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Description
TECHNICAL FIELD

[0001] The present disclosure generally relates to the
field of medical appliance, specifically to an artificial pan-
creas, and more particularly, to a single needle integrated
artificial pancreas.

BACKGROUND

[0002] As is known to all, diabetes is a metabolic dis-
ease caused by pancreatic dysfunction. Diabetes is a
lifelong disease which can’t be cured by current medical
technology. The only way to control the initiation and de-
velopment of diabetes and its complications is stabilizing
glucose. A normal pancreas may automatically monitor
the changes of glucose, and may automatically secrete
insulin required. "Real time dynamic glucose monitoring
system" indicates a device that can real-timely and dy-
namically monitor the changes of glucose by using a glu-
cose sensor implanted in the subcutaneous tissue of a
patient. "Insulin pump" indicates a device that can con-
tinuously and accurately deliver insulin to the subcuta-
neous tissue of the patient for 24 hours by using an ind-
welling cannula implanted in the subcutaneous tissue of
the patient. "Artificial pancreas" indicates a device that
can real-timely and dynamically monitor the change of
glucose, and can continuously and accurately deliver in-
sulin to the subcutaneous tissue of the patient for 24
hours. A conventional artificial pancreas usually consists
of two sets of devices, a real time dynamic glucose mon-
itoring system and an insulin pump system. Therefore,
the patientis required to wear at least two sets of discrete
components, a glucose sensor and an indwelling cannu-
la, at the same time, when the diabetes is being treated
by the conventional artificial pancreas. Considering the
comfort level of patients when they are wearing these
components, the two discrete components are both
made of slender and soft medical polymer material. Be-
cause of the special nature of the material and the shape
of the two discrete components, they both need to be put
into the subcutaneous tissue of a patient with a help of
a puncture needle with a certain rigidity to puncture the
skin of patients. Thereafter, the needle is pulled out, leav-
ing the two components in the subcutaneous tissue. For
using the above two components, the patient must have
subcutaneous tissue punctures in two positions of his/her
body. Obviously, the more the places to be punctured
are required, the more complex the installation is, and
the greater the chance of infection may be. The patient
must also use large volume auxiliary installation device
such as install catapults of glucose sensor and indwelling
cannula, etc. The glucose sensor and the indwelling can-
nula have similar processes of puncture and indwelling,
and similar mechanical structures for realizing these
processes. Moreover, the glucose sensor and the ind-
welling cannula are also the same in the aspects such
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as area of action on body, disposable using, aseptic pro-
duction, etc.

[0003] Moreover, the temperature of human skin sur-
face can greatly affect the insulin peak action time. The
longer the insulin peak action time is, the worse the func-
tion of insulin in real-time glucose regulation is. The tem-
perature of human skin surface usually ranges from 32°
to 37°. In this temperature range, the insulin peak action
time is relatively long. The lower the temperature is, the
longer the insulin peak action time is. Currently, conven-
tional artificial pancreas systems cannot solve the delay
between the desired glucose concentration and the in-
sulin peak action time. Therefore, currently conventional
artificial pancreas systems cannot real-timely and rapidly
adjust the glucose concentration.

WO 2009/066288 A1 discloses a skin adherable device
for delivering therapeutic fluid into a body of a patient.
The device includes a monitoring apparatus, a dispens-
ing apparatus, and a tip for delivering the therapeutic fluid
into the body of the patient and for monitoring bodily an-
alyte in the body of the patient. The dispensing apparatus
may continuously deliver the therapeutic fluid to the body
of the patient and the monitoring apparatus may contin-
uously monitor bodily analytes of the patient.

US 2008/086042 A1 discloses systems and methods of
use for continuous analyte measurement of a host’s vas-
cular system. In some embodiments, a continuous glu-
cose measurement system includes a vascular access
device, a sensor and sensor electronics, the system be-
ing configured for insertion into communication with a
host’s circulatory system.

SUMMARY

[0004] Regarding the above-mentioned shortcomings
of the prior art, an object of the present disclosure is to
provide a single needle integrated artificial pancreas for
solving the problems that when a patient uses the current
conventional artificial pancreas, as a glucose sensor and
an indwelling cannula are required to be respectively
placed in the subcutaneous tissue, multiple punctures
are required. As a result, the installation of the device is
complex and the chance of infection is high.

[0005] In order to achieve the above-mentioned pur-
poses and other related purposes, the present disclosure
provides a single needle integrated artificial pancreas,
including: a fluid reservoir unit configured to store insulin;
a fluid driving unit connected to the fluid reservoir unit
and configured to deliver the insulin stored in the fluid
reservoir unit to the subcutaneous tissue of a patient; an
indwelling unit connected to the fluid reservoir unit, in-
cluding a glucose sensor, an indwelling cannula, a
groove puncture needle and an installation device;
wherein the glucose sensor is an electrode sensor com-
prising an enzyme layer, and configured to monitor, in
real time, a change of glucose and produce effective glu-
cose signals based on the change of the glucose; and a
glucose monitoring and insulin delivery control unit,
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which are connected to the fluid reservoir unit, the drug
delivery system and the indwelling unit, and configured
to process the effective glucose signals output by the
glucose sensor, and to control the fluid reservoir unit, the
fluid driving unit and the indwelling unit; wherein the elec-
trode sensor and the indwelling cannula are simultane-
ously implanted in the same subcutaneous tissue in the
patient via the installation device with the aid of the
groove puncture needle; wherein the single needle inte-
grated artificial pancreas further includes a skin temper-
ature automatic adjusting device configured to heat the
skin tissue where the glucose sensor and the indwelling
cannula are implanted; wherein the electrode sensor to-
gether with the indwelling cannula is located in a groove
of the groove puncture needle; wherein a distance be-
tween an end of the indwelling cannula and an end of
the electrode sensor ranges from 1mm to 8mm.

[0006] Optionally, the electrode sensor is integrated in
the outer surface of the indwelling cannula.

[0007] Optionally, the electrode of the electrode sensor
is ring-shaped or fan-shaped, and an electrode contact
point of the electrode sensor is ring-shaped or fan-
shaped.

