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(54) Apparatus for the automatic preparation of a drug and respective method of preparation

(57) An apparatus (10) for the automatic preparation
of a drug consisting of at least two components comprises
a first container (12) for a first component, a second con-
tainer (14) for a second component, a third container (16)
to receive the prepared drug, an intermediate container
(27) for the preparation of the drug, connected both to
the third container (16) and also, by means of valve
means (34, 36) selectively openable and closable, to the
first container (12) and to the second container (14). The
apparatus (10) also comprises an intake/�injection device
(20) able to be activated in intake mode to take in dosed
quantities of the first and second component inside the
intermediate container (27), and activated in injection
mode to transfer the prepared drug from the intermediate
container (27) to the third container (16), and an elec-
tronic control unit (40) suitable to manage automatically
and in a coordinated manner the selective activation of
the valve means (34, 36) and the intake/ �injection device
(20).
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Description

FIELD OF THE INVENTION

�[0001] The present invention concerns an apparatus
for the automatic preparation of a drug and the relative
method of preparation. In particular, the present invention
is used for the preparation and dosage of liquid homo-
geneous solutions or dispersions of chemical products,
of synthetic or natural origin, in order to prepare solutions
for clinical use in the human and veterinary field or for
industrial use.

BACKGROUND OF THE INVENTION

�[0002] It is known that the preparation of a drug starting
from two or more basic components contained in suitable
containers, and the relative transfer to a container suit-
able for the intravenous administration of the drug itself
are somewhat difficult, especially in the case of therapies
in the oncological field which include the administration
of chemotherapy drugs.
�[0003] A first difficulty is connected to the fact that the
prescription of a drug to a patient in chemotherapy occurs
after his clinical state has been evaluated and the pre-
scribed doses must be confirmed by a medical examina-
tion with every cycle. Consequently, the unit responsible
for the preparation of the drug with the particular dosage
must prepare solutions, which are always personalized
and different each time, of the drug with the correct dos-
age. This has to be done very quickly, and often in great
quantities, and so as to allow the nursing staff then to
administer the therapies during working hours, often in
a day hospital.
�[0004] Another difficulty is connected to the variety of
molecules used and the need to control the delivery of
the preparations, according to how they will be used with-
in the stability period that is characteristic of each prep-
aration. The number of solutions prepared a year can be
in the order of several tens of thousands, with some doz-
ens of different molecules, of which a large part in eve-
ryday use. Another difficulty is the need to guarantee
absolutely sterile conditions in every step of the prepa-
ration cycle.
�[0005] The drugs, or their components, are supplied
in containers with doses that vary between about 50%
and 150% of the average individual daily dose. The com-
plexity of the therapeutic protocols may even entail the
use of five different active principles, distributed over sev-
eral days.
�[0006] Typically, the operation to prepare the drug con-
sists in taking a solution containing the drug from a con-
tainer located in an extractor hood, using a sterile syringe,
and controlling visually, on the graduated scale of the
syringe, the volume of the solution picked up.
�[0007] The accuracy of the assessment depends on
the optical aberrations due to the parallax error in the
alignment between the operator’s eye and the graduated

