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from 1he thermal mass, which might atherwise degrade the aceuracy of the temperamre me'wu.remznr The invention also provides
an amangement swhereby the temperature sensor s connected to an external menitor for display of the patient’s temperature,
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DEVICES AND METHODS FOR MEASURING TEMPERATURE OF A
PATIENT

This mvention relates 1o methnds and devices for measuring the hody tempetafure of 2
patient in conjunction witk the plicernent within the patient of an access device, for exarupls, &

catheler of intrciduoer.

The needs to properly deat a patigat and to gain as much faformation as possibile abotc
the physiolopical state of 2 patiant are often at adds with tha desire to reduce discoratort o the
patient as much as possihle. For example, ihere is frequemly a need both to dufiver various
‘medications to a patient, and aiso o monilor the patient's body temperatore, Accordingly,
catheters are ofen inseried inda the vasculature of a patiznt to allow delivery of vaticus
medications, hydrating fluids, ete.. sud to measure blood pressuce. “The patiend's udy
temperamre, however, iz monitored with 4 sepacate devicy, which is userfed separately.

Clepventional devices for measuring iemperatuge include the well-known oral
thernometer, yectal, axillary {ermpit), and tynipanic (eac} thormometers and probes, as well as
Toley catheters (bladder temperature), and nasopharyngeal probes (csophagns) prohes. Bach of
these devices suffers Troit one or mote shortcotings. The first disadvantage is obwious ta
anyone who has ever peen ibw patient: It is uncomfortable enough to have a catheter inseried
into one's vein or artery without also having to have a separate devive inseried into one's
rectum, bladder, car or nose, or down ong's thioat,

U'he second disadvantage has fo do with accuracy - king a patieal's lsmperature by
placing a thernomelor wader her ammpit or in her mouth may cause the least diseomfort to the
patient, but the tempecahtae value this prevides s usnally less accarate and moeh oo
dependent on placement than tempersture measurements of blood in a major vesss!,

One way to overcome these disndvantages is to include some form of temperaturs
sensor within the inserted catheter itself. This allows for meusuwement of the blaod
teroperatuge, which is in most cases rauch closer to the patient's actual hody core temperature.
The problem then avses that other elements of the catheter system may have thermat properties
that themselves affect the temperature. that the sensor senses, This problem azises in the
context of thermodilution systems for measuring cardise tlow, U.S. Patent 4,817,624
(MNewbower, & April 1289), U.S. Patent 5,176,144 (Yoshikoshl, 3 Janoary 1993), and Pablished
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Buropean Patent Application 0 357 334 R (Frventors: Williams, ot al., 7 March 1990) for
crample, describe such systems. As is well known, in such a thermodilution svstem, the
temporabire of the cardiae blood flow is madulated sccordiog to a predetermined patiocn that is
created by the njestion of an indicatar, which is usually either a series of botuses of a relatively
colder fluid, or heat. The downsiream response tn fhe lempernture medulation is sonsad by a
thermistor and is used t calculate and estimate bloed tlow,

L1 systeans such as Newhower's, tempetatare ttiedulaton s sccomplished by cooling
the blond through preciscly dosed baluses ol a thermally well-controfed faid colder than the
blood. In Witliams, woduiated cooling of the blood is accumplished using a heal eichange
mechanism that does not require actual injecidon of any bolus intu the blood stear, In systems
such 25 Yoshikoshi's tire blood 1s inslead heatcd (ocally using 4 heating vlement that is mounted
near fire far (Jistal) end of 2 cardiac catheter. As before, a themmistor senses the downstysam
response profile, whose characturiiics are used to caloukste cardiac flow.

Buch termudilation systems heve corigin olindesl Homrations, stice they must deal with
several probleme spuctfic to this application. First ig the prollem of etrograde fow: 1f the
thermistor is lorated prozimal to the heater or bolos injection port, then the heared/cooled bload
will flow back over ihe catheter tip. The temperature of the ¢atheter itself, which may contain
various other lumens, injectates, conmel wires, ote. can then affect the temperature profile of
the thermally wodulated Bload and degrade the flow caleulations.

‘To evercore this effeet, the fajection i replaced Ly a contirious infusion of indicator
in order to abtain a new steady-siate baseline; hwwever. this is an undesirable chaical limitation
due to the volgme-Yoading the patfent. Even when the thermistur is located distal relative to the
heatar/halus port, this probleny may still arise.

These thermadilution system cafheters pormally bave a distal infosion himen that
passes beneath the hevmistor or femperature sensor and exits at the ip of e catheter, Since
the flow in such an infusion lemen can severely degrade the accuracy of the temperatice sonsos
measurements, the flow is limited fo a maximum amount in order for the blooad flow
measarement o st be accurate. Gf course, such & fmitation on infusion lumen flow is also
undesirable from the clinical perspective,

An analogous problem of insulation atises in other cardiac devices as well, such as the
catheter-based cardiac ahlation system deseritred in U.S. Patent 5 688,266 (Hdwards, ctal | 18
November 1997). Ja Adwards’ system, an ablation clecirode is used o kIl Hssue locally using
heat, and one or more tempetature-gensing clements are used to sense the lemperature of the

tissue 1o be ablated and sllow precise controf of the ablation temperature snd time. [soladon,
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provided primarily by pliysical separation, is thus required between thc elestrode and the
lemperature sensors; olhetwise, the sensors will tead to give readings that are too high,

At least one (actor Hmits the nse of these fmown systems in genesal use for measnting a
patient’s body temperature: These systems are not arranged to measose the patient’s actual,
natural hody tetoperature 2t all, but wather the temperatwre of Blood or some body tissue whose
temperature the system itself has deliberately altered,

There are other duvices, such as central vanous catheters (CVC), peripheral catheters,
and other catheter-like instruments such ag infrodocers. Ag their panes imply, such catheters
do not require placement into the lieart and are consequently used more frequently in different
areas of the hospital. Unlike cardiac catheters, which are often more than 100 cm long and
Tequire an infroducer fur inserion, these devices are seldom longer thun about 20-3Q o and
can be inserted by the Seldinger techmque. A CVC, for example, is ofien p‘lﬂc:d in a patient's
jugular vein and is used for vadous infusions, for monitering blaod pressurs, ste., through a
number of lumens within the device.

An instmment such a8 a CVC often intludes soveral different lumens which nray carry
2 range of hids {suck x5 medications and other miusions), as well zs inshumnents such as
pressure transducers. Bach of these fluids and instrunients raay be at differeat temperatures, or
ey bave varying therma! properties, or both, Any measuraiment of tomprrature using such a
catheter would thos risk setons thermal contamination. from otier portions of the cafheter.

There are at present no krown devices such as a CVC, peripheral catheter, or
fniroducer that fncorporate an arrangement for measuring bland tenmrerature accoratsly,
Therefore, it wonid be advantageaus 1o be able w accurately measvre temperaiure in
conjunction with such aecess devices as catherers and introduvcers while eliminating the need to
nsert a secondary device inte the putiant in order f0 meagure teraperature, a8 is the eurrent
practice. Such devices wwould also provide a more accurate and less fitne-consuming body
lemperatire neqsurenient tun non- oy less invasive devices. This invention provides such an
arrangement.

It weuld also be advantzgeons to be abie lo commect a OVE or similar catheter 1o 2
standard pateit monitor. Mot only would this bring the abvicus benefit that the patient's
reniperatore could be viewed at & glance along with other menitared parmneters, hut it would
also make the temperature valnes available for ofher processing as needed. Many patiant
mionjfors, however, vee a signal stapdard that is compatible with large thermistors or
tamperature sensors and not conapatible with the cutput of miniatce temperature sensors used
an pulfaonary wrery catheters. The use of miniature thertpistors is desirabls because it zltows

for catheter sizes to be relatively small, One conld of course reprogram fhe moudtors, but such
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a salution ta the probient would be costly and compilicated, and may oot be possible or practical
in existing menitors. This invention provides an arrangement that allows 2 catheter-based
temperaturs seasor & be connected to sxigting momitars.

An additiona] issue is thai many patients, as their condition improves, do not requirs
continuous macitoring of temperatere, und therefore, de not tequire a dedicated counection
between e catheter(s) and the monitor. At present, the dedicated connections limit how wany
patients the sysfem can tnoniter, apd incraasss the number of cables and connectors needed. Tt
woyld be advautageous to free the systein to allow manitoring more that one patient, This
would, for example, cnable nugse or physician to have a quick look at the patient's temperature,
possibly cater it fafo the patient's chart, and then move on to oliter tasks or pativnts. It would
thersfore be beneficial to have an arrangement (hat pravides this floxibility and simplicity.

“this invention does this as well.

Summary of the Invention

I geacral, the invention provides an access devies, such as u catheter, an introducer, ar
combination of catheters, inttaducers, probes and the like, that ailows more accuraty sensing of
body temperature, far example, of 2 temperature medium such us bleed, by insulating a
temperature sensor frem teermal conlamination caused by 4 thermal 1ways, such as an infueion
fluid or an jnstrament, introduced in portions of the access device. In fae preferred
eralodiment of the investion the access device is a cenfral venous device that jucludes a
temperature sensor such as o theemisior, a thermonouple, ete,

‘The access device i insentsble nfo the paticnt at 1 location of the temperature medium,
and the access device fucludes at least one thermal mass ofher than the tamperature mediony,
‘The aceess deviee Supports Mo temperatscs sensor and includes at loast one insuluting, structure
insulating the kemperature seosor frot the theeooal mass.

In certzin erabediments of the favention, each theymal mass is located withjn o thenmal
lumen within the access device. The temperature sensor may he movnted externzlly ta an cuter
surface of the aecess deviee, or within a sensor [uwen of the access device. Fhe fusulating
structurs preferably extends betwean the temperanmrs sensor and each thermnal luman,

The temperatefe sensor may rlso be mounted in ot on & carrier. The insulating
shrocties is then preforably formed as a barrier within the carrier and the carrier is held in vne
uf the luraens of the access device with the barmr extending betweer the femperatore sensor
und the thermal lumen. "The carries may be romovably insertable in the lomea of the gocess
device.

In otlier embodiments of the invention, a pair of ports is formed in au outer wall of the
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access device and a flow chadnel is fotmed witltin the acoess devies and exfends between the
pair of ports. The teraperature medimm, snch as blood, thea pocupies the fow channel. The
flow channel is located Bebtween the tesperature sensor and the therral lumen, or between fhe
insulating structurc and the thermal lemen, and thereby not anly increascs thernial contact
between the mpsyatore sensor and the termpersture medium, but it alse thermally iso)utes the
lemperature sensor forther from the thermal men.  The flow channe! may thug itself form the
insnlating strmeiure,

In another etdbndiment of the inyention, the accesy device hus an opening in an outer
wall and the temperatnre sensar, when i a deployed position, extends inte the opening. This
increases theymal contact berween the femperature sunsor aad the temperaturs medinm aad
further insulates the femperafure sensor from the thermal raass.  1f the ternperatore senser is
mounted on & carrier, hen ends of e carrier mey be sceured withie the access device. The
carticr is then positioned butween the temperaturs scnsor and exch thermal lumen, thereby
forming the imsulating stucture.

The lemperature sensor may altematively be mounted within, the currier, which then
protaides as a loop out through the opening in the vater wall of the access device. The vnds of
the carrier att then preferably secured within the aceess device. Tn this embodiment, the
insulating structure comprisss a flow chavned for the temperatirs mediug, wihich is formed
betweoen the carrier and the access device at the position of the opening. and thus between the
teroperature senger and dic thermat wass. One advantage of this embodiment is that the
temperature seasor is vxprsed substantially over ifs entire outer circhmference to the
tempegalnre medivin, via valy the catrier.

Alternatively, the tomperature seusor ray be a right-angle thermistor mounted to
extend out of the opening mainly perpendicular fo a central 2xis of the access device,

In another emboriment of the tnvention, the temperatate sengor is adhegively atlached
2 the actess device. The adhesive may be dissolvable at body temperature, so that the
femperatore sensor separates from contact with fhe access device when in position within the
patient. .

The access device may include & plurality of lnmens, whereby the temperanure sensor
is mounted withie a recess in an insulating member, The jusulating member, together with the
temiperature sensor, are then mounted within one of the Inmens of the acouss device so that the
ingulating member extends between the temperatuce sensor and the thermal lumea,

To anciher embodiment of the invention, the insulating structire ineludes sn insulating
materiol that is co-vxtruded with the access device and surrounds sither at least  portion of

each thermsl lunies, or thy temperafure sensor itself.
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In yet another erabodiment of the inventior, the acoess device has a lnmen aud a sensot
port snd ihe temperatuse sensor is monnted on a distal tip of 2 separate device, for example, 1
probe. The probe is msertable into the lumen of the access devics so that the temperature
sensor extends through the: sensor port.

The insalating strusture may alsa camprises a distal tip of the scoess devics iself, The
tip is then preferably formed from an insulating material as a scparate member, and the
temperamre sensor is mounted within the distal tip. Altematively, the distal tip of the acosss
device may be provided with u lengtlwise extending slit. The femperature sensor 15 fhen
raooted oo a first side of the distal tip and at least ane thermal lnmen carrying the thermal
mass extends through a seeond side of the distal ip. The distai tip, Ja a deployed position, then
separites slong the slit, with the first and second sides of the tip being located on etther side of
fhe e

T anotber embodiroent of the invention, the insnlating structire is o lumen ata
chamber in the access device that is expandable fo inorease the distance herween the
femperature sensor and the fiermal mass.

The zccess device according to the Invention is preferably included 5 2 sensing
member i a more peneral system for menitoring the body tomperatore of 2 patient. Tu this
system, the access device is msertable into the patient znd is connected to a temperiture
irionitor that converis a sensor sutpul signat of the access device into a pativnt ternperature
signal and for displaying the patient tommperature signal. A covnector is then provided to
connect the temperature sensor with the temperature monitor.

The s¥stent sccording to the invention preferably further includes an adapter in the
teaperature monitor. The udapter couveals the sensor output signal into & predetermined
display format. The temperature menitor way also be provided with a display and 3 power
supply, in which case the cotire mostitoring system may be implementecd as @ hand-beld, sclf-

contained wnit that is portabls between different patients.
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The invention also encompasses a method for measuriny the body tzmperative of the
paticnl. The main steps of the methad according to the nvention invelve suppocting the
wmperature sc0s0r on the access device; jnserting the aceess devics inte a blood vessel,
intraducing t Jeast one thermal mass tito the access device; and msulating the temperatare
sensar from the thermal mass. In the preferred method acoording to the invention, the thermal
mass is intraduced ia a thermat fumen located within the access device. One then meunts the
temperaturc sensor in a sensor Twmen within the access device and farms at least one thermally
insulaling struciune between the temperature sensor and the thermal lumea. in some
emtbodiments, 1o provide the thermally insulating stucfure, one may inbreduce a thermally
insulating material into o humen within the acecss device.

