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MEDICAL APPARATUS

TECHNICAL FIELD.
The invention relates to a medical apparatus, especially suitable for filtration and
accumulation of solutions for intra-abdominal and/or intrapleuric perfusion in a
hyperthermal regime.

BACKGROUND ART.
The medical treatment of many serious pathologies, such as e.g peritoneal and pleuric
neoplasias, require the creation of extra-corporeal circuits which are destined to be
passed-through by perfusion solutions after surgical operations to reduce the
neoplasias.
In these circuits a device must be provided which has the specific function of filtering,
accumulating and managing variable volumes of solutions which are perfused in the
abdominal and/or pleuric cavity of a patient.
At present there are no available apparatus which are specifically realised for this type
of therapy and, for this reason, devices made originally for use in other treatments are
used, such as, e.g., heart surgery treatments.
These devices essentially comprise a filtering element which is destined to filter the
blood of a patient during a surgical operation, in order to remove all those impurities
deriving from the operation, such as, for example, clots, fragments of cut tissues,
fibrin, gelatinous tissues, suture stitches and residues thereof.
Further, these devices are of the so called “open” type, i.e. they exhibit at least an
opening which places the internal environment of the devices in contact with the
outside environment.
The above-described devices exhibit some drawbacks.
A first drawback is that the devices tend to rapidly saturate the filtering elements they
are made of, which thus quickly become useless for their allotted function.
A further drawback is that being of the open type, damaging gases developing with
the use of chemotherapeutical drugs, used at temperatures of above 37°C, might be
diffused into the environment.
A further drawback is that these devices are realised using plastic materials which can

react chemically with chemotherapeutical drugs and release very damaging residues
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of these plastic materials into the solutions perfused into the patient.
A further drawback is that the accumulation capacity of these known devices is
considerably limited in relation to use thereof in surgical treatment of peritoneal and
pleuric neoplasias.
During surgical operations, the patient has to be perfused with volumes of solution
which vary between a minimum of 2,000 ml up to a maximum of 6,000 to 9,000 ml,
and these capacities are not reached in the known devices normally used in heart
surgery and used in the treatment of peritoneal or pleuric neoplasias.
In perfusion, volumes of solutions used are perfused into the patient’s abdomen or
pleura, by means of a suitable perfusion circuit which has an outgoing branch and a
return branch which flow into or out of the previously-mentioned devices for filtering
these volumes of solution before they are newly perfused in the patient’s abdomen or
pleura, after being heated to a predetermined temperature.

OBJECTS OF THE INVENTION.

An object of the invention is to provide an improvemeﬁt over the prior art.
A further object of the invention is to realise a medical apparatus which can be used
specifically in surgical treatments in hyperthermal regime on peritoneal and pleuric
neoplasias, without causing any risk of release of damaging substances.
A further object of the invention is to realise a medical apparatus which does not
release gases into the atmosphere which might be damaging to the health of the
operators or patients.
A further object of the invention is to realise a medical apparatus which has sufficient
capacity to contain all the volumes of solutions used during surgical operations to
reduce neoplasias, such as, e.g., peritoneal and/or pleuric neoplasias.
A further object of the invention is to realise a medical apparatus which can perform
an efficient filtration action on the solutions to be infused into a patient, in order to
prevent the patient from coming into contact with substances that have previously
been removed from the operating area.
According to an aspect of the invention a medical apparatus is provided which is
particularly suitable for filtration and accumulation of solutions for intra-abdominal

and/or intrapleuric perfusion in a hyperthermal regime, comprising a body, said body
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comprising: inlet and outlet means for liquid solutions to be filtered; filtering means
arranged between said inlet and outlet means; characterized in that said filtering
means are arranged in a receiving element of said liquid solutions, a container element
of said liquid solutions being provided, which container element having a variable
capacity and being connected to said receiving element and to said outlet means.
The medical apparatus enables receiving, containing, filtering and newly perfusing a
patient with liquid solutions used during surgical operations, for intra-abdominal
and/or intrapleural perfusion in a hyperthermal regime, while also preventing
diffusion into the outside environment of dangerous vapours generated by drugs, in
particular chemotherapeutical drugs.

