is a flow diagram illustrating a control procedure understood with reference to a blood flow direction from the 

according to an aspect of the invention , performable by the first end 33 of the removal line 6 connected to the patient P 
control unit of an apparatus for example of the type shown towards the first chamber 3 and then towards the second end 
in FIG . 1 ; 34 of the return line 7 connected to the vascular access of the 

FIG . 3 is a flow diagram illustrating the calculation of the 45 patient P . 
estimated value of variation of oscillating pressure ; In the example of FIG . 1 , the extracorporeal circuit 

FIG . 4 shows a flow diagram illustrating the calculation of comprises at least an expansion chamber 11 acting on the 
the estimated value of volume change ; arterial blood removal line 6 from the patient P and arranged 

FIG . 5 shows the pressure progression over time in the upstream with respect to the first chamber 3 and upstream 
arterial chamber ; 50 with respect to the blood pump 9 . 

FIG . 6 shows the progression of the pressure over time in This chamber 11 receives the blood directly from the 
the arterial chamber in superposition to a synchronous patient and accumulates a set amount that will remain 
demodulating square wave , and substantially constant throughout the treatment . 

FIG . 7 is a detailed illustration of the arterial and venous At least a pressure sensor 13 is predisposed to detect at 
expansion chambers and also illustrates the values of the 55 least a parameter relating to the pressure of the fluid present 
alert level and minimum threshold . in the arterial expansion chamber 11 . 

In general , the sensor 13 is configured such as to emit a 
DETAILED DESCRIPTION signal corresponding to a measured value of the parameter , 

then sending it to a control unit 21 each time a measurement 
With reference to the accompanying drawings , 1 denotes 60 is carried out in successive moments of time t ; . Note that it 

an apparatus for the extracorporeal treatment of blood . is possible to perform the detection of the pressure param 
The apparatus 1 comprises an extracorporeal circuit eter also in close proximity of the arterial expansion cham 

arranged to extract blood from the cardiovascular system of ber 11 , for example by means of a transducer located either 
a subject , for example a patient P , and return the treated in the section of pipe between the expansion chamber 11 and 
blood to the patient . 65 the arterial blood pump 9 , or in the stretch of piping between 

Below some possible examples are described relating to the expansion chamber 11 and the arterial vascular access to 
the general structure of the apparatus 1 : in particular some the patient P . 
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In any case , in a possible proper positioning of the Not least , it should also be noted that the arterial expan 
pressure sensor 13 , the pressure sensor 13 is directly active sion chamber 11 has a constant containment volume , i . e . the 
in the arterial expansion chamber 11 at an upper portion chamber , in detail , is made of a rigid and substantially 
thereof where normally in use ) a gas ( air ) is housed . non - deformable material . 

It should be noted in fact that the arterial expansion 5 The extracorporeal circuit also comprises at least an 
chamber 11 is generally arranged in use and during treat expansion chamber 12 which operates on the venous blood 
ment to accommodate an amount of gas into an upper return line 7 , downstream of the first chamber 3 and 
portion and an amount of blood at a set level in a lower upstream of the vascular access that returns the blood to the 
portion thereof . patient P . 

The expansion chamber 11 has an inlet 11a for the blood At least a pressure sensor 14 is configured to detect at 
that is in fluid connection with a first part of removal line 6 least a parameter relating to the pressure of the fluid present 
connected to the vascular access of the patient P . in the venous expansion chamber 12 . 

The chamber 11 receives blood entering the chamber In general , the sensor 14 is configured such as to emit a 
through the inlet 11a . In general , the inlet 11a may be 16 signal corresponding to a measured value of the parameter , 
positioned at a base portion of the expansion chamber e . g . the pressure , and to forward it to a control unit 21 on 
arranged , in use , to be directed downwards and in particular each measurement carried out in successive moments of 
always occupied by blood . time t ; . Note that the detection of the pressure parameter may 

In an embodiment the inlet may be connected to a channel also be carried out in close proximity of the venous expan 
internal of the arterial expansion chamber 11 which has an 20 sion chamber 12 , for example by means of a transducer 
outlet in the chamber itself at a predetermined height with located in the section of pipe between the expansion cham 
respect to the base . ber 12 and the venous return vascular access to the patient 

The arterial expansion chamber also includes an outlet P or in the section of pipe between the first chamber 3 and 
11b for the blood in fluid connection with the extracorporeal the venous expansion chamber 12 . 
circuit 8 , which causes , in use , the flow of blood in outlet 25 In any case a possible proper positioning of the pressure 
from the chamber . The outlet 11b is also positioned at a base sensor 14 is such that it is directly active in the venous 
portion of the expansion chamber 11 arranged , in use , to be expansion chamber 12 at an upper portion thereof where 
directed downwards and in particular always occupied by normally ( in use ) a gas is housed . 
blood . It should further be noted that the venous expansion 

The portion of the removal line 6 which connects the 30 connects the 30 chamber 12 is generally intended in use to house a prede 
outlet 11b of the arterial expansion chamber 11 to the first termined quantity of gas in an upper portion and a prede 
chamber 3 of the treatment unit 2 comprises a pump section termined amount of blood at a predetermined level in a 

lower portion thereof . 6a which is engaged by the peristaltic pump 9 such as , The expansion chamber 12 has an inlet 12a for the blood 
through squeezing the same tract of tube , to move the blood 35 in fluid connection with a first part of the return line 7 
in the extracorporeal circuit . connected to the first chamber 3 . A particular type of peristaltic pump 9 may be provided Through the inlet 12a , the chamber 12 receives treated 
with two crushing bodies ( rollers ) that act on the pump blood from the filtration unit 2 in inlet to the chamber itself . 
portion 6a twice for each rotation of the blood pump 9 . In general , the inlet may be positioned at a base portion of 

The expansion chamber 11 has also a ventilation opening 40 the expansion chamber arranged , in use , to be directed 
15 configured to allow , in use , a passage of gas into or from downwards and in particular always occupied by blood . 
the expansion chamber 11 itself , for example to or from the In an embodiment the inlet may be in connection with a 
external environment . channel internal of the venous expansion chamber 12 which 

