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METHOD FOR CONTROLLING A
DISINFECTION STATUS OF A
TEMPERATURE CONTROL DEVICE AND
TEMPERATURE CONTROL DEVICE FOR
HUMAN BODY TEMPERATURE CONTROL D
DURING EXTRACORPOREAL
CIRCULATION

Matter enclosed in heavy brackets | | appears in the 10
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding. 15

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a broadening reissue of U.S. Pat. No. Y

9927 416, issued Mar. 27, 2018, which is a continuation of
U.S. application Ser. No. 14/421,438, internationally filed
Jul. 24, 2013, which 1s a national phase application of PCT
Application No. PCT/EP2013/065601, internationally filed
Jul. 24, 2013, which claims priorty to European Application

No. 12 180 231.8, filed Aug. 13, 2012, all of which are
herein incorporated by reference in their entirety.
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TECHNICAL FIELD
30
The present invention relates to a method for controlling
a disinfection status of a temperature control device, 1.e. a
heater and/or cooler for human body temperature control
during extracorporeal circulation of blood. The temperature
control is achieved by using a heat exchanger and tempera- 3>
ture control liquid circulation through the temperature con-
trol device.

BACKGROUND
40
Extracorporeal circulation of blood 1s used in certain
surgical procedures such as during heart surgery. During the
extracorporeal circulation, the body temperature of the
patient can be controlled, by controlling the temperature of
the blood during extracorporeal circulation. For this pur- 45
pose, a patient temperature control system can be provided
by means of which the temperature of the blood of the
patient in the circulation can be raised or lowered. The blood
thus controlled, flows through the patient and the body of the
patient approaches the temperature of the blood. So as to 30
heat or cool the blood, the temperature control system
comprises a heater and/or cooler device providing a liquid
circulation to a disposable (single use) heat exchanger that
transiers energy to and/or away from the patient’s blood
circulation. The liquid can be water. 55
The heat exchanger for the blood 1s a strict dual circuit
system, the blood side and the liquid side being separated
from each other so that any mixture, such as by means of
diffusion, between the blood in one of the circuits and the
temperature control liquid in the other of the circuits 1s 60
inhibited as much as possible. Nevertheless, care has to be
taken to avoid health risks stemming from the liquid.

SUMMARY OF INVENTION

63
The applicant has designed a mobile temperature control
device for human body temperature control during extra-

2

corporeal circulation. Such a mobile device can be con-
nected to a circuit of temperature control liquid to be used
in a heat exchanger. The mobile temperature control device
preferably 1s provided with exchangeable hoses or tubes or
other conduits. Further, connecting and disconnecting these
conduits can more easily be achieved if the conduits are not
filled with the temperature control liquid during connecting
and disconnecting. Likewise, 1t 1s preferred 11 the circuit can
be emptied of temperature control liquid for the connection
and disconnection of the mobile temperature control device.
The preferred mobile device 1s consequently provided with
an open reservoir where the temperature control liquid 1s
exposed to environmental air. The temperature control liquid
can be fed into the circuit from this reservoir and can be
returned to it. Any air which might be trapped 1n one of the
conduits during connecting or disconnecting the conduit and
the temperature control device or the heat exchanger can be
bled to the environment via the open reservoir. This means,
however, that the temperature control liquid 1s exposed to
the air of the environment.

Substances used as temperature control liquid, 1n particu-
lar water, are prone to microbial contamination when
exposed to environmental air. If the temperature control
liquid was exposed to the environmental air, disinfecting the
temperature control device and the temperature control
liquid can then improve the microbial status of the liquid and
render the mobile device maintenance- and service-iriendly.

In the prior art, disinfecting the temperature control
device, 1.e. the heater and/or cooler, was accomplished by
regularly disassembling all devices and subjecting the dis-
assembled parts to a separate disinfection procedure.

This was both time consuming and expensive. Further, it
was required to establish a monitoring and recordation
system 1n order to maintain and verily the disinfection status
of the heater and/or cooler system within an acceptable
range.

The invention addresses the need to more-easily maintain
the microbial safety of the temperature control (heater
and/or cooler) system.

This problem 1s solved by the inventive method according,
to claim 1 and the temperature control device according to
claim 11. Further advantageous features and embodiments
are defined 1n the dependent claims.

