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[57] ABSTRACT 

The invention relates to a device for adjusting the 
temperature of blood and the like ?uids under sterile 
conditions, comprising a reservoir in the shape of a 
collapsible bag, in which the fluid is contacted with 
the outer surface of a temperature adjusting body 
through which a temperature adjusting medium flows, 
said temperature adjusting body comprising a substan 
tially tubular rigid body passing through the collapsi 
ble bag in the assembly plane of the latter below the 
fluid inlet, a tight joint being provided between the 
bag and the tubular body at the ends of the latter. 

7 Claims, 3 Drawing Figures 
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TEMPERATURE CONTROL MEANS FOR BLOOD 
AND THE LIKE FLUIDS 

The present invention relates to temperature control 
means for adjusting the temperature of blood and the 
like ?uids under sterile conditions, the fluid in question 
being carried to a reservoir, in which the ?uid is 
brought into contact with an outer surface of a tem 
perature adjusting device, through which a tempera 
ture regulating medium ?ows, said reservoir compris 
ing a collapsible bag, which consists of two layers of a 
?exible thermoplastic sheet material, which are welded 
together to form a bag with a top hem for its suspen 
S1011. 

Temperature control means of this kind are used 
especially during an operation where a patient is having 
blood supplied, which has been treated in for example 
an oxygenator. The blood to be supplied must not be 
infected and must not contain air bubbles. Further 
more, it must be treated so carefully that the blood cells 
are not damaged. Temperature control means for this 
purpose are known. They can be inserted in the tube 
carrying the blood from the oxygenator to the patient 
and may be made from stainless steel, in order to make 
it possible to take them apart, clean them, sterilize 
them, and use them again. The possibility of re-using 
reduces the importance of production costs, but on the 
other hand the sterilization is a rather extensive and 
costly process. For this reason, temperature control 
means have been proposed, which are only used once 
and then discarded. 
A disposable heat exchanger, which is built into a 

reservoir in the lower part of an oxygenator, is known. 
The reservoir is made from hard, transparent plastic, 
and in a ?at, vertical part, it has a cylindrical enlarge 
ment with an approximately horizontal axis. In this a 
cylindrical body for the regulation of temperature has 
been inserted, to and from the interior of which the 
temperature regulating medium is supplied and 
discharged. The blood passes in a thin layer through the 
interspace between the cylindrical enlargement and the 
temperature control body. Normally, water is used for 
the temperature adjustment, and in order to get a well 
de?ned surface temperature of the temperature control 
body, the water must be supplied with a certain pres 
sure to give a good inner circulation and, accordingly, a 
good transmission of heat from the water to the trans 
mission surface. Owing to the relatively high pressure 
of the water supply, there is a risk that the temperature 
control body will break, if the discharge tube is blocked 
or ?attened, and thus cause a leakage of water into the 
blood present in the apparatus. 
When designing surgical equipment it is of vital im 

portance that the defects, which might occur, do not 
immediately cause a disastrous situation for the patient 
under treatment. Thus, in addition to a primary securi 
ty in the form of easy handling, ?rst grade materials and 
workmanship, and a big safety margin, the equipment 
should also provide a secondary security, which limits, 
postpones, or prevents accidents in case a defect 
should occur in spite of all precautions. In the above 
heat exchanger, a permanent risk of leakage of water 
into the blood exists, owing to the necessary joints 
between the temperature regulating body, its water 
supplies and the surrounding shell. Neither does a heat 
exchanger of this kind make it possible to prevent air 
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2 
from being pumped into the circulation of the patient if 
the supply of blood to the heat exchanger should fail. 
The object of the present invention is to provide tem 

perature control means for blood and the like ?uids, in 
which the risk of defects occurring, which might be dis 
astrous to the patient, is reduced to a minimum. With 
this object in view, the temperature control means of 
the invention comprise a temperature adjusting device 
in the shape of a tubular, rigid body, passing through 
the collapsible bag in the assembly plane of the side 
walls of the bag below the ?uid inlet, a sealing being 
provided between the tubular part of the said tempera 
ture adjusting device and the bag. 

Using a collapsible bag as the reservoir, and enclos 
ing the temperature control device in the latter, has the 
advantage of the passage being blocked when the reser 
voir is emptied, since this will result in that the bag col 
lapses, whereby the outlet is blocked. Furthermore, an 
easy and reliable sealing between the temperature 
regulating body and the bag becomes possible, for ex 
ample by means of a clamp or a rubber band pressing 
the parts of the bag surrounding the tubular body 
against the latter. This kind of assembling is inexpen 
sive. These advantages are obtained without loosing the 
usual advantages of reservoirs with ?exible walls. The 
?uid follows ?exible walls and is thereby prevented 
from splashing, whereby degassing is facilitated, and 
the upper part of the bag serves as a bubble trap, thus 
preventing bubbles and foam from penetrating into the 
circulation of the patient. 
A tube with ribs and corrugations, extending approx 

imately perpendicular to the axis of the tube, is 
preferably used as transmission surface according to 
the present invention. This increases the outer surface 
of the temperature adjusting device and, since the 
blood mainly passes in between the corrugations, a big 
cross section of flow is obtained, which prevents air 
bubbles from being carried along. 