The apparatus further comprises at least an actuator 17 exhibits an outlet in the chamber itself at a predetermined 
operating on the ventilation opening 15 ( for example a 45 height in relation to the base . 
funnel connected thereto ) for selectively inhibiting or The venous expansion chamber further comprises an 
enabling the passage of gas . The ventilation opening 15 is in outlet 12b for the blood in fluid connection with the extra 
particular positioned at an upper portion of the expansion corporeal circuit 8 in order , in use , to cause blood exiting 
chamber 11 intended , in use , to be facing upward , and even from the chamber to flow towards the vascular access to the 
more in particular intended to be always occupied by the 50 patient P . The outlet 12b is also positioned at a base portion 
gas . of the expansion chamber 12 arranged , in use , to be directed 

The actuator 17 may be an air pump or even a simple downwards and in particular always occupied by blood . The 
clamp ( or other obturator ) or may be controlled ( or not ) by venous chamber 12 also internally houses a venous filter 35 
a control unit 21 for allowing gas venting should it be which separates the outlet 12b from the remaining volume of 
required . 55 the chamber 12 . 

The arterial expansion chamber 11 may also possibly The venous filter 35 helps avoiding air bubbles reaching 
include a further access 23 ( service access ) for receiving the patient since bigger bubbles are broken and the gener 
further fluids , medicaments or other substances in the cham ated small air bubbles trapped in the venous chamber . 
ber . The expansion chamber 12 also exhibits a ventilation 

In relation to the set level of blood in the arterial expan - 60 opening 16 configured such as to allow , in use , gas passage 
sion chamber 11 , it should be noted that in general this level to or from the expansion chamber 12 , for example to or from 
must be within a range of depths between a low value and the external environment . 
a high value . Within these blood level values in the chamber The apparatus further comprises at least an actuator 18 
it may be assumed that the equipment is working in a safe operating on the ventilation opening 16 ( for example on a 
state : below , or above the low and high levels , and particu - 65 channel connected thereto ) for selectively inhibiting or 
larly during treatment , problems of various natures can arise , allowing the passage of gas . The ventilation opening 16 is in 
which will be more precisely described in the following . particular arranged at an upper portion of the expansion 
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chamber arranged , in use , to be facing upwards , and even for example the evacuation line 10 may comprise a single 
more in particular intended to be always occupied by the line as shown in the accompanying figures or a main 
gas . drainage line and an ultrafiltration line branching from the 

The actuator 18 may be an air pump or even a simple main discharge line and provided with a respective pump 
clamp ( or other obturator ) controlled or not by a control unit 5 ( solution not illustrated ) . 
21 for allowing gas to vent should it be necessary . In the example of FIG . 1 , a dialysis line 25 is also present , 

The venous expansion chamber 12 may also possibly for supplying a fresh treatment fluid in inlet to the second 
include a further access 24 ( service access ) for receiving chamber 4 : the presence of this line is not strictly necessary 
fluids or medicines or more in the same chamber . since , in the absence of the line 25 , the apparatus is still able 

Also , with reference to the set level of blood in the venous 10 to perform treatments such as ultrafiltration , hemofiltration 
expansion chamber 12 , it should be noted that in general the or plasmafiltration . In the case in which the dialysis line 25 
level must be within a range of predefined heights between is present , a fluid intercept organ 26 may be used to 
a low value and a high value ( possibly and in general selectively allow or inhibit fluid passage through the dialysis 
different from the maximum and minimum levels of the line 25 , depending on whether or not a purification by 
arterial expansion chamber ) . If the blood level in the cham - 15 diffusive effect is to be performed inside the treatment unit . 
ber is within these parameters , it may be assumed that the The dialysis line 25 , if present , is typically equipped with 
equipment is working in a safe state ; if the level is below or dialysis pump 29 and is able to receive a fresh fluid from a 
above the minimum and maximum levels , problems of module 30 , for example a bag or a section of on - line 
various nature may arise , which will be more specifically preparation of dialysis fluid , and to send such a fluid in inlet 
described in the following . 20 into the second chamber 4 . Finally , the apparatus 1 may 
Not least , it should also be pointed out that the venous comprise one or more infusion lines of a replacement fluid : 

expansion chamber 12 also has a constant containing vol for example an infusion line 31 may be provided connected 
ume , i . e . the chamber is made of a rigid and substantially to the removal line 6 an or an infusion line 32 connected to 
non - deformable material . the blood return line 7 . The pre - and / or post - infusion lines 

The apparatus 1 further comprises a first fluid flow 25 31 , 32 may be supplied by suitable bags or directly by the 
intercept organ 20 operating on the removal line 6 upstream fresh dialysis fluid prepared on - line . 
of the blood pump 9 and the arterial expansion chamber 11 These lines are only schematically represented in the 
and at least a second fluid flow intercept organ 22 operating accompanying figures , and are not further described as they 
in the return line 7 of the blood to the patient downstream of are not relevant for the purposes of the description of the 
the venous expansion chamber 12 . The intercept organs 20 , 30 present invention . 
22 , for example each constituted by a respective clamp The apparatus is also provided with at least a control unit 
controlled by the control unit 21 , are arranged in the vicinity 21 . 
of the ends 33 , 34 of the respective lines connectable to the The control unit 21 may comprise one or more digital 
patient P . modules , for example of the microprocessor type , or one or 

