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ABSTRACT 
A medical probe , consisting of an insertion tube having a 
distal end configured for insertion into a body of a patient 
and containing a lumen having an electrical conductor for 
conveying electrical energy . The probe also has a conductive 
cap attached to the distal end of the insertion tube and 
coupled electrically to the electrical conductor , the cap 
including a side wall having multiple longitudinal bores 
therein . There are a plurality of thermocouples disposed in 
respective ones of the longitudinal bores , and an electrically 
conductive cement at least partially fills the longitudinal 
bores so as to secure the thermocouples in the bores while 
making electrically conductive contact between the thermo 
couples and the conductive cap . 

( 22 ) Filed : Oct . 25 , 2017 

Publication Classification 
( 51 ) Int . Cl . 

A61B 18 / 14 
A61B 18 / 08 

( 2006 . 01 ) 
( 2006 . 01 ) 

28 
MARAS 

booooww 
WWW 000 

TL 799999m 
amo . 

aavruu 999 . Unti vamo EN 

. 

w ww . no 0001 

MONO 

WAZEERRRRRRRRRRRRPA 
PUMP 138 

MONITOR 36 
RF 134 

b www wory 
PODO 

SANAAN 
ago 



20 

Patent Application Publication 

28 

DADAELAD2042 2 

2005 og XXSories 
DOCEARANCO 

WWW Wwwww 
WORK 

che 

LowongOn 
REN 

www . 

au MEMO 

wowa 

ROURNAMA 

WANANCORACYMWWWWWW 
p Con 

WWWWWWWWWWWWWWWWWWWWWWWWWYWYyy 
y 

+ 1 + + + + , 

PRAWO 

PUMP 138 MONITOR 36 RF h 34 

Apr . 25 , 2019 Sheet 1 of 3 

Dodatne 

W 

ovo 
Oro 

wwwwwwwwwwwwwwwwwww 

MOROCCUWW 

AROWY 

AX KARDW 

wwwwwwwwwwUHA 
R 

RAK 

W W 
www 

daga 

Kroonmonomenament 

CADA AD : 

PEUGENOM 

wwwwwwwwwwww 

FIG . 1 

US 2019 / 0117298 A1 



Patent Application Publication Apr . 25 , 2019 Sheet 2 of 3 US 2019 / 0117298 A1 

NONO 
OS PATRIOT 

WOOD 
* ongoing 

hovo WORD 
NOMA are SW 

ekur 
r 

FIG . 2A 

IIC W ARRA 

52 DODAO DODPOWODOODPODOTTOSODD a Dos 

7240 
OSOK 

FIG . 2B 



Patent Application Publication Apr . 25 , 2019 Sheet 3 of 3 US 2019 / 0117298 A1 

270 A 
A 

Art Aiiiiiii Airinig A 

Ass 

iniisiiski i stantsin Animation initiation 
Awiting Animais Avisainittu Amiiiiitty formiministeriets asistenttistinin intiming 

A 

specting Aurisinin 
Declado d Awesi FIG . 2C 

Arrepentirai mintiring TAS iring Amministratiewing coming in ministriscing Aristotnesis Avenimenti interior frauengironinstituire intervinning Hrvatimeniti termining your sinii in istisiivi within 
the 

en s iwa 

chansen 
oro VironninnnnnnnnnnnA o dedoborticadutadduddoodddddd intensies 

V X the one on interesting e rgini aytishni rombonishowe usuwanie stron * * * * 

- 2 7280 74 

MENNOM WWW 
wwwwwwwwwwwwww 

Randhart 86 06 . 98 > 

balkon - 

72 
ole WA more cont 

SOLO Row * 
20 WYKOP 
TABLICY 

LAWATAN 
ACT 

Dus 
12 CURAR 21 RY Us 524 R 8272 st 

. 
2012 OS 

? DOS ALL 
GORY 
WASTA 29 

???????????????????????????????? * * * * * 82 personnalisation person the management personas iemand pronuntunamumurojumusunuremaskinickien malumuniy mason Puik 
INS 

V KAMA MAMAKIPATA SHABIKI MKOANI MARIANA Vi en tenen un moment de * * * * * la demanda management une com paring promote 
TEM 

80 84 
www . * * * 

V 



US 2019 / 0117298 A1 Apr . 25 , 2019 

CATHETER WITH IMPROVED 
TEMPERATURE RESPONSE 

FIELD OF THE INVENTION 
[ 0001 ] The present invention relates generally to invasive 
medical devices , and particularly to probes used in ablating 
tissue within the body . 