scale of the syringe. This mistake can be accentuated,
if the interference of the glass of the extractor hood is
taken into account.
�[0008] Subsequently, the solution taken is further di-
luted and infused through an injection point into a sac or
container made of deformable plastic material.
�[0009] Since the compounds are often toxic, the dos-
age must be extremely accurate, according to the meas-
uring instruments used, such as sterile syringes and con-
nection sets between the syringe and the containers.
Care must also be taken to keep the products sterile by
means of methodical disinfection standards. For exam-
ple, the work place is protected by adequate techniques
to prevent the production of spray during the dilution,
intake and preparation of the drug.
�[0010] The use of extractor hoods and individual pro-
tection devices, such as gloves, work uniform and mask,
allows to protect the operator and the work spaces but,
at the same time, it limits spaces available for maneuver
and makes the dosing operations not very easy, espe-
cially if we consider that these operations are repeated
by the operator many times in the course of the working
day. The repetitiveness of the operation and the famili-
arity acquired by the operator in handling the components
of the drug also lead to a drop in attention of the operator,
which increases the probability of mistakes. For example,
the manual operation could be mistaken due to an ex-
change of the solutions used or to a mistake in the dos-
age. In fact, the solutions are mostly colorless or have
similar colors and packaging. If a mistake is made, it
would be impossible to detect it before the drug is ad-
ministered.
�[0011] Such mistakes can have very serious conse-
quences, also considering the often critical clinical situ-
ation of the patient.
�[0012] Furthermore, this type of manual preparation
requires maximum precision in order to limit to a minimum
the waste of the drug which is usually very expensive.
�[0013] Purpose of the present invention is to achieve
an apparatus and perfect a relative method that allows
to prepare a drug automatically, starting from several
components, in an accurate and safe way, both for the
patient and for the operator, which is totally sterile, quick
and with repeatable results in an accurate manner.
�[0014] The Applicant has devised, tested and embod-
ied the present invention to overcome the shortcomings
of the state of the art and to obtain these and other pur-
poses and advantages.

SUMMARY OF THE INVENTION

�[0015] The present invention is set forth and charac-
terized in the independent claims, while the dependent
claims describe other characteristics of the invention or
variants to the main inventive idea.
�[0016] In accordance with the above purpose, an ap-
paratus for the automatic preparation of a drug consisting
of at least two components comprises a first container

1 2 



EP 1 997 471 A1

3

5

10

15

20

25

30

35

40

45

50

55

for a first component, a second container for a second
component and a third container to receive the drug thus
prepared.
�[0017] According to a characteristic feature of the
present invention, the apparatus also comprises an in-
termediate container for the preparation of the drug, con-
nected both to the third container and also, by means of
valve means selectively openable and closable, to the
first and second containers; an intake/ �injection device,
able to be activated in intake mode in order to take in
dosed quantities of the first and second component inside
the intermediate container, and able to be activated in
injection mode in order to transfer the prepared drug from
the intermediate container to the third container; and an
electronic control unit suitable to manage automatically
and in a coordinated manner the selective activation of
the valve means and the intake/ �injection device.
�[0018] According to an advantageous variant of the
present invention, the electronic unit comprises, or is as-
sociated with, memorization means able to memorize da-
ta relating to predetermined doses of the drug. Advanta-
geously, furthermore, the apparatus according to the
present invention is provided with sensor means able to
detect the values of said dosed quantities and to transmit
them to the electronic control unit. In this way, from a
comparison between the memorized data and the values
detected, it is possible to control the correctness of the
quantities of the components actually taken in, thus pre-
venting any toxic effect for the patient.
�[0019] Advantageously, the whole preparation opera-
tion is automated and does not involve the operator di-
rectly, except for the preparation of the containers that
feed the components and except in the startup and con-
trol of the preparation procedure managed by the elec-
tronic control unit.
�[0020] The present invention thus allows to prepare a
drug automatically, starting from several components, in
an accurate and safe way, both for the patient and for
the operator, which is quick and with repeatable results
in an accurate manner.
�[0021] Advantageously, the exact quantity of the com-
ponent taken in is controlled by calibrating the intake/
injection device, the containers and the relative connec-
tion circuits. The calibration values are inserted into the
electronic control unit by the operator responsible for
starting each operation to prepare the drug or, preferably,
memorized once only in the control unit.
�[0022] Any change in the intake/�injection device, the
containers and the relative connection circuits is detected
by said sensor means and signaled to the control unit
which, by means of suitable alarm means, for example,
acoustic and/or visual, obliges the operator to insert or
recall from the memory the corresponding calibration val-
ues.
�[0023] The accuracy of intake and dosage that is thus
determined also allows to reduce waste in the compo-
nents of the drug, allowing a considerable saving in costs.
�[0024] An advantageous variant of the present inven-