[0008] Optionally, the electrode sensor has an elec-
trode coating structure including an anti-interference lay-
er, the enzyme layer, a regulation layer and a protective
layer.

[0009] Optionally, the electrode sensor has an elec-
trode coating structure including the enzyme layer, a reg-
ulation layer and a protective layer.

[0010] Optionally, the electrode sensor has an elec-
trode coating structure including an anti-interference lay-
er, a bonding layer, the enzyme layer, a bonding layer,
a regulation layer and a protective layer.

[0011] Optionally, the indwelling cannula and the glu-
cose sensor are arranged in parallel and located in the
groove of the groove puncture needle.

[0012] Optionally, the end of the indwelling cannula
and the end of the glucose sensor are both tip shaped.

[0013] Optionally, the skin temperature automatic ad-
justing device includes a skin heating film, a heating mod-
ule, a temperature control module, a heat preservation
module and a temperature detection module.

[0014] Optionally, the installation device is an automat-
ic ejecting installation device or a manual installation de-
vice.

[0015] Optionally, the single needle integrated artificial
pancreas further includes a pump base and a controller
which is connected to the pump base, wherein the pump
base includes the fluid reservoir unit, the fluid driving unit
and the indwelling unit, wherein the controller includes
the glucose monitoring and insulin delivery control unit.

[0016] Incomparisonwith prior art, technique solutions
provided by the present disclosure have following advan-
tages.

[0017] Inthe present disclosure, the indwelling cannu-

la and the glucose sensor of the artificial pancreas are
implanted in the same place of the subcutaneous tissue,
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so the chance of patient infection decreases.

[0018] Moreover, the single needle integrated artificial
pancreas is easy to install and use.

[0019] Moreover, the single needle integrated artificial
pancreas solves the delay between the desired glucose
concentration and the insulin peak action time, real-time-
ly and rapidly adjusts the glucose concentration, and re-
duces the effect of temperature change on glucose mon-
itoring.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

Figure 1 illustrates a schematic diagram of a single
needle integrated artificial pancreas in this disclo-
sure;

Figure 2 illustrates a schematic diagram of the glu-
cose sensor with an electrode sensorin a single nee-
dle integrated artificial pancreas in this disclosure;

Figure 3 illustrates a schematic diagram of the glu-
cose sensor with a fiber optic sensor in a single nee-
dle integrated artificial pancreas in a single needle
integrated artificial pancreas in this disclosure;

Figure 4 illustrates a schematic diagram of a punc-
ture needle in the indwelling cannula integrated with
an electrode sensor in a single needle integrated ar-
tificial pancreas in this disclosure;

Figure 5 illustrates a schematic diagram of the elec-
trode’s structure of a electrode sensor integrated in
the outside surface of the indwelling cannula in a
single needle integrated artificial pancreas in this dis-
closure;

Figure 6 illustrates a schematic diagram of the elec-
trode’s structure of a electrode sensor integrated in
an outside surface of the indwelling cannula in a sin-
gle needle integrated artificial pancreas in this dis-
closure;

Figure 7 illustrates a schematic diagram of the elec-
trode contact point’s structure of a electrode sensor
integrated in an outside surface of the indwelling can-
nula in a single needle integrated artificial pancreas
in this disclosure;

Figure 8 illustrates a schematic diagram of the elec-
trode contact point’s structure of a electrode sensor
integrated in an outside surface of the indwelling can-
nula in a single needle integrated artificial pancreas
in this disclosure;

Figure 9illustrates another schematic diagram of an
indwelling cannula and an electrode sensor integrat-
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ed in an outside surface of the indwelling cannula in
puncture needle of a single needle integrated artifi-
cial pancreas in this disclosure;

Figure 10 illustrates a schematic diagram of an ind-
welling cannula and an electrode sensor in puncture
needle of a single needle integrated artificial pancre-
as in this disclosure;

Figure 11 illustrates a schematic diagram of a fiber
optic sensor and an indwelling cannula arranged in
parallel in puncture needle of a single needle inte-
grated artificial pancreas in this disclosure;

Figure 12 illustrates a schematic diagram of an elec-
trode sensor and an indwelling cannula arranged in
parallel in puncture needle of a single needle inte-
grated artificial pancreas in this disclosure;

Figure 13 illustrates a schematic diagram of an elec-
trode sensor, a fiber optic sensor and an indwelling
cannula arranged in parallel in puncture needle of a
single needle integrated artificial pancreas in this dis-
closure;

Figure 14A illustrates a schematic structure diagram
of a skin temperature automatic adjusting device of
a single needle integrated artificial pancreas in this
disclosure; and

Figure 14B illustrates a schematic structure diagram
of a skin temperature automatic adjusting device of
a single needle integrated artificial pancreas in this
disclosure.

Brief description of reference signs

[0021]

1 fluid reservoir unit

2 fluid driving unit

3 indwelling unit

4 glucose monitoring and insulin delivery control
unit

5 skin temperature automatic adjusting device

31 glucose sensor

32 indwelling cannula

33 puncture needle

34 inserter

35 electrode sensor

36 fiber optic sensor

51 skin heating film

52 heating module

53 temperature control module

54 heat preservation module

55 temperature detection module

331  steel puncture needle

332  groove puncture needle
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351  counter electrode

352  working electrode

353 reference electrode

354  electrode contact point

361  acquisition area of fiber signal
362 transmission area of fiber signal

DETAILED DESCRIPTION OF THE DISCLOSURE

[0022] The embodiments of the present disclosure are
described in the following through specific examples, and
those skilled in the art can easily understand other ad-
vantages and effects of the present disclosure according
to the content disclosed in the specification. The present
disclosure may also be implemented or applied through
other different specific examples, and various modifica-
tions and variations may be made to the details in the
specification on the basis of different opinions and appli-
cations without departing from the spirit of the present
disclosure.

[0023] Referring to the figures, it should be noted that,
the drawing provided in this embodiment exemplary
shows the basic concept of the present disclosure, so
that components related to the present disclosure are
merely shown in the drawings and are not drawn based
on the actual number, shape or size in implementation.
The actual shape, number and proportion of each com-
ponent in implementation may vary arbitrarily, and the
layout of the components may also be more complex.
[0024] The embodiments of the present disclosure will
be described in detail in conjunction with the accompa-
nying drawings.

