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A method and a system for monitoring healthcare garments
(3), wherein the method comprises the steps of:

providing a temperature sensor (1) on or in a healthcare
garment,

sensing the temperature of the healthcare garment by
means of the temperature sensor,

transferring temperature data relating to the sensed tem-
perature over at least one network (5) and a wireless
interface (7) from the temperature sensor to a base
station (4), and

based on the transferred temperature data, determining
information relating to a usage cycle of said healthcare
garment.
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A METHOD AND A SYSTEM FOR
MONITORING HEALTHCARE GARMENTS

FIELD OF THE INVENTION

[0001] The present invention relates to a method for
monitoring healthcare garments according to the preamble
of claim 1. Tt further relates to a system for monitoring
healthcare garments according to the preamble of claim 9.

BACKGROUND AND PRIOR ART

[0002] Nosocomial infections, also called hospital
acquired infections, have become a large problem in modern
healthcare. Such infections include e.g. urinary infections,
surgical site infections, pneumonia, and bacteraemia. These
infections are important causes of morbidity and mortality
and form a significant burden for healthcare systems all over
the world.

[0003] A major focus for hospitals and other healthcare
institutions is therefore to reduce or eliminate such hospital
acquired infections. One strategy for preventing hospital
acquired infections is to limit transmission of organisms
between patients in direct patient care through e.g. adequate
handwashing, glove use, and laundry of healthcare gar-
ments. Regular washing of healthcare garments, i.e. gar-
ments worn by healthcare staff, using a correct washing
cycle, is of great importance for prevention of hospital
acquired infections. For example, it is often desirable that
healthcare garments are washed after one work shift. How-
ever, many hospitals have identified problems associated
with laundry, such as e.g. difficulties in ensuring that the
healthcare garments are washed after each work shift instead
of being stored until the next work shift and reused.

SUMMARY OF THE INVENTION

[0004] Itis an objective of the present invention to provide
amethod and a system that can contribute to overcoming the
above mentioned problems and help preventing spread of
hospital acquired infections via healthcare garments.
[0005] This objective is, in a first aspect of the present
invention, achieved by the initially defined method, which is
characterised in that it comprises the steps of:

[0006] sensing the temperature of a healthcare garment
by means of a temperature sensor provided on or in the
healthcare garment,

[0007] transferring temperature data relating to the
sensed temperature over at least one network and a
wireless interface from the temperature sensor to a base
station, and

[0008] in the base station, based on the temperature
data, determining information relating to a usage cycle
of said healthcare garment.

[0009] By sensing and communicating the temperature of
healthcare garments, it is possible to obtain information
relating to the usage cycle of the healthcare garment, such as
the time elapsed since a most recent wash, the number of
times that the healthcare garment has been worn without
intermediate wash, a body temperature of a wearer of the
healthcare garment, a time at storage, a washing temperature
used, etc. This makes it possible for a hospital or healthcare
institution to monitor its stock of healthcare garments and
identify any problems associated with the usage cycles of
the healthcare garments that may lead to an increased risk of
spreading germs. Monitoring may be carried out on an
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individual level, identifying each healthcare garment, or on
a stock level, identifying e.g. a percentage of the monitored
healthcare garments that have been washed between two
different wearing occasions. In this case, it is possible to
carry out the monitoring completely anonymously, without
identifying individual wearers.

[0010] The sensor used should be small and versatile, and
it should also be able to withstand washing at a desired
washing temperature, usually at least 70° C. It can be
integrated with a fabric of the healthcare garment or
mounted separately on the healthcare garment, e.g. in a hem
of the healthcare garment, such as in a neckband or in a
sleeve hem. It is preferable that the sensor is energy efficient
to ensure a long battery life. The sensor may for this purpose
be configured to communicate teniperature data to the base
station only once a day or even more seldom. Conditions
may be set that rule the sending of temperature data. The
sensor may e.g. check for a connection to the wireless
network at a predetermined time or after having collected a
certain amount of data, and only then send the collected data.
The sensor may also be configured so that it only registers
large changes in temperature, such as when a wearer puts on
a healthcare garment and the temperature changes from a
storage temperature of about 20° C. to a wearing tempera-
ture of about 37° C., or when the washing temperature is
reached.