tion provides to use a dosing syringe, of the sterile type,
as an intake/�injection device.
�[0025] By using sterile containers, syringes and rela-
tive connection circuits, the apparatus in its entirety is
rendered sterile and prevents contaminations of the drug
prepared.
�[0026] Advantageously, the present invention can also
be used as an injector-�doser in the course of parenteral
therapy according to a program controlled by the elec-
tronic control unit, by connecting the sterile syringe to an
infusion line of suitable length.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0027] These and other characteristics of the present
invention will become apparent from the following de-
scription of a preferential form of embodiment, given as
a non-�restrictive example with reference to the attached
drawings wherein:�

- fig. 1 is a schematic representation of an apparatus
for the automatic preparation of a drug according to
the present invention;

- fig. 2 is a schematic representation of a method for
the automatic preparation of a drug according to the
present invention

DETAILED DESCRIPTION OF A PREFERENTIAL 
FORM OF EMBODIMENT

�[0028] With reference to fig. 1, an apparatus 10 ac-
cording to the present invention is used for the prepara-
tion of chemotherapy drugs formed by two or more com-
ponents and used in oncological therapies.
�[0029] The apparatus 10 comprises two containers 12
and 14, a first container 12 that contains a drug in solution,
at a concentration such that it must be suitably diluted
so as to be administered to the patient, and a second
container 14 that contains a diluent for the drug in solution
to be diluted.
�[0030] The drug suitably prepared is sent, as shown
hereafter, to a medical sac 16.
�[0031] The containers 12 and 14 are of the sterile clos-
ing type, standard for medical applications, as is the med-
ical sac 16.
�[0032] The containers 12 and 14 and the medical sac
16 are put in communication with corresponding circuits
15, 17 and 19, of the sterile type, also standard for med-
ical applications,, which in turn converge into a hydraulic
connection element 18, for example formed by a two-
way Luer-�Lock ramp.
�[0033] Downstream of the connection element 18 a
container 27 is provided, selectively connected with the
containers 12, 14 and 16, inside which, as will be shown
hereafter, the drug is mixed and prepared.
�[0034] Connected to the connection element 18 there
are two taps 34 and 36, for example two- �way or three-
way, which are associated respectively with the circuits
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15 and 17, in order to regulate the quantity of the stream
of drug in solution and of diluent entering the connection
element 18. The circuits 15 and 17 can consist of needles
or ventilated needles which perforate the containers 12
and 14 and which are attached, screwed or inserted into
the respective taps 34 and 36. The perforation of the
containers 12 and 14 is guided by a slide or cradle or
hopper on the bottom of which there are packings, either
rigid or elastic, in such a number as to regulate the pen-
etration of the points of the needles on the inner side of
the containers 12 and 14, allowing maximum recoup of
the content thereof.
�[0035] The taps 34 and 36 are driven by relative inde-
pendent motors 35 and 37, to operate in coordination
with each other so as to determine all the possible com-
binations of quantities of drug in solution and diluent. The
motors 35 and 37 move shaped guides, not shown in the
drawings, to house the external wings of the taps 34 and
36.
�[0036] The exact dosage quantities of the drug in so-
lution and of diluent are selectively taken in by a dosing
syringe 20, whose hollow cylinder 26 defines inside it the
container 27. Inside the cylinder 26 the drug in solution
and the diluent are mixed, and from here the prepared
drug is injected, through the element 18, into the medical
sac 16.
�[0037] In particular, the hollow cylinder 26 of the dosing
syringe 20 has a Luer-�Lock tip 21, inserted into the con-
nection element 18, and a piston 22 inserted slidingly
inside it.
�[0038] The piston 22 and the cylinder 26 are able to
slide one with respect to the other, along the common
longitudinal axis X, to perform the known intake and in-
jection of the syringe 20.
�[0039] The piston 22 is provided with a piston-�thrust
portion 24, which is constrained to suitable retaining fins
32.
�[0040] A suitable electric motor 28, shown schemati-
cally in fig. 1, is able to act by means of a transmission
mechanism 29, on the fins 32, in order to drive the piston-
thrust 24 and thus move the piston 22 in alternate mode,
along its longitudinal axis X. If the piston 22 is moved in
the direction of the arrow F in fig. 1, the syringe 20 oper-
ates in intake mode, whereas if the piston 22 is moved
in the direction of the arrow G in fig. 1, the syringe 20
operates in injection mode.
�[0041] The transmission mechanism 29 can consist of
a worm screw, a screw pin, metal or polymer telescopic
extensions, as required.
�[0042] The base 23 of the cylinder 26 is constrained
to other fins 30, mounted on the motor 28.
�[0043] The connection between the fins 30 and 32 and
the base 23 and the piston-�thrust 24 may be made by
means of a screw, an elastic element, an attachment
tooth or by means of vacuum.
�[0044] The preparation of the drug according to the
present invention is made according to updated dosages
of the drugs to be administered to each patient. In a first