The heat exchanger for the inventive method pertaining to
the above mentioned technical field comprises a blood side
circulating blood and a liquid side circulating a temperature
control liquid, for example water, wherein heat can be
exchanged between the temperature control liquid on the
liquid side and the blood on the blood side. Further, the
blood side and the liquid side are separate from each other.
The heat exchanger 1tself 1s a single-use device. After the
operation of the patient, the heat exchanger 1s disposed.
However, the temperature control device i1s a multi-use
device and must be maintained 1n a disinfected state.

The method according to the invention comprises using a
disinfectant in the temperature control liquid, measuring a
concentration of the disinfectant in the temperature control
liquid and deducing a disinfection status of the temperature
control liquid from the measured concentration of the dis-
infectant 1n the temperature control liquid. Preferably, the
concentration of the disinfectant in the temperature control
liguid 1s not only measured but also recorded. Further
preferably, the concentration of the disinfectant in the tem-
perature control liquid 1s continuously measured.

According to the inventive method, the disinfectant is
contained 1n the temperature control liquid during the use of
the heater and/or cooler for human body temperature con-
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trol. The measurement of the concentration of the disinfec-
tant 1n the temperature control liquid allows for assessing the
hygienic disinfection status of the temperature control liquid
and, thus, the heater and/or cooler and also the heat
exchanger. Since this information as to the hygienic status of 5
the heater and/or cooler can be gained continuously, the
disinfection status can also be continuously monitored and
recorded and, hence, provides for a systematic assessment
and monitoring of the hygienic development of the heat
exchanger. 10

In connection with the present invention the term
“human” means mammal or human and animal. It 1s to be
noted that the inventive disinfection method 1s completely
conducted outside of the human or animal body. A disin-
fectant 1n connection with the described invention 1s a 15
disinfecting substance which can be, and preferably is,
permanently present in the temperature control liquid with-
out being hazardous to the patient during extracorporeal
circulation and without damaging a (plastic) heat exchanger
or other part of the circuit for extracorporeal circulation. As 20
long as the concentration of the disinfecting substance 1n the
temperature control liqud 1s above a certain minimum
concentration, the substance 1s considered a disinfecting
substance as the circuit 1s then 1n a disinfected state. The
disinfectant could also be called a “long term disinfectant™ 25
and can optionally be defined by a maximum concentration
in the temperature control liquid. “Long term”™ 1s an 1ndi-
vidual period of time without a precise minimum or maxi-
mum. Any disinfectant which, 1n 1ts specific concentration in
the temperature control liquid, can be used during the 30
extracorporeal circulation and which does not require the
circulation to be stopped for 1t being used for disinfection
without being hazardous to the patient and without damag-
ing the heat exchanger or any other part of the circuit for
extracorporeal circulation 1s considered a long term disin- 35
fectant 1n the sense of the present application. One example
for such a disinfectant 1s hydrogen peroxide preferably of a
concentration of less than 500 mg/l and more than 100 mg/1.

Preferably, the disinfectant i1s at least one of hydrogen
peroxide, sodium hypochlorite and citric acid, wherein 40
hydrogen peroxide 1s particularly preterred. These disinfec-
tants are under certain conditions not too critical 1in terms of
a possible harm to material or health, if a leak 1n the heat
exchanger should occur and some of the temperature control
liquid should leak to the blood side and are, thus, particularly 45
suitable to be used as long term disinfectants. This particu-
larly relates to hydrogen peroxide. Laboratory tests have
shown that the concentration of hydrogen peroxide reduces
over time and, further, that the rate of absorption of the
hydrogen peroxide may serve as an indicator for microbial 50
contamination of the temperature control liquid. This means
that monitoring the concentration of the disinfectant, par-
ticularly the hydrogen peroxide, 1n the temperature control
liquid permits indirectly monitoring the microbial contami-
nation of the temperature control liguid and, hence, the 55
necessity of further disinfection of the temperature control
device, namely the heater and/or cooler.

