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“DIFFERENTIAL FLOW-METER FOR MEASURING THE WEIGHT LOSS IN

-HAEMODIALYSIS TREATMENTS”

. TECHNICAL FIELD

. The present invention  concerns a differential 'fldw— -
meter for>mea§uring the:difference'Qf'flow:rate; or épeed;
between two fluids. |

In  particular, the présent invention finds ' an

'advantageous application in the calculation of weight loss

in haemOdialysis’treatménts.

BACKGROUND ART

As already known, more than-two million‘people in the
wﬁole wcrid' afe préSéntly  affected by a“chronic renal
failure, with an annual growth rate close to 6%<

Currently,. patients who do not ’uhdérgd’ a kidney
transplantation are treated by haémodialysis (or
ektracorporéél dialyéis) or by peritoneal dialysis, which
replaces the cleaﬁing function'of-kidneys.

In both these.treatments, blood is_ih contact4wi£h‘a
special solution'(called “dialysis fiuid” ér.“aialysatek)
through'a'semipermeablé membrane. |
| In haemodialysis,'the,blood purification takes place
out‘of'the body, inside a special filéer, the dialyzer,
whereas peritoneal haemodialysis -uées ‘the peritoneum

natural membrane.

,Through' the semipermeable membrane, blood - releases
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waste substances to the dialysate and_Yields/acquires ions
by diffusion and convection, while the excess fluid (about
two litres) is,removed”by=ultrafiltration;

" These prodeSSes take place using a »computerized'

‘machine monitoring =~ the total mass. of liquid 'to be

- subtracted to the patient during the dialysis session, also

called/“Weight ioss”.

The control system is prOgrammed to achieve the goai
of total removal of excess fluid at “the end of the
treaﬁment‘(Which uéﬁaily'lasts.4 houré). |

This function is»one of the most sensitive aspects of

dialysis, since violent removal of 1liquids can cause

- significant side effects, such as, for instance, collapses

and cramps.

Therefore, the control sYstem of ultrafiltration'must

" be made with the utmost accuracy.

Current systéms.of measurement of Weight loss are all
large and with high*pfoduction Costé; since they have to-
include several active elements.

US-A-5 861 555 describes a’differeﬁtial flow—meter for
measuring liquid flows for biomedical applications .in
dialysis -machines._ In this system, 'a certain ‘number' of
temperature sensors 1s suitably connected in order to

indirectly obtain the difference between the dialysate

~inlet flow and the dialysate outiet flow, with the help of

~a further non differential flow measurement relatihg to the
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flow rate of one or‘more of the channels. Aceording'to'the
adobﬁed{ principle, the dielysis iiquidv is globally
overheated eﬁ-a»tempereture cldse.ﬁo’bodthemperature for
reasons( intrinsic to the 'dielysis treatment,‘ and this
overheatrng is then used to carry out.thevdifferenriei flow
measurement as weil.

'Moreover, US-A-2 946 220- describes a differential
flow-meter for _measuring gaseous fluids for ehemical
applications. In the claimed s?stem, at least evpair of

flow-meters working according to the calorimetric principle

- is suitably connected (Wheatstone bridge) in order to

directly obtain a differential measurement of - the
respective flows. According to the calorimetric principle,

a total number of six resistors, four of which "are

‘temperature sensors and two of which are heaters, are used
" and connected in a suitable way to obtain the aforesaid

differential flow measurement.

For a better‘understanding of the present invention,

‘figure 1 shows a schematic view of a differential flow-

meter subsﬁantially working according to the “calorimetric
principle” (calorimetric. fiow—meter). In other words,
aceording_ to said known _principle, it is measured the
temperature variation of the preriously overheated fluid at
the plece where the_temperature sensor is arranged, said
veriation being induced by the flow rate or séeed of the

fluid itself.
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For purely introductivé purposeé with regard to the
present invention, | feference - willl ‘be made to the
aéCOmpanying‘figure'l.

In said._figure 1,  1OH indicates, _as a whoié, va

5 differential ‘flow—meter _vworking acCordih§ ~to | the
“calofimetric principle”. | |

The differential flow-meter 10, of known type,
comprisés a first séparatevchannel 20 and a second separate
chanﬁel 30 in,which two fluids flow,-saidbfluids béing same.