[0025] The presentdisclosure provides a single needle
integrated artificial pancreas, referring to FIG. 1, a sche-
matic diagram of a single needle integrated artificial pan-
creas is illustrated, the single needle integrated artificial
pancreas includes: a fluid reservoir unit 1, a fluid driving
unit 2, an indwelling unit 3, a glucose monitoring and
insulin delivery control unit 4, and a skin temperature
automatic adjusting device 5. The indwelling unit 3 in-
cludes a glucose sensor 31, an indwelling cannula 32, a
puncture needle 33, and an inserter 34. The puncture
needle 33 is a steel puncture needle 331 or a groove
puncture needle 332. The inserter is an automatic eject-
ing inserter or a manual inserter. The single needle inte-
grated artificial pancreas further includes a pump base
and a controller connected to the pump base, wherein
the pump base includes the fluid reservoir unit, the fluid
driving unit, and the indwelling unit, the controller in-
cludes the glucose monitoring and insulin delivery control
unit.

[0026] The fluid reservoir unit 1 is configured to store
an insulin;
[0027] The fluid driving unit 2 is connected to the fluid

reservoir unit 1 and configured to deliver the insulin stored
in the fluid reservoir unit 1 to the subcutaneous tissue of
a patient;

[0028] The indwelling unit 3 is connected to the fluid
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reservoir unit 1, and the indwelling unit 3 includes the
glucose sensor 31, the indwelling cannula 32, the punc-
ture needle 33 and the inserter 34.

[0029] The glucose sensor 31 is configured to real-
timely monitor a change of the glucose, produce effective
glucose signals based on the change of the glucose, and
output the effective glucose signals. In some embodi-
ments, the glucose sensor may be an electrode sensor
35, afiber optic sensor 36, or a combination thereof. The
glucose sensor is implanted in the subcutaneous tissue,
when it is used to monitor the glucose.

[0030] The glucose sensor 31 may be an electrode
sensor which monitors the glucose by current signal. The
glucose electrode sensor mainly includes an enzyme lay-
er, and a Clark electrode or a hydrogen peroxide elec-
trode. The glucose may occur an oxidation reaction under
the catalysis of glucose oxidase, consume oxygen, and
produce glucolactone and hydrogen peroxide. The glu-
cose oxidase is fixed on the surface of the platinum elec-
trode by using physical adsorption method by semiper-
meable membrane, whose activity depends on the oxy-
gen concentration around it. The reaction between the
glucose and the glucose oxidase produces two electrons
and two protons. The glucose oxidase reduced reacts
with oxygen, electron and proton which are enclosing the
glucose oxidase, and produces hydrogen peroxide and
the glucose oxidase which may react with glucose. The
higher the glucose concentration is, the more oxygen is
consumed, and the more hydrogen peroxide is produced;
the lower the glucose concentration is, it is opposite.
Therefore, the consumption of oxygen and the production
of hydrogen peroxide may both be detected by the plat-
inum electrode, and which are used as a method to detect
the glucose. The glucose sensor may be a three elec-
trode system or atwo electrode system, wherein the three
electrode system includes a counter electrode, a refer-
ence electrode, and at least one working electrode. The
present disclosure has two cases based on the number
of the working electrode:

1) Single working electrode, there is only one work-
ing electrode;

2) Double working electrode, there is two working
electrodes, one is called "working electrode", which
is configured to occur electro oxidation reaction or
electro reduction reaction with the materials detect-
ed, and produce electrical signal; the other is called
"auxiliary electrode", which is configured to detect
the response signal of the interferent and the back-
ground solution.

[0031] The reference electrode in three electrode sys-
tem is configured to effectively control detection electric
potential, and prevent electric potential drifting. For the
two electrode system, its structure is simpler, and its pro-
duction cost is lower. Referring to FIG. 2, a schematic
diagram of the glucose sensor with an electrode sensor

10

15

20

25

30

35

40

45

50

55

is illustrated. In some embodiments, the glucose sensor
uses the electrode sensor 35, wherein the electrode sen-
sor 35is athree electrode system, which includes a coun-
ter electrode 351, a working electrode 352, a reference
electrode 353 and an electrode contact point (PAD) 354.
[0032] An electrode coating structure of the electrode
sensor in the glucose sensor includes: (1) the electrode
sensor has an electrode coating structure including an
anti-interference layer, an enzyme layer, a regulation lay-
er and a protective layer; (2) the electrode sensor has an
electrode coating structure including an enzyme layer, a
regulation layer, and a protective layer; (3) the electrode
sensor has an electrode coating structure including an
anti-interference layer, a bonding layer, an enzyme layer,
abonding layer, aregulation layer, and a protective layer.
Using such electrode coating structure of the electrode
sensor may improve the accuracy and specificity of the
glucose monitoring, and such electrode coating structure
of the electrode sensorhas good stability in vivo orin vitro.
[0033] The glucose sensor 31 may be a fiber optic sen-
sor 36 which monitors the glucose by optical signal,
wherein the fiber optic sensor includes the fiber optic bi-
osensor based on fluorescence. The glucose fiber optic
sensor produces fluorescence when the semiconductor
quantum dots are irradiated by light of specific wave-
lengths transmitted by micro optical fiber. Reaction be-
tween the glucose and the glucose oxidase produces the
hydrogen peroxide which may reduce the intensity of flu-
orescence, and even quench the fluorescence. The de-
gree of light intensity decreasing has a certain linear re-
lation with the glucose concentration. By the linear rela-
tion, the glucose concentration is monitored. Referring
to FIG. 3, a schematic diagram of the glucose sensor
with a fiber optic sensor is illustrated. In the embodiment,
the glucose sensor uses the fiber optic sensor 36, where-
in the fiber optic sensor 36 includes an acquisition area
of fiber signal 361 and a transmission area of fiber signal
362. The indwelling cannula 32 is configured to deliver
the insulin in the fluid reservoir unit 1, wherein the ind-
welling cannula 32 is connected to the fluid reservoir unit
1.

