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Description

FIELD

[0001] This application relates generally to the field of
medical device technology and, more particularly, to de-
vices and methods for positioning and utilizing physio-
logical sensors in anatomical structures of patients, such
as in blood vessels or across heart valves. This applica-
tion also relates generally to methods for calculating
cross-sectional areas of anatomical structures.

BACKGROUND

[0002] Patients sometimes experience stenosis in an
anatomical structure. Stenosis occurs when an abnormal
narrowing or stenotic lesion appears in the anatomical
structure. Physicians generally evaluate the stenotic le-
sion before selecting a therapy to treat it. For example,
in the case of blood vessels, if the stenotic lesion ob-
structs blood flow through the vessel to a large degree,
physicians often elect to place a stent within the lesion
site. On the other hand, if the stenotic lesion only mini-
mally obstructs blood flow, physicians sometimes elect
not to use a stent.
[0003] One technique for evaluating the degree to
which a stenotic lesion obstructs flow through a blood
vessel is called the Fractional Flow Reserve measure-
ment (FFR). To calculate the FFR for a given stenotic
lesion, two blood pressure readings are taken. One pres-
sure reading is taken on the distal side of the lesion (e.g.,
downstream from the lesion) and the other pressure
reading is taken on the proximal side of the lesion (e.g.,
upstream from the lesion, towards the aorta). The FFR
is defined as the ratio of maximal blood flow in a stenotic
lesion, taken distal to the lesion, to normal maximal flow,
and is typically calculated based on a measured pressure
gradient of the distal pressure to the proximal pressure.
The FFR is therefore a unitless ratio of the distal and
proximal pressures. The pressure gradient, or pressure
drop, across a stenotic lesion is an indicator of the se-
verity of the stenosis, and the FFR is a useful tool in
assessing the pressure drop. The more restrictive the
stenosis is, the greater the pressure drop, and the lower
the resulting FFR.
[0004] The FFR measurement is considered a useful
diagnostic tool. For example, clinical studies have shown
that an FFR of less than about 0.8 or about 0.75 can be
a useful criterion on which to base certain therapy deci-
sions. A physician might decide, for example, to perform
an interventional procedure (e.g., angioplasty or stent
placement) when the FFR for a given stenotic lesion is
below 0.8 or 0.75, and may decide to forego such treat-
ment for lesions where the FFR is above 0.8 or 0.75.
Thus, the FFR measurement provides a decision point
for guiding treatment decisions.
[0005] Certain drawbacks are sometimes seen with
the FFR method. First, the FFR method is designed

merely to determine whether an interventional procedure
such as a stent is needed or not needed. It does not
provide any tools for enabling a physician to select a stent
size that is ideal for the specific stenotic lesion at issue.
Stents come in a variety of sizes, and physicians gener-
ally need to select an appropriate size and shape de-
pending on the lesion characteristics. Physicians often
need to use a separate procedure to determine what stent
size to use. Commonly, physicians use an intravascular
ultrasound method to determine a diameter of the vessel
having the stenotic lesion. This method involves the ad-
vancement of a separate ultrasound catheter and the use
of a separate ultrasound machine. This adds significant
cost and time and more risk to the patient. Thus, it would
also be desirable to provide a more simple system ca-
pable of both obtaining FFR measurements and selecting
an appropriate stent size.
[0006] Another drawback seen with the FFR method
is that the presence of a measuring device itself in the
anatomical structure can affect the accuracy of the meas-
urement. For example, as the measuring device crosses
the stenotic lesion, the device itself introduces flow ob-
struction, in addition to that caused by the lesion itself.
The measured distal pressure is sometimes lower than
it would be without the additional flow obstruction, which
may exaggerate the measured pressure gradient across
the lesion. Thus, it would also be desirable to provide an
improved system for obtaining more accurate FFR meas-
urements.
[0007] Document WO 2008/005388 discloses the pre-
amble of claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The following drawings are illustrative of partic-
ular embodiments of the invention and therefore do not
limit the scope of the invention. The drawings are not to
scale (unless so stated) and are intended for use in con-
junction with the explanations in the following detailed
description. Embodiments of the invention will hereinaf-
ter be described in conjunction with the appended draw-
ings, wherein like numerals denote like elements.

Figure 1 is a perspective view of a sensor delivery
device according to an embodiment of the invention;

Figure 2 is a perspective view of a sensor delivery
device according to another embodiment of the in-
vention;

Figure 3 is a perspective view of a sensor delivery
device according to yet another embodiment of the
invention;

Figure 4 is a perspective view of a sensor delivery
device having a furncation tube according to an em-
bodiment of the invention;
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Figure 5 is a flow diagram of a method of using the
sensor delivery device to measure a cross-sectional
area of an anatomical structure;

Figure 6 is a flow diagram of a method of using the
sensor delivery device to measure and adjust a FFR
value of an anatomical structure;

Figure 7 is a flow diagram of a method of using the
sensor delivery device to measure blood conductiv-
ity and fluid conductivity to calculate a cross-section-
al area of an anatomical structure;

Figure 8 is a flow diagram of a method of using the
sensor delivery device to measure conductivity of a
first fluid and a second fluid to calculate a cross-sec-
tional area of an anatomical structure;

Figure 9 is a flow diagram of a method of using the
sensor delivery device to measure blood conductiv-
ity and fluid conductivity to calculate a cross-section-
al area of an anatomical structure; and

Figure 10 is a flow diagram of a method of using the
sensor delivery device to measure conductivity of a
first fluid and a second fluid to calculate a cross-sec-
tional area of an anatomical structure.

SUMMARY

[0009] The invention is defined by claim 1.
[0010] Certain emodiments provide an intravascular
sensor delivery device. The device can [18] Certain em-
bodiments provide an intravascular sensor delivery de-
vice. The device can include a distal sleeve having a
guidewire lumen for slidably receiving a medical
guidewire, a first sensor coupled to the distal sleeve,
wherein the first sensor is adapted to measure blood
pressure and generate a signal representative of the
blood pressure, a second sensor coupled to the distal
sleeve, wherein the second sensor is adapted to meas-
ure cross-sectional area of a surrounding anatomical
structure and generate a signal representative of the
cross-sectional area, a proximal portion coupled to the
distal sleeve, the proximal portion comprising a commu-
nication channel, wherein the communication channel
communicates the signal from the first sensor and the
signal from the second sensor to a location outside of
the patient.
[0011] The second sensor of the intravascular sensor
delivery device is an electrode arrangement, for example
an electrode arrangement that includes source elec-
trodes and sense electrodes, wherein the source elec-
trodes generate a current and the sense electrodes
measure voltage resulting from the current. The signal
representative of the cross-sectional area can be voltage
measured by the sense electrodes. The source elec-
trodes and the sense electrodes can also be ring-shaped