10 ér-different. |
| The féllowihg devices are attached on the inner»wall
' of channel 20: | |
- heating means 21 of the fluid fléWing according.té
an arrow (Fl); the amount of heat supplied by the
15 >‘ , ’ heéting’ means 21 is controlled by a differential
measuring device 40; thé heatingvmeans 21 use the
Joule effect to _1oca11yi heat thé fiuid close :to
them;»aﬁd |
—,teﬁperaturebdetecting means 22, plaéed close to the
20 ' heatiné means 21; the | temperature of -said
-température sensor 22 being aiso detected by meané
of the differential measuring device 40. |
Analogpﬁsly, the following .deviées are attached. on
the inner wall of channel 30:
25 - heating means 31 of the fluid floWing according to

an arrow (F2); the amount of heat supplied by the
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heating means 21 is cbntrQlled'knf a differéntiai
measuring‘device 40; the heating means 21 use the
_Joulé ﬁeffect* to locally hgat the fluid c1déé té‘
them} and | R g e

- temperature detecting means 32 placed clése»to the
heating méans; 315 the temperature of said
temperature sensor 22'being‘also detectéd by means
‘of the differential measufing device 40, which’can
aiéo coﬁprise a microprocessor proceésing éystem.

Furthermore, ' the differential measuring device can

- transform the,instantaneous temperatures_detected-byrthé’

température sensors 22, 32 into differential flow rate or

speed measurements of the two fluids passing in the two

channels 20, 30.

For each channel, the btémpe:ature detecting' means
artanged ciOse to the.ﬁeating means can be fofmed by a
singlé element, arranged dowﬁstream (as sh§wn in figure 1)
or‘ﬁpstreamvof the heétihg means (not showﬁ), dr can be
formed by more elements, arrahged both downstream ‘and
ugstream (not shown). In all the _aforesaid cases, the
physical principle remains thé same, and all the aforesaid

means would still be monitored and measured by the

differential measuring device 40.

DISCLOSURE OF INVENTION
The present invention develops a differential system

directly measuring the difference between the two flows
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(weight loss) by wusing the principle -of the “thermal
anemometer” in order to obtain high sensitivity and
precision and to guarantee the measurement accuracy.

Thisfwill'lead'td an accuracy of, atﬁleast,”S%Lfthe;

‘tolerated limit being 10%. Inside the flow-meter, the inlet

and the outlet. flows will flow in two adjacent channels,

having the same shape and Sizew A sensitive element can be

found on the separating  element arranged between the two

channels, said sensitive element containing one 'or more

resistors, self -heated thanks to the Joule effect and
dlrectly measurlng the dlfference of thermal dlsper31en
between the two,channels, related to the flow dlfference

” Main object of the present invention is therefere a
differential flow-meter »for biomedical applications' in
diaiysis machines, having‘as‘en objective a highly accurate
and>precise‘differentiel measurement of:the iiow rate of
dialysis fluids and the possible use of the‘machine where a
dialysis treatment is needed, ﬂincluding .typicaliy hot
places (e.g., operating room temperatures > 30°C).

- The first objective can be reached by using a direct
differential measurement (e.g., avoiding traditional flow
measurements, namely of single channels, and subsequently.
using them fef calculating their difference; or using.them
differently in calculations, thus avoiding a-propagation of
errors), and trying to reduee .the sensor constructive'

complexity, thus minimizing the source of systematic and
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random manufacture errors. In the device object of the
present invention, the optimal solution to these purposes

is represented by a flow-meter based on the principle of

" the thermal anemometer, according to which,_a"wire‘

({resistor), speciaxly overheated by the Joule effect, 1is

cooled in proportion to the flow rate of the fluid touching

it. Thebtwo (or four) resistors of'the:anemometer”flow—

‘meter are then configured as a Wheatstone bridge in order

to obtain a direct differential measurement. Indicatively,

_the dverheating is in the order of a few centigrade

. degrees. This method 1is an alternative to the more

COnventional calorimetric ﬁethod seen'in.relation to figure
1, and therefore evoids- having a seperate “heater ahd. a
seperate temperature - eensdr; | This implies a major
eonstructiVe simplification, resulting in'e-limitation of
the geometric nonideelities, \ﬁhus obtaining greate?e
measurement accufacy and precision. Moreover, the fact of
having just one.fuhctioﬁal.element implies'arsimplification
in the control of the sensor, thus obtaining still the same
advantage (simpler system, less error propagatien).

| The secoﬁd. objective can vbe‘ reached by overheating
only a negligible portion of the fluid. In‘fact“,if the
everheating fuﬂctioﬁal to the flow measurement occurs only
locally, elose to the sensor, if necessary, it will be
possible to im?lement a overheating, even relatively high,

which, however, does not disruptithe overall temperature of
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the fluid. The usé qf albypass, taking a sméll amouﬁﬁ of
fluig, could obviate the aforesaid problem, but has the
disadvantage of introducing‘other~sources of errors, thus
limiting Vdﬁcé‘”again ~the acCuraéy'.éhd ‘preciSibn of
measuremenﬁ} |