The apparatus may also include an air - bubble sensor 19 35 more analog modules , or a suitable combination of digital 
connected to the control unit 21 and capable of generating a and analog . As illustrated in the example of FIG . 1 , the 
signal that , if above a predetermined threshold , determines control unit 21 is connected with the blood pump 9 and / or 
the generation of a closing command of the intercept organ with the dialysate pump and / or with the dialysis pump 29 , as 
22 and shuts down the blood pump 9 . In particular the device well as with the pressure sensors 13 , 14 of the arterial and 
19 is located on the blood return line 7 , and still more in 40 venous expansion chambers 11 , 12 and optionally , if present , 
particular downstream of the venous expansion chamber 12 with auxiliary pressure sensors . In addition the control unit 
along the blood flow direction in the extracorporeal circuit . may be connected to the fluid intercept organs 20 , 22 and , if 
The air - bubble sensor 19 is known in the art and may use present , 25 . 
ultrasound to detect air bubbles in the blood . The control unit 21 is also in communication with the 

In practice , the blood removal line 6 , the arterial expan - 45 bubble detection device 19 , with the module 30 if the 
sion chamber 11 , the first chamber 3 of the treatment unit , preparation is on - line ) and possibly with the actuators 17 , 18 
the return line 7 of the blood to the patient and the venous on the ventilation lines 15 and 16 . 
expansion chamber 12 are part of an extracorporeal blood The control unit 21 is configured or programmed to 
circuit 8 , which , during use of the apparatus 1 , provides for perform the procedures described below . If the control unit 
the circulation of blood externally of the body of the patient 50 is of the programmable type , this unit is connected with a 
undergoing treatment . data carrier for storing instructions that , when performed by 

The apparatus 1 further comprises at least a fluid evacu the control unit , carry out the procedures described below 
ation line 10 connected with an outlet port of the second and illustrated by way of example in FIGS . 2 , 3 and 4 . The 
chamber 4 such as to receive at least a filtered fluid through data carrier may comprise a mass storage , for example , 
the semipermeable membrane 5 . 55 optical or magnetic , a re - programmable memory ( EPROM , 

The evacuation line receives the waste fluid coming from FLASH ) or a memory of another type . 
the second chamber of the unit 2 , for example , comprising In general ( see also the flow diagram of FIG . 2 ) , before 
used dialysis liquid and / or ultrafiltered liquid through the start of treatment , the apparatus 1 is subjected to a priming 
membrane 5 . procedure controlled by the control unit 21 . 

The evacuation line 10 leads to a receiving element 27 , for 60 In particular , prior to treatment , a saline solution is fed 
example consisting of a collection bag or a drainage pipe for into the extracorporeal circuit to wash and remove any air 
the waste fluid . One or more dialysate pumps 28 may and residual particles . 
operate on the evacuation line 10 : for example in the At the end of this procedure , a predetermined level of 
accompanying drawings a pump 28 active on the line 10 is saline at the desired pressure is established in the arterial and 
provided . Note that the structure of the evacuation line 10 65 venous expansion chambers 11 , 12 . 
may also be different to the one illustrated ( as long as it can Once the patient is connected to the equipment via the 
properly drain the fluid exiting from the second chamber 4 ) : vascular access , the control unit 21 is configured to move at 
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least the blood pump 9 at the beginning of a treatment to Again in general terms , an estimated volume change 
create , in the expansion chambers 11 , 12 , a corresponding value AV is also acquired in the expansion chamber 11 , 12 
set blood level in the lower portion , while confining a linked to the variable flow component Qvar ( t ) as better 
complementary quantity of gas in the upper portion . clarified in the following . 

The processing at this point continues for the duration T 5 Then a calculation is made , as a function of the measured 
required in order to appropriately treat the blood taken from values of pressure Pio of an estimated pressure variation 
the patient P . value AP in expansion chamber 11 ; 12 representative of the 

Throughout the treatment the blood level in the arterial oscillating pressure component Par ( t ) . 
Finally the control unit 21 determines a value represen and venous expansion chambers 11 , 12 continuously 

changes ( although by small amounts ) at least as a result of 10 tative of a blood level L in the expansion chamber 11 ; 12 as 
the fact that the control unit 21 moves the blood pump 9 to a function of the mean value Pave of the pressure P ( t ) , the 

estimated volume change AV and the estimated pressure generate a variable flow of blood Q ( t ) comprising a constant variation value AP in the expansion chamber 11 ; 12 . flow component , equal to a desired blood flow value and The general operations mentioned above are carried out a variable flow component Qvar ( t ) at substantially zero 15 iteratively at predetermined moments during the treatment , 
average value . This is due in particular to the fact that the for example in the blood processing condition when all of 
blood pump is peristaltic in nature and therefore produces a the transients ( in particular start of treatment or after an 
non - constant flow of blood in the circuit , as it is related to interruption ) have taken place . 
the successive crushing actions of the pump section 6a by In other words , the process of calculating the representa 
the roller / rollers associated to the pump rotor . 20 tive value of the blood level L in the expansion chamber 11 ; 

In other words , the head of the treated fluid is given by a 12 is performed a plurality of times ( n times ) during appa 
constriction which runs along the tube . In the example ratus operation to ensure a constant monitoring of the level ; 
described , the pump 9 is constituted by a rotor to which two only those stages of the transition in which the measure 
( or more rollers ) are applied , which rotate to “ choke ” the could be distorted / affected due to non - stationary operating 
tube and cause the advancement of the fluid . 25 or non - operational states are excluded . 

Alternatively linear peristaltic pumps may be used ( for Given the above , the minimum period of time T for which 
example , " finger ” pumps ) or also other actuators capable of the pressure data detected P ; are used for calculations of the 
generating a pulsating movement in the blood , i . e . a non above - mentioned magnitude ( which in general , though not 
constant flow , but oscillating about an average flow value . necessarily * , will be the volume occupied by air Voir in the 

Consequently the variable blood flow generates in the 30 the 30 expansion chamber ) comprises at least one , and in particular 
expansion chamber ( both arterial 11 and venous 12 ) a a plurality , of pressure oscillations around the mean value 
pressure trend that is time - variable P ( t ) comprising a pres It is clear that a good time T is such as to allow a sure component Par ( t ) oscillating about an average value measurement as accurate as possible of the average pressure 