Preferably, the temperature control liquid includes water.
More preferably, the temperature control liquid consists of
water and the disinfectant as well as unavoidable contami- 60
nants. Using water as the temperature control liquid 1s
preferable amongst others because of 1ts wide availability. A
turther advantage of water 1s that 1t 1s considered harmless
by the U.S. Food and Drug Administration (FDA). At the
same time, water can easily be handled using only standard- 65
1zed equipment which reduces cost, 1if compared with liquids
which require any specific equipment. The term “water” in
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connection with the present invention means drinking water.
This implies a standardized quality and cleanliness of the
water which 1s considered suthicient for using the water as
temperature control liquid 1n a heat exchanger and a corre-
sponding heater and/or cooler for human body temperature
control during extracorporeal circulation. Further, water 1s
compatible with many long term disinfectants and, hence,
allows for choosing the disinfectant from a large group of
potential long term disinfectants.

It 1s advantageous to measure the concentration of the
disinfectant, 1 particular the hydrogen peroxide, during
extracorporeal circulation while conducting the human body
temperature control of the temperature control device,
namely the heater and/or cooler, in order to deduce the
disinfection status of the temperature control liquid and the
heater and/or cooler at the same time as using the heater
and/or cooler. This makes a separate assessment step for the
heater and/or cooler in which the heater and/or cooler must
not be used, unnecessary.

According to an advantageous method, the concentration
of the disinfectant 1s maintained to range from 200 to 300
mg/1.

This concentration of the disinfectant, particularly hydro-
gen peroxide, provides for keeping the contamination of the
temperature control liquid, for example water, 1n the tem-
perature control device in an acceptable range. Such an
acceptable range would be less than 100 CFU/ml. Further
preferably, the amount of microbial contamination of the
temperature control liquid 1s deduced from the concentration
of the disinfectant 1n the temperature control liquid as a
particularly significant aspect of the disinfection status of the
temperature control liquid and, hence, the temperature con-
trol device, namely the heater and/or cooler.

Preferably, a rate of reduction of the concentration of
disinfectant in the temperature control liquid 1s monitored
and, further preferably, recorded. As the rate of absorption of
the hydrogen peroxide can be used as an indicator for
microbial contamination of the temperature control liquid,
monitoring and recording the rate of reduction of the con-
centration of disinfectant in the temperature control liquid
provides for reliable and statistically analyzable information
on the contamination of the temperature control liquid.

According to a further advantageous method, it 1s judged
that the temperature control liquid 1s sufliciently disinfected,
if the concentration of disinfectant in the temperature control
liquid 1s at least 200 mg/l. This concentration of a disinfec-
tant, for example hydrogen peroxide, means that the con-
tamination of the temperature control liquid 1s below the
respective threshold and therefore acceptable.

According to a further preferred method, it 1s judged that
the temperature control liquid 1s msuthiciently disinfected, 1t
the measured concentration of the disinfectant 1n the tem-
perature control liquid 1s between 100 mg/l1 and 200 mg/l.
The reduced concentration of disinfectant, such as hydrogen
peroxide, 1 the temperature control liquid indicates an
unacceptable level of contamination in the temperature
control liguid and the temperature control device (the heater
and/or cooler). The amount of contamination 1s, however,
still within a range which 1s considered as a range of minor
contamination.

The contamination of the temperature control device and
the temperature control liquid can be reduced to an accept-
able level by preferably further adding long term disinfec-
tant such as hydrogen peroxide to the temperature control
liquid so as to increase the disinfectant concentration in the
temperature control liquid to at least 200 mg/1. The addition
of the relatively harmless disinfectant, 1.e. hydrogen perox-
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1ide, sodium hypochlorite or citric acid, allows for reducing
the contamination of the temperature control liqmd to an
acceptable level while, at the same time, the temperature
control device can be used for conducting the temperature
control even considering a possible leaking of liquid out of
the heater and/or cooler to a sterile room or even to the blood
side of the heat exchanger.

It 1s further preferred that it 1s judged that the temperature
control liquid 1s msufliciently disinfected, 11 the measured
concentration of disinfectant in the temperature control
liquid 1s 100 mg/l or less and it 1s further preferred at this
concentration that the temperature control liquid 1s changed
and that the temperature control device i1s disinfected with
disinfectant of a concentration of at least 1000 mg/l. The
disinfection of the temperature control device with the
disinfectant of a concentration of at least 1000 mg/l 1s
preferably not conducted during use of the heater and/or
cooler in order to minimize any risk to the patient during the
disinfection step since this concentration of disinfectant
might no longer be considered harmless so that the disin-
fectant might no longer be considered as a long term
disinfectant.