BACKGROUND OF THE INVENTION 
[ 0002 ] Minimally - invasive intracardiac ablation is the 
treatment of choice for various types of arrhythmias . To 
perform such treatment , the physician typically inserts a 
catheter through the vascular system into the heart , brings 
the distal end of the catheter into contact with myocardial 
tissue in areas of abnormal electrical activity , and then 
energizes one or more electrodes at or near the distal end in 
order to create tissue necrosis . While creating the necrosis , 
it is important to estimate the temperature of the tissue to 
avoid trauma . 
[ 0003 ] The following references refer to measuring tem 
perature . 
[ 0004 ] U . S . Patent Application 2014 / 0257130 , to Cao et 
al . , describes a powered pull wire design for ablation cath 
eters . The application states that a distal end region of the 
catheters may have a thermocouple junction . 
[ 0005 ] U . S . Patent Application 2003 / 0176816 , to Maguire 
et al . , describes a tissue ablation catheter for forming a lesion 
along a substantially circumferential region of tissue . The 
catheter includes one or more sensors for monitoring the 
temperature of the tissue being ablated . 
[ 0006 ] U . S . Patent Application 2002 / 0087156 , to Maguire 
et al . , describes construction of a tissue ablation catheter for 
forming a lesion along a substantially circumferential region 
of tissue wherein a sensor is used for monitoring the 
temperature of the tissue being ablated . 
[ 0007 ] U . S . Patent Application 2011 / 0224573 , to Bar - Tal 
et al . , describes a probe and an electrode having an outer 
surface and an inner surface connected to the probe . The 
apparatus also includes a temperature sensor , protruding 
from the outer surface of the electrode , which is configured 
to measure a temperature of a body cavity . 
[ 0008 ] U . S . Pat . No . 5 , 800 , 432 to Swanson describes 
systems and methods for actively cooling ablation electrodes 
using diodes . A cooled ablation electrode is stated to carry 
at least one temperature sensing element for sensing actual 
tissue temperature . 
[ 0009 ] U . S . Patent Application 2011 / 0230906 , to Modesitt 
et al . , describes kits for forming tracts in tissue . The appli 
cation states that in some variations tissue may be located 
using thermal sensors . 

[ 0013 ] a plurality of thermocouples disposed in respective 
ones of the longitudinal bores ; and 
[ 0014 ] an electrically conductive cement at least partially 
filling the longitudinal bores so as to secure the thermo 
couples in the bores while making electrically conductive 
contact between the thermocouples and the conductive cap . 
[ 0015 ] In a disclosed embodiment the electrically conduc 
tive cement is thermally conductive . The conductive cap 
may have a cap thermal conductivity , and the electrically 
conductive cement typically has a cement thermal conduc 
tivity at least 25 % of the cap thermal conductivity . 
[ 0016 ] In a further disclosed embodiment the plurality of 
thermocouples consists of a first electrical conductor having 
a first composition electrically connected at respective junc 
tions to a multiplicity of second electrical conductors having 
a second composition . In one embodiment the first electrical 
conductor and the multiplicity of second electrical conduc 
tors are connected together by insulating material . 
[ 0017 ] In a yet further disclosed embodiment the plurality 
of thermocouples includes a first thermocouple positioned at 
a distal location in a given longitudinal bore and a second 
thermocouple positioned at a proximal location in the given 
longitudinal bore . 
[ 0018 ] Typically , the electrical energy includes radiofre 
quency energy for ablating tissue in the body of the patient . 
[ 0019 ] There is further provided , according to an embodi 
ment of the present invention , a method , including : 
[ 0020 ] providing an insertion tube having a distal end 
configured for insertion into a body of a patient and con 
taining a lumen having an electrical conductor for conveying 
electrical energy ; 
[ 0021 ] attaching a conductive cap to the distal end of the 
insertion tube and coupling the cap electrically to the 
electrical conductor , the cap consisting of a side wall having 
multiple longitudinal bores therein ; 
[ 0022 ] disposing a plurality of thermocouples in respec 
tive ones of the longitudinal bores ; and 
[ 0023 ] at least partially filling the longitudinal bores with 
an electrically conductive cement so as to secure the ther 
mocouples in the bores while there is electrically conductive 
contact between the thermocouples and the conductive cap . 
[ 0024 ] . The present invention will be more fully under 
stood from the following detailed description of the embodi 
ments thereof , taken together with the drawings in which : 