BRIEF DESCRIPTION OF THE DRAWINGS
Further characteristics and advantages of the invention will better emerge from the
description that follows of a medical apparatus, illustrated by way of non-limiting
example in the accompanying figures of the drawings, in which:
figure 1 is a schematic view of an accumulation, filtration and perfusion system of
liquid medical solutions to patients, in a stage of preparation for an infusion;
figure 2 is a schematic view of the system of figure 1, in a stage of perfusion of a
liquid solution to a patient;
figure 3 is a perspective exploded view of a medical apparatus which is part of the
system of figure 1;
figure 4 is a view in enlarged scale of a transversal section of the medical apparatus of
figure 3, taken along a plane ITI-IIT of figure 3.
With reference to the figures of the drawings, 1 denotes a pre-assembled system,
known as a set and called such hereinafter, for intra-abdominal and/or intrapleuric
perfusion in a hyperthermal regime of medical liquid solutions.
The set 1 comprises a medical apparatus 2 suitable for accumulating and filtering
medical liquid solutions which circulate in the set 1, as described herein below.
The medical apparatus 2 comprises a substantially-rigid receiving element 3, to a
lower surface of which a flexible bag 4 is removably and sealedly fixed, which bag 4
is destined to contain volumes of medical liquid solutions.

In the receiving element 3 are defined an inlet 5 and an outlet 6, both provided with
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respective mouths for attachment of tubes, throungh which inlet 5 and outlet 6 the
liquid solutions enter the bag 4 and exit the bag 4 in order to reach the abdomen of a
patient P during a surgical operation.

The receiving element 3 is made up of a box structure 7 having an elongated and
narrow shape, which affords an upper opening 8 that is sealedly closable by means of
a closing lid 9.

Apart from the inlet 5, the closing lid 9 exhibits two hooks 10 destined to enable the
medical apparatus 2 to be hung from two corresponding supports of a weighing device
of an automatic machine used for perfusing medical solutions in patients P.

As well as the hooks 10 and the inlet 5, the closing lid 9 further exhibits other holes,
precisely a compensating hole 11 for compensating pressure differences between the
inside of the bag 4 and the external environment, a supplementary inlet hole 12 for use
if it should become necessary to introduce solutions or drugs into the bag 4, an
introduction hole 13 for introducing chemotherapy drugs or drugs in general, a
recycling hole 14, a second supplementary hole 15, normally closed but openable if
necessary.

All of these holes are provided, like the inlet 5 and the outlet 6, wifh respective
mouths, normally truncoconical, to facilitate insertion and attachment of
corresponding tube ends, as will be explained in more detail herein below.

With reference to figure 3, the box structure 7 exhibits the internally defined
compartment which is sub-divided into two chambers, respectively a receiving
chamber 16 and a conveying chamber 17, substantially separated from one another by
a wall 18 which is arranged longitudinally internally of the box structure 7.

Note that all of the holes, from 12 to 15, as well as the inlet 5, which are substantially
aligned to one another, open above the receiving chamber 16.

Further, the height H1 of the wall 18 is slightly lower than the height H2 of the box
structure 7, such that it leaves an emergency passage opening defined between the
upper edge of the wall 18 and the lower surface of the lid 9 when the 1lid 9 is mounted
on the receiving element 7.

The wall 18 shapes housing seats 24, 25, 26 for housing a series of flat filters 19, 20,
21 which are all of a substantially equal height to the height H1 of the wall 18, such
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that in a case of accidental occlusion of these filters 19, 20, 21 the passage of the
liquid solutions is in any case possible through the emergency passage opening
defined between the upper edge of the wall 18 and the lower surface of the lid 9.
Precisely, the filters 19 and 20 have substantially the same filtration coefficient while
the filter 21 has a filtration coefficient which is considerably higher than that of filters
19 and 20, such as to filter the liquid solutions passing from the receiving chamber 16
to the conveying chamber 17 through the filters in a more capillary way.

For this reason, the wall 18 exhibits, at the seats 24, 25, 26, passages or through-
openings which force the liquid substances to cross the filters 19, 20, 21.