[0011] According to one embodiment of the invention, the
step of determining information relating to the usage cycle
of the healthcare garment includes comparing the tempera-
ture data to at least one predefined temperature value or
temperature range associated with a specified usage cat-
egory. Such a usage category can be e.g. wearing, washing,
storing, wearing by infected wearer, etc. By comparison
with predefined temperature values or ranges, a fast and
efficient categorisation of the healthcare garment’s usage
can be achieved.

[0012] According to one embodiment of the invention,
said at least one predefined temperature value or temperature
range associated with a specified usage category includes at
least one of a predefined wearing temperature range, a
predefined washing temperature value, a predefined storage
temperature range, and an infection indicating temperature
range. By defining a wearing temperature range correspond-
ing to the expected temperature of the healthcare garment
when worn, a wearing time of the healthcare garment can be
determined. A washing temperature value can be set to
determine if a healthcare garment has been washed at a
correct temperature. Washing of healthcare garments is often
carried out by external service providers, and it is therefore
useful for the hospital or healthcare institution to be able to
control that provisions regarding the washing temperature
are respected. The washing temperature value or range can
also be used to identify whether a healthcare garment has
been washed between work shifts or at prescribed intervals.
A storage temperature range, corresponding to an expected
temperature of the healthcare garment during storage can be
defined to determine a time at storage of the healthcare
garment. An infection indicating temperature range is pref-
erably set to slightly higher than a wearing temperature
range, so that it is possible to determine if a wearer of the
healthcare garment has an elevated body temperature, thus
indicating infection.

[0013] According to one embodiment of the invention, the
step of determining information relating to the usage cycle
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of the healthcare garment includes determining the amount
of time spent in said wearing temperature range and/or in
said storage temperature range without exceeding said wash-
ing temperature value. It can thus easily be determined
whether the healthcare garment has been worn or stored for
too long without washing.

[0014] According to one embodiment of the invention,
said information relating to the usage cycle of said health-
care garment includes a body temperature of a wearer of said
healthcare garment. By determining the body temperature of
the wearer of healthcare garments, it can at an early stage be
identified if the wearer, such as a nurse, a surgeon, or a
physician, has an infection.

[0015] According to one embodiment of the invention, the
information relating to a usage cycle of said healthcare
garment is determined solely based on data received from
the temperature sensor. Thus, a tag Thereby, no data from
any additional devices, such as an RFID (radio frequency
identification) tag is necessary to determine information
relating to the usage cycle. Apart from the temperature
sensor, no device configured to communicate with the base
station needs to be provided on or in the healthcare garment
in this embodiment. Since the battery time of the tempera-
ture sensor may often be longer than e.g. the battery time of
an RFID tag, this may lead to less maintenance and an
improved reliability of the method. Furthermore, experi-
enced violations of the personal integrity of the healthcare
staff can be avoided, since the healthcare garments do not
need to be associated with individual wearers of the health-
care garment.

[0016] According to one embodiment of the invention, the
method further comprises the steps of:

[0017] comparing said information relating to a usage
cycle of said healthcare garment to at least one pre-
defined warning condition, and

[0018] given that said predefined warning condition is
fulfilled, generating an error code.

[0019] A warning condition may be set relating to e.g.
washing temperature, time of wear, body temperature of
wearer, etc. By generating an error code if a warning
condition is fulfilled, it is possible to easily identify any
unwanted usage of the healthcare garment, such as washing
at too low temperature or wearing the healthcare garment for
too long without washing.

[0020] According to one embodiment of the invention, the
method further comprises the steps of:

[0021] communicating said error code to a warning
indicator provided on or in said healthcare garment,
and

[0022] in response to said error code, emitting a warn-

ing signal from the warning indicator.