step of the method to prepare the drug, indicated by block
51 in fig. 2, the doses are memorized in a database 42
as drug preparation data, together with the chemical-
physical characteristics of the components and possible
other necessary data.
�[0045] In a second step of the method according to the
invention, the containers 12 and 14 are prepared, block
52 in fig. 2.
�[0046] Moreover, in the second step, block 53 in fig.
2, the medical sac 16 is prepared, into which the drug,
prepared and ready to be administered, is introduced.
�[0047] According to the invention, we then have a step
of opening at least one of the two taps 34 and 36, block
54 in fig. 2, to allow the passage of a determinate dosed
quantity of drug in solution and/or diluent. In the typical
step of preparing the drug, we find both the taps 34 and
36 open, simultaneously or following a predetermined
sequence, so as to allow the passage of a determinate
quantity of drug in solution and diluent. When only the
tap 36 is open, this corresponds to the step when the
circuits and the syringe are washed by the diluents, which
is propedeutic to the preparation of a new drug.
�[0048] Subsequently, the method according to the in-
vention provides an intake step by the syringe 20, block
55 in fig. 2, which is simultaneous with the step of mixing
the drug in solution and the diluent in the cylinder 26 of
the syringe 20, so as to prepare the final drug.
�[0049] Afterwards, we have a step of closing the taps
34 and 36 so as to prevent unwanted returns of liquid
towards the containers 12 and 14, block 56, and a sub-
sequent step of injection by means of the syringe 20,
block 59, of the drug prepared, formed by the drug in
solution and the diluent, into the appropriate sac 16.
�[0050] In order to coordinate the opening and closing
of the taps 34 and 36 with the movement of the piston
22 during the intake and injection steps, and to guarantee
the correct dosage of the drug, the apparatus 10 is pro-
vided with a control unit 40, which is electronically con-
nected also to the clinical database 42 which contains
the dosages.
�[0051] The control unit 40 commands the two motors
35 and 37 of the taps 34 and 36, in order to selectively
control the opening and closing thereof, simultaneously
or in sequence, according to the dosage provided for the
preparation of a determinate drug to be administered.
�[0052] Furthermore, the control unit 40 is also able to
command the activation of the electric motor that drives
the piston-�thrust 24, so as to determine the relative steps
of intake and injection.
�[0053] The entity of the travel of the piston 22 and the
opening of the taps 34 and 36 determines the quantity
of drug in solution and of diluent taken in, and is controlled
by suitable electro-�mechanical and/or electronic sensors
39, 41 and 43, shown schematically in the drawings.
�[0054] In particular, during the intake step, the sensors
39, 41 and 43 detect signals relating to the dosed quan-
tities and send them to the control unit 40, and also the
sequence with which the components are taken in
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through the taps 34 and 36.
�[0055] The signals are used for a safety check, block
57 in fig. 2, by the control unit 40, which calculates the
exact composition of the various components in the drug,
and verifies if the doses are correct by comparing them
with the pre-�set ones in the database 42. If the doses are
not correct, then the drug prepared in container 16 is
expelled, block 58 in fig. 2, and eliminated, with the res-
toration of a new container 16, block 53 in fig. 2. On the
contrary, if the doses are correct, the drug prepared is
injected, block 59.
�[0056] The quantity and speed of transfer of the drug
in solution and diluent through the circuits 15, 17 and 19
depends on the speed of movement of the piston 22,
commanded by the electric motor 28 which in turn is com-
manded by the unit 40. The speed, in particular, is ad-
justable according to the doses of drug prescribed, and
also according to the nature of the components to be
taken in, for example lyophilized drug or in solution, and
the viscosity of the solutions prepared or injected, to pre-
vent the formation of instantaneous over-�pressure or
back flows into the containers 12, 14 and 16.
�[0057] Advantageously, furthermore, the force applied
by the motor to move the piston 22 is such as to allow
operations in depression and to empty the containers 12
and 14 also without an air valve, with a considerable re-
duction of waste. Alternatively, it is possible to use a ven-
tilated needle and perform the same emptying operation
at atmospheric pressure. However, the depression op-
eration allows to reduce the possibility of leakages in the
subsequent operation of the feed container.
�[0058] Another safety and precision measure is given
by a spirit level device 38.
�[0059] One advantage of the invention is that, all in all,
the operating parts of the apparatus 10, that is, the motor
that drives the syringe 20, the syringe 20 itself, the taps
34 and 36 with the relative motors 35 and 37 and part of
the circuits 15, 17 and 19, have a limited overall bulk,
such that they can easily be housed on the work surface
of the chemical or microbiological hoods, or hoods for
chemotherapy, and the isolators for advanced aseptic
processing.
�[0060] Advantageously, the containers 12, 14 and 16
used are provided with recognition labels, read optically
or electromagnetically, for example a bar code, so that
each operation to insert data relating to the components
used in the control unit 40 can be validated by means of
automatic reading, thus considerably reducing possibil-
ities of mistakes that are found when said data is intro-
duced manually by means of a keyboard. In particular,
at the end of the preparation of the drug, the control unit
40 commands a bar code to be printed, which certifies
the correct sequence and conformity of preparation and
which contains the references of the final destination, the
sequence of operations performed and the operators
who intervened. Instead of the bar code, an RFID tag
can be used, which also gives the advantage of tracea-
bility.

