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anot her physiological fluid The invention relates to an apparatus ﬁ‘
war mi ng bl ood or other physiological fluids, conprising a conduit 'through
which the fluid can be conducted, and heating neans for warmng the fluid
flowi ng through the conduit. 5 Such an apparatus is known fromthe

I nternational patent application PCT/US96/ 04737 (WD 96/ 32080). The
apparatus disclosed therein serves forl warm ng bl ood and has a transparent
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One object of the invention is to realize an im-
provement with respect to these 901nts, and to realize a
_ more direct warming of the blood or 6f the physiological
‘20 £luid to be warmed in general, such as to provide a better
controllability of the fluid temperature. A further object
of the invention is to provide an apparatus with which the
blocd or other physiological fluid can the processed hy-
gienically, and with which the development of so-called
25 hot spots in the (blood) stream is avoided, as occurs with
direct heating by means of microwave techniques such as,
for example, disclosed in the American éatent US-A-
5,073,167.
A further object of the invention is to avoid
30 problems inherent to heating by applying electrical en-
ergy, in particular the risk of current leaking to a pa-
tient receiving the warmed blood or other physiological
fluid from the apparatus.
From EP-A-0 138 489 an apparatus is known for the
35 irradiation of somatic cells, in particular the treatment




bl ood or other physiol ogical fluids, conprising a conduit through. ﬂi‘{tﬁ%
fluid can be conducted, and heating 10 neans for warmng the fluid I'ow n

t hrough the conduit, wherein the heating nBans conprise at |east one source
of infrared radiation) the conduit is at |east partly transparent to the
radi ation enmdéf epléydtbellelraied a0uiraeidleitnga@dieltdlidon Tanthibwesgnat he
conduit, at |t 'ﬂ%as 15 charg 1S I’OVI d(;id \lﬁlﬁth at é?aﬁure sensor that
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The fluid fIcﬁhlﬁg}lglhrmmﬁ‘-thbecﬁ)h‘dmﬁtcmybﬁecmﬁmeﬂarymﬁfhetﬁmgy in a
first prafeer e grbed %5}& t PRe 2PPRY 4t 9§owm§cwr%ugmart4fé Redggdie 0 that

the conduit defines a apace erein the infrared sourcé is placed, and in
that the condhigxein t’rré%s?e%'ﬁl{lﬁemﬁﬁ’a% F%‘Pﬁ@s?hétl fegsty P&%(}F%‘b‘iﬁ%e" S

transparent tmﬁﬂfﬁféu Qﬁhd%&tﬂéhﬁnthéhééﬁ&ugul fabbe agﬁ%&d rl’ﬁﬁn@i the
apparatus is_characteri in.that the cop nds subst anti a in a
pl ane, in t hERHSRF ﬁﬁré?eédr%%h?'ééo?se‘gﬁﬁﬁ efy- t &F@xl"nlfc}‘aﬂ?éla and

in that the chnditid opdrdtehsh, aind wherdih' thGVdaanautlI&e sitdé t3f diwe- source,
Is transparent to infrared radiation This allo t he bl ood the fluid to
bo war el Ssa B a8 MAgY LIHE PTh o7 cFEDBRRALESR, POPELS: ITHRY (P 8d | n
5 particul ar pled He f @oid theeds he comdudl menkads substantially in the form
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appar at U§Ht0 be equip | owret er _connected wi,ith-the control
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one tenper at ﬁres*&derswmce provides a very well controllable, direct
warming of the blood or the fluid flowing through the

25 transparent conduit. Because there is no direct contact at
all, such heatlng can take place very hyglenlcally, and
because there is no electrical contact with the conduit or
the fluid flowing through the conduit, the risk of leakage
currents is totally absent.

30 The fluid flowing.through the conduit may be
warmed very efficiently in a first preferred embodiment of
the apparatus, which is characterized in that the conduit
defines a space wherein the infrared scurce is placed, and
in that the conduit, at least at the side facing the in-

35 frared source, is transparent to infrared radiation.