[0034] The puncture needle 33 is configured to punc-
ture the skin of the patient. In some embodiments, the
puncture needle 33 is the steel puncture needle 331 or
the groove puncture needle 332.

[0035] The inserter 34 is configured to simultaneously
implantthe glucose sensor 31 and the indwelling cannula
32 in the same subcutaneous tissue in the patient with
the aid of the puncture needle 33. The inserter 34 may
simultaneously implant the glucose sensor 31 and the
indwelling cannula 32 in the same subcutaneous tissue
in the patient, so the installation is easy, and the chance
of patient infection decreases. When the glucose sensor
31 and the indwelling cannula 32 are integrated, and the
puncture needle 33 is the steel puncture needle 331 or
the groove puncture needle 332. That is, the indwelling
cannula 32 and the glucose sensor 31 which is integrated
in the outer surface of the indwelling cannula 32 are im-
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planted in the subcutaneous tissue in the patient by using
the steel puncture needle 331 or the groove puncture
needle 332 located inside the indwelling cannula 32.
When the glucose sensor 31 and the indwelling cannula
32 are arranged in parallel, the puncture needle 33 is the
groove puncture needle 332.

[0036] Insomeembodiments, simultaneously implant-
ing the glucose sensor 31 and the indwelling cannula 32
in the same subcutaneous tissue in the patient may be
implemented in the following embodiments:

[0037] The first embodiment, referring to FIG. 4, a
schematic diagram of a puncture needle in the indwelling
cannula integrated with an electrode sensor is illustrated.
In the first embodiment, the glucose sensor 31 uses the
electrode sensor 35; the puncture needle 33 is the steel
puncture needle 331. At the moment, the steel puncture
needle 331 is located inside the indwelling cannula 32.
The electrode sensor 35 is integrated in the outer surface
of the indwelling cannula 32, the electrode of the elec-
trode sensor 35 is ring-shaped or fan-shaped, and the
PAD 354 of the electrode sensor 35 is ring-shaped or
fan-shaped. The electrode of the electrode sensor 35 is
ring-shaped or fan-shaped, referring to FIG. 5, a sche-
matic diagram of a ring-shaped electrode’s structure of
a electrode sensor integrated in an outside surface of the
indwelling cannula is illustrated; referring to FIG. 6, a
schematic diagram of a fan-shaped electrode’s structure
of a electrode sensor integrated in the outer surface of
the indwelling cannula, and the PAD 354 of the electrode
sensor is ring-shaped or fan-shaped is illustrated; refer-
ring to FIG. 7, a schematic diagram of a fan-shaped
PAD’s structure of a electrode sensor integrated in the
outer surface of the indwelling cannula is illustrated; re-
ferring to FIG. 8, a schematic diagram of a ring-shaped
PAD’s structure of a electrode sensor integrated in the
outer surface of the indwelling cannula is illustrated. The
glucose sensor 31 and the indwelling cannula 32 inte-
grated are implanted in the subcutaneous tissue in the
patient by the steel puncture needle 331 in the indwelling
cannula. In order to reduce the puncture resistance in
the process ofimplantation, the end of the indwelling can-
nula is tip shape.

[0038] The second embodiment, referring to FIG. 9, a
schematic diagram of an indwelling cannula and an elec-
trode sensor integrated in the outer surface of the ind-
welling cannula in puncture needle is illustrated. In the
second embodiment, the glucose sensor 31 uses the
electrode sensor 35; the puncture needle 33 is the groove
puncture needle 332. Atthe moment, the glucose sensor
31 and the indwelling cannula 32 are located in the
groove of the groove puncture needle 332, and they are
implanted in the subcutaneous tissue in the patient by
using the groove puncture needle 332. The electrode of
the electrode sensor 35 is ring-shaped or fan-shaped;
the PAD 354 of the electrode sensor 35 is ring-shaped
or fan-shaped. In order to eliminate the effect of insulin
injection on glucose monitoring, the distance between
the end of the indwelling cannula 32 and the end of the
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glucose sensor 31 ranges from 1mm to 8mm. In first em-
bodiment and second embodiment, the distance be-
tween the end of the indwelling cannula 32 and the end
of the glucose sensor 31 ranges from 2mm to 4mm.
[0039] The third embodiment, referring to FIG. 10, a
schematic diagram of an indwelling cannula and an elec-
trode sensor arranged in parallel in puncture needle is
illustrated. In the third embodiment, the glucose sensor
31 uses the electrode sensor 35, wherein the electrode
sensor 35 is a three electrode system, which includes
the counter electrode 351, the working electrode 352,
the reference electrode 353 and the electrode contact
point (PAD) 354; the puncture needle 33 is the groove
puncture needle 332. At the moment, the glucose sensor
31 and the indwelling cannula 32 are arranged in parallel
in the groove of the groove puncture needle 332, and
they are implanted in the subcutaneous tissue in the pa-
tient by using the groove puncture needle 332. When the
glucose sensor 31 and the indwelling cannula 32 are ar-
ranged in parallel, in order to reduce the puncture resist-
ance in the process of implantation, the end of the ind-
welling cannula 32 and the glucose sensor 31 are both
tip shape. Moreover, in order to eliminate the effect of
insulin injection on glucose monitoring, the distance be-
tween the end of the indwelling cannula 32 and the end
of the glucose sensor 31 ranges from 1mm to 8mm. In
some embodiments, the distance between the end of the
indwelling cannula 32 and the end of the electrode sensor
35 ranges from 2mm to 4mm.

[0040] The fourth embodiment, referring to FIG. 11, a
schematic diagram of an indwelling cannula 32 and a
fiber optic sensor 36 arranged in parallel in puncture nee-
dle 33isillustrated. In the fourth embodiment, the glucose
sensor uses the fiber optic sensor 36, wherein the fiber
optic sensor 36 includes the acquisition area of fiber sig-
nal 361 and the transmission area of fiber signal 362; the
puncture needle 33 is the groove puncture needle 332.
At the moment, the fiber optic sensor 36 and the indwell-
ing cannula 32 are arranged in parallel in the groove of
the groove puncture needle 332. In some embodiments,
the distance between the end of the indwelling cannula
32 and the end of the fiber optic sensor 36 ranges from
2mm to 4mm.

