WO 01/ 052728 PCT/ US01/ 01902 DEVI CES AND METHODS FOR MEASURI NG TEMPERATURE
OF A PATIENT 5 Field of the Invention This invention relates to nethods
and devices for neasuring the body tenperature of a patient in conjunction
with the placenent within the patient of an access device, for exanple, a
catheter or introducer. 10 Description of the Related Art The needs to
properly tweatwsazmzpati ent and to gain as nuch infor matcomsasigpnssi bl e about
t he physiological state of a patient are often at odds with the desire to
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also to nonitor the patient's body tenperature. Accordingly, 15 catheters
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© 20 Yoley catheters (bladder temperature), and nascpharyngeal probes (esophagus) probes. Each of

these devices suffers from one or more shortcomings, The first disadvantage is obvious to
anyone who has ever been the patient: If is uncomfortable enough to bave a catheter inserted
into one's vein or artery without also having to have a separate devics inserted into one's
rectum, bladder, ear or nose, or down one's throat.

25 The second disadvantage has to do with accuracy - taking a patient's temperature by
placing a thermometer under her armpit or in her mouth may cause the least discomfort to the
patient, but the temperature value this provides is usuaily less accurate and much more
dependent on placement than temperature measurements of blood in a major vessel.

One way to overcome these disadvantages is to include some form of temperature

A0  sensor within the inserted catheter itself. This allows for measurement of the blood
temperature, which is in most cases much closer to the patient's actual body cere temperature.
The problem then arises that other elements of the catheter system may have thermal properties
that themselves affect the temperature that the sensor sensss. This problem arises in the
context of thermodilution systems for measuring cardiac flow. U.S, Patent 4,817,624

35  (Newbower, 4 April 1989), U.S, Patent 5,176,144 (Yoshikoshi, 5 Janvary 1993), and Published



35 (Newbower, 4 April 1989), U. S. Patent 5,176, 144 (Yoshi koshi, 5 January
1993), and Published WO 01/052728 PCTI USO1 /01902 2 European Patent
Application 0 357 334 Bl (Inventors: WIllians, et al., 7 March 1990) for
exanpl e, describe such systens. As is well known, in such a thernodilution
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to a predeveomsivegl pattern that is created by the inpceetienof an
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such as the duetothe volume-loading the patient. Even when the thermistor is located distal relative to the

heater/bolus port, this problem may still arise.
These thermodilution system catheters normally have a distal infusion lumen that

25  passes beneath the thermistor or temperature sensor and exits at the tip of the catheter. Since
the flow in such an infusion lumen can severely degrade the accuracy of the temperature sensor
measurements, the flow is limited to a maximum amount in order for the blood flow
measurement to still be accurate. Of course, such a limitation on infusion lumen flow is also
undesirable from the clinical perspective.

30 An analogous problem of insulation arises in other cardiac devices as well, such as the
catheter-based cardiac ablation system described in U.S, Patent 5,688,266 (Edwards, et al., 18
November 1997), In Edwards' system, an ablation electrode is used to kill tissue locally using
heat, and one or more temperature-sensing elements are vsed to sense the temperature of the

tissue to be ablated and allow precise control of the ablation temperature and time. Isolation,
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Such devi cgp woul dingk &0atprkeMbHGowh IFRESuASCIHRL Rl cdafSSect | MB- consum ng
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i nvention proid TR B PP B RS perature accurately.

Therefore, it would be advantageous to be able to accurately measure temperature in

conjunction with such access devices as catheters and introducers while eliminating the need to
insert a secondary device into the patient in order to measure temperature, as is the current |
25  practice. Such devices would also provide a more accurate and less time-consuming body
temaperature measurement than non- or less invasive devices, This invention provides such an
arrangement.
It would also be advantageous to he able to connect a CVC or similar catheter to a
standard patient monitor. Not only would this bring the cbvicus benefit that the patient's
30  temperature could be viewed at a glance along with other monitored parameters, but it would
also make the temperature values available for ofher processing as needed. Many patient
monitors, however, use a signal standard that is compatible with large thermistors or
temperature sensors and not compatible with the output of miniature temperature sensors used
on pulmonary ariery catheters. The use of minfature thermistors is desirable because it allows

35 for catheter sizes to be telatively small. One could of course reprogram the monitors, but such



It would al so be advantageous to be able to connect a CVC or simlar
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the invention 15 generaf‘s the invention provides an access device, such
as a catheter, an |ntroducer, or conbination of catheters, introducers,
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t enperature sensor such her m st or, her nocoupl e The access
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sensor and i nc es at east one 1 nsulating structure
The access device is insertable into the patient at a location of the temperature medium,

and the access device includes at Jeast one thermal mass other than the temperature medium,
The access device supporis the temperature sensor and includes at least one insulating structure

25  insulating the temperature sensor from the thermal mass.

In certain embodiments of the invention, each thermal mass is located within a thermal
Inmen within the access device. The temperature sensor may be mounted externally to an outer
surface of the access device, or within a sensor lumen of the access device. The insulating
structure preferably extends between the temperature sensor and each thermal lumen.

30 The temperature sensor may also be mounted in or on a carrier. The insulating
structure is then preferably formed as a barrier within the carrier and the carrier is held in one
of the lumens of the access device with the barrier extending between the temperature sensor
and the thermal lumen. The carrier may be removably ingertable in the lumen of the access
device,

35 In other embodiments of the invention, a pair of ports is formed in an outer wall of the
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temnperature sensor is exposed substantially over its entire outer circumference to the

temperature medium, via only the caryier. _
Alternatively, the temperature sensor may be a right-angle thermistor mounted to
extend ont of the opening mainly perpendicular to a central axis of the access device.

25 In another embodiment of the invention, the temperature sensor is adhesively attached
to the access device. The adhesive may be digsolvable at body temperature, so that the
temperature sensor separates from contact with the access device when in position within the
patient. _

The access device may include a plurality of lumens, whereby the temperature sensor

30  is mourted within a recess in an insulating member. The insulating member, together with the
temperature sensor, are then mounted within one of the lumens of the access device so that the
mnsulating member extends between the femperature sensor and the thermal lumen.

In another embodiment of the invention, the insulating structure includes an insulating
material that is co-extruded with the access device and surrounds either at least a portion of

35  each thermal lumen, or the temperature sensor itself.
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| umen, or theﬁ%ﬁ%&&&é{ﬁoﬁeu‘ﬂéﬁ&:ﬁsﬁl&ﬁééatenma éﬁ&éé&% bt US01/01902 6 In

yet another the 1 nvent ccess dévice has a |unen and
a sensor  por feTAETe fyesorisRpRRGd A1 e dsaHEoplternativelp e digel i thaacesst al tip of a
separ at e devi @evice dibe EosaddPwied,a ladigthvile ediAding FRETH kebanirdsedsdd G@ed abl e i nto the

| umen of the xt ends t hrough
t he sensor oﬁ%&%ﬁg‘l‘?’ﬁ*\é%} g%"?en u@%ﬁénﬁﬁtte&%% g"‘%‘%&ﬁ%&"?a distal ti pgof
t he access! e\ﬂaﬁé"t?nf’ssﬂé?“ﬁh”ﬂ‘i’é‘ sidg qf e fligfal iy The 43 tfl’e"ia afsployed opitRadhPr om an

i nsul ati ng natsgbrhilalofShealitSap &t fidtandiRbdaIHss oBRdip bding locdted B@kaatidblo€ SENSor 1 s
mounted wi thin the distal tip. Alternatively, the distal tip of the access
device may be provided with a | engthwi se extending slit. The tenperature
sensor is then mob#ReH crhadigent of fag aveatiop e ispulptippairgiusisgluned G2 and at | east one
thermal | UMen cRuabd: jhi tiRGocksh@vitear i@pandiBlc WRGBasENd dRGLS bdrreaegh a second side of
the distal 4i t a depl oyed position, then separates

al ong the 1s Qempe qferﬁsq}!'sﬁ aggfﬂle 3 aln'm secolr[:d gl deg of the tip bei ngpl ocated on
ei ther side of t e §F“3F5td°"11°ﬁa°afﬁ‘é¥tgﬁ@?“ vprseRdt by delude & 2s9tient | on, t he

i nsul ating st Wﬁﬁeuﬁemb:sgeae:dt@Etﬁﬂfoﬂﬁonﬁmgzmmmpum&&repaa@ce,st&sdew ce that is

expandabl e to 's{éx% A56ss hedGe icth %E‘{%Bm Iscoh ect cﬁﬂEEﬁﬂ%%:at“re sensor and

the thermal mAss he access devl ce a cor e Imvention is
preferably in éqogﬂgg@t 2ORVEHS ASHPRE p%t signal of the access devxce mto a patient temperature

20  signal and for displaying the patient temperature signal. A connector is then provided to

comnect the temperature sensor with the temperature monitor.

The system according to the invention preferably further includes an adapter in the
temperature monitor. The adapter converis the sensor output signal into a predetermined
display format. The temperature monitor may also be provided with a display and a power

25 supply, in which case the entire monitoring system may be implemented as a hand-held, self-

confained unit that is portable between different patients.



menber in a nore general systemfor nonitoring the body tenperature of a
patient In this system the access device is insertable into the patient
and is connected to a tenperature nonitor that converts a sensor output
signal of the access device into a patient tenperature 20 signal and for

di splaying the patient tenperature signal. A connector is then provided to
connect the tenperature sensor with the tenperature nonitor. The system
according to the invention preferably further includes an adapter in the
tenperature nonitor. The adapter converfias the sensor output signal into a

pr edet errﬁi ne@ghdi spl format. The tenperature nonitor nay al so be provided
with a di 98 %rrfdﬁé{’%% thissingeriomyprovidesshioficectas mebfRing thd fof BP0’ | NG

syst em meyf alfeditm! FA8L; . hand-held, self- contained unit that is
portabl e between di erfgﬁtcgglg?]isg‘ﬁts.. 6a In a further enbodinment, this

invention provides a gewi& suring the tenperature of a nmediumof a
pati ent conprising: an accggéﬂé%glsc'g ‘?‘Sr?ggb'lteé"tf’ﬁg"ei’%t!%?@ai nto the patient at

a location of tlﬂ@tbenﬁﬁmaemp@aﬂﬁw&lﬁdm:d,ﬂfd!m&g‘lg 1&ls¢ ! east one thermal mass
re medium such at |east one thermal nmass being

ot her than the t erat u
| ocated within é’%?ﬁ}?%llm?sﬁﬁgﬁr&mﬂh@&me@gedmdim; a pair of ports forned

in an outer wal kudiatidB: GHeGhSH Lce. a tenperature sensor supported by
t he access device; and an ins&fg}\élksﬁge"ﬁa{’oﬁg ?Véﬁ'i"hsul ating the tenperature

sensor from t he2tlf@mablimen of theracodse devive;t he i nsul ating structure conprises

a flow channel for ng?aiwi égnrg he access devi ce and extendi ng between the
pair o f ports so that™fHRePt nttﬂg? 1@ quteriwatl ofdbe agices t he fl ow channel ,

t he fl ow channedlevic:; | ocated between the tenperature sensor and the thernal
| umen, the flow channel thereby both increasing thernmal contact between
the tenperature sens%ﬁmﬁ’ﬁ@tltfheertsempamﬂbyttﬁ&d&étgu&nge;%go thermal |y

isolating the tenper.at: -sensor further fromthe thermal | unen
g MPErg ngu?atmgs ructure msulat?ng the temperature seasor
7

from the thermal mass,
wherein the insulating structure comprises a flow channel
formed within the access device and extending between
the pair'of ports so that the temperature medium
occupies the flow channel, the flow changel is located
between the temperature sensor and the theama! luren,
the flow channel thereb y both incceasing themmal contact
between the temperature sensor and the temperature
‘medium and also thermally isolating the temperature

sensor fucther from the thermal lumen.

In yet another further embodiment, this invention provides a device for measuring
temperature of a temperature medium of a patient, comprising;-
an extruded, elongated access device body sized to fit within a body vessei
and including a proximal and djstal end, an outer wall, and a thermal mass at a
_predetermined location on the device body between the proximal and distal ends;
a temperature seasor located at the predetermined location on the device
body: and
an insulating structure of a different material than the device body and co-

extruded with the device body that extends between the temperature sensor and the

thermal mass.



