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(54) ESOPHAGEAL PROBE WITH THE TEMPERATURE CHANGE SPEED DETECTION SYSTEM

(57) The present invention has for object a device (1)
for detecting the temperature of the esophagus (E) in
cardiac ablation treatments which device, unlike known
devices, allows to more securely monitor the temperature

of the esophageal lumen, thereby promptly detecting any
possible criticality to which the patient (P) may be ex-
posed due to excessively rapid temperature fluctuations.
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Description

[0001] The invention has for an object a device for the
measurement and monitoring of the temperature of the
esophageal lumen in cardiac ablation treatments for the
treatment of atrial fibrillation, which device allows to carry
out such monitoring with safer mode compared to cur-
rently known devices, particularly enabling effective pre-
vention of thermal damage to the esophagus and other
neighboring organs, such as the phrenic nerve.
[0002] Unlike known devices, the present invention
more generally permits to more securely monitor the tem-
perature of those parts of the patient’s body resulting to
be more critical from a thermal viewpoint in the course
of such treatments.
[0003] Cardiac ablation is intended to locally destroy
the electrically active tissues affected by the disease re-
sponsible for the detected arrhythmia.
[0004] Cardiac ablation treatments occur by heating or
cooling. In the first case a special catheter is used, which
is provided with an electrode emitting a radio frequency
electromagnetic field. In the second case, in which the
ablation treatment is also called cryo-ablation, a balloon
is used that is inflatable with a gas at a very low temper-
ature. During cardiac ablation treatments it is extremely
important to monitor the temperature of the tissue sur-
rounding the area where destruction of pathological tis-
sues is being effected because, due to excessive heat
or cooling, the surrounding tissues might be damaged in
a severe and even lethal manner. In particular, it was
found that the esophagus is a potentially at risk organ for
the fact that its anatomical arrangement can be very prox-
imate to the left atrial posterior wall being an area usually
placed next to the ablation sites.
[0005] The devices known at present comprise at least
a probe provided with thermal sensors that may be var-
iable in number and type. This probe is adapted to be
inserted into the esophagus of the patient, and so posi-
tioned as to be able to sense the temperature in the most
critical points. Such probe preferably comprises an es-
ophageal catheter, whereon such sensors are arranged.
[0006] These sensors are connected to a system ca-
pable of generating a visual and/or acoustic signal when
the maximum or minimum temperature respectively of
the patient’s esophagus reaches a preset threshold
deemed safe for the patient. During ablation treatments,
the esophagus temperature may however vary very rap-
idly, which implies that the previously mentioned signal
may be insufficient to prevent the esophagus tempera-
ture from reaching levels which may result in very serious
damages to the patient. The temperature can vary rapidly
indeed, such as to reach very critical values even in the
short timeframe in which the ablation procedure is sus-
pended. This circumstance is particularly evident even
for cryo-ablation proceedings being often characterized
by severe changes in temperature. Additionally, even af-
ter that the ablation procedure is interrupted, the variation
of the temperature continues by inertia in a manner all