The invention also comprises 9 method for manutacturing the acccss devies.
In the preferred embodiment, this method comprises extruding the access device, forming a
thereal lupen through which 3 thermal miass (5 introduced, forming a scosor lumen through
which a temperatare sensor is introduced, and forming an insulating structure sepatating the
scnsot harnen from the theroral mass, To manufacturing the access device, the tewperature
sensor mey be mounted in i sonsor lnmen st a distal end of die access device, A signal wire

i4 then dyawn from the temperature sepsor to an =xtemal paticnt moniter.

Buief Description of the Drawingz

Fipmre 1 illustrates one cxample of an aceess devics according to the ivvention, such as
a OV catheter, thut is insetted into a patient's vein for measuring tenyperature,

Figure 2 illustrates another example of an embodiment of the invention in which e
temperature sensor is located within a lumen ofa catheter but is thenmally insulated [rom ather
Iumens by au insulaling gap.

Figure 32 iflusirates 3 temperature seusor that is provided within o dedivated tubular
member that also includes & built-in ipsulating lumen.

Tigurc 3b shows the Tumen of Figure 3a in place in the catheter.

Figres 4 and § show embodiments of the Wwvention in which blood is allowed b How
past the temperstirs sensor in place in the eatheter, With and without an insulaling gap heing
provided between the temperature sensor and catheter lumens.

Pigures Ga and &b arc side and end views, respeciively. of another examplary

embrodirnent of the i iom in which the g sensar 15 moucfed on 3o insulating
member, whereby hoth are inserted info the same catheter Tumen.
Figures 7a and 7b are side und end views, respectively, of an cmbodiment of the

invenfion in which the ternperature senser {5 mounted on the ouler surface of the catheter.
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Figarres §a and 8b sre side and end views, regpectively, of anather embadiment of the
invention in which the ternperature sensor is rmoumted to extend out from the outer surface of
the catheter, with 3 bloed flow channel lovated between the temyperature sensar and the cuter
sucface,

Figure 3 illuskates an smbodiment of the fnvention in which the temperatue sensor is
1 tight-angle thermister extending through an opening in the outer surface of the catheter to
provide surface contact between the temperature senser and the blood.

Figures 102 and 10b illustrate an emboddinzent of the invenhon in which the
{omperafure sensor is mounted on @0 a separube insulating meniber that can be ingerted along
with the sensor inta a catheler lumen.

Figure 11 iliustrates an emboddiment of the invention m which the temperature seasor is
mounted on the tip 0f2 probe that can be inserted jnko an aceess device such as 1 catheter.

Figures 12a and 12b ilustrate embodiments of the inventton in which an insulating
material is co-extruded with the eathoter itself.

Figures 132 and 13b {Tosirate anether embodiment of the invention, in which the
temperature seusor is mounied within @ catbeter tp fhat i3 initially formed us a member
separate from the calbeter body itsslll

Tigures 14a und 146 iThisttute still another embaciment of the invention. in which the
distal tip of the catheter splits after it {s placed within the patent, with the temperaturs sensor

and catheter lumens) containing thermal mass then deployed on either sides of the split.

Delyiled Description
Tu broadcst terms, this invention provides an anangement cr a device w wihich &

temperature scnsor is used with un aceess devios, preferably a2 vascular aceess device, for
insertlon into the body ot a paticat. Lhis invention also provides various insulating structees
that reduee thermal conlaminafion of the temperature sensar from other portiong of the intevior
of e access device. The femperatite sensor is designed ko sense some teppertute medinm
‘within the patient’s body, for exaraple, bload.

Ome example of the preforred access device af this inventton is a central venous
catheter {CVC), but it could be some other instrument that afso carries or includes fluids or
ather devioes - cumalatively “fhenmal masses” -- that could affect ihe tenperature at the
temperatuze scnsor. Examples of other access devices include peripheral cathicters, introducers,
cblovators, snd probes. In fact, the term “aceess device™ also contemplates any combmation of
these devicas, such ag a combination of oue of more inlroducers, catherers and probes, JFor

cxampls, a catheter is often inserted within an introducer, and either or hoth could be artanged
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according to suitable embodiments of the invention to improve the accuracy of kmperalure
measurements.

1n the context of this iaventiaw, a therraal mass is auy subsizuce or structure carcied
within the access devics that has or covld bave a temperature and heal capagity such that heat
flow into ox out of the miss could significantly ffect the sensed temporature. Hers,
“sipnificanily” means so wuch that the temperature measureent would not be acesptably
aocurate for clinteal use.

A used in this inventiot an “insulating structore” i3 any strucrure that insulates the
temperature sensor from a thermal mass. As is described and illustraied elow. lsalating
stowictures used in {he invention, inelude, but are not limited to. a device lumen or any portion
of a device lumen, a channel, a gap, a chanber or just an area provided imimediately
surreimding the termpesatuss sensor, An insolating structuce may sso include an msulating
wnaierial, for exarmple, a ceramic, of 2 separate device such as a probe that is inserted into or
throngh the access device.

Tt exarnplos of suitable access duvicus doscribed below are preferably made of
hineampatible pelymer materials, since in most cascs they will be inserted ut leust partially hto
a patient. Polyutethane is the most common material, sice it meets all normal reqirements
for thermal and mechanical stebility when jn a pationt; PVC and Teflon aze alse acceptable, as
well as other cunventions! materials. The access dovices for use with this invention may,
moreover, bt made of an anti-raicrabial material or may be coversd with matecial or coating
having anti-microbial ot thromboresistan{ properties.

“T'he temperature sensor used in this invention may he any conventional deviee. The
most easily implemented sensor is u thexnistor, which is small, widely available and relatively
casy to calibrate. Other temperature sensars may, however, also be used. Altematives include

conventional theymocuuples and fiber optic temperature scasors. The only Tequirement 3s (hat
fhe sensor shoukd predictably change a measurable physical praperty, sush as its electrical
resistance or optical spectrum, in response o changes in teruperature, and dis change should
be detectible externaily via an tlectrical or aptical conductor in spch a way that temperature can
e converted to an eleclrical signal. These devices, and the way in which their signals arc
conditianed for further processing ure well known,

1o the following discussion of the various cxemplitying embodiments of the mvention,
it is asswmed merely by way of exampls thal the access devies 15 3 CVC, that the tomperaturs
sensor s a thexmistor, that the catheter s inserled fnto a bady vessel, such as a vein, and that

the tempesature medium whose temperature is to be determined is blovd. The invention will
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wark just as well with other access devices imd sensors, insertian points, and temperature
wedia, as will he obvious 10 these skilled in the ait.

Tigore 1 dlustrates the genera] strucire of the invention. A catheter 300 is insertad
intg a patient's vein 110 in the conventional mawner. Arrows within the vein 116 mdicats
flawing blood. A thennistor 120 is positivocd v de distal end of the catheter, which includes
Tummens, channels or tabes through which flnids can be infused into the paticnl, or which Told
other instruments; Two convention:l infusion connectors 130, 132, ars shewa inserted inte
respective lumens in the cathetsr The number of nmens and vonnestors will of cavrse depend
o1 the particular catheter used and the application. The invention will work with any numher
of himens or intereal channels in the caileter.

A conductor (shown as the dashed line 1253, shich forms a signal wire, connects e
thennistor electrically (or oplivally, depending on the type of temperatwre sensor used) with
extemal condjtioning, processing and display circuitry 150. In Fignre 1, this exemplary
circuitry 1s shown as including & siganl adapter 160 and a patient menitar 170, witha
sonventional alectrical coupler I8¢ aud a puide fbe 135 counecting the thermistor signal wire
124 to the externel citonitry 156, A conveutional pewes supply 172 t6 alsa iucluded, asisa
temperalure disptay 174, which may be citber a separate displiy desice or simply a portion of
am extsting moniter Gisplay. These features, some of which are optional or can vary depending
on the embodiment, are described bélmv in greater deteil. Auy copventiong] devices and
cirouits way he used to communicate the thermistor's 120 outpul signal to exfernal moenilors or
displays.

Tipure 1 also shows a section fine A-A. The description of varicus cmbodiments of the
catheter according fo the inveution is illustrated by cross-sectional drawings. Line A-A s the
reference Jine for these eross-sectiona] views.

Figure Z illusirates one exemplifying embodiment of the jnveniion. In this
embadiment, the thermistor 120 is loceted within 4 dedicated apening o1 lnmen 210 within the
catheter 100. [n this figure, the thennister Jumer 214 is shown as being mainly cireslar. This
i ot riccessary; any appropriste and desired fumen shape may be paed. A eirowlar or at least
rounded Junien orogs section will 1 mest cases be preforable, however, since standard
thermistors freqoently ars provided as glass-encapsulatud beads with 3 mainly round croes
section. Tiree other lumens 220, 222, 224 ara also illustated (however, any number of lumenus
may be included)

Assume now that ene or more of the lumens 220, 322, 224 carries some fluid (o
contains some instrament) with a thermal mass and temperature that could wifeet the

terperature measiaed by the thermistor 120, For cxample, an infusion fluid might be
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administered fhrougk the hamen 220. TF the remperanue of the fluid is above or below that off
the patient's blood, then it could influence the tzmperature measurement because of the thermal
copductivity of the catheter material between the thermistor and the fluid. An additiunal
insulating structure, such s 3 homen ot gap 250 is therefore preferably catruded in the catbeter
sa a5 10 extead, for examgle, laterally between the thermistor and all ihe cther bumens 220, 222,
224,

The insulating lomen {gap) 25¢ is praferalily as wide and thick 28 possibls to maximize
the degree of thenmal insulation of the thesmistor, giver the mininum pernaissible material
thickness required to maintain stability of the catheter and tumen walls, as well as die
mximun onfer diameter of the device. The minimum distance between, the thermistor lumen
230 and the outer surface of the satheter 100 is, however, praferably as swal) as possible to
ensure the best thermal contact betwesn the thermister and (ke surrovndiug blood.

“I'he insulating strocture. such ag the hunen o gap 230 of Figure 2 is preferably fillect
with air, o1 with sene oiher conveatinnal pas, ceramic pellets, a convantional high-impedance
gel, ete., to additionally increase fts therinal impedance. The insulating marerial ey also be a
sieip ov layer or similar sepatale picce of an insulating material that is inserted inta Jie Jumen
250, Tlis insulating materia} way aptionally be honded to the catheter in any known way. The
most distal end of the insulating lumen is prefetably sealed to prevent inflow of blood and
oudlow of the theymally insulating gas or other insulating matecial.

In Figure 2, enly onc jnsuiatisg lumen is shown. This is by way of example only.
More than one gap muy be arested, space permitiing, to extend between the thermistor and the

other Tomens to fuzther increase the thermal isolation of the thermistor. Alse, the msulating
Tumen may be of any length - it muy uxiead Hirough the full length of the wecess device or suy
approjriats portion of its length. For example, a portion of the lumen 250 may be used o5 an
infusion or device Tumen for intraduction of medicatings or paidewitcs, A plug may be placed
somewhere along the length of suclt hunsen to block off the remuinder of the infusion/device
lumen s fhat the remaining portion will act as an insulating structure. The location of the plug
1must be selected such that [he blocked aff portion of the infusion/device lumen will be adjacent
to the Location of the termperature sensor. [t will be nocessaty to provide a side port priur to e
Igeation of the plug lo allow the infusivn/device to exit the access device.
“T'he Tamenis) 250 also does notnesd to be shaped a5 a generally luterally extending

slit, as shown in Figurs 2, although this typically imizes the isolation of the thernuistor from

1he other lumens. Instesd, lumen 250 may be shaped as balf-moen av be concentric with the

thermmistor lumen, or ofhenwise extruded 5o as to surround rhe thermstor lJumen 240. Alsa, the

JP 2004-500909 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(34)

WO OS1TIR PCTATSNA01902

w

10

25

30

35

1z

pap could be created by several mainly cylindrical ar otherwise curved Jusuens spread out
between the thermistor apd the other lumens 220, 222, 224,

In yet ancther variation of the inswlating lumen 250 it — that is, the catheter material
sround and defining it — is made elastic enough that the lumen 250 is inflatable after the
catheter [s iwserted into the patient. Tior example, the lumen 230 eould he formed to have
Nexible wehs. Cnee the catheter is furested, sy suitable pressurizing material, such as air, an
inett frag, Foam, ot some gther known thermial resistance praterial could be pumped into the
Tnmen 250, causing ils cross-sectional area to expand and increase the gap or distance benween
the thermistor and thermal masses. The cbodiment facilitates casy insertion of the device by
r afler

keeping its outer dlanoter small, since the insulating fumen or structure is expanded onl
the deviee is in place,

The Tumens 220, 2232, 224 may be used For any conventional purpese, Any or alf of
ther may, fer example, carry fluids, or act a3 chanuels for guiding other instruments such
probes, pressure transducers, ele. Of vourss, they need not all have the sanle funcrion — one
Jumen might be carrying an infusion fluid while another is a channel for ap mspument.

PFigures 3a and 3b illusmate so embodiment of the invention in which the thermistor
120 and a thermally ingulating lamen/gap 350 ase provided i a separaic majely wbufar
member 300 which may be inserted fito an existing lumen 310 oz chunnel within the catheter
100. The tubular member 300 is preferably made of the same -~ or 5t least same type of
yatcrial as the catheter fself, that is, a thermafly siahle, biocompatible pelymer such as
polyurctine. This material requirement i not as strict ag for the catheter itself, however, since
the wbular mermber is mownted within the catheter. The gap 350, which may be filled with
further insulating materials a5 deseribed above for tic fumen 259, is then oriented within the
lutnen 310 so a5 to cxlend hetwaen the thermistor and other Trmens 320, 322, 324, 326 within
the eatheter. In order to provide proper avientation of the tubular merber within the lomen
310, 4 key (not showi) such as a 10d shaped 10 coufoima to the pap 350 could be pruvided, it
peededt The user can then first insect (e member 300, with the thermistor, inlo the Jumen 310

and hen insert the key into the proximal end of the gop 350 and tum the membes 300 into
proper aligument.