If the last measurement of the disinfectant concentration
in the temperature control liquid 1s 14 days or more ago, the
temperature control liquid i1s preferably changed and the
temperature control device, 1.e. the heater and/or cooler, 1s
disinfected using a sodium hypochlorite solution.

In order to determine the concentration of disinfectant in
the temperature control liquid, a disinfectant sensor 1s prei-
erably used providing an electric signal 1n accordance with
the concentration of the disinfectant in the temperature
control liquid. In particular, the disinfectant sensor i1s a
hydrogen peroxide sensor generating an evaluation of the
hygienic status of the temperature control device.

A temperature control device for human body temperature
control extracorporeal circulation according to the present
invention comprises a disinfectant sensor configured for
measuring a concentration of disinfectant in the temperature
control liquid. The temperature control device i1s a heater
and/or cooler.

Such a heater and/or cooler provides for the continuous
determination of its disinfection status during use in human
body temperature control and allows for solving the prob-
lems mentioned before.

Preferably, the temperature control device 1s connected to
a first display which 1s configured for indicating whether the
concentration of the disinfectant 1n the temperature control
liquad 1s (a) at least 200 mg/1, (b) between 100 mg/l and 200
mg/1 or (¢) 100 mg/l or below. The display 1s configured for
indicating the concentration of the disinfecting which allows
for deducing the disinfection status of the temperature
control liquid and the hygienic status of the heater and/or
cooler.

Alternatively or additionally, the temperature control
device 1s preferably connected to a second display which 1s
configured for indicating whether the disinfection status of
the temperature control liquid 1s satistactory, whether dis-
infectant 1s to be added or whether the temperature control
liquid 1s to be exchanged. Naturally, also a single display can
be provided which 1s configured for indicating the concen-
tration of the disinfectant as well as the hygienic status and
the modifications to be applied to the system, at the same
time.

The method and the device according to the present
invention simplify maintenance of the hygienic status of the
device and {facilitate a recording/monitoring system to be
established which allows for proving the hygienic status
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continuously over time and determining trends or develop-
ments 1n the hygienic status of the heater and/or cooler. The
absorption rate of the hydrogen peroxide or other disinfec-
tant can be recorded and used for determination of the
contamination status. In this respect, a high absorption rate
of hydrogen peroxide indicates microbial contamination.
This 1s an advantage over discrete measurements conducted
in relatively long intervals because such discrete measure-
ments cannot suiliciently exactly produce information as to
the gradient of absorption of the disinfectant.

As sensors for the disinfectant, in particular hydrogen
peroxide, particularly preferred sensors include conductance
sensors or electrochemical sensors such as a Clark cell. In
particular, the heater and/or cooler can be prepared for use
of several different sensors for measuring the concentration
of hydrogen peroxide or other disinfectant.

In conclusion, the invention allows for an indirect mea-
surement of the contamination of the heater and/or cooler
and the temperature control liquid 1n the heater and/or cooler
as well as the heat exchanger on its temperature control
liquid side. This makes the time-consuming and expensive
direct measurements of the contamination unnecessary
which to date use germ spreads. Accordingly, the invention
allows for a significant facilitation of maintenance, moni-
toring and control of the hygienic status of a heater and/or
cooler for an extracorporeal circulation of blood during a
surgical operation.

Reference 1s made to the co-assigned patent application
EP 12 180 230.0 filed Aug. 13, 2012, entitled “Method and
apparatus for disinfection of a temperature control device for
human body temperature control during extracorporeal cir-
culation”, the complete content of which 1s hereby 1ncorpo-
rated herein.

This co-assigned patent application describes and claims
a method for disinfection of a temperature control device for
human body temperature control during extracorporeal cir-
culation which uses a long term disinfectant. The method
and apparatus described in the co-assigned patent applica-
tion can preferably be combined with the invention
described 1n the present application, 1n particular in that the
addition of disinfectant to the temperature control liquid can
be based on the method and device disclosed 1n the present
application. In other words, the method and device disclosed
in the co-assigned patent application can be combined with
the mvention disclosed in the present application. This
particularly facilitates performing a fully-automatic or at
least semi-automatic disinfection method based on the infor-
mation obtained by the method and/or device of the present
application.