In yet another further enbodinent, this invention provides a device for
nmeasuring tenperature of a tenperature nediumof a patient, conprising: an
extruded, el ongated access device body sized to fit within a body vessel
and including a proximal and distal end, an outer wall, and a thermal nass
at a predetermined | ocation on the device body between the proximl and

di stal end®O0HISEWHper at ure sensor | ocated at the prederasimomerl | ocati on on
the device body: and an insulating structure of a different material than
t he device body and co- extruded mﬁth7the devi ce body that extends between
the tenperature sensor and the thermal mass. WO 01/052728 PCT/ US01/ 01902 7
The i nvention al sq . enco asses a nmet hod for neasuring the body tenperature
of the patient. %mﬁﬁfﬁ VEEHPSE 2 PR d iR prsuretcstdimegerecttise i nventi on

i nvol ve supportipntglhe hen stdpeaiemetiod ieordignictar inveliod velvaasRsity tikevi ce; i nserting
the access, deWagéukiiood il HOG AR SELG ob ILLARISLI Bl Sgot one ¢ her ma

mass into the access device; d insul at t enper at ur'e 5 sensor from

the thermal mileduciest leasoneihemmalmpassipo W%dsvﬁéé@r@ﬁ’?@g hgemppreie nyent i on, the
thermal  néss singr front theobupsbksy ietheprefdraimmeibd dotriRptolie madntud, twitiehia t he access
device. One ! heR:@RbALAvh memﬁmq&azd%naﬁm&r@m@ Ghe BENR R !N W LI D

the access device and forns at | east one therm I nsu z'ﬂll ng structure
bet ween t he t?WB%‘EW%‘%W%‘Bm%tb’?ﬁéacfelsfé’F‘ﬂcﬁPndIfWﬁka“I%FWY enbodi nent s,
to provi de théstdtiaysnwhutepetivivsitd terbenatgre sdufotkad e BermDNAenB)orkeNt r oduce a

Lher al | 10yt i Bl e nbTE Bl RGP COSS devi ce.

The inventjon_also conprises a method manut act ur I ng access devi ce.
In the prelfoerF@EFW&H?W@H“WW@%‘W%%“@OWH ses extruding the access

device, formng a thelmeﬁa‘ienﬂommmontpmemxgdﬂmmﬂmmbufatubﬂgeﬂemaéss @HES 1S _
i ntroduced, fgftﬁpfp%n@deﬁlﬁmuﬁm&@dJomgrgg%a,ymegaes@d&? ShgLure sensor is

i ntroduced, and formng an insulating structure se ar at I ng fhe 15 sensor

| unen fromt h@e’f"ﬁlé‘f”ﬁ’h’ll“"}‘ﬂﬁéi@“’hﬂ%@%‘%?%@?%@%és%ﬂ% tgugh ce, the
tenperat ure skitlsoempereiye BasoriDinvteel, inffotdig a6 BANBIMIE stuttifeRparafiiz i di St al end of
t he access;sdey&eumd aSh 80 AbmMbE mh&fxfagﬁiﬂgﬂéa@%@d&fe%ﬁ EIEI% hperature sensor

to an external patient nonitor. Bri Description 0 aw ngs 20 Fi gure
1 illustrat esSe&ﬁ‘f’é‘”"é)@%ﬁ?ﬁ‘f‘@%“fm5&??°r§%’éﬂ§§dlﬂ9éwe’§h°é@§éﬁfﬂ$%és{g@?1w?e i nventi on,
such as a CVEteadriwetien fhe tehgtatueSenkdd ®ai éx@falipAkdmenitRat i ent' s vein for
measuring tenperature. Figure 2 illustrates another exanple of an

enbodi nent of the invention in which a
Brief Description of the Drawinps

20 Figure 1 illustrates one example of an access device according to the iavention, such as
a CVC catheter, that is inserted into a patient's vein for measuring temperature,

Figure 2 illusirates another example of an embodiment of the invention in which a
temperature sensor is located within a lumen of a catheter but is thermally insolated from other
umens by an insulating gap.

25 Figure 3a illustrates a temperature sensor that is provided within a dedicated tubular
member that also includes a built-in insulating lumen,

Figure 3b shows the lumen of Figure 3a in place in the catheter.

Figures 4 and 5 show embodiments of the invention in which blood is allowed to flow
past the temperature sensor in place in the catheter, with and without an insulating gap being

30 provided between the temperature sensor and catheter lumens.

Figures 6a and 6b are side and end views, respectively, of another examplary
embodiment of the invention in which the temperature sensor is mounted on an insulating
member, whereby both are inserted into the same catheter lumen.

Figures 7a and 7b are side and end views, respectively, of an embodiment of the

35  invention in which the temperature sensor is mounted on the outer surface of the catheter.



tenperature sensor is located wwthin a lumen of a catheter but is thermally
insulated fromother |unens by an insulating gap. 25 Figure 3a illustrates
a tenperature sensor that is provided within a dedicated tubular nenber
that also includes a built-in insulating [unen. Figure 3b shows the |unen
of Figure 3a in place in the catheter. Figures 4 and 5 show enbodi nents of
t he i nventwonueserzsvhi ch blood is allowed to fl ow pastecrisotib@aper at ure
sensor in place in the catheter, with and without an insulating gap being
30 provided between the tenper ature sensor and catheter |unens. Figures 6a
and 6b are side and end views, respect8| vely, of another exenplary

enbodi nent of the invention in which the tenperature sensor is nounted on
an insul ating nernfeers Sagiddh apside prdtend Vit resmaciznin ednofhertembodiment offre  cat het er

|1er me 3 Fi gur fesnvﬁraoﬁmdm@lme &En&ra‘ﬁtdi&s@ﬂdmﬁt&ﬁlto\ﬁt@ﬂ\&ytﬁd’nﬁtﬁ&ﬁﬁrtshrﬁﬁ‘ﬂloY, of an ;
embodi nent of | e _tenperature sensor i s nounte
on the outer sur%léef:eé thfaq’t/ J(}L’gglf & OCXWJ%ebtﬁ?fﬁ%pf? SPIBWEE‘O?LFMQOZ 8

Fi gures 8a anduB- are side and end views, respectively, of another

enmbodi nent of the F,guﬁyem&a@mnmomncohm;lh@nﬂoemammn@a&ﬁs@%15' s nounted to

extend out from.,the rfa e t he. bl ood fl ow
channel | ocatéd tte %X/gléms{o Y &'mu%t PLUPE enseé“rltersu ce0 e“t"‘(;ﬂﬁgEl surface. 5

Figure 9 ill uﬁ°ﬂé¢%@°%ﬂﬂtﬁtﬁe@@ﬁﬁ@eﬁm€€#‘mﬁ¢@r#ﬂﬁi‘l’eH@qdon in whi ch t he

tenperat ure sensorpjg'uﬁsmaanah@hhm@:@gieﬁwd{aﬁﬁte@t&tlﬂsmmmkheg through an
opening in thg outer surfac I ovi face contact

at ter t.0 r
SOOI . ot P R T RO R S A

! | | ustrat el@an “efh’tbamsmawe#h@m nv_entl on in whi ch t he t enperature sensor
is nounted on an @:@@@ﬁm@&@esmwmhteghmsmwm&mm&a&m&eesbﬂa&%rted al ong

10 with the sens u trates an

enbodi nent of edmh@e‘ﬁt Fd’ﬁc’%?tﬁ"’?v@ﬁl c'ﬁ“ﬁ’@fo Vfce ?ucha%"ag%?r' is nounted on
the tip of a prob@l&"ﬁaﬂa@éﬂbﬁésﬂﬁfﬁs@wiwmpﬁﬁewvaﬁona@mgn@ebqﬂee such as a
catheter. Fi %{emismmmﬂ@bca{h&&ruﬁm ate enbodi nents of the invention in

whi ch an insul ati terial is co:extrude th the gatheter itself. 15
Fi gur es 13iz}sand 1%%“1‘37[1? ?%ﬂnésug gtptﬁ"é?mb@ egﬁfﬁlﬁﬁff’mﬁ’fl 1’i‘ﬁ'«?l,FE“lHlﬁventi on, in
whi ch the temyereiweseesordeampyuind within hathetar tiokhapis inffiplly famedatdmetnber tip that is
initially for Q?Qaﬁﬁon&hgmgody,&apar ate fromthe catheter body itself.

IFIn g\l;l\ﬁr”l |e§ h 1??’;6 an 1gures 4a an II’& tl]l?lsh‘zsttg éb&l ano%gr%rtnbrclnﬁlmen? rg%]e Cl}llvergtlegr]l,t in glfzchtthrée | nvent i on,
distal tip of the catheter splits after it is placed within the patient, with the temperature sensor

20  and catheter lumen(s) containing thermal mass then deployed on either sides of the split.

Detailed Description
In broadest terms, this invention provides an arrangement or a device in which a

temperature sensor is used with an access device, preferably a vascular access device, for

25  insertion info the body of a patient. This invention also provides various insulating structures
that reduce thermal contamination of the temperature sensor from other portions of the interior
of the access device. The temperahue sensor is designed to sense some temperature medinm
within the patient's body, for example, blood.

One example of the preferred access device of this invention is a central venous

30  catheter (CVC), but it could be some other ipstrument that also carries or includes fluids or
other devices -- cumulatively “thermal masses” -- that could affect the temperature at the
temperature sensor. Examples of other access devices include peripheral catheters, introducers,
obturators, and probes. In fact, the term “access device™ also contemplates any combination of
these devices, such as a combination of ene or more introducers, catheters and probes. For

35  example, a catheter is often inserted within an introducer, and either or both could be arranged



distal tip of the catheter splits after it is placed wthin the patient,
with the tenperature sensor 20 and catheter |unen(s) containing thernal
mass then depl oyed on either sides of the split. Detail ed Description In
broadest ternms, this invention provides an arrangenent or a device in which
a tenperature sensor is used with an access device, preferably a vascul ar
access devwoeyostmag 25 insertion into the body of a patciregdieiedhi s i nvention
al so provides various insulating structures that reduce thermal

contam nation of the tenperature sensaor fromother portions of the interior
of the access device. The terrperaturegsenSor is designed to sense sone
tenperature nmedium wthin the patients body, for exanple, blood. One
exanpl e of t heccpried tesuitebl emiepdiments offibs/iivemsiontp imptyreghejapyyreqytof tempeatgre a cent r al
venous 30 catR@Ehent CVC), but it could be sone other instrunent that also

carries or includsfl i d ces -- cunul ativel t her mal
masses" -- that c %"f% S“lvf‘?g"“t%%ﬂ%afﬁ?ﬂ?aéyﬁ?mfﬁgswcgﬁﬁﬁ%ture sensor .
Exanpl es of ot“ﬁﬂexztha@wsiwwwh@e@wlmm@@pmq phisrtadpacgnnthditathed, | ntroducers,

obturators,s amdwa{ogpﬁ&mémasmg&sxgutﬁbﬁﬂytaegmesagéa iy ipge” al so contenpl ates
any combi nat i on one Or nore

t hese ices, such as a co ation
i ntroducers, ﬁ?’%@iﬂ ?eﬂa%famb%bﬁtél? t %%easéﬁ‘ﬁ??b‘imédmﬁ%%aécteﬁg’["er is often
i nserted vvithlawuxatnforcrhmpabuucer and either or both could be arranged WO

01/052728 PCT/ USO%%@%%E&emqgvﬂmmgmu@m@b&ﬁmemmﬁmms of | t heh
invention to inpraove the acgur e asu pents. In the
cont ext of thl‘g)f’?W%ﬁSf”&ﬁma e ﬂﬁ%‘# %@”%?&’ﬁ'ﬁ%ﬁe&g‘g@’fﬂ W8or structure
carried wa hismetueusaldcteswenion indwle, bitatke adh Hreitedio, adevisk dmirayay porttoenper at ure and

heat  capaci ty objigllih, s B8k, o 3 L it o fllarflin BibicePlkdiftyTass _coul d
significantly affect the sensed tenperature. |gn|flcantly means so

nmuch that the SEERIIEE &f Brs= e S8UF a%ﬁ'fcamﬁ’@falsﬁé’d?i%é”éﬁ’étﬂfgy accurate for
clinical use. mAgrial$e ckamyle, ¢ deragic] onyvprtate devicaguch'ap aygabk thtisrgersd intoigt ure” is any
structure thaty, Ale8 Seviche terrperature sensor froma thermal mass. As is
descri bed d illTustrated bel ow, H‘is gting 0 str ctur used in the

i nvention, *1 ncl udgheﬁ‘ﬂ‘?l’eé?fé“‘tﬁ%et“‘le?s VOB et PHOHBRA R RO TREAR or any portion
of a device | Uivempatiple piherarralerialgsingaip mostcagiibayivdiibe pertgdatitastamtiafly igla pr ovi ded

i medi ately %555&&&%%%@ 0e &&ﬂ&ﬁﬁ(ﬁ%&l %@ﬁﬁ&m amnﬁaf}@daiwakwg structure
may al so include an insulatin ceramc, or a

separate devi ¢ Terpaigndeechangts gﬁtyf"’rﬁi“alp?e’it ﬁg(éf“idérﬁﬂ"?ﬁ‘f FJ(3"'°6"t°*3pt""flﬁr”‘sbugh t he

access devi ce.welld ofhtyeongentngl neigiaisf The wedsadetiees famsardts thid @viniesadescr i bed bel ow
are pr ef er ﬁpl Xnomgbe%ade of an anti-microbial material or may be covered with material or coating

having anti-microbial or thromboresistant properties.