[0023] The warning indicator can be e.g. a light-emitting
diode (LED) or similar, indicating visually that there is a
potential problem with contamination associated with the
healthcare garment or the wearer of the healthcare garment.
In this way, it is easy to identify for a wearer of the
healthcare garment or for other persons that the healthcare
garment needs to be deposited for washing. The warning
indicator can also be configured to emit an audio warning
signal. The warning signal may further be emitted only as a
specific condition is fulfilled, such as when the healthcare
garment is put on by a wearer after storage.
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[0024] According to another aspect of the present inven-
tion, the above mentioned objective is achieved by means of
the initially defined system, characterised in that it com-
prises:

[0025] atemperature sensor provided on or in a health-
care garment, the temperature sensor being adapted to
sense the temperature of said healthcare garment and to
send temperature data relating to the sensed tempera-
ture over at least one network and a wireless interface,
and

[0026] a base station adapted to receive said tempera-
ture data, wherein the base station is configured to, on
the basis of the received temperature data, determine
information relating to a usage cycle of said healthcare
garment.

[0027] Advantages as well as preferred embodiments of
such a system are apparent from the above above discussion
relating to the proposed method.

[0028] According to one embodiment of this aspect of the
invention, the base station is configured to compare said
information relating to a usage cycle of said healthcare
garment to at least one predefined warning condition, and
given that said predefined warning condition is fulfilled,
generate an error code.

[0029] According to another embodiment, the system fur-
ther comprises a warning indicator provided on or in said
healthcare garment, the warning indicator being configured
to receive said generated error code from the base station
and in response thereto emit a warning signal.

[0030] According to one embodiment, the temperature
sensor is mounted in a neckband of the healthcare garment.
This is a suitable position for the sensor.

[0031] Itis of course also possible to combine the system
according to the invention with an RFID (radio frequency
identification) system for tracking and individually identi-
fying healthcare garments, if individual monitoring of
healthcare garments is desired. By combining the informa-
tion determined using the proposed method with informa-
tion obtained using a RFID system, having RFID tags
mounted on each healthcare garment, it is possible for a
particular healthcare unit to obtain a detailed follow-up on
the usage of the healthcare garments associated with that
particular healthcare unit and identify problems that may
lead to spread of hospital acquired infections. However, the
RFID system is preferably provided separately from the
system according to the invention, such that e.g. battery life
of the temperature sensors are not affected by an RFID
system. In this way, monitoring of healthcare garments can
be carried out without relying on a functioning RFID
system.

[0032] Further advantages as well as advantageous fea-
tures of the present invention will appear from the following
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Embodiments of the invention will in the following
be described with reference to the appended drawings, in
which:

[0034] FIG. 1 schematically shows a system according to
an embodiment of the invention, and

[0035] FIG. 2 is a flow chart illustrating a method accord-
ing to an embodiment of the invention.
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DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0036] A system according to an embodiment of the
invention is schematically shown in FIG. 1. The system
comprises a plurality of temperature sensors 1, each
mounted in a neckband 2 of a healthcare garment 3. Each
temperature sensor 1 is configured to sense the temperature
of the healthcare garment 3 and to send a data message DM
comprising temperature data corresponding to the sensed
temperature to a central base station 4 via a wireless network
5. The base station 4 has a primary interface 6 toward the
wireless network 5 and the wireless network 5 in turn has a
secondary interface 7, configured to communicate wirelessly
with the temperature sensor 1. The base station 4 comprises
a data storage medium 8 on which temperature data are
stored in a database and a processing unit 9 configured to
process the temperature data and determine information
relating to a usage cycle of the monitored healthcare gar-
ment 3 or healthcare garments. Display means 10, here
comprising a screen 11, is provided for displaying the
determined information in the form of e.g. a graph 12
showing temperature as a function of time.