In particular, the outcome of the method for controlling
the disinfection status of a temperature control device of the
present application can be that the disinfection status of the
temperature control device 1s msuflicient. In this case, the
method of disinfection as described i1n the co-assigned
application can be used for improving the disinfection status
of the temperature control device.

L1

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram 1llustrating a tempera-
ture control device 1n a heat exchanging system according to
a preferred embodiment.

FIG. 2 shows a diagram 1llustrating a preferred method for
controlling the disinfection status of a temperature control
device.

DETAILED DESCRIPTION

FIG. 1 shows a schematic diagram of a heat exchanger 10
for human body temperature control during extracorporeal



US RE49,629 E

7

circulation. The heat exchanger 10 comprises a blood side
12 and a temperature control liquid side 14 1n which blood
and a temperature control liquid are respectively circulated.

The temperature of the temperature control liquid used 1n
the heat exchanger 10 1s controlled by a heater and/or cooler
24, 1.e. a temperature control device. The heater and/or
cooler 24 1s a device which 1s capable of heating or cooling
or heating and cooling the temperature control liquid. Pret-
erably, the heater or cooler 1s capable of both heating and
cooling the temperature control liquid so that a defined
temperature of the temperature control liquid can be main-
tained. The heater and/or cooler 24 1s part of a temperature
control liquid side circuit 26 in which the temperature
control liquid 1s circulated for operating the heat exchanger
10 in controlling the temperature of the human body of a
patient.

The heater and/or cooler 24 1s provided with a disinfectant
sensor 16 configured for measuring a concentration of a
disinfectant in the temperature control liquid 1n the heater
and/or cooler 24. The result of the measurement of the
sensor 16 1s transmitted to a computer 18 which controls a
first display 20 indicating the measured concentration of
disinfectant 1n the temperature control liquud and a second
display 22 indicating the consequence of the measured
concentration. In particular, the second display 22 indicates
whether the disinfection status of the temperature control
liquid 1s satisfactory, whether further disinfectant 1s to be
added or whether the temperature control hiquid 1s to be
exchanged.

FI1G. 2 shows a diagram 1illustrating a preferred method. In
a first step S1, disinfectant 1s added to the temperature
control liquid 1n the heater and/or cooler. An example for the
disinfectant 1s hydrogen peroxide. As a second step S2, the
concentration C of the disinfectant 1s measured, for example
by a specific sensor for the respective disiniectant.

The measuring of the disinfectant concentration C may
result in C being at least 200 mg/1. This result means that the
concentration C 1s within an acceptable range and the
disinfectant concentration C 1s further continuously mea-
sured.

Another result from the measurement of the disinfectant
concentration can be that C 1s between 100 and 200 mg/1. In
this case, the disinfectant concentration C 1s below the
acceptable level but still within a range of minor contami-
nation so that further disinfectant 1s provided to the tem-
perature control liqud 1n step S1. The disinfectant concen-
tration C 1s {further continuously measured and the
disinfectant 1s added to the temperature control liquid until
the disinfectant concentration 1s at least 200 mg/1, preferable
between 200 and 300 mg/l.

A third measurement result of step S2 can be that the
concentration C 1s below 100 mg/l. In this situation, the
temperature control liquid 1s changed 1n step S3 and the
heater and/or cooler 1s thoroughly disinfected using disin-
fectant of a concentration of at least 1000 mg/l or using
another disinfectant such as a sodium hypochlorite solution.

The invention claimed 1s:

[1. A method for controlling a disinfection status of a
temperature control device for human body temperature
control during extracorporeal circulation, wherein tempera-
ture control 1s achieved by use of the temperature control
device that circulates the temperature control liqud through
a heat exchanger, the method comprising:

measuring a concentration of a disinfectant in the tem-

perature control liquid continuously during the extra-
corporeal circulation;
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8

generating by a computer a disinfection status of the
disinfectant from the measured concentration to be one
of sufliciently disinfected, minor contamination, and
change temperature control liquid; and

generating by the computer an adjustment recommenda-

tion 1n response to the disinfection status during the
extracorporeal circulation. ]

[2. The method of claim 1, wherein measuring a concen-
tration comprises measuring the concentration of the disin-
fectant 1n the temperature control liquid via a disinfectant
sensor. |

[3. The method of claim 2, wherein the disinfectant sensor
is situated in the temperature control device.]