The temperature sensor used in this invention may be any conventional device. The
most easily implemented sensor is a thermistor, which is small, widely available and relatively
easy to calibrate, Other temperature sensors may, however, also be used. Alternatives include

25  conventional thermocouples and fiber optic temperature sensors. The only requirement is that
the sensor should predictably change a measurable physical property, such as its electrical
resistance or optical spectrum, in response to changes in femperatute, and this change should
be detectible externally via an electrical or optical conductor in such a way that temperature can
be converted to an electrica] signal. These devices, and the way in which their signals are

30  conditioned for further processing are well known.

In the following discussion of the various exemplifying embodiments of the invention,
it is assurned merely by way of example that the access device is a CVC, that the temperature
sensor is a thermistor, that the catheter is inserted into a body vessel, such as a vein, and that

the temperature medium whose temperature is to be determined is blood, The invention will



bi oconpati bl e polyner materials, since in nost cases they will be inserted
at least partially into a patient. Polyurethane is the nost common
material, since it nmeets all normal requirenents for thermal and

mechani cal stability when in a patient; PVC and Teflon are al so acceptabl e,
as well as other conventional materials. The access devices for use with
this i nverwoomsemy, 20 noreover, be nmade of an anti - rcrashiombz materi al or
may be covered with material or coating having anti-mcrobial or

t hronboresi stant properties. The tenpgrature sensor used in this invention
may be any conventional device. The st easily inplenented sensor is a
thermstor, which is smatl, widely available and relatively easy to

cal i brate. O Wekust@nrd ik W@G@ﬁﬁ@mﬁgﬂwﬁ, Intsiennaiuts, apd tewperpire ysed.

Al ternatives imdGd, wai b2 Shvivttviedt ddabeual inder nocoupl es and fiber optic
ot & e Ol TGO sEAMLLELRAL o "Rlanckfify SE0RGT SToU!

predictably change %4 measur a ﬁy5| cal pro as Its electrical
resi stance or %Pﬁf@%i?V@dé@%ﬁﬂ?ﬁ“ﬂﬁ“#%‘ﬁbﬁé’éﬁ’é@&ﬁw@é@1P‘¥Fa¥=enperat ure, and
this change sheuhshidde AtRkraigd:idvlispomuied kit kb erdiopthadath@dr, @Bkl ih@ats or opti cal

d h h I I
conductor 11 SYeh 8lR% Wiy STREBILE. D SSRGS b 30 of eotr ca

condi ti oned f @terfostromprsy Tﬁ?%@’é@ﬁ#‘*hﬁ“&? eonselprs 13R.d2Angte ShP‘W“FﬁEd 8l | OWI ng
di scussi on of rdshR@ivyRkhdnOid fe ama&pmeﬁwbagﬂaﬂdaoﬂammsaﬁoﬂchesen@mnt| on, it is

e rer e Ya e Bl XA B Lol e RSP TG Lia) Ruoflr OV that the

tenperature sen her m e catheter Inserted into a
body vessel? gti@wna@m&m%leﬁameisalﬂtﬁcﬂﬁt&t t he tenperature medi um whose
tenperature is topb@nﬂa&@nmmdas&ameomwﬂmsw@at“iuaraonmcisthev\o 01/ 052728

PCT] US01/ 01902, .. A0, YoLiul HobudR, dEkbgth hl8LNSL.AGE S8, Sayliges and sensors.

insertion points, an i ous to those
skilled in thextﬁ?alGOHMOWIEOCFSSIFHaP‘lfh@PIPSEPF@’ﬁlYtIWeI@@H’éﬂé‘PSeé"chplaﬁft ure of the
invention. A Qﬁ;ﬂ?kﬁfowﬂ@ﬂc]h&glaﬁﬁﬂraﬁaﬁﬂlﬁﬂdﬂ&@aﬁempﬁhftoemswtyel n 110 in the

convention manne n 11 ca fl OWI ng bl ood. A
t her mi st or "126°V¢ %%15? %ﬁ%‘ erléohaf‘ﬂa lgeembte? > Qnéfthet eréms%%s gAFEL  whi ch
i ncl udes | umé#fide th@%t&ﬁﬁelrcsﬂrbﬁot&m@@ﬂhﬂﬂmﬂﬁmﬂﬂﬁﬁéh abq¢ ipvdesl 888 be i nf used

into the. pati eberar@$ didphy GR wmaﬂ@Lyb@&d@ezsegaaﬁhﬁmmcms&wafmmntl onal
i nfusi on connectors 130 S i.nto n%ctl ve lunens in

rte
the cat heter. “TRE™R téli'dlsf’)]?y Thesef?]ats"maﬁo egtt)wn%lr?g% T goualorﬁmfvala’% coufse depend on
t he parti cul arr batntbedinet aedssiritshbplow inreatprdbtiile Ay corventifrdeyigesastit i on wi | | work

Wi th any nobegeuikGnaphe vbed BRESmQEatd dRliRfdaks 0OAREEIzS! o Bddmng@ihet er. A
conduct or (sh%{vxq as the dashed line 125), which forns a signal wre,

connects the “tHhe&fm stor electrically (or optically, depending on the type
of tenperature serfrelgssbhys piettiyn line A-A. The description of various embodiments of the

catheter according to the invention is illustrated by cross-sectional drawings. Line A-A is the
reference line for these crogs-sectional views.

25 Figure 2 illustrates one exemplifying embodiment of the invention. In this
embodiment, the thermistor 120 is located within a dedicated opening or lumen 210 within the
catheter 100. In this figure, the thermistor lumen 210 is shown as being mainly circular. This
is nof necessary; any appropriate and desired lumen shape may be used. A circular or at least
rounded Iumen cross section will in most cases be preferable, however, since standard

30  thermistors frequently are provided as glass-encapsulated beads with 2 mainty round cross
section. Three other lumens 220, 222, 224 are also illustrated {however, any number of lumens
may be included). .

Asgume now that one or more of the lumens 220, 222, 224 carries some fluid (or
contains some instrument) with a thermal mass and temperature that could affect the

35  temperature measured by the thermistor 120, For example, an infision fluid might be



external conditioning, processing and display circuitry 150. In Figure 1,
this exenplary <circuitry is shown as including a signal adapter 160 and a
patient nonitor 170, with a 15 conventional electrical coupler 180 and a
gui de tube 185 connecting the therm stor signal wire 125 to the external
circuitry 150. A conventional power supply 172 is also included, as is a

t enper at urgodi/gphay 174, which may be either a separ gcensiispbay device or
sinply a portion of an existing nonitor display. These features, sone of
whi ch are optional or ran vary depending on the enbodi nent; are descri bed
bel ow in greater detail. Any conventidhal devices and 20 CIrCUItS may be
used to conmunicate the therm stor's 120 output signal to external nonitors
or displays FRdggstged ralgsibe oo Ry, ¥ e eoparapre offe Ridls abdvaerbelestbatbpt | on of

various enmbodifEiMess Qlf:od:[tﬁ]eﬁxt c«ﬁﬁ‘iﬂﬂﬁ'&&ﬁhe?eﬁﬁé?arhﬁjé nmsmteﬂenwaauge B Relu 1S
illustrated by Cl 0SsS- g‘ﬁ tona reference line

:
for these crosgegEye W@%‘alb%eeﬁg‘@‘ﬂ?’é‘s?ai’qt\‘ﬁ%’?r%‘{a&@“"ﬁﬂe exenpl i fying
enbodi ment of itshlging simewné, Fuoinas a lumentongag 250ds s irepeitably tdraled ih e ceihgitror 120 i s
locat ed wi t i @o%t@&mﬁﬁ;&gﬂp@ew&mg&ﬁ& the hlRst? Al altad dHlefhurbelir20, 6 het er 100.
In this figure, the thermstor lumen 210 is shown as being mainly circular.
This 1is not rFé?:essary any appropriate and desired | unen shape nay be
used. A circul ar OFueasuldigdeten (grpd 26 deaictabiynsvide prd Sk sspossiblon matihize | N NDSt

cases be pref Qﬁ@d@ér@oftﬁ%%ﬁfaﬁon%ftﬁk%nﬁ&c@%@@ﬁﬂn%ﬁnﬂ}@ﬁxﬁ&iﬁér@iteﬁalfrequent|y are
provi ded as gI SS- encaé)su ated heads w nd, cross section.

Three ot her dW?mnfﬁﬁh%?f&emtS*qIWEW?I%WﬂC%ver, any nunber
of | unens libraymdsmumnnérdsdm@r of hAdelserdheromintrn distancervetwen thebamistefluntene | unens 22

0, 222, 224 Ca{léin@&eml-éckwmicff&%rlo&ﬁ'ﬂ&@%%mﬁ askbd JOBRAL) With a
t her rral mass and terrperature t hat coul d affect e 35 tenperature neasured

by the therm sPYE tedet heomg coRgebhnpee, e"ﬁfﬁ?ﬁﬁfi&é%ﬂ“‘rﬂf“lﬁ%&"?ﬁ ght be WD 01/ 052728
PCT/ US01/ 01902 11 i irkultisetseucdd, shdhmohegimet bread 200ef Big@@Dis préffrablytidled enper at ur e of

the fluid is aBAYL oOFim B0t baRbeoRd: gas, tcé}ﬁmmﬁe&s%@eéa&ngﬁgh nfpltEe1 t coul d

i nfluence the terrper at ure neasurenent because of the thernmal conductivity
of the cat hdt e Heterfitiorally e berma ‘Wpﬁ@?%'g‘FBFma%ﬂlaﬂ‘?émafylalfﬁtﬁa An
addi tional i nsigbdtyerngsisilar wistatepiese o tbulatieg natetial g hs iveredjatpth@bleni S t her ef ore

preferably extys b’%}é ﬁx&hﬁéﬁ%teﬁ@&i}%t%ﬁaﬁ?be%&d@éo &é)caﬁé& ﬁ%kan%v fgmz)zz

| ateral ly between, herm st or " and her | unens 224.

The i nsul ati ng™¥ “fﬁ&b)““?@‘@l‘im§’1’ﬁ?‘éfF@%lYefEffesz??VW"&PéW%HMfW ck as possible
to maxi m ze tdsdowetheeemally istigngigas or bihes imbuistinganiedd. t he t herm stor, given the

m nimum pehgm SsSi bl & Fg@:& E Bﬁl%ne insulating lnmen is shown. This is by way of example only.

More than one gap may be created, space permitting, to extend between the thermistor and the

other lumens to further increase the thermal isolation of the thermistor. Also, the insulating
lumen may be of any lengih - it tnay extend through the full Iength of the access device or any
appropriate portion of its length. For example, a portion of the lumen 250 may be vsed as an
25  infusion or device lumen for introduction of medications or guidewires. A plug may be placed
somewhere along the length of such lumen to block off the remainder of the infusion/device
lumen so that the remaining portion will act as an insulating structure. The location of the plug
must be selected such that the blocked off portion of the infusion/device lumen will be adjacent
to the location of the temnperature sensor. It will be necessary to provide a side port prior to the
30 location of the plug to allow the infusion/device to exit the access device.
The lumen(s) 250 also does not need to be shaped as a generally laterally extending
slit, as shown in Figure 2, although this typically maximizes the isolation of the thermistor from
the other lumens. Insiead, lnmen 250 may be shaped as half-moon or be concentric with the

thermistor umen, or otherwise extruded so as to surround the thermistor Inmen 240. Also, the



thickness required to maintain stability of the catheter and | unen walls,
as well as the 10 maxi mum outer dianmeter of the device. The m ni num

di stance between the therm stor lunen 210 and the outer surface of the
catheter 100 is, however, preferably as small as possible to ensure the
best thermal contact between the therm stor and the surrounding bl ood. The
i nsul ati ngwebruszhair e, such as the lunen or gap 250 ofrchEugmo®o? i S
preferably filled wth air, or with sonme other conventional gas, ceramc
pell ets, a conventional high-i rrpedanccﬁ% 15 gel, etc., to additionally
increase its thermal inpedance. The ifsulating material may al so be a strip
or layer or simlar separate piece of an insulating material that is

i nserted i nt o stovenldhypptied bpwwe! mEinlyeyindrice oroiervie sprredrtea) spadyutopt i onal |y be
bonded to thebaagemm&mm&awoﬁ&wmmym’me nost distal end of the

i nsulat i ng lumen | S}(feg:i.nf) erxran:%lJ %’of%:g UF@H&HUIECHSG%{E{P]&!SI tpecatﬁ\{vfrggtenbll ood and

outfl ow of the ther material. 20 In
Figure 2, onl WOWeﬂdldP@i}Bat1Sﬁlgdelelﬁﬁﬁ?aﬂlﬁ°“€1§h%ﬁb%‘mziﬂrﬁlsﬂafaéle”é‘ﬁf%y of exanpl e
only. Mre thﬁ]ﬂteﬂﬁ‘ﬁseﬂéﬁﬁhtd’iﬁ)ﬁaﬂaﬁ Kok aamdme 1Gfa 05 cRETb otnlell RPavet O ext end

bet ween t he tqlgrbmw 0 inerease t he

r d_tl .0t
t hermal isol at’l ogﬁfs Oﬁcert]"t o et;: erpi ,X\Ismtn&ep%ﬁ éqw:l;;%mfsu;hasﬁ unmen maybe of
any |ength -- idert casdgameny somn efher oty tliamal fqdstapqq opterfa repred ipfethaccess devi ce or
any appropri a&x&nmrcﬁds@ghtse;fossisacﬁondla&g&&&panﬁ@am&eaaemlg@,mastap@rbitw&m of the lunen