In an embodiment of the temperature adjusting 
device, the corrugation is helical, arid the tubular body 
has moulded end closures, which have been moulded in 
situ to fill out the corrugations at the ends of the tubu 
lar body of the temperature adjusting device to provide 
a tight joint. A helical corrugation is especially simple 
and consequently economical to produce. Besides, it 
has turned out to be of no importance whether the cor 
rugations are extending perpendicular to the axis of the 
tube or not. The moulded end closures and the ?lling 
out of the corrugations at the ends of the tubular body 
ensure a good tightening against the bag, and the simul 
taneous moulding simpli?es the production, and the 
temperature adjusting body is easily provided with in 
and outlets, since these can be formed simultaneously 
with the moulding of the end closures. 

In a preferred embodiment of the invention, the tem 
perature adjusting body passes through the reservoir at 
both sides. The temperature adjusting body obtains 
only with difficulty the same strength at the ends as in 
the tubular part of it. This is partly due to the end clo 
sures proper consisting generally of sheet metal or 
moulded plastic, partly to the joining, which may be ad 
hesively along the circumference of the end closure. 
When the temperature adjusting body passes through 
the reservoir at both sides, an extra safety is obtained 
against the temperature adjusting ?uid penetrating into 
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the blood, in case the tubular body should break, ow 
ing, e.g. to an increased pressure caused by a blockade 
of the outlet for the temperature adjusting ?uid. 
According to the invention, the interspace between 

the bag and the transmission surface may be deter 
mined by means of two shells enclosing the bag ad 
jacent to the temperature adjusting body. Thus, the 
flow can be controlled in order to obtain an even 

utilization of the heat transmission surface. To ensure a 
mainly linear distribution of the ?ow along the trans 
mission surface, the opening between the shells above 
the temperature regulating body is increasing in width 
towards the ends, according to a preferred embodiment 
of the invention. 

In the following, the temperature control means of 
the invention will be explained in detail with reference 
to the embodiment shown in the accompanying 
drawings, in which 

FIG. 1 is a front elevation of the temperature control 
means, 

FIG. 2 is a sectional view along the line II — II of 
FIG. 1, and 

FIG. 3 a horizontal view along the line III — III of 
FIG. 2. 

The control means according to the invention con 
sists of a closed bag 1, made from two layers of plastic, 
which have been welded together by means of a weld 
ing seam 2 along the edges. The bag is suspended at its 
upper edge, e.g., by means of a rod 4 passing through a 
hem 3. Thereby a closed reservoir is formed, in which, 
for example, the temperature of blood treated in an ox 
ygenator or in a dialysis apparatus can be adjusted be 
fore being brought back into circulation in a patient 
being subjected to an operation. The blood is let off 
from the lower rounded part of the bag, to one wall of 
which a connecting piece 5 of plastic has been welded 
for the fixing of an outlet tube 6. The inlet of ?uid can 
take place through an opening 7 in the welding seam 2 
at one side of the bag 1. The opening 7 is connected 
with an inlet channel 8, which may form an integral 
part of the bag 1 by providing an extra welding seam on 
an enlargement of the two layers of plastic, from which 
the bag is made. To make sure that the bag will collapse 
if it is emptied, for example owing to interruption of the 
blood supply, the inlet channel may have a curve 10, 
facing downwards to form a sort of water trap, e.g., by 
letting the welding seam 9 join the outline of the bag 
below the opening 7 in the welding seams 2 of the bag. 
The inlet channel 8 may form a part of an oxygenator 
or a dialysis apparatus, to which the heat exchanger is 
connected, but may also have coupling means to con 
nect it with other apparatuses, since the temperature 
control means of the invention may be used also in 
other cases where a temperature adjustment of a ?uid 
under sterile conditions is desired. 
The bag 1 has extensions 11 near the bottom of each 