Figures 4 sud 5 illustrate embodiments of the invention in which biood itself is
channeicd beloreen the eymistor 120 and one or more other lnmens 424, which may be
carrying sources of thermal "noise” such 38 jnfusion fluids. In these cinbodiments, ports 410,
412 are formed in mainly diamelrically opposing portions of the outer wall of the catheter 100
and 2 chapnel is fosmed {as part of the normal extrusion between the two ports). The ports

416, 412 may be amranged anywhers along the circumference of the catheter wall — not just
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diametrically epposing — 43 long as blood can flow hetween the teciperatve sengor and (he
fhermal maesses. In Figure 4, the chaunei has thres chambers - two outer chamers 440, 444
and ar intermediaie shamber 442 -- through which blood can flow (indicated by arrows passing
though the channet). Mate that the parts 410, 412 need be formed only in the region of the
thermistar 126, and can, thus be simple hales o slits entin the catheter wall. The channel may
be formed as a small chamber ot it muy talend over any length of the cathicter as a result
needed to simpliy the extrusion. Mote that a CVC er peripheral cathetor, unlike a cardiac
catheter, is typically 2o more than about 30 et loag, so it will in general aethe a profle to et
the channel extend as far as the other lunen(s) 424.
In the erubsdiment of the invention showr in Figore 4, the blead is directed to a rogion
_ the intermediate chamber 442 -- immediately adjacent to (that is, extending just under,
viewed ag in Figure 4) the thermistor 120; the maximum distance separating the thermiztor
from blood whose temperatace is o be measured bath above wnd belaw can be made as lile as
the mindmun: structurally aliewabls thickness of the catheter matetial. The blood thus not onty
helps isolate the thesmistor from the lumongs) 424, but icalsa better contacts the thermislor
thermaily, since it does so from twe sides tnstead of just one. Acentral tidge of tab 470 may
Be extruded [o cxiend between the two outer chambers 440, 444 and from the lumen 24
toward ihe thermistor, in order not only to direct the inflowing blaod past the thermistor, but
k0 1o reduce the mmonnt of blood witlin the catheter while still allowing for an insulating
Layer of blood to flow butween the thermistor 2nd ths lumen(s) 424. The ridge 5, however, nat
necesanry ta this embodinent of the uvention.
T the emtbodiment of the invenlion illustrated in Figure 5, the chambers 440, 444 and
447 and the tidge 470 (Figure 4} have been climinated. Instead, the intermediate chantber 442
is sealed off from the bleod flow and fhus [ormus an instlating gap or lumen 550, similar to the
lumen/gap 250 in Fignre 2. In this smbodiment, the bload Nowing thraugh the single channel
540 serves mainly to isolate the thecmister thetinally from the Iumen(s) 424. The lumen/gap
550 provides an additional insuleting bacier, although it is not requived, especially if the flow
oEblood throngh the channel is st enough to preclnds significant heat trapsfer to or fram the
thermal mase from which the channel sapatates the themmistor, Mot that asother advantage of
the cznbodiment shown in Figure § is that the blosd in the cheunsl $40 also tends to bring the
temperaturs within the gap 550 to blood temperature and thms further insulates the thermal
IRSS,
Jn tha embodiments of the invention shawn in both Figures 4 and 5, the chunnel 540

may b 3 limited chamber located near the thenmistor itself, or it may be a lunen passing
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through any poctien of the length of the access device. In either case, the channel $40 jtself
(with passing blood) serves as an insulating structure.
Figures 62 and 6b are a pariially sut-away, side view snd on ead view, respectively, of

anather embodiment of the invention in which (be thermistor 120 i& mounted ou 2 carrter 600,

which 15 preforably made of 2 bi patible matorial and alse provides improved thermal
insulation. Ir may he made, for example, of plastic, metal or cersmic. The thermistor may be
mounicd securely onto the carrier nsing any conventional matucial such ae 8 stndand adbesive
such as potting compound or a non-taxie, moisture-proof, thermally stable glue,

Tz this embodiment a port js foroed as a cut-away opening 615 in the outer wall of the
cathcier 100, The thermistor is then positioned so as to le within the opendng in the catheter
and thus be exposed directly to the blood gver most of ifs surface are, without any postion of
the cutheter in between, The thermister's sigoal wite 125 is aleo shawn in Figure Ga.

The thernyistor 120 and its catrier 600 may he inserted inta an existing or dedicated
tumen 610 fn the catheter so {at the cacrier extends hetoeen the thermistor and other lumens
520, 622 ot thermai noise sources in the catheter, Nate that the opening §05 preferably extends
inte the lnmen 614 to cnsure maxitmza dirset contact betwezn the urmistor and the
surrounding blood,

The thenmistor and carrier 600 may be inserted inta the cathetor with the thermistor in
position 7 the opening 605 before the catheter is placed within ths patient. Alternatively,
bofore ingertion, apd assuming the carrier is made of a suffictontly flexible material, the
thermistor and lhe far, distal cad of fize cumicr 600 could be allowed to stick out of the opening
603, preferably beni back along the callzter wall and pointing away from the direction of
jnsertion. Onoe thermistor eatheter s placed in the patient, the physician could thea pull on the
proxinal end of the carsier unt) the thermistor is pulled into place in the opeaing 605. The
distal end of the carier can then be made shost, extending only a shert distancs frow the
thermistor, so that only its proximal end would be within the catheter. The carrier, which may
he tubular, then forms an insulating gap beneath the thermistor, similar to the gape 250, 350
and 550 in previous embodiments described above,

Figutes 7a and 7h are a partially cot-away, side view and au end view, respectively, of
an embodiment of the invention tn which the thermistor 120 is mouuted on the outer wall of the
catheler 100 jtself, In order to aveid having the thermistor's signal wire or fiber 125 running
along the outer surface of the cathuter to (e exterior, it is pre-threaded into the catbeter 100
through 2 small hole 705 made ju the catheter wall, preferably Just hobmd (proximal relative ta}
the thermitstor 120, The thermister may be mounted securely onto the catheter using any

canventional method or taterial sueh 59 a skndard potting compouad 710, of a non-toxic,
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mnisture-proof, tiermally stable glue, ox a lignefied solution of the vathvter matecial that would
solvent hond to the catheter {ubing. The patting compound should be spread to cover the hale
705 and at least most of the thermistor, but not so thickly over the therwistor as to interfere
with jts alyility to quickly and accurately respond to tomperature ehangees. T arder o reduce
the masgmum diameter of the catheter and thereby make insertion easjer, an indentation could
e mnace in the outer wall of the catheter. The thermistor can then be mounted on the catheter
bﬁ potting it securely in the indentation {not shows}.

Tn the ernbodirent of fhe invention shown m Figures 7a and 7b, it would alse be

postible to moust the lemperature sensor nsig & nen-taxic polting material (or other adhasive)

that dissolves whcn sxpoged to the blood. Onee the catheter is in place, the potting material
wonld therefore dissolve. This would expose the temperature sensor dircetly to the hlood and
thus allow for even more accurate femperatute giasurements, Morcaver, the remperature
sensor wil! then tend to soparate and mave away from the outer wall of the catheter, thereby
fimiher jnsulating it fram any thermal masses within the catheter.

This "deployment” action may also be anranged by providing the signal wire with an
clhow jaint made of 4 memory metal that is straight (extending in the dicection of the catheter)
during inserting but tixat is bent in the relaxed state — when the potting compoind dissolves, the
Foint would relax aud bend, thus moving the temperaturc sepsor out fram the catheter wall. If it
is net practical to form this memory slhaw joint in the sensor's sgial wire itself, ther & piece of
memory metal could be attached to the wire where the elbow joint is needed. The sensor comid
then also be potted within an indentation such as in Figure &a, 80 that the catheter could have an
outer sarface free of protrusions.

A5 Tigures 7a und 76 show, several lamens 700-703 ar tubulur members ate preferably
inciuded within the catheter in order to provide insulating gaps between fhe extemally mounted
thermistor 120 and (he Tamens) that carry infusions. A stogle lumenfgap such as the lamen
250 shown and described in reference to Figtue 2, or a bload chamnel similur to the channels
shoven in Fipures 4 and 5 may be included instead of or in addition to the lumens TI0-705 ta
firrlher insulate the thermistor thennally from the lomen 724.

Figures 82 und 8b ave 2 purtially owt-away, side view and an ond view, respectively, of
an erbodiment of the invention in whick Hic thermistor 120 is ateunted within o short ubular
mrember 800 thut protrudes out through an opening 805 made it the cuter wall of the catheter
100, The two ends of the mbular member $00 are secured within the catheter using any knuwn.
technique. A chonoel 810 is thereby forrged between the "loap " af the tubular memnber 800 and
the eatheter. Blaad will therefore be able to flow substantially complefely sraund the

thermistor 120 2nd will alse isolate the thermistor therrmally fron: any iotevior lumen(s) 324
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witliin the satheter. During insertion of the catbeter, the member 300 will preferably lie flat,
that is, mostly straight, within the catheter.

{imca the calheser s in place. the physician could then insuil the thermistor, for
exanple by pushing it in with 2 wite, 2nd could then push the thermistor and loop of the
member $00 out through fie opening K0S to deploy the lempatatze sensor, that is, the
thezmistor, One way to do this womld be to insert a sepayate instrunent that bas a bend on il
ito, for example, a lumen o which the imember BOC lies {o7 simply the intesiar of the catheter).

Twisting the instrument with the bend under the thermister winuld then push i out through the
opening 805. Alternatively, if the far distal snd of the tubular member 800 is fiued in the
gatheter, and if the member S00 & not too flexible, then it would push out throngh the opening,
by the physician pushing e proximal end mward.

Pipure 9 illustrates an enbodiment of fhe imveatios in which the fermistor 120 {5 2
right-angle device, that is, fhere 19 a substautially right-angle bend in fhe rod or wire that
comneets it (o its signal wire 125, Of course, ungles of bend other than 507 may also be used —
the proper angle of bend will depend o (b patticiler implementation and may be fetermined
using known methods. This fght-angle thermistor 12035 then potied seourely i 2 opening
905, similar to the openings 605 and 503, formed in the catheter wall. so that the thermistor
extends outward approximately peipendicalat to the direstion of longitudinal extension (central
axis) of G cutheter. As before, the minimum amaunt of potting compound should be used to
secure he thermistor, since this will also myinimize the impact caused by the compound ifself
on the thermistor's ability (o sense blood temperaiure. As before, one or more insulaling
lumens 900 viay also be inclnded in the cathrter to isolate the thermistor fram fluid-carrying
Tumen(s) 924

Figures 10a and [0b ave a rear and an elevated side view, respectively, of an
embodiment af the imvention in which the thermistor 120 is mouated so a5 o lie within a recess
in & separate insulating member 1004, which i3 shaped generally as a pantially hoilewed oul
cylinder with a closed, rounded, smonth leading surface and 2 stot 1014 into which ihe
{hepmistor car be laid for mounting. The insulatng menuber chould be made of a smooth,
thermally insulating ruaterial such as ceramic, metal, foam ot Tefion, Polymers such ag
polynrethane may also be used, which would make it pessibls to injection-mold the member

1000, The insuiator/theymistor sub-assembly is then inserted, for cxample, by pushing it in
with 2 rod, into a suitable catheter wwen, such as the lmens 219, 310, 610 shown abave for
ather embodiments of the invention. The slot should thereby he oriented, for cxarple, using a
key o1 similar tool, away from othur catheber lomen(s) that carcy thernial rnasses such as fluids

and instriments.
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I Figure 11, an embodiment of tae inveption is shown in which the temperature sensor
120 i mounted un the tip 1110 of a separate device, for example, 2 guidewire or a probe 1100,
which can be inserted into the access device 100. To deploy the sensor 120, oace the access
device it in place, the tip of the probe is inserted into o lumen of e device 100 and is then
pushed in until the probe tip 1110 protrudes from a port 1140 that is either cut in the zide wall
of thie catheter (as in some of the other cimbodiments desoribed sbove), or is simply the
innermost opening of the lmen in which the probe is fserted 1142 {Alternative exit of the tip
of the probe is shown as a dashed tine.) The probe thys itself acts as a structure that separates
(and fhus inswates) the temperature seasor from thermal masses. The tip of the probe is
peaferably curved to a mainly "I*-shape s that it will morve eastly extend throvgh the poct 1140
and away from the thermal influence of the parts of the access deviee; hewever, a straight tip is
alse acceplable, One advantage of this embodiment of the invention is that it conld he inserted
only if needed, in which case it can b sealed against blood leskage by a conventional
hemostasis valve.

Fignees 12a and 12b Dlustrate erubodiments of the invention in which an insulating
uaterial is oo-extruded with the calheter iisslf. 1a Figure 12a, the insulating material 1200 i
extruded along with the catheter 100 so as to surfound an mfusion (ur instrument-carrying)
Jumee 1216 or, alernatively, at least a portion ot it near the location of the temperature sensor.

The insulating material, which may be of any known extrodable type then acts az a Grermal
barrier between the contents of the Jurmen 1210 und the femperatiure sensor 120. In Figure 120,
e insulating material is co-cxtruded with the vatheter 5o as to form a barrier laywe 1220 iliat
surrounds and thereby insulates the tempeaatire seaser §20 itsell.

Figures [3a aad 13b illustrte yet another embodiment of the inveution, in which the
temperature sensor 120 is mouated within a catherer tip 1300 that is tnifially formed ag a
tnember separate from 1he catheter bady 104 itself, but is attached or Tonded to the distal end
of the catheter using, for example, 3 conventionel adhesive. A lumen or through-hiale 1310 is
then formed in the tip 1300 to 2ot as an exicnziou of auy appropriate and desired nren within
the uain catheter body 100 to allow uninterrupeed flow. The tip 1300 in this embodiment may
then he made entively of & highly insulative material. This eompletely avoids the necd to
extitids fhe wsulating member over avuch or even the entive length of the catheter. Ttalso
rmakes possible the use of differeul materials in the insulating member and fhe main catheter
bady with no nead for ¢o-extrusion and without vsing mere expensive materiat for the entire
device.

Tigures 142 aad 14b illustrate stiil another eaibudinent of the invention, in which the

istal tip of the catheter 100 has a slit 1400, The temperatore sensor 124 is mounted en ot in
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the distal tip oa one side of the slit, wheseas e lumnen(s) 1410 carying the thermal mass
extend through the tip on the wther side of the slit, Tu short, iu this embodiment, the distal tip of
the cathcler splits after the device is placed withiz a patient. Before insertion into the patient,
e catheter Hp 1300 is beld tagether cither mechanicaliy, for example, with an inferual catch
that gan be released using a wire that cilends out of the proxtmal cod of the catheter, or nsing
an sdhesive that dissolves when exposed to blood, or any ether appropsiate method. While in
place, itie stit 1400 opens to form ag insulating gap (us shown i Figure | 4h) herween the
thermistor 120 and the thermal masses fo the humen{s} 1410

Several different embodiments of the invention are described sbove. Common to all of
the embodiments, bowever, is that they impleraent the method according to the mvention by
swhich the bady temperatire of a paticnt is sensed by a temperature sensor supporfed by an
access device. As ussd here, the term “supported” means that Hie temperature sensor may be
mounted on or within fhe scoess device it may be pevmancaify affied to or within (e access
device; of it may he removably connected to or inserted into the access device. The term 2ise
includes any arrangerent, as doscrised far example in reference to Figure 11, o which a
temperatuze sensor i locaved on & separate device, which i inserted inte and extended through
the aceess device.

The access devios is inserted into a patient, fot exaraple, inte a vein, il at least one
thermal miass is introduced into the access deviee. The femperatore senser is insulated
thcrmally from the thermal mags. A sigual wirs is led from the temperature seasoer to an
externa) patient temperature mopitor.