35 and the other indicated parameters and therefore , the longer 
An example of the pressure trend in an arterial chamber the time T , the better the estimate . is shown in FIG . 5 where , the measurements performed by However there is also a need for estimation frequency and 

the pressure sensor 13 over a short time interval are repre updating of the data relating to the level , so that for the 
sented . purposes of the implementation of the present invention , 

This graph shows the average pressure Pave and the 40 periods of time were used for each calculation of the 
oscillatory behaviour ( non - symmetrical , but at a substan representative value of the blood level L ( this procedure will 
tially zero mean value ) of the pressure P ( t ) can clearly be be described in detail in the following ) dependent on the set 
observed , i . e . the oscillating component of the pressure . blood flow and variable from 8 to 13 pressure oscillations 

The control unit 21 receives a plurality of measured around the mean value Pave ( i . e . from 4 to 6 . 5 rotations of the 
pressure values P , from the pressure sensors 13 , 14 located 45 peristaltic pump 9 ) . 
in the respective chambers for a predetermined period of Again from the general point of view , the control unit 21 
time T . In general , pressure detection is performed through is programmed to determine the magnitude representative of 
out at least the entire period Tto : coinciding with the treat - the blood level in the expansion chamber 11 ; 12 ( which will 
ment period . be for example the air volume V , in the expansion cham 

Obviously the pressure values P , are measured in discrete 50 ber ) , exploiting the ideal gas law . 
and successive time instants t ; . The sampling timing may be By operating in this way a measurement may be obtained 
constant , depending on the type of pressure sensor used and of the magnitude ( for example the volume of air ) exclusively 
possibly other parameters of apparatus operation . by means of pressure measurements , i . e . the use of addi 

The underlying principle implemented by the control unit tional sensors such as flow sensors or additional pressure 
21 , and described below in detail , is to use the pressure 55 sensors is not necessary . 
component P ; measured at various instants t ; in order to In this regard the ideal gas law is applied to a modelled 
assess the level of blood in the expansion chamber ; also representation of the apparatus substantially constituted by a 
verification may be made of the permanence at a set level or superposition of an open system in which the expansion 
in any case a safety level that substantially ensures the chamber 11 ; 12 is considered to be in the steady state and 
absence of air invasion into the removal and / or return lines 60 affected solely by the constant flow component , and the 
6 , 7 . pressure inside the expansion chamber is correspondingly a 

First , the control unit 21 calculates , as a function of the constant pressure that is equal to the average value Pavg , and 
pressure values P , received by the respective sensor 13 , 14 , a partially - closed system in which only an inlet to the 
the average value Pove of the pressure P ( t ) at least in the expansion chamber 11 ; 12 , selected from the inlet 11a ; 12a 
chamber the control procedure described below is to be 65 for the blood and the outlet 11b ; 12b for the blood , is open 
carried out ( and in general this is done for both expansion and subject to ; a volume change AV representative of the 
chambers 11 , 12 ) . variable flow component Qvar ( t ) oscillating around the con 

Pavg ' 
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stant component Qo ; and to a corresponding change in It has been observed that the volume change AV is 
pressure AP representative of the pressure component oscil - influenced by predetermined operating parameters of the 
lating Pyar ( t ) . machine , among which the ageing of the tube , but also the 

A measure of the volume of air Vip is then obtained from set blood flow Q , or the pressure existing at the time of the 
the pressure information received , and by applying the ideal 5 thrust . 
gas law to the system described above . Therefore , the control unit 21 , having these parameters 

In detail , the volume of air Vair in the expansion chamber available may , from time to time , select the volume change 
is given by the following relation : value AV most appropriate and responding to reality . 

In a further alternative the volume change value may be 
calculated for each measurement . 10 In the latter case ( diagram of FIG . 4 ) the step of acquiring ( Pavg + AP ) Vair = AV . an estimated volume change value AV in expansion chamber 
11 ; 12 comprises a sub - step of calculating the estimated 
value as a function of at least one ( or more ) of the following in which : parameters : the values of pressure P ; measured , the value of 

Vair ' is the volume of air inside the expansion chamber ( 11 ; 15 the constant component of blood flow On , an indicator of 
12 ) ; aging of a pump tract ba ( for example the indicator is the 
AV ' is the volume variation linked to the variable flow number of revolutions accumulated by the pump 9 at the 
component ( Qvar ( t ) ) ; time of estimation of volume change AV in the expansion 
* Pave ' is the average pressure value ( P ( t ) ) ; chamber 11 , 12 , or in the number of pulses of an encoder that 
‘ AP ' is the pressure variation in the expansion chamber ( 11 , 20 detects a passage of the rollers of the peristaltic blood pump 
12 ) representing the oscillating pressure component 9 ) and a previously - estimated air volume change value of 
( Pyar ( t ) ) . Vn - 1 in the expansion chamber 11 , 12 . By way of example , 

The accuracy of the measurement obviously depends on in the present embodiment , it was decided to use two 
the accuracy of the estimation of AV , AP and also Pavg will different mathematical relationships as a function of the set 
be affected by the approximations linked to the model used 25 blood flow Q , as it was found that in the presence of lesser 
which is applied to a non - linear system ; however this last flows only predetermined variables play an effect on the AV 
error will be substantially negligible as AP is sufficiently estimate , while at higher values other not - negligible vari 
small with the aim of not significantly influencing the flow ables come into play . 
lo . The mathematical relationship adopted in the case in 

Further , as shown in the following , the non - linearities 30 which the average value of the blood flow Q , is less than 400 
may optionally be compensated with a consequent increase ml / min and up to 100 ml / min ( in detail when 150sQbs360 
in the accuracy of measurement . ml / min ) is : 

In relation to the step of acquiring the estimated volume AVn = ko + k ; Potky Himp , tkz - 26 , + k4 : Vn - 1 change value AV in the expansion chamber 11 ; 12 , there 
exist different operating modes ( two are illustrated in the 35 1 es in which : 
block diagram of FIG . 4 ) . n is the generic index indicating the nth measurement output 