[0037] A method according to an embodiment of the
invention, using the system shown in FIG. 1, is illustrated in
FIG. 2. In a first step S1, the temperature sensor 1 is
provided on or in the healthcare garment 3, such as in a
neckband 2 of the healthcare garment. In a second step S2,
the temperature of the healthcare garment 3 is sensed by
means of the temperature sensor 1. This can be performed
regularly at a predetermined frequency, but the sensor may
also be configured such that it only senses or records large
changes in temperature, such as a change from 20° C. to 35°
C., indicating that the healthcare garment 3 is taken from a
storage and put on by a wearer. As long as the temperature
is constant or only varies by a small amount, the sensor does
not collect any new data. As the temperature changes by a
large amount, the sensor records a new temperature value
and a point in time at which the change occurs. Temperature
data relating to the sensed temperature are in a step S3 sent
in a data message DM over the wireless network 5 and the
primary and secondary interfaces 6, 7 from the temperature
sensor 1 to the base station 4. Based on the transferred
temperature data, information relating to a usage cycle of the
healthcare garment 3 is determined in a step S4. This
information can thereafter be displayed using the display
means 10, e.g. in the form of a graph 12 or a diagram. For
example, it is possible to show temperature of the healthcare
garment 3 as a function of time, or time spent in a certain
usage category such as wear or storage, a time since last
wash, etc. Information relating to several healthcare gar-
ments 3 can be compiled and displayed in e.g. a histogram
or the like. Any kind of suitable software can be used to
analyse, compile and present the data and information
derived therefrom.

[0038] In one example, the method and system according
to the invention are used to monitor a large amount of
healthcare garments in a hospital. Each healthcare garment
3 is provided with a temperature sensor 1 as described above
and a base station 4, to which temperature data are commu-
nicated, is provided in the hospital. Each temperature sensor
1 senses and sends temperature data associated with the
healthcare garment 3 on which the sensor 1 is provided to
the base station 4. Temperature data may preferably be
temporarily stored in the temperature sensor 1 and sent in a
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batch to the base station 4, e.g. once a day. In the base station
4, the received temperature data are compared to several
predefined temperature values and temperature ranges asso-
ciated with specified usage categories. In the example, a
wearing temperature range of 32° C.-37° C., indicating that
a person is wearing the healthcare garment 3, and a washing
temperature value of 72° C. are defined. When the tempera-
ture of the healthcare garment 3 falls within the wearing
temperature range, the healthcare garment 3 is categorised as
being worn by a wearer. When the temperature of the
healthcare garment 3 exceeds the washing temperature
value, it is categorised as being washed. When the tempera-
ture is below the wearing temperature range, the healthcare
garment is categorised as being stored. Further temperature
ranges or temperature values can also be predefined, relating
to e.g. an infection indicating temperature range or value
which is characteristic for an infected wearer having a body
temperature of more than 37° C., an insufficient washing
temperature value or range of less than 72° C., or a storage
temperature range.

[0039] In one embodiment of the system and the method
according to the invention, the processing unit 9 in the base
station 4 is configured to generate error codes if certain
predefined warning conditions are fulfilled. The warning
conditions are set so that fulfillment thereof may lead to
spread of hospital acquired infections via the healthcare
garments 3. Such a warning condition can be e.g. that an
insufficient washing temperature has been used, such as a
washing temperature of less than 70° C. Another warning
condition can be that the healthcare garment 3 has been worn
for too long without washing, i.e. has been within a wearing
temperature range for a time period exceeding a predeter-
mined threshold value. Another warning condition can be set
so that an error code is generated if the healthcare garment
3 is put on by a wearer twice without intermediate wash, i.e.
if the temperature lies within the wearing temperature range
twice without reaching a washing temperature value or
range in between. Yet another warning condition can be set
so that an error code is generated if the body temperature of
the wearer exceeds a normal body temperature, thus indi-
cating infection. The error code can trigger the generation of
a warning message which can e.g. be displayed using the
display means.