A very suitable second embodiment of the appara-
tus is characterized in that the conduit extends substan-
tially in a plane, in that the infrared source is situated

- next to the conduit, and in that the conduit, at least at



A second preferred embodinent is characterized in 20 that the fl owrdt il PALHE
conprises two tenperature sensors and a heat source positioned between said
tenperature sensors or near the tenperaturs sensors positioned at the

di scharge side. The invention will now be further elucidated with 25
reference to the draw ngs which in Figure 1, schemati cal show 'a |
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infrared radiation,, at Ieast at the side facing the infrared | anp 3.
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7, supplyinggtihg blood or the other physiological fluid entering the :
conduit 2 near arrow A with heat pul Ses at a predeterm ned known frequency,
and 35 by neasuring t & igventinn wilbf nowebe efimerheur elyeridatedrha th

Fi gure sbgmx@@@tﬁwcee@g)(yﬂgararmfén GRech!| ownreter 7, 8, 9 conprises two
tenperature sensors 8.and 9, and wherein the heat source 7 is positioned

bet ween the tenper at urd ?ér’igﬁ‘res lp aichematheakbyseiRed ReApagityddnglsf er

section of a first preferred embodiment of the apparatus
‘according to the invention; and
in Figure 2, show a top view‘of the conduit thét
30 may be used in a second preferred embodiment of the appa-
ratus according to the invention.

The general workings of the apparatus according
to the invention will now first be elucidated with refer-
ence to Figure 1. ‘

35 The apparatus l'according to the invention for
warming blood or other physiological fluids comprises a



,~ ~~19' ~ LLt E4J 5 ence between the tenperature sensors 8 and @, &0 ii53
together with the anmount of heat introduced by the heat source 7, determ ne
the flowrate of the blood or the fluid entering the conduit 2 near the
arrow A. It should be noted that 5 the heat source 7 may al so be positioned
near (opposite to) the tenperature sensbr 8 near the di scharge side. The
f or egoi ng de Etgo hs to be understood as being a non-limting exenplary
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realize. réflfectits coaBingCorzfiimla. A@hép&ﬁf@hﬂéd(l&mboﬁ m@rﬁkeg -bl ood
or other p | ogi ids, conprisi a .,condui hr h whi ch the
fluid can %%é%g%dgéfuﬁtaéﬁa hgg%F%gcﬁﬂﬁﬁgt?g)gpo? ﬁ&%ﬁ%ﬁg FFuFd f1 ow ng
t hr ough th@la@ndgnnecﬁﬁd lehethenc@hErbéamembeneaniscanpemperatuteast one
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transpar ent to lation em rare source uring
oper at4®n, 2 anf WABL & WahEheoRawpy gzpplatoﬁtghélgdnasgebleslpﬁmamedd with

a te”peratyéﬁps§nigrréﬁdé§édtB@ﬁehéeﬁ?uBheéhhoteﬁ?QrBEEgé 9ai8 @%rek menber
(5), char erlied in that the Tpnfrared source IS a usta e and

connect ed Oeén?FoPnﬁﬁhﬁErPFB?loéogAﬁaépﬁépéﬁu§h§Ec PaVveR§ ftdeclaim 1
character|zeddumtthatthbedcsaﬂargedsﬁaaeﬁearsa@eewwberebﬁvbh@emmﬁyared 15
ol e L ShgEE TRk R bIER ST ot Rzt eat LB depfaging the
25 member 5, to allow the control member 5 to adjust the
power supply of the infrared lamp 3 subject to the amount
of blood or other physiological fluid being conducted
through the conduit 2. A possible embodiment of the flow-
meter 7, 8, 9 is one in which a heat source 7 is used, to-
30 gether with one single temperature sensor 8. The flow rate
of the blood or fluid can be determined by, with the aid
of the heat source 7, supplying the blood or the other
physioclogical fluid entering the conduit 2 near arrow A
with heat pulses at a predetermined known frequency, and
35 Dby measuring these with the aid of the temperature sensor.
The Figure shows another embodiment wherein the flowmeter
7, 8, 9 comprises two temperature sensors 8 and 9, and
wherein the heat source 7 is positioned between the tem-
perature sensors 8 and 9. The measured temperature differ-