In a first example the acquisition includes a substep of of the air volume Vairs 
reading , from a memory , an estimated pre - set volume AVn is the estimated variation of volume AV at the n - th step 
change value AV , for example an estimated value entered by of measurement of the air volume Vair ; 
an operator or pre - stored in the machine . i ko , k , ky , kz , ky are experimentally - determined constants ; 

In fact , the volume change AV may be determined a priori P is the average of the pressure values measured at the end 
by a study of the geometry of the pump section 6a and the of the n - th measuring step of the air volume Vair ; 

n _ imp , is the accumulated number — o a value proportional geometry of the peristaltic pump 9 . 
In fact , this volume change AV exactly corresponds to the to the accumulated number of revolutions of the blood 

fluid which is periodically moved due to the crushing of the 45 Pus 
pipe section on which each roller of the pump 9 acts . * AVn is the average value of the blood flow at the end of the 

Therefore , once the geometry of these components and n - th measuring step of the air volume Vairs 
V is the estimated measurement of the air volume their coupling is known an estimation may be made of a 
obtained from the preceding calculation . ‘ nominal ' volume change AV and set for the calculation as 

a constant value . In other terms the estimate of the n - th variation in AV ( i . e 50 
In a more refined alternative , the estimated volume the n - th calculation of this value ) is considered to be 

change value AV is selected by the control unit 21 from connected to a series of constant values that are experimen 
among a plurality of possible pre - set estimated values and tally determined , for example by acquiring functioning data 
the choice is made in particular as a function of at least one of machines and estimating with precision a value then used 
or more of the following parameters : a type of extracorpo - 55 in the subsequent calculations ; these values are the index of 
real circuit installed on the equipment , a type of extracor the importance in the calculation of the volume variation of 

poreal treatment apparatus , a type of blood pump 9 , the other functioning parameters of the apparatus ( for example 
desired or set value of blood flow Qu , a pressure upstream the blood flow On or the pressure P ; ) . 
or downstream of the blood pump 9 , a type of pump section Further , it has been observed that this value is also 
6a , the average pressure Pave detected in expansion chamber 60 so affected by the average of the pressure values measured at 

the end of the n - th measurement step of the air volume Vair 11 , 12 , an index of ageing of the pump section 6a , the 
number of revolutions accumulated by the blood pump 9 , 
etc . . . . . 

In other words , a plurality of constant volume change 
values AV may be stored , but different from each other , and 65 i . e . N ) 
the one that best approximates to the real situation may be 
used . 
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20 
as well as the set blood flow Qb and by the previously estimate of AP , is susceptible to improvement in one auxil 
estimated value of the air level Vair at measurement n - 1 ( or iary aspect ( non - essential ) of the invention . 
in any case in a previously - performed estimate with respect In fact the measurement of peak pressure values Pomor and 
to the present one ) . Pmin , gives rise to problems of calculation that are surmount 

In this example importance has also been given to the 5 able but relevant . It is in fact clear that it becomes necessary , 
influence of the aging of the pump section 6a which , over firstly , to determine what are the maximum and minimum 
time and following successive crushing , loses elasticity and points in oscillating pressure situations and with measured 
this influences the volume of blood moved by the rollers of pressure values that are discrete ( each time interval t ; ) ; 
the blood pump 9 . further , the measurement is obviously subject to noise and 

For average values of the blood flow Qo greater than 300 10 detection errors which may be complex to take into account . 
In this situation the use of an estimated value of the ml / min and lower than 650 ml / min ( in detail when oscillating pressure AP which is a statistical indicator 3605Q 5580 ml / min ) , a better approximation of the volume appears to greatly simplify the analysis . variation AV has been observed , exploiting a slightly dif In this regard , the step of calculating the estimated pres 

ferent relation : 15 sure variation value of AP is performed by the control unit 
21 using a mathematical relationship that is a function of a 

AV n = ko + k , P + kz imp tkz 26 , + ka : Vn - 1 + k : P statistical indicator VarStat representing of the oscillating 
in which : pressure component AP : 
n is the generic index indicating the n - th measurement AP = f { VarStat } output of the air volume Vir ; 20 
AV , is the estimated variation of volume AV at the nth step Particularly advantageous is the adoption of a statistical 
of measurement of the air volume Voir ; indicator that is an index of dispersion concisely describing 
ko , kj , k , , kz , ky , ks are experimentally - determined con - a quantitative statistical distribution of the measured pres 
stants ; sure values P ; ; in particular the control value is a measure 
P , is the average of the pressure values measured at the end 25 indicating the distance of the pressure P ; values from a 
of the nth measuring step of the air volume Vairs central value , for example , identified with the average 
n _ imp , is the accumulated number — or a value proportional pressure value Pave or the pressure median . 
to the accumulated number of revolutions of the blood By operating in this manner it becomes irrelevant to 
pump 9 ; determine which are the maxima and minima of the pressure 
AVn is the average value of the blood flow at the end of the 30 detected in the window of time established for the analysis , 
nth measuring step of the air volume Vair ; as substantially each measured value P , contributes to deter 

V is the estimated measurement of the air volume mining the component of the oscillating pressure AP ( obvi 
obtained from the preceding calculation . ously it might be decided to discard certain measured 

Note that , with respect to the preceding relations , an pressure values , for example , as clearly erroneous — greater 
additional parameter has been introduced related to the 35 than or less than Pmax admissible or less than 
square of the average of the pressure values taken into Pmin - admissible or not to consider all the values measured on 
account . the basis of other calculation optimization logics ) . In the 

Moreover , the meaning of all terms introduced appears case now described the statistical indicator VarStat , which is 
the same in both equations . used to estimate of the pressure change AP is the standard 
Note that only the values of the constants k may be 40 deviation o ( P ) or , alternatively , is the average integral MI , in 

different between the first and the second equation presented particular the demodulated average integral . 
above . Alternatively , other indicators may be used , such as 