[0041] The fifth embodiment, referring to FIG. 12 and
FIG. 13, a schematic diagram of an indwelling cannula
32 and a glucose sensor 31 arranged in parallel in punc-
ture needle 33 are illustrated. In the fifth embodiment,
the glucose sensor 31 uses the electrode sensor 35 and
the fiber optic sensor 36; the puncture needle 33 is the
groove puncture needle 332. At the moment, the elec-
trode sensor 35, the fiber optic sensor 36 and the ind-
welling cannula 32 are arranged in parallel in the groove
of the groove puncture needle 332. Simultaneously using
the electrode sensor 35 and the fiber optic sensor 36 to
monitor glucose, and using special algorithm may im-
prove the reliability and accuracy of glucose monitoring.
[0042] Insome embodiments, the inserter of the single
needle integrated artificial pancreas may be an automatic



11 EP 2 997 988 B1 12

ejecting inserter or a manual inserter. There are two in-
stallation method in some embodiments, one is that in-
stalling the automatic ejecting inserter in artificial pancre-
as, the glucose sensor 31 and the indwelling cannula 32
are simultaneously implanted in the same subcutaneous
tissue in the patient via the automatic ejecting inserter
under the aid of the puncture needle 33; the other is that
the glucose sensor 31 and the indwelling cannula 32 are
simultaneously implanted in the same subcutaneous tis-
sue in the patient via the manual inserter under the aid
of the puncture needle 33. After the inserter completes
the installing of the glucose sensor 31 and the indwelling
cannula 32, the puncture needle 33 is pulled out.
[0043] The glucose monitoring and insulin delivery
control unit4 is configured to process a useful blood sug-
ar signal output by the glucose sensor 31, and to control
the fluid reservoir unit 1, the drug delivery system 2 and
the indwelling unit 3, wherein the glucose monitoring and
insulin delivery control unit 4 is connected to the fluid
reservoir unit 1, the drug delivery system 2 and the ind-
welling unit 3. The glucose monitoring and insulin delivery
control unit 4 may real-timely monitor and detect the glu-
cose concentration, so the patient and the paramedic
may real-timely know the change of the glucose concen-
tration, and make a response.

[0044] The skin temperature automatic adjusting de-
vice 5 is configured to heat the skin tissue at which the
glucose sensor 31 and the indwelling cannula 32 are im-
planted. The skin temperature automatic adjusting de-
vice 5 is stuck on surface of the skin tissue at which the
glucose sensor 31 and the indwelling cannula 32 are im-
planted. After the skin temperature automatic adjusting
device 5 is electrified, it may produce a desired temper-
ature which may reduce the effect of temperature change
on glucose monitoring, and reduce the delay of the insulin
peak action time. Referring to FIG. 14a and FIG. 14b, a
schematic diagram of a skin temperature automatic ad-
justing device 5 are illustrated. The skin temperature au-
tomatic adjusting device 5 includes a skin heating film
51, a heating module 52, a temperature control module
53, a heat preservation module 54 and a temperature
detection module 55.

The skin heating film 51

[0045] The heating module 52 is configured to heat the
skin tissue at which the glucose sensor 31 and the ind-
welling cannula 32 are implanted to 32°C~45°C, wherein
the heating module 52 is located in the skin heating film
51. In some embodiments, the heating module 52 may
be afast heating integrated circuit which includes a heat-
ing element, a power, a temperature sampling element
and a switching element.

[0046] The temperature control module 53 is config-
ured to regulate heating parameter and control the tem-
perature range, wherein the temperature control module
53 is located in the skin heating film 51 and connected
to the heating module 52. In some embodiments, the
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temperature control module 53 may be a temperature
control circuit which includes a temperature sensor, a
relay and a temperature regulation circuit, and control
the temperature of skin tissue at 32°C~45°C.

[0047] The heat preservation module 54 is configured
to preserve the skin tissue at which the glucose sensor
31 and the indwelling cannula 32 are implanted at
32°C~45°C, wherein the heat preservation module 54 is
located in the skin heating film 51 and connected to the
temperature control module 53. In some embodiments,
the heat preservation module 54 may be a heat preser-
vation circuit, the temperature is set at 32°C~45°C,
wherein the heat preservation circuit includes a temper-
ature sensor, an operational amplifier, a comparator and
a heating unit.

[0048] The temperature detection module 55 is config-
ured to detect the skin tissue at which the glucose sensor
31 and the indwelling cannula 32 are implanted. In some
embodiments, the temperature detection module 55 may
be a temperature detection circuit which includes a tem-
perature sensor, a singlechip and a temperature detec-
tion circuit unit.

[0049] In some embodiments, the heating module 52,
the temperature control module 53, the heat preservation
module 54 and the temperature detection module 55 may
be located in the skin heating film 51, and constitute the
skin temperature automatic adjusting device 5, wherein
the temperature detection module 55 is connected to the
temperature control module 53. In some embodiments,
the heating module 52, the temperature control module
53 and the heat preservation module 54 may be located
in the skin heating film 51, connecting the temperature
detection module 55 and the skin heating film 51, which
constitutes the skin temperature automatic adjusting de-
vice 5.

[0050] The skin temperature automatic adjusting de-
vice 5, the fluid reservoir unit 1, the fluid driving unit 2,
the indwelling unit 3, and the glucose monitoring and in-
sulin delivery control unit 4 complete the glucose moni-
toring and insulin injection together. In the process, the
skin is heated by the skin temperature automatic adjust-
ing device 5, which may solve the delay between the
desired glucose concentration and the insulin peak action
time, and reduce the effect of temperature change on
glucose monitoring.

[0051] The single needle integrated artificial pancreas
according to the present disclosure provides the inserter
which is configured to simultaneously implant the glucose
sensor and the indwelling cannula in the same subcuta-
neous tissue in the patient under the aid of the puncture
needle, so the chance of patient infection decreases, and
the installation of the single needle integrated artificial
pancreas is easy; while the single needle integrated ar-
tificial pancreas according to the present disclosure pro-
vides the skin temperature automatic adjusting device
which may heat the skin, so which may solve the delay
between the desired glucose concentration and the in-
sulin peak action time, and reduce the effect of temper-
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ature change on glucose monitoring.