[4. The method of claim 2, wherein the disinfectant sensor
provides an electric signal in accordance with the concen-
tration of the disinfectant.]

[5. The method of claim 1, wherein generating the disin-
fection status comprises:

assigning the disinfection status to sufliciently disinfected

if the concentration of the disinfectant 1s at least a first
concentration;
assigning the disinfection status to minor contamination 1f
the concentration of the disinfectant 1s between the first
concentration and a second concentration; and

assigning the disinfection status to change temperature
control liquid i1 the concentration of the disinfectant 1s
less than or equal to the second concentration.]

[6. The method of claim 1, further comprising:

recording the concentration of the disinfectant and deter-

mining a rate of reduction of the concentration of the
disinfectant in the temperature control liquid.]

[7. The method of claim 1, wherein the disinfectant
comprises at least one of hydrogen peroxide, sodium hypo-
chlorite and citric acid.}

[8. The method of claim 1, wherein the temperature
control liquid includes water.]

[9. The method of claim 1, wherein generating the adjust-
ment recommendation 1f the disinfection status 1s minor
contamination comprises indicating adding disinfectant to
the temperature control liquid to increase the concentration

of the disinfectant in the temperature control liquid to at least
the first concentration.]

[10. The method of claim 1, wherein generating the
adjustment recommendation 1f the disinfection status 1is
change temperature control liquid comprises indicating
changing the temperature control liquid and disinfecting the
temperature control device with disinfectant having a third
concentration that is greater than the first concentration.}

[11. The method of claim 1, wherein the temperature
control liquid is provided from and returned to a reservoir.}

[12. The method of claim 1, further comprising:

indicating the concentration of the disinfectant on a first

display connected to the temperature control device.]

[13. The method of claim 1, further comprising:

indicating the disinfectant status on a second display

connected to the temperature control device.]

[14. A method for controlling a disinfection status of a
temperature control device for human body temperature
control during extracorporeal circulation, wherein tempera-
ture control 1s achueved by use of the temperature control
device that circulates a temperature control liquid through a
heat exchanger, the method comprising;:

measuring and recording a concentration of a disinfectant

in the temperature control liquid continuously during
the extracorporeal circulation;
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calculating by a computer a rate of reduction of the
concentration of the disinfectant in the temperature
control liquid during the extracorporeal circulation; and

determining a level of contamination based on the rate of
reduction of the concentration.]

[15. The method of claim 14, comprising:

determining a disinfection status of the temperature con-
trol liquid from the concentration of the disinfectant 1n
the temperature control liquid.]

[16. The method of claim 14, wherein measuring the
concentration includes use of a disinfectant sensor.]

[17. The method of claim 14, further comprising:

generating a disinfection status of the disinfectant from
the measured concentration to be one of sufliciently
disinfected, minor contamination, and change tempera-
ture control liquid.]

[18. The method of claim 17, further comprising:

generating an adjustment recommendation 1n response to
the disinfection status during the extracorporeal circu-
lation. ]

[19. A system including a temperature control device for
human body temperature control during extracorporeal cir-
culation, which can be connected to a heat exchanger and 1s
configured for heating and/or cooling a temperature control
liguid to be circulated through the heat exchanger for
achieving the human body temperature control, the system
comprising:

a disinfectant sensor configured to measure a concentra-
tion of a disinfectant 1n the temperature control liquid
during the extracorporeal circulation;

a computer configured to receive the measured concen-
tration, generate a disiniection status of the temperature
control liquid, the disinfection status being from a
group including a first status, a second status, and a
third status, and generate an adjustment recommenda-
tion 1n response to the disinfection status during the
extracorporeal circulation; and

at least one display controlled by the computer to indicate
the disinfection status and the adjustment recommen-
dation.]

[20. The system of claim 19, wherein the disinfectant

sensor is situated in the temperature control device.]

[21. The system of claim 19, wherein the heat exchanger
comprises a blood side circulating blood and a liquid side
circulating the temperature control liquid separate from each
other and configured to exchange only heat.]