�[0061] Advantageously, furthermore, the apparatus 10
can be aligned with other identical apparatuses for a bat-
tery functioning on the work surface of the hoods, or on
a surface suspended by a frame outside the hoods. The
modular nature of the apparatus 10 allows to associate
several lines to prepare the drug in a battery under the
same hood or insulator. In this case, the connections and
electric feeds and the electric control boards for the func-
tioning of the apparatuses 10 can be disposed towards
the outside of the work surface of the hoods and can
converge independently, by means of an electric circuit,
in the sole control unit 40. In this way, the simultaneous
functioning of the individual lines is possible even in the
event of an interruption or malfunction of an apparatus.
�[0062] It is clear that modifications and/or additions of
parts and/or steps may be made to the apparatus for the
automatic preparation of a drug and the relative method
of preparation as described heretofore, without departing
from the field and scope of the present invention.
�[0063] For example, it comes within the field of the
present invention to provide that the motor 28 that com-
mands the movement of the piston 22 is of the pneumatic
type and that this movement is transmitted directly or by
mechanical transmission and that it is controlled electro-
mechanically.
�[0064] Moreover, the motors 35 and 37, instead of
shaped guides, may be provided with grippers or hooks
or clamps, in order to drive the external wings of the taps
34 and 36.
�[0065] Furthermore, the motor 28 may be conformed
so as to collect the possible leaks from the circuits 15
and 17, and may be made of material resistant to corro-
sion from chemical substances used in the operation to
decontaminate the work spaces and/or the chemical neu-
tralization operation.
�[0066] Advantageously, moreover, a transparent shell
may be mounted on the motor 28, which surrounds the
syringe 20 and the taps 34 and 36, to reveal and/or con-
fine any sprays that develop.
�[0067] It is also clear that, although the present inven-
tion has been described with reference to specific exam-
ples, a person of skill in the art shall certainly be able to
achieve many other equivalent forms of apparatus for
the preparation of a drug and the relative method of prep-
aration, having the characteristics as set forth in the
claims and hence all coming within the field of protection
defined thereby.