BRIEF DESCRIPTION OF THE DRAWING 

SUMMARY OF THE INVENTION 
[ 0010 ] An embodiment of the present invention provides 
a medical probe , including : 
[ 0011 ] an insertion tube having a distal end configured for 
insertion into a body of a patient and containing a lumen 
having an electrical conductor for conveying electrical 
energy ; 
[ 0012 ] a conductive cap attached to the distal end of the 
insertion tube and coupled electrically to the electrical 
conductor , the cap consisting of a side wall having multiple 
longitudinal bores therein ; 

[ 0025 ] FIG . 1 is a schematic , pictorial illustration of a 
system for intracardiac ablation , in accordance with an 
embodiment of the present invention ; 
[ 0026 ] FIG . 2A is a schematic , pictorial illustration of a 
catheter cap , in accordance with an embodiment of the 
present invention ; 

[ 0027 ] FIG . 2B is a schematic end view of the catheter cap 
of FIG . 2A , in accordance with an embodiment of the 
present invention ; and 
10028 ] FIG . 2C is a schematic , sectional view of the 
catheter cap of FIGS . 2A and 2B , in accordance with an 
embodiment of the present invention . 
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DETAILED DESCRIPTION OF EMBODIMENTS 

Overview 

cally insulate the solder joints to eliminate the possibility of 
them shorting to the inner wall of the hole . 
0034 Although the disclosed embodiments relate spe 

cifically to intracardiac catheters and ablation procedures , 
the principles of the present invention may similarly be 
applied , mutatis mutandis , to probes of other types , for use 
in substantially any sort of invasive thermal treatment . 

[ 0029 ] Intracardiac ablation procedures are characterized 
by rapid temperature changes and non - uniform temperature 
distribution in the tissue and its vicinity . Therefore , the 
temperature measured by a sensor at the tip of an ablation 
catheter may not accurately reflect the actual , current tem 
perature in the tissue . The inventors have found this occurs 
when ablation is performed with low contact forces and at 
low ablation powers . In these cases , the inventors believe 
that the sensors read the temperature of the blood pool rather 
than the tissue . 
[ 0030 ] Embodiments of the present invention that are 
described hereinbelow provide ablation electrodes with 
embedded thermocouples , acting as temperature sensors , 
that provide accurate tissue temperature assessment . Such 
electrodes typically comprise a conductive cap , which is 
attached to the distal tip of the insertion tube of an invasive 
probe , such as a cardiac catheter . Typically , a cooling fluid 
flows out through an array of perforations in the electrode to 
irrigate the tissue under treatment . 
[ 0031 ] The thermocouples are embedded in thermally 
conductive cement in bores within the electrode , so that they 
are at different locations in proximity to the outer surface of 
the electrode . The thermocouples are thus in proximity to 
and are in thermal communication with the outer surface . 
The thermocouples thus provide multiple temperature read 
ings at different locations on the tip electrode . 
[ 0032 ] Typically , the thermocouple that gives the highest 
temperature reading is the one that is in best contact with the 
tissue being ablated , and this thermocouple is typically the 
most distal of the cap . The temperature measured by this 
thermocouple varies linearly with the actual tissue tempera 
ture . ( Flow of the cooling fluid through the perforations in 
the electrode is generally lowest in areas that are in firm 
contact with the tissue , and the sensors in these areas 
typically give the highest temperature readings . ) The read 
ing from this hottest thermocouple may thus be used in 
particular to monitor the tissue temperature and control the 
applied power and duration of the ablation procedure in 
order to obtain the desired therapeutic result without exces 
sive tissue damage . Alternatively or additionally , the tem 
perature readings of the multiple thermocouples can be 
combined and interpolated to give a map of temperature 
over the area of the catheter tip . 
[ 0033 ] In addition to the cement used to embed the ther 
mocouples being thermally conductive , the cement is also 
configured to be electrically conductive . Having the cement 
electrically conductive typically allows for higher values of 
thermal conductivity . It additionally guarantees by design 
that the thermocouples are electrically connected to each 
other and to the conductive cap by essentially zero resis 
tance . This allows for the thermocouple reading circuit to 
have a consistent electrical specification ( i . e . all thermo 
couples are electrically connected to each other and the 
conductive cap ) . If a non - conductive epoxy were used , and 
the distal thermocouple was not bottomed out in its bore as 
by design , then the thermocouples would be electrically 
isolated from the conductive cap which could provide unin 
tended consequences in the thermocouple reading circuit . 
The intended shorting of the thermocouples to the cap , and 
therefore to each other , also eliminates the need to electri 