Therefore, according to the present invention, it is

provided a differential flow-meter based on the principle

. 0of the “thermal anemometer” according to what defined in

the attached independent claim, and preferably in any one

of the' claims directly or indirédtly depéndent on  the

aforesaid independent claim. - - B

'BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention it

will be now_déscribed a prefefred’embodimént, purely for

"non limitative purposes and with‘ a reference to the -

attached drawings, in which:

figure}2 shows a schematié view of a differentiai

.flowfmeter made accdfding té the present inVentiOn

'usingvthe principle of fhe “ﬁhermal anemometer”;

- figure 3 shows a blood circuit of é haemodialysis
machine to which it is appliea a differential flow-
meter according to the present invention;

- figure 4 shows a 3D view of the differential fiow—
meter whose components have been assembled; and

- fiéure 5 shows én exploded view of the differential

flow-meter of figure 4.
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BEST MODE FOR CARRYING OUT THE INVENTION

In figure 2 1000 indicateé,’as‘a whole, a differential
flow-meter.using the principle of the thermal anemometer
fléw—metér, wwhi¢h[ is’”bne ‘off'the_ ébjecté éf_'thei Pfesent
invention. _ ' C

The differential flow-meter 1000 'comprises a first

separate channel 20 and a second‘separate channel 30 in

which two fluids flow, said fluids being same or different.

A thermal device 200 is attached on the inner wall of

‘channel 20. In said device 200, the témperaturevsénSOrlzz

seen in figure 1 corresponds in principle to the heating

"plate 21. In particular, it is a resistor overheated thanks .

| to thevJoule effeét,‘namely by imposing a suitably high'

cuirent, with the resulting resistance incréase, said
resistor being cooled by the ‘méving :fluid, wgth the
résulting'temperatufé decrease,»Therefdre this reéistance
variation‘is inversely prqportional to the fluid flow rate.

Analogously,‘a‘thermal device 300 is attached»én the
inner Wail of channel 30. ~In said rdevice .300,v the
temperatufe ‘sensoru 32 seen in figure 1 correéponds in
principle to the heating pléte 31.

In this way the variation of heat flow from the plate
to the‘fluia can be measured by meané of the differential
measuring device 40.

‘In figure 3, 100 indicates, aé a whole, a blood

circuit of a haemodialysis machine (not Shown' in 1its
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entirety) .

The blood circuit 100 comprises a dialyzer 50 fed, on

- the one side, by the‘dialysate through a duct 51 and, on

the other side, by:theiarterial»blood,flowing.through a -

: duct 52 thanks to a peristaltic pump 53.“The“exchange.of

impﬁrities between the blood and'the dialysate takes place
écdording to the prefiously<deSCfibed syétem;n |

The “dirty” dialysate e%ité‘the dialyzer 50 flowing in
a duct 54,'whereas'the treated blood is re—intrqduced in
the human body (BD) thrOugh a chaﬁnel 55 bonnecﬁed to a
patient’s véin. | |

-In.a'knOWn way, in the duct_52'a'certain-amoﬁnt of
heparin is bumped into thé arterial blood by'méaﬁs of a
pumping device 56 in order to avoid blood coagulation.

' Théhduct'52 is brovided with a device 57 for measuring -

the‘ arterial pressure. Analogously, the duct 55 .is
associated to a device 58 for measuring the venous pressure
and for detectingrthe présencé of unwanted aiff |

Figures 4,5 show a further embodiment - of a

differential flow-meter 10%* object of the present

invention.
The differential flow-meter 10*, 1000 can be connected

to the ducts 51, 54 of the blood circuit 100 (figure 3) to

_calculate the so-called “weight loss”, namely the liquid

mass subtracted to the patient.

In an alternative embodiment, the person skilled in

10
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the art -also finds obvious to connect the differential

flow-meter 10%*, 1000 to the two blood ducts 52, 55 (figure

}3).

As shown in figﬁres'4;15 the“differentiel_ﬁlow—meter'
10f ccnprises two,cnannelsizot, 30%*. .

.In the embodiment shown in figures 4, 5, channels 20*;
30* are 'identical, but ‘they could aiso have different
shapes. |

'Each channel 20*, 30* ig aligned along a respective

_longitudinal symmetry axis (Y1), (Y2), which, in use, are

parallel to each‘other.