250 may be us %:d A3y %r ang trflermafﬂ.léls%%s cmboucsj.lgenjc fgxﬁla tc%l%%r msergon V\i’l etdlév?cg H)g tion of

nmedi cati ons or gu ew res ere along the length
of such | ulen k\?e«;m&)ltsmwd@ﬂﬁﬂffﬂﬁ&Slrl@ﬁﬂiﬂﬁﬁéfélrgl‘tﬁeﬂQIH@CWHfSG’S)PJ@?W"%%ﬁ%e | umen so
that the remaigiiageR@plabOn W I 1 act as an insulating structure. The

| ocation of the pl_lléég “{{}%Zﬁvﬁgﬁﬁee"e& egfoga%cconve&%%a}#mgﬁ b‘l‘nP’ ked. off portion of

t he i nfusion/devi diraceh ’on of t he
t enper at ure sdrwory, for ¢xappld, ¢aﬂbﬁﬂdﬁ’e€%@8‘é}|ﬂn}wlﬁef epidion Athgdnsgumstgischoor t prior to

the 30 |0cati QRbaf regﬁenﬂlsda@rste& @fdo@wtﬁep@eemfmjw@médﬂyfuﬁeonmneexit the access
devi ce. grren s).. 250 .al s, does.  not ed _as a generally

b
lateral |y g‘ckt tbe e a0 Ss“f‘i1 Wil na‘”le&rllfraé’ﬁ) ,eﬁorla%ﬁ& ugh this typically
maxi m zes the i solFgujepis ﬂmif?’btﬂhf?éatt%@W@F@?fﬂ?wonwcbﬁhwfemens | nst ead,

:urren 250 maﬁ lb)iﬁan&hﬁé?ﬁ‘ﬂyﬁ%laﬁ}@htﬁmﬂgipﬁﬂ&Epr@@ie@ﬁﬂ?e@di’&d’ﬁaﬁly\fdbﬁlﬂ theI t her 21 St or
umen, or ot her tru as to. surroyn umen 240.
Al so, the WO Gfﬁfﬁ%? ? 6%?8?@‘06213%{“3”% (g%ﬁ a’a]e]bwgﬁ?:{ﬁ%aﬁﬁlqﬁ by several
mainly cyli ndrlp%dhefdmﬁm{idméqrwowre@ublveﬂiePﬁ!mm@p#éﬁﬁmmmcofbet ween t he

t herm st or z(ﬁndnam@as%%{mwmm%anal%am a%mpahmepys@ﬁerajamsher vari ation of
the insul ati n erial. around and

defining it %ﬁee f’ﬁ&mlreq%rﬁ%eﬁtg “°H‘°1ahf'°??5(%°r£h aEhetent%E OVLTHSHG atabl e after
the 5 cat het erthelh!bulﬁmsebetedommwhmlﬁ’eca@a@ﬂ EhetzapPol: waaﬁp'eeé’l,ﬂedtﬁﬁb | umen 250

coul d be for MegnthsIadN Ematerials as deseribed above for the humen 250, is then oriented within the
lumen 310 so as to extend between the thermistor and other lumens 320, 322, 324, 326 within

25  the catheter, In order fo provide proper orientation of the tubular member within the lumen
310, a key (not shown) such as a rod shaped to conform to the gap 350 could be provided, if
needed, The user can then first insert the member 300, with the thermistor, into the lumen 310
and then insert the key into the proximal end of the gap 350 and tum the member 300 into
proper alignment.

30 Figures 4 and 5 illustrate embodiments of the invention in which blood itself is
channeled between the thermistor 120 and one or more other lumens 424, which may be
carrying sources of thermal "noise" such as infusion fluids. In these embodimsnts, ports 410,
412 are formed in mainly diamefrically opposing portions of the outer wall of the catheter 100
and a channel i3 formed (as part of the normal extrusion between the two ports). The ports

35 410, 412 may be arranged anywhere along the circumference of the catheter wall — not just



flexible webs. Once the catheter is inserted, any suitable pressurizing
material, such as air, an inert gas, foam or sone other known thernal
resi stance material could be punped into the |unen 250, causing its
cross-sectional area to expand and increase the gap or distance between
the therm stor and thermal masses. The enbodi nent facilitates easy

i nsertion wbot/dsenglevi ce by 10 keeping its outer di anetewssoBbd , since the
insulating lumen or structure is expanded only after the device is in
place. The |unmens 220, 222, 224 maybe used for any conventional purpose.
Any or all of them may, for exanpl e,13carry fluids, or act as channels for
gui di ng other instrunents such probes, pressure transducers etc. O
course, they dewdicalyopmatils ~+hslgRg 21 Hiead es e Helyern the tsmperatugsrsensot &dfberen i ght be

carrying an i rai‘e&ﬁinggkesf mg&ewekﬁnﬁm&tm@rchm&:@ ehann@hmtt:0840214 | NSt runment .
Fi gures 3a and 3b Hﬁ%c'inmtb l@_ &E)Wf“%ﬁt Ofﬂo%ﬁ?dmate ent| on LN which the

thermstor 139K erna eﬁrowded in a
separ at e nai nr&yuwﬂlbeﬁalwpl) meﬁﬂb‘@eP@@@loaﬁm@Pﬁbﬁﬁ’ymé@l}ilh@efﬁai@dfthmt 0 an existing

lumen 310 o Qiél%ﬁbfb?izo%ct@ﬂtﬁhstaﬂﬁnpﬁa&@ﬂsﬁt@cutﬁ&@cath?t%aﬂ libwhﬁlhelﬁfﬂznbe!’ 300 is
preferably ma(ge of .th ST@ahambe{?{ mn)éﬁmndlog%@g%ﬂegghngm%@emast“%{ﬁ material as the

catheter itsePf™™Fh%e bi'oco e pol ymer such as
pol yur et hane. néléhqd:ipSnmil@ﬂtaqﬁuswedﬂﬁerﬂéwor@ﬂm%t%me@ﬁf% for the

catheter itseldfmereR Mﬁ?non&kﬁﬁﬁaboﬁthlﬂmﬂ&h@%ﬁﬁuiﬁ%%@rnoﬂb&ﬁ&uﬁttcﬂd within the
cat heter. The(l]}ga]@F11 géfandg 8\,8’1%1%”‘%“}%%(];):454! ed with further insulating

materi al s as n 250, |s.then orlented within the
| umen 310 b as t dn Bxemdprinchief iipyntionshovmiindigyieds therblopdeKlinented tora rdgighrens 320, 322,

324, 326 W t hiNnedenhddfiie Crabiteise L. m{ematafQﬁéent&ammwiemgﬁgtm&r orientation of
t he tubul ar nmepber th| e Ju own) such as a rod

shaped to conf"ﬁ?’?ﬁaf 6‘&% ﬁf‘ﬂ”%mg‘f‘m\?ys cT |tbf “Hécded. The user
can then fi rst&omhlg@rwhwl%h@pemv@éfrbt‘@@@mdhpthFbOYGHEdelh\mamws#aéﬁras liflers 0 t he | unen

3%0 azg thgg glelﬂﬁﬁﬁlﬁns&ﬂ%:ahﬁiﬂoviaﬂ&i@:cl&:&?ofﬂk%et@ﬁlat&ﬁ‘dﬂ%@ﬁooﬁﬁi@ nglalmy 350 and turn
t he menber I nt er alignnme ustrate

enbodi ment ¥ ofh"l?sﬁsélaﬁcfl?g@“ Rojthei %ﬁ‘fn((:h‘nﬁ’l%’%tétalsﬁ %é?"f'mtsgh glé%r?ﬁel ed bet ween

t he t her m st onhefddly, awdl_tdm@@mmﬂ@smehtquUEtmveﬁscﬂmmgBWéW may be carrying
Souicezlgf tQ%mdedt]g%a@bewéa@aw@%utereﬁauﬁamqfn ids iaGSm tub Bmduhgs € errt)odl rrenlgsth
ports : are formed i r.i 0sing portions o e
outer wall of t‘t“ﬁ’éﬂ’(‘?ﬁ‘m@FéP°Tﬁﬁ°t°’§’ht8X‘§“ g‘ﬁ g%?%c}%%g%gﬁmimé% llSart of the

nor mal ext r usiabeto pdtcwibesmotnhe bibedovitfgoiht wheter Whils sfilgawing B5andibdatingl 12 nay be

\6/1\;) r 82?8?2?% Er/%ﬁ%!o@ﬂgi\%ﬁlﬁve&'tﬂe 4 s f@ﬁﬁmﬁn(s)tm TeSkRAE, Etfwewhdlt -- hot b{ US'([j
iametrically opposing -- as long as bl oo
can fl ow bet vvé‘é"ﬁ“%tg%’i’ S‘P%%ﬁném?é??gor and t he

In the embodunent of the invention illustrated in Figute 5, the chambers 440, 444 and
442 and the ridge 470 (Figure 4) have been eliminated. Instead, the intermediate chamber 442

=

is sealed off from the blood flow and thus forms an insulating gap or lumen 550, similar to the
25  lumen/gap 250 in Figure 2. In this embodiment, the blood flowing through fhe siﬁgle channel
540 serves mainly to isolate the thermistor thermally from the lumen(s) 424. The lumen/gap
550 provides an additional insulating barrier, although it is not required, especially if the flow
of blood through the channel is fast enough to preclude significant heat transfer to or from the
thermal mass from which the channel separates the thermistor, Note that another advantage of
30  the embodiment shown in Figure 5 is that the blood in the channel 540 also fends to bring the
temperature within the gap 550 to blood temperature and thus furiher insulates the thermal
mass,
In the embodiments of the invention shown in both Figures 4 and 3, the channel 540

may be a limited chamber located near the thermistor itself, or it may be a lumen passing



thermal masses. In Figure 4, the channel has three chanbers -- two outer
chanbers 440, 444 and an internedi ate chanber 442 -- through which bl ood
can flow (indicated by arrows passing though the channel). Note that the
ports 410,412 need be forned only in the region of the 5 therm stor 120,
and can thus be sinple holes or slits cut in the catheter wall. The channel
may be fowoethsagsa snall chanber or it may extend owegmugamishengt h of the
catheter as a result needed to sinplify the extrusion. Note that a CVC or
peri pheral catheter, unlike a cardiac_ catheter, is typically no nore than

about 30 cmlong, so.it wll in generéﬁ not be a problemto | et the channel
extend as far as the other lunen(s) 424. 10 In the enbodi nent of the
i nventi on shovmesghpniiogior o thy lengthiebthdpeqgedevics Inléithe ebeelie thowd 540dtgifon - - t he

internedi ate ¢lhaphels vihdd serves & HRelisad @hdireddj acent to (that is, extending
just under, vie as, | igure 4) the therm stor 120; the Xi mum
di stance separ at ;Aﬁ:%“ﬁ%miqﬁg?‘t%p@ %ut”?‘?{aﬁ?ﬁ’id%‘fmg Wﬁ?ggwf%?fﬁté’Flégﬁre is to be
measur ed bot h azpensabedimgnt bishednrengounin Wéch g tiemistor 124 i irduptedsp 2 carfpebOfi ni Mum
structural ly hlowabt:entRi Kk MesanRitetReical DaLRTidI Rl RId kmaThe bl ood t hus
not only 15 he'Bfﬁ |§ol a,%e éhfe the{?mﬁ%or ftarlomthe,rl]uﬂar}enisé1 24, but it also
better contactE TR FREFMS Br Pkt Pt 7 EEREE™ (TP WBELEF ¥r om two si des
i nst ead of | usiountsd eccurgly quto e pazrier ysinghgpcogventionshmale7id suelnap a stipdardadhesivled t o ext end
between the twen by s}k Sonddkid, mdkfite-p@Rtlinéhomdeieut. unen 424 toward the
therm stor, in oriﬁ%nq} 'On"d% %o di Eect the inf 6@3{\4 Q% t‘[)%]o%p ﬁast t he
t her mi stor, but SegHPBHAPLE® PR HRSTTAYY S A B8 HAFRIH f ¥e cat het er
whi | e still0 alciiowr 188 Trotheraistoriiyfenbaititnpdyo B0 leaytidr thexpenil adig calistef | ow bet ween
the therm st or,aQdhdRRsch HREE (oShe bilcibver BN HGRe hSwittBRWR ¥&lion oNOt  Necessary
to this enbodinment of the h@ventl on, 1n tt215e, %nbhgdl ment f the invention
i |lustrated i freRiRiEriRbaeen i terpiinbisiens Hord 2 594 SRy "85 and the ri dge 470
(Figure 4) have bdénthepistpriianditd carfen®p maphe intehied intevn erister detlicatedhanber 442 i s
gggl ed of}‘ fr ?.meﬁ ﬂ@mmgemmfsh/@wﬁa&%;m@s %%ﬁhe@gnﬂfs?éﬁ{i&ﬁe&ﬂﬂﬁngag_ or Iturrteﬂ