the more marked the higher is the temperature variation
speed upon interrupting the ablation procedure.
[0007] It is an object of the present invention to develop
a device for the measurement and monitoring of the tem-
perature in the esophagus during cardiac ablation treat-
ments, which, unlike known devices, allows to increase
the level of safety during treatment, thereby promptly de-
tecting any possible criticality to which the patient may
be exposed that may arise from excessively rapid tem-
perature fluctuations.
[0008] In particular, object of the present invention is
to develop a device for the measurement and monitoring
of the temperature in the esophagus during cardiac ab-
lation treatments which, unlike known devices, is capable
of promptly signaling a risk situation arising from improp-
er esophagus temperature, possibly well before a thresh-
old value thereto related is reached.
[0009] This object is attained by a device for the de-
tection and monitoring of the temperature in the esopha-
gus during cardiac ablation treatments comprising an es-
ophageal probe insertable into the esophagus of a pa-
tient, and
at least one sensor disposed on said probe and suitable
to detect the temperature of a respective portion of said
esophagus. Such device may be characterized by one
or more of the characteristics described in the appended
claims.
[0010] Such at least one sensor is configured to gen-
erate, in successive time instants, respective detection
signals indicative of said temperature.
[0011] The device further comprises a control unit con-
nectable in use to said probe, preferably by one or more
connectors or other connecting means.
[0012] The control unit is configured to receive said
detection signals from said at least one sensor, for ex-
ample, by one or more connectors or other connecting
means.
[0013] The control unit is programmed with at least one
preset temperature limit value. This temperature limit val-
ue corresponds to a maximum or minimum temperature
value reachable by said respective portion of the esopha-
gus.
[0014] Hence, this temperature limit value reflects the
preset thermal threshold for the possible interruption of
the ablation procedure.
[0015] Such at least one temperature limit value can
be set and stored in the control unit by a user.
[0016] The control unit is configured to calculate, for
each of said instants, a variation speed of said temper-
ature.
[0017] The control unit is configured to calculate said
speed, preferably at least partially as a function of said
detection signals.
[0018] Preferably the control unit is configured to cal-
culate said temperature variation speed for each of said
instants by calculating the first derivative, or approxima-
tion thereof, of the temperature values detected by said
at least one sensor.
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[0019] This approximation may for example be calcu-
lated as the ratio between the temperature variation with-
in a certain time interval and the time interval itself.
[0020] Furthermore, in order to calculate this speed,
the control unit may advantageously use those temper-
ature values resulting from averages that were calculated
based on the actual values detected by said at least one
sensor in more respective instants, in order that one or
more frequency components may be removed and/or fil-
tered, which characterize temperature temporal fluctua-
tion and which are anyhow originated from disturbances.
[0021] The control unit is configured to determine, for
each of said instants, a value of the residual time required
to reach said at least one temperature limit value by said
respective portion of the esophagus.
[0022] The control unit is configured to calculate said
residual time value, preferably as a function of said tem-
perature variation speed of said respective portion of the
esophagus.
[0023] The device is configured to provide on output,
for each of said instants, at least one information corre-
lated to the residual time value required to reach said
temperature limit value by said respective portion of the
esophagus.
[0024] In a particular embodiment of the present inven-
tion, said at least one information comprises an acoustic
and/or luminous signaling.
[0025] For the purpose of transmitting said at least one
information to the user, said device preferably comprises
at least one acoustic and/or luminous signal giver. Said
signal giver is adapted to be activated so as to generate
said signaling.
[0026] The control unit is preferably configured to emit
at least one activation signal capable of activating said
acoustic and/or luminous signal giver.
[0027] Moreover, this control unit is preferably config-
ured to emit such activation signal when said variation
speed is equal to or greater than a preset threshold value,
or when said residual time value calculated is equal to
or lower than a preset threshold value.
[0028] Preferably such threshold values may be set
and stored in the control unit by a user.
[0029] This signal then is adapted to warn the user with
respect to the achievement, by said respective portion
of the esophagus, of the preset thermal threshold value
and/or residual time value.
[0030] It should be appreciated that, even when said
temperature variation speed of the respective portion of
the esophagus and/or said residual time go beyond such
threshold values, at least one information is transmitted
by the device. Indeed, the presence of said signal giver
remaining in a deactivated condition, is in this case in-
dicative of the fact that the values of these critical varia-
bles are within the preset limits.
[0031] In order to receive the activation signal, the sig-
nal giver is preferably connected to said control unit, for
example, via one or more connectors or other connecting
means. This signal giver may further be placed on the