[0052] In summary, the present disclosure overcomes
the various shortcomings of the current technology and
has high industrial utilization value.

Claims

1. A single needle integrated artificial pancreas, com-
prising:

a fluid reservoir unit (1) configured to store in-
sulin;

a fluid driving unit (2) connected to the fluid res-
ervoir unit (1) and configured to deliver the in-
sulin stored in the fluid reservoir unit (1) to the
subcutaneous tissue of a patient;

an indwelling unit (3) connected to the fluid res-
ervoir unit (1), comprising a glucose sensor (31),
an indwelling cannula (32), a groove puncture
needle (332) and

an inserter

(34), wherein the glucose sensor (31) is an elec-
trode sensor (35) comprising an enzyme layer,
and configured to monitor in real time a change
of glucose and produce effective glucose sig-
nals based on the change of the glucose; and a
glucose monitoring and insulin delivery control
unit (4), which is connected to the fluid reservoir
unit (1), the fluid driving unit (2) and the indwell-
ing unit (3), and configured to process the effec-
tive glucose signals output by the glucose sen-
sor (31), and to control the fluid reservoir unit
(1), the fluid driving unit (2) and the indwelling
unit (3);

wherein the electrode sensor (35) and the ind-
welling cannula (32) are simultaneously implant-
ed in a same subcutaneous tissue in the patient
via the

inserter

(34) with the aid of the groove puncture needle
(332);

characterized in that the single needle inte-
grated artificial pancreas further comprises a
skin temperature automatic adjusting device (5)
configured to heat the skin tissue where the elec-
trode sensor (35) and the indwelling cannula
(32) are implanted;

wherein the electrode sensor (35) together with
the indwelling cannula (32) is located in a groove
of the groove puncture needle (332);

wherein a distance between an end of the ind-
welling cannula (32) and an end of the electrode
sensor (35) ranges from 1mm to 8mm.

2. The single needle integrated artificial pancreas ac-
cording to claim 1, wherein the electrode sensor (35)
is integrated in the outer surface of the indwelling
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10.
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cannula (32).

The single needle integrated artificial pancreas ac-
cording to claim 2, wherein the electrode (351, 352,
353) of the electrode sensor (35) is ring-shaped or
fan-shaped, and an electrode contact point (354) of
the electrode sensor (35) is ring-shaped or fan-
shaped.

The single needle integrated artificial pancreas ac-
cording to claim 1, wherein the electrode sensor (35)
has an electrode coating structure comprising an an-
ti-interference layer, the enzyme layer, a regulation
layer and a protective layer.

The single needle integrated artificial pancreas ac-
cording to claim 1, wherein the electrode sensor (35)
has an electrode coating structure comprising the
enzyme layer, aregulation layer and a protective lay-
er.

The single needle integrated artificial pancreas ac-
cording to claim 1, wherein the electrode sensor (35)
has an electrode coating structure comprising an an-
ti-interference layer, a bonding layer, the enzyme
layer, a bonding layer, a regulation layer and a pro-
tective layer.

The single needle integrated artificial pancreas ac-
cording to claim 1, wherein the indwelling cannula
(32) and the electrode sensor (35) are arranged in
parallel.

The single needle integrated artificial pancreas ac-
cording to claim 1, wherein the end of the indwelling
cannula (32) and the end of the electrode sensor
(35) are both tip shaped.

The single needle integrated artificial pancreas ac-
cording to claim 1, wherein the skin temperature au-
tomatic adjusting device (5) comprises a skin heating
film (51), a heating module (52), a temperature con-
trol module (53), a heat preservation module (54)
and a temperature detection module (55).

The single needle integrated artificial pancreas ac-
cording to claim 1, wherein the

inserter

(34) is an automatic ejecting installation device or a
manual installation device.

The single needle integrated artificial pancreas ac-
cording to claim 1, further comprising a pump base
and a controller connected to the pump base, where-
in the pump base comprises the fluid reservoir unit
(1), the fluid driving unit (2) and the indwelling unit
(3), wherein the controller comprises the glucose
monitoring and insulin delivery control unit (4).
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Patentanspriiche

Einnadelig integrierte kiinstliche Bauchspeicheldri-
se, umfassend:

ein Fluidreservoir (1), das konfiguriert ist, um In-
sulin zu speichern;

eine Fluidantriebseinheit (2), die mit dem Fluid-
reservoir (1) verbunden und konfiguriert ist, um
das in dem Fluidreservoir (1) gespeicherte In-
sulin an das subkutane Gewebe eines Patienten
zu liefern;

eine Dauereinheit (3), die mitdem Fluidreservoir
(1) verbunden ist, umfassend einen Glukose-
sensor (31), einen Dauerkatheter (32), eine Nut-
punktionsnadel (332) und eine Einflihrvorrich-
tung (34), wobei der Glukosesensor (31) ein
Elektrodensensor (35) ist, umfassend eine En-
zymschicht, und konfiguriert ist, um in Echtzeit
eine Anderung von Glukose zu iiberwachen und
effektiv Glukosesignale zu erzeugen, basierend
auf der Anderung der Glukose; und

eine Glukoseuberwachungs- und Insulinliefer-
steuerungseinheit (4), die mit dem Fluidreser-
voir (1), der Fluidantriebseinheit (2) und der
Dauereinheit (3) verbunden ist und konfiguriert
ist, um die effektiven Glukosesignale, die von
dem Glukosesensor (31) ausgegeben werden,
zu verarbeiten und um die Fluidreservoireinheit
(1), die Fluidantriebseinheit (2) und die Dauer-
einheit (3) zu steuern;

wobei der Elektrodensensor (35) und der Dau-
erkatheter (32) gleichzeitig in ein gleiches sub-
kutanes Gewebe in dem Patienten eingesetzt
werden Uber die Einfuihrvorrichtung (34) mit Hil-
fe der Nutpunktionsnadel (332);

dadurch gekennzeichnet, dass die einnadelig
integrierte kiinstliche Bauchspeicheldriise fer-
ner eine automatische Hauttemperaturanpas-
sungsvorrichtung (5) umfasst, die konfiguriert
ist, um das Hautgewebe dort zu erwarmen, wo
der Elektrodensensor (35) und der Dauerkathe-
ter (32) eingesetzt sind;

wobei sich der Elektrodensensor (35) zusam-
men mit dem Dauerkatheter (32) in einer Nut
der Nutpunktionsnadel (332) befindet;

wobei eine Entfernung zwischen einem Ende
des Dauerkatheters (32) und einem Ende des
Elektrodensensors (35) von 1 mm bis zu 8 mm
reicht.