DETAILED DESCRIPTION 
[ 0035 ] FIG . 1 is a schematic pictorial illustration of a 
system 20 for cardiac ablation treatment , in accordance with 
an embodiment of the present invention . An operator 28 
( such as an interventional cardiologist ) inserts a catheter 22 
via the vascular system of a patient 26 into a chamber of the 
patient ' s heart 24 . For example , to treat atrial fibrillation , the 
operator may advance the catheter into the left atrium and 
bring a distal end 30 of the catheter into contact with 
myocardial tissue that is to be ablated . 
[ 0036 ] Catheter 22 is connected at its proximal end to a 
console 32 , which is controlled by operator 28 to apply and 
monitor the desired treatment . Console 32 comprises an RF 
energy generator 34 , which supplies electrical power via 
catheter 22 to distal end 30 in order to ablate the target 
tissue . Monitoring circuitry 36 tracks the temperature of the 
tissue at distal end 30 by processing the outputs of tempera 
ture sensors in the distal end , as described below . An 
irrigation pump 38 supplies a cooling fluid , such as saline 
solution , through catheter 22 to irrigate distal end 30 . On the 
basis of information provided by monitoring circuitry 36 , 
console 32 may control the power applied by RF energy 
generator 34 and / or the flow of fluid provided by pump 38 , 
either automatically or in response to inputs by operator 28 . 
[ 0037 ] System 20 may be based , for example , on the 
CARTO® integrated mapping and ablation system produced 
by Biosense Webster Inc . , of Irvine , Calif . This system 
provides extensive facilities to support navigation and con 
trol of catheter 22 . These system facilities , however , includ 
ing details of the monitoring and control functions of 
monitoring circuitry 36 and console 32 generally , are beyond 
the scope of the present patent application . 
[ 0038 ] FIGS . 2A - 2C schematically illustrate distal end 30 
of catheter 22 , in accordance with an embodiment of the 
present invention . An insertion tube 42 extends along the 
length of the catheter and is connected at its distal end to a 
conductive cap 70 . FIG . 2A is a schematic , pictorial illus 
tration of cap 70 and a portion of tube 42 , while FIG . 2B is 
a schematic end view showing the interior of the cap , and 
FIG . 2C is a sectional view taken along the line IIC - IIC in 
FIG . 2B . 
( 0039 ] Typically , insertion tube 42 comprises a flexible , 
biocompatible polymer , while cap 70 comprises a biocom 
patible metal suitable to serve as an ablation electrode , such 
as gold , palladium , platinum , or an alloy of these metals , for 
example . Cap 70 is perforated by an array of irrigation 
apertures 46 , which open from the outer surface of the cap 
into an inner cavity 76 within the cap . For typical intracar 
diac ablation applications , the diameter of cap 70 may be 
about 2 . 5 mm , with apertures 46 of diameter in the approxi 
mate range 0 . 05 - 0 . 2 mm . The above dimensions and mate 
rials are described by way of example , however , and other 
suitable materials , with features of larger or smaller dimen 
sions , may similarly be used . 
0040 ] Cavity 76 is in fluid communication with a lumen 
78 which runs through the length of insertion tube 42 . The 