electrodes that surround a periphery of the distal sleeve.
The device can also include a movable sheath that is
adapted to cover and uncover the electrode arrange-
ment. The second sensor can be attached to an outer
surface of the distal sleeve, perhaps at a location that is
distal or proximal to the first sensor. In certain cases, the
second sensor is coupled to both the distal sleeve and
the proximal portion at a location that is proximal to the
first sensor.
[0012] The intravascular sensor delivery device can al-
so include third sensor. In such cases, the third sensor
can be adapted to measure temperature and generate a
signal representative of the temperature and wherein the
communication channel communicates the signal from
the first sensor, the signal from the second sensor, and
the signal from the third sensor to a location outside of
the patient. The first sensor and the third sensor can also
be a single sensor, wherein the single sensor is adapted
to both measure blood pressure and measure tempera-
ture.
[0013] Other embodiments not forming part of the in-
vention provide an intravascular measuring system. The
system can include a guidewire, an intravascular sensor
delivery device, an injection device that is adapted to
inject a fluid with a known conductivity to the anatomical
structure, and a processor that is adapted to receive the
first signal from the first sensor and the second signal
from the second sensor. The injection device can be
adapted to inject a first fluid (e.g., a NaCl solution having
a first concentration, such as a 9% concentration) and a
second fluid (e.g., a NaCl solution having a first concen-
tration, such as a 4.5% concentration) into to the ana-
tomical structure, wherein the first fluid has a first known
conductivity and the second fluid has a second known
conductivity, wherein the known conductivity of the first
fluid is different than the known conductivity of the second
fluid.
[0014] Further embodiments not forming part of the in-
vention provide a method of determining cross-sectional
area in an anatomical structure of a patient that includes
steps of providing a sensor delivery device, wherein the
sensor delivery device includes a distal sleeve having a
guidewire lumen for slidably receiving a medical
guidewire and a sensor coupled to the distal sleeve,
wherein the sensor is adapted to measure fluid conduc-
tivity of a surrounding anatomical structure, (b) position-
ing the sensor delivery device within the anatomical
structure, (c) administering a first fluid with a known con-
ductivity to the anatomical structure (e.g., a NaCl solution
having a first concentration, such as a 9% concentration),
(d) using the sensor to measure a first conductivity for
the first fluid, (e) administering a second fluid with a
known conductivity to the anatomical structure (e.g., a
NaCl solution having a first concentration, such as a 4.5%
concentration), wherein the known conductivity of the first
fluid is different than the known conductivity of the second
fluid, (f) using the sensor to measure a second conduc-
tivity for the second fluid, and (g) using the first conduc-
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tivity and the second conductivity to calculate a cross-
sectional area of the anatomical structure.
[0015] Yet other embodiments not forming part of the
invention provide a method of treating an anatomical
structure in patient that includes steps of (a) providing a
sensor delivery device, (b) positioning the sensor delivery
device within the anatomical structure; (c) using the first
sensor to obtain blood pressure measurements; (d) using
the blood pressure measurements to calculate an FFR
value; (e) electing to use a stent when the FFR value is
lower than a threshold value, e.g., about 0.8, (f) using
the second sensor to obtain one or more fluid conductivity
measurements; (g) using the fluid conductivity measure-
ments to calculate a cross-sectional area of the anatom-
ical structure; and (h) using the cross-sectional area to
select a stent size.
[0016] The step of using the cross-sectional area
measurements to select a stent size can be a step of
correlating a specific cross-sectional area measurement
to a specific stent size. Also, the second sensor can be
an electrode arrangement adapted to measure conduc-
tivity of fluid in the anatomical structure and the step of
using the second sensor to obtain one or more cross-
sectional area measurements can include steps of ob-
taining fluid conductivity measurements and calculating
cross-sectional area measurements using the fluid con-
ductivity measurements. The step of using the second
sensor to obtain one or more cross-sectional area meas-
urements can also include steps of (a) administering a
first fluid (e.g., a NaCl solution having a first concentra-
tion, such as a 9% concentration)) with a known conduc-
tivity to the anatomical structure, (b) using the second
sensor to measure a first conductivity for the first fluid,
(c) administering a second fluid (e.g., a NaCl solution
having a first concentration, such as a 4.5% concentra-
tion) with a known conductivity to the anatomical struc-
ture, wherein the conductivity of the first fluid is different
than the conductivity of the second fluid, (d) using the
second sensor to measure a second conductivity for the
second fluid, and (e) using the first conductivity and the
second conductivity to calculate a cross-sectional area
of the anatomical structure.
[0017] The method can further include providing the
sensor delivery device with a third sensor adapted to
measure temperature of fluid in the anatomical structure,
wherein the method includes steps of using the third sen-
sor to measure fluid temperature and using the second
sensor to obtain one or more cross-sectional area meas-
urements after the fluid temperature reaches a desired
temperature value.
[0018] Further embodiments not forming part of the in-
vention provide a method of determining cross-sectional
area in an anatomical structure of a patient that can in-
clude steps of (a) providing a sensor delivery device,
wherein the sensor delivery device includes a distal
sleeve having a guidewire lumen for slidably receiving a
medical guidewire and a sensor coupled to the distal
sleeve, wherein the sensor is adapted to measure fluid

conductivity, (b) positioning the sensor delivery device
within the anatomical structure, (c) using the sensor to
measure a conductivity for the patient’s blood, (d) admin-
istering fluid with a known conductivity to the anatomical
structure, (e) using the sensor to measure a conductivity
for the fluid, and (f) using the measured blood conductivity
and the measured fluid conductivity to calculate a cross-
sectional area of the anatomical structure.