Einnadelig integrierte kiinstliche Bauchspeicheldri-
se nach Anspruch 1, wobei der Elektrodensensor
(35) in die AuBenflache des Dauerkatheters (32) in-
tegriert ist.

Einnadelig integrierte kiinstliche Bauchspeicheldri-
se nach Anspruch 2, wobei die Elektrode (351, 352,
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353) des Elektrodensensors (35) ringférmig oder fa-
cherférmig ist und eine Elektrodenkontaktstelle
(354) des Elektrodensensors (35) ringférmig oder fa-
cherférmig ist.

Einnadelig integrierte kiinstliche Bauchspeicheldri-
se nach Anspruch 1, wobei der Elektrodensensor
(35) eine Elektrodenbeschichtungsstruktur hat, um-
fassend eine Antistdrschicht, die Enzymschicht, eine
Regulationsschicht und eine Schutzschicht.

Einnadelig integrierte kiinstliche Bauchspeicheldri-
se nach Anspruch 1, wobei der Elektrodensensor
(35) eine Elektrodenbeschichtungsstruktur hat, um-
fassend die Enzymschicht, eine Regulationsschicht
und eine Schutzschicht.

Einnadelig integrierte kiinstliche Bauchspeicheldri-
se nach Anspruch 1, wobei der Elektrodensensor
(35) eine Elektrodenbeschichtungsstruktur hat, um-
fassend eine Antistérschicht, eine Verbindungs-
schicht, die Enzymschicht, eine Verbindungs-
schicht, eine Regulationsschicht und eine Schutz-
schicht.

Einnadelig integrierte kiinstliche Bauchspeicheldri-
se nach Anspruch 1, wobei der Dauerkatheter (32)
und der Elektrodensensor (35) parallel angeordnet
sind.

Einnadelig integrierte kiinstliche Bauchspeicheldri-
se nach Anspruch 1, wobei das Ende des Dauerka-
theters (32) und das Ende des Elektrodensensors
(35) beide spitz geformt sind.

Einnadelig integrierte kiinstliche Bauchspeicheldri-
se nach Anspruch 1, wobei die automatische Haut-
temperaturanpassungsvorrichtung (5) einen
Hauterwarmungsfilm (51), ein Erwdrmungsmodul
(52), ein Temperatursteuerungsmodul (53), ein War-
mebewahrungsmodul (54) und ein Temperaturer-
fassungsmodul (55) umfasst.

Einnadelig integrierte kiinstliche Bauchspeicheldri-
se nach Anspruch 1, wobei die Einflhrvorrichtung
(34) eine automatische Ausgabeinstallationsvorrich-
tung oder eine manuelle Installationsvorrichtung ist.

Einnadelig integrierte kiinstliche Bauchspeicheldri-
se nach Anspruch 1, ferner umfassend eine Pump-
basis und eine Steuerung, die mit der Pumpbasis
verbunden ist, wobei die Pumpbasis die Fluidreser-
voireinheit (1), die Fluidantriebseinheit (2) und die
Dauereinheit (3) umfasst, wobei die Steuerung die
Glukoseiberwachungs- und Insulinliefersteue-
rungseinheit (4) umfasst.
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Revendications

1.

Pancréas artificiel
comprenant :

integré a aiguille unique,

une unité a réservoir de fluide (1) configurée
pour stocker de l'insuline ;

une unité d’entrainement de fluide (2) raccordée
a l'unité a réservoir de fluide (1) et configurée
pour fournir I'insuline stockée dans I'unité a ré-
servoir de fluide (1) au tissu sous-cutané d’un
patient ;

une unité a demeure (3) raccordée a l'unité a
réservoir de fluide (1), comprenant un capteur
de glucose (31), une canule a demeure (32),
une aiguille pour ponction a rainure (332) et un
instrument d’introduction (34), dans lequel le
capteur de glucose (31) est un capteur a élec-
trode (35) comprenant une couche d’enzyme,
et configuré pour surveiller en temps réel un
changement de glucose et produire des signaux
de glucose efficace sur la base du changement
du glucose ; et

une unité de surveillance de glucose et de com-
mande d’administration d’insuline (4), qui est
connectée al'unité a réservoir de fluide (1), 'uni-
té d’entrainement de fluide (2) et l'unité a de-
meure (3), et configurée pour traiter les signaux
de glucose efficace produits par le capteur de
glucose (31), et pour commander l'unité a réser-
voir de fluide (1), 'unité d’entrainement de fluide
(2) et 'unité a demeure (3) ;

dans lequel le capteur a électrode (35) et la ca-
nule a demeure (32) sont simultanément im-
plantés dans un méme tissu sous-cutané chez
le patient par l'intermédiaire de I'instrument d’in-
troduction (34) a l'aide de I'aiguille pour ponction
arainure (332) ;

caractérisé en ce que le pancréas artificiel in-
tégré a aiguille unique comprend en outre un
dispositif d’ajustement automatique de tempé-
rature de peau (5) configuré pour chauffer le tis-
su de peau ou le capteur a électrode (35) et la
canule a demeure (32) sont implantés ;

dans lequel le capteur a électrode (35) conjoin-
tement avec la canule a demeure (32) est situé
dans une rainure de l'aiguille pour ponction a
rainure (332) ;

dans lequel une distance entre une extrémité de
la canule a demeure (32) et une extrémité du
capteur a électrode (35) varie de 1 mm a 8 mm.