Also the pressure variation value AP consequent to the statistical variance , field or interval of variation , the average 
above - cited volume change AV must be properly estimated absolute difference , standard deviation , coefficient of varia 
( diagram of FIG . 3 ) . 45 tion , Median absolute deviation , interquartile range , Poisson 

wood laul in the ovmonsion chamber in On varying the blood level in the expansion chamber in dispersion index . 

fact the maximum and minimum values of AP in the various The statistical indicator VarStat of measured pressure 
filling conditions of the chamber vary , in particular the values P ; is typically calculated on a plurality N of measured 
maximum amplitude of AP of oscillation pressure AP ( i . e . pressure values Pi , in particular N is greater than 6 and even 
the difference between maximum peak Pr or minimum 50 more particularly N is at least 10 . 
peak Pmin - and the average value of pressure Pavg of each In greater detail the step of calculating the estimated 
oscillation ) decreasing from the situation of the standard pressure variation value AP is performed by means of a 
level to that of the minimum or unsafe level . mathematical relationship that is a function of the statistical 

In these terms , the pressure variation value AP that could indicator VarStat representing of the oscillating pressure 
be adopted could be , for example , the maximum amplitude 55 component AP and an experimentally - obtained constant 
between AP mox maximum peak Pmor ( or minimum peak Kform according to the following relation : 
Pin and the average pressure of each oscillation ( or a value AP = Kform - VarStat 
proportional thereto ) or , alternatively , a statistical variable of 
that value such as an average of the maximum amplitudes The statistical indicator VarStat representing the oscillat 
AP max of a predetermined number of contiguous oscillations 60 ing pressure aming pressure component AP is defined as : 
( not necessarily , but in particular , consecutive ) of pressure . 

The applicant has however observed that this type of 
control value of the absolute nature ( i . e . a value linked to the 
absolute measurements of maximum and minimum pressure O ( P ) = 

subtracted from one another to eliminate the average pres - 65 
sure component ) , while providing a clear indication of direct 
pressure variation , and could therefore be clearly used as an 

r ( P ; - P ) 2 
( N - 1 ) 

i = 1 
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in which : In particular , since in general identified a situation of low 
N is the number of pressure measurements carried out in the blood level is identified , the control unit commands the 
reference time interval T , comprising a plurality of pressure actuator 17 , 18 to allow the passage of gas exiting from the 
oscillations P ; ; ventilation opening 15 , 16 . 
P , is the generic j - th pressure measurement ; 5 Finally , the control unit 21 may also perform a check of 
P is the average pressure calculated in the reference time the consistency of the data collected and calculated . In 
interval Tn . particular , the control unit 21 may be programmed to com 

An alternative hypothesis of the calculation of the oscil pare the value of the calculated blood level ( L ) with at least 
one of a maximum permissible threshold ( L ) and a lating pressure component AP comprises filtering some 

10 minimum permissible threshold ( L min ) in order to determine disturbances , in particular frequency disturbances such as 
those induced by a heart - beat . if the level of blood is within a correct operating range of 

( LsL mar ; L2Lmin ) and to signal a malfunctioning of the This approach exploits a relation of the type : calculating system if the level of blood is outside the proper 
operating range . 

AP = Kform VarStat 15 In addition ( or alternatively ) the consistency check may 
with the constant Kform obtained experimentally ( not neces - also be carried out on individual measured pressure values 
sarily coinciding in value with the previously - described one ) P ; checking whether a plurality thereof is outside a reason 
and in which the statistical indicator VarStat representing the able range of functionality . 
oscillating pressure component AP is defined as : In fact , the pressure sensor of the expansion chamber is 

20 substantially the only component of the apparatus ( in addi 
tion to the control unit ) to be needed in order to perform the 
verification function ; and the analyses mentioned above 
have the main purpose of verifying failure or anomaly 
relevant enough to affect detection . 

25 It is clear that the control unit 21 is programmed to 
in which : perform the above - mentioned steps in relation to the arterial 
N is the number of pressure measurements carried out in the expansion chamber 11 located on the blood removal line 6 

and / or in relation to the venous expansion chamber 12 reference time interval T , comprising a plurality of pressure located on the blood return line 7 . oscillations Pj ; 30 In particular , the adoption of this analysis in relation to the P , is the generic j - th pressure measurement ; arterial chamber appears very advantageous because in P is the average pressure calculated in the reference time general the expansion chambers upstream of the treatment 
interval Tn unit 2 are not provided with level sensors and / or other demod ( i ) is a square wave of single amplitude synchronised pre - unit security systems 2 and therefore air that might enter 
with the blood pump 9 and in phase with the peristaltic pulse 35 the removal line 6 is arranged to reach the treatment unit and 
( see FIG . 6 ) . be transformed into a plurality of micro - bubbles by the 
By operating as described above , the control unit is able treatment unit , therefore becoming more difficult to detect treatment unit , therefore becoming 

to determine a magnitude , i . e . the volume of air Vair , directly downstream in the return line 7 . 
connected to the level of blood in the expansion chamber 11 ; Obviously , the described methodology may be used in 
12 . 40 each expansion chamber that may be present on the extra 
Where the control unit 21 determines that in any of the corporeal circuit ( in addition to or in replacement of the 

expansion chambers 11 , 12 , the apparatus is in a blood level expansion chambers described ) . 
condition L considered an alert condition ( Lotton ) , an alarm While the invention has been described in connection 
situation is generated in which at least an audible and / or with what is presently considered to be the most practical 
visual alarm is used to call an operator who may verify the 45 and preferred embodiment , it is to be understood that the 
actual blood level and possibly correct the potentially dan invention is not to be limited to the disclosed embodiment , 
gerous situation . but on the contrary , is intended to cover various modifica 

It is also possible that the control unit 21 , in the event of tions and equivalent arrangements included within the spirit 
verification of a level of blood in the arterial and / or venous and the scope of the appended claims . 
expansion chamber 11 , 12 , below a minimum level Lmin 50 The invention claimed is : 
( possibly different from the level of attention Latten , in which 1 . An apparatus for extracorporeal blood treatment com 
operator intervention is required ) commands actuators prising : 
active at least on the extracorporeal blood circuit 8 and thus at least a treatment unit having at least a first chamber and 
places the patient in a safe condition . at least a second chamber separated from one another 