The invention aisa encompasses the methed of menutheturing the access device. In
0t of the embediraeots described ahove, this manafacturing method invalves sxtmding the
access device with a phurality of lumens — one lawmen. through which a tempevature sensor 1s
introduced and a signal wire is led fa seusor lumen), and st least oné other lumen for carrying
or guiding the thermal mass. The manufacturing method alse includes te step of forming an
insulating structure that thermally separates the temperature sensor from the thetmal wass. The
femperatuts seasor may he permanently ot Tetaevably pounted at 4 hstal end of the sensor
Yumen. Fhe temperature sensor may be also nounted in 4 separate carrist which is placed in
the sensor lumen. The macufactwring method may include some other or additional stepe
according to fhe embodinicnts desoribed abovs, as willbe unclerstaod by those skilled in the
art,

Refer once agam o Figure 1. The sutput signal from 2 conventional tomperature
sensor such as Lo thermistor 120 has well-Kaowa characteristics, [ genceal, the output siznal

is a voltage or current signal whose amplitude is funetionally related (o the tomperatuce of the
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sensor. Moreaver, the functicnal relationship between sensor temperature aud the amplitads of
the ontput signal may be linear, but seldom is. Lo favl, most [Bmperatue sensors are
individually calibrated by the manufacturer, or require calibration by the vser before actual use.
However obtained, there is, though, 3 functional wlatiopship.

Furthermors, in kome cases, the temperatere outpot signal may be compatible with
input signals of cxistiag patient monitors, but this js nof always the case. As 2 simple cxanaple,
ampiification (scaling) and impedance watching (or impedance isolation) arc offen requued @
convert the output sigual tato o signal form aud type that can be processed and displayed for
the vyar.

According to the invention, the functional relationships 2} hetween sensor femperatare
and the scosor outpt gignal, on the ane band; and b) between output signal characteristics
{such as impedance, amplitude range, and whether in the form of a voltage or cutTent) are
predetermined in any conventional manner {for example, through rormal ealibratien or by
aucepting lhe manufactirer’s culibration data). The sigeal conditioning necessacy to implement
the relabonships is then implemented in tio adapier 160. The conditioned signal is then upplizd
to the monitor 170 for processing fif needed) and display.

In sorne ¢ases, the only signal conditioning required is sealing. This can be done using
4 conventional resistive network, with the sensor oulput sigaal forming the inpuf and the
system output signal heing taken from an appropriate point in e network. Canventional
paszive companents roay then be need t provide any neccssary further conditioning such &
impedance matching. This has the advantage of jmplementing the adapter 160 as 2 totally
passive device. In other cases, conventional active components such a5 operational amnplifiers
with knevwn resistive, capavitive and industive feadback sud feed-forward elements may be

uscd to implement (he stgpal conversion,

Tn many cases, the relationship hetween sensor output and temperature may be too
irreglar to implement accurately using purely passive or analog components. In these cascs,
the adapter may be implemented b‘y including s the adapter 160 a conventional analog-fo-
digital converter (ADC), 2 microprocesser, aitd a rnemory; note that a single conventional
digital sipnal processor combines all these Foatures in one component snd may lercfore
many applications be a suitable implementation. 'Lhe relationship between the sensor owipul
and kemperatuze can then be irplemented as a look-1p table in wemory, or as pacamerérs of an

approximating fonetion. Using known methods, the wicrapiocessor may then take &s an input
to the lookup table or approximating futction the sensed and ADC-comverted sensor oulpuk
sigpal and gencrate tre conesponding temprerature signal, whic.h, after amy further conveational

conditioning, is applied to the monitor 170,
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In ane embodiment of (be mvenlion that is particulacly urefnl in a busy setting where
only 2 quick and easy look at a patisnt's femperaturs is needed, the entirs conditionmg,
processing and display circuity 150 is inghuded in 2 single hand-held unit. In tuis case, the
power supply will typically be batteries and the monitar may be as simpls us 2 conventional,
[ow-power LED display falong witi convensional driving cirenitry) showing temperature to,
say, single decimal precision.

Using such a seli-coniained, handheld deviee, a nurse wonld connest the devics to the
temperatare sensor by aitaching the cable 199 fo the commector 180, and the patieat's
tenperature would then be displayed on the displuy 174 in a prodetermined tormar. The
conpector 170 is proferably a conventional device such as a male/female plag pair that would
allow the nurse to quickly conncet aud disconnect the device for toadings from different
paticnts. This would aflow the nurse to fake readings of many patients’ lunperatores quickly.
with 0o nesd to wait for & conventional thermameter to stabilize, and with litle discomfort to
the patients thermselves. Indeed, the nurse could take an slisady catheterized patient's
temperature while he 18 asleep,

Assurning sufficiently powerful batteries. the sclf-contzined embodiment of the system

150 ceuld alse melude not only 4 memory, hut also a simple mput device sech as 2 bullon
conmecied to ax infernal electtical switch. Wheneover the murse presses the bulion, Hw
instantaneous measured tepperatnre is stored in the memary porlion designated for 4
predeturmined nomber of values for the pativat. A, tie stamp ol the messwretment could also
be generated using known techniques and stored along with each stored fenperature
measnrement. By later recalling the stored values, for example by pressing the butten
accerding to some predetermined pattern, the nurse could then view the patients seeent
temporature history. The softwars nnd hatdware components necded (o implement this one-
button sterage and recall system, even clagsified for several different putients, may be similar to
those used, for example, in conventional electronic band hearing compuasses found on mwany
well-egoipped sailboats.

As an additional feature, the band-held system could be provided with canventional
gircuitry enabling it to dewaload its stored terperature information to another systzm suck as &
supervisory computer of patient manitor. The way in which such 2 feature is implemented 15
Ynown. The way in which such tempersture values, ime-stamped or not, are stored for one or
more paticats and then recalled for viewing on a display is also well known.

Sevesal different embodiments of the invention have heen deseribed shove. Tt should

be understaod, however, thai thege are merely ilustrative. The invention is not o he limited to
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the prarticulay forms or methods disclosed; rather, the invention is to cover all modifications,

equivalcats and alernatives falling within the scope of the [olowing claims.
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CLATME

What s claimed is:

1. A device for measuring the temperainre of a lemperature medinm of 2 patisnt
conprising:

an access deviee that is inseriable into the patient at 3 location of the temperanue
mediom, including at least one theymal mass other than the temperature ediu;

2 temperature sensor supported by the accuss device; and

at least one npulating structure insulating the tenperamre sansor from the thermal

mask.

2 A device as defined in claim I, wherein cach fhermal mass is located within a

thermal lumen within the sccess device,

3, A, device a5 defined in claimm Z, wherein the temperature sensox is lacated

exlernally to an outer surface of the access device.

4, A device az defined in claim 2 wherein the temperature sensor is located within

a sensor lumee of the access device.

5. A device as defined in claim 2 whersin the wmperature sensor i& mounted in a

carisr.

6. A device as detined in elaim 5, in which the access devies has mor: than one
Ivmen, the insulating structure is fosmed as & barrier within the carrier and the cavsie is held in.
one of the lumens of (he access device with the barcier extending belvween the lemperature

semsot and the thermal umen,

7. A devige as defined it claim 6, in which the carrier is removably insertable in

{he luraen of the access device

5. A device as defined in claim 5, i which the carrier is temovably insertable in

the Jumen of the access devicy,
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9. A device as defined in claim 2, in which each insulaling structure extends

hetveen the tumpurafuce sensor and each theymal lumen.

10 A device as defined in elaim 2, further vomprising:

a pair of ports formed in an outer wall of ihe access deviee;

a flaw channel farmed within the aceuss devies and extending hetween the pair ol
paits, in which the tenperatare medium accupics the flow chanmel; and

the flow channel is located hetween the teraperature sensor and the thermal lvmen, the
flaw channel thereby both inereasing thermal conlact between the temperature seusor and the
temperoture medium and alse thermally isolating fhe temperatwe sensox further fom the

thermal lumey,

11 A device as defined in clnjm 9, wheretn the flow chamnel is the nsulating
structure.
12, A device a5 defined du claim $, wherein the flow channel 15 located betwesn

the insulating structire and the thermal lumen.

13 A device as defined fn claim 1, in which:

the access device has 4n opening in an cuter wall; and

the temperature sensor, when in 2 deplayed position, extends into the opening, thereby
increasing thermal contact between fhe temperature sensor and the tsmperatore medivn and

further insulating tompoature sensor from the thermal mass.

14. A duvice as defined in elaira 13, in which:

the temperature sensor is mounted on 2 carrier;

ends of the carrier are secured wilhin the access Jevies; and

fhe carricr is positioned between the tenperature sensor and each thermal lumen,

thwreby forming the insulating strecture.

15, A device as defined in claim 13, in which the temperature sunsor is a right-
sngle thermistor mounted to exicnd out of the apening mainly perpendicular to 2 central axis of

the pecass device.
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16. A device as defined in claim 1, in which the temperatore sensor is attached to

the aecess device.

17 A device as defined in cluim 36, in which the tepperatore sensar is adhesively
attached and tic adhesive s dissolvable at body tempecature, the tempsrature seasor therehy

increasing contact with the temperatiure mediuwn whea in position withan the pabent.

18. A device as defined in claim 16, wherein the fasulating structure comprises al
loast one mterior insulating hmen formesd within the access device and extending betwreon the

temperature sensor and the thernual mass.

19, A device ag defined in claim 13, wherein:

the tenperature sensor is mounted within & camier which protmudes as a loop out
through the opening in the outer wull of the acesss device and ends of the carrier are secured
within the access device;

the insulatiog structure comprises a flow channel for the temperature nediuvm which is
formed between fic carrier and the aceess device at the position of the opening, urd thus
between he wmperature sensor and the thermal mass; and

the temperature sensor is cxposed substantially aver its entive outer circum{erence to

the temperature medium, via oaly the carrder.

0. A dueviee as defined in claim 2, wherein

the access device includes a plurality of hamens;

the teanperatiue censor is mounted within a racess i1 an insulating member; and

the insulating member, together with the temperstors sensor, sre mouated withia one
of the lumens of the 2cccss device 50 that the insulating member extends between ihe

ternperature sensar and the thermal hamen.
I A device 25 defiped in claim 1, wherein the insulating structure includes an
insulating materini co-extruded with the xccess devices and surrenading af lesst 2 portion of

each thermal Jumen.

22. A devies as defined in claim 1, whetein the insulating structure includes an

insnlating material co-extruded with Oie aceess device and surrounding the temperalure sensor.
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23 A device a5 defined in claim 1, wherein:
the access device has a lumen and 4 sensor port; and
the tempetature sensor is mounted on a distal tip of 2 probe which is insertable into the

lumen of the access device so that the temiperature sensor extends through the sensor pori.

24, A deviee a3 defined to claim 1, wherein:
the insulating gructure comprises a distal tip of the acness device formed from an
imsulating material os a separate member; and

the temperature sepsor is mounted within the distal fip.

25, A device a5 defined in claim 1, in which:
the accass device has a distal lip with 2 lengwise 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 ride of

—

5 the distz] tip; and
the distal tip, onee tn a deployed pasition, is scparated alang the slif, with the first and

seoond sides of the Hp being located on either side of the slit.

26. M deviee az defined in claim 1, in which:
20 the aceess device is a cvntral venous cafheter including a plurality of lumens;
the temperature medium is bloed;
the thermal tiuss is an infusion fluid that is canied within one of the lumens; and

the temperulure seusor 13 a thermistor.

25 27 A, device as defined in ¢laim { wherein the insulanng structurs is expandable ta

increase the distance between the tewperature sensor and the thermal mass.
28. A central vencus catheter including o leuperature sensor.
30 28, A cental venous catheter as defined in claim 2R further comprising an.
imsulating structure insylating the temperature sensor from any part of the catheter that canses

thermal contamination.

3. An introducer comprisiog a forperature sensor.
35
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3. An introducer as defined in clura 30 [urther compyising an insulating structmre
insnlating the temperature sensor [fom suy past of the imradncer that causes thermal

contamination.

32. A system for monitoring the body temperature of a patient compuising:

a central venous aceess dewiee that is insertahle into the patient at 4 location vf a
temperamre mediom ard that contains ot least gne thermal mass othet than the temperaturs
nredium;

a temperatury scosor supported by the access device thal is located withia the patieat
thermal contact with the femperatore medium and that generates a sensor ouiput sigual
correspunding o sensed temperature of the tempevature medivoy;

temperatine monitoring means for converting the sensor vulput sigual mio a patient
turnperature signal and for displaying the i:aﬁmt temperature stgnal; and

a connector conneeting the temperature sensor with the temperzbure monitoring meass.

33, A systom as defiged in claim 32, further comptising an adapter, included i the
temperature monitering means, converting the sensor oulput signal into a predetermined

cdisplay format.

34, A gyster ag defined in elaim 23, in which:

the temperature monitaring means includes a display, 1 pawer supply, and an adapter
cenverting the sensot output #ignal into a predetermined display format, ane

the temperature monitoring means is 2 and-held, self-contained unil portuble between

different patients.

35. A method for measuring the body temperature of a patient comprising the
following steps:

supporting a temperature seosor on an access dovics;

mserting the aceess device into 1 blood vessel;

introducing st least one thermal mass into ihe access device; and

insnialing the temperature sensor frow the thermal rass.

36 A method 2z defined in ¢laim 35 further praviding a signal conduetor from the

temperature sensor to an external patient temperature monitar.,
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37. A method ps defined in claim 35, fusther including the following steps:
introdacing the thermal mass via a thermal lomen located within the acecss deviee;
muunting the temperature sencor in a sepsor hunen within the access device; and
furming 2t least one thermally msulsibig structes between the lenperature seusor and

{he thermal lomer.

38. A method as defined in claim 35, further meluding the following steps:
forning the insulating strochire as at least onw insulating fumen within the uccess
device; and

imtrodueing 2 thermally insulating material into the nsulating limen.

39. A methad for manufaciuring s sccess device inetuding the step of
extruding the access device including:

forming a thermal lumen throngh which a tezmal mass bs niroduced;

forming a sensor lupen through which a leoperature senser s introduced; 4nd

forming an insnlating structure separating (he sensor Jumen and therchy e

temperature sensor from the thermal mass.

A0, A method as defined in olaim 39, fucther including the stops of mounting the
temperature sensor into tie seosor lwmen at 2 distal end of the aceess device and extending a

sighal wire from the temperatute sensor to an external patient monitor,
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DEVICES AND METHODS FOR MEASURING TEMPIERATURE OF &
PATIENT

Field of the Inveution
This invention relates io methods and devices for measuring the hady temperature of a

patient in conjunction with the placanent within the patient of an access device, for example, a

~catheter or intraaucer.

Deseription of the Relaled Ari

The needs to propetly Leat a pationt and to guin 85 much informutiun as possible bout
the physivlugical statc of 2 patient are often 2t odds with the desire to reduce discomiorita the
patient as sweh as possible, Tor crample, there is frequently a nsed botli to deliver various
medications 0 z patient, md also to monitor the patient's hiody temperature. Accordingly,
catheters ars ofien inserted infa the vasculatare of a patient to allow delivery ot varivus
medications, hydrating fluids, etc.. and to measore blood prassure. The patienls body
sempuraturs, howewer, is monitored with & sepamte deviee, whick is insurted sepuratuly.