In particular, the base of the filter 21 resting on the bottom 23 is glued to the bottom
23, and the sides 21A are glued to the lateral sides defining the seat 26 in which the
filter 21 is arranged.

A discharge opening 22 is afforded in the conveying chamber 17, and more precisely
on the bottom 23 thereof, which is also the bottom of the Mr—é\ceiving chamber 16.

The bottom 23 is slightly inclined towards this discharge opening 22 such as to
convey the liquid solutions towards the opening 22 after they have been filtered by the
filters 19,20, 21. |

The opening 23 opens into the bag 4 in proximity of a side thereof, such that the liquid
solutions which pass through are forced to pass through a further filter 27 which is
arranged inside the bag 4, close to a side thereof and extending substantially down to
the bottom 30 of the bag 4, which bottom 30 is also inclined, where there is a
discharge opening 28 closed with a cap 29 which can be removed when necessary.

A tube 31 is arranged internally of the bag 4 and in proximity of an opposite side to
the side where the further filter 27 is arranged, which tube 31 has an end facing
towards the bottom 30 and located close thereto, and an opposite end 33 which is
connected to the outlet 6.

The compensating hole 11, which is normally kept open, is provided with a filter 34
for protecting the contents of the bag 4 from the bacteria which are found in the
outside environment.

This filter 34 comprises an internal filtering membrane coupled to a coal insert: the

first membrane prevents bacteria access to the inside of the bag 4, while the coal insert
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retains any vapours from chemotherapy drugs which tend to exit towards the external
environment when a greater pressure than atmospheric pressure is generated inside the
bag 4.

The introduction hole 13 is provided with an “injection point” 35, i.e. a shutter
member made of a plastic material, e.g. a unidirectional valve, which can be activated
by introducing the attachment mouth of the needle of a syringe in order to introduce
drugs internally of the receiving element 7 and thus into the bag 4.

With reference to figure 1, the medical apparatus 2 is connected to a series of tubes
which connect it with the patient P via a pumping machine.

The tubes comprise a first tube 36 which is predisposed to be connected at an end 37
thereof to the inlet 5 and at the opposite end thereof to an exit P2 from the body of the
patient P subjected to a surgical operation, with the interposing of a second tube 39, as
is better explained herein below.

A first pump 40 is located along the first tube 36, normally a peristaltic pump, which
creates an aspiration internally thereof.

The opposite end 38 is provided with a connector 41, e.g. a female connector, which
is couplable with a connector 42, e.g. a male connector, which is mounted at a
terminal end of a branch 39A of the second tube 39, which has a further branch 398
the end 39C of which is connectable to the recycling hole 14; clamps 47 and 48,
openable and closable according to need, are arranged on both branches 39A and 39B.
The second tube 39 is connected to an outlet line from the patient P, with the
interposing of a heating device 43 which heats the solutions to be perfused to a
temperature which is substantially higher than body temperature, i.e. beyond 37°C.
The set 1 further comprises a third tube 45 which is destined to send the liquid
solutions to be perfused to the patient P through an inlet P1 connected to the patient,
as indicated by arrows A.

A second pump 46 is provided along the third tube 45, which second pump 46
aspirates the solutions to be perfused from the bag 4 when the set [ is at normal
functioning regime or, at the start of the perfusion cycle, from a further bag 49 in
which a solution to be perfused is contained and kept.

In more detail, the third tube 45 has two branches 45A and 45B which flow into the
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tube 45 upstream of the second pump 46.

Further clamps 50 and 51 are mounted on both branches 45A and 45B, which clamps
50 and 51 can be opened or closed according to need.

In a practical realisation, both the openable clamps 47 and 48 and the further clamps
50 and 51 can be part of the overall equipment of an automatic machine for perfusing
liquid solutions on which the set 1 is mounted for this purpose.

In more detail, the branch 45B is connected to the outlet 6 while the branch 45A is
connected to the further bag 49.

The bag 4 also has a central breather opening 52 which is connected to a
corresponding opening 53 which is obtained in the bottom 23 of the receiving element
7, destined to expel through the receiving element 7 and the compensating hole 11 any
air bubbles which may be present in the bag 4.