For example , the control unit 21 may command at least 55 by a semipermeable membrane ; 
the blood pump 9 to reduce or zero the flow of blood in the at least a blood removal line connected to an inlet port of 
extracorporeal blood circuit 8 and substantially cancel the the first chamber and predisposed to remove blood 
passage of fluid through the semipermeable membrane 5 of from a patient ; 
the treatment unit 2 ( if present ) . at least a blood return line connected to an outlet port from 

In more advanced equipment the control unit 21 may be 60 the first chamber and predisposed to return treated 
programmed so that , in the event of verification of a level of blood to the patient ; 
blood in the expansion chamber 11 , 12 ( possibly only in an at least an expansion chamber placed at least in one of the 
alert situation ) , it commands the respective actuator 17 , 18 blood removal line and the blood return line , the 
relative to the chamber in which the problem has occurred expansion chamber being arranged in use to contain a 
to allow the passage of gas through the ventilation opening 65 predetermined quantity of gas in an upper portion and 
15 , 16 re - establishing the correct level of blood in the a predetermined quantity of blood at a predetermined 
chamber . level in a lower portion thereof , the blood removal line , 
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the blood return line , the first chamber and the at least in which : 
an expansion chamber being part of an extracorporeal ‘ Vair ' is the volume of air inside the expansion cham 
blood circuit ; ber ; at least a blood pump operating at the extracorporeal AV ' is the volume variation linked to the variable flow 
blood circuit such as to move the blood in the circuit ; 5 component ; 

at least a pressure sensor associated to the expansion * Pave ' is the average pressure value ; and chamber and configured to enable determining pressure ‘ AP ' is the pressure variation in the expansion chamber values internally of the expansion chamber ; representing the oscillating pressure component . at least a fluid evacuation line connected to an outlet port 4 . The apparatus of claim 1 , wherein the average pressure 
of the second chamber ; and 10 value is calculated as a function of a plurality of measured a control unit connected to the at least a pressure sensor , 
with the pump , and configured to : pressure values relating to a time period comprising a 
move the blood pump to generate a variable blood flow plurality of blood flow oscillations about the constant com 

comprising a constant flow component equal to a ponent and consequently a plurality of oscillations of the 
desired value of blood flow and a variable flow pressure about the average value . 
component oscillating about the constant component 15 5 . The apparatus of claim 4 , wherein the time period 
and having a substantially nil average value , the comprises at least three oscillations . 
variable blood flow component generating , at least in 6 . The apparatus of claim 1 , wherein the step of acquiring 
the expansion chamber , a pressure progression that is an estimated value of volume variation in the expansion 
variable over time comprising a pressure component chamber comprises a sub - step of reading from a memory of 
oscillating about an average value ; 20 an estimated pre - set value of volume variation , the selection 

receive from the at least a pressure sensor a plurality of being operated according to at least one of parameters 
measured pressure values for a time period compris included in the group consisting of : 
ing a plurality of oscillations of the pressure about a type of extracorporeal circuit installed on the apparatus ; 
the average value , the pressure values being mea a type of extracorporeal blood treatment ; 
sured in successive time instants ; a type of blood pump ; 

calculate , as a function of the pressure values , an the desired blood flow value ; 
average value of the pressure ; a pressure upstream or downstream of the blood pump ; 

acquire an estimated volume variation value in the a type of pump tract ; 
expansion chamber linked to the variable flow com the average pressure in the expansion chamber ; 
ponent ; 30 an index of ageing of the pump tract ; and 

calculate , as a function of the pressure values , an the number of revolutions accumulated by the blood 
estimated pressure variation in the expansion cham pump . 
ber representing the oscillating pressure component ; 7 . The apparatus of claim 1 , wherein the step of acquiring 
and an estimated value of volume variation in the expansion 

determine a representative magnitude of a blood level 35 chamber comprises a sub - step of calculating the estimated 
in the expansion chamber as a function of the aver value as a function of at least a parameter selected in the 
age value of the pressure , the estimated volume group consisting of : the pressure values measured , the 
variation value and the value of the estimated pres - constant blood flow component , an indicator of an ageing of 
sure variation in the expansion chamber . a blood tract and a preceding estimated air volume in the 

2 . The apparatus of claim 1 , wherein the control unit is 40 expansion chamber . 
programmed to determine the representative magnitude of 8 . The apparatus of claim 1 , wherein the step of acquiring 
the blood level in the expansion chamber by exploiting the an estimated value of volume variation in the expansion 
ideal gas law , the ideal gas law being applied to a modelled chamber comprises a sub - step of calculating the estimated 
representation of the apparatus substantially constituted by a value using the following mathematical relation : 
superposing of : 45 

AVm = kotk , Pn + k2 ' Nimpn + kz - 26 , + ka : Vn - 1 an open system in which the expansion chamber is 
considered to be in a stationary state and interested only in which : 
by the constant flow component and the internal pres n is the generic index indicating the n - th measurement 
sure in the expansion chamber is correspondingly a output of the air volume ; 
constant pressure equal to the mean value ; and 50 AV , is the estimated variation of volume AV at the nth 

a partially closed system in which only an access to the step of measurement of the air volume ; 
expansion chamber , selected from between an inlet for ko , k? , k2 , kz , k4 are experimentally - determined con 
the blood and an outlet for the blood , is open and stants ; 
subject to a volume variation representative of the P is the average of the pressure values measured at the 
variable flow component oscillating about the constant 55 end of the n - th measuring step of the air volume ; 
component and a pressure value representing the oscil n _ imp , is the accumulated number — or a value propor 
lating pressure component . tional to the accumulated number of revolutions of 

3 . The apparatus of claim 1 , wherein the control unit is the blood pump ; 
programmed to determine the magnitude representing the Qon is the average value of the blood flow at the end of the 
blood level in the expansion chamber using the following 60 n - th measuring step of the air volume ; and 
mathematical relation : Vo is the estimated measurement of the air volume 

obtained from the preceding calculation , and wherein 
the mathematical relation is adopted in the event that 

( Pavg + AP ) the average value of the blood flow is less than 400 
( AP ) 65 ml / min . 