control unit and /or integrated therein.
[0032] Said at least one information may also or alter-
natively include at least one viewing of said residual time
value and temperature speed variation value.
[0033] Advantageously, the device may comprise a
viewer configured for viewing the numeric value of the
values of these critical variables.
[0034] This viewer is preferably connected to said con-
trol unit, for example via one or more connectors or other
connecting means. Such viewer may further be placed
on the control unit and/or integrated therein.
[0035] Such information may also or alternatively in-
clude at least viewing the evolution in time of said tem-
perature or said residual time value as well as variation
speed.
[0036] Preferably said at least one sensor is associat-
ed with at least a transducer for generating at least said
detection signals.
[0037] In a possible embodiment of the present inven-
tion, the device comprises two or more temperature sen-
sors disposed on said probe. Said sensors are adapted
to detect the temperature of a plurality of respective por-
tions of said esophagus.
[0038] Each of said sensors is configured to generate,
in successive time instants, respective detection signals
that are indicative of the temperature of the correspond-
ing esophagus portion.
[0039] The control unit is adapted to receive the de-
tection signals from each of said sensors.
[0040] The control unit is configured to calculate, for
each of said sensors and for each of said instants, a
temperature speed variation of the corresponding es-
ophagus portion.
[0041] The control unit is configured to determine, for
each of said sensors and for each of said instants, a
corresponding residual time value which is required to
reach said temperature limit value by the respective por-
tion of the esophagus.
[0042] The device is further configured to provide on
output, to one or more of said sensors and for each of
said instants, at least one respective information related
to the residual time value required to achieve said tem-
perature limit value by the respective portion of the es-
ophagus.
[0043] For each of said sensors, said control unit is
configured for calculating said temperature variation
speed of the corresponding esophagus portion at least
partially on the basis of the detection signals coming from
the respective sensor.
[0044] For each of said sensors, said control unit is
configured to calculate said residual time value required
to achieve said temperature limit value by the respective
portion of the esophagus as a function of the respective
temperature variation speed of said respective esopha-
gus portion.
[0045] This temperature variation speed is preferably
the one previously calculated.
[0046] Such viewer, where present, may be configured
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for viewing, among all the residual time values calculated
for said sensors, only the numerical value of the residual
time with a lower entity.
[0047] Preferably said probe comprises a catheter.
[0048] Preferably said catheter is free of any ablators.
[0049] Preferably said sensors are distributed along a
prevalent direction of development of said probe and/or
of said catheter.
[0050] According to a further aspect, the present in-
vention relates to a device for detecting the temperature
in the esophagus in the course of cardiac ablation treat-
ments,
comprising an esophageal probe insertable into the es-
ophagus of a patient, and
comprising two or more temperature sensors disposed
on said probe and adapted to detect the temperature of
several respective portions of said esophagus,
each of said sensors being configured to generate, in
successive time instants, respective detection signals in-
dicative of the temperature of the corresponding portion
of the esophagus.
[0051] Said device further comprises a control unit (C)
that is connectable in use to said probe for receiving the
detection signals from each of said sensors.
[0052] The device is characterized in that said control
unit is programmed with a temperature variation speed
limit value and is configured to calculate, for each of said
sensors and for each of said instants, and at least partially
on the basis of the detection signals received from the
respective sensor, a respective variation speed of said
temperature,
said device being configured to provide on output, to one
or more of said sensors and for each of said instants, at
least one information correlated to said respective tem-
perature speed variation of the corresponding portion of
the esophagus.
[0053] Said at least one information comprises an
acoustic and/or luminous signaling and said device com-
prises at least one acoustic and/or luminous signal giver
suitable to generate said signaling.
[0054] Said control unit is configured to emit at least
one activation signal suitable to activate said acoustic
and/or luminous signal giver when said respective tem-
perature speed variation of the respective sensor is equal
to or higher than said speed limit value.
[0055] The characteristics of the present invention will
become more apparent in the following detailed descrip-
tion of the more general claimed technical concepts il-
lustrated by way of non-limiting example.
[0056] The following detailed description refers to the
appended drawings wherein:

- Figure 1 shows a part of a particular embodiment of
the present invention in a possible condition of use;

- Figure 2 schematically illustrates how the present
invention operates.