The functioning of the medical apparatus 2 comprises three main stages, ie. a first
preparation stage, a second treatment stage and a third emptying stage.

In turn, the first preparation stage comprises a filling stage and a recycling stage.

With reference to figure 1, during the filling stage the further clamp 50 is in an open
configuration while the further clamp 51 is in a closed configuration.

The clamp 47 is in a closed configuration while the clamp 48 is in the open
configuration.

The male connector 42 of the branch 39A is fastened on the female connector 41 of
the first tube 36.

In these conditions the liquid solution contained in the further bag 49 is aspirated
internally of the set 1 by the second pump 46 which sends it to the heating device 43
and from there to inside the medical apparatus 2, through the branch 39B of the
second tube.

This stage serves to fill the whole set 1 with the quantity of liquid solution necessary
for the perfusion and predetermined on the basis of the built of the patient P.

During the recycling stage, still with reference to figure 1, the further clamp 50 is
closed while the further clamp 51 is opened.

The clamp 47 is opened while the clamp 48 is closed.

The male connector 42 of the branch 39A is still connected to the female connector 41
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of the first tube 36.

In these conditions, the liquid solution contained in the bag is aspirated by the second
pump 46 through the internal tube 31 and the outlet 6 and is sent towards the heating
device 43 where it is heated to a temperature of about 40°C.

The liquid solution is sent from the heating device 43 towards the first pump 40 which
via the first tube 36 introduces it, once heated, newly into the bag 4.

After this preparation stage, the second treatment stage comprises a stage of loading
the patient P, a stage of perfusion and a washing stage.

In the loading stage the further clamp 50 is still in a closed configuration and the
further clamp 51 is in an open configuration.

The clamp 47 also stays open and the clamp 48 stays closed.

The male connector 42 is disconnected from the female connector 41 and is connected
to the inlet P1 of the patient P.

The female connector 41 is connected to the outlet line P2 coming from the patient P.
During this loading, the first pump 40 is stationary while the second pump 46
aspirates the liquid solution from the bag 4, sends it to the heating device 43 and then
to the patient P.

During this loading stage the abdomen or the pleuric cavity of the patient P is filled,
with the greatest possible volume of liquid solution, which is about 4000 ml of liquid
solution, while about 1000 ml are left inside the bag 4.

During the following perfusion stage, the configurations of the further clamps 50 and
51 and the clamps 47 and 48 do not change with respect to the loading stage, while
only the first pump 40 is activated to aspirate, at the same velocity as the second pump
46, the liquid solution from the abdomen or from the pleuric cavity of the patient P,
sending it towards the bag 4 in the direction of arrows R.

During this stage, the solution circulates continuously internally of the set 1, being
heated up to the desired temperature, normally 42°C, before being introduced into the
patient P and being filtered and collected, as will be more fully described herein
below, internally of the medical apparatus 2.

During the circulation, the medical staff can introduce other drugs into the liquid

solution to be perfused into the patient P, if this is required.
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In order to do this, the operator can fill a syringe with the drug to be introduced and,
after having removed the needle, can insert the needle attachment to the inside of the
injection point 35 of the introduction hole 13, momentarily opening it towards the
receiving element 3, and emptying the drug internally of the receiving chamber 16.
The set 1 is provided with further introduction holes, denoted by 13 and 13", which
are exhibited on the first tube 36 and the third tube 45 respectively upstream of the
respective pumps 40 and 46.

In detail, during the stage of perfusion the liquid solution exiting from the patient P
after having perfused the abdomen or the pleuric cavity thereof is aspirated by the first
pump 40 and sent therefrom to the medical apparatus 2.

The liquid solution coming from the patient P is loaded with impurities of various
kinds, deriving from the operating field, and is introduced into the receiving chamber
16 through the inlet 5 of the 1id 9.

As can be seen in figure 3, the liquid solution, due to the inclination of the bottom 23,
tends spontaneously to reach the discharge opening 22 and in order to do this is forced
to cross first the filters 19 and 20 and then the filter 21.

Crossing the first filters 19 and 20 eliminates the largest impurities from the liquid
solution, while passing through the filter 21, which is more selective, removes the
microscopic impurities.