[0040] A warning indicator (not shown) can be provided
on the healthcare garment 3, to which the generated error
code or error codes can be communicated. Upon receipt of
the error code, the warning indicator emits a warning signal,
which could preferably be a visual or audio warning signal.

[0041] Apart from the first step S1 of providing a tem-
perature sensor, all of the method steps, as well as any
sub-sequence of steps, described above with reference to
FIG. 2, may be controlled by means of a programmed
computer. The invention thus also extends to computer
programs, particularly computer programs provided on or in
a carrier, adapted for putting the method into practice. The
program may be in the form of source code or in any other
form suitable for use in the implementation of the method
according to the invention. The program may either be a part
of an operating system, or be a separate application. The
carrier may be any device capable of carrying the program.
The carrier may e.g. comprise a storage medium, or it may
be a transmissible carrier such as an electrical or optical
signal which may be conveyed via electrical or optical cable,
by radio, or by other means. Alternatively, the carrier may be
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an integrated circuit in which the program is embedded, the
integrated circuit being adapted for performing, or for use in
the performance of, the relevant steps.

[0042] The invention is of course not in any way restricted
to the embodiments described above, but many possibilities
to modifications thereof would be apparent to a person with
skill in the art without departing from the scope of the
invention as defined in the appended claims.

1. A method for monitoring healthcare garments compris-
ing the steps of:

sensing the temperature of a healthcare garment by a

temperature sensor provided on or in the healthcare
garment,

transferring temperature data relating to the sensed tem-

perature over at least one network and a wireless
interface from the temperature sensor to a base station,
and

in the base station, based on the temperature data, deter-

mining information relating to a usage cycle of said
healthcare garment.

2. The method according to claim 1, wherein the step of
determining information relating to the usage cycle of the
healthcare garment comprises comparing the temperature
data to at least one predefined temperature value or tem-
perature range associated with a specified usage category.

3. The method according to claim 2, wherein said at least
one predefined temperature value or temperature range
associated with a specified usage category includes at least
one of a predefined wearing temperature range, a predefined
washing temperature value, a predefined storage tempera-
ture range, and an infection indicating temperature range.

4. The method according to claim 3, wherein the step of
determining information relating to the usage cycle of the
healthcare garment comprises determining the amount of
time spent in said wearing temperature range and/or in said
storage temperature range without exceeding said washing
temperature value.

5. The method according to claim 1, wherein said infor-
mation relating to the usage cycle of said healthcare garment
includes a body temperature of a wearer of said healthcare
garment.
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6. The method according to claim 1, wherein the infor-
mation relating to a usage cycle of said healthcare garment
is determined solely based on data received from the tem-
perature sensor.

7. The method according to claim 1, further comprising
the steps of:

comparing said information relating to a usage cycle of
said healthcare garment to at least one predefined
warning condition, and

given that said predefined warning condition is fulfilled,
generating an error code.

8. The method according to claim 7, further comprising

the steps of:

communicating said error code to a warning indicator
provided on or in said healthcare garment, and

in response to said error code, emitting a warning signal
from the warning indicator.

9. A system for monitoring healthcare garments, compris-

ing:

a temperature sensor provided on or in a healthcare
garment, the temperature sensor being adapted to sense
the temperature of said healthcare garment and to send
temperature data relating to the sensed temperature
over at least one network and a wireless interface, and

a base station adapted to receive said temperature data,
wherein the base station is configured to, on the basis of the
received temperature data, determine information relating to
a usage cycle of said healthcare garment.

10. The system according to claim 9, wherein the base
station is configured to compare said information relating to
a usage cycle of said healthcare garment to at least one
predefined warning condition, and given that said predefined
warning condition is fulfilled, generate an error code.

11. The system according to claim 10, further comprising
a warning indicator provided on or in said healthcare gar-
ment, the warning indicator being configured to receive said
generated error code from the base station and in response
thereto emit a warning signal.

12. The system according to claim 9, wherein the tem-
perature sensor is mounted in a neckband of the healthcare
garment.
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