DETAILED DESCRIPTION

[0019] For the purpose of promoting an understanding
of the principles of the invention, reference will now be
made to the embodiments illustrated in the drawing and
specific language will be used to describe the same. It
will, nevertheless, be understood that no limitation of the
scope of the invention is thereby intended; any alterations
and further modifications of the described or illustrated
embodiments, and any further applications of the princi-
ples of the invention as illustrated therein, are contem-
plated as would normally occur to one skilled in the art
to which the invention relates.
[0020] In the foregoing detailed description, the inven-
tion has been described with reference to specific em-
bodiments. However, it can be appreciated that various
modifications and changes can be made without depart-
ing from the scope of the invention.
[0021] Figures 1-3 show a sensor delivery device 210
being deployed in an anatomical structure. Here, the an-
atomical structure is a blood vessel of a patient (e.g.,
coronary artery 234) across a stenotic lesion 236. As
used herein, the term "anatomical structure" refers to any
body structure having a cross-sectional area or a hollow,
tubular or luminal structure.
[0022] The sensor delivery device 210 includes a distal
sleeve 220 having a guidewire lumen 222 for slidably
receiving a medical guidewire 230. A first sensor 240 and
a second sensor 270 are each coupled to the distal sleeve
220. The first sensor 240 is capable of measuring blood
pressure in the anatomical structure and generating a
signal representative of the blood pressure. The second
sensor 270 is capable of measuring cross-sectional area
of the anatomical structure and generating a signal rep-
resentative of the cross-sectional area. In some cases,
the delivery device also includes a third sensor that is
adapted to measure temperature of fluid in the anatom-
ical structure and generate a signal representative of the
temperature. In some cases, the first sensor and third
sensor are combined into a single sensor that measures
both blood pressure and temperature.
[0023] While the terms "first sensor," "second sensor,"
and "third sensor" are used herein, each of these terms
are not limited to single or separate sensors. Skilled ar-
tisans would understand that any number of sensors can
be used for each the "first sensor," "second sensor,"
and/or the "third sensor." Likewise, the "first sensor,"
"second sensor," and/or the "third sensor" can be com-
bined into a single sensor. Moreover, any of the sensors
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described herein can be provided on any of the embod-
iments described in U.S. Patent Publication No.
2010/0234698 (Application No. 12/557,685).
[0024] The first sensor 240 is adapted to measure
blood pressure and generate a signal representative of
the blood pressure. In certain embodiments, the first sen-
sor 240 is a fiber optic pressure sensor adapted to meas-
ure blood pressure. An example of a fiber optic pressure
sensor is a Fabry-Perot fiber optic pressure sensor,
which is a commercially available sensor. Examples of
Fabry-Perot fiber optic sensors are the "OPP-M" MEMS-
based fiber optic pressure sensor (400 micron size) man-
ufactured by Opsens (Quebec, Canada), and the "FOP-
MIV" sensor (515 micron size) manufactured by Fiso
Technologies, Inc. (Quebec, Canada). In other embodi-
ments, first sensor 240 can be a piezo-resistive pressure
sensor (e.g., a MEMS piezo-resistive pressure sensor).
In yet other embodiments, first sensor 240 can be a ca-
pacitive pressure sensor (e.g., a MEMS capacitive pres-
sure sensor). A pressure sensing range from about -50
mm Hg to about +300 mm Hg (relative to atmospheric
pressure) is desired for making most physiological meas-
urements with the first sensor 240, for example.
[0025] The second sensor 270 can include any sensor
type that is capable of measuring a cross-sectional area
of a surrounding anatomical structure. In some cases,
the sensor 270 measure conductivity of fluid in an ana-
tomical structure. The fluid conductivity measurements
can then be used to calculate a cross-sectional area
measurement. In Figures 1-3, the second sensor 270 is
an electrode arrangement that includes source elec-
trodes 272, 274 and sense electrodes 276, 278. The
source electrodes 272, 274 deliver a current and the
sense electrodes 276, 278 measure voltage resulting
from the current. The voltage measurement from the
sense electrodes 276, 278 can be used to calculate the
fluid conductivity and thus the cross-sectional area of the
surrounding anatomical structure. Examples of suitable
algorithms and methods for calculating a cross-sectional
area measurement using voltage and/or fluid conductiv-
ity measurements can be found in U.S. Patent No.
7,454,244 (Application No. 10/782,149).
[0026] The sensor delivery device 10 also includes a
proximal portion 250, which is coupled to the distal sleeve
220. The proximal portion 250 includes a communication
channel 260 and the sensors are communicably connect-
ed to the communication channel 260. The communica-
tion channel communicates signals from the sensors to
a location outside of the patient (e.g., to a processor,
display, computer, monitor, or to another medical de-
vice). The communication channel 260 can be any suit-
able channel that transmits signals generated by the sen-
sors to a location outside of the patient. Exemplary com-
munication channels include fiber optic, electrically con-
ductive, wireless, infrared, acoustic, and/or ultrasound
mediums. The communication channel 260 can be dis-
posed along an outer surface of proximal portion 250, or
can be formed within the proximal portion 250, as shown