Conventional devices for neasaring temperatore felude ile well-knawr eral
thermonetzr, rectal, axillary {armpit), and tympeonic {par) thernometers asd probes, as well as

Toley cathelers (bladder emperalure), and ryngeal probes {esoph ) probes. Tach of

these dovices suffers from one or mers shercoiings, The firs: disadvantage is ohvious lo

anyone whe has ever heen the patient: 1l 18 urewmioriable enough to hive a catheler inserted

o ene's Tein or arters without aise having to lave a separate devics insgried into one's
tectum, bladder, ear ot ruse, or down ous's threat.

‘the second disadvansage has to do with securacy - taking a patient's temperature by
placing a thermometer ynder her srmpit of 39 her mauta may eause the least discomlort to the
petient, but the temperaturs valag Tnis provides s usvally less accurate and much morw
dependent nn placeincnt than temperature measuremnents of blood 1 a major vessel.

Ong way to avercome these disadvanteges is to include some form of temperature
sensor within the inserted catheter itsell. This aliows for measurement of e blood
tempernture, which is in most zises much claser o the patients acteal body core temperature.

The problens then arises that ofher elcieats of the catheter sysiom way have thenmal properties

1hat themselves alfect the juinpuralure that the sensor senses. This problem azises o the
coztext of thermedifation systems for measuring cardiac fow. (LS, Patent £.817,624
(WNewbower, 4 April 1988), U.S. Patent 5,176,144 (Yashikoshi, 5 Jamary 1993), and Pihlizhed
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Euragpean Paten® Application 0337 334 Bl (Inventors: Williams, et al., 7 March 1980) for
example, describe such systems. As is well konewa, i such s Liznnodilulion syslem, e
temperature of the candize bloud [ow is modulated coeording 1o a predetscwined patlen (hal is
created by the injection of an indicator, wiich is usuafly cither a series of boluses of a relatively
colder Auid, or heat The downstrean: respouss to the temperature modulation is sensed by a
thermister aud is used (o caloulate ad estimate biond flow.

I systems such ag Newbower's, femperature snadulation is aceamplished by coohing
the bleod lrough precisely dosed boluses of a thermally well-courolled fluid cobler dian the

bloud. [n Wilkams, modulated conling of the biood is accomplished using & heat exehange

mechenism tat does net requira actual injestion o any balus into e blowd strdam. Ln systems
such as Yoshikosh?s the hlond is mstead heated locally using # healwg vlerment 1hat is mouoted
near the for (distal) end of 2 cardiac catheter. As before, » thennislor senses the downstream
responsc profile, whase characteristics are used (o caleulate cardiac fiow.

Such thermodilution systets have certain ciinical limitations, since they must deal with
saveral problems spevific to this application. First is the problem of retrograde flow: If the
thermislar is Iocated proximal to the heater or bolus injection porl, then e heatedfeonied biood
will flaw back over the catheter tip. The temperature of the catletor itsglf, which mey eontain
various other lumens, injectates, control wires, cie. can then affect the remperature profile of
the Ihenually modulated blood and degrade the flow calculations.

Tao overcome this offect, (e hijection is replaced by A continuaus infusion of indicator
in order 1o oblain a new stcady-state bascline: howewver, this ts an undesirable clinical limitation
due ta the volume-loading the patient. Even when the thermistor is lacated distal relalive w the
heatersbolus port, this probiem may still arise.

Lhwse lennodilotion system catheters normally have a distal imdusion kimen that
pisses bepeatly e thenistor o emperzture sensor and exils al ke $ip ol the cathewer, Since
the flow ) such an infosion lunen can severely degrade the acewavy of the wmpeisiure seusor
nieasmenents, the flow is lintied to 2 maximum zmount in order for the Sleod flow
measurcnent to still be accurate. OFf course, such a limitalion ¢ infusion lumen flow is also
undesirable from the clinical perspective,

An eralogous problem of insulation arises in other cardiac devices 25 well, such as the
eatheter-based cardine ablation system described in 118, Paleoi 3,688,266 (Bdwards, of al., 18
November 1947). Tn Fdwards' systemn, an ablation electrods is nsed to [l fissae locally using
heat, and one or mare temperalure-sensing ¢lements 2re used to sense the temperature of he

tissue to be abiated und allow precise vontrol of the atlation temperamure and time. 1solation,
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proviced primarily by physical separation. is thus required betweey the electrods and the
temperahore sensors; otherwise, the sensors will tend 10 give readings that ave too lugh.

At least one factor limits the wse of these known systems in general use for ruasucing a
patient's body emperatere: These syslems arc pot arranged to ineasure the patient's actual,
natural body tempezature at all, but rathes the vemperature of blood or some hady tissae whose
teryperature the systen: i*5elf has deliberately aliered.

There are other devices, suct as canteal veeous eatheters (CVC), perpieral catheters,
and other catheter-like instruments such as inrodizcers. As their names Zmply, soch catheters
do 26t require placement iuto the heart and are consequently used more frequently in different
areas of the bospital, Unlike cardiac catheters, which are often nzgre fian 161 ¢ long and
require an mtroducer for nsertion, those devices are scldom lenger *hax about 20-30 et and
can be inserted by the Scldinger technique. A CVC, tor cxample. is oltvr placed in a patient's
juzular vein and is used for various infusions. for monitoring blood pressvre, eic., through a
number of lamens within the doviee.

An instrument such as a CV ofien nciudes several different Tomens wlaeh may carey
a range of fuids (such as medications and other infiisfons), as well as instrymerts sugh as
pressure tansducers. Bach of *hess fluids and instruinents may be et different =mperarures, or
may have varying thermal properties, or hoth, Any measnrement of temperatire nsing such a
catheter woald thus risk sericus thermal contamination from other portions of *he satharar.

‘Lhere are avpresent nv known Juvices such as

CVC, penplieral catheler, or
introducer that incorporate an errangetment for measuring blood temperature aceutately,
Therefore, it would be advantagzous o be able to aceeralely meastre lompenivg in
conjunction with sheh aceess devires as catheters and introducers while eliminating e uced w
ingert A secondary device into the patient in otder 1o nteasore ‘empeseture, 25 is the cwrent
practice. Such deviees would also provide a more aceurdde and less tone-¢nasuming bady
temperature measurement than non- or less invasive devices, This imvention provides such an
arrangeinent.

It would alse e advanlageots to be able 1o councct a CVC or sinilar catheter to 2
standard patient monitor. Not only would this b-ing the obwvious benetit that O patianl's
tempeishire could be viewed at a glance aloag with ofker monitored parativelers, but i would
aJso make the temperatiure vatues aveilakle for other processing as necded. Mamy patient
moniters, however, use a signal standard that is compaiible with Iarge thenmistors vt
tempzrature sensars and not compatibie with the output of ininiature tetaperatore seusors wsed

on pulmonary artery catheters. The use of mund t i is desirable hecause it allows

for eatheter sizes to be relatively small, Dne could of course reprogram the monitors, but such
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a solution t¢ the problem would be coxlly and coruplivaied, and muy not be possiale ar practical
in existing monitors, This invention provides an araogement that allaws a catiwter-based
Temperamre sensor to be connected to existing monitors.

An additional issuc is that many putients, as their cor.dition improves. do not require
coniinuous monitering of emperature, and therefore, do not requite a dediceted connection
Between the catheler(s) and fhe monitor. At present, the dedicated cornections limit how many
palicnls the sysien: can mienibor, aud incrvases e nurber of caoles and connectors needed. Tt
wouid be advuntageeus (o tree e system lo ullow mowieriog more thal one patient. This
would, for cxample, snable purse or physitiar do have a quick loak at the patient's lemperaiure,
possibly coter it into the patieat’s chart, and then move on to other Sasks ov paticnrs. 1t wounld
thersfore be beneficizl te have an arrangement that provides this flexibility ard simplicity.

Thig invention does this as well.

Summimy of he lavertion

In genaral, the invention provides an aceess devics, such 23 a catheter. an introducer, or
combination of cathetcrs, introducers, probes and the like, that allows more accurate scosing of
body temperalnre, for example, of 2 lemperatte medium such as Blood, by insulating a
temperature sensor from thermal contaminacion cavsed by a therma) mass, such as an iniusion
fluid or an instrument. introducad in portions of the access device. [n the preterred
emhodiment of the invention the access device is a central venocs deviee that inclndes o
temperature sensor such as a thermistor, 3 hermocouple, ete.

The access device is inserluble inly the patient at a location of the temperatzre weadivim,
vod the aceess device meludes at [east oue hermal masgs olher than the Wiupetature medium.
The aceess device supports the teraperature sensoc and ireludes at least one psulating strocture
insulating the temperature sensor from the thermal mass.

In ecrtaln embodiments of the invention, cach thermal mass is located within a thevmal
hnmex within the aceess deviee. The temperature sensor may be monnted externally to an ouier
surface of the access device, or within a sensor lumen of the access device. The insulating
structure preferghly exlends beiween te lemperatire seosor and each thernal fumen,

The le:nperature sensor may alse be wowited inor on a samec. The insulating
stnictrue is fien preferably formed as a barrier within the carnet and the carrier is held o one
of the lumens of the access device with the barrier gxtending between the iemperaturc sensor
and the thermal lunien. The carier may oe removably inseriable in the hunen of Hie acvess
device,

Tu cther embodiments of the invenlion, a pair of ports is foymed in an owter wali of the
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acecss devies and a flow chanped is formed within the access device and extends between the

rair of povts. The temperahire mediw

uch as bload, then acenpics the flow: chamnel. The
flovw channel is located hetween the temmeratire sensor and the thermal lumen, or berweer the
insulating structure and the thenmal lomen, and thereby not only increases thermal contact
between the terperatime sensor und the temperatare medjum, bul it alse thermally isolates the
remperatire sensor further from the thermal luman.  The flaw channel may thus itself form the
insulatiny struclure.

In anvther erbodiment of the wvenuon, e aceess devies has ac opening in an vuter
wull ancl the tumperalue sensor, when in a deployed position, extends into the openizg, Thiy
inereases thermal contact between the tenaperature sesgoc aad the tearperatuee medium ang
further insnlates the femperatare sensor from the thennal mass.  If the emperature sensor is
moeunted on a carier, then snds of the cervier may be secured within the 2c0ess device. Tha
carrict 15 then positioned bebween the temperature sensor and each therrnal lunen, thereby
farming the insulaling struciore,

The tempurature sensor may alternalivily be mownied within the carrier, which (hen
protrudes as u 1oop out trough the opening in the euter wall of the aceess devise. The ends of
Lhe carcier are then preferably secured within the access dewice. In ing embadirznt, the
insulating steacture comprises a flow channel for the temperatire medizm, which is formed
Letween the camier and he access device at the position of the openiug, g fbns belween the
tzmperatirg sensor and the thermal mass. One achvantage of this embodiment is that the
temperature sensor is sxposed subslanlially over its ertins ouler circumlzrence 16 the
temperahie medion, via only the carriez.

Alrernatively, the temaperature seagor may be a right-angle heemistar rounsed (o
extend out of the opening mainly perpendicular to & central as of fhe access device.

In another embodiment of the inventiou, the lunperatre seusor is adlesively allached
to the uceess device, The adhesive may be dissolvaile al body eperafae, so that the
(ernpurature senser separates from costact with the access device when in positon within tig
paticit.

The access device may include a phurality of lumens, wherchy the temperature seusor
is mounicd withie a recoss in an isalatng member, The insolaling member, together with the
lemporature sensor, are then mounted withia gne of the lumens of the aceess devies so that the
insulating member extencs betwoen the temperanre sepsor end the thermal mmen,

Tn ancther cmhodinent of the invzation, the insolating structore includes an ananlaimge
material that is co-cxiruded with the access device and surrounds cither ot Jzast o portion of

each thermal lumen, or the temperatre sensor itself,
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Tnn yet another embodiment of the invention, the aceess device has a lumen and # sensor
port and the temperature $enso1 18 mounicd on & distal tip of 2 separate device, for sxample, &
probe. The probe is insertable inte the himen of the access deviee so that the temoerature
sengor extends through the sensor port.

The insulating stnicture may also comprises a dislal tip of the access device itself. Ih:
tip is then preferably formed from an insu'ating marsrial as 3 separate member, and the
temperatare sensor s momnted within the distal tip. Alternatively, the distal tip of the acosss
device may be provided with a lengthwise extending slit. ‘The temperature sensor is then
monnted on 2 first side of the dislal tip sad al {ast ane thermal humen carrying e thenoal
mass extends through o second side of e distal tip, The diswl tip, in a deployed position, Caem
separates alonp the sht, with the Jirst and second sides of the fip being located au either side of
the siit.

Iv another embodinent of the invention, the insulating strucnire is a lumen ora
chamber i1 the aceess device that is expandable tn increase the dislance hetween the
temperature sensor and the thermal mass.

The arcess device according to tl-e uvention is preferably itehuled us 2 sensing
mermber in 2 more general system for monitoring the body tenpsratees of 2 patieas. T this
system, the access device is insertable into the patient and is connested ‘o a temoerature
monitor that ceverts 1 sensor vwpul signal of the geeess devics inlo s patient letiperature
signvl ang tor displaying the patieat tuinperatuse signal. A connecioy is then provided to
comeet the (emperature sepsor with the emperature nonitor.

Tl system ageordnig to the invention preferably further ineludes an adapter ia the
fempecature monitor. The adaprer convents Hie sensor Mitput sigmal into ) pradeiemingd
display fermat. The temperatire manitar may also be providad with o display and o perwar
supply, in which case the ¢ntire monitoring svsbem mey be implemented as a hand-held, self-

contained unit that 15 porlable betwyen ditfercut patients.
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Thwe wyention also encompasses @ method for measuring the body tepsperature of the
patient. The maiu steps of he methud uccording to the mvention involve Supporting the
temperature sensor on {he avcess device; inserling the access devics imto a blood vessel;
mtroducing at least one thermsl mass into the access device; and msulating <he teperatue
sensor from the thermal mass. In the preferred method accerding io the inventien, the thermal
mas is intoduced vis A hetmal men locaicd wilhin e access device. One *hen mounts the
temiperature sensor in & sensor lumen within the aceces duvice azd Forms at least one thermally
insulating struciure between the temperature sensor and the thermal honen, In surie
embodiments, to pravide the thermaliy insulating strneture, one may introduce a thepally
ingulating material inio a lurmen within the access device,

‘Lhe invention also comprises a method for ranufacring the nccess deviee
I the preferred apbodiment, this method comprises extnuling the sccess device, forming a
the:mial lungn through whicl @ thenmnal niass is Wtroduced, forming a senser lumen throngl
which 3 temperature sensor js introduesd, and forming an insulaiing stracture suparating L
sensor lumen from the thermal ;mess, In manutacturing the aceess device, the fempuralure
sengor may be mounted in the seasor iumen at a distal 2nd of the access dovice, A signal wire

is then drawn from the temperature sznsor 1o an external patizut monitor,

Brief Description of the Drawines

Figure 1 ilustzates one enample of an access device sccording to the invention, such as
a OV C eatheter, that is insertad into & patient's vein for measuring lemperatore,

Fipure 2 illysteates apother example of an embodiment of the inventior. in which a
temperature sensor is located within a knizen of a catheter bul is thermaally fsulated from ather
lumens by an insulating gap.