, sim e upen/ gaj in Figure 2, is e i ment, e
000 1 owbng 20T EHE PR B LE RN BbF wing 68 ARk A G0 | sol at e 1 he
t her m st or t héntated limer $10 trendude @adinpmaircsoontbbtwedt the thermivervhdthp 550 provi des an

addi tional i n§moghjn€googarri er, although it is not required, especially if
the flow of blood_throu hdt he channel, isd,f aét‘ﬁﬁmlﬁ&g toP%recl ude
significant heat tTPaRTPET S ET SPFEHIIHES PHBT AR ° eFyTTEhi ch t he
channel separ absgisn it ieoreiimr6P betbie the calticitrds plabrd Wittdntiptobiient. Slduwaivtiage of 30 the
embodi ment 3¢5 h@Ykle infdribd, Hdbumghss AL midb6r 2 RleRQGy IRt LR MNel 540 al so

tends to bring the t erature within th p 550 .to bl ood tenperature and
thus further i E‘iﬁsf"éi‘“ggl%@sﬁl%P%I“m‘ﬁ‘rg@??“%lbgglf‘ﬁe&t"egF‘r‘%B‘ﬂf’ P8 %f t he

i nvention shovp, preferibbytbimt Paricalpmetse cdthetandaliind oinieng evra fimrethe Ed@ionafay be a [im ted
chanber | ocat efedf}e abncd BEmilib}fitleSt Phediid Bephtlent, M physhiad BYPEenPul HARN Passi ng

proximal end of the carrier until the thermistor is pulled into place in the opening 605. The

25  distal end of the carrier can then be made short, extending only a short distance from the
thermistor, so that only its proximal end would be within the catheter, The carrier, which may
be tubular, then forms an insulating gap beneath the thermistor, similar to the gaps 250, 350
and 550 in previous embodiments described above.

Figures 7a and 7b are a partially cut-away, side view and an end view, respectively, of

30  an embodiment of the invention in which the thermistor 120 is mounted on the outer wall of the
catheter 100 itself. In order to avoid having the thermistor's signal wire or fiber 125 running
along the outer surface of the catheter to the exterior, it is pre-threaded into the catheter 100
through a small hole 705 made in the catheter wall, preferably just behind {(proximal relative to)
the thermistor 120. The thermistor may be mounted securely onto the catheter nsing any

35  conventional method or material such as a standard potting compound 710, or a non-toxic,



WD 01/ 052728 PCT/ US01/ 01902 14 through any portion of the length of the
access device. In either case, the channel 540 itself (wth passing bl ood)
serves as an insulating structure. Figures 6a and 6b are a partially
cut-away, side view and an end view, respectively, of another enbodi nent
of the invention in which the therm stor 120 is nounted on a carrier 600,

5 whi ch i swpoefser@bl y made of a bi oconpati bl e mat eri #crasdnsbso provi des
inproved thermal insulation. It may be made, for exanple, of plastic, netal
or ceramc. The therm stor may be nounted securely onto the carrier using
any conventional material such as a staindard adhesive such as patting
conpound or a non-toxic, noisture-proof, thermally stable glue. In this
enbodi ment a poktre-pmotfibrrrriisizhle clpe, oraliquafiit splvbprefihrrgth a0 Batirial thatreoudut er wal | of
the 10 cat hek&Ventd6Qto tikRhelNEYing) ﬁk@&m@&a@&ﬂ&h&ﬂ&b&ﬁe@&w&vﬁ%m to lie within

the Opem ng I %St thathaas'ttmoet Ft{letﬂh QOrtbutnotsolglE:k?ycB&%J? d uuras u%eef.o the bl ood over

nost of its surface i n between.
The therm st orW'iﬂsi"Ss‘i’L@hfalqmﬁlﬂwﬁ@a&%tewg‘fspa#déﬁe Vmcﬁaweslzllfg%ﬁe@ Béece The t herni st or

120 and it$ CakhblhubiihetRYhd Rthdtd §:Q kb€t raBuliQerfn ek aﬁlﬁﬂd&gh&rcodﬂﬁ'di cated

| unmen 610|néh cat.heter t hat t ecarrler eten enthe
t her mi st or ° TR mtﬁh uﬁerrrgar%rzc’?thi%s%ﬁ'o, alft}hue eH“m‘ﬁdooflse W& ces in the

cat heter. Not éYEOWaEIftemlymdmjﬂﬁ@d@tﬁP@ﬂerabI y extends into the |unmen 610

to ensure nmaxi Wmlﬂﬁé&ﬁ&&nﬁeﬂt@fﬁ&ﬁv&ﬂi@ﬁéﬁ&&%ﬁ@ﬂs’tahﬂf'?mlﬁioﬁlﬁals%méi t he
surroundi ng bl oq Thet&“3 ermstor and carri.er r@ﬁm%rﬁgserted into the

cat heter wi t h PPRES PREPH cmgpratmg sonsg IS °nt°mf'F°FFFemte "defore the
cat heter i ¥ pltwicisehlved vther eppoger &9 ﬂ}?étbvdeﬁlicethAFatbetansawlver?Pﬂ’f@@mﬁ@P]ore i nsertion,

and assum ng tbai G @a@oldesmg&aaa&Bosamaampﬁmﬂe&B&J@&e&w&mb@aﬁmt erial, the
therm stor an E‘Feé‘b carr..er uld be aIIowedto

the far, distal en
stick out of %’fﬁﬁ%éﬁvﬁdmmﬁf@m %‘P%efa SEPe AR M YR Eeﬁ’ : ebnﬁeéahir%e cat heter wall
and poi nting asneywil fhemtend bpesepeipte end tmprgawryfirom fhe oder wiliohthe @hade tetsesr mi st or
catheter is pIﬁgﬁggmmaﬂngtlmmp@ttﬂeg]mmasgemmawmran could then pull on the

r oxi mal 0 rier unti e therm st Iledlnto | ace in
ltohe openi n§d60 °yﬁf“§tarat’|°m§?"f6}s° FHed aPrer?1 !h%é%f g mage short,

ext endi ng onl ylbw.lslhtmaﬂe othmweemﬁtfmﬁmmﬁé(exf@nﬁiesinﬁs@mwon@@e tapge) only its
proxi nmal end \yedk flseRiBg M thfis Dentme ﬁﬁk@ﬁ&@fwhenm%ot&%'b&ﬁp&(nd mm»eg ey be

tubul ar, then for dﬁ ag‘@ LAI ‘g\%%a beneasyslrgugfeI @ec trl;ré“ T Simlar to
the gaps 250, PFBECUCARHHE HLEF usﬁ'? SUEPE g Bed “dbove. Fi gures
7a and 7b ar e isaofpaptical &l forp thisutemeryelyow jesit Bhdbe veinerh S'mwélmwntsmnwwf
respectivehy, nfe&oryégal@dmaemgﬂédmtm%m&m eleWj@thtﬂn@é&ed mhe\amcgtbuidhe t herm stor
120 is rmuntectltﬁ H‘Th uer Wad L Fcatﬁetgt “ﬁh In order to
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outer surface free of protrusions.

As Figures 7a and 7b show, several lumens 700-705 or tubular members are preferably
included within the catheter in order to provide insulating gaps between the externally roounted
25  thermistor 120 and the lumen(s) that carry infusions. A single lumen/gap such as the lumen
250 shown and described in reference to Figure 2, or a blood channel similar to the channels
shown in Figures 4 and 5 may be included instead of or in addition to the lumens 700-705 to
further insulate the thermistor thermally from the lumen 724.
Figures 8a and 8b are a partially cut-away, side view and an end view, respectively, of
30  an embodiment of the invention in which the thermistor 120 is mounted within a short tmbular
member 800 that protrudes out through an opening 805 made in the outer wall of the catheter
100. The two ends of the tubular member 800 are secured within the catheter using any known
technique. A channel 810 is thereby formed between the "loop" of the tubular member 800 and
the catheter. Blood will therefore be able to flow substantially completely around the
35  thermistor 120 and will also isolate the thermistor thermaliy from any interior lumen(s) 824



along the outer surface of the catheter to the exterior, it is pre-threaded
into the catheter 100 through a snmall hole 705 made in the catheter wall,
preferably just behind (proxinmal relative to) the therm stor 120. The
therm stor may be nounted securely onto the catheter using any 35
conventional nmethod or material such as a standard potting conpound 710, or
a non-toxiwooMEeRd/ 052728 PCT/ US01/ 01902 15 noi st ur erprasdijpisther mal |y
stable glue, or a liquefied solution of the catheter material that would
sol vent bond to the catheter tubing. The potting conmpound should be spread
to cover the hole 705 and .at |east nbst of the thermistor, but not so
thickly over the thermstor as to interfere wth its abi I|ty to quickly
and accur at el yitkigibrethelert Prripgipspraionaf the catheidy iy geber §0¢wip prferpblitlis feteduce 5 t he
maxi mum di ametgyis, g&sﬂimg@aﬁtm@bafamaead t hereby make insertion easier, an
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t herm st or canthen e EEq on the ng it securely in

t he indent at i @#mPlﬁbﬂPU@hEJM)‘?*hﬁ"ﬁfetah@mé‘h%(ﬂimhﬂ‘ﬁ@mélﬁmt%mP plfent i on shown in

Fi gures 7a s:anGhefk: sobbutmu@%ealbeﬁlﬁgd@ﬂa dPRPE¢ thrhpRrathi@ scidaL it isf the t enperature
sensor using anon- t }a(‘lzf%t {())h;sl“ggdggg eg%%lapa{“ﬁr ot h gggenéom 10 that

di ssol ves when ‘expose &2 I's in place, the
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then tend to s °t he cat heter,
t hereby f Ukt hvetheter, ﬂ@eﬂﬂameln@r 309 ISﬂQt@Prﬂ%Ei’qu fhﬁh’éWWlPﬂShﬁ@@@Sgh\ﬁhepwm the cat heter.

is ' Thlt?] "demyﬁ%ﬁwﬁp@gﬁgt@@mﬂﬁmﬁlﬁdbe arranged by pr owt di nghz he si gnal

wire w an e s straig

(extending in the%gg{‘lfhﬁtsaﬂ?mbf’%rgen%(’gﬁﬁ%‘f%qpﬁmwgldlé'e g?msmrg?tl ng but that is
bent in the r ekl deicatthat is, thoghie msubstaetialhtrichitapgly bend insesueicr Wiedivbl ves, the joint

woul d rel ax areshn&%ﬂ%m&&u&mi @ﬁo&ﬁ%é@%&ﬁ%&ﬁﬁ%%&ﬁob@bﬂediromthe
cat heter ow joint in
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t he sensor élieﬁ’i‘i’%ﬁr m\%ﬁe ?@eﬂraf’@led%enaac"? ﬁ%ﬁmﬁé 8¢ E‘é%gmfﬁ u%gmgg i c{) coul d be
attached to t hieingkngva mafhels. This Hght-aglh hevmjstod IﬂQIS fhen pptisdrdeveply %@%s or could

theﬂ al so bel 5@@5s,ﬁﬂrmbdemngasbshmgnfoa;em&e&m&gwa:ssdtﬁhﬁam]gorGaF SO that7 the
cat heter cou an _outer surfa igures 7a
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i ncl uded wit hians)pﬁ@cethﬂtehe‘tSéﬁorﬁ,ﬁwmam@mpme&femnomm%lﬂwgfd@aps bet ween
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i nfusi ons. A si ng#gmﬁmggt%tgm ) Seglao asm;m%a Rr;g;ﬁ onecrmm 1\ﬁ/ntmand descri bed i n

reference to F! ANe &hannel s shown in
Figures 4 and l@lewé?omalﬁmﬁndatb@lmihﬁgtheta@l@iateé'F*thﬁisztﬂlﬂépﬁnv’egthe | unens
700-705 tO  pumen(s) 924.