The filtered solution passes through the discharge opening 22 and thence falls into the
underlying bag 4, passing through the further filter 27 which slows the speed of fall
and prevents the formation of air bubbles or foam.

The filtered liquid solution is then accumulated in the bag 4, from which it is aspirated
from the second pump 46 in order to be newly perfused in the patient P.

Worthy of note is the fact that in a case in which the filters 19, 20, 21 were saturated
and no longer allowed passage of the liquid solution through the filtering fibres, the
emergency passage opening, defined as the difference between height H1 of the
separation wall 18 and the filters 19, 20, 21 and height H2 of the box structure 7, i.e.
between the separation wall 18 and the lower surface of the lid 9, would enable the
filters 19, 20, 21 to be by-passed without interrupting the flow of the liquid solution
which would however be subjected to a filtering action on the part of the further filter
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27 arranged internally of the bag 4 at the discharge hole 22.

During the following washing stage the further clamp 50 is newly opened while the
further clamp 51 is newly closed.

The configuration of the clamps 47 and 48 is unchanged with respect to the
configuration of the perfusion stage and the male connector 42 remains connected to
the inlet line P1 of the patient P.

The female connector 41 still remains connected to the outlet line P2 from the patient
P.

The second pump 46 continues to aspirate the solution from the bag 4 and send it to
the heating device 43, and from the heating device to the patient P.

The first pump 40 is active and the functioning regime thereof is modified such that it
aspirates the liquid solution which is in the patient P at a greater speed than that with
which the liquid solution is sent from the second pump 46 to the patient P.

During this stage, a sort of washing-out of the abdomen or the peritoneal or pleuric
cavity of patient P is performed, with the removal of all traces of drug therefrom.
During the third stage of emptying, the configurations of the further clamps 50 and 51
and the clamps 47 and 48 does not change.

The male connector 42 still remains connected to the inlet line P1 of the patient P.

The female connector 41 still remains connected to the outlet line P2 from the patient
P.

During this stage the second pump 46 is deactivated and only the first pump 40
remains active, which aspirates all the liquid solution from the abdomen or from the
peritoneal or pleuric cavity of the patient P and sends it into the bag 4, which has a
predetermined capacity sufficient to collect it and contain it entirely.

In this way it is possible to eliminate the whole set 1 according to the existing laws
relating to the disposal of materials and device which are in contact with toxic and

dangerous drugs, such as, for example, chemotherapy drugs.
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CLAIMS

. Medical apparatus, particularly suitable for filtration and accumulation of

solutions for intra-abdominal and/or intrapleuric perfusion in a hyperthermal
regime, comprising a body, said body comprising: inlet (5) and outlet (6)
means for liquid solutions to be filtered; filtering means (19, 20, 21) arranged
between said inlet (5) and outlet (6) means; characterized in that said filtering
means (19, 20, 21) are arranged in a receiving element (3) of said liquid
solutions, a container element (4) of said liquid solutions being provided,
which container element having a variable capacity and being connected to

said receiving element (3) and to said outlet means (6).

. Apparatus according to claim 1, wherein said receiving element (3) comprises:

a receiving chamber (16) and a conveying chamber (17) defined separately in
said receiving element (3); separation wall means (18) arranged in said
receiving element (3) to separate said receiving chamber (16) and conveying
chamber (17).

. Apparatus according to claim 1 or 2, wherein said conveying chamber (17) is

connected to said container element (4).

. Apparatus according to claim 1 or 2, wherein said wall means (18) form

housing seats (24, 25, 26) for arranging said filtering means (19, 20, 21) and
permeable towards said receiving chamber (16) and conveying chamber (17),
in such a way as to make them communicate.

Apparatus according to claim 3, wherein said filtering means comprise
filtering elements (19, 20, 21) having at least two different filtration
coefficients, first filtering elements (19, 20) with low filtration coefficient
being arranged in said receiving chamber (16), second filtering elements (21)
with high filtration coefficient being arranged downstream of said first filtering

means (19, 20) and turned towards said conveying chamber (17).

. Apparatus according to claim 5, wherein said first filtering means comprise flat

filters (19, 20) arranged in said arrangement seats (24, 25) substantially parallel
to said wall means (18) and which can be passed through by said liquid

solutions in transversal directions.