Figure 3a fllnstrates a temperanre sensor that i provided within & Jedicated tubualar
raember that also includes a buiit-in insuiatiag lnman,

Figure 3b shaws the lomen of Figure 3a in place in the catheter.

Figures 4 and § show cmbodimenls of the inveation in which bieod is sllowed to flow
ast the temperanite sensor in place io the cathcter, with acd withoml an invulating gap being
provided henveen the ramperatire sensor and eatheter lnmens,

Figures 6a and 65 are side and end views, respectively, of another examplary
embodiment of the invention in which the femperature sensor is mounied on an insolatiag
mezmber, whurehy both ure inserted into the same catheter lumen,

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

inventien in which the temperatire sensor is ounled on the euter surface of the catheter.
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Tignres 82 and 8b are side und end visws, respectively, of another embodiment of the
invention in which the tamperaturc sensor is mowntzd to extend out from the outer surface of
the catheter, with a binod flow changel located between the temperamre sensor and the outer
surface.

Figure 9 illustrates an embodimen: of the invention in which the temperature sezsor is
aright-angle thermistor extending through an opening in the auter surface of the eatlieter to
provide surface contact hetween the temperatire sensor and the hoad.

Figures [0a and 10b illustrate an embodiment of (he invention in which the
temperature sensor is Tiounted on an a separale nsuialing inember Cial can be inserled along
with the sensor into a calheter lumen,

Figure 11 illustratey an mbaodimend of the invention in which the temperature scusor is
rounted os the tp of b probe that can be inserted ino o access device suclas a catheter.

Fimmes 124 and 12h {lustrare cmboadiments of the invention 1 which an insolating
material is co-cxinuded with the catheter itself.

Figires 13z and 13b illustate another embodiment of the invertion, in which the

Lemyeratuze sensor is T

el wilhin a catheler Up thal & initially formed as o member
separate from the catheter hody itsel

Figures 1a and 14b lustrate sull azolher smbodinent of (e wventor:, i wlich the

distal vip of the catheter splits ater it iy placed within the patenl, wilk ihe emperalure sersor

and catheler lJumen(s) containing thermal mass ten deployed on either sides of the plil.

Detailed Deseription

In broadest terms, fhis invention prvidés an awan renent or 3 device o whicha
temperahire sensor iz used with an access device, preferably a vascular access device, for
insertion into the hady of a patient. This invention zlse pravides varivus icsulating structures
that reduce thermal contamination of the lemperature senser Fom viaer puriions of the inierior
of the aeeess device, The temperature sensor is designed to senss soms temperatre mediuny
within e paticnts body, for cxample, blood.

One example of the preferzed aceess devics of this fuvention is a central venous
catheter (CVC), but it could be some ather instrument that also carrics or inchides fluids or

otber devices -- cunmlatively *thermal masses™ - that could affiéer the temcperature at the

temperature sensor. Bxramples of other access devices inchuds peripheral catheters, intoduces.

obturators, and probes. In Fact, tie term “access device™ also contemplates sny combination of
these devices, sueh. as 2 combination of one or more introducers, catheters and probes. For

example, & cathoter ig ofter inserted within an introdncer, 2nd sither or both could e aranged
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acsording 1o soitable embodhncnts of the invention to improve ¢ accuracy of temperature
measurenents.,

In the context of His invention, a tharmal nasa is auy substanee or structute caied
wilhiu the aveess device 1hay has or could have a temperative and heat capacity such that heat
flow info or oot of the mass gould sipnificantly affect the sensed temperature, Here,
"siguficantly” means so nuch that fhe temperature measurement would not be acceptably
accurate for clinical use.

As nsed in this imeention an "insulating structure” ig ooy strueture that insulates the
temperamre scnser from a thermal mass. As is described and ilnstrated helow, insuTating
siructures used i the invention, includs, but are not liméied fo, a device lumen or any portion
of & devieo lumnen, # chatnsl, a gap,  chamber or just an area provided immsediately
surrounding the tomperatun gensor, An insnlating stricture may also inclnde sn insnlating
malerial, for cxample, & ceramic, or a separate device such as a probe that is inserted mto or
theough the access device.

‘The examples of snitable uccess devices described below are proferably made of

patible polymer ials, sihce in most cases they will be inse:ted at feast partially into
apatient. Pelyurcthane is the most comman material, sinec it meets all notmal rognizements
fur thermal axd mechanical stability when in 2 paticnr; PV and Teflon are alwo aceeprable, as
wel] as nther conventional maferzals. The access devices for use witl: this invention may,
rioreover, be made of an ani-miciobial material or may be coversd with maiedal or cozting
having enli-microbisl or thromboresisiant properties.

Llw temperature sepsor nsed in this invention may be any conventional deviee. The
most easily implemented sensor is a thennistor, which is smail, widely availuble and reluively
easy to calibrate, Other temperature sensors may, however, also be used. Alleruatives include

conventional thermocorples and [iber optic lemperabme scnsors. The only requirement s that

the sensor should predictably chanpe a meesueable physica] propeny, sucii as its sleotrieal
resistance or aplical spectryny, in response to chanses in temperature, and this change showld
b detectible cxternally via an clectrical or optical conduetar i such a way that temperature can
Be eonverted to an cleatrica; signal. These devices, and the way in which lkeir signals are
conditfoned for further processing are well known,

Tn the foliowing discussion. of the varioug exerplifying embodimeniy of *he invention,
it 1% assutned meraly by way of exanipic that the aceess devics is & CVC, thar the temperature
senser is 2 thermistor, that the catheter i5 inzemed b & bady vessel, sweh as 2 vein, and thar

the tanperature medium whose temperatures is to be determined is blood, The invention will
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work just as well with other aceess devices and sensors, inscztinn points, and femperatnre
media, as will be abvious to those skilled in the art.

Figure | illustrates the general stucture of the mvention, A cetheter 100 is insezled
into u patizni's vein 110 in the convenlionz: manner. Arvows within the vein 110 indicate

flowing blood. A therntistor 120 is positioned ai the distal end of the catheter, which inchides

Tumens, channels or ‘ubes thronph wiich can he infused inte the patiert, or which hald
olber mstrognents, I'wo conventional infusion conneciors 130, 132, are shown mserled mlo
respertive louens in the catheter. The number of Tenuemns and consclors will of course depend
on 1he particular catheter used and the application. The nvenfion will work with any numbzr
of lumens or interoal channels in the catheter.

A eonduetar (shown as the dashed lne 123), witich forms 2 gigaal wite, connects fhe
thermistor electrically (ur optically, depending on the type of temperatore sensor used) with
exlernal vondilioning, procyssiog and display circultry 150, In Figure 1, this exemplary
circuitry is showa a3 including a signal adapter 160 and a patient meniter 170, witha
corventioml clecitical coupler 180 and a guide tube 185 connecting the thermistor signal wire
125 1o the exrernal cirevitty 150, A canveational power supniy 172 jg also included, asis 2
temperatute display 174, which may be either a separate display device ov simply a portion of
an existiug monitor display, These features, some of which are optionu] of con vary depending
o1 the embodiment, are described below in greater detail.  Any conventional devices and
circuits may be used to commmunicate (s thermistods 120 outpat sipzal to extemal moniters or
displays.

Figure 1 also shows a seetion Jine A-A. The description ol various embodiments of the
catheter according to the invention is i!fustrated by cross sectionul drawings. Line A-A s the
reference Yine for thuse cross-sectinpal views.

Figure 2 illugiares one exemplifying emhodiment of the inveution. In this
embadiment, the thermistor 120 is located wilhin o dedicaled opening vr lmen 210 within (he

catheter 100, In this figory, the thepmistor Tunien 210 is shown as heing mainly civeular, This

is not nocessury; my appropriate and desived lumen shape may be used. A ritonlar or at least
rovnded lumen cross seetion will i most cases be preferable, howuver, since standard
hermistors frequently are provided as glass encapsulated beads with a mainly round cross
section. Three other lumens 220, 222, 224 are also illslrated (however, any numbper of hienens
may he included}.

Assume now that one o wore of the Jumens 220, 222, 224 carries some luld (o
cunluing some instrumnsat) with a thermal mass and temperatare tat could affect the

temperature mzasuved by the theraistor 120, For example, an infusion flzid might be
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administered draugh (e lumen 224, If the temperature of the fluid is above or below that ol
the patient's blood, then it could influence the temaeratarz picasuremnen: beczuse of the thepual
conductivity of the catheter material betweoer the thermistor 2nd the fluid. An additional
insulating stoneture, such as a hunen or gap 250 is therefore preferably cxtruded in the catherer
50 28 1o extend, for example, laterally between the thormistor and 2! (1¢ other lumens 220, 222,
224,

The insulating nmen (gapj 250 is preferably as wide and diick 25 possihle m maximize
the degree of thermal insulation: ¢f the thermistur, piven the minirum permissible material
thickness requirod to rainlain slability of the calheer and Lnnen wally, as well as (e
meximum culer diameten of the deviee, The mizimen diswnee bebvee:s the tesnistor lumen
210 and the outer sucface of the eatheter 100 is, however, preferably as small as pogsible o
ensuee the best thenmal contaot between the thermistor and fhe smroundieg blood.

The insnlating structure, sneh as fhe huney or pap 250 of Figue 2 18 preferably fitled
with air, or with some pther conventional gas, eeramic pellels, a conventional kigh-impedance
ael, ete., i additionally increass its thermal impedance. The insulating maierial may zlso he a
siTip or Jayer or similar separate prece of un msulating maceral Gzt is inserted te the lomen
230, This insulating malerial may optionally he bonded (o the calheter in any known way, The
most distal end of the mswlatiog lumen s preferably sealed to prevent inilow al blood aind
outflow of the tivermaily insulating gas or other insulating material.

In Figure 2, only one insulating lumen s showan,  Chis 38 by way of example oaly.
More Lhak oue gap ay be created, space peravittiog, o extend between the twrnstor acd the
other lnmens to further inerease the thermal izolation of the thennistor, Also, the insulating
Tumen may be of any lengih - it may extend Cirough the fal Tength of the access Jevice ar any
appropsiae portion of its length. For example, 2 portion of tie lumen 250 may be used as an
infusion or device lumen lor miroduction of medications or geidewires. A plug may be placed
somewhore along the leagth of such lumen o bleok off the rermainder of the mlusionidevice
lumen go that the remaining partion wili act as an insulating structurg, The logatioy of thy pluy
st be selected snch that the blocked off portion of the mfusien/device Jumicn will ke adjavent
to the location of the temperature sensor. 1t will be necessary to provide a side port prier fo the
location of thic plug to allow the mfusionfdevice t exit the aveess device,

The lumen(g) 258 also dees not need o be shaped as a gencrally laterslly ealending
slit, as shown fn Figure 2, although tlhis typically maximizes *he tsolatien of the thermistor frama
the other Jumens. Tnstead, lumen 230 tiay be shaped as half-moon os be conceutrie with the

ihermistor lmmen, or atherwise extruded sa as to sumound the thermisior lvmer 240. Also, the
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gap could be created by several maialy cylind-ical ar otherwise enrved lumens spread ont
between the thermistor and the afher limens 220, 222, 234,

In yet another variation of the insulating luwen 250 it that is, the catheter materiel
around and detining it - is ninde elastic enowgh that the lunen 250 is o Jatable after {he
eatheter (s inserieil into the palient. For example, the lwoen 250 conld be formed to have
Sexible wehs. Once the catheter is fnserted, any suilable pressutzing matenal, such as ai, an
irert gas, fnam, or some vther known (heomal resistance material covld be pumped inte the
lumen 250, causing tis cross-scetional area 1o expard and increase the gap or dislnce betwesn
the therrmistor and thennal masses. The embodiment faciiltares easy Msertion of the device by
kewping its outer diameter small, sinee the ingnlating lumen or structure is vxpanded only afler
the device is in place.

The lumens 220, 222, 224 may be used jor any couventivnal purpose. Any oz all of
tham may, for cxample, carry tluids, ou avt as clannels for guiding other insourems such
prohes, pressure hansducers, e, OF course, hey pred not all bave the same function — one
Iumen might be carcying un infusion Cwid while angiler is 2 chaanel for an mst:ument,

Figures 3a ond 2B illustrate an smodiment of the mvention in which the thermistor
120 and 71 theymally insulating umen/gap 350 are provided in 3 separate mainly tubular
member 300 which may be iascrted irte an existing lumen 318 of ckammel within the catheler
100. The tubular inembur 340 is preferzbly made of the same -- or at leaxt same type of
material us the catheter itseld, that is, a thermally slable, biocowpatible polymer soch as
polyureinane. This material require:nent is not as strict 43 for the catheser 15, however. since

the tubular member 15 mounted within the catheter. The gap 350, which may be filied with

further insuiating materials as deseribed above for he lumen 230, is then mviented within the
lumen 310 o as to extend between the thewustor aud other lumiews 320, 322, 324, 326 withiy
the catheter. In vrder o provides proper ofentation of she tubular mercher within the lumen
310, & key {ned shows) auch as 3 rod shaped te conform to the gap 350 could e provided, if
reeded, The vser ¢an then first insert the member 300, with the themistor, into the Jumen 310
and then inserl the key inio *he proximal ¢nd of the gap 350 and tur the member 300 into
praper alignment.

Figures 4 and 5 illustrate cobodiments of the invenrion in whick blond itself’is
chamcled between the thermistor 120 and one or more other Tumens 424, which may be
carrying sowrces of thermal noise” such as infesion fluids. [o these embodiments, ports 410,
412 arc formed in mainly dismetically opposing portions of the vuter wall of the catheter 100
and a channel is furmed (s part of the normul extrmsion betwes the 1wo ports). The pots

410, 412 may be amranged anywhere along the circumference of the catheter wall — not just
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diametrically opposing -- as long as blood can flow henwezn the temperature sensor and ths
thermal masses. Tn Fignre 4, the channel has thres chambers — two culer chambers 440, 444
and gn intermediate chumber 442 - through which blood can flow (mdicated by acrows passiug
though *he channel). Note that the ports 410, 412 necd b formed only in the rzgion of the
thermistor 120, and can s be sinple holes or slits cut in the catheter wall, The channel may
be formed as a small chamber or i gy estend over any length of the catheter as a result
needed to simplity the saiesion, Note that a CVC or peripheral catheler, unlike 2 candiac
catheter, is typically 1o mere than about 30 o long, so it will in gereral not be & problem to let
the channel exterd as far a5 the other lumen(s) 424,

[ the embodiment of the invention shown i Figur: 4, the blood is directzd 1o a region
— the intermediate chamber 442 - immediately adjacent o (that is. extending justnoder,
viewead a5 in Figure 4) the thermistor 120; lhe maximomn distance separating the thermistor
from blood whose temnerature is ko be measued both sbove and below caa be mnade as little as
the minimum siructurally sllowable thickiess of the oatheter material. The blood fhas net only
belps isolats the thermistor from e luinen(s) 424, but it also berter contacts the thermistor
thermally, since it Uoes 50 from two sides instead of just one. A certral ridge or tab 470 may
be extmded 1o extend between the two outer chambers 440, 444 and from the lumen 424
woward the thermistor. in order not only to direct the inflowing blood past the thermistor, but
also to reduce the amount of blood within the catherer while stll zllowing for an insulating
layer of blood fo flow between he thermistor and the lumends) 424, The ridpe is, however, not
pecessary to fis cmbodiment of the invention.