Figures 102 and 10b are a rear and an elevated side view, respectively, ofan

25  embodiment of the invention in which the thermistor 120 is mounted so as to lie within a recess
in a separate insulating member 1000, which is shaped generally as a partially hollowed out
cylinder with a closed, rounded, smooth leading surface and a slot 1010 into which the
thermistor can be laid for mounting, The insulating member should be made of a smooth,
thermally insnlating material such as ceramic, metal, foam or Teflon. Polymers such as

30  polyurethane may also be use&, which would make it possible to injection-mold the member
1000. The insulator/thermistor sub-assembly is then inserted, for example, by pushing it in
with a rod, into a suitable catheter Iurnen, such as the lumens 210, 310, 610 shown gbove for
other embodiments of the invention. The slot should thereby be oriented, for example, using &
key or similar tool, away from other catheter lumen(s) that carry thermal masses such as fluids

35  and instruments, -



further insulate the therm stor thermally fromthe lunmen 724. Figures 8a
and 8b are a partially cut-away, side view and an end view, respectively,
of 30 an enbodi nent of the invention in which the thermstor 120 is
nounted within a short tabular nenber 800 that protrudes out through an
opening 805 nade in the outer wall of the catheter 100. The two ends of

t he tubul awoomesbes 800 are secured within the cathet @tTmsdlmgnﬁny known
techni que. A channel 810 is thereby forned between the "l oop"” of the

t ubul ar nenber 800 and the catheter. Blood will therefore be able to flow
substantially conpletely around the 3]‘37 therm stor 120 and will also isolate
the therm stor thermally fromany interjior |unen(s) 824 WO 01/052728

PCT/ US01/ 01902 16 rfigursil ¥»ﬂt PRECERpiibhdRventiphif 1hPr it WL fewppge st cat het er,
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fornmed in them@tahequmﬂl fsfethﬁtfﬁhﬁﬁlf thinEgureH & the isuiating matsriplldPds out war d
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fromfluid-carrying
surrounds and thereby insulates the temperature sensor 120 itself,

Figures 13a and 13b illustrate yet another smbodiment of the invention, in which the
femperature sensor 120 is mounted within a catheter tip 1300 that is initiafly formed as a
25  member separate from the catheter body 100 itself, but is attached or bonded to the distal end
of the catheter using, for exatnple, a conventional adhesive., A Iumen or through-hole 1310 is
then formed in the tip 1300 to act as an extension of any appropriate and desired lumen within
the main catheter body 100 to allow uninterrupted flow. The tip 1300 in this embodiment may
then be made entirely of a highly insulative material. This completely avoids the need fo
30  exirude the insulating member over much or even the entire length of the catheter. It also
malkes possible the use of different rmaterials in the insulating member and the main catheter
body with no need for co-extrusion and without using more expensive material for the entire
device.
Figures 14a and 14b illustrate still another embodiment of the invention, in which the
35  distal tip of the catheter 100 has a slit 1400. The temperature sensor 120 is mounted on or in



Figures 10a and 10b are a rear and an el evated side view, respectively, of
an 25 enbodi nent of the invention in which the therm stor 120 is nounted so
as tolie within a recess in a separate insulating nenber 1000, which is
shaped generally as a partially hollowed out cylinder with a cl osed,
rounded, snooth | eading surface and a slot 1010 into which the therm stor
can be | aiwoboes2mounti ng. The insul ati ng nenber shouledriosiinmoe of a snooth,
thermally insulating naterial such as ceramic, netal, foamor Tefl on.

Pol ymers such as 30 pol yuret hane nmay so be used, which would nmake it
possible to injection-nold the nmenber*® 1000. The insul ator/therm stor
sub-assenbly is then inserted, for exanple, by pushing it in wth a rod,
into a suitabtedgdfinencarsid oifesit veaenhyanald0rnes hodamel 3, 610 shown
above for ot leand e BRatis o sitdv@thé div @hdOin this T sk the SR 68 t her eby be
oriented, for ?[IB{ : i ; . Si M .Lom ot her
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i nstruments. WWOcRheEBIRYEh feseithpeapediargeally for exapls; vty prdntepel ol enbodi nent  of
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sensor 120, ok kel 1400 speasdo fopneay ingniatineegan (6 shova i Eigwre HB) Yeippsnde t he probe is
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wal | of the cat h%’f ‘%%J‘%%gitie%gog%}?g o%?eﬁ{w%ﬁ%g&%{l@b%%%v& ?f’en%éto e‘gsfcri bed
above), orll s tsppigfienspewevpniay fpysurlagse e mefhodpocerfies to bisiatmtiondbahi ch t he probe
is inserted 1342 mdoblylt@dpbraiv 8@ palidk & sefibd Byl @mbdrdire serkorblfrgple i s shown as a
dashed |ine.) JHe BLOOCEINS ol SehdoBESeBFnd ol LENELMGE, L Rl sePar at es
(and thus i nsdi‘at es) the erfperg%urpg Sensor Tromrtnernar sses. The tip of
the probe is 1Oua5EeF s ity e aeces dezige: it gavde prapapinly affged to prapiin thepeeektat it wil |
_rm][le easi | yf eﬁf\v&&drﬁrhd?@&h?ﬁov?\bﬁ}&mﬁ&feﬂtc]x%iﬂs@l'te_ aatadlﬁaaeaydemeomew&eagohﬁr mal

i nfl uence t arts o access device: ver..a.sfraight tipis

al so accep ablmgsde%? 2 e%ﬁ‘%aasgéscr%ff%ﬁf%npfé%%ﬁnﬁg%@gfl 1’tmhwtg,11 c%”‘hventi on is that
it could be i freeetEtsenserigpatpdon psergpedevice, yhighh Btsred dtoand stended fupigh seal ed

agai nst bl ood Heeakagachby a conventi onal henpstasis valve. 15 Figures 12a
and 12b il lustrate.,enbodm. nent f the inventiaon in which an insulating
mater al s oo exiH R i i Al oA B EPbE I B ER )05 B

i nsul ati ng mathepiakpassigiggdyee intotherapopsd dspficn [Thaeperowteth sepshids isaletiet er 100 so as to
surround agw i RSy FIm (R thedniiSdads UNBERRI-wEals oY frdkQthe terhpetifBsedsdr :d & OF

alternativel y,theangalgagc%% %aﬂ?r%%n&t?_” of it near the location of the
t enper at ure sensor-. eoinsurati ng material, which my be of any known

extrudabl e type t e invgption alsy encampeyses thg ppthod of manufacturing the access device. In
most of the embodiments described above, this manufacturing method invelves extruding the

access device with a pluralify of lumens — one lumen through which a temperature sensor is
25  infroduced and a signal wire is led (a sensor lumen), and at least one other tumen for carrying
or guiding the thermal mass. The manufacturing method also includes the step of forming an
insulating struciure that thermally separates the temperature sensor from the thermal mass. The
temperature sensor may be permanently or removably mounted at a distal end of the sensor
lumen, The temperature sepsor may be zlso mounied in a separate carrier which is placed in
30 the sensor lumen. The manufacturing method may include some other or additional steps
according to the embodiments described above, as will be understood by those skilled in the
arf,
Refer once again fo Figure 1. The output signal from a conventional temperature
sensor such as the thermistor 120 has well-known characteristics. In general, the output signal

35  is avoliage ot current signal whose amplitude is functionally related to the temperature of the



20 barrier between the contents of the lunmen 1210 and the tenperature
sensor 120. In Figure 12b, the insulating material is co-extruded with the
catheter so as to forma barrier layer 1220 that surrounds and thereby
insul ates the tenperature sensor 120 itself. Figures Ha and 13b illustrate
yet anot her enbodi nent of the invention, in which the tenperature sensor
120 i s nouwbedoswkd hin a catheter tip 1300 that is i nipcirakdipiobor ned as a 25
menber separate fromthe catheter body 100 itself, but is attached or
bonded to the distal end of the catheter using, for exanple, a

conventi onal adhesive. A lunmen or thrb'-hgh- hole 13 10 is then fornmed in the
tip 1300 to act as an extension of any appropriate and desired |lunen within
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body with np need fi@fernR; &esh&&a&& qleteammwomb@ggmztaﬁyugoxﬁmmmpensI ve
material for the en Iustra}te still

ot her enbod B PF<Eriad oGRSk gnt Brtas Bl Bapft U0 he
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whereas the | unmen(s) 141 carrying the thermal nmass extend through the t| p
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met hod. Wil e jhin e@&@ufacm@ cﬁlbﬂaﬁonM@Orhpﬂﬁmona@ontngﬁee@s@@ td %éﬂieﬁt' ng gap (as
shown in Fgure 1 nMasses in

t he erm sto d t
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descri bed abo\ethe niooianiia far procadsing (ifheedeOnd dplaenbodi nent s, however, is that

they Irrt)l emsn}g thqnﬁsﬁlm%@ ﬁ@ﬁﬂﬁél%&ﬁﬂmé:@@u&d%"s@atﬂﬁg' @Bsé@ﬁ’bed%héﬂg thte 3ogy
enperature of a patien rature sensor supported by an
access device.?® gﬁ?@&“ﬂ?’@“""&h"@&gﬁc °"°§tﬂ’ﬁ ﬁ% &hat t he
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per manent | y, af L;smdmgoﬁen%amegtuugbdmﬁma&&}e&smgmemmamg dend®y be removably
connected to Qr |nserte | nt.o access . devic Iso 15 i ncl udes

any ar r angemedtPedaqe mygine, FIBSehasﬂfec?E W&Wpémfﬁngrtgefagﬁpﬁﬂéé”tag gure 11, in

whi ch a passive device. In other cages, conventional active components such as operational amplifiers
with known resistive, capacitive and inductive feedback and feed-forward elements may be
used to implement the signal conversion.

25 In many cases, the relationship between sensor output and temperature may be too
irregular to implement accurately using purely passive or analog components. In these cases,
the adapter may be implemented b'y including in the adapter 160 a conventional analog-to-
digital converter (ADC), a microprocessor, and a memory; note that a single conventional
digital signal processor combines all these features in one component and may therefore in

30  many applications be a suitable implementation. The relationship between the sensor output
and temperature can then be implemented as a look-up table in memory, or as parameters of an
approximating funetion. Using kmown methods, the microprocesser may then take as an input
fo the lookup table or approximating function the sensed and ADC-converted sensor output
signal and generate the corresponding temperature signal, whicix, after any further conventional

35  conditioning, is applied to the monitor 170,



tenperature sensor is |located on a separate device, which is inserted into
and extended through the access device. The access device is inserted into
a patient, for exanple, into a vein, and at |east one thermal nmass is
introduced into the access device. The tenperature sensor is insulated 20
thermally fromthe thermal mass. A signal wire is led fromthe tenperature
sensor to wooerexternal patient tenperature nonitor. Poeusnesesii on al so
enconpasses the nethod of manufacturing the access device. In nost of the
enbodi nents descri bed above, this manufacturing nethod invol ves extrudi ng
the access device with a plurality of®|unens - one |unen through which a
tenperature sensor is 25 introduced and a signal wire is led (a sensor
lunen), and at | edsene gnhediptnid the lnvention thitdypariariartyusefigin 2 bysy gtihglitag t he t her mal

massI tThe rratmaﬁlaf&uuﬁ h?ﬁasmt Iﬁgcﬁatﬁhfgmgca&{e%eeaeaht&nﬁ% &ﬁamgﬁmg{ ormng an f

i nsul ating struc ure er ar.a enperature sensor from
the thermal mASESLERY [Eﬁ é‘}llé}%ﬁg‘éfmgﬁf%ﬂd%‘gg‘ﬁér%ﬁéﬁf’ﬁ or renovably
nmounted at a dp\@twplmwb@@ﬂxﬂqbaﬁmmhemdmwbeHﬁhelpleesrmmvammm;e sensor may be

al so nmount ed udawp%w&@@@a 2§ (afoRd With Sdnveibhd Briving ciRRhiRS Swib et DR Sensor | unen.
The manufacturin I ncl ude some other or additional steps

according to fﬁesg’élgg(ﬁ’a’iﬂr’?&ﬁfi descri bed above, as will be understood by
t hose skilled in tUsisgapkta sixorrined hadhel gevicn a tugse Fpul romect the dFie toitd put  si gnal

froma conven&emgaﬁheJe@m;s@&ug@ecaa@ﬂm&hewsé&mo Lnla@m pdagem stor 120 has
wel | - known char act erlcgl{gl CS. q“%é, ﬁ‘ g {: 15 z gnhal 35 is a voltage
or current si §EFHhY s dich & Al 7#?“(3‘% PEeed™ o t he