US 2019 / 0117298 A1 Apr . 25 , 2019 

lumen is coupled at its proximal end to irrigation pump 38 , 
and thus conveys irrigation fluid to cavity 76 , from which 
the fluid flows out through apertures 46 . An electrical 
conductor 79 conveys electrical energy from RF generator 
34 , through lumen 78 of insertion tube 42 , to cap 70 , and 
thus energizes the cap to ablate myocardial tissue with which 
the cap is in contact . During ablation , the fluid flowing out 
through apertures 46 irrigates the tissue under treatment . 
[ 0041 ] Temperature sensors 48 , described in more detail 
below , are mounted within conductive cap 70 at locations 
that are arrayed around the distal tip of the catheter , both 
axially and circumferentially . In this example , cap 70 con 
tains six sensors , with one group in a distal location , close 
to the end of the tip , and the other group in a more proximal 
location . This distribution is shown only by way of example , 
however , and greater or smaller numbers of sensors may be 
mounted in any suitable locations within the cap . In the 
description herein sensors 48 are assumed to comprise 
thermocouples , and are also referred to as thermocouples 48 . 
[ 0042 ] Cap 70 comprises a side wall 74 that is relatively 
thick , on the order of 0 . 4 mm thick , in order to provide 
sufficient space for temperature sensors 48 , and the sensors 
48 are mounted within longitudinal bores 72 in side wall 74 . 
For clarity , FIGS . 2A and 2B only show bores 72 and do not 
show the sensors within the bores , or how the sensors are 
structured . FIG . 2C shows two sensors 48 mounted in one 
bore 72 , and in the example described herein the other two 
bores 72 each have two sensors mounted therein , the two 
sensors in each bore being substantially similar to the two 
sensors of FIG . 2C . The structure of the sensors is described 
below . 
[ 0043 ] A pair of sensors 48 in a given bore 72 comprises 
one distal sensor 48 and one proximal sensor 48 . Each pair 
of sensors 48 is formed from a trifilar assembly 80 , com 
prising a constantan wire 82 and two copper wires 84 , 86 . 
The wires are separated by insulating material 90 , typically 
thin enamel coating the wires , that physically connects the 
wires so that they form the trifilar assembly - constantan 
thermocouple junction by exposing adjacent regions of 
copper wire 84 and constantan wire 82 , and soldering the 
two exposed regions with a solder bead 94 . Distal sensor 48 
is formed as a copper - constantan thermocouple junction by 
exposing adjacent regions of copper wire 86 and constantan 
wire 82 , and soldering the two exposed regions with a solder 
bead 96 . 

32 W / ( m . K ) . Typically the thermal conductivity of the cured 
cement is configured to be at least 25 % of the thermal 
conductivity of cap 80 . 
0046 ] The implementation described above allows distal 
sensor 48 , i . e . the lower sensor in FIG . 2C , to be very close 
to the distal end of cap 70 . This , together with the fact that 
the sensor is in thermal contact with the tip wall , means that 
the sensor reading corresponds to the temperature of the 
material , such as blood or tissue , contacted by the tip wall . 
[ 0047 ] In some embodiments , rather than the thermally 
and electrically conductive epoxy referred to above being 
used , an epoxy that is only thermally conductive , such as one 
doped with boron nitride and / or synthetic diamond , is used . 
[ 0048 ] Typically , distal end 30 contains other functional 
components , which are outside the scope of the present 
disclosure and are therefore omitted for the sake of simplic 
ity . For example , the distal end of the catheter may contain 
steering wires , as well as sensors of other types , such as a 
position sensor and / or a contact force sensor . A catheter 
containing sensors of these sorts is described , for example , 
in U . S . Patent Application Publication 2009 / 0138007 . 
[ 0049 ] It will be appreciated that the embodiments 
described above are cited by way of example , and that the 
present invention is not limited to what has been particularly 
shown and described hereinabove . Rather , the scope of the 
present invention includes both combinations and subcom 
binations of the various features described hereinabove , as 
well as variations and modifications thereof which would 
occur to persons skilled in the art upon reading the foregoing 
description and which are not disclosed in the prior art . 