of the two side seams. The side seams are interrupted in 
each of these extensions along the part parallel to the 
side edge. The extensions 11 thus form sleeves, which 
are preferably placed opposite one another, and 
through which a heat transmission surface 12 is passed, 
preferably in the form of a temperature adjusting body 
13 of cylindrical outline. Around the sleeves resting 
against the ends of the cylindrical surface 12 of the 
temperature adjusting body 13, a rubber band 14 is_ 
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4 
placed, said band being secured with a clamp of stain 
less steel. Thereby a tight joint is provided between the 
bag 1 and the temperature adjusting body 13. In order 
to make the fluid in the temperature control means fol 
low the surface of the temperature adjusting body 13 
during its passage, two half-shells 15 of a cylindrical 
shape corresponding to that of the heat transmission 
surface 12 are enclosing the bag. The interspace 
between the half-shells along the rims 16,17, the half 
shells themselves, and the heat transmission surface 
determine the distribution of ?ow over the transmission 
surface. By making the distance between the rims 16 
(FIG. 2) suitably small and by giving the opening a 
slightly increasing width towards the ends, a quite even 
distribution of flow is obtained, which is important for 
the bubble removal, since nowhere must the speed of 
the ?ow be allowed to increase to such an extent that 
air bubbles, if any, cannot rise to the upper part. 
The heat transmission surface 12 has been made with 

a corrugated surface in order to obtain a considerable 
heat transmission by compact dimensions. 

FIG. 3 shows a section through the heat transmission 
surface, where the corrugations 18 are to be seen. The 
heat transmission surface may advantageously be made 
from a compensation tube of a resistance seam welded 
sheet of stainless steel. This makes the corrugation heli 
cal, which is, however, without importance for the ?ow 
passing the temperature adjusting body. The ?ow 
passes the channels formed between the corrugations, 
said channels being outwardly de?ned by the sheet 
material of the bag, which is kept close to or at a small 
distance from the corrugations by means of the half 
shells 15. The temperature adjusting body 13 has end 
closures 19, through which the inlet 20 and the outlet 
21 for the temperature adjusting ?uid are carried. The 
end closures 19 can be moulded in situ from plastic and 
simultaneously the corrugation at the ends of the tube 
may be filled out to provide a surface, against which the 
plastic can tighten. Thus, the material for the end clo» 
sures may be ?lled into a rubber mould, in which the 
end of the corrugated tube is inserted prior to the 
setting of the plastic. If desired, the rubber mould may 
be left on the end closure. The inlet 20 and the outlet 
21 may be throughgoing tubes, to avoid expansion of 
the temperature adjusting body 13 in the longitudinal 
direction due to the ?uid pressure. The corrugated tube 
is submitted to a compression test before being cut in 
the necessary length for a transmission surface. Con 
sequently, a considerable safety against leakage is ob 
tained against penetration of the temperature regulat 
ing medium into the bag, where the blood is. Further 
more, the end closures in the proposed construction 
are rather weak, and will break before the transmission 
surface, if, by accident, an increase of pressure in the 
temperature adjusting medium takes place, giving addi~ 
tional safety. For distribution of the temperature ad 
justing medium in the tubular body, the inlet tube 20 
and the outlet tube 21 are provided with holes 23, 
placed at short intervals, preferably tangentially to the 
axis of the tubular body. 
Wen not using through-going tubes in the tempera 

ture adjusting medium, the half‘shells 15 may have end 
walls, which prevent a longitudinal expansion of the 
corrugated heat transmission surface by enclosing the 
end closures of the temperature adjusting body. 
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To obtain the biggest possible purity of the blood or 
the ?uid, for the temperature adjustment of which the 
temperature control means is to be used, a filter may be 
built into the lower part of the bag between the tubular 
body and the outlet to retain solid particles and the 
like. 
We claim: 
1. Temperature control means for adjusting the tem 

perature of blood and the like ?uids under sterile con 
ditions, comprising 

a reservoir consisting of a collapsible bag made from 
two sheets of ?exible plastic welded together at the 
edges, and being suspended from a support at the 
top, and 

a temperature adjusting means in the shape of a sub 
stantially tubular rigid body extending through the 
collapsible bag in the plane of assembly of the 
latter below an inlet for the ?uid, and being pro 
vided with an inlet and an outlet for a temperature 
adjusting medium, 

a tight seal being provided between the collapsible bag 
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6 
and the tubular body at the ends of the latter. 

2. Temperature control means as set forth in claim 1, 
in which the tubular body has ribs or corrugations ex 
tending substantially perpendicular to its axis. 

3. Temperature control means as set forth in claim 2, 
in which the tubular body has helical corrugations, and 
moulded end closures, the outside corrugations being 
?lled up at the ends of the tubular body. 

4. Temperature control means as set forth in claim 1, 
in which the tubular body extends outside the reservoir 
at both ends. 

5. Temperature control means as set forth in claim 1, 
in which two half-shells enclose the collapsible bag ad 
jacent the tubular body. 

6. Temperature control means as set forth in claim 5, 
in which the half-shells have end walls enclosing at least 
the border of the end closures of the tubular body. 

7. Temperature control means as set forth in_ claim 5, 
in which the opening between the half-shells increases 
in width towards the ends of the half-shells. 

* * * * * 