3. An apparatus according to claim1, characterized in that the condlulAN(@§5
extends substantially in a plane, 20 in that the infrared source (3) is
situated next to the conduit (2), and in that the conduit (2), at |east at
the ' side of the source (3), is transpargent. 4. An apparatus according to
one of the clains 1 3, characterized in that the conduit (2) extends

b 25 t th f ral _and tha side facj ng away
?Eoﬁ:?ﬂe |nf#§#% ?%g %geB%§WP%£% Qf?hsﬁﬂs?ﬁ?r% %ﬂgr%dlﬁ?gﬁﬁh? flective
coating or fWihh(ﬂhe 5mountapﬁaha&ﬂs1atroddceg by ohe néatggo?feged%ng
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claim5, chafe®tepndedtia ﬂﬁé? the aroawekerIt7sheyld)beonptedeshatheat
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source (73 aﬂ@eaheéeaééugee ?eﬁaﬁr§i§6ebég%§$%tiﬁﬂed eé?lgmgg6§£H§7 5 9)

according to_c 5 or 6, charac35 teriz
conprlseg tmﬁoi Eg%r%?@P§r§EH§%r§e?%°r9§ BAAT athe odisehmrge(9idpesi ti oned
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according to the invention without limiting the protection
10 merited by the appended claims. The example'given merely
gerves to elucidate said claims.

It is, for example, also possible not to embody
the conduit 2 as a cylindrical spiral defining a space for
housing the infrared lamp 3 but to embody the spiral of

15 the conduit 2 in a plane. A top view of this spiral form
of the conduit is shown in Figure 2. Blood or another
physioclogical fluid to be warmed is introduced into the
conduit 2 at the entry indicated with arrow A, and leaves
the conduit 2 at the exit marked with arrow B. In this em-

20 Dbodiment the infrared lamp or lamps are positioned next to
the conduit 2 in a manner that is completely obvious to
the person skilled in the art, and'requires no further
elucidation.

In correspondence to the afore-described Ffirst
pPreferred embodiment, the conduit 2 is, at least at the
side of the lamp 3 or lamps, transparent to infrared ra-
diation, and at the side facing away from the infrared
lamp or lamps a heat-reflective coating or f£ilm may be
provided. The infrared lamp or lamps are adjusted in ac-
cordance with the manner described for the first preferred
embodiment shown in Figure 1. In practice, said second
preferred embodiment, in which the conduit 2 is arranged
in a plane is for production technical reasons preferred.
The blood or the other physiological fluid conducted
through said conduit can be warmed safely and the thus em-
bodied apparatus is mechanically simple to realize.
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‘at its discharge, is provided with a temperature sensor

10 (6) that is coupled to, and feeds a control member (5),

characterized in that the infrared source (3) is adjust-
- able and connected to the control member (5).

2. An apparatus according to claim 1 charactérized
in that the conduit defines a spacé wherein the infrared

15 source is placed, and in that the conduit, at least at the
side facing the ipfrared source, is transparent to infra-
red radiation. : - ' -

3.An apparatus according to claim 1, characterized
in that the .conduit (2) extends substantially in a plane,

20 ‘in.that the infrared source (3} is situated next to the
conduit (2), and in that the conduit (2), at least at the
side of the source (3), is transparenﬁ.

4. An apparatus according to one of the claims 1-3,
characterized in that the conduit (2) extends substan-

25 tially in the form of a spiral and that its side facing
away from the infrared source is provided with an infrared
radiation-reflective coating or film (4). '

5. An apparatus according to one of the preceding
claims, characterized in that the same is equipped with a
30 flowmeter (7, 8, 9) connected with the control member (5).
6. An apparatus according to claim 5, characterized
in that the'flowmeter (7, 8, 9) comprises a heat source
(7) and at least one temperature sensor (8).
7. An apparatus according to c¢laim 5 or 6, charac-

35 terized in that the flowmeter (7, 8, 9) comprises two tem-

perature sensors (8, 9) and a heat source (7) positicned
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