1 . A medical probe , comprising : 
an insertion tube having a distal end configured for 

insertion into a body of a patient and containing a 
lumen having an electrical conductor for conveying 
electrical energy ; 

a conductive cap attached to the distal end of the insertion 
tube and coupled electrically to the electrical conduc 
tor , the cap comprising a side wall having multiple 
longitudinal bores therein ; 

a plurality of thermocouples disposed in respective ones 
of the longitudinal bores ; and 

an electrically conductive cement at least partially filling 
the longitudinal bores so as to secure the thermocouples 
in the bores while making electrically conductive con 
tact between the thermocouples and the conductive cap . 

2 . The probe according to claim 1 , wherein the electrically 
conductive cement is thermally conductive . 

3 . The probe according to claim 1 , wherein the conductive 
cap has a cap thermal conductivity , and the electrically 
conductive cement has a cement thermal conductivity at 
least 25 % of the cap thermal conductivity . 

4 . The probe according to claim 1 , wherein the plurality 
of thermocouples comprises a first electrical conductor 
having a first composition electrically connected at respec 
tive junctions to a multiplicity of second electrical conduc 
tors having a second composition . 

5 . The probe according to claim 4 , wherein the first 
electrical conductor and the multiplicity of second electrical 
conductors are connected together by insulating material . 

6 . The probe according to claim 1 , wherein the plurality 
of thermocouples comprises a first thermocouple positioned 
at a distal location in a given longitudinal bore and a second 
thermocouple positioned at a proximal location in the given 
longitudinal bore . 

[ 0044 ] Once the pair of sensors has been formed , bore 72 
is filled with a cement 98 that is thermally and electrically 
conductive . Cement 98 typically comprises an epoxy resin , 
and in one embodiment Epo - tek EK2000 epoxy resin , pro 
duced by EPDXY TECHNOLOGY , INC . of Billerica , 
Mass . , is used . Assembly 80 is inserted into the filled bore , 
so that distal sensor 48 bottoms out in the bore , and the 
epoxy is allowed to cure in an oven . Once cured , each sensor 
48 , since it comprises a bare solder bead 94 or bead 96 , is 
embedded in cement 98 and is in thermal and electrical 
contact with wall 74 . It will be appreciated that producing 
sensors 48 using trifilar assembly 80 facilitates assembly of 
the multiple sensors within respective bores 72 . 
[ 0045 ] In one embodiment cap 80 is an 80 % Pd 20 % Pt 
alloy having a thermal conductivity of approximately 40 
W / ( m . K ) . In an alternative embodiment cap 80 is a 90 % Pt 
10 % Ir alloy having a thermal conductivity of approximately 
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7 . The probe according to claim 1 , wherein the electrical 
energy comprises radiofrequency energy for ablating tissue 
in the body of the patient . 

8 . A method , comprising : 
providing an insertion tube having a distal end configured 

for insertion into a body of a patient and containing a 
lumen having an electrical conductor for conveying 
electrical energy ; 

attaching a conductive cap to the distal end of the inser 
tion tube and coupling the cap electrically to the 
electrical conductor , the cap comprising a side wall 
having multiple longitudinal bores therein ; 

disposing a plurality of thermocouples in respective ones 
of the longitudinal bores ; and 

at least partially filling the longitudinal bores with an 
electrically conductive cement so as to secure the 
thermocouples in the bores while there is electrically 
conductive contact between the thermocouples and the 
conductive cap . 

9 . The method according to claim 8 , wherein the electri - 
cally conductive cement is thermally conductive . 

10 . The method according to claim 8 , wherein the con 
ductive cap has a cap thermal conductivity , and the electri 
cally conductive cement has a cement thermal conductivity 
at least 25 % of the cap thermal conductivity . 

11 . The method according to claim 8 , wherein the plural 
ity of thermocouples comprises a first electrical conductor 
having a first composition electrically connected at respec 
tive junctions to a multiplicity of second electrical conduc 
tors having a second composition . 

12 . The method according to claim 11 , wherein the first 
electrical conductor and the multiplicity of second electrical 
conductors are connected together by insulating material . 

13 . The method according to claim 8 , wherein the plu 
rality of thermocouples comprises a first thermocouple posi 
tioned at a distal location in a given longitudinal bore and a 
second thermocouple positioned at a proximal location in 
the given longitudinal bore . 

14 . The method according to claim 8 , wherein the elec 
trical energy comprises radiofrequency energy for ablating 
tissue in the body of the patient . tiss 

* * * 