[0057] In figure 1 it is shown a device 1 for measuring

and monitoring the temperature of the esophagus E in
the course of cardiac ablation treatments, according to
a particular embodiment of the present invention.
[0058] The device 1 comprises an esophageal probe,
which in turn comprises advantageously, in the embod-
iment illustrated, an esophageal catheter 2 insertable into
the esophagus E of a patient P.
[0059] The attached figures refer to a specific condition
of use during which an electro-catheter Ec is inserted in
the heart H of a patient P. In the detailed description of
herein, this electro-catheter Ec is not to be confused with
the catheter 2 belonging to the device 1.
[0060] In the condition of use depicted in Figures 1 and
2, the electro-catheter Ec serves to remove, by heating,
the pathological tissue responsible for anomalies in the
patient’s P heart rhythm.
[0061] The present invention however also applies in
the case of cardiac ablation treatment occurring by cool-
ing, also termed cryo-ablation treatment.
[0062] The Ec electro-catheter operates preferably on
the inner surfaces of the heart H left atrium of the patient
P.
[0063] In the specific embodiment herein illustrated,
the device 1 comprises three temperature sensors 3a,
3b and 3c disposed on said catheter 2. The number of
sensors may be different from that of the embodiment
shown.
[0064] The number of sensors of the illustrated em-
bodiment is to be considered for purposes of example
only.
[0065] In the embodiment depicted, the catheter 2 is
advantageously devoid of any ablators.
[0066] Each of the sensors 3a, 3b and 3c is suitable
to detect the temperature of a respective portion of said
esophagus E. These portions of the esophagus E belong
to the esophageal region which, in the illustrated use con-
dition, is most involved in temperature increase resulting
from Ec electro-catheter activities.
[0067] In the embodiment shown, the sensors 3a, 3b
and 3c are arranged along the catheter 2 in order to sense
the temperature of respective different portions of the
esophagus E. In addition, in the embodiment shown, the
sensors 3a, 3b and 3c are distributed along a major ex-
tension direction of the catheter 2.
[0068] The arrangement of the sensors 3a, 3b and 3c
along the catheter 2 is further visible in Figure 2.
[0069] Each of these sensors 3a, 3b and 3c, is config-
ured to generate, at successive instants, respective de-
tection signals indicative of the temperature of the cor-
responding portion of the esophagus E. These detection
signals are indicated in Figure 2 by the arrows r.
[0070] Preferably each of said sensors 3a, 3b and 3c
is associated with at least a respective transducer, not
shown, for generating at least said detection signals r.
The assembly of at least one sensor and at least one
transducer may then be defined as a temperature detec-
tor.
[0071] Such detector may comprise for example at
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least one conductor or several conductors adapted to be
subjected to a difference in potential indicative of the de-
tected temperature.
[0072] The device 1 further comprises a control unit C
that is connectable in use to said catheter 2. The control
unit C is adapted to receive, via non-illustrated connect-
ing means, for example by way of one or more connec-
tors, the detection signals r coming from each of the sen-
sors 3a, 3b and 3c.
[0073] The box C of Figure 2 is a block, which sche-
matically illustrates the control unit C. The same Figure
2 is illustrative of the shape of the catheter 2, at least in
relation to the positioning of the sensors 3a, 3b and 3c.
[0074] The control unit C is programmed with at least
one temperature limit value reachable by the esophagus
E. This temperature limit value can be set and stored in
the control unit C by a user.
[0075] In the use condition shown in figure 1, this tem-
perature limit value is a maximum value, in that the elec-
tro-catheter Ec is capable of carrying out a cardiac abla-
tion treatment occurring by heating.
[0076] In a further use condition, wherein the treatment
may be a cryo-ablation treatment, i.e. an ablative treat-
ment occurring by cooling, this temperature limit value
might be a minimum value.
[0077] For each of the sensors 3a, 3b and 3c, the con-
trol unit C is configured to calculate, within or in respect
to each of said time instants, a temperature speed vari-
ation of the corresponding portion of the esophagus E.
The respective portion of which the control unit C is cal-
culating the temperature variation speed may therefore,
in the specific case referred to by the appended figures,
be a portion of the esophagus E associated to the sensor
3a, to the sensor 3b or to the sensor 3c.
[0078] For each of the sensors 3a, 3b and 3c, the con-
trol unit C is advantageously configured to perform the
calculation of the respective temperature variation
speed, at least partially as a function of the detection
signals r coming from the respective sensor 3a or 3b or
3c.
[0079] For each sensor 3a or 3b or 3c, the control unit
C is advantageously so configured as to be able to filter
and/or eliminate the frequency components related to
disorders in the temporal evolution of temperature of the
corresponding portion of the esophagus E, for example
by attributing to a certain instant, an average temperature
calculated as the average among the values actually ob-
served in several respective instants.
[0080] In Figure 2 the passage of detection signals r
from the sensors 3a, 3b and 3c to the central unit C is
shown schematically by the arrows r, which therefore in-
dicate in general both these detection signals r and the
passage thereof from the sensors 3a, 3b and 3c to the
control unit C.
[0081] For each of the sensors 3a, 3b and 3c, the con-
trol unit C is configured to determine, within or is respect
to each of said time instants, a residual time value re-
quired to reach said temperature limit value by the re-