'In particular, channel 20* (but this obviously appliesjc
aleo for channelv-3off comprises two cylindrical ‘en&
portions_ (Pcfr connected to a central prismatic portion
(PP) .

| The two cylindricalvend portions (PCQC) ere used for the
insertion of the remaining portions of the duct in which
they’are:inserted (pair’of ducts 51, 54; or, alternetively;

pair of ducts 52, 55).
The central prismatic portion (PP), lin 'turn{_ is

provided with a flat back face (FP), on which a back grooVei

{(8C). is made, and a flat front face (FA) with an inspection

window (WN), covered in use by a transparent panel (PN)
(Eigure 5) to allow the visual inspection of the fluid
flowing in said central prismatic portion (PP)

The back groove (SC) supports in use (figure 4) a

11
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miCrofmachined chip"90,\'advantageously made of siiicon;

integrating- the thermal devices 200, 300 and the

differential measuring device 40 seen in relation to the

t

" More precisely, the chip 90 1is glued. and connected

(for instance by means of the “wire-bonding” technique) to

a substrate 91 (for ’instancé a PCB, which stands. for

“Printed Circuit Board”) -containing5‘all, the electrical

‘connections for data control and acquisition; the two

channels on the substrate - 91 bearing the two flows must

have a suitable opening for'housing the chip»90.

Once assembled;'the differential flow-meter 10%*, 1000
is as shown in figure 4.

In short, according to the preferred embodiment shown

'in figures 4, 5, 'the present invention refers . to a

differéntial flow-meter 10%, 1066 for measuring the
difference of flow rate, or speed, bet&éen two fluids.

The differential floW—méter 10* is identical to the
differentiai flow-meter 100 shown in 'figure 2‘ and is
characterized in that it comprises:

a) a first separate channel 20* and a second séparate

channel 30* in which two fluids flow, séid fluids being

same or différent; and
b) a chip 90 1located on either gide of the  two
channels 20%*, 30* so that a first portion 90A of the chip

90 is touched only by a first fluid flowing in the first

12
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'channel.ZO*, and so that a second portion 90B of‘the chip

90 is touched only by a second fluid flowing in the second
channel 30%.
- Moreover, the chip 90 can ;measuret‘and"cdmpare, by -

means of the method seen with regard to figure 2, any

possible electrical resistance change in the first portion‘

90A and in the second portion 90B in order to calculate any
possible change of flow rate or speed . occurring in the
fluids. flowing in the two channels 20%*, 30*,

The silicon micro-machining technology can be used to

- manufacture the sensitive portion of the differential_flow—
meter 10. This technology, starting from the silicon planar

- processing techniques, allows to create miniaturized planar

and 3D structures, such as resistors resting on elastic
membrarnes .

The silicon micro-machining techniques allow the

manufacture of very small obje¢ts at low costs. Small size,

COmbinéd with reduced costs. and accuracy, - allow the

creation of dialysis machines which are cheaper, smaller,

~lighter and with lower Qperating costs. In particular, the

operating costs are drastically reduced énd, with no active
element in motion, breakage and maintenance are rare and
Cheaper.

The objective of the device object of the present
invention is the direct measurement of the difference of

(mass or volume) flow ‘rate, or speed, between two separate

13



10

15

20

25

WO 2014/111908 PCT/IB2014/058447

channels bearing thetwq floﬁs.,

The fluids forming the two;‘flows can have same or
different Uchemiéal cbmpositibn, and can have same or.
diﬁférent " physical ‘conditions‘ (for viﬁstance densify,
temperature, spégd? ptéssure).;,i : -

The sensitive elements are connected and controlled in

such a way. to be directly affected by the difference of the

two flows in question. A Wheatstone bridge connection can

be used to thisvpurpOSé, $o thatlthé.measﬁrement bf‘the
unbalance of the Wheatstone bridge is proportional to the
flow difference in the two channels.

It should be noted that the measurement in question

lcannot>ignore the fluid temperaturé,'which must therefore

be known (measured by the sensor) and suitébly bélanced.
| The sensoxr manufactqré comprises tWo stepsi:”

1. micro-machining of Silicoﬁ. Chips,\\ééntaiﬁiné all
necessary sensitive élemehts and heaters; and

2...aéseﬁbling of the éforésaid chip with other
functionai parts (substantially PCBs ana fluidic channels),
ih,order to obtain a flow sensor which .can be used under
desired thermal, fluidic and electrical conditioﬁs.