22. A method for inhibiting microbial growth in a human
body temperature control system used during extracorporeal
circulation, wherein temperature control is achieved by use

of a circulating temperature control liquid, the method
COMpPriSing:

connecting a single-use heat exchanger to a circuit of

temperature control liquid connected to a temperature
control device including a disinfectant sensov, wherein
the temperature control liquid is provided from and
returned to an open air rveservoir;

circulating the temperatuve control liquid through the
heat exchanger and the temperature control device,
each of the heat exchanger and the temperature control
liguid disposed at separate locations, wherein the tem-
perature control liquid includes a disinfectant to inhibit
microbial growth in the temperature contvol system;

generating a disinfection status of the disinfectant from a
concentration of disinfectant measuved by the sensor to
be one of sufficiently disinfected, minor contamination,
and change temperaturve control liquid;
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circulating blood from the human body through the heat
exchanger, such that the blood enters the heat
exchanger through a blood inlet disposed substantially
perpendicular to a flow of the temperature control
liguid; and
disconnecting and disposing the heat exchanger.
23. The method of claim 22, wherein the disinfectant is
one or more of the group including hyvdrogen peroxide,
sodium hypochlorite and citric acid.

24. The method of claim 22, wherein the temperature
control liquid includes the disinfectant and water.

25. The method of claim 22, wherein the temperature
control liguid includes the disinfectant in a concentration of

from 200 to 300 mg/I.

26. The method of claim 22, wherein generating the
disinfection status comprises.

assigning the disinfection status to sufficiently disinfected

if the concentration of the disinfectant is at least a first
concentration;
assigning the disinfection status to minor contamination if
the concentration of the disinfectant is between the first
concentration and a second concentration; and

assigning the disinfection status to change temperature
control liguid if the concentration of the disinfectant is
less than ov equal to the second concentration.

27. The method of claim 22, further comprising recording
the concentration of the disinfectant and determining a rate
of reduction of the concentration of the disinfectant in the
temperature control liquid.

28. A human body temperature control system for heating
and/or cooling blood from a human body during extracor-
poreal circulation, the system comprising.

a temperature control device for heating and/ov cooling a

temperaturve control liquid;

a single-use heat exchanger separate from and connect-

able to the temperature control device and disposed at
a location separate from the temperatuve control
device, the heat exchanger adapted for exchanging
heat between the blood and the temperatuve control
liquid, wherein the heat exchanger includes a blood
inlet disposed substantially perpendicular to a flow of
the temperature control liguid; and

a disinfectant sensor;

wherein the temperaturve contrvol liquid is provided from

and returned to an open air rveservoir,

wherein the heat exchanger includes a liguid side con-

figured for circulating the temperature control liquid
through the heat exchanger and the temperature con-
trol device;

wherein the heat exchanger includes a blood side for

circulating the blood from the human body through the
heat exchanger, wherein the liquid side and the blood
side are separate from one another;

wherein the temperature control liquid includes a disin-

Jectant to inhibit microbial growth in the temperature
control system;

wherein the disinfectant sensor is configured to measure

a concentration of the disinfectant in the temperature
control liguid during the extracorporeal circulation.

29. The system of claim 28, wherein the disinfectant
sensor is situated in the temperature contrvol device.

30. The system of claim 28, wherein the disinfectant
sensor provides an electric signal in accovdance with the
concentration of the disinfectant.

31. The system of claim 28, wherein the heat exchanger
comprises a blood side cirvculating blood and a liquid side
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circulating the temperature control liguid separate from
each other and configured to exchange only heat.

32. The system of claim 28, wherein the disinfectant is one
or more of the group including hydrogen peroxide, sodium
hvpochlorite and citric acid. 5

33. The system of claim 32, wherein the temperature
control liguid includes the disinfectant and water.

34. The system of claim 32, wherein the temperature
control liguid includes the disinfectant in a concentration of
from 200 to 300 mg/I. 10

35. The system of claim 28, further comprising a com-
puter for generating a disinfection status of the disinfectant
from the measured concentration to be one of sufficiently
disinfected, minor contamination, and change temperature
control ligquid. 15

36. The system of claim 35, further comprising a display
controlled by the computer to indicate the disinfection status
and generate an adjustment recommendation in vesponse to
the disinfection status.
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