in Figures 1-3. For example, the communication channel
260 can be a communication lumen that extends longi-
tudinally through proximal portion 250 in some embodi-
ments.
[0027] The first sensor 240, the second sensor 270
and the third sensor are each coupled to a distal sleeve
220. The sensors can be provided at any suitable location
along the distal sleeve 220. In some cases, the sensors
can be provided on an outer surface of the distal sleeve
220.
[0028] Figures 1-3 each show an electrode arrange-
ment 270 that is coupled to the distal sleeve 220 at dif-
ferent locations. In Figure 1, each of the electrodes 272,
274, 276, 278 are coupled to the distal sleeve 220 at a
position that is proximal to the first sensor 240. In Figure
2, the source electrodes 272, 274 are coupled to both
the distal sleeve 220 and the proximal portion 250 where-
as the sense electrodes 276, 278 coupled only to the
distal sleeve. Specifically, the sense electrodes are cou-
pled to the distal sleeve 220 at a position that is distal to
the proximal portion 250 and proximal to the first sensor
240. In Figure 3, each of the electrodes 272, 274, 276,
278 are coupled to the distal sleeve 220 at a position that
is distal to the first sensor 240.
[0029] In Figures 1-3, the electrodes 272, 274, 276,
278 each have a ring shape so that they surround a cir-
cumference or periphery of the distal sleeve (and proxi-
mal portion in some embodiments). Of course, the elec-
trodes 272, 274, 276, 278 can instead be point electrodes
or have other suitable configurations. The electrodes
272, 274, 276, 278 can also be made of any suitable
conductive material such as platinum iridium or a carbon-
coasted surface. Additionally, the electrodes 272, 274,
276, 278 can be provided in communication with the com-
munication channel 260 using any desired method. For
example, in FIG. 1, one or more wires 275 connect the
electrodes 272, 274, 276, 278 to the communication
channel 60.
[0030] The sensor delivery device further includes a
movable sheath, wherein the movable sheath is adapted
to cover and uncover the sensor 270 or the electrode
arrangement 270. Such a movable sheath is valuable in
cases where it is desired to trap the patient’s blood be-
tween the sheath and the electrodes, as will be further
discussed below.
[0031] The proximal portion 250 is also adapted to as-
sist an operator in positioning the distal sleeve 220 and
the sensors within the anatomical structure of the patient.
This is typically accomplished by an operator first insert-
ing a "standard" medical guidewire 230 into a patient’s
vasculature and advancing it to an anatomical structure
of interest. The sensor delivery device 210 is then de-
ployed by "threading" the distal sleeve 220 onto the
guidewire 230 such that the lumen 222 slides over the
guidewire 230, and advancing the distal sleeve 220 (and
the associated sensors) by moving (e.g., pushing and/or
pulling) the proximal portion 250 until sensors are in the
desired location. Thus, the distal sleeve 220, and hence,
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the sensors, can be positioned within an anatomical
structure of a patient by causing the distal sleeve 220 to
slide over the medical guidewire 230 to the desired po-
sition.
[0032] The proximal portion 250 can also be formed of
a material of sufficient stiffness in order to assist an op-
erator in positioning the distal sleeve 220 and the sensors
within an anatomical structure of the patient. Suitable ma-
terials for the proximal portion 250 can be materials such
as stainless steel, nitinol, nylon, and plastic, for example,
or composites of multiple materials. Depending on the
application, the proximal portion 250 can be made stiffer
and more rigid than the distal sleeve 220 in order to pro-
vide a reasonable amount of control to push, pull and
otherwise maneuver the device to the location of interest
within the patient.
[0033] The device 210 and the guidewire 230 are typ-
ically manipulated inside a guiding catheter (not shown),
which has been placed in the anatomical structure of in-
terest. In certain embodiments of the invention, the
guidewire lumen 222 may be sized to slide over "stand-
ard" sized medical guidewires. For example, a number
of manufacturers make medical guidewires that range in
size from less than about 0.014 inches outer diameter to
more than about 0.038 inches outer diameter, typically
having a finite number of common sizes within this range.
"Standard" size medical guidewires might, for example,
have outer diameters of 0.0254, 0.03556, 0.04572,
0.05334, 0.0635, 0.07112, 0.08128, 0.0889, and
0.09652 cm (0.10, 0.014, 0.018, 0.021, 0.025, 0.028,
0.032, 0.035, and 0.038 inches). Thus, in certain pre-
ferred embodiments of the invention, the guidewire lu-
men 222 may be sized appropriately to slide over a par-
ticular standard size medical guidewire. A device accord-
ing to preferred embodiments of the invention may there-
fore be made available in a range of sizes corresponding
to standard medical guidewire sizes.
[0034] In certain embodiments of the invention, the dis-
tal sleeve 220 of the device can be substantially concen-
tric with the guidewire 230. The coupling of the proximal
portion 250 to the distal sleeve 220 allows the guidewire
320 to separate from the rest of device 210 (e.g., in what
is sometimes referred to as a "monorail" catheter config-
uration); this would typically occur inside a guiding cath-
eter. The guidewire 230 and device 210 would both exit
the patient at the proximal end of a guiding catheter as
separate devices. Having the device 210 and guidewire
230 separate allows the physician to independently con-
trol device 210 and guidewire 230, as necessary. It may
also allow a physician to use a shorter guidewire for cath-
eter exchange. For example, a monorail-type configura-
tion may allow for the use of a guidewire that is approx-
imately 170 to 200 cm long, whereas an "over-the-wire"
configuration might require the use of a much longer (e.g.,
up to 300 cm or more) guidewire. Having the device 210
and guidewire 230 separate (except at the distal sleeve
220) may also result in less friction than if the device 210
and guidewire 230 had to be moved together as a unit.

In some embodiments, a hydrophilic coating may be ap-
plied to various portions of the device to further reduce
the amount of friction encountered, for example, when
advancing or retracting device 210.
[0035] The distal sleeve 220 can be substantially tu-
bular, as shown, or can have any shape that allows distal
sleeve 220 to slide over a medical guidewire 230 in an
anatomical structure of interest. The distal sleeve 220
can be formed of a flexible material in some embodiments
to facilitate positioning and placement of the distal sleeve
220 (and sensors) over a guidewire 230 through narrow
vascular structures such as coronary arteries. In certain
embodiments, the distal sleeve 220 comprises a flexible
polyimide tube or flexible microcoil tube sized for place-
ment in vascular structures, such as in coronary arteries
or peripheral arteries. In some embodiments, flexibility
may be achieved and/or enhanced by applying a series
of cuts along the surface of the distal sleeve 220. The
length of distal sleeve 220 can also vary. In embodiments
to be used deep within coronary arteries, for example,
distal sleeve 220 can be up to about 15 inches long. The
distal sleeve 220 can also include a thin covering to pro-
vide additional structural support and/or improve han-
dling characteristics of the device. Such a covering can
comprise, for example, polyester (PET) shrink tubing that
substantially covers the distal sleeve.
[0036] One advantage of the sensor delivery device
210 is that it does not require repositioning of the
guidewire in order to make multiple sensor readings.
Once the guidewire has been positioned across a sten-
otic lesion, for example, the sensor delivery device 210
can be positioned (e.g., advanced and/or retracted) over
the guidewire and the sensors can therefore be advanced
and retracted across lesions to make pressure, temper-
ature and cross-sectional area readings, for example,
without moving the guidewire. A physician may also save
time by not having to reposition the guidewire across the
lesion or lesions to make such measurements.
[0037] The sensor delivery device 210 can also interact
with other devices and/or display equipment. In some
embodiments, as shown in FIG. 4, the sensor delivery
device 210 interacts with a processor 296. The sensor
delivery device 210 and processor 296 can interact using
any known connection mechanism in the art. In certain
cases, a furcation tube 290 and a connector 294 can be
used to send signals from the sensors 240, 270 to the
processor 296. The processor 296 can be, for example,
a standalone display monitor to show signal waveforms
and/or numerical values of the signals from sensors 240,
270. The processor 296 could include data recording ca-
pabilities in some embodiments.
[0038] The processor 296 is adapted to receive signals
from each of the sensors and to use those signals to
make calculations. Typically, the processor 296 uses one
or more algorithms to make calculations. For example,
in cases where the sensor 270 is an electrode arrange-
ment, the electrode arrangement obtains a voltage meas-
urement representative of the conductivity of the sur-
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rounding fluid and then sends that measurement to the
processor 296. The processor 296 then uses the meas-
ured voltage to calculate fluid conductivity and thus
cross-sectional area of the anatomical structure.
[0039] In other embodiments, the sensor delivery de-
vice 210 also interacts with a medical fluid injection de-
vice, such as a powered fluid injector used to inject con-
trast media and/or saline during certain medical proce-
dures (e.g., angiography, computed tomography, MRI,
ultrasound, etc.). Exemplary powered injection systems
that can be used with the sensor delivery device 210 are
described in U.S. Patent Publication No. 2010/0234698
(Application No. 12/557,685). In some embodiments, the
injection device is adapted to inject a first fluid and a
second fluid into the anatomical structure. Typically, the
first fluid has a first known conductivity and the second
fluid has a second known conductivity, wherein the
known conductivity of the first fluid is different than the
known conductivity of the second fluid. In certain embod-
iments, the first fluid can be a NaCl solution having a first
concentration and the second fluid can be a NaCl solution
having a second concentration, wherein the first concen-
tration is higher than the second concentration. As an
example, the first fluid can be a NaCl solution having a
9% concentration and the second fluid can be a NaCl
solution having a 4.5% concentration.
[0040] Figures 5-10 are flow diagrams that illustrate
certain methods of using the sensor delivery device.
Each of these methods do not form part of the invention
and will now be described. Figure 5 is a flow diagram that
illustrates a method 300 of using the sensor delivery de-
vice to measure a cross-sectional area of an anatomical
structure. Step 305 comprises a guidewire into the patient
and into an anatomical structure of interest. Step 310
comprises deploying a sensor delivery device 210 includ-
ing one or more sensors over the guidewire and positions
the device (and thus the sensors) in the anatomical struc-
ture. Step 315 comprises using one of the sensors to
measure and calculate cross-sectional area of the ana-
tomical structure. Finally, step 320 comprises using the
cross-sectional area calculation to select a stent size for
the anatomical structure. In certain cases, the stent size
is selected by correlating a specific cross-sectional area
measurement to a specific stent size.
[0041] Figure 6 is a flow diagram of a method 400 of
using the sensor delivery device to measure and adjust
a FFR value of an anatomical structure. Step 405 com-
prises placing a guidewire into the patient and into an
anatomical structure of interest. Step 410 comprises de-
ploying a sensor delivery device 210 including one or
more sensors over the guidewire and positions the device
(and thus the sensors) in the anatomical structure. Step
415 comprises using one of the sensors to measure and
calculate an initial FFR value. Exemplary methods and
algorithms for calculating an FFR value are described in
U.S. Patent Publication No. 2010/0234698 (Application
No. 12/557,685). Step 410 comprises using one of the
sensors to measure and calculate cross-sectional area.