t enper at ur @ ofconndpiar M@s%ﬁ%@?cﬁﬁmﬁéﬁﬂ/dtmubmQﬂﬂe/&@al@@smthatMﬁeover t he

functional r e'aﬁ’éu)t&'ﬁ&?@t@quﬁﬂ&Mﬁﬁ&aﬁﬂi@&%a{h@m@&é&&&s Méﬂsﬁt anpl i tude of
t he out put signal domis. In fact, npst tenperature

nmay but sel
sensors are PHETY |Tﬂ'ﬁ‘§?“ d;?“"c‘,"’a’ili‘e “b‘?eé‘t tékd repines ¢ BeRPIGHAEPRTPEIES WEEYr equi r e
cal i brati on bywithiveead srorait Bred onventianet thenoneeto stabiigavand gith ligl tisiomdie t here i s,

though, a fun%bﬁﬁﬁs'ﬂ:eﬁxﬁ‘eﬁv%t 6003 Ite Rurse oufaicd RGRIB fhetelidds IR Cases, the
t enper at ur g out put S|h%fr_1%]%as g be conpatible with input signals of existing

patient motn t GFETHEYY not always the case. As a sinple exanple,
anplification (scdasiumigy sumndnﬂvnqy@mmme:’(m&s@ﬂﬂbm@in«(demboﬁimp:e@fmwteﬁlsol ation) are

of ten requi recisotcgumaqsgﬂ]vl%hotw,ea&ulw%taﬁa&%ie,ﬂpmhglc@su&agmho ormand type
that can be processed ?1 gﬁ%‘ﬁs% he user. 10 According to the

i nventi on, thé"“f“iﬁﬁ?:?l"“b‘?f&?a "e%ﬁ‘”b‘éetpﬁé“éﬁheé’létﬁg’ﬂ’rc tenperature and
t he sensor outigstitan®ngeadued iempetatue isglaed in dnd¢mogyrportids)dedipedtadfem out put si gnal

characteri 5t i C@x%determined oumber of values for the patient. A time stamp of the measurement could also
be generated using known technigues and siored along with each stored temperature
measnrement. By later recalling the stored values, for example by pressing the button
according to some predetermined pattern, the nurse could then view the patient's recent
temperatare history., The software and hardware components needed to implement this one-
25 bution storage and recall sysiem, even classified for several different patients, may be similar to
those used, for example, in conventional electronic hand bearing compasses found on many
weli-equipped sailboats, .
As an additional feaiure, the hand-held system could be provided with conventional
circuitry enabling it to download its stored temperature information to another system such as a
30 supervisory computer or patient monitor. The way in which such a fsature is implemented is
known. The way in which such temperature values, time-stamped or not, are stored for one or
more patients and then recalled for viewing on a display is also well known,
Several different embodiments of the invention have been described above. It should

be understood, however, that these are merely illustrative. The invention is not to be limited to



(such as inpedance, anplitude range, and whether in the formof a voltage
or current) are predetermned in any conventional manner (for exanple,

t hrough normal calibration or by accepting the manufacturer's calibration
data). The signal conditioning necessary to inplenent 15 the rel ationships
is then inplenmented in the adapter 160. The conditioned signal is then
applied twobhenenitor 170 for processing (if neededrrasdodospl ay. | n sonme
cases, the only signal conditioning required is scaling. This can be done
using a conventional resistive network, with the sensor output signal
formng the input and the systen1out5ht si gnal being taken from an
appropriate point in the network. Conventional 20 passive conponents may
then be used t% PEiEY Bres amythodedislosd rafhes e ipvaeion oo ntetall oefifhgiosuch as

i npedance mat chinvagnts aAkduliEmAaRs falikpeyiGie b s &nohinl.eRENt | Ng the adapter 160
as atotally passive device. In other cases, conventional active
conponents such as operational anplifiers wth known resistive, capacitive
and inductive feedback and feed-forward el enents may be used to inplenent
t he signal conversion. 25 In many cases, the relationship between sensor
out put and tenperature nmay be too irregular to inplenment accurately using
purely passive or anal og conponents. In these cases, the adapter may be

i mpl enented by including in the adapter 160 a conventional anal og-to-
digital converter (ADC), a mcroprocessor, and a nenory; note that a single
conventional digital signal processor conbines all these features in one
conponent and may therefore in 30 nmany applications be a suitable

i npl enentation. The relationship between the sensor output and tenperature
can then be inplenmented as a | ook-up table in nenory, or as paraneters of
an approxi mating function. Using known nethods, the m croprocessor nay
then take as an input to the |ookup table or approxinmating function the
sensed and ADC-converted sensor output signal and generate the
correspondi ng tenperature signal, which, after any further conventional 35
conditioning, is applied to the nonitor 170. WO 01/052728 PCT/ USOLl/ 01902

20 In one enbodi nent of the invention that is particularly useful in a busy
setting where only a quick and easy |look at a patient's tenperature is
needed, the entire conditioning, processing and display circuitry 150 is
included in a single hand-held unit. In this case, the power supply wll
typically be batteries and the nonitor may be as sinple as a conventional,
5 | ow power LCD display (along with conventional driving circuitry) show ng
tenperature to, say, single decimal precision. Using such a

sel f-cont ai ned, handhel d device, a nurse would connect the device to the



t enper atlpL5@nsor by attaching the cable 190 to the connector 180, a”dlﬁéﬁho1g
patient's tenperature would then-be displayed on the display 174 in a -
predeterm ned format The 10 connector 180 is preferably a conventional

device such as a male/fermale plug pair that would allow the nurse to

qui ckly connect and di sconnect the device for readings fromdifferent
patients. This would allow the nurse to take readi ngs of many patients
tenperatures quickly, wth no need to waitaff/@ a conventional thernoneter
to stabilize, and with little disconfort to the patients thensel ves.

| ndeed, the nurse could take an already catheterized patient's 15
temperature while he iSAM@%m&&m@mcﬁp&iw@be@&h?semwhneﬁ AREAtES

t he sel f-contai ned .enbodi nrent of the system 150 could al so include not

only a menory BB so a sinple input device such as a button connected

to an internal el egdict&alevioaitiapil insMBHBREME the pRniHY k FRat{dh 5 &8 fenlpBRmbithidiin,
t he mstanta:&(laous asuEed te §1ra%fﬁ%g IS ?t,ore in the nepnory portion

desi gnated fo %C%S”‘%P'EB A B gus greluging aldeastqge themaal Bumen 2ith 2 ghermak
stanp of the measHhe R thet@etinié SediuRe generated using known techni ques

and stored along with each stored tenperature  neasurenent By |ater
“recal ling the storBEPEPHERSCOsPLIUP theprgesy Aesdeei ¢ t he button according

" to sonme predet er m pgehsiuat inslltingleALexMARRE néOthe thoktdaBf Wk BpbARrdRbdLIMd S
recent tenperature hjstory. The sqftware and hardware conponents needed to
i mpl enent t hi 9"‘6‘%"%@“’8’8?’?%?‘? sE‘F&W&gQ“M&W”%V&@H@YéMG e EEBERIED f or
sever aly di f f ersed3br fami he thiefinal i, be simlar to those used, for exanple, in -
conventi onal el ectronic hand beari ng conpasses found on nmany well-equi pped
sai |l boats. As an.additional feature, the hand-held system could be provided

with conventional 2cir cAldévids 26 Aeflell Rkldid 1f @hdeilcQ@fbetdnsre Sdnodr@eot REMGHRA U ©
information to_another .systems COE as a 30 supervisory conputer or patient

moni tor. The WRAYMIPRANGR IR A ayiervall of therpress de¥ics-npl enented is known. The way
in which such tenperature val ues, tine-stanped or not, are stored for one

or nore patients and then.recglled,for view ng on a display is also well
known. Several dif ‘eren‘?g%vﬁcﬁc?ﬁ?ﬁééﬁ??Cg?mtlhgwrﬁg&ﬁt?‘%ﬂ?rﬂg%e%@éﬂ“%%ri bed
above. |t shoukt@malhetoundetessuefact of R\wesEeY devichat these are nerely

illustrative. The invention is not to be limted to WO 01/052728
PCT/USQO /01902 21 the particular forms or nethods disclosed; rather, the

invention is to codemn divice andhfihédialciadn$ wheRithe/ShBdthtireatdori IRABRHIME S
falling within the scope of t f ol l ogvi ng clainms, 16-02-2002 Us01019
CLAI VS Sensor lumen of the access device.

5. A device as defined in claim I wherein the temperature sensor is mounted in a carrier.

6. A device as defined in claim 5, in which the insulating gap is formed as a barrier
within the carrier and the cartier is held in one of the lumens of the access device with

the barrier extending between the temperature sensor and the thermal lumen.

7. A device as defined in claim 6, in which the carrier is removably insertable in the
lamen of the access device.

22
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1. EVé @g ﬁé measuring the tenperature of a tenperature nediumof a

pati ent1 sing: an access device that is insertable into the pati erk’501019
at a location of the tenperature medium the access device having a
plurality of lunmens including at | east one thermal |lumen with a thermnal

mass ot her than the tenperature nedium a tenperature sensor supported by
the access device; and at Ieast one i nsul ati ng gap extendi ng near the

| ocation of the tegper h sen nd
the plurality of Itr%prrens‘ktd(%‘gf errra %P(lq% §W§ghe&l gan%grrqgﬁtnr%g%ﬁﬁgﬁegm BH%

t he thernmal ndemen f thetecdsyileviceas defined in claim1, wherein the

tenperature sensor is located within an indentation in an outer wall of

the access device. 3. A device as defined in claim1, wherein the '
tenperature sensor % s |-Hdatieans debaedimelpimyl, whergiv theinatating gfroeoepotesatgenasdiyes s

device. 4. A deyl.6ie] a8 efh d']-dr%qlg afoh@h Tk &l é&%@s re sensor is
| ocated within a sensgrgéu n (a)%l thg g%:cgss e&ﬁ%@a&ﬂg. gg{%%e as defined
inclaiml wherein the tenperature sensor is mounted in a carrier. 6. A

device as defined i1p, cl Aid8¥id asidefiviine BlaibE firhetldoRiphtgg:0ap is forned as a
barrier wthin the carrler and the carrier is held in one of the |unens of

“ the access devi ce WiPRIROIRoRE fasmed ingn ogter wallipfibe sreesidedeet he t enperature

" sensor and the therarm{vchmelrroﬂedvﬁthﬁ}ieE&es@aeﬁé‘afdna%ﬂeﬂd&g%%aa&e hﬁlomr&
the carrier is renpvably insertable in the lumen of the access gew ce.

16- 02- 2002 usemfbﬂ@telppfdwle%d@@%éﬁrm%é@ﬂw@#w%agd in which the carrl er
is renovably 'nserm&dhﬁnﬂehﬁlochﬁﬁrﬁé}wégntﬁ%m %ﬁ%ec@@ﬁ’dnﬁ?net@emﬁl ¥d @fe as

defined in claim1, wherejn the insulatin nprises a generally
el ongat ed sl i tioxkehanre terehy batla meteasiteh cgaﬁaﬁﬁb@hveew the FrRpRRAER Ynisr andibe

access ‘devi ce. teé&mt&e@%uﬁﬁanﬁ%lsgﬁfehﬁﬁg xdollhnﬁé e Brrperatidd del&r ﬁﬁﬁi%dn%{h@%ermﬁ

pair of ports fornmed in an outer wall of the access device; a flow channel
formed within ‘M8 access device and extendl ng between the pair of ports,
in which the tenperature nedi um occupies the fl ow channel; and

11. A device as defined in claim 10, wherein the flow channel is the insulating gap.

12, A device as defined in claim 10, wherein the flow channel is located between the
insulating gap and the thermal lumen.

13 A device as defined in claim 1, in which:
the access device has an opening in an outer wall; and
the temperature sensor, when in a deployed position, extends into the opening, thereby
increasing thermal contact between the temperature sensor and the temperature medium and
further insulating the temperature sensor from the th'ermal mass.

