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(57 Abstract

A freezing frame (39) has two cylindrically curved
perforated plats (40, 41) adapted % contin a freczing
bag (10) during a freezing process in which the bag is
suspended with its length vertical in a freezing medium,
including, on each plate (40, 41), a series of horizontally
disposed ribs (48) extending into the volume of the
frame.
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FREEZING FRAMES FOR BLOOD BAGS

The present invention relates to frames for constraining bags
holding blood cells which are to be preserved by freezing for future
transfusion.

Blood used for transfusion is normally stored in refrigerators,
at a temperature of 4°° 2°, where its safe life is no longer than six
weeks. Potentially longer storage life might be obtained by freezing,
but unfortunatély freezing blood as obtained from a donor results in
destruction of the red blood cells making the blood totally unsuitable
for transfusion. Red blood cells can be.stored after separation from
other blood components, usually by centrifuging, from the associated
plasma, mixing with a cryoprotectant, and then freezing. The usual
cryoprotectant is glycerol. As glycerol itself is poisonocus frozen
cells must have all the glycerol removed therefrom before being used
for transfusion. The necessary removal process, involving
centrifugation and multiple washing steps, is a skilled and
time~-consuming task which also results in a significant loss of vieable
blood cells.

Another cryoprotectant is hydroxyethyl starch (HES), which is a
widely used artificial plasma expander and is non-toxic. Much work
has been carried eut on methods of preserving red blood cells uysing
this substance. i ‘. efforts were unsuccessful, as it was found that
the level of haemolysis (breakdown of red blood cells) in units of
blood {a unit of blood being the volume of & standard donation, about
450m1) recovered after freezing was above the safe limit. It is
usually considered that a unit of blood is safe for transfusion if the
level of haemolysis at thaw is no greater than 1%. A method of
preserving and recovering red blood corpuscules by freezing, using HES
as a cryoprotectant, wherein the level of haemolysis after recovery is
within acceptable limits, has now been developed and is described in
Patent Application PCT/GB90/0140.

The bags used in the method of PCT/GB90/0140 must be capable of
fulfilling stringent criteria. Freezing is carried out in liquid
nitrogen, and i& accompanied by unavoidable changes in volume of the

mixture of red blocd cells and cryoprotectant. As explained in
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PCT/GB90/0140 the manner in which this change of volume is
accommodatad by control of the thickness of the freezing bag during
freezing is critical. It is also important that the concentration of
HES is within stringent limits, and that the process of transferring
donated blood to the freezing bag is carried out in a sterile manner.

Also it is important that the bags, which must, once filled with
blood, be stored at sub-zero temperatures of, for example, -100°C,
should be of a convenient shape for storage. It must also be possible
to allow the blood, after thawing to flow from the bag in a sterile
manner for transfusion purposes. Bags which fulfil these criteria are
described in Patent Applications PCT/GB88/00947 and PCT/US91/00192.
The manner of extraction from these involves penetration by a needle
of a special port built into the bag. This procedure requires skill,
presents the blood in a format not usually recognised by nursing
staff, and also breaches the absolute microbiological integrity of the
bag.

A freezing bag which fulfils the requirements for freezing blood
according to the method of PCT/GB90/014C, which complies with the
required microbiological standards and whose use, once the contens
have been prepared for transfusion, is similar to bags as used for
conventienal transfusions, is described in our Application
GB-A-9218538.

It is well known in the art that freezing bags containing red
blood cells to be frozen using HES as a cryoprotectant must be
constrained within frames, known as freezing frames, to maintain the
thickness of the contents substantially constant over the total wvolume
during the freezing process. As is explained in PCT/GB90/0140 small
local variations im thickness can have, in practice, a significant
effect on overall haemolysis, and as also explained therein the use of
freezing frames having cylindrically or, preferably, spherically
curved plates can help to avoid such local variations. The
manufacture of spherically curved plates for freezing frames is
technically demanding, and furthermore the spherically curved shape of
bags frozen in such frames is inconvenient for storage purposes. In
consequenc® cylindrically curved frames are preferred and it has been
found that using these with the bags according to GB-A-9218538, when
the frames are suspended with their lengths vertical {in practice the
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most convenient orientation for the freezing process), there is a
tendency for even the plates of these frames to distort at the lower
end due to the effects of gravity added to the freezing effects.

According to the present invention a frﬁiz‘pg frame having two

5 cylindrically curved perforated plates adapted %o?uaﬁnuggfzggngggxkghueaa ‘o
freezing bag during a freezing process in which the bag is suspended
with its length vertical in a freezing medium, has, on each plate, a
series of horizontally disposed ribs extending inte the volume of the
frame.
10 The ribs in the two plates will usually be staggered.

The freezing bag described in GB-A-9218538 has, in a preferred
embodiment, a tube positioned on a port and lying within a pouch which
is formed by extensions of the two sheets of material which are bonded
together to form a containment zone, the open ends of the pauch being

15 bonded together after transfer of contents to the containment zone and
prior to freezing. A freezing frame according to the invention for
use with such a bag is therefore sized to contain the entire bag and
has, in at least one plate thereof, an outwardly extending channel to
accommodate increased width (compared with the thickness of the

20 freezing mixture) of the port and tube.

Some embodiments of the invention will now be described, by way
of example only, with reference to the accompanying diagrammatic

drawings, of which:
Figure 1 is a plan view of a freezing bag according as described

25 in GB-A-9218538,
Figure 2 is a perspective view of a freezing frame according to
the present invention,

Figure 3 is an end elevation of the rear plate of the frame

shown in Figure 2, and
30 Figure 4 is a side elevation, in the direction of the arrow A in

Figure 3, of the rear plate.