spective portion of the esophagus E.
[0082] For each of said sensors 3a, 3b and 3c, said
central unit C is advantageously configured to perform
calculation of said residual time value as a function of
the respective temperature variation speed.
[0083] The latter speed can advantageously be that
previously calculated by the control unit C for the respec-
tive sensor 3a or 3b or 3c and for the same time instant.
[0084] In other words, for each of the sensors 3a, 3b
and 3c and for each of these instants, the control unit
calculates an approximation of the temperature variation
speed of the respective portion of the esophagus E and,
based on said speed, the estimated residual time for
reaching the temperature limit value by that respective
portion.
[0085] In the embodiment shown, for each time instant,
the control unit C calculates three residual time values.
Each of said three residual time values is then associated
with a respective portion of the esophagus and to the
respective sensor 3a or 3b or 3c.
[0086] For each of said instants and for each of the
sensors 3a, 3b and 3c, the control unit C is configured
to calculate the temperature variation speed by calculat-
ing the first temporal derivative or approximation thereof
of the temperature of the corresponding esophagus E
portion.
[0087] In particular, the calculation of the first temporal
derivative approximation of the temperature of the cor-
responding esophagus E portion may be based on the
ratio between the difference existing between at least
two temperature values detected by the respective sen-
sor 3a or 3b or 3c, and the temporal distance between
the instants associated with said at least two values re-
spectively.
[0088] The device 1 is further configured to provide on
output, for one or more of said sensors 3a, 3b and 3c
and for each of said instants, at least one respective in-
formation. Such at least one respective information is
related to the residual time value required to achieve said
temperature limit value by the respective portion of the
esophagus E.
[0089] In the embodiment shown, said at least a re-
spective information, for each of said sensors 3a, 3b and
3c, may comprise an acoustic and/or luminous signaling.
This signaling is illustrated in Figure 2 by an arrow de-
noted by Sa for the sensor 3a, by an arrow Sb for the
sensor 3b and by an arrow Sc for the sensor 3c.
[0090] To this end, the device 1 comprises, for one or
more of said sensors 3a, 3b and 3c, at least one acous-
tic/luminous signal giver 4a or 4b or 4c. The signal giver
4a or 4b or 4c is suitable to generate a respective sign-
aling Sa or Sb and Sc.
[0091] For each of said sensors 3a, 3b and 3c, the
control unit C is configured to emit at least one activation
signal A suitable for activating at least one respective
signal giver 4a or 4b or 4c. The control unit C is configured
to emit said at least one activation signal in at least three
circumstances: the temperature has reached the preset
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threshold value, the temperature variation speed has
reached the preset threshold value, the residual time val-
ue required to achieve that temperature limit value by the
respective portion of the esophagus E, is equal to or lower
than a preset threshold value.
[0092] These threshold values can be set and stored
in the control unit C by a user.
[0093] Such at least one activation signal A is repre-
sented in Figure 2 by at least one arrow A which also
indicates passage thereof from the control unit C to the
respective signal giver 4a or 4b or 4c.
[0094] In the embodiment shown, several signal givers
4a 4b and 4c are depicted, each of which is functionally
associated with a respective sensor 3a or 3b or 3c. The
control unit C, in the embodiment shown, is therefore
capable of sending more activation signals A, each of
which can activate a respective signal giver 4a or 4b or
4c on the basis of the calculated residual time value re-
quired to reach said temperature limit value by the re-
spective portion of the esophagus E.
[0095] Each of the signal givers 4a or 4b or 4c is pref-
erably connected to the control unit C via connecting
means (not shown), for example via one or more con-
nectors. Each of these signal givers 4a or 4b or 4c may
further be physically integrated in the control unit C,
and/or disposed on the same control unit C, and/or fitted
thereon.
[0096] Said at least one information may further or al-
ternatively comprise, for each of the sensors 3a, 3b and
3c, viewing said calculated residual time value required
to reach said temperature limit value by the respective
portion of the esophagus E. Such viewing is indicated in
figure 2 by an arrow referred to with Va for the sensor
3a, by an arrow Vb for the sensor 3b and by an arrow Vc
for the sensor 3c.
[0097] To this end the device 1 comprises, for one or
more of said sensors 3a, 3b and 3c, at least one viewer
5a, 5b or 5c. Each of the viewer 5a, 5b and 5c is suitable
to generate a respective viewing Va or Vb or Vc.
[0098] In the embodiment shown there are multiple
viewers 5a, 5b and 5c, each of which suitable to then
view the numerical value of said residual time value re-
quired to achieve said temperature limit value by the re-
spective portion of the esophagus E, of which the respec-
tive sensor 3a or 3b or 3c, associated with the respective
viewer 5a or 5b or 5c detects the temperature.
[0099] According to a further possible embodiment
there may be provided, by way of example, a single view-
er that is suitable to view the lowest residual time value
among all those calculated by the control unit C for the
esophagus portions of which, the respective sensors 3a,
3b and 3c detect the temperature.
[0100] For the sake of completeness, Figure 2 further
depicts additional arrows T, which are an example of the
further signals T that can be emitted by the control unit
C. Such additional T signals are used by the viewer 5a
or 5b or 5c to view temperature, temperature variation
speed and residual time value associated with the re-