9 . The apparatus of claim 1 , wherein the step of acquiring 
an estimated value of volume variation in the expansion 

Vair = AV . 
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chamber comprises a sub - step of calculating the estimated in which : 
value using the following mathematical relation : N is the number of pressure measurements carried out 

in the reference time interval comprising a plurality 
AV , = kotki Po + kz ' Nimp + kz - D6 , + ka : Vn - 1 + k : P ? of pressure oscillations ; 

Pi is the generic i - th pressure measurement ; in which : P is the average pressure calculated in the reference 
n is the generic index indicating the n - th measurement time interval ; and 

output of the air volume ; O ( P ) is a statistical indicator representing the oscillating 
AV , is the estimated variation of volume AV at the n - th pressure component . 

step of measurement of the air volume ; 10 16 . The apparatus of claim 14 , wherein the statistical 
k , k , , k , , kz , kq , k , are experimentally - determined con - indicator representing the oscillating pressure component is 

stants ; defined as : 
Pn is the average of the pressure values measured at the 

end of the n - th measuring step of the air volume ; 
n _ impn is the accumulated number — or a value propor - 15 

tional to the accumulated number of revolutions of 
the blood pump ; 

Qon is the average value of the blood flow at the end of the 
n - th measuring step of the air volume ; and in which : 

Vn - 1 is the estimated measurement of the air volume 20 N is the number of pressure measurements carried out 
obtained from the preceding calculation , and wherein in the reference time interval comprising a plurality 
the mathematical relation is adopted in a case that the of pressure oscillations ; 
average value of the blood flow is greater than 300 P , is the generic i - th pressure measurement ; 

P is the average pressure calculated in the reference ml / min and less than 650 ml / min . time interval ; 10 . The apparatus of claim 1 , wherein the step of calcu demod ( i ) is a square wave of single amplitude synchro lating an estimated value of pressure variation is carried out nised with the blood pump and in phase with the using a mathematical relation , which is a function of a peristaltic pulse ; and statistical indicator representative of the oscillating pressure o ( P ) is a statistical indicator representing the oscillating component : pressure component . 
17 . The apparatus of claim 1 , wherein the control unit is AP = f { VarStat } programmed to carry out the steps of moving the blood 

wherein : pump to generate a variable blood flow ; receiving from the 
AP is the oscillating pressure component ; and at least a pressure sensor a plurality of measured pressure 
VarStat is a statistical indicator representative of the 35 values for a time period comprising a plurality of oscilla 

oscillating pressure component . tions of the pressure about the average value ; calculating , as 
11 . The apparatus of claim 1 , wherein the step of calcu - a function of the pressure values , an average value of the 

lating an estimated value of pressure variation is carried out pressure ; acquiring an estimated volume variation value in 
by means of a mathematical relation that is a function of a the expansion chamber linked to the variable flow compo 
statistical indicator representing the oscillating pressure 40 nent ; calculating , as a function of the pressure values , an 
component and a constant obtained experimentally : estimated pressure variation in the expansion chamber rep 

resenting the oscillating pressure component ; determining a 
AP = K form VarStat representative magnitude of the blood level in the expansion 

chamber as a function of the average value of the pressure ; wherein : 
Kform is a constant obtained experimentally ; and 45 in relation at least to an arterial expansion chamber placed 
AP is the oscillating pressure component . on the blood removal line . 
12 . The apparatus of claim 10 , wherein the statistical 18 . The apparatus of claim 1 , wherein the expansion 

chamber exhibits a ventilation opening configured to enable , indicator is a dispersion index summarily describing a 
quantitative statistical distribution of the measured pressure in use , a passage of gas from or towards the expansion 

50 chamber , the apparatus further comprising at least an actua values . 
13 . The apparatus of claim 10 , wherein the statistical tor operating on the ventilation opening to selectively inhibit 

or enable passage of gas . indicator is a measurement indicating a distance of the 
pressure values from a central value , identified with the 19 . The apparatus of claim 18 , wherein the ventilation 
average value of the pressure or with the median of the opening is positioned at an upper portion of the expansion 

55 chamber arranged , in use , to be facing upwards , and to be pressure . occupied by the gas and wherein the control unit is pro 14 . The apparatus of claim 13 , wherein the statistical 
indicator is the standard deviation or the integral average . grammed such that , in the event of a verification of the blood 

level in the expansion chamber below a predetermined 15 . The apparatus of claim 11 , wherein the statistical 
indicator representing the oscillating pressure component is threshold , the control unit commands the actuator to enable 
defined as : 60 the passage of gas in outlet from the ventilation opening . 

20 . The apparatus of claim 1 , wherein the control unit is 
programmed such that , in the event of verification of the 
blood level in the expansion chamber of lower than a 
predetermined threshold , the control unit commands at least 

O ( P ) = 65 the blood pump to reduce or zero the blood flow rate in the 
extracorporeal blood circuit and substantially annul the 
passage of fluid through the semipermeable membrane of 

( N 
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the treatment unit , the apparatus further comprising two 
intercept organs of the blood flow active on the extracorpo 
real circuit , one downstream of a venous expansion chamber 
along the blood flow direction in the extracorporeal blood 
circuit , the other upstream of an arterial expansion chamber , 5 
the control unit being active on the intercept organs to 
command the intercepting or not of the flow , the control unit 
further being programmed such that , in an event of verifi 
cation of a blood level in the expansion chamber of lower 
than a predetermined threshold , the control unit commands 10 
the closure of the intercept organs of the blood flow . 

* * * * * 