Step 425 comprises using the initial FFR value and cross-
sectional area to calculate a corrected FFR value.
[0042] Figure 7 is a flow diagram of a method 500 of
using the sensor delivery device to measure blood con-
ductivity and fluid conductivity to calculate a cross-sec-
tional area of an anatomical structure. Step 505 compris-
es placing a guidewire into the patient and into an ana-
tomical structure of interest. Step 510 comprises deploy-
ing a sensor delivery device 210 including one or more
sensors over the guidewire and positions the device (and
thus the sensors) in the anatomical structure. Step 515
comprises using one of the sensors to measure a con-
ductivity of the patient’s blood. Step 520 comprises ad-
ministering a fluid with a known conductivity to the ana-
tomical structure. Step 525 comprises using one of the
sensors to measure a conductivity of the fluid. Finally,
step 530 comprises using the measured blood conduc-
tivity and fluid conductivity to calculate a cross-sectional
area of the anatomical structure. Exemplary methods of
using measured conductivities to calculate a cross-sec-
tional area of an anatomical structure can be found in
U.S. Patent No. 7,454,244 (Application No. 10/782,149).
[0043] Figure 8 is a flow diagram of a method 600 of
using the sensor delivery device to measure conductivity
of a first fluid and a second fluid to calculate a cross-
sectional area of an anatomical structure. Step 605 com-
prises placing a guidewire into the patient and into an
anatomical structure of interest. Step 610 comprises de-
ploying a sensor delivery device 210 including one or
more sensors over the guidewire and positioning the de-
vice (and thus the sensors) in the anatomical structure.
Step 615 comprises administering a first fluid with a
known conductivity to the anatomical structure. Step 620
comprises using one of the sensors to measure a first
conductivity for the first fluid. Step 625 comprises admin-
istering a second fluid with a known conductivity to the
anatomical structure. Step 630 comprises using the sen-
sor to measure a second conductivity for the second fluid.
Finally, step 635 comprises using the measured first con-
ductivity and second conductivity to calculate cross-sec-
tional area of the anatomical structure.
[0044] Figure 9 is a flow diagram of a method 700 of
using the sensor delivery device to measure blood con-
ductivity and fluid conductivity to calculate a cross-sec-
tional area of an anatomical structure. Step 705 compris-
es placing a guidewire into the patient and into an ana-
tomical structure of interest. Step 710 comprises deploy-
ing a sensor delivery device 210 including one or more
sensors over the guidewire and positioning the device
(and thus the sensors) in the anatomical structure. Step
715 comprises using one of the sensors to measure con-
ductivity for a patient’s blood. Step 720 comprises using
a temperature sensor to measure fluid temperature in
the anatomical structure. Step 725 comprises adminis-
tering a fluid with a known conductivity to the anatomical
structure. Step 730 comprises using one of the sensors
to measure conductivity of the fluid when the fluid tem-
perature reaches a desired temperature value. Step 735
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comprises using the measured blood conductivity and
fluid conductivity to calculate cross-sectional area of the
anatomical structure.
[0045] Figure 10 is a flow diagram of a method 800 of
using the sensor delivery device to measure conductivity
of a first fluid and a second fluid to calculate a cross-
sectional area of an anatomical structure. Step 805 com-
prises placing a guidewire into the patient and into an
anatomical structure of interest. Step 810 comprises de-
ploying a sensor delivery device 210 including one or
more sensors over the guidewire and positioning the de-
vice (and thus the sensors) in the anatomical structure.
Step 815 comprises using a temperature sensor to meas-
ure fluid temperature in the anatomical structure. Step
820 comprises administering a first fluid with a known
conductivity to the anatomical structure. Step 825 com-
prises using one of the sensors to measure a first con-
ductivity for the first fluid when the fluid temperature
reaches a desired temperature value. Step 830 compris-
es administering a second fluid with a known conductivity
to the anatomical structure. Step 835 comprises using
one of the sensors to measure a second conductivity for
the second fluid when the fluid temperature reaches a
desired temperature value. Finally, step 840 comprises
using the measured first conductivity and second con-
ductivity to calculate cross-sectional area of the anatom-
ical structure.
[0046] Certain specific embodiments of the methods
illustrated in Figures 5-10 will now be described. In certain
embodiments, a method is provided that enables a phy-
sician to first determine an FFR value of an anatomical
structure and then to calculate cross-sectional area of
the anatomical structure in order to select an appropriate
stent size. Such a method includes providing a sensor
delivery device, wherein the sensor delivery device in-
cludes a first sensor that is adapted to measure blood
pressure and a second sensor that is adapted to measure
cross-sectional area of the anatomical structure, posi-
tioning the sensor delivery device within the anatomical
structure, using the first sensor to obtain one or more
blood pressure measurements, using the blood pressure
measurements to calculate an FFR value, electing to use
a stent when the FFR value is lower than a threshold
value, using the second sensor to obtain one or more
cross-sectional area measurements, and using the
cross-sectional area measurements to select a stent
size. The FFR threshold value can be about 0.8, for ex-
ample. In many cases, the step of using the cross-sec-
tional area measurements to select a stent size compris-
es correlating a specific cross-sectional area measure-
ment to a specific stent size.
[0047] In other embodiments, a method is provided
that includes enables a physician to obtain an initial FFR
value of an anatomical structure and then to calculate
fluid conductivity measurements of fluid of the anatomical
structure in order to correct or adjust the initial FFR value.
Such a method includes providing a sensor delivery de-
vice, wherein the sensor delivery device includes a first