spective sensor 3a or 3b or 3c.
[0101] Each of the viewers 5a or 5b or 5c is preferably
connected to the control unit C via connecting means not
shown, for example via one or more connectors. Each
of those viewers 5a or 5b or 5c may also be physically
integrated in the control unit C, and/or disposed on the
same control unit C, and/or fitted thereon.
[0102] For one or more of the sensors 3a, 3b and 3c,
such at least one information may further or alternatively
comprise viewing of the evolution in time of said temper-
ature detected by the respective sensor 3a or 3b or 3c,
or of said time residual value required to achieve said
temperature limit value by the respective portion of the
esophagus 3.
[0103] This information may further or alternatively
comprise the numerical value of the temperature detect-
ed by each sensor 3a or 3b or 3c.
[0104] It should be appreciated that, in other possible
embodiments, the number of viewers 5a, 5b and 5c
and/or the number of signal givers 4a, 4b and 4c may
differ from that shown. The number of viewers or signal
givers may also differ from the number of sensors 3a, 3b
and 3c.
[0105] The invention attains the intended aim, and un-
like the devices currently known, it makes available a
device capable of controlling with a greater safety margin
the temperature of the esophageal lumen in the course
of cooling or heating cardiac ablation treatments.
[0106] This device may also be easily set in order that
the limit temperature and/or said safety margin can be
varied as a function of any particular needs.