In the embodiment of the mvenlion illuseared in Figare 5, the chambers 440, 444 und
442 and the ridgs 470 (Figure 4) have been eliminated. Tastead, the inleraiedizle chamber 312
is scaled off fromw ths blood flow and tims forms r insmlating gap or lurnen 530, similer to the
lumen/gap 250 in Fipure 2. Tn this embodiment, the bloud tuwing througl: the single channcl
540 serves mainly to isolate the thermister thermally tremr The luen(s) 424, The lamenfgap
550 provides an additional insulatiag barricr, altirough it is uot required, especially if the Mow
of bloed through the channel is fast chough to preciuds significant heat fransfer to or from the
thermal mass from which the channel separates the therraistor, Note that another advantage of
the ombodiment shows i Figure 3 is that the blood in the channel 540 also fends to bring the
temperatore withm the gap 550 o blaod temmerature and ihus fusther insu.ates the (hermal
mass,

In the embodiments of the icvention siwwn in both Figures 4 and 5, the channe] 340

oy he i linvited chamber located ear lhe thenmistor itsels, or it may be a lnmen passing
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through eny poriion of the length of the acoess devics, Tn either case, the channet 540 itself
(with passing bloed) serves as an insulatng stnicture.

Figures Gu and 6b are o pariially cul-away, side view and an end vigw, respectively, of
umather embndinent of the mvention in which the thermisiar 1240 is mounled on a carrier 600,
which is preferably muade of a biocompatible matorial and aiso provides uaproved thermal
insulation, Itmay be made, for example, of plastic, metal or covamis, The Gramiistor may be
aeneted securely ooto the carrier using any conveniional materiul such as a standaid adhesive
sirch as potting compound or a ron-toxic, moistura-proof. hemzally stable glue.

In this embodiment A port is formed as a cut.away opeiing 603 11 the outer wall of the

cafheter 100. The thermistor is then positioned =0 as to He ir. the opzning in the catheter
and thus he expnsed direetly 1o the blaod over most of &ts surface sre, withowt any portion of
the catbeter in hetween. The thermistor's signal wire 125 is alsu shown iu Figure Ga.

The thermistor 120 and its carrivr 600 inay be insztied into an existing or dedicated
Tumen 618 in the cutheter so that the sasrier extends bebween the thennistor apd other lumens
620, 622 or (rermal fivise souees in the calheter, Mot thet the opening 605 preferably axtends
into the Junen 610 fo ensure maximum direct contact between the thormistor and the
surrounding blood.

The thermistor aud carrier GO0 may be inserted ino the catheter with the themmistor in

position in the opemag 605 before the catheter is placed within the patient. Altematively,

before inseriion, and assuming the carmier is made of @ s ctliciently flexible meterial, the
thermistor and the far, distal end of the earrier 600 counld be allowed ‘o stick out of the opening
603, prefcrably bent back along the cotheter wa'l sed pointing away from the direetion of
inscrtion. Lnce themutstor catheter is placed in the paitent, the physiciun could then puil on the
yroxizual ewd of the canier vntil the thermistar is pulled info place in the opening 605, The
dlistal end of the catrier can then be made shart, 2xtending only 2 shon distance front the
thermistor, so that only its proximal end would be within the eatheiey, The carrier, which may
e tubwlar, then forms an insuiating gap beneath the thermistor, similar to fze gaps 250, 350
and 530 in previous cmbodiments desoribed above.

Fagures 7a and 7b are a partiaily cot-away, side view and an exd view, respectively, of
au smbodiment of the invention in which the tharmistor 120 is mounted o the cuter wall of the
catheter 100 itself. In order to avoid having the thexmistor's signal wire or fiber 123 running
along the outer surface of the catheter fo the axterior, it is pre-threuded into the catheter 100
threnyrh a small hole 705 made in the eatheter wall, preferably jusl bebind (proximal relative m)
the thermistor 120, The thermistor may be mounled securcly oalo the catheter asing any

conveational method or raderial such as 2 standazd potiing compound 710, or 4 pon-toxic,
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moisture-proof, thermally stable glug, o1 a Yiquefied solution of the cafheter material that would
solvent hemd 1o the catheter tubing. Ths potting compound should be spreud to cover the hole
705 and at least most of the thermuistor, but nol so thivkly over the temistor as fo interfere
with its ahility to qoickly and sceneately respond o leroperatuie changes. 1o order to reduce
the maximnm dismeter of the cutheler mud hereby make insertion ¢asier, an indentation could
e made in the outer wall of the catheicr. The theoistor czu then e meunied on the catheter
Wy pofting 3t securely io the induntation {not shown).

Tn the embochnent of the invention shown i Figures 7u and 7h, il would also be
possible to meunt the temperature $e750F USitg A Non thxic pottiny material (or owher adhesive)
thal dissolves when exposed fa the blood. Once the catheter is in place, the pobtiog malenal
would thercfore dissolve. This would expose the lempezatuce sensor direetly o the blood and
tans allow for even more accurate temperature measurements. Mozeover, the emperatue
sensor will then tend 1o separate aud move away Irom the oulr wall of the catheter, thersby
furthor insubating it from any thenmal musses within the catieta,

This "deploymant” action may also by srranged by providing the s1znal wire with an
efbow joini made of o memary wetad fiat s sfrasght (extending i the divection of the catheter)

during inseriiy bul that is bent in the relaxed state — waer the potting compeuad dissolves, the

joint would relax and bend, thus maving the temperature sensor out from the catheter wall, If it
is siol practival 1 forn this memory elbow joint ir the sensor's signal wirc itsclf, then a piccc of
nuernory metal could be attached lo the wire where ihe elbow joiot is needed, The sensor conld

ther also be potted within an indenizlion such as in Figuie 6, so that the catheier could have ar.
outer surface ivee of protrusfons.

As Pigures 7a and 7b show, several lumens 700-705 or tubider members are preferably
imeluded within {he catlieter in order to pravide insularing gaps between the externally mounted
thermistor 120 and the Inmen(s) that carty infusions. A smgle lusen/gap such as the lumen
250 shown and described in refarence to Figure 2, or a blood channel sinilar w the chaneels
shown 1 Figures 4 and 5§ may be included jnstezd of or in addition to the lumens 700-705 to
further insulate the thermistor thermully [vom the Yunen 724,

Tipures Sa and 8b are a partiaily cut-away, side view and an end view, respestively, of
an cenbediment of the invention i whick the thennistor 120 is mounred within a short mbular
member 8OO that protrudes out throngh an opening 303 made in the outer wall ot the eatheter
10, The two einds of the nibuizr member 800 are secored wilhin the vatheier usiwg any known
technique. A channel 14 is thereby formed between the "loop” of the mbular member 800 aud
the catheter. Blood will therefore be able o flow subslautially conmpletely around the

thermistor 120 and will alsy isolate the thermistor thermally frow 2uy interior Tumen{s) §24
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within the cathetcr. During fnsertion of the catheter, the meatber 800 will preferably lie flat,
that is, mostly straight, within the cathefer.

Ohee the catheter is in place, the physician conld dhen insert the thenmisior, for
example by pushing it in with a wire, 2nd could then push the termistor and lowp of the
member 804 out through the upesing 805 to deplyy the teraperatre sensor, that 's, the
thapmistor. One way lo do this would be (o inserl a separate inxtrnment tal bas & hend on
into, for example, 2 Jumisn in which the member 804 hies (or simply the interior of the catheter).

Twisting the insfrument veud: the bend under tize thenuistor would ihen push it oul through the
opening 305, Allcroatively, if the far distal end of the tubular member 800 is fixed in the
catheter, and i e nerber 300 is not too fisible, ther it would push out threugh tha opening
by the physician pushing the proximal end iaward.

Figure ¥ illustates an embodimens of the invention in which the thermislor 120 s
ripht-angle deviee, thar is, there is i sohstantially right-angle bend in the rud or wire tha
conusets i fo iis signal wire 125, Of course, angles of bend vther Laar 307 may alse be used —
the proper angle of bend will depend on Ue particular inpleinentation and may ¢ determined
using kmown methods. This right-angle thormistor 120 is then potied securcly in an opening
905, simikar to the openings 605 and 805, formed in the catlicter wall, so that the thernustor
entends outward approximately perpondicular to the direction of longitudinal extunsion (ccntral
axis) of the cathuler. A before, the minimom ameunt of poring compound should be used o
seeure the thermistor, since this will also minimatze the mpacl caused dy the compound fscl?
on the thermistor's zbility to sense blood tmperature. As hofore, one ar more insulating
Iumnens 900 may also be included in the eathercr to isolate the thermistor from fluid-camying
hmen(s) 924,

Figures 10a and 10b =2e a veur and an elevated side view, respectively, of au
embodiment of ibe invenlion in whigh te thesmistay 120 s monnted so as to lie within a vecess
inu separate insulatic mermber 1900, which is shaped generally as a pariafly aollowed out
eylinder with a closed, ronnded, smooth Jeading surface snd a slot 1010 into which the
thermistor can be Jaid for mounting. The insulating mwmber should bz made of a stnooth,
thermally insulating material such a5 ceramic, metal, foam or Teflon. Polymers sich as
polvurcthine may also be used, which wonld make it possible to injection- raold the member
1000, The insulator/thermistor sat-assembly is then inserted, for example, by poshing it in
with a rod, into a suitable catheter lumen, such 25 the Twnens 210, 310, 610 shown above for
other embadiments of the invention. The slol should thersby be oriented, for example, tsing u
key or similar ol away from other catheter lumen(s} (hat cany ihermal snasses such as Buids

] insirorgents,
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In Figure 11, an emboditnent of e wvention is shovwn in which the (emperature sensur
120 is mounted an the tip 1110 of a separate device, for exatnple, a guidewire or 2 probe 1100,
which can be insertcd into the access device 100, To deploy the stosor 120, once the zccess
device is in place, the tip of the probe is inscried into a lumen of the device 100 and is (hea
pushed in until the probe tip 1110 protudes from o port 1140 that is cither cut in the side wall
of the calbetsr {as in sons of the other embodinents deseribed ahave), or is sinpiy the
inuenmost opening of the lomen in whish the probe is inseried 1142, [Alternative exit of the tip

of {be prube js shown as a dashed line) ‘The probe thus iteelf acts as a shucnire fhar separates

(and thus insulaws) the tempeoratnee sengoy from thermal masses. The tip of the prabs is

prefarably curved to 2 mainly "J"-shape so that it will mare easily extend through the port 1140
and away from the lhermal inflnence of the pacts of the access device; however, a straigit tip 15
also acecplable, One advantage of this embodiment of the invenion is that it could be iuserted
only if needed, in which case it can bz sealed against blood luzkage by 2 converiional
hemostasis valve.

Figures 12a and 12b illustrate embodiments of the inyeation in which an ingniating
matcrial is co-extrnded with the vatheter itsel€ In Figure {2a, tie usulating material 1300 is
extruded along with the catheter 109 so as to sumound an infosion (or instrument-carying)
luzzen 1210 or. altematively, at least a portion of it near the Incativn of the temperature sensor,
The insulating material, which may be of auy lmown exlrudable lvpe Bien uits 38 4 Rwonal
basicr herween the contents of the lumen 1210 wod the lesnperusive sensor 120, Iy Figuee 12b,
the insularing muterial is co-extruded wilh the cathever 50 ps to fann a barzicr layer 1220 that
somounids anid thereby insulatss the temparaure sensor 124 itsclf,

Figuves 13a and 12b illustrate yot anathier embodiment of the invention, in which the
temperzture seasor 124 is tnounted withn a cathoter tip 1300 hat is inttially fonued as 2
member scparate fiom the catheter body 100 itseld but s ablacked vr bonded 1o e distal end
of ihe esthelor using, for example, 2 conventional adhesive. A lumen or through-hals 1314 1
then formed in the tip 1300 to act us an sxtension of any appropriate und desired Tumen witlia
*hg main catherar body 100 to allow uninterrupred flow. The tip 1300 in this embodiment may
then he mada entirely of 3 highly msulative meteral. This complately avoids te swed o
extrude Lthe insulating member pver much or even the miice length of e calleder. Italse
Takes possible the use of different materials i the insulating member and the main catheter
body with uo need for eo-extrusion and witheut using more expeusive matarial for the sntire
device,

Figures 14a and 14b fMustrats still ansther embodiment of (he invention, in which the

distal tip of the cathcter 100 has a slit 1400, The temperatare sensor 120 i mouwnted on or in
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the dislel tp vn ene side of We slit, whercas e lanen(s) 1410 cartying the thermal mass
exlend through the tip on the other gide of tie skit. In short, fi this embodiment, the distal tip of
the catheter splits after the dovies iz placed within 2 patient, Before inscrtion into the paticnt,
the catheter tip 1300 is held together either mechameally, for exampls, with an mtemal catch
that can b released sing a wirs that extends out of the proximal end of the eatheter, or using
an achesive that dissalves when exposed o blood, or any other appropriate melhod. 'While in
place, the slit 1400 opens o form & insulating gap (as shown ia Figure 14b) botween the
thermistor 120 and the thermal masses in the lumez(s) 1414

Reveral different cmbodiments of the invention are deserihed above. Common io all of
the embodimenis, however, is that they implonen: the method according to the invention by
which the body temperatare of 2 patient i scnged by a temperatire sensor supported by an
access device. As used here, the term “supporied” means that the iomperature sersor msy be
mounted on or within the acecss device; it may be permanerdy affixed ‘o o within the access
device; er 11 may be remiovably connected 1o or inserted inlo the acuess device. The lerm alse
includes any arrangement, as described for example in relereacs o Figure 11, i which a
fomperature sensor is Joceted oo a sepurale doviee, which is inserted wito and extended Hhrough
the access device.

The acoess devive s inserled nro a patient, for example, mte 2 vein, and at leasi one
thermal mass is introduced into the access device, The temperature sensor 5 insulated
thermully froma the thermal mazs. A sipnal wire is led from the temperature sensor to an

external paticnt temperatire monitor.