sensor is adapted to measure blood pressure and a sec-
ond sensor adapted to measure conductivity of fluid in
the anatomical structure, positioning the sensor delivery
device within the anatomical structure, using the first sen-
sor to obtain one or more blood pressure measurements,
using the blood pressure measurements to calculate an
initial FFR value, using the second sensor to obtain one
or more cross-sectional area measurements, using the
cross-sectional area measurements to calculate a cor-
rected FFR value. The corrected FFR value closer to
what the FFR value would have been if the sensor deliv-
ery device was not present (or if just a guidewire was
present) in the anatomical structure. In certain cases, the
corrected FFR value is calculated using an algorithm that
combines the initial FFR value with the cross-sectional
area measurements. The algorithm could also account
for cross-sectional area measurements taken proximal
and/or distal to the stenotic lesion and the volumetric flow
rate or blood velocity. The method can further include
electing to use a stent when the corrected FFR value is
beneath a threshold value, for example a value of about
0.8. In this case, the method can even further include
using the cross-sectional area to select a stent size.
[0048] In certain embodiments, the second sensor is
used to measure fluid conductivity, which can then be
used to calculate a cross-sectional area of the anatomical
structure. Typically, the second sensor measures fluid
conductivities for two different fluids and uses those con-
ductivity measurements to calculate cross-sectional ar-
ea. In some cases, two fluids other than the patient’s
blood are used. In such cases, the method includes ad-
ministering a first fluid with a known conductivity to the
anatomical structure, using the second sensor to meas-
ure a first conductivity for the first fluid, administering a
second fluid with a known conductivity to the anatomical
structure, wherein the conductivity of the first fluid is dif-
ferent than the conductivity of the second fluid, using the
second sensor to measure a second conductivity for the
second fluid, and using the first conductivity and the sec-
ond conductivity to calculate a cross-sectional area of
the anatomical structure. In certain embodiments, the
first fluid is a NaCl solution having a first concentration,
for example a 9% concentration, and the second solution
is a NaCl solution having a second concentration, for
example a 4.5% concentration, wherein the first concen-
tration is higher than the second concentration.
[0049] In other cases, the patient’s blood is used as
one of the fluids if its conductivity is known. In such cases,
the method includes using the second sensor to measure
conductivity for the patient’s blood, administering fluid
with a known conductivity to the anatomical structure,
using the second sensor to measure conductivity for the
fluid, and using the measured blood conductivity and the
measured fluid conductivity to calculate a cross-sectional
area of the anatomical structure. Using the patient’s
blood as one of the fluids is advantageous because it
eliminates having to perform two fluid administrations,
which provides time savings and convenience. In certain
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cases, the sensor delivery device can include a movable
sheath that is movable by a user to cover and uncover
the second sensor. For example, when the second sen-
sor is an electrode arrangement, the sheath covers and
uncovers the electrodes. When moved to cover the elec-
trodes, the sheath traps a small amount of the patient’s
blood between the electrodes and the conductivity of the
blood can be directly measured. This allows for the
amount of current used by the electrodes for such a blood
conductivity measurement to be less than the amount of
current needed to measure a fluid in the surrounding an-
atomical structure.
[0050] In each of these methods, the second sensor
can be an electrode arrangement that is adapted to
measure fluid conductivity. In such cases, the method
includes using the electrodes to obtain fluid conductivity
measurements and calculating cross-sectional area
measurements using the fluid conductivity measure-
ments. In certain preferred cases, the electrode arrange-
ment includes source electrodes and sense electrodes,
wherein the source electrodes generate a current, for
example a constant current, and the sense electrodes
measure voltage resulting from the current. As such, in
some cases, the method comprises obtaining voltage
measurements and calculating fluid conductivity (and
thus calculating cross-sectional area measurements) us-
ing the voltage measurements.
[0051] In embodiments where the second sensor is an
electrode arrangement, the electrodes can also measure
blood flow velocity. For example, the electrode arrange-
ment can be configured to measure resistance between
the source electrodes (for example between a first and
a second source electrode) and the resistance between
sense electrodes (for example between a first and a sec-
ond sense electrode). When a fluid having conductivity
different than the patient’s blood travels past the elec-
trodes, the time difference in when the measured change
in resistance occurs on each set of electrodes can be
used to measure the blood flow velocity at the anatomical
structure. In other words, the blood flow velocity can be
calculated by dividing the time difference by the distance
between these sets of electrodes. The blood flow velocity
measurement and the cross-sectional area measure-
ment can also both be used to calculate a volumetric
blood flow.
[0052] In certain cases, the above methods can also
include providing a third sensor, wherein the third sensor
is a temperature sensor that measures temperature of
fluid in the anatomical structure. The third sensor and the
first sensor can be a single sensor in some embodiments,
wherein the single sensor is adapted to measure both
blood pressure and fluid temperature. Such a tempera-
ture sensor is useful because it provides the ability to
create a timing signal that the physician and/or processor
could use to determine when the fluid (which has a lower
temperature than blood) is present in the anatomical
structure. For example, in cases where the second sen-
sor measures conductivity of patient’s blood and an out-

side fluid, the method comprises using the second sensor
to measure a conductivity for the patient’s blood, admin-
istering fluid with a known conductivity to the anatomical
structure, using the third sensor to measure fluid temper-
ature, using the second sensor to measure a conductivity
for the fluid after the fluid temperature reaches a desired
temperature value, and using the measured blood con-
ductivity and the measured fluid conductivity to calculate
a cross-sectional area of the anatomical structure.
[0053] Likewise, in cases where the second sensor
measures conductivities of two fluids other than a pa-
tient’s blood, the method comprises administering a first
fluid with a known conductivity to the anatomical struc-
ture, using the third sensor to measure fluid temperature,
using the second sensor to measure a conductivity for
the first fluid after the fluid temperature reaches a desired
temperature value, administering a second fluid with a
known conductivity to the anatomical structure, wherein
the conductivity of the first fluid is different than the con-
ductivity of the second fluid, using the second sensor to
measure a conductivity for the second fluid after the fluid
temperature reaches a desired temperature value, and
using the first conductivity and the second conductivity
to calculate a cross-sectional area of the anatomical
structure.
[0054] Further, in cases where a third sensor or tem-
perature sensor is used, both the fluid conductivities and
the temperature can be measured and recorded in real
time. Such a real time or continuous recording arrange-
ment provides several advantages. First, when a fluid is
injected, a user and/or processor can select a fluid con-
ductivity measurement that corresponds to the lowest
temperature measurement (or select the lowest fluid con-
ductivity measurement obtained). This ensures that the
measurement selected is actually the measurement of
the injected fluid. Also, a real time measuring system
allows for a user to continuously monitor the fluid con-
ductivity while the sensor delivery device is moved
through the body. Once the sensor delivery device is
placed near or within the anatomical structure of interest,
the user can manipulate the device until the lowest fluid
conductivity measurement is located. At this point, the
user then fixes the device at that location in order to per-
form the above-described methods. This allows for a user
to fix the device at a location that likely has a minimum
lumen diameter and is thus a location that is most affected
by the stenosis.

Example

[0055] The following steps illustrate one exemplary
method.

1) A clinician identifies a stenotic lesion via angi-
ogram.
2) The clinician determines that the lesion is "inter-
mediate," that is, it is not clear whether or not inter-
vention (e.g., stenting) would be beneficial or harmful
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to the patient.
3) The clinician inserts the sensor delivery device
including sensors into place and equalizes to aortic
pressure.
4) The clinician administers adenosine.
5) The clinician calculates a FFR value using a sen-
sor on the sensor delivery device.
6) If the FFR value is below a certain threshold value,
the clinician decides to insert a stent.
7) With the sensory delivery device still in place, the
clinician measures cross-sectional area (CSA) as
follows:

a. A first conductance value (C1) is measured
(with blood in lumen).
b. 0.9% saline is administered (injected) while
measuring and/or monitoring conductance. The
minimum reading is recorded as C2.
c. 0.45% saline is administered (injected) while
measuring and/or monitoring conductance. The
minimum reading is recorded as C3.
d. C3 and C2 are utilized along with known fluid
conductivities to calculate CSA.
e. Alternatively, C1 is used along with a separate
measurement of blood conductivity (e.g., C2),
to calculate CSA, and the C3 measurement
could be dropped.

8) The clinician uses the CSA measurement to select
a stent size.
9) The clinician inserts the appropriately sized stent
into the stenotic lesion.
10) The sensor delivery device can also include a
special marker band with a pattern recognizable to
a computer algorithm. Based on locating the marker
band, a computer could automatically place visual
information (such as the FFR reading and/or the ves-
sel sizing information) on the angiogram itself.

Claims

1. An intravascular sensor delivery device (210) com-
prising:

a distal sleeve (220) having a guidewire lumen
(222) for slidably receiving a medical guidewire
(230),
a first sensor (240) coupled to the distal sleeve
(220), wherein the first sensor (240) is adapted
to measure blood pressure and generate a sig-
nal representative of the blood pressure;
a second sensor (270) coupled to the distal
sleeve (220), wherein the second sensor (270)
is adapted to measure cross-sectional area of a
surrounding anatomical structure and generate
signal representative of the cross-sectional ar-
ea, wherein the second sensor (270) comprises

an electrode arrangement (270),
a proximal portion (250) coupled to the distal
sleeve (220), the proximal portions (250) com-
prising a communication channel (260), wherein
the communication channel (260) is adapted to
communicate the signal from the first sensor
(240) and the signal from the second sensor
(270) to a location outside of a patient; charac-
terised in a movable sheath, wherein the mov-
able sheath is adapted to cover and uncover the
electrode arrangement (270).

2. The device of claim 1 wherein the electrode arrange-
ment includes source electrodes (272,274) and
sense electrodes (276,278) wherein the source elec-
trodes (272,274) are adapted to generate a current
and the sense electrodes (276,278) are adapted to
measure voltage resulting from the current.

3. The device of claim 2 wherein the signal represent-
ative of the cross-sectional area is the voltage meas-
ured by the sense electrodes (272,274).

4. The device of claim 2 wherein the electrode arrange-
ment includes two source electrodes (272,274) and
two sense electrodes (276,278).

5. The device of claim 2 wherein the source electrodes
(272,274) and the sense electrodes (276,278) are
ring-shaped electrodes that surround a periphery of
the distal sleeve (220).

6. The device of claim 1 wherein the second sensor
(270) is attached to an outer surface of the distal
sleeve (220).

7. The device of claim 1 wherein the second sensor
(270) is coupled to the distal sleeve (220) at a loca-
tion that is distal to the first sensor (240).

8. The device of claim 1 wherein the second sensor
(270) is coupled to the distal sleeve (220) at a loca-
tion that is proximal to the first sensor (240).

9. The device of claim 1 wherein the second sensor
(270) is coupled to both the distal sleeve (220) and
the proximal portion (250) at a location that is prox-
imal to the first sensor (240).

10. The device of claim 1 further comprising a third sen-
sor, wherein the third sensor is adapted to measure
temperature and generate a signal representative of
the temperature and wherein the communication
channel (260) is adapted to communicate the signal
from the first sensor, the signal from the second sen-
sor, and the signal from the third sensor to a location
outside of the patient.
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11. The device of claim 10 wherein the first sensor (240)
and the third sensor are a single sensor, wherein the
single sensor is adapted to both measure blood pres-
sure and measure temperature.

12. The device of claim 1 wherein the signal represent-
ative of the cross-sectional area is a signal that can
be used to calculate the cross-sectional area using
one or more algorithms.

Patentansprüche

1. Intravaskuläre Sensorliefer-Einrichtung (210), wel-
che umfasst:

eine distale Buchse (220) mit einem Lumen
(222) für einen Führungsdraht, um einen medi-
zinischen Führungsdraht (230) gleitend aufzu-
nehmen,
einen ersten Sensor (240), der mit der distalen
Buchse (220) gekoppelt ist, worin der erste Sen-
sor (240) angepasst, ist Blutdruck zu messen
und ein Signal zu erzeugen, das den Blutdruck
anzeigt;
einen zweiten Sensor (270), die mit der distalen
Buchse (220) gekoppelt ist , worin der zweite
Sensor (270) angepasst ist, einen Querschnitts-
bereich der umgebenden anatomischen Struk-
tur zu erfassen und ein Signal zu erzeugen, das
den Querschnittsbereich anzeigt, worin der
zweite Sensor (270) einen Elektroden-Aufbau
(270) umfasst,
einen proximalen Bereich (250), der mit der dis-
talen Buchse (220) gekoppelt ist, worin der pro-
ximale Bereich (250) einen Verbindungskanal
(260) umfasst, worin der Verbindungskanal
(260) angepasst ist, das Signal von dem ersten
Sensor (240) zu einer Position außerhalb eines
Patienten zu übermitteln,
gekennzeichnet durch eine bewegbare Lage,
worin die bewegbare Lage angepasst ist, die
Elektrodenanordnung (270) zu bedecken und
freizulegen.

2. Einrichtung nach Anspruch 1, worin die Elektroden-
anordnung Quellenelektroden (272, 274) und Erfas-
sungselektroden (276, 278) umfasst, worin die Quel-
lenelektroden (272, 274) einen Strom erzeugen und
die Erfassungselektroden (276, 278) angepasst
sind, eine von dem Stromfluss herrührende Span-
nung zu erfassen.

3. Einrichtung nach Anspruch 2, worin das für den
Querschnittsbereich repräsentative Signal die durch
die Erfassungselektroden (276, 278) gemessene
Spannung ist.

4. Einrichtung nach Anspruch 2, worin die Elektroden-
anordnung zwei Quellenelektroden (272, 274) und
zwei Erfassungselektroden (276, 278) umfasst.

5. Einrichtung nach Anspruch 2, worin die Quellene-
lektroden (272, 274) und die Erfassungselektroden
(276, 278) ringförmige Elektroden sind, die einen
Umfang der distalen Buchse (220) umgeben.

6. Einrichtung nach Anspruch 1, worin der zweite Sen-
sor (270) an eine äußere Oberfläche der distalen
Buchse (220) gekoppelt ist.

7. Einrichtung nach Anspruch 1, worin der zweite Sen-
sor (270) mit der distalen Buchse (220) an einer Stel-
le gekoppelt ist, die distal zum ersten Sensor (240)
liegt.

8. Einrichtung nach Anspruch 1, worin der zweite Sen-
sor (270) mit der distalen Buchse (220) an einer Stel-
le gekoppelt ist, die proximal zum ersten Sensor
(240) liegt.

9. Einrichtung nach Anspruch 1, worin der zweite Sen-
sor (270) mit der distalen Buchse (220) und dem
proximalen Bereich (250) an einer Stelle gekoppelt
ist, die proximal zum ersten Sensor (240) liegt.

10. Einrichtung nach Anspruch 1, welche weiter einen
dritten Sensor umfasst, worin der dritte Sensor an-
gepasst ist, Temperatur zu erfassen und ein Signal
zu erzeugen, das die Temperatur anzeigt, und worin
der Verbindungskanal (260) angepasst ist, das Sig-
nal von dem ersten Sensor, das Signal von dem
zweiten Sensor und das Signal von dem dritten Sen-
sor zu einer Stelle außerhalb des Patienten zu leiten.

11. Einrichtung nach Anspruch 1, worin der erste Sensor
(240) und der dritte Sensor ein einzelner Sensor
sind, worin der einzelne Sensor angepasst ist, den
Blutdruck und die Temperatur zu messen.

12. Einrichtung nach Anspruch 1, worin das Signal, das
den Querschnittsbereich anzeigt, ein Signal ist, das
dazu verwendet werden kann, den Querschnittsbe-
reich unter Verwendung ein oder mehrerer Algorith-
men zu berechnen.

Revendications

1. Dispositif de délivrance d’un capteur intravasculaire
(210) qui comprend :

un manchon distal (220) qui possède une lumiè-
re de fil de guidage (222) destinée à recevoir de
manière coulissante un fil de guidage médical
(230) ;
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un premier capteur (240) relié au manchon distal
(220), le premier capteur (240) étant adapté
pour mesurer la pression sanguine et générer
un signal représentatif de la pression sanguine ;
un second capteur (270) relié au manchon distal
(220), le second capteur (270) étant adapté pour
mesurer la surface transversale d’une structure
anatomique située autour et générer un signal
représentatif de la surface transversale, le se-
cond capteur (270) comprenant un ensemble
d’électrodes (270) ;
une partie proximale (250) reliée au manchon
distal (220), la partie proximale (250) compre-
nant un canal de communication (260), le canal
de communication (260) étant adapté pour com-
muniquer le signal qui provient du premier cap-
teur (240) et le signal qui provient du second
capteur (270) à un emplacement qui se trouve
à l’extérieur d’un patient ; caractérisé en ce que
qu’il comprend
une gaine mobile, la gaine mobile étant adaptée
pour recouvrir et découvrir l’ensemble d’électro-
des (270).

2. Dispositif selon la revendication 1, dans lequel l’en-
semble d’électrodes comprend des électrodes sour-
ce (272, 274) et des électrodes de détection (276,
278), dans lequel les électrodes source (272, 274)
sont adaptées pour générer un courant et les élec-
trodes de détection (276, 278) sont adaptées pour
mesurer la tension qui résulte du courant.

3. Dispositif selon la revendication 2, dans lequel le si-
gnal représentatif de la surface transversale est la
tension mesurée par les électrodes de détection
(272, 274).

4. Dispositif selon la revendication 2, dans lequel l’en-
semble d’électrodes comprend deux électrodes
source (272, 274) et deux électrodes de détection
(276, 278).

5. Dispositif selon la revendication 2, dans lequel les
électrodes source (272, 274) et les électrodes de
détection (276, 278) sont des électrodes en forme
d’anneau qui entourent une périphérie du manchon
distal (220).

6. Dispositif selon la revendication 1, dans lequel le se-
cond capteur (270) est relié à une surface extérieure
du manchon distal (220).

7. Dispositif selon la revendication 1, dans lequel le se-
cond capteur (270) est relié au manchon distal (220)
à un emplacement distal par rapport au premier cap-
teur (240).

8. Dispositif selon la revendication 1, dans lequel le se-

cond capteur (270) est relié au manchon distal (220)
à un emplacement proximal par rapport au premier
capteur (240).

9. Dispositif selon la revendication 1, dans lequel le se-
cond capteur (270) est relié au manchon distal (220)
et à la partie proximale (250) à un emplacement qui
est proximal par rapport au premier capteur (240).

10. Dispositif selon la revendication 1, qui comprend en
outre un troisième capteur, dans lequel le troisième
capteur est adapté pour mesurer la température et
générer un signal représentatif de la température, et
dans lequel le canal de communication (260) est
adapté pour communiquer le signal qui provient du
premier capteur, le signal qui provient du second
capteur, et le signal qui provient du troisième capteur
à un emplacement qui se trouve à l’extérieur du pa-
tient.

11. Dispositif selon la revendication 10, dans lequel le
premier capteur (240) et le troisième capteur sont
un seul capteur, qui est adapté pour mesurer la pres-
sion sanguine et la température.

12. Dispositif selon la revendication 1, dans lequel le si-
gnal représentatif de la surface transversale est un
signal qui peut être utilisé pour calculer la surface
transversale à l’aide d’un ou plusieurs algorithme(s).
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