In short, the micrOemachining_consists in the creation

_of'a suitable network of resiétors, electrically insulated
with regard to the fluid and thermally insulated with

regard to the substrate. Indicativély, the manufactured

registors have a micrometre»sized section and a millimetre-

14
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sized length.

The sensor agsembly can be carried out as follows. The
chip bearing the sensitive elements configured in a

diff@rentia; manné: 18 glued and.conneéted (for instance by -

means of wire-bonding} to a substraté'(ECr instance PCB)

having all electrical connections for data control and

acquisition; the two channels bearing the two -flows must

. haye.ajsuitable_bpéning for housiﬁg‘thé‘chip.\,

~ o In a‘second‘alternative embodiment‘(not éhohﬁ),,tﬁe
two chahnelsvof the difﬁerentiai flcw-ﬁeter‘are formed in
at least one block, one face of thch is ciosed by a layer
of suitab;e“material (e}g. silicon)'on’which‘thé elements
260, 300 and the differential measuring device 48 are
formed. | |

In a. third embodiment, the sensitive elements

(thermoresistances) are wmade by means of thermopiles or

thermistors.

~ The main advantagés of the différentiél flow?metei of
the present invention are as follows: | |
. high séﬁsitivity and resolution;
- reduced size; |
-~ low production costs; and

- ‘better feliability over time.

15
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CLAIMS

Differential fléw—meter (10%*, 1000)7cgmprising a first

separate channel (20) and a second separate channel

(30) in th;h two fluids flow, said,fluidslﬁeing same

dr diffé&ent;‘v

.said first channel V(zd) “comprising the prllbwing'
‘devicéé: | |

- firsf‘ heafing means (21). of ﬁhe -fluid - flowing
_accbrding to :an: arrqw (F1); the amount iof' heat
suppliéd by said first heating means (21) being

icontrolled by a differential measuring device (40);

- - first temperature deteéting meaﬁs (22), placed
close to said first heating means (21); thg
ﬁemperature of said first témperature. detecting
means (22) being also detected by means of the
differential measuring devicé (40); and
said second:channel (30) comprising the fol;owing
devices:

- second heating means (31) of the fluid fiowing_'
according to an arrow (F2);_ the amountv of heat.
supplied by said second heating means '(31) being

controlled by said differential measuring device

~

(40) ;
- second temperature detecting means (32), placed
close to said second heating means (31); the

‘temperature of said second temperature detecting

16
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means (32) being also detected by means of the

‘differential measuring device (40);

wherein said differential measuring device (40) - can

transform thé]instanténébus temperaturés_detected;by:“'

“the température detecting means - (22, 32) ‘into-.

differential flow rate or speéd méaéurements of the

two fluids passing in the two channels (20, 30);

differential flow-meter (10) characterized in that

‘said first 'tempefature detecting means (22) are at

least partially'integral to said.fi;stvheatiné means
(21)’ in a first thefmal device (200), and/or said
second temperature detecting means (32) are ét least
partially integral»to saia second heating ﬁeans‘(Bi)/

in a second thermal device (300).

-Differential flow-meter (10%*, 1000) according to Claim

1,  characterized in that said first and said second
thermal devices (200, 300) are integrated in a micro-
machined chip (90).

Differential flow-meter (10*, 1000) according to any

_one of the preceding Claims, characterized in that the

sensitive  élements"of- said differential measuring
device (40;” 90) comprise at least some Wheatstone
bridges, and in that the differential measurement is
carried out by measuring the unbalance of said
Wheatstone bridges;

Differential flow-meter (10*, 1000) according to any

17
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one of the preceding Claims,. characterized in- that

“each channel (20%, 30*%) comprises cylindrical end

portions (PC)'connected*to a central prismatic portion
,(_Plﬁ),. »

Haéﬁddialysis_ ‘machine ' charaéterized Cin ﬁhét- it
comprises “at_ least a differential flow-meter (10%,
‘iobo):aééording ﬁo any one of Claims 1-4.
Haemddialyéis machine according to Cléiﬁ | 5,
characterized ih that the two channels (20*, 30*) of
said 1differéntial  floW—mefer (107%, 1000) vare:
hydraulically connecﬁed'to‘two ducts (51,‘54f in’which
the dialysate'fiows in order to calcglate the weight
1OSS; |

HaemOdialysis ‘machine - according to Claim 5,

characterized in that the two channels (20*, 30*%) of

said differential flow-meter (10*, 1000) are
hydraulically connected to two ducts (52, 55) in which

the blood flows in order to calculate the weight loss.
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