14. A device as defined in ¢laim 13, in which:

the temperature sensor is mounted on a carrier;

ends of the carrier are secured within the access device; and
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the flow channel is |ocated between the tenperature sensor and the thermnal
| umen, tB«€2-200@w channel thereby both increasing thermal contact betweenUSg101¢
the tenperature sensor and the tenperature nmedium and also thermally :
isolating the tenperature sensor further fromthe thermal [lunmen. 11. A
" device as defined in claim 10, wherein the flow channel is the insulating
gap. 12. A device as defined in claim 10, wherein the flow channel is
| ocat ed between the_ insulating gap and the thermal lunen. 13. A device as
defined in claim 1,the gagiprigpositioped bebvasa e dagneraturs seasor gndeach thegmal fuoasn, bereby
wal |'; -and the ESIRRIEd MEBat®ERaAT . When in a deployed position, extends into
t he opening, thereby increasing thermal contact between the tenperature
sensor” and the tenperature nediumand further insulating the tenperature
aﬁns?]r fr(r)]mthe t hersral Arassce aiéeﬁnéddﬁﬂdﬂg%,ﬁﬁ%&hitﬁb&e&@dﬂa@{gaéﬂ%?rﬁazdgm—mgle
‘which: the tenperature sensor is noynted on a.carrier, .ends o e carrier
are. secured wi CHFFSPHBORI exgabat ot e fepng meisT operpsagisn 8 #ogurel s 6ht | o
is positioned helyrktict.he tenperature sensor and each thermal | unen,
thereby formng the insulating gap. 15. A device as defined in claim13,
in which the tenperature sensor is a right-angle therm stor nounted to
.extend out of the obeni ngydeviens gefined imelvdin d|Anavhithchatemperttnegl semwi 15 attdfchedie the
-access device. . 16. A device as defined in claim1, in which the
tenperature seralcscggsdle?c%%?% cﬁuen&actoglpg%g‘ access device by a potting conmpound.
17. A device as defined in claiml1, in which the tenperature sensor is
adhesi vely attacheg; an L } i : £ LLe,
the tenperature seng76r ?}uae%g?g&fﬁnlg%a%ﬁ%ﬁg’ %ﬂ%ﬁé%@ﬁatﬁ%@é@s&ﬁ%@%@hﬁ%
medi um when i napashed qud thegdbesivi ig digsojyable atrody tegperature the tamparstute sensns dherahy

claim 16, wherei : d'ﬂiﬁf"&rﬁ} [ é)rHHii‘- Loterior .
i nsul ating | umer?p‘:fa%)ltr}%t:eé1 W t |%Q%ﬁ%@§gﬁess 'gg\??ggﬂlghﬁﬂgt englthr?éj%egl'g'ween t he
tenperature sensor and the thermal nass. 19. A device as defined in claim
13, wherein: the termer & dviceSeasRied inSl4#8U B viktredh the induldtinpSap cAbpridd 4 feast one

protrudes as a,l opp. out  t rougth s _ . T
intenior insulating lumeri formed within the access device and extending between the temperature

sensor and the thermal mass.

19. A device as defined in claim 13, wherein:
the temperature sensor is mounted within a carrier which protrdes as a loop out through

the opening in the outer wall of the access device and ends of the carrier are secured within the

access device;

{ ' the insulating gap comprises a flow channel for the temperature medium which is formed
between the carrier and the access device at the position of the opening, and thus between the
temperature sensor and the thermal mass; and

the terperature sensor is exposed substantially over its entire outer circumference to the

temperature medium, via only the carrier.

20. A device as defined in claim 1, wherein

24



the opening in the outer wall of the access device and ends of the carrier

are seciw-ed-2opthin the access device; the insulating gap conprises a HQ\# 101¢
channel for the tenperature medium which is formed between the carrier (93 =
the access device at the position of the opening, and thus between the
tenperature sensor and the thermal mass; and the tenperature sensor is

exposed substantially over its entire outer circunference to the '
tenperature nmedium via only the carrier. 20. A device as defined in claim

1, wherein 24 16-P%Qﬁ&aerhiﬁnf)&k%erikgﬁuﬁmﬂiﬁ?%@swﬁﬁﬁmﬁgﬁﬁmﬁrﬁﬁw t hihn a
recess in an insu i.n er, a e.insylating menber, together, wt

the tenperature seﬂéwgﬂ%ﬁgwa?ﬁ g° r?ﬁ’h‘ﬁ‘eg?%p%? ef‘f?éorf‘i‘fﬁﬂ’r?é“%éﬁsw{ 08¢ Ofss
devi ce so that the thelabkesidf iy aoRe®RNVice¥s tidEe iRallaag hehnb@ exteRdIRvAH R

sensor and the thermal lunmen. 21, A device as defined in claim1, wherein

the insul ating gap FPRFINESR 3, g el Jmenet o i al co-extruded with the

access device and surrounding at |least a portion of each thermal | unen.

22. A device as defjned,in, ¢ i{rhl wherein.the jnsulatin i ncl.ud an

insul ating materi a%l' cofb‘ed%pf%%eﬁ v&dtlﬁwéf%i’é”chgrgsms %ﬁ?%@g§%3dg§1§??3ﬂﬁ?ﬁ‘ﬁ§ng he
t enper at ur e semstenal c@-8xtrdlediwith the acessitieficaad stmoumtiap ot 18ast aretian of eadthBerat ess
devi ce has a | and a sensor port; and the tenperature sensor is nounted

“on a distal tip of a probe which is insertable into the |unen of the
access device so that the tenperature sensor extends through the sensor

port. 24. A device 4s da;de&@gagdaﬁﬁéd%%ﬂn1, fe@ﬂém%@%#%g%ahh#g?%ﬁ&aﬁng

conprises a distal tip of the access device forned nsu i ng
materigl as a Welparse-extmdpdbeith thaneressrisvicemdenmuudiog Sherteoperdtge ssort ed wi t hin
the distal tip. 25. A device as defined in claiml, in which: the access
device has a distal tip wth a |engthwi se extending slit; the tenperature
sensor is nounted @A a Aidewce a5dglneslinclaim Hivderinit i p; at | east one thermal

| umen carrying the geedRkeiR%ss SithERE 4 BEQHHN Gapecond side of the
di stal tip; and _ »
P the temperature sensor is mounted on a distal tip of a probe which is insertable into the

lumen of the access device so that the temperature sensor extends through the sensor port.

24. A device as defined in claim 1, wherein:
the insulating gap comprises a distal tip of the access device formed from an insulating
material as a separate member; and

the temperature sensor is mounted within the distal tip.

( 25. A device as defined in claim 1, in which:
the access device has a distal tip with a lengthwise extending slit;
the temperature sensor is mounted on a first side of the distal tip;
at least one thermal lumen carrying the thermal mass extends through a second side of the
distal tip; and
the distal tip, once in a deployed position, is separated along the slit, with the first and
second sides of the tip being located on either side of the slit. -

25



the distal tip, once in a deployed position, is separated along the slit,
wi t h t hesfoirza02and second sides of the tip being | ocated on either S|ddU801019
the slit. 25 16-02-2002 US01019 26. A device as defined in claim1, in :
which: the access device is a central venous catheter including a plurallty
of lumens; the tenperature mediumis blood; the thermal .mass is an

infusion fluid that is carried within one of the lunens; and the
tenperature sensor is a thermstor. 27. A device as defined in claiml

wher ei_n-t he i nsul at2g gb@mmsae%ﬁmﬁﬂabhenﬂon“ﬁﬂbrease t he di stance between
the tenperature SensQ accesg%e%llcje IS;Q&I&QPJC athe gr%nclﬁbdu%% lﬁ'@ht?%flﬂﬁlgﬁsned in
claim®l, wherein the“insulatrng gap 1s s ape to su und e tenperature
sensor-’ 29. A devi cthe smpdefurqmetlivmisdloavdm 2 conpri si ng two insul ati ng gaps

26 27 30. A device g th%ﬁlx&l?ﬁgshk511i%ﬁfoﬁ"ﬂﬂndM%%ﬁr‘n@dhﬂm%ﬁ&@ﬁﬁcﬂﬂx\éﬁé&ﬁas an
outer wall, said ou er wa avi ng an opening and the tenperature sensor

is being Iocated i nthe keeuperapegiensyr is3thermistdevi ce as defined in claim30
further including potting conpound securing the tenperature sensor within

t he opening of the outer wall A device for neagﬂrjng the te rature

of a tenperature nedl um%ﬂevﬁeaﬁﬁ%ﬁ%ﬂ@éﬁﬁﬂbﬁeﬁg‘he‘é‘ HEZ LIS FRA etﬂat is
.insertabl e intGy&he. Pabis@ide tafwedn thb &ﬁ}?&ﬂaﬂfh sehsof £ifd thebgabhake nedi um
“including at |east one thermal mass her than the tenperature medi um
such at |east one thermal mass being located within a thermal |unen of the
access device; a pabg Of s BOideSis HEMER G ddimANwRIR theWathiatigy gab'i&hﬁifeﬂ%ﬁmound
device, a tenperature sensor supported by the access device; and

i nsul at { ng st r (g lgmperati% §FI80% ng t he tenperature sensor

29. A device as defired in claim 2 comprising two insunlating gaps.
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fromthe thermal mass, wherein the insulating structure conprises a flow
channel formed within the access device and extendi ng between the pair of
ports so that the tenperature nedium occupies the flow channel, the flow
channel is located between the tenperature sensor and the thermal | unen,
the flow channel thereby both increasing thermal contact between the-
tenperat ure-sensor ~and the tenperatu2g. nediumand also thermally isolating
the tenperature sensor further fromthe thermal lunen. 28 33. A device for
measuring tenperature of a tenperature nmediumof a patient, conprising: an
extruded, el ongated access device body sized to fit within a body vessel
and including a proxinmal and distal end, an outer wall, and a thermal nass

at a pregeterm ne ocatiqn_on .t he.device body between the proxi mal and
di st al eﬁ@s; ate 4‘35{‘:613%8%@‘?@(3?036‘8&?8’ ere(n g acesspdeties hasqe@utescat i on on

the devi e, Rrbiiteadl Rivig 3cehindnd WdiEkiESAL sﬁggyﬁstﬁ,gglg%ca@h ! L han

t he device body and co- extruded wth the device ext ends bet ween
t he t enpep@ig-e sensor and the therrmal mass. 34. The device as in claim 33,
~wherein the insulating structure surrounds the tenperature sensor. 35. The

device ag,in claim34,. wherein.the insylatin tructure defines a tube

t hat sUrsbunds thgkf%ﬁﬁﬁf%@gﬁﬁdgéﬁ@ﬁ?3§ﬁﬁﬂﬁxgFiFQQ%W”HWbﬁﬂﬂﬁbwﬂof t he
devi ce bagitringthe tdhigersl @i Efsofwithth G pBAiRsS of MESLRE Wajine thermal mass
conprises a fluid wthin a lumen defined in the device body, and wherein

the insulating structure surrounds the |unen.

32, .. Adevice for measuning the temperature of a temperature medium of a
patient comprising:
an access device that is insertable into the patient at a
location of the temperature medium, including af least
one thermal mass other thaa the temperature medium,
such at least one thermal mass being located within
a thermal lumen of the access device; ‘
a patc of ports formed in an outer wall of the access
device;
a temperature sensor supported by the access device; and
an nsulating structure insulating the temperature sensor
from the thermal mass,
wherein the insulating structuce comprises a flow channel
formed within the access device and extending between
the pairof ports so that the temperature medium
occupies the flow chaanel, the flow channel is located
between the temperature sensor and the thermal fumen,
the flow channel thereby both increasing thermal contact
between the temperature sensor and the temperature
medium and also themmally isolating the temperature

sensot furthec from the thermal lumen.



Title: DEVICES AND METHODS FOR MEASURI NG TEMPERATURE CF A PATIENT [err]
. Abstract: An access device such as‘'a catheter, or introducer, or any

conbi nati on of the above is provided. Wthin the access device is at |east,

one lumen, channel or instrument that carries or itself is a thermally
active mass, such as infusion fluids, control wres, etc. A tenperature
sensor such as a thermstor is secured to the access device in order to
nmeasure the tenperature of a tenperature nmedium typically blood, in a
patient. -Various insulating |unens, insulating nenbers and nounting and
extrusion configurations are provided by the invention

33. A device for measuring temperature of a temperature medium of a patient,
comprising:

an extruded, elongated access device body sized to fit within a body vessel
and including a proximal and distal end, an outer wall, and a thermal mass at a
predetermined location on the device body between the proximal and distal ends;

a temperature sensor located at the predetermined location on the device
body: and

an insulating structure of a different material than the device body and co-

extruded with the device body that extends between the temperature sensor and the

thermal mass.

34. : The device as in claim 33, wherein the insulating structure surrounds the

temperature sensor.

35. The device as in claim 34, wherein the insulating structure defines a tube

that surrounds the temperature sensor along at least a portion of the device body.

36. The device as in claim 33, wherein the thermal mass comprises a fluid

within a lumen defined in the device body, and wherein the insulating structure surrounds

‘the lumen.



to insulate the tenperature sensor thermally from the thermal nmass, which
m ght otherw se degrade the accuracy of the tenperature neasurenent. The
i nvention al so provides an arrangenent whereby the tenperature sensor is
connected to an external nonitor for display of the patient's tenperature.
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