Claims

1. Apparatus for the automatic preparation of a drug
consisting of at least two components comprising a
first container (12) for a first of said components, a
second container (14) for a second of said compo-
nents, a third container (16) to receive the prepared
drug, characterized in that it also comprises: �

7 8 



EP 1 997 471 A1

6

5

10

15

20

25

30

35

40

45

50

55

- an intermediate container (27) for the prepa-
ration of said drug, connected both to said third
container (16) and also, by means of valve
means (34, 36) selectively openable and closa-
ble, to said first container (12) and to said second
container (14);
- an intake/ �injection device (20) able to be acti-
vated in intake mode to take in dosed quantities
of said first and second component inside said
intermediate container (27), and activated in in-
jection mode to transfer the prepared drug from
said intermediate container (27) to said third
container (16);
- an electronic control unit (40) suitable to man-
age automatically and in a coordinated manner
the selective activation of said valve means (34,
36) and of said intake/�injection device (20).

2. Apparatus as in claim 1, characterized in that the
electronic control unit (40) is associated with, or com-
prises, memorization means (42) able to memorize
data relating to pre- �determined preparation doses of
the drug.

3. Apparatus as in claim 1 or 2, characterized in that
it also comprises sensor means (39, 41, 43) able to
detect the values of the quantities dosed and to trans-
mit them to the electronic control unit (40).

4. Apparatus as in any claim hereinbefore, character-
ized in that it comprises drive means (28), controlled
by the electronic control unit (40), which is able to
drive the intake/�injection device (20).

5. Apparatus as in any claim hereinbefore, character-
ized in that the intake/�injection device consists of a
dosing syringe (20) comprising a tubular element
(26), which defines the intermediate container (27),
and a piston (22) able to slide inside the tubular el-
ement (26).

6. Method for the automatic preparation of a drug con-
sisting of at least two components, characterized
in that it comprises:�

- a first step in which the data relating to pre-
determined preparation doses of said drug are
memorized in memorization means (42) asso-
ciated with an electronic control unit (40);
- a second step in which at least a first container
(12) is prepared for a first of said components,
a second container (14) for a second of said
components and a third container (16) to receive
the drug prepared;
- a third step in which, by means of said elec-
tronic control unit (40), valve means (34, 36) are
selectively opened, associated with an interme-
diate container (27) for the preparation of said

drug, so as to put the first container (12) and the
second container (14) in communication with
said intermediate container (27);
- a fourth step in which, by means of the elec-
tronic control unit (40), an intake/�injection device
(20) is activated in intake mode in order to take
in, selectively, dosed quantities of the first com-
ponent and the second component inside the
intermediate container (27), and in which, in co-
ordination with the intake, said components are
mixed and the drug prepared;
- a fifth step in which, by means of said electronic
control unit (40), said valve means (34, 36) are
closed;
- a sixth step in which, by means of said elec-
tronic control unit (40), the intake/�injection de-
vice (20) is activated in injection mode in order
to transfer the prepared drug from the interme-
diate container (27) to the third container (16).

7. Method as in claim 6, characterized in that in the
fourth step it provides to detect the values of the
dosed quantities by means of sensor means (39, 41,
43) and to transmit the values to the electronic control
unit (40) and in that, before the sixth step, a step is
provided to verify the dosed quantities according to
the data memorized in the memorization means (42).
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