11



10

15

20

25

30

WO 2008/146132 PCT/IB2008/001325

7.

Apparatus according to claim 5, wherein said second filtering means comprise
at least one mesh filter (20).
Apparatus according to claim 7, wherein said mesh filter comprises a woven

no-woven filter (20).

. Apparatus according to claim 7, wherein said mesh filter (20) has a filtering

surface comprising accordion-folded bends.

10. Apparatus according to claim 1, wherein said receiving element comprises a

11.

box structure (7) which has an upper opening (8) and, on the opposite side, a
bottom (23), said upper opening (8) communicating with an external
environment and being seal-closable with closing means (9).

Apparatus according to claim 5 or 10, wherein said first filtering elements
(19, 20), said second filtering elements (21) and said wall means (18) have
substantially the same height (H1) and slightly below the height (H2) of said
receiving chamber (16) and conveying chamber (17), in such a way as to define
a passage opening between said first filtering elements (19, 20), second
filtering elements (21), wall means (18) and said closing means (9) when said
first filtering means (19, 29) and said second filtering means (21) are

obstructed.

12. Apparatus according to claim 6 or 10, wherein said bottom (23) is inclined

towards outlet means (22), in such a way as to convey towards these the liquid

solutions filtered by said flat filters.

13. Apparatus according to claim 10, wherein said closing means comprise a lid

(9) that shapes said inlet means (5) at said receiving chamber (16); a first
compensating hole (11) for connecting said accumulation means (4) with said
external environment, in such a way as to compensate pressure differences

between said accumulation means (4) and said external environment.

14. Apparatus according to claim 13, wherein said first compensating hole (11)

15.

comprises third filtering means (34).
Apparatus according to claim 14, wherein said third filtering means comprise
a filter (34) with antibacterial and/or adsorbent filtering elements of molecules

in air suspension.
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16. Apparatus according to claim 13, wherein said lid (9) comprises attachment
means (10) to attach said box structure (7) to bearing and/or weighing supports.

17. Apparatus according to claim 10, wherein said closing means (9) comprise a
second introduction hole (15) for introducing additional drugs/substances in
said receiving element (3) and which opens into said receiving chamber (16).

18. Apparatus according to claim 10, wherein said closing means (9) comprise a
third recycling hole (14) and a fourth communication hole (12) between said
external environment and said receiving chamber (16).

19. Apparatus according to any of the claims 1, 16, 17, wherein said inlet means
(5), first compensating hole (11), second hole (15), third hole (14) and fourth
hole (12) comprise respective mouths extending outside from said closing
means (9).

20. Apparatus according to claim 19, wherein said respective mouths comprise
standardized connections known as “Luer connections”.

21. Apparatus according to claim 10, wherein said bottom comprises a breather
opening (52) that opens inside said box structure (7) and that extends towards
the inside of said accumulation means (4).

22. Apparatus according to claim 1, wherein between said receiving element (3)
and said accumulation means (4) recycling means are arranged for said liquid
substances which can be connected to a perfusion circuit (1) to a patient (P).

23. Apparatus according to claim 1, or 6, or 20, wherein said accumulation means
comprise a flexible bag (4) that defines a compartment inside it and that is
connected to said box structure (7) on the opposite side to said closing means
(9) and below said bottom (23).

24. Apparatus according to claim 23, wherein said bag (4) has inner suction tube
means (31), connected at one end with said outlet means (6).

25. Apparatus according to claim 23, wherein said bag (4) has further inner inlet
tube means (22) which extend into said compartment and having an outlet end
opening onto further filtering means (27) arranged in said compartment.

26. Apparatus according to claim 22 or 23, wherein said recycling means

comprise a duct segment obtained outside said receiving element by said third
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recycling hole (14) and shaping a coupling mouth with a duct of a perfusion
circuit (1) connected to a patient (P).

27. Apparatus according to claim 23, wherein said bag (4) has a bottom (30) with
discharge means (28, 29) for said liquid solutions.

28. Apparatus according to claim 27, wherein said bottom (30) of said bag (4) is

inclined towards said discharge means (28, 29).
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