As described in GB-A-9218538 a freezing bag 10 (Figure 1) is
formed from two sheets of material, shown generally at 11. A bottom
edge 12 and side edges 13, 14 of the sheets are joined together by a

35 first weld 15. An ingert 16 having an integral port 17 is positioned
towards the top of and between the sheets 11 and the sheets 11 are
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joined together by a by a second weld 18 which is angled upwardly
(relative to a right angle) from the weld 15 at one side il of the
sheets 11, and which defines an access edge, overlies the insert 16
such that there is a passage across the weld 18, then curves
downwardly to meet the weld 15 at the side 14 of the sheets 11. The
welds 15, 18 thus define a containment zone 19 which is sealed other
than tiyrough the insert 16 and port 17, and the insert 1% is
positiom#® towards the top of a pocket 20 defined by the normal to the
weld 15 ai’ its junction with the weld 18 and the weld 18.

An open pouch 21 is defined by the extent of the sheets 11
beyond the containment zone 19 and pocket 20, the pouch being defined
by the weld 18, extensions of the weld 15, and ends 22 of the sheets
11. A tube 23 is attached to the port 17. In use, after the
containment zone 19 has been filled with mixture to be frozen the tube
23 is sealed, air ig expelled from the pouch 18 and the ends 22 of the
sheets 11 are sealed then usually sealed to contain the tube 23.

In order to meet the stringent requirements of the method of
PCT/GB90/0140 (ie controlling an optimum thickness of contents when
freezing a standard unit of blood)} the containment zone has an area of
approximately 0.102 sq. metres, and the welds 15, 18 at the corners
of the containment zone 19 are curved. The containment zone 19, apart
from the pocket 20, is advantageously rectangular, almost square, in
shape, and suitable approximate dimensions are similar to those shown
in Figure 1, namely an overall bag length of 395mm and width of 325mm,
with lengths between weld 18 and weld 15 at the bottom edge 12, at
ends of the pocket 20, being respectively 340 and 300mm with welds 15
18 4mm wide, weld 15 being inset bmm from edges 14, 13 of sheets 11
and corners having radii of 46mm. At the corners of the bottom edge
12, external to the c¢ontainment zone 13, are two reinforced hanging
aperturss 30.

A freezing frame 39 (Figure 2) according to the present
invention, in a form suitable for use with the freezing bag described
above with reference to Figure 1, has a front plate 40 and a rear
plate 41, each of cylindrically curved form with the chord between te
edges being displaced about 2cm from the midline. Each plate (see
particularly plate 40 in Figure 2) is formed from aluminium and has a

solid edging band 42 surrounding a 0.9mm thick grill 43 which has
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perforations such as those shown at 44. The dimensions are such that
when the plates 40, 41 are positioned together with their edging bands
42 in contact there is a displacement of about 3mm between the facing
surfaces of the grills 43. The rear plate 41 has (Figures 3, 4)
towards a first end 45, a channel 46 protruding outwardly therefrom,
and in both plates 40, 41 from & second end 47 extends a series of
horizontal ribs 48, of which three are shown in each plate, which
protrude inwardly, ribs in the two sheets being staggered.

In use with a bag 10 of the type déescribed above with reference
to Figure 1 the frame 39 is positioned to enclose a bag 10, which has
been filled with a mixture to be frozen, such that the port 17 and
tube 23 of the bag 10 lie within the channel 46. The plates 40, 41
are secured together by six spring clips (not shown) positioned at
points 49 (Figure 2). The use of spring clips rather than hinges and
clasps, which are prone to icing up during the freezing process,
reduces the danger of distortion of the frame 39 when the bag 10 is
removed therefrom. The frame 39 and contained bag 10 are then
suspended vertically, with second end 47 of the frame 39 lowermost, in
liquid nitrogen and the contents frozen in the manner well known in
the art. During the freezing process the mixture expands slightly,
and the use of spring clips allows the plates 40, 41 to move slightly
relative to one another to accommodate this expansion whilst keeping
the thickness of the mixture constant. The shape of the plates
resists local distortion which would allow perturbations in the
thickness, the resistance being increased at the bottom of the frames,
where the pressure of the mixture is greater, due to gravity, than at
the top, by the ribs 48. The bag 10 will usually be removed from the
frame 39 for storage, allowing the frame 39 to be re-used.

When the stored blood is required it is thawed according to the
method of PCT/GB/90/0140 and the tube 23 connected by a sterile
docking device to any regular transfusion bag. The thawing process,
which is extremely simple, is the only task not familiar to those used
to giving blood transfusions and the blood for transfusion is
presented to medical and nursing staff in a bag with which they are
familiat.

It will, of course, be realised that many variations of the

above described frame 39 are possible within the scope of the
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invention. For example, the dimensions quoted are based on the

assumption that the frame will be used with a freezing bag 10 as

described in GB-A-9218538. Frames according to the invention can, of

course, be used with other types of freezing bag, in which case the

dimensions may be different and ~he disposition of the ribs 48 may be

other than as shown in Figures 2 to 4.
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CLAIMS

What is claimed is:

1. A freezliiaframe having twokrillndr cally curved perforated plates
adapted to, in ungaé%n?gfﬁ a freezing bag during a freezing process
in which the bag is suspended with its length vertical in a freezing
medium, including, on each plate, a series of horizontally disposed
ribs extending intc the volume of the frame.

2. A freezing frame as claimed in Claim 1 wherein the ribs in the two
plates are staggered.

3. A freezing frame as claimed in Claim 1 or in Claim 2 having, in at
lesst one plate thereof, an outwardly extending channel.

4y, A freezing frame substantially as herein described with reference

to Figures 2 to 4 of the accompanying drawings.
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