Claims

1. A device (1) for detecting the temperature of the es-
ophagus (E) in cardiac ablation treatments,
comprising an esophageal probe (2) insertable into
the esophagus of a patient, and
at least one sensor (3a; 3b; 3c) disposed on said
probe and suitable to detect the temperature of a
respective portion of said esophagus,
said at least one sensor being configured to gener-
ate, in successive time instants, respective detection
signals (r) indicative of said temperature,
wherein said device further comprises a control unit
(C) connectable in use to said probe for receiving
said detection signals from said at least one sensor
and programmed with at least one preset tempera-
ture limit value reachable from said respective por-
tion of the esophagus,
characterized in that said control unit is configured
to calculate, for each of said instants and at least
partially as a function of said detection signals, a
variation speed of said temperature,
and to determine, for each of said instants and as a
function of said temperature variation speed of said
respective portion of the esophagus, a residual time
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value required to achieve said at least one temper-
ature limit value by said respective portion of the es-
ophagus,
said device being further configured to provide on
output, for each of said instants, at least one infor-
mation (Sa; Sb; Sc; Va; Vb; Vc) correlated to the
residual time value required to achieve said temper-
ature limit value by said respective portion of the es-
ophagus, and at least one information (Sa; Sb; Sc;
Va; Vb; Vc) correlated to the value of said tempera-
ture variation speed of said respective portion of the
esophagus.

2. A device according to claim 1, wherein said at least
one information comprises an acoustic and/or lumi-
nous signaling (Sa; Sb; Sc) and said device com-
prises at least one acoustic and/or luminous signal
giver (4a; 4b; 4c) suitable to generate said signaling,
and wherein said control unit is configured to emit at
least one activation signal (A) suitable to activate
said acoustic and/or luminous signal giver when said
calculated residual time value is equal to or lower
than a preset threshold value, said threshold value
being preferably able to be set and stored in the con-
trol unit by a user.

3. A device according to claim 1 or 2, wherein said at
least one information comprises a viewing of said
residual time value (Va; Vb; Vc) and said device com-
prises at least one viewer (5a; 5b; 5c) configured for
viewing the numerical value of said residual time.

4. A device according to one or more of the preceding
claims, wherein said control unit is configured to cal-
culate said temperature variation speed for each of
said instants by calculation of the first derivative or
approximation thereof of the temperature values de-
tected by said at least one sensor.

5. A device according to one or more of the preceding
claims, comprising two or more temperature sensors
disposed on said probe and adapted to detect the
temperature of several respective portions of said
esophagus,
each of said sensors being configured to generate,
in successive time instants, respective detection sig-
nals indicative of the temperature of the correspond-
ing portion of the esophagus, wherein said control
unit is adapted to receive the detection signals from
each of said sensors,
wherein said control unit is configured, for each of
said sensors and for each of said instants, to calcu-
late a temperature variation speed of the corre-
sponding portion of the esophagus and to determine
a corresponding residual time value required to
reach said temperature limit value by the respective
portion of the esophagus, said device being further
configured to provide on output, for one or more of

said sensors and for each of said instants, at least
one respective information related to the residual
time value required to achieve said temperature limit
value by the respective portion of the esophagus.

6. A device according to claim 5, when appended to
claim 3, wherein said viewer is configured to view,
among all the residual time values calculated for said
sensors, only the numerical value of the residual time
of lower entity.

7. A device according to claim 5 or 6, wherein, for each
of said sensors, said control unit is configured for
calculating said temperature variation speed of the
corresponding portion of the esophagus, at least par-
tially as a function of the detection signals coming
from the respective sensor,
and wherein, for each of said sensors said control
unit is configured to calculate said residual time value
required to achieve said temperature limit value by
the respective portion of the esophagus as a function
of the respective variation speed of the previously
calculated temperature.

8. A device according to one or more of claims 5 to 7,
wherein said probe comprises a catheter.

9. A device according to one or more of the preceding
claims, wherein said at least one temperature limit
value can be set and stored in the control unit by a
user.

10. A device according to one or more of the preceding
claims, wherein said probe is devoid of any ablators.

11. A device according to one or more of the preceding
claims, wherein said at least one sensor is associ-
ated with at least a transducer for generating at least
said detection signals.
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