Pancréas artificiel intégré a aiguille unique selon la
revendication 1, dans lequel le capteur a électrode
(35) est intégré dans la surface extérieure de la ca-
nule a demeure (32).

Pancréas artificiel intégré a aiguille unique selon la
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1.

revendication 2, dans lequel I'électrode (351, 352,
353) du capteur a électrode (35) présente une forme
annulaire ou une forme en éventail, et un point de
contact d’électrode (354) du capteur a électrode (35)
présente une forme annulaire ou une forme en éven-
tail.

Pancréas artificiel intégré a aiguille unique selon la
revendication 1, dans lequel le capteur a électrode
(35) posséde une structure de revétement d’électro-
de comprenant une couche anti-interférence, la cou-
che d’enzyme, une couche de régulation et une cou-
che protectrice.

Pancréas artificiel intégré a aiguille unique selon la
revendication 1, dans lequel le capteur a électrode
(35) posséde une structure de revétement d’électro-
de comprenant la couche d’enzyme, une couche de
régulation et une couche protectrice.

Pancréas artificiel intégré a aiguille unique selon la
revendication 1, dans lequel le capteur a électrode
(35) posséde une structure de revétement d’électro-
de comprenant une couche anti-interférence, une
couche de liaison, la couche d’enzyme, une couche
de liaison, une couche de régulation et une couche
protectrice.

Pancréas artificiel intégré a aiguille unique selon la
revendication 1, dans lequel la canule a demeure
(32) et le capteur a électrode (35) sont agencés en
parallele.

Pancréas artificiel intégré a aiguille unique selon la
revendication 1, dans lequel I'extrémité de la canule
a demeure (32) et I'extrémité du capteur a électrode
(35) présentent toutes les deux une forme de pointe.

Pancréas artificiel intégré a aiguille unique selon la
revendication 1, dans lequel le dispositif d’ajuste-
ment automatique de température de peau (5) com-
prend un film de chauffage de peau (51), un module
de chauffage (52), un module de commande de tem-
pérature (53), un module de préservation de chaleur
(54) et un module de détection de température (55).

Pancréas artificiel intégré a aiguille unique selon la
revendication 1, dans lequel I'instrument d’introduc-
tion (34) est un dispositif d’installation a éjection
automatique ou un dispositif d’installation manuel.

Pancréas artificiel intégré a aiguille unique selon la
revendication 1, comprenant en outre une base de
pompe et un dispositif de commande connecté a la
base de pompe, dans lequel la base de pompe com-
prend I'unité a réservoir de fluide (1), 'unité d’entrai-
nement de fluide (2) et l'unité & demeure (3), dans
lequel le dispositif de commande comprend l'unité
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de surveillance de glucose et de commande d’admi-
nistration d’insuline (4).

10

15

20

25

30

35

40

45

50

55

1"

20



EP 2 997 988 B1

31
glucose z
S monitoring and indwelling puncture .
fluid dr.1tVlng insulin glucose hose needle mserter
um delivery sensor 2
control unit 32 2 Z
2 \ 4 33 34
indwelling unit
3
. L skin
fluid reservoir unit 4
emperature
automatic
2 adjusting
1 device 5
single needle integrated artificial pancreas

Figure 1

Figure 2

12



EP 2 997 988 B1

Figure 3

Figure 4

13



EP 2 997 988 B1

Figure 5

Figure 6

14



EP 2 997 988 B1

Figure 7

Figure 8

15



EP 2 997 988 B1

Figure 9

Figure 10

16



EP 2 997 988 B1

Figure 11

Figure 12

17



EP 2 997 988 B1

33

Figure 13

18



EP 2 997 988 B1

skin temperature automatic adjusting device

heating temperature heat . tempera.ture
dul control preservation detection
module module module module
32 53 54 55

skin heating film

51

Figure 14a

19




EP 2 997 988 B1

skin temperature automatic adjusting device

heating
module

52

temperature
control
module

l

53

skin heating film

heat
preservation
module

54

temperature
detection
module

L,

55

Figure 14b




EP 2 997 988 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* WO 2009066288 A1 [0003] * US 2008086042 A1[0003]

21



patsnap

ERATROF) BE — LA TIRER
DF(RE)F EP2997988B 1 DF(E)A 2018-09-26
RiES EP2014861997 RiEHR 2014-01-27

FRIRBE(ERRAGER) LEBEBFRRARQH
B (T M) A(F) MEDTRUMBHZ iR 3 B BR 4 7).

METERE(ERMN)AGE) MEDTRUMBHERR AR .

R & B A YANG CUIJUN
RHAA YANG, CUIJUN
IPCHEE AB1M5/145 A61M5/142 A61M5/00 A61B5/00
CPCH#E AB1M5/1723 A61B5/14503 A61B5/14532 A61M5/14276 A61M2005/1726 A61M2205/36
REHA(F) J AKEMP
Lk 201310560946.9 2013-11-12 CN
H {23 FF 3R EP2997988A1
EP2997988A4
SNERaE Espacenet
MWEGF)

KEARFFT — TR AR , Hh &4 — LA TRIRSE
YRR (1) ITBRZ ST (2 ) ERIGYEEFRET (1) ;
HERRT (3) , ERIAGYBERET (1) , FEAERELRS
(31) ,REFREBEKE (32) , FRE (33) MRREE (34) ;5 P 3
BERERE (31) ARG REERE (32) EFRE (33) WHBHT
BERERE (34) FANEARENRE —K TAAH;ZFRIE (33) W
FIZF R NZFRIE MR MRS RAHEFET (4) 2 HEEIH
MiEfFRET (1)  FERHRET (2) MEERT (3) . BHERA
THRIRGEBFATRRNRG ZREERE (32 ) MAEHHEERER (31)
EEEAEER TARNWMERENT , NI REREEENIN LB,
ZEMER , ERAE,



https://share-analytics.zhihuiya.com/view/74c66331-f819-4180-b554-e80f0a22e223
https://worldwide.espacenet.com/patent/search/family/053056686/publication/EP2997988B1?q=EP2997988B1