The invention also ence the method of mazu ing the access device, To
most of the embadiments described abave, this manufactuting method involves exiruding the
access devies will 4 ploralily of lunens — one lomen theomgh which a teinperanire ssnsot iy
inroduced and a signal wire is Jed (a sensor lumen), and at Jeast one ether lumen for eamying
or guiding the thetmal mass. The manufactiring method also includes the step of fonring a2
insulating structurs that thermally scparates the temperature sensor from the thermal mass. The
Lenperaluss sensot uay be permarently or removably snounted at a distal end of tha sensor
Jomen. The temperatute sensor may be also mounted in 4 separate carrier which is placed In
fhe senser lumen, The manufachring melhod may inchude sume ollwer or 2ddilicnal sleps
according to the embodiments deseribed abuvy, a3 will be understood by thosc skilled jn the
art,

Refir oncg again to Figure 1. The output sigaal? from a conventinnal ttuiperaiire
sensor such as the (hermisior 120 bas weil-known gharacteristies. Tn general, rhe qutput signal

is a voltage or current signal whase amplizde is functionaliy rolated to the tempevainre of the
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scnsor. Morcaver, the functinmal relationship hetween sensor temperanme and the amplinds of
the antput signal may be linear, but seldem is. In fact, mast temperabire ssnsors are
individuully calibrated by tbe menufacturer, or require calibzition by the user before actual use.
Hrwever oblained, there is, though, a fuactional relationship.

Turthertnoce, i sowe cases, the temperature outpot signal may be compatible with

inpnt signals of existing patient monitors, but this is

200 alivays the case. As a sunple cxample,
ammplificalion (scaling) aad impudanve watching (or impecaace isolation) ate eften reguired 1o
convert the outpul signal mle 1 sighal form and wpe that van be processed and displayed for
the nser.

According to the mvention, the functiopal relationslips a) betwaen sensor temperature
and the seisor output signal, on the one hand; and b) berween output signal characteristics
{such as impedance, amplitude range, and whether in te (orm of 2 voltegt ot cotrent) e
predetermined in any conventional manner (for example, tizeugh norme] calibration or by
2ccepting the manufactures's cu'ibration data). The signal conditioping nacessary 1o inmplement
the relationships is then implemented in the adapter 160, The conditiored sighal 15 then applied

10 the monitor 170 for processing (if necded) and display.

o some cases, the only signal ennditinning required is scaiing. This can be done using
a conventional resiative network, with fhe sensor vidput signul forming the jopet and G
systeny oniput signal being taken {ron an appropriate paint f the network. Converlienal
passive companents may then be used to provide any necessary forber conditioning such as
impeddanes malchiog. This has the advantage of voplementing the adapter 160 a5 a totally
passive device. lu ather cases, conventiongl aclive conpouents such as operational weplificrs
with known resistive, wapacitive ang iuductive fedback and feed-forward elements may be
used Lo implement the signal conversien.

I pany cases, the relationship benveen sensor outpur and temperature may be too
irregular to implemept accurately using purely passive or analog compenents. In these cases,
“he adapier may bo implemented by iucluding in the adapicr 160 a vonventional analog-to-
digiral converter (ATX?), & microprocessor, and & memory; note that & single conventional
digital signal processor combines all these fratures in one componant ard may thersfore in
muny spplicaiions be g sullabls implomeatation. The relationshin hatween the sensor entput
and teperalure can then be inplemepted A3 a loole-un tahle in memory, or as paramerers ¢ an
approximating function. Using known methods, the nrictoprocessor may then tzke as an mpt
o the Joukup table or approximating fuzciion the sensed 3nd ADC-converted stnsor outpul
signal and gererate (w vorresponding retuperature signal, which, atter any [urther conventional

conditioning, is applied ta the monitor 170,
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Tnt one emsboditent of the invention that is panticularly neeful in a busy selling where
enly a quick and casy look at a patient's temperature is neeted, the eutire corditioning,
processing and display circuimry 150 is included in a sirgle hand-held unit. In this case, the
poveer supply will typically be bzlberics and ihe nionitor may be as simple as a conventinnal,
low-power LCD display (along with conventional driving circnity} showing temperatere 1o,
sy, single decimal precision.

Using sich a self-conrained, handleld device, # mrse wonld connagt the deyive fo the
remperatire sensor by attaching the cabla 190 ta the connecrar 180, and the patient's
temperafure svould then be displayed on the display 174 in a predetermined format. The
conucctor 180 is preferably a conventional device such as o maleffemuale plug pair that would
allow the nurse to quickly connect and disconnec: the device for readings from different
patients. This wonld allow the nurse to teke readings of many paticnts' temperatures quickly,
with no need to wait for a conventional 1hermometes to stabilize, 2nd with Jitle discomtort to
the paticnts themselves. Indecd, the nirse could take an already cotheterized paricat's
‘eroperatuse while he is aslecp.

Assuming sutficiently powerful katteries, e seli-contained embodimen: of the system
150 could also inchude not oty & memory, but also a simple inpnt device such os 4 buton,
wmnecked (o an milemul eleelrical switch. Whenever the aurse presses the bilion, he
instantameois measnred ternperatire is stored in the memeory portion designated for a
prederermined number of valuws for the patienl A ime stamp of (he measurement could zlse
be generated using keown techniques and stored along with each stered temperatrze
reasurement. By later recalling the stored values, for example by pressing the button
aceordine to sone predetermingd pattern, e aurse cowld then view the patiert's recent
remperature Listory. The soffwase and hardware compaonents needad tn implement this one-
buitton storage and recall systers, even classified for sevaral different patients, mev be similar o
fhose nsed, for example, in conventional electronic hand baaring compasses found on many
well-cquipped suilbpats,

As an additivoal fralure, the band-beld system could be provided with conventional
clicuitry enabling it to download its stored temperature information to another system such as a
supervizory computer or pstient monitor. Tne way ip which such o feature fs implementad is
neown. The way in which such tenperature veines, lime-stamped of not, ave stored for one or
miore patients and then recalled for viewing on a display is lso well knewn,

Seyeral differert embodiments of the invention have been described above. 1t should

be vadersiood, howeves, that these are merely dlusiadve. The invention is nol to be limired ta
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the particnlar forms or metheds disclosed; rather, the rventien is to covey a1l modiGoations,

tquivalents and alternatives falling within the scope of the following claims.
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CLAIMS
What is cluimed i
1. A device for tmeasuring the temperature of a temperature mediun of a patient

comprising:

an aceess device that (s insertable inte the paticat at 2 Jocation of the temperature
medinm, including at least one thermal mass other than the emperaiure medium,

a teanperatire sensor supportad by the access device; and

at lenat one insulating strucrare insulating the emperature sensor from the thermal

RuELEN

2. A deyice as delined in clzim 1, wherein cach thenmal mass is loraled withia a

thermual lunen within the secess devies.

3. A device as defined in ¢laim 2, whercin the lanpsrabure sensor is lucated

externally to an outer surface of the access device.

4. A device as defined in claim 2 wherein the teruperatire sensor is located within

a sensor Jumen of the access device,

5. A device as defined in claim 2 whereiu the temperature seusor is mounted in a

carxier,

&, A deviee as defined in claim 3, in which the access devies has mere than one
Tumen, the insulating stneture is formed a3 2 bacrier within the eacvier and the camier is keld in
one of the Jumens of the access device with the harrier extending hetwveen the tenyreratore

sousor und the themmal lumen.

7. A device as defined in claim 6, i which the carmier is removably iusertale in

the lumien o7 the access dovice,

8 A device as defined in clnim, 5, hy which the carier is temovably inscrlable fu

the hinnen of the ascess device.
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9. A device as defined in slaim 2, in which cach insulatng structire extends

Thetwoen the temperatove sensor and each thermal lomen.

10, A device as defined in claim 2, forther comprising:

a poir of ports fummed in an outer wall of the avesss device;

a flow channel fommed widhin the access deviee and extending oehwveen e pair of
ports, in which the lempetabure medivm vcoupies e Qow eluemel; aud

the flow channel 15 localed belween he witiperanus senzor wud the tennal lumen, te
fiow channe! thersby bolh increasing thienoal vontacl betwegn the temperature sensor and the
temperaluse medinm gud also theurally 1soleting the reraperatire sensor further fron the

Uietrnal Jumen,

11. A device as defined in claim 9, wherein the flow channel is the inselating

struciure,

12, A device as detiacd in claim 9, whercin the flow channel s Iocated berween

the insulating stuciure and ffic thermal Jumen.

13 A deviee as defined in elaim 1, in whisl:

the iccess Gevice has an apening inan vuter wall; an:d

the temperaiure sensor, when in a deployed position, axtends into the vpening, thereby
increasing thermal sontct hetween the lemperature sensor 2nd (e temperature mudinm and

turther insolz-ng temperature sexeor frorn te homal mass.

14, A devive as diefined ia elaim 13, in which:

the tempetalure sensor 15 mounted an a canier;

ends of the carrier are secured within the access device; and

the carrier i3 positioned between the temperztere sensor and cach thennal lamern.

lhereby Lorming te nsulating struchine,

15, A device 5s defined tn elaim 13, in which the temparature senso: i3 a righ-

anple thermistor mownsted to extend out of e opening v perpendienlar o 2 central axis of

the access device.
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16 A deviee as delined in ciaim 1, in which the femperates sensor s attached o
the aceess device.,
17 A device as defined in claim 16, in which the leruperature senzen is adhesively

o

20

30

35

attached and the adhesive is disseivable at body temperature, e tsmperature sensar therehy

iersasiig conlact wilh the (eniperature medion: when i position within the patient.

18, A device as defined in claim 16, wherein the insulating swuctre Comprises al
least ons interior insulating lumen fortned with:n the access device and extending between the

temperature sensor and the thermal mass.

18, A device as defined in claim 13, wherein:

the temperature senser i3 mounted within & carrier which promudes as a loop out
through the opening in the onter wall of the access dovies and cods of the caivier are secured
within the arcess device;

the isulaling stucture comprises a flow chanmel for the temperature medium which is
{onned detween Lhe carrier and the access device at the pasition of the opening, and thus
bebween Uic lerupetalure seasor end e thermal muss; and

the femperators sensor is expased substantially over ity entive outer eitcumference o

Ue kernpreralure imediun, via ealy the coirier.

20, A device us dufined in cluim 2, wherein

the access device icludes a plurality of lunens,

the temperature sensor is mounted witlia a reoess fo o insulating member; and

the insulating member, together with the temperature sensor, are mwumied within one
of the lumens of the access device so that the inswlating mezber oxiends beiween the

(eraperature sensor and the thermal lumen.

2l A device as defined w elaim 1, wherein the insulating stracturc ineludes an
instlating muterial co-extroded with the seteus device sud sumotizding at least a pertion of

cach thermal humen,

22 A device as defined 10 olaim 1, wherein the insulating stmcwre inetudes an

mswlating material co-extruded with e aceess devics and sumounding thie tomporatiss sermor.
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23. A device as definad in claimy 1, wherein:
this access device has a lumen ard a sensof nort; and
the lemperature sensor is mounted on a disfal tip of a probe which is inseriable into the

lwmen af the zouess devics su thal the temperature sensor extends through the sensor porl.

24, A device as defined i clam 1, wheremn:
the insulating structure comprizes 2 digial tip of the aceues dovics formed rom an
insulating material as a separate memper; aad

the temperatune sensor is mounted witdin he distal tip.

235 A device as defined in claim 1, {n which:

the access device has a distal tip with a lengthwise extending slit;

the temperatute sensor is mounied o u first side of e distal tip;

at least one thermal limen carrving the thermal mags axtonds throngh a svcond side of
the distal tip; and

the distal tip, once in a deployed posivion, is sepatzied along the slit, with e Srst and
second sides of the fip being located on ither side of the shit

26. A device =5 defined ir: alatm L, in which:

the 2ouess devies iy a cenlral venows catheter including a plurality of jumens,
the ‘emperatese medum is Hood;
the thermal nass is an infusion fluid that is carried within one of the lumens; aud

the tewperalure seu50r I8 4 Hiermusior

27, A device as defined in claim 1 whervin the misulaling structure is expandable 1o

increase the distance berween the temperature sensor end the (berwal mass,
28, A central venous catheter inclucing a emperahre sensor.
a8, A cental venons catheter a5 dofied in claim 28 fuzdher comprising an
insulating stmeture insulating the temperture sengor frown any part of the catheter that cavscs

‘heomal contemination.

30, An introducer eomprising o temperutare sengor,
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3L An fntoducer as defined ia claim 20 fvther comprising an insulatim sieccture
insulating the temperature scnsor from any part of the iniroducer that causes thermal

contamination.

32 A sys e (or moattaring the body temperaiure of 2 patient comprising:

a central venous aceess device tha is inzertzhle inte the patizne et 1 location of 2
ternperalure modinm and that contains at least one sherroul mass othar than tha temperatue
medium;

afemperature sonsor suppurted by the aveess device that is located within the patient in
thermal sontact with the temperature medium end the. geuerates @ sensor oulpnt signal
eoresponding to sensed temperanure of the temperature medhum;

temperatute moniloring means for converting the sensor output sigeal intw 2 petient
temperature signal ard fov displaying the patiznt tempezatire sigmal; and

a connuclor connecting the temperature sensor with the femperature monitoring ineans.

13 A system us defined in clzim 32, further comprising sn zdapter, included in the
temperature monituring means, converting the sensor oniput signal fnwo & predewnmined

display format,

34 A gystem gy defined tu claim 33, in which:

the temperature monitoring means incldes a display, a power supply, and an adapter
converting the senser output signal into a predeterminegd drsplay format; and

ihe temperature monitoring means is a hand-held, selsontained unit partahle hotween

difluzent paticots.

35 A methiod for measuice the bady temparatire of 4 patisnt comprising the
following sieps:

supperting a femperatore sensor on an access device;

ingerting the access device into a hlood vessel;

introducing at lcast one thermal mass into the access device; and

nsulating the temperature sensor from the thermal mass,

36. A method as defined i claim 35 further providing a sigual conductor from the

temperalure sensor 0 an external paticit temperature monitor.
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37 A method as defined in cluim 35, further ieluding e following sieps:
introdneing the thermal muss via 2 tiennal Jumen located withip the access device;
mounting the lemperalurs sznsor in a sensoc hunca within the access device; and
forming al least one thermally insulafing structure between the tomperatire semtsor and

the: thermal Jewmen.

kES A meihod as defined in claim 35, further mcluding fhe following sieps:
forining the insulating structure as at least one inswlating inmaen within the access
device; and

introducing a therma'ly inselufing maderial o the insciating emen.

39, A method for manufacluting an nceess device inclading the step of
cxtruding the access deviee meluding:

ferming A thermal lumen through which a theomal naass s wwlrodaced;

forming a sensor lumen throngh which a wmpetatre sensor is introduced; and

formrng an insulating structure sepurating the seasor lamen and thereby the

temperature sensor tram the thermal mass.

40 A method as defined in claim 3%, farther including the steps of mounting the
{cmperature sensor into the sensoc lamen at a distat end of the access device and estending a

siynul wite froru the temperature sénsor to 2n external